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A Comparison of Different Designs in Scoring of PISA 2009 

Reading Open Ended Items According to Generalizability Theory 

Meral ALKAN*                          Nuri DOĞAN** 

 

Abstract 

This study compares the different designs obtained through four raters’ scoring the open-ended items used in PISA 

2009 reading literacy altogether or alternately according to the Generalizability Theory. The sample of the research 

was composed of 362 students (out of 4996 students participating in PISA 2009) who responded to the items of 

reading skills and who were scored by more than one rater.  Two designs were created so as to be used in 

generalizability theory in the study. One of them was the crossed design symbolized as “s x i x r” (student x item 

x rater), in which students are scored by each rater in terms of the same skills. The second was the nested design 

symbolized as “(r:s) x i”, where each rater scored only a  group of students and raters are nested in students and 

the items were crossed with these variables. On comparing the s x i x r design with (r:s) x i design, it was found 

that the relative and absolute error variances estimated for (r:s) x i design were smaller than those for s x i x r 

design and that therefore the G and Phi coefficients took on bigger values. On increasing the number of raters in 

both designs, the G and Phi coefficients also increased in the D study. While acceptable values of G and Phi 

coefficients were reached on reducing the number of raters by half in Booklet 2, raising the number of raters 

seemed more appropriate in Booklet 8. 

 

Keywords: Generalizability theory, reliability, G study, D study, PISA 2009 

 

Introduction 

At the beginning of the 21st century, social, economic, and technological developments have caused 

rapid change in every field. The desire of societies to keep up with this change has brought the issue of 

the quality of education to the fore. The quality of education is the most important factor in equipping 

new generations with new skills and competencies to keep up with this change. In today's world, where 

knowledge is accepted as a power and spreads rapidly, raising individuals who think critically, question, 

are responsible for their own learning, creative, and ready for life has become the most important goal 

of education systems. This situation affected assessment practices as well as educational practices. If 

subject knowledge alone is not a sufficient criterion, tests based on choosing the correct answer among 

the given options are not sufficient on their own. This understanding brought to learning has revealed 

the necessity of organizing the tests in a form in which the individual can structure their own answers 

and the curriculum from low-level thinking to an understanding that requires high-level thinking; 

teaching methods and techniques from a teacher-centered structure to a student-centered structure; 

assessment and evaluation approaches, on the other hand, have transformed from a structure that 

measures the extent to which information is acquired, to a structure that measures how information can 

be used in new situations or in real life (Biemer, 1993). This situation has been the trigger for turning to 

different approaches in the teaching process. OECD PISA (Programme for International Student 

Assessment) tests are designed to assess how well students, at the end of compulsory education, can 
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apply their knowledge to real-life situations and can, therefore, fully participate in society (OECD, 2017; 

EARGED, 2010), and Turkey has been taking part in PISA and other international studies such as 

TIMSS and PIRLS assessing students’ achievement comparatively on an international scale since the 

early 2000s. Turkish students cannot attain the desired success level in open-ended items in those studies 

(Balbağ, Leblebicier, Karaer, Sarıkahya  Erkan, 2016). The type of questions in which Turkish 

students attained the highest percentage of success level was multiple choice items in the sub-fields of 

reading skills and science literacy in PISA (Demir, 2010). Yet, open-ended items are considered more 

appropriate for measuring students’ upper-level thinking skills (Ministry of National Education, 2017). 

For this reason, in parallel to the developments in the world, there has recently been a tendency to use 

open-ended items in selection and placement tests administered in Turkey in the transition both into 

secondary education and higher education. The Measuring, Selection and Placement Center (ÖSYM) 

made an announcement about the intention of using open-ended items in the Undergraduate Placement 

Exam (LYS) and published sample open-ended items regarding those would be used in the exam 

(ÖSYM, 2017). However, it is observed that multiple-choice tests are used more frequently than other 

types of tests in most institutions and establishments of education, in teachers’ in-class activities, in 

student selection examinations, and especially in assessments involving a great number of students. The 

major reason for this is that using multiple-choice tests has certain advantages. Probably, one of the most 

important advantages is that scoring the correct answers does not change from rater to rater since 

answering the items requires only choosing one of the given options and there is no need to determine 

the degree of accuracy in scoring. In these tests, scoring consists of counting the correct answers and is 

purely objective (Özçelik, 2010). The greatest restriction of multiple choice tests is that they cannot 

measure high levels of performance, abilities, or skills (Konak, 2010; Güler, 2013). Classical testing 

methods such as multiple-choice, short answer, True-False, matching, and fill-in-the-blank used in 

assessing students’ behaviours are incapable of determining upper-level mental processes such as 

problem-solving, reading comprehension, critical thinking, analytical thinking, empathising, 

researching, decision-making, understanding the importance of social history, and creativity (Kutlu, 

2006).  Open-ended items, on the other hand, enable students to create their own answers, give different 

personal answers, and answer the items from their own perspective. 

When more than one rater is used in the assessment process, they can be the source of variance; they 

can cause errors and thus reduce the reliability of the assessment. Error components in individuals’ 

scores are due to a variety of factors that introduce measurement error into the scores, such as 

intraindividual factors, characteristics of the measure itself, administration factors, scoring errors, and 

so on (Goodwin, 2001). The crucial concern about performance assessment and scoring of open-ended 

items is the objectivity of scoring as it is not easy to assess performance objectively, unlike traditional 

assessments (e.g., fixed response items) (Romagnano, 2001).  And in the scoring of the open-ended 

items, the different factors interfere with scoring and reduce reliability (Atılgan et all, 2011). Rater 

reliability is the consistency between the scores given to a certain property. There are biases in scoring 

arising from raters. Scullen et al., (2000) describe raters’ influence as “a broad category of effects which 

are not related to students’ real performance but are related directly to raters who cause systematic errors 

in performance evaluation”. It may be said that raters’ influence arises from such psychological states 

as motivation, anxiety, achievement, and self-efficacy (Bernardin & Villanova, 2005), from personal 

traits (Wexley & Youtz, 1985), from their former beliefs, demographic properties such as gender and 

age, and raters’ experience in scoring (Weigle, 1998). Raters’ interaction with other sources of 

variability mingled in measurement is also important in reliability (Brennan, 2001). Therefore, errors 

arising from several sources of variability should also be taken into consideration in determining 

reliability. Error and error sources involved in measurement results should be well defined and methods 

should be found to estimate the amount of error (Turgut, 1992). The accuracy of the measurement results 

is very important as it affects the decisions to be made based on these results. Reliability can be defined 

as the degree to which measurement results are free from random errors (Baykul, 2000). One of the 

methods capable of analysing different sources of variability and the interactions between those sources 

altogether is Generalizability Theory (G Theory) (Shavelson & Webb, 1991). Due to the fact that G 

Theory considers more than one source of errors at the same time, it is thought that analysing the 

international studies in which Turkey also takes part from this perspective would be beneficial. In the 
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study conducted by Goodwin (2001), 3 approaches used in the inter-rater concordance and reliability 

study were compared: a) Percent of Agreement and Kappa b) Simple Correlation Methods c) G Theory 

techniques. In the study, 10 students were scored by 2 raters for the quality of their physical activities 

on 6 different days. Each rater evaluated the students over 7 points (1-lowest, 7-highest). As a result of 

the comparison of the advantages and disadvantages of different approaches, it is emphasized that the 

G Theory techniques are the most comprehensive, most flexible ones and allow the isolation of 

measurement errors caused by different sources in a study. It has been stated that the G Theory is the 

approach that gives the most information about the generalizability or reliability of the scores. Lee 

(2005), in his study, investigated the effect of the change in the number of tasks and raters in the TOEFL 

test on generalizability and tried to determine the most appropriate number of tasks for maximum 

reliability. As a result of the study, it was seen that increasing the number of tasks was more effective 

than increasing the number of raters. Therefore, it was concluded that using fewer raters in performance 

evaluation is appropriate for an acceptable level of generalizability. In a study on the generalizability of 

TIMMS open-ended items, Smith (1997) analyses the effects of raters. The researcher analyses the 

answers given by 150 students to each item with 50 booklets in each of seven English-speaking 

countries. It is stated that the number of raters should be raised to 15 from 5 for a generalizability level 

of 0.80 in all items and that this situation can cause problems in countries where the number of raters is 

small. Brennan (2001) states that the proficiency criteria of the reliability coefficients vary voluntarily, 

but some researchers may consider it "high" if the G and Phi coefficients are greater than 0.80. Sharma 

and Weathers (2003) investigated the generalizability of scales used in international research projects in 

all participating countries. It was concluded that the scale had the same meaning in all countries and that 

it was not specific to a certain country. It was also concluded that if the level of generalizability was 

0.90, using 11 items out of 17 was sufficient for that level. Using a minimum number of items decreases 

examination/questionnaire time, eliminates the effects of tiredness and lowers costs. Thus, it is thought 

that knowing the adequate number of raters will be used in PISA would help to reduce labour and costs. 

The number of raters to fulfill the task of scoring open-ended items as well as scoring time increases 

depending on the number of students participating and the number of items to be scored. For instance, 

16 Turkish / Turkish Language and Literature teachers were needed only in scoring the reading literacy 

items of PISA 2009 (OECD, 2012). Appointing teachers to the task of scoring causes problems since 

schools are still open during this period and teachers have teaching tasks in their schools as well. 

Countries can form a combination of differing designs in PISA and a design can be applied if it is 

accepted by the PISA consortium (OECD, 2012). Therefore, it is expected that determining which of 

the designs would be more appropriate for use and determining the minimum number of raters to attain 

the desired level of generalizability in each booklet will contribute to such examinations in terms of 

time, costs, and labour. 

This study is believed to set a model in determining inter-rater reliability for open-ended items in such 

international studies as TIMSS, PIRLS, and ICILS and in terms of performing decision studies and to 

shed light on studies to be conducted in the future. 

Assessment, Selection and Placement Centre (ÖSYM) started to make use of open-ended items in the 

selection and placement examinations (ÖSYM, 2013, 2017). Under the title of “Information about 

Open-Ended Items and Examples” details were given. Although it was expressed as an open-ended item, 

it was seen that the question type mentioned was short-answer questions and it was stated that the answer 

will consist of a word, a number, or a sentence (ÖSYM, 2017). However, there are no reliability and 

decision studies for such items; besides, such issues as how many items would be adequate in those 

examinations in which there is a great number of participants and how many raters should score and in 

what design they should perform the task are of great importance. For this reason, it is believed that this 

study will function as a guide. This study compares the results of the G study obtained from the designs 

created through more than one rater’s scoring students’ reading skills in PISA 2009 altogether or 

alternately according to the G Theory with the results of the decision study conducted with those designs.  
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Method 

This is a case study since it determines the properties of scoring PISA 2009 reading skills, and it is 

descriptive. Descriptive studies are the studies describing an existing event or the properties of an 

individual or a group as it is/as they are and describing a current state quantitatively or qualitatively 

(Karasar, 1998).  

 

 

Population and Sample 

The sample of Turkey in PISA 2009 was composed of 4996 students from 170 schools who were 

randomly chosen by PISA international center by stratifying them according to 12 statistical region 

classification (IBBS, NUTS) and school types. 362 students who answered the reading skills items in 

PISA 2009 and whose booklets were exposed to multiple scoring constituted the sub-sample. 

For the main survey, it was recommended to have 16 coders to code reading, 8 coders to code 

mathematics, and an additional 8 coders to code science items. Other possible coding designs were 16 

reading and 8 mathematics and science coders or 16 reading, 4 mathematics, and 4 science coders. These 

numbers of coders were considered to be adequate for countries testing between 4 500 (the minimum 

number required) and 6 000 students to meet the timeline of submitting their data within 3 months of 

testing (OECD, 2012). 

National Project Managers (NPMs) were responsible for recruiting appropriately qualified people to 

carry out the single and multiple coding of the test booklets. It was not necessary for coders to have 

high-level academic qualifications, but they needed to have a good understanding of the language of the 

test and to be familiar with ways in which secondary-level students express themselves.  

In Turkey, the population of raters was composed of Turkish or literature teachers who had experience 

in international projects as a rater before or who had been teaching 15-year-old students (from 7th graders 

to 10th). An important factor in recruiting coders was that they could commit their time to the project for 

the duration of the coding, which was expected to take up to one month. An official letter has been sent 

to schools to identify potential teachers with these qualifications. As a result of this process, 16 teachers 

were selected to take part in the scoring. 

From 13 booklets used in PISA 2009, booklets 2 and 8 which contained reading skills and scored by 

four raters were used in this study. Booklet 2 contained six items whereas booklet 8 contained eight 

items.  

 

Research Data 

The data collected from multiple raters scoring of reading skills in PISA 2009 constituted the data of 

this study. The data were provided by the Educational Research 

and Development Directorate (EARGED).  

Two designs were created so as to be used in G Theory in the study. One of them was the crossed design 

symbolized as “s x i x r” (student x item x rater), in which students were scored by each rater in terms 

of the same skills. The second was the nested design symbolized as “(r:s) x i”, where each rater scored 

only a  group of students and raters nested in students, and the items were crossed with these variables.  

 

Data Analysis 

This study aims to compare the results of the generalizability (G) and decision (D) studies of the scores 

of reading literacy items in PISA 2009 according to the crossed (s x i x r) and nested ((r:s) x i) designs 

and to compare the G and Phi coefficients as estimated by increasing or decreasing the number of raters 

in these designs. The data were analysed on the basis of these designs.  
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EDUG 6 programme was used in estimating variance components of the designs through G Theory, in 

calculating the rates of explaining the total variance of variables, and in performing the decision study 

for each design. EDUG 6 programme was developed for G Theory analyses, and it enables researchers 

to perform G and D studies for sources of variability they describe and for the designs they form with 

those sources of variability. 

 

Findings and Interpretations 

In this section, the variance components and percentages explaining the total variance for crossed (s x i 

x r) and nested ((r:s) x i) designs and Generalizability levels and the results for D Study performed by 

changing the number of raters in these designs in Booklet 2 and Booklet 8 will be given.  

 

Table 1 

Variance Components for “s x i x r” and “(r:s) x i” Designs and Percentages Explaining the Total 

Variance in Booklet 2 and Booklet 8 

B
o

o
k

le
t 

8
 

Student 398.14 99 4.02 0.09072 19.8 Students 434.02 99 4.38 0.07488 13.7 

Items 14.25 7 2.03 0.00039 0.1 Items 14.99 7 2.14 0.00484 0.9 

Raters 60.97 3 20.32 0.02181 4.8 r:s 607.90 300 2.02 0.22295 40.9 

si 114.08 693 0.16 -0.01120 0.0 si 141.53 693 0.20 -0.00964 0.0 

sr 345.49 297 1.16 0.11923 26.0       

ir 40.41 21 1.92 0.01715 3.7       

sir, e 435.36 2079 0.20 0.20941 45.7 ir:s, e 509.84 2100 0.24 0.24278 44.5 

Total 1408.73 3199   100% Total 1708.30 3199   100% 
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B
o

o
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Students 267.59 99 2.70 0.10577 16.0 Students 287.68 99 2.90 0.11076 18.5 

Items  137.14 5 27.42 -0.00095 0.0 Items 78.79 5 15.75 0.03899 6.5 

Raters  39.53 3 13.17 -0.02470 0.0 r:s 156.45 300 0.52 0.01439 2.4 

si 60.85 495 0.122 -0.03699 0.0 si 79.91 495 0.16 -0.06844 0.0 

sr 92.80 297 0.312 0.00692 1.0       

ir 419.35 15 27.95 0.27686 41.9       

sir, e 402.31 1485 0.27 0.27092 41.0 ir:s, e 652.79 1500 0.43 0.43519 72.6 

Total  1419.59 2399   100% Total 1255.64 2399   100% 
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Variances estimated through G study and percentages explaining the total variance in Booklet 2 and 

Booklet 8 are given in Table 1. The variance component of the variable of students in Booklet 2 explains 

16% of the total variance for crossed design while it explains 18.5% for nested design. We can see 

almost the same pattern in Booklet 8 and the variance component of the variable of students explains 

19.8% of the total variance in crossed design whereas it explains 13.7% in nested design in this booklet. 

The variance component of students indicates that students differ in terms of reading skills. This pattern 

is similar in both designs and in both Booklets.  In generalizability studies, variance due to students is 

considered as a universe score and this variance shows the difference between students in terms of 

characteristic which was measured (Brennan, 2001; Shavelson & Webb, 1991).  

Accordingly, the percentage of the variance components of items explain the total variance is 0% for 

crossed design while it is 6.5% for nested design in Booklet 2 and the percentage of the variance 

components of items explain 0.1% of total variance in crossed design while it explains 0.9% in nested 

design in Booklet 8. It is clear in this case that items do not differ in terms of difficulty in crossed design 

but that they differ in nested design in Booklet 2. The fact that variance components are bigger in nested 

design is indicative of the fact that tasks are discriminated better and items do not differ in terms of 

difficulty in both designs in Booklet 8.  

In Booklet 2, it may be stated that the variance component of raters’ influence is quite small in crossed 

design and that therefore students are scored consistently in this booklet. In Booklet 8, it may be said 

that the value is high and that students’ scores differed from one rater to another in crossed design. Since 

raters are nested within students, it is impossible to separate the raters’ main effect from the interaction 

between students and raters. We interpret the substantial variance component for those combined effects 

(r:s=0.01439; 2.4 % of the total variance) in Booklet 2, and (r:s=0.22295; 40.9% of the total variance) 

in Booklet 8 as indicating student behavior differed from one rater to another. We do not know whether 

one rater produced more behavior than another (rater main effect), whether the relative standing of the 

student differed from one rater to another (student-by-rater interaction), or both (Shavelson & Webb, 

1991. On examining the joint item rater variance component in Booklet 2, it is clear that the variance 

component is small in value and that raters do not differ in scoring from one item to another.   

The residual variance was found to be high in both designs in Booklet 2 (sir,e=0.27092; 41.0% of the 

total variance; ir:s,e=0.43519; 72.6% of the total variance) but it was higher in the nested design. And 

also in Booklet 8, the residual variance was found to be high in both designs (sir,e=0.20941; 45.7% of 

the total variance; ir:s,e=0.24278; 44.5% of the total variance). For the variance component obtained 

from the interaction of three sources of variability to be zero (0) is a desired situation. The large residual 

component indicates that a substantial amount of variation is due to these confounded sources of 

variation (Shavelson & Webb, 1991). 

 

Table 2 

Generalizability Levels for s x i x r and (r:s) x i Designs  

Crossed Design                          Nested Design  

Booklet 2 

G coefficient 0.89 

Booklet  2 

G coefficient 0.99 

Phi coefficient 0.81 Phi coefficient 0.98 

Booklet 8 

G coefficient 0.71 

Booklet  8 

G coefficient 0.95 

Phi coefficient 0.68 Phi coefficient 0.85 
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On comparing the “s x i x r” and “(r:s) x i” designs, it was found that the G and Phi coefficients obtained 

from the  (r:s) x i design were higher than those obtained for the s x i x r design. Having a generalizability 

coefficient of >.80 is a desirable situation (Mushquash & O’ Connor, 2006). It was found in crossed 

design results, especially for booklet 8, that the G coefficient was not at an acceptable level and that the 

Phi coefficient was also below that level. However, the G and Phi coefficients for the same booklet were 

0.95 and 0.85 respectively in the nested design and thus they were above the acceptable level. 

 

Table 3 

Results for D Study Performed by Changing the Number of Raters in the “s x i x r” and “(r:s)xi” Designs 

 

 

Design  Crossed Design Nested Design 

 

Rater 2  3  4  5  6  2  3  4  5  6  

Booklet 2 

G 0.80 0.86 0.89 0.91 0.92 0.95 0.96 0.97 0.98 0.98 

Phi 0.68 0.76 0.81 0.84 0.87 0.92 0.94 0.95 0.95 0.95 

Booklet 8 

G 0.56 0.65 0.71 0.76 0.79 0.80 0.86 0.89 0.91 0.92 

Phi 0.52 0.62 0.68 0.73 0.76 0.61 0.68 0.72 0.74 0.76 

 

According to Table 4, the G coefficient obtained through scoring 100 students by 4 raters in terms of 6 

items in booklet 2 in the crossed design is 0.89 and the Phi coefficient is 0.81. In nested design, on the 

other hand, the G coefficient in scoring 100 students by 4 raters is 0.97 and the Phi coefficient is 0.95- 

which are high values. On reducing the number of raters to 2 for scoring 100 students the G coefficient 

is found to be 0.80 and the Phi coefficient is found to be 0.68 in crossed design. However, the G and Phi 

coefficient were 0.95 and 0.92 respectively in the nested design.  

Accordingly, the G coefficient found by scoring 100 students by 4 raters in terms of the 8 items in 

booklet 8 is 0.71 and the Phi coefficient is 0.68 in crossed design. This level of generalizability is well 

below 0.80- which is the acceptable level. The G coefficient with the same number of raters scoring the 

same number of students is 0.89 and the Phi coefficient is 0.72 in nested design.  

On reducing the number of raters to 2 in scoring 100 students in crossed design, the G and Phi 

coefficients were found as 0.56 and 0.52, respectively. Yet, the G coefficient was 0.80 and the Phi 

coefficient was 0.61 in the nested design. 

 

Discussion and Conclusions 

 

Discussion 

In the literature, G Thoery techniques are considered the most comprehensive and flexible in the 

estimation of interrater agreement and reliability (Goodwin, 2001) and G Theory is one of the methods 

capable of analysing different sources of variability and interactions between those sources altogether. 

In this study, the aim was to compare different designs (crossed and nested) according to G Theory and 

to find out the most effective way of scoring PISA open-ended items. Almost 5000 students participated 

in PISA 2009 assessment and the scoring process took almost a month to complete with the participation 

of 16 teachers as the raters. Reducing the cost and labour was the starting point of this study. 
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Conclusion 

On examining the results for Generalizability study in the s x i x r design for booklets 2 and 8 in PISA 

2009, it was found that students differed in terms of reading skills in booklet 2, that items did not differ 

in terms of difficulty, that students’ performance did not differ from item to item, that raters made a 

consistent assessment, that the student-rater interaction was very low and that raters’ assessment did not 

differ from student to student. Yet, the joint effect of items and rater was very high. In this case, raters’ 

scoring could be said to change from item to item.   

It was found that raters differed in booklet 8 and that the joint effect of students and raters explained 

26% of the total variance. Thus, raters’ scoring changed from student to student. This situation 

manifested itself in the generalizability coefficient and the level of generalizability remained at 0.71.  

However, the variance components for the joint effect of student item and rater explained the total 

variance at a high percentage. For the variance component obtained from the interaction of three sources 

of variability to be zero (0) is a desired situation. Having this ratio high can indicate that the student, 

item, rater interaction, and/or sources of random error can be big. On comparing the s x i x r and (r:s) x 

i designs, it was found that the relative and the absolute error variances estimated in the (r:s) x i design 

was smaller than in the s x i x r design, and thus the G and the Phi coefficients took on bigger values.  

On examining the decision studies performed in both designs, it was found that increasing the number 

of raters provided an increase in the G and Phi coefficients in both designs but that the increase in the G 

coefficient obtained in this way was not big enough to bring advantages in terms of being economical. 

It was found that it was possible to reach acceptable levels of G coefficient by reducing the number of 

raters by half in Booklet 2. 

The G and Phi coefficients were calculated as 0.89 and 0.81 respectively in booklet 2. When the number 

of raters is 5 and the number of students is kept constant, the G coefficient was calculated as 0.91 and 

the Phi coefficient as 0.84. When the number of raters is 6, the G coefficient was 0.92 and the Phi 

coefficient was 0.86. On increasing the number of raters, there was an increase in the G and Phi 

coefficients. But it was not substantial. When the number of raters was reduced to 3, the G and Phi 

coefficients were found to be 0.85 and 0.76 respectively whereas the G coefficient fell down to 0.80 and 

the Phi coefficient to 0.68 on reducing the number of raters to 2. In this situation, the Phi coefficient fell 

below the acceptable level while the generalizability coefficient remained at an acceptable level.  

In booklet 8, the G and Phi coefficients were calculated as 0.71 and 0.68, respectively. This was below 

0.80- which is the acceptable level for the G and the Phi coefficients (Mushquash & O’ Connor, 2006). 

The Generalizability coefficient falls down to 0.56 and the Phi coefficient to 0.52 on reducing the 

number of raters to 2 from 4 and keeping the number of students constant. When the number of raters is 

5, the G coefficient is 0.76 and the Phi coefficient is 0.73. When the number of raters is 6, the G 

coefficient is 0.79 and the Phi coefficient is 0.76. An increase occurred in the G and the Phi coefficients 

when we increased the number of raters. Yet, at least 6 raters are required to get a G coefficient at an 

acceptable level. It was found that the results obtained in earlier studies concerning G Theory were 

supportive of the ones obtained in this study. Different designs of G Theory were compared and the 

most appropriate number of items and the most appropriate number of raters were considered. Increasing 

the number of raters led to an increase in the G coefficient, but the effects of the increase diminished 

after a certain number of raters. Atılgan (2008), in a study concerning the generalizability of tests for 

selecting students in Music Department at Inönü University, found that it would be more appropriate to 

continue with the initial number of raters due to the fact that the increase in the G coefficient was not 

very effective. Smith (1997), in a generalizability study concerning the effect of the number of raters in 

the scoring of the open-ended items in TIMSS, found that the effect of the increase in the number of 

raters differs from one item to another and it would be more appropriate to raise the number of raters to 

15 from 5 for the desired level of generalizability in all items and this shows that there may be a problem 

in countries where the number of raters is low. In some studies, it was found that increasing the number 

of tasks rather than raters was more efficient to maximize the score reliability. In a study concerning 
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generalizability of a performance assessment measuring achievement in eighth-grade Mathematics, 

Mcbee and Barnes (1998) investigated the effect of task similarity to generalize the results of the 

assessments. The Generalizability study results showed that the number of tasks required to reach 

acceptable levels of generalizability would be prohibitively high, even using only highly similar tasks. 

Schoonen (2005) found out that the generalizability of writing scores and the effects of raters and topics 

are very much dependent on the way the essays are scored and the trait that is scored. The overall picture 

is that writing tasks contribute more to the score variance than raters do. Lee (2005), in a generalizability 

study concerning the effect of number of raters and the number of tasks in the scoring of TOEFL writing 

assessment, reported that increasing the number of tasks rather than the number of raters per task would 

be more efficient to maximize the score reliability for writing. In a study of generalizability of students 

writing across multiple tasks, Hathcoat and Penn (2012) found that 77% of error variance may be 

attributable to differences within people across multiple writing assignments. D studies indicated that 

substantive improvements in reliability may be gained by increasing the number of assignments, as 

opposed to increasing the number of raters. Therefore, it was concluded that using fewer raters in 

performance evaluation is appropriate for an acceptable level of generalizability. In a study called the 

comparison of different designs in accordance with the generalizability theory in communication skills, 

Nalbantoğlu and Gelbal (2011) did G and D studies and compared crossed (s x t x r) and nested ((s:r) x 

t ) designs and observed that the variance that were estimated for variables in both designs were similar 

to each other and also D studies yielded the similar results and it was found that the scoring of certain 

number of students alternately (nested design) is much more convenient in time, labor, and cost. Polat 

and Turhan (2021) compared crossed and nested designs in language testing. G and Phi values and the 

variance associated with the student's main effect were higher, while the variance value of the residual 

effect was lower in crossed design. This study revealed that crossed designs could generate more reliable 

results in speaking exams. Zorba (2020) compared the result of a written exam used in personnel 

recruitment with different patterns in the generalizability theory. In this study, G and Phi coefficients 

were calculated as 0,33 and 0,29 for (p x i x r) (person x item x rater) design, and 0,76 and 0,64 for (p x 

(i : r )) (person x (item : rater) design, respectively. According to the results of the D study, it was 

observed that increasing the number of raters in crossed (p x i x r) design and increasing the number of 

items in nested (p x (i: r)) design increased the reliability. Khodi (2021), in a study of G-theory analysis 

of rater, task, and scoring method contribution, found that at least four raters (with G-coefficient = 0.80) 

were necessary for a valid and reliable assessment and he suggested student performance should be rated 

on at least two scoring methods by at least four raters. 

Therefore, it is believed that determining the minimum number of  raters by considering the degree to 

which an increase in the G coefficient is influential in results will help to reduce labour and costs in 

making decisions about determining the number of raters. 

 

Recommendations 

Using the designs in which a group of raters scores a group of students alternately instead of having all 

raters score all students will be more economical in terms of time and labour if there is consistency 

between raters in performance determining examinations where there are a great number of students and 

more than one rater score them. 

It was observed that a certain amount of decrease occurred in inter-rater consistency and in 

generalizability coefficients in partial scoring in the form of partial credit as 2-1-0 in booklets. Therefore, 

it should be made sure that a greater number of examples is given in training raters for booklets which 

are scored partially, the number of local examples should be increased, and scoring should be done on 

the item level not on the unit level. This means that all the items in a unit should be coded one by one 

and a new unit is started only after completing all the items in the previous unit in all booklets.    

It is important that the group to function as raters in international activities was described beforehand. 

Assigning teachers for scoring from schools during school time and especially at the end of a semester 

for such activities lowers the teachers’ motivation. Teachers should be able to perform the task of scoring 

with no fear of wasting time and disrupting their school work at the end of a semester.   
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Using open-ended items in a test for the transition from elementary education into secondary education 

and in a university entrance exam has been on the agenda. Using open-ended items in those 

examinations-which are extremely important in shaping students’ future- is an issue that should be 

carefully worked on. It should not be forgotten that rater reliability is very important in assessing open-

ended items. Considering the situations where the scoring of a booklet by 4 raters in PISA is inadequate, 

the number of staff to make assessment meeting the standards and the length of time required for the 

assessment of 2 million students and the reflections into the system should be calculated carefully.     

Studies comparing different sources of variability (such as booklets, modules, etc.) and different designs 

in international performance assessment examinations such as TIMSS, PIRLS, PISA, and ICILS, in 

which Turkey takes part, could be performed.    

Studies considering all the sub-fields such as mathematics literacy and science literacy in international 

performance assessment examinations such as TIMSS and PISA and analysing the correlations between 

them from the perspective of different scoring designs could be performed.   
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Abstract 

This study aims to transform the calculated item difficulty statistics according to Classical Test Theory (CTT) into 

the item difficulty parameter of Item Response Theory (IRT) by utilizing the normal distribution curve and to 

analyze the effectiveness of this transformation based on Rasch model. In this regard, 36 different data sets created 

with catR package were studied. For each data set, item difficulty parameters and transformed item difficulty 

parameters were calculated and the correlation coefficients between these parameters were analyzed. Then, 

Computerized Adaptive Test (CAT) simulations were performed using these parameters. According to the 

simulation results, the correlation coefficients between the estimated theta values with both methods were high. 

Furthermore, in CAT simulations in which both parameters were used, especially in the samples which were over 

250, it was found to have similar bias, RMSE values, and the average number of administered items. 

Keywords: Item difficulty, classical test theory, item response theory, Rasch model 

 

Introduction 

A measurement tool can be developed based on Classical Test Theory (CTT) or Item Response Theory 

(IRT) (de Ayala, 2009). Tests are easy to develop under the CTT, yet it has some limitations. For 

example, a single standard error value for the entire test score can be calculated by using CTT; the item 

statistics depend on the examinees, and the true score estimates are based on the item set (Hambleton & 

Swaminathan, 1985). The studies show that an item that should be removed from the test according to 

CTT should also be taken out of the test according to IRT, which reveals the fact that CTT and IRT 

estimates are similar when deciding whether an item is good or bad (Çelen & Aybek, 2013). On the 

other hand, IRT comes to the fore for studies such as Computerized Adaptive Test (CAT), test equation 

and linking, and Differential Item Functioning (DIF), but loses its practicality for classroom assessment. 

IRT models can be classified in different ways according to the dimension that is measured and the 

number of response categories. In addition to unidimensional IRT models in which an item measures 

one single dimension, there are also multidimensional IRT models in which an item can measure 

multiple dimensions (Reckase, 2009). In addition, there are some models such as Rasch, 1 Parameter 

Logistic (1PL), 2PL, 3PL, and 4PL models for dichotomous items (Hambleton et al., 1991); Nominal 

Response Model (NRM) (Bock, 1972); Partial Credit Model (PCM) (Masters, 1982); Generalized 

Partial Credit Model (GPCM) (Muraki, 1992); and Graded Response Model (GRM) for polytomous 

items (Samejima, 1996).  

In the Rasch model, the probability of responding to an item correctly depends only on the item 

difficulty, b, parameter of that item, while the item discrimination, a, parameter is considered to be 1.00 

for all the items. The Rasch and 1PL models are similar in that item discrimination is considered the 
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same for all items; however, a parameter can take different values than 1.00 in 1PL model (de Ayala, 

2009).  

According to the Rasch model, the probability for an individual with a given (θ) ability level to respond 

correctly to an item whose difficulty parameter is b is calculated with the equation below (1) (Rasch, 

1961): 

 

𝑝(𝜃) =  
𝑒(𝜃−𝑏)

1+ 𝑒(𝜃−𝑏)   (1) 

 

The b parameter represents item difficulty and refers to the θ level at which the item is correctly 

answered with 50% probability. Although the theoretical limits for θ are between  

(-∞, ∞), they usually work within ranges such as [-3, 3] or [-4, 4]. When Equation 1 is applied, the 

probability of responding to an item correctly with b = 0.00 for all θ levels within the range  

[-3, 3] with an increment of 0.01 creates a curve as shown in Figure 1, and this curve is called the item 

characteristic curve. 

When Equation 1 and Figure 1 are analyzed, another superiority of IRT can be recognized. Item 

parameters and the examinee’s ability level are described on the same scale. As stated earlier, the b 

parameter for the item shown in Figure 1 is 0.00, which means that an examinee whose θ level is 0.00 

responds to this item correctly with a probability of %50. In addition, when Figure 1 is carefully 

analyzed, it can be recognized that, as the θ level decreases, the probability of responding to an item 

correctly also decreases, and as it increases, the probability of responding to the item correctly increases, 

as well. In this context, the b parameter has similar limits as θ. 

 

Figure 1.  

A sample item characteristic curve for b=0 parameter in Rasch model 

 

 



Journal of Measurement and Evaluation in Education and Psychology 

____________________________________________________________________________________ 

 

___________________________________________________________________________________________________________________ 

ISSN: 1309 – 6575 Eğitimde ve Psikolojide Ölçme ve Değerlendirme Dergisi 

Journal of Measurement and Evaluation in Education and Psychology 

 

120 

On the other hand, normal distribution is described as “a theoretical distribution for a continuous 

variable measured for an infinite population” (Crocker & Algina, 1986, p.24) and defined using the 

Equation 2 (Pitman, 1993): 

𝑌 =  
1

√2𝜋𝜎
𝑒−

1

2
𝑧2

   (2) 

 

In this Equation, z stands for the standard z score and is obtained as  𝑧 = (𝑥 −  𝜇)/𝜎 In addition, the 

area under the normal distribution curve can be obtained approximately by Equation 3 (Pitman, 1993):  

 

𝜙(𝑧)  ≈ 1 −
1

2
(1 + 𝑐1𝑧 + 𝑐2𝑧2 + 𝑐3𝑧3 + 𝑐4𝑧4)−4    (𝑧 ≥ 0)  (3) 

 

c values in this equation as follows: c1 = 0.196854, c2 = 0.115194, c3 = 0.000344, and c4 = 0.019527. 

When z is below 0, 𝜙(−𝑧) = 1 −  𝜙(𝑧) relation can be used by utilizing the symmetric characteristic 

of normal distribution curve. Accordingly, when the Equation 3 is used, the area under normal 

distribution curve for z = 1 constitutes approximately %84,3 of the whole area. Based on all this 

information, a normal distribution curve and the area under the normal distribution curve are given in 

Figure 2. 

 

Figure 2.  

Normal distribution curve and the area under the normal distribution curve  

 

 

The right side of Figure 2 shows the area under the normal distribution curve for different z scores. 

When this plot is analysed, its similarity with the item characteristic curve in Figure 1 is significant. 

Therefore, is it possible to interpret that an item with b = 0.00 is responded correctly by half of the group 

(p = 0.50 according to CTT) and an item with b = 1.50 is responded correctly by %6.5 (p = 0.065 

according to CTT) of the group? Both cases are shown in Figure 3. 
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Figure 3.  

Two sample b parameters on the normal distribution curve 

 

 

As shown in the graphic in Figure 2, the view that the normal distribution curve can be used for an IRT-

based conversion is not unrealistic. In fact, Lord (1980) focuses on the relation between CTT and IRT 

and he indicates that “We can see from the figure that the item response function … is equal to a 

standardized normal curve area” (p.31), and also adds that this approximation is “not for practical use 

but rather to give an idea of the nature of the item discrimination parameter” (p.33-34). Lord (1980) 

also describes the relationship between CTT item difficulty and discrimination statistics and IRT a and 

b parameters with mathematical proving. When all the items have the same discrimination (e.g., Rasch 

model), bj ≈ 𝜙𝑗 while bj represents the IRT item difficulty parameter for item j and 𝜙𝑗 represents the 

area under the normal distribution curve at the point of CTT item difficulty statistics, pj. On the other 

hand, if the items have different item discrimination, then bj ≈ 𝜙𝑗 / 𝑟𝑗𝑥 while rjx represents the item-total 

biserial correlation or CTT item discrimination statistics. Lord (1980) also describes the relationship 

between IRT a parameter and CTT item discrimination statistics rj as in Equation 4: 

 

𝑎𝑗 =
𝑟𝑗𝑥

√1 − 𝑟𝑗𝑥
2

                          (4) 

 

In addition to that, even the equation of the area under the normal distribution curve looks very 

complicated, a simple function (e.g., NORM.DIST) in a spreadsheet software (Microsoft Excel, 

LibreOffice Calc, Google Sheet, etc.) can make the calculations. 

Recent studies that support this perspective can be found in the literature. Kohli et.al. (2014) discussed 

the comparability of CTT and IRT based item parameters with underlying normal variable assumption. 

They found extremely high correlations between IRT and CTT based parameters, and these correlations 

are affected more by sample size rather than item pool size. Raykov and Marcoulides (2016) also shows 

the relationship and equivalence of CTT & IRT. They also recommend researchers combine the benefits 

of both test theories. A recent study by van der Ark and Smits (2023) suggests a new CAT method 

without using IRT, and they call it FlexCAT. Yet, their method is based on Latent Class Analysis (LCA), 

and it is still not very feasible for non-technical researchers. 
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Beyond the relationship between CTT and IRT in the manner of item parameters, how practical is the 

CTT to IRT transformation using this relationship for CAT applications? Due to the nature of CAT, we 

can estimate the trait level of the examinee with items that give more information about the examinee. 

In a typical CAT application, the next item to administer is selected based on the previous responses of 

the examinee, and the trait level can be estimated with much fewer items in contrast to conventional 

linear tests. This feature of the CAT makes it more convenient to schedule the test-taking time and place 

since not every examinee takes the same item set (van der Linden & Glas, 2002). Since CAT applications 

need a calibrated item bank, and the calibration process needs a large sample size, developing an item 

bank is not very feasible for a small-scale application. IRT calibration also needs expertise and cannot 

easily be implemented in the testing process for unfamiliar researchers to the IRT. The conversion of 

the item difficulty from CTT to IRT using the normal distribution curve mention above has potential for 

not only the development of CAT forms but also other applications based on IRT. 

In this context, the research aims to evaluate the effectiveness of the transformation from the CTT-based 

p statistic to IRT-based b parameter using the normal distribution curve in terms of a CAT simulation. 

And due to fact that the focus of this study is on converting CTT item difficulty statistic to the b 

parameter, the present study is limited with the Rasch model since all the parameters but b are constant. 

 

Methods 

Data 

In R (R Core Team, 2020), using the genDichoMatrix function of the catR package (Magis & Barrada, 

2017; Magis & Raiche, 2012), 10, 50, 100, 250, 500 and 1000-item pools were created sequentially. The 

item pool was created according to the Rasch model, accordingly, the item discrimination parameter a 

was accepted as a = 1.00, the pseudo-guessing parameter as c = 0.00, and the asymptote parameter as 

d = 1.00. Therefore, only b parameters were generated using genDichoMatrix. Then, 10, 50, 100, 250, 

500, and 1000 response patterns were generated for each item pool using the genPattern function 

included in the catR package. Therefore, 36 different response patterns have been studied, including a 

total of six item pools and six response patterns for each item pool. The rationale behind choosing these 

conditions, is due to test the performance of the conversion on the data from different sample sizes and 

item pools. For instance, a teacher may want to convert the item statistics calculated from the data 

obtained from a classroom as small as 10 and item pool as small as 10. But it is also important to see 

the performance of the conversion from the data from a larger sample and item pool. While generating 

response patterns, theta values and item parameters in the item pool were used. Theta values were 

obtained from a normal distribution whose mean score is 0 and standard deviation is 1. 

 

Data Analysis  

Since item parameters were generated according to IRT, item difficulties were first obtained according 

to classical test theory for data analysis. In this regard, item difficulty values were calculated by finding 

the means of each item in 36 response patterns. Then, those item difficulties were converted to standard 

z score using the following function below, and these scores were accepted as b parameter according to 

IRT. The item difficulty parameters obtained according to classical test theory are demonstrated with p; 

item difficulty parameters converted from classical test theory to item response theory with bp, and the 

item difficulty parameters obtained according to the item response theory were indicated with b. The 

following function is used to obtain bp: 

 

𝑏𝑝  =  0 –  𝑞𝑛𝑜𝑟𝑚(𝑐𝑜𝑙𝑀𝑒𝑎𝑛𝑠(𝑣𝑎𝑟))   (4) 
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This function simply takes the p parameter as a percentage of the area under normal distribution and the 

z value corresponding to the percentage indicated by the p parameter as the b parameter according to 

IRT. In this function, colMeans (var) calculates the means of columns. In other words, the item difficulty 

value of each item is calculated. For example, in this function, if 0.065 is used instead of colMeans (var), 

1.51 is obtained, and this value is in accordance with the example given after the Equation 4. Similarly, 

when 0.50 is written instead of colMeans (var), the function gives the output as 0. In other words, for  

p = 0.50, bp = 0 is obtained. 

Following the parameter transformations, b, p, and bp parameters were obtained sequentiallyly, for each 

response pattern. At this stage, Inf and -Inf values were obtained during the bp conversion, especially 

when the sample size was 10. To avoid errors in simulations, Inf  values were changed into 6 while -Inf  

values were changed into -6.  

A CAT simulation was conducted with both b and bp parameters. In the simulation, Maximum a 

Posteriori (MAP) was used as an ability estimation method and Maximum Fisher Information (MFI) as 

item selection method. In the first item selection, theta was assumed as 0.00 and the simulation was 

terminated when the standard error value was below .40. The simulations were carried out via the 

simulateRespondents function included in the catR package. 

According to the simulation results, when b and bp were used, the average number of items used in the 

simulation, the correlation coefficients between the full-item estimated theta and theta levels estimated 

by CAT, and bias and RMSE values were compared and the seed value set as 26 for the item and 

response generation, and CAT simulations. 

 

Results 

According to the results of a total of 72 CAT simulations using the b and bp parameters for a total of 36 

data sets, correlations between theta values estimated using b and bp parameters are shown in Figure 4. 

 

Figure 4.  

Correlation coefficients between theta levels estimated from CAT simulations using b and bp 
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Figure 4 shows that the correlation coefficients were above .80 for almost all cases. When the item pool 

size was 10, the correlation coefficients for all sample sizes were close to 1.00. This is because the 

simulation cannot reach the .40 standard error used for the termination rule below 10 items. While the 

highest correlation coefficient was obtained with a pool of 50 items, other item pools were found to have 

around .85 correlation coefficients, especially in samples of 50 respondents and above. This indicates 

that the IRT-based b parameter or CTT-based bp parameter can perform similar theta estimation in CAT 

simulation. 

The bias values of theta estimates were analyzed for both b and bp, and the values obtained for all item 

pools and sample sizes are presented in Figure 5. For clarity, bias values are analyzed as absolute values. 

 

Figure 5. 

Bias values from CAT simulations using b and bp  

 

Although it is seen that both methods have high bias values in small sample sizes, it is understood that 

the IRT-based parameter estimates with lower bias. Especially when the sample size is 250 and above, 

the bias value approximates to zero for the theta levels estimated by IRT-based parameters. A decrease 

in bias value because the sample size increased was also observed in the difficulty parameter obtained 

by CTT conversion. Similarly, when the sample size is 250 and above, the bias value drops below 0.05. 

RMSE values of ability estimates were also analyzed for the whole item pool and sample sizes (see the 

plots in Figure 6). 

 

Figure 6.  

RMSE values from CAT simulations using b and bp  

 



Aybek, E. C./The Relation of Item Difficulty Between Classical Test Theory and Item Response Theory: 

Computerized Adaptive Test Perspective         

__________________________________________________________________________________ 

 

___________________________________________________________________________________________________________________ 

ISSN: 1309 – 6575 Eğitimde ve Psikolojide Ölçme ve Değerlendirme Dergisi 

Journal of Measurement and Evaluation in Education and Psychology 

 

125 

When RMSE values are analyzed, it is seen that, similar to bias, RMSE values of the ability level 

estimated by IRT-based difficulty parameter are lower. However, in cases where the sample size is 250 

and above, it is seen that the RMSE value goes below .50 in both methods. 

The correlation coefficients between the ability levels estimated by CAT simulations using both b and 

bp parameters and the ability levels estimated from all items were analyzed and shown in Figure 7. 

Figure 7 shows that the CAT simulations using IRT-based b and bp converted from CTT have similar 

correlation coefficients between full-theta estimates and CAT estimates. Although the correlation 

coefficients obtained for 10 respondents vary according to the item pool sizes, it is seen that the 

correlation coefficients between all theta and estimated theta values with the sample sizes above 50 are 

around .90. 

 

Figure 7.  

Correlation coefficients between CAT simulations using b and bp and theta levels estimated from all 

items 

 

 

The average numbers of items in which CAT simulations are terminated for both parameters are given 

in Figure 8. 

 

Figure 8.  

Average numbers of items in which CAT simulations are terminated using b and bp parameters  
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It is seen in Figure 8 that in the CAT simulation using the b parameter, the entire item pool is 

used when the item pool size is 10. On the other hand, in cases where the item pool size is 100 

and above, it is seen that the simulation terminates with a similar number of items for both b 

and bp parameters. 

 

Discussion 

This study aims to investigate the effectiveness of transforming CTT-based p statistic into IRT-

based b parameter by utilizing the area under the normal distribution curve in the manner of 

CAT simulation.  

It is seen that the converted bp parameter has a higher bias and RMSE value than the b parameter 

in CAT simulation. However, it was found that bias and RMSE values in the simulations using 

bp also decreased, especially when the sample size was 250 and above. On the other hand, while 

the correlation coefficients between the estimates were found to be around .85, the correlation 

coefficients between the ability levels estimated by CAT and the ability levels estimated from 

all items were found to be around .90 when both b and bp parameters were used. In both cases, 

the simulation terminated with less than 10 items. 

All these findings reveal the potential of bp converted from CTT into IRT in IRT-based studies 

and supported by previous studies (Kohli et al. 2014; Raykov & Marcoulides, 2016). Simulation 

results are more effected by sample size rather than item pool size (except item size was 10) 

which is matched with the Kohli, Koran, & Henn (2014). Although the findings show that the 

bp parameter is not as effective as the b parameter, the similarity of CAT simulation results is 

promising. Especially due to COVID-19 pandemic, the practicality of measurement and 

assessment processes in distance education has become even more important. In this process, 

tailored test solutions such as CAT are beyond being available to educators who are not 

particularly familiar with IRT. 

In this context, it is expected that CAT applications can be developed by easily converting 

parameters from CTT to IRT with the proposed conversion. Practically, a teacher who applied 

a test to 250 students can convert the p statistic to b parameter and use the items in a CAT form. 

In addition to that, converted b parameters can be used to kickstart an operational CAT 

application, then make the IRT based calibrations as data grows. On the other hand, the data 

used in the research were produced in accordance with IRT assumptions with catR package. 

Investigating the performance of the bp parameter where IRT assumptions are not met, as well 

as applying real data-based post-hoc CAT simulations, will provide a deeper understanding to 

see how effective the transformation is. In addition, the transformation applied in the research 

assumed that student ability is normally distributed. Further studies are required to be conducted 

on how violating this assumption may affect the bp parameter and the results of the analysis. 
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Abstract 

This study aims to determine whether the PISA 2018 Mathematical Literacy test items show differential item 

functioning (DIF) according to gender and parental education level. The sample of the study consisted of a total 

of 521 students who participated in the practice in Turkey and answered the booklets numbered 1 and 7. The 

research was conducted on a total of 45 items in these booklets. In this study, the Mantel-Haenszel (MH), Logistic 

Regression (LR), and Rasch Tree (RT) methods were applied to determine the items showing DIF regarding the 

gender variable. As a result of the analyses, it was determined that two items in the 1st booklet showed DIF in 

favour of girls, and an item in the 7th booklet that was common with the 1st booklet showed DIF.  This item showed 

DIF in common for all three methods according to the DIF analyses performed separately by the Mantel Haenszel, 

Logistic Regression, and Rasch Tree methods. As a result, an item showing DIF in favour of girls was determined 

with both the MH and LR methods in the 1st and 7th booklets. In addition, when the items in booklets 1 and 7 were 

examined to see whether they show DIF according to parental education level, it was concluded that an item in 

booklet 1 was easy for students whose mother's education level was high school, university, and above, but difficult 

for students whose mother's education level was high school or below. 

 

Keywords: DIF, Logistic Regression, Mantel-Haenszel, PISA, Rasch Tree 

 

Introduction 

International research on effective schools and quality research in education regarding developing 

countries are of great value as sources of information for creating an effective education system (Karip 

& Köksal, 1996). PISA (Programme for International Student Assessment), which is expressed as the 

largest international organization that includes all this research, aims to establish the sustainable 

development of the participating countries with the feedback it gives based on the comparison of the 

educational statuses of the countries. In this way, a reliable system that is constantly developed, 

dynamic, effective, and efficient is created. One of the most important stages of this system is the test 

development. In addition to including important steps to be carried out, the main purpose the test 

development process is the estimation of validity and reliability. Cronbach (1990) defined the concept 

of validity as the process of collecting evidence in order to determine the situation of measuring the 

structure that a measurement tool aims to measure. In line with this, it can be stated that if difficulties 

are encountered and/or errors are observed in measuring the structure that a measurement tool aims to 

measure, suspicious situations will arise regarding the quality of the evidence collected. In other words, 

the error involved in the measurement reduces the validity. If this error is produced systematically and 

if this error produces results in favour of or against the group/groups taking the item/test, it can be said 

that this situation creates bias. These results are expressed using two different concepts: test bias and 

item bias. If the probability of a group answering an item correctly is less than that of another group 

taking the test due to some characteristics of the item or the test conditions unrelated to the purpose of 

the test, it is called item bias (Zumbo, 1999). Bias can be defined as a systematic error in test scores 

depending on a group of individuals (Camilli & Shepard, 1994). To rephrase, in both cases, not all 

mailto:emrekucam@gmail.com
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individuals taking the item/test are equal on that item/test, which causes the expected measurement 

results to change against or in favour of a particular group. To reveal this situation, it is important to 

determine the bias of the measurement tools. While doing this, Differential Item Functioning (DIF) must 

first be determined by statistical means. DIF is the differentiation of the probability of answering an 

item correctly among individuals at the same ability level but in a different group. This possible 

difference should arise from the properties of the items, not from the properties of the subgroups. If an 

item contains DIF, there is a possibility of bias, however, if an item is biased, it definitely contains DIF. 

In other words, DIF is necessary but not sufficient for the item bias (Zumbo, 1999). For this reason, it 

is determined whether an item shows DIF first and then it continues the bias analysis. There are several 

methods for determining DIF. These methods are summarized below as IRT and CTT-based methods. 

Mantel-Haenszel (MH), Simultaneous Item Bias (SIBTEST), and Logistic Regression (LR) methods are 

examined under the most widely used Classical Test Theory (CTT). On the other hand Lord's Chi-

square, Raju's Area Measures and Likelihood-Ratio methods are most used under the Item Response 

Theory (IRT) (Ellis & Raju, 2003). In the methods examined under CTT and IRT, two types of groups 

are referred to as reference and focal groups. The focal group is considered to be the disadvantaged 

group, and the reference group is the group that is advantageous over the focal group. The differentiation 

of these two groups with respect to each other is determined with statistical methods. DIF is examined 

under two headings as uniform and non-uniform differential item functioning. Many of the DIF 

detection methods are designed to reveal the uniform DIF (Jodoin & Gierl, 2001). The uniform DIF is 

the consistently high level of answering the examined item correctly at all ability levels in a particular 

group. On the other hand, the non-uniform DIF is the case in which the examined item works in favour 

of one group in a certain ability level range, while it works in favour of the other group in another ability 

range (Osterlind & Everson, 2009). Regarding the commonly used DIF determination methods, both 

Potenza and Dorans (1995) and Alatlı and Şenel (2020) state the theory they are affiliated with, the 

possibilities of determining uniform or non-uniform DIF, and the number of groups that can be 

compared in the method as shown in Table 1.  

 

Table 1 

Methods of Determining DIF according to Theory, Number of Groups, and Type 

Theory DIF Determination Method 
Number of 

Groups 
Uniform/Non-uniform 

CTT 

Breslow-Day chi-square 2 Non-uniform 

Mantel-Haenszel 2 Uniform 

Simultaneous Item Bias Test-SIBTEST 2 Uniform 

Standardization 2 Uniform 

Transformed Item Difficulties 2 Uniform 

Logistic regression 2 Both 

Generalized logistic regression >2 Both 

Generalized Mantel Haenszel >2 Uniform 

IRT 

Likelihood-Rate Test 2 Both 

Lord's chi-square Test 2 Both 

Raju's Area Measures 2 Both 

Generalized Lord's chi-square Test >2 Both 

 

Different DIF determination methods have also emerged with the studies conducted after the methods 

specified in Table 1 were applied. Since the focal and reference groups are predetermined for the 

methods in the table, these methods are insufficient in determining other potential variables (Zhang, 

2009). In addition, the methods in the table focus on only one variable in each implementation, which 

has the limitation of not being able to focus on the related variables together, especially in large-scale 

evaluations. The Rasch Tree (RT) method developed for this limitation is one of the new IRT-based 

methods. The RT method has distinguished among the DIF determination methods because it focuses 
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on multiple variables together. From this point of view, it can be said that the RT method, which focuses 

on more than one variable, is more useful than the MH method, which focuses on a single variable. In 

determining DIF with the Mantel-Haenszel (MH) method, which is one of the methods that deal with 

only one variable in each application, focal and reference groups are divided into skill or competence 

layers based on the total test scores. Then, a chi-square probability table is prepared for each skill layer. 

In the table, the frequencies of correct and incorrect answers are expressed for the groups in each skill 

layer. The information generated for each skill layer is given in Table 2. 

 

Table 2 

Chi-Square Table for Each Skill Layer 
Group Correct Answer Incorrect Answer Total 

Reference Group Aj Bj nRj 

Focal Group Cj Dj noj 

Total m1j m0j Tj 

 

The ∆MH value is obtained as a result of multiplying the logarithm of the likelihood ratio (αMH) reached 

with the (∑j Aj Dj / Tj) / (∑j Bj Cj / Tj) operation by -2.35. The DIF levels for these values provided by 

Zieky (1993) are presented in Table 3. 

 

Table 3 

The equivalent of DIF Levels for ∆MH Values 
Level of DIF Condition Explanation 

A |∆MH|<1 No or negligible level of DIF 

B 1≤|∆MH|<1.5 Medium Level 

C |∆MH|≥1.5 High Level 

 

When ∆MH is positive, it is accepted that the items work in favour of the reference group, and when it 

is negative, it is considered that the items work in favour of the focal group. Another method also used 

in this study is the Logistic Regression method. Zumbo and Thomas (1997) stated that the 2-degrees-

of-freedom chi-square test in the logistic regression should be considered together with the effect size 

in order to determine DIF. When DIF is determined in large samples without effect size, even 

insignificant effects may seem statistically significant. In this context, it is recommended to use the  𝛥𝑅2 

effect size measurement, which is defined as the 𝑅2 difference between the regression models created 

(Zumbo, 1999). The DIF levels regarding the 𝛥𝑅2 effect size values are suggested by Jodoin and Gierl 

(2001) as follows: 

 

Table 4 

The equivalent of DIF Levels for R2 Values 
Level of DIF Condition Explanation 

A ∆R2<.035 No or negligible level of DIF 

B .035≤ ∆R2 <.070 Medium Level 

C ∆R2≥.070 Significant Level 

 

When the studies using the MH and LR methods are examined, it is seen that especially large-scale 

evaluations are studied and different results can be obtained in the same samples (Arslan, 2020; Ayan, 

2011; Doğan & Öğretmen, 2008; Gök, Kelecioğlu & Doğan, 2010; Ozarkan, Kucam & Demir, 2017; 

Schwabe et al., 2014; Şenferah, 2015). It can be said that one of the reasons why different results can be 



Kucam, E., & Gülleroğlu, H. D./Examination of Differential Item Functioning in PISA 2018 Mathematics Literacy 

Test with Different Methods 

___________________________________________________________________________________ 

 

___________________________________________________________________________________________________________________ 

ISSN: 1309 – 6575 Eğitimde ve Psikolojide Ölçme ve Değerlendirme Dergisi 

Journal of Measurement and Evaluation in Education and Psychology 
131 

obtained with the same sample under different methods is the sample size. In these studies, DIF levels 

are determined based on several variables. The DIF levels are determined according to gender, ethnicity, 

disability, item type, socioeconomic level, mother tongue, country, content of tests, and affective 

characteristics (motivation, etc.). Test lengths and sample sizes may also be effective on these variables. 

Another method also used in this study is the RT method. In the Rasch model, some of the methods used 

to determine DIF are for determining DIF in the items, and some are for determining general fit statistics. 

These methods are designed to compare the parameters of the predefined focal and reference groups. 

With these methods, it is determined which items may be difficult or easy to answer in which groups, 

and an opportunity is created to make inferences about what precautions can be taken in these cases. 

Latent class methods, which have a different understanding from these methods, enable DIF to be 

determined in groups that have not been defined beforehand and have not been determined to be a 

possible source of DIF (gender, ethnicity, etc.). Such methods are used in the first stage of the analysis 

as it is difficult to interpret the groups showing DIF with these methods. Then, the latent classes are tried 

to be defined. The RT method, on the other hand, combines these two types of DIF determination 

approaches and reveals a DIF determination method based on the iterative separation technique. In this 

way, by identifying the groups showing DIF that have not been identified before, direct comments can 

be made about these groups. It also provides a wide range of opportunities regarding the identification 

of the DIF sources. The following steps are followed in the RT method (Strobl, Kopf & Zeileis, 2015): 

1. First, the item parameters are estimated by including the entire sample. 

2. It is statistically tested whether the item parameters differ by considering each covariant. 

3. If there are significant instabilities in the covariates at the item parameters, the sample is 

separated along the covariant with the strongest indecision, and the cut-off point is determined. 

4. The process mentioned above is repeated until there is no significant indecision. 

In the study of Altıntaş and Kutlu (2019), in which this method was also used, the DIF status according 

to the country and gender variable was examined by using the data of 615 (Azerbaijan, Bulgaria, and 

Syria) out of 2476 individuals who took the Ankara University Foreign Student Exam in 2017. In this 

study, in which the analyses were carried out using the RT method, DIF was determined in 16 items 

according to the countries. In addition, it was concluded that the exam did not include DIF according to 

gender. Similarly, the RT method and LR and Rasch methods among the traditional methods were 

compared regarding the identification of DIF according to gender, ethnicity, socioeconomic level, and 

mother tongue in Liu's (2017) study with a data set of 731 students studying at the eighth grade of the 

2011 TIMSS mathematics subtest in the USA sample. It was determined that 6 items showed DIF in 

favour of girls with the LR method, 4 items showed DIF in favour of girls and 1 item in favour of boys 

with the Rasch method, and 2 items showed DIF in favour of girls, and 3 items in favour of boys with 

the RT method. While 2 of these items for which DIF was determined according to gender were common 

in all three methods, the results were obtained in favour of girls with the LR method and in favour of 

boys with other methods in 1 item. In addition, DIF was determined in 7 items related to ethnicity with 

the RT method. As a result, it was stated that the RT method generated similar results with the LR and 

Rasch methods in determining the items containing DIF. 

Karami, Gramipour, and Minaei (2021), investigated the factors that reveal the differentiation in test 

items using the Rasch tree method in their study. Data from a special test of the Amin University of Law 

and Applied Sciences were used to answer the research questions. The data of this simulation study, in 

which 2414 people participated, were analysed with the DIFtree package in R software, in which the 

Rasch tree method was used. In the special examination of Amin University of Law and Applied 

Sciences, it was observed that 9 items showed DIF and most of these items were in the mathematics 

group, and these items showed DIF according to the age of 18 (second category) and 19 (first category). 

This study shows that the Rasch tree method is effective in determining the differentiation in test 

questions. 

Asamoah (2020), administered the 10-item, 5-point Likert-type Perceived Stress Scale to 500 

participants through a platform called MTurk, which matches practitioners and participants, in his 
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master's thesis. The data were analysed according to the age, gender, marital status, employment status, 

social media use, and race variables.According to these data, DIF for gender, ethnic group, employment 

and social media variables was determined in one item. It was determined that DIF could not be found 

for the variables of age, marital status and number of children. It was found that the number of items for 

which DIF was detected by the MH (Mantel-Haenszel) and LR (likelihood ratio test) methods were 

equal to each other. 

In her doctoral thesis, Başman (2017) examined the interactions of the variables of motivation, self-

efficacy, and anxiety on the mathematics test items within the scope of changing item function in order 

to understand the sources of the differences in mathematics achievement of the students participating in 

the PISA 2012 application. The sample of the research consists of 1084 students who participated in the 

practice in Turkey. Data were analysed using the Rasch Tree Method (RAY) in the Psychotree package 

in the R program and the Logistic Regression Likelihood Ratio Method (LROOY) in the Lordif package 

program. It was determined which items showed DIF according to gender. It was also observed that 

items showing DIF according to gender determined by RAY showed DIF according to the interaction 

between gender and intrinsic motivation. It was observed that the DIF status of the items changed both 

according to a certain threshold value of the girls' intrinsic motivation score and according to the 

interaction between gender and self-efficacy of mathematics items. It was observed that the DIF status 

of the items changed according to a certain threshold value of the self-efficacy score of the girls. 

In their study, Strobl, Kopf, and Zeileis (2015) suggested the use of the newly named Rasch Tree Method 

to determine DIF in samples showing DIF but whose group could not be determined beforehand. With 

this method, DIF in a numerical covariate cannot be overlooked because the numerical covariates (like 

age) have lots of cutpoints. The exact cutpoint does not need to be pre-specified, the decision is made 

from the data. This is an advantage of the Rasch tree method. 

When all these studies are considered, it is seen that the DIF analyses for large-scale evaluations are 

mostly made separately on the basis of a single variable and the items containing DIF are determined 

accordingly. In this case, when the error included in the DIF analysis for each variable in a test is 

considered, it can be said that the determination of all the variables to be examined whether they are the 

source of DIF in a single analysis and with a single error will contain statistically fewer errors. In 

addition, the presence of DIF is the most important threat that may reduce test validity. This type of data 

obtained from the large-scale exams is thought to be important in terms of identifying the possible 

sources of DIF. 

When the literature is examined, it is seen that there is evidence for the presence of many items showing 

DIF in the large-scale tests (PISA, TIMSS, PIRLS, etc.) as a result of the analyses made on these tests 

(Ayan, 2011; Liu, 2017; Schwabe et al., 2014). The presence of the items with DIF even in these 

applications that fully comply with the test development stages, or more accurately, the presence of 

items that may constitute bias in these tests arouses suspicion and curiosity about the situation in the 

national exams prepared without following the test development stages. This is clearly observed in the 

analyses of the exams held within the scope of the national exams. The methods used are of great 

importance at the point of questioning the validity of these analyses. In addition, the MH method is 

frequently used, because it is easy to use and understand, and also because it allows testing the null 

hypothesis and provides an index showing the size of the DIF (Millsap & Everson, 1993). On the other 

hand, the LR method can be applied to items that fall into more than one group and ranking scale, and 

can diagnose regular and irregular DIF (Agresti, 2012). In the RA method, on the other hand, groups 

showing unidentified DIF can be identified, and direct comments can be made about these groups 

(Strobl, Kopf & Zeileis, 2015). Therefore, in this study, the DIF level of the items was compared using 

the LR and RT methods, in addition to the frequently preferred MH method. In this respect, it is expected 

that this research will contribute to the literature in terms of revealing the weaknesses and strengths of 

these three methods, determining the items with DIF using these methods in the national exams, and 

promote studies to be conducted on bias. 

In addition, it is seen that DIF determination methods based on CTT and IRT for large-scale evaluations 

are used extensively in the literature (Altıntaş and Kutlu, 2019; Chen and Thissen, 1997; Doğan and 

Öğretmen, 2008; Gök, Kelecioğlu and Doğan, 2010), however, the RT method is used relatively less 
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(Başman, 2017; Liu, 2017; Strobl, Kopf and Zeileis, 2015). In this study, the Rasch Tree method was 

used, since it handles multiple variables together and the number of subgroups of the parent education 

level variable is more than 2. It is of great importance to reveal the validity of the measurement tools of 

PISA, which is one of the large-scale tests, and to realize this with the least amount of error. By 

comparing the methods based on both the observed score and the IRT, the differences and similarities 

of the methods were tried to be determined. Since the studies comparing these three methods mentioned 

above are very few in the literature, the study is important in this respect. The purpose of this research 

is to determine the differential item functioning (DIF), which varies according to gender and education 

level, of the PISA 2018 mathematical literacy test items with various methods, in the Turkish sample. 

For this purpose, the following questions were answered:  

1. Do the items in the PISA 2018 mathematics subtest show DIF in the analyses made with the 

MH, LR, and RT methods according to gender? 

2. Do the items in the PISA 2018 mathematics subtest show DIF in the analyses made with the RT 

method according to the education level of the parents? 

3.Are the results regarding DIF coherent in the analyses conducted with the MH, LR and RT 

methods according to gender? 

 

Method 

 

Research Model 

This study aims to determine whether the items in the Turkey sample of the PISA 2018 Mathematical 

Literacy test show differential item functioning (DIF) according to gender and parental education level 

and compare the DIF determining methods LR, RT, and MH. In this respect, the research is suitable for 

the descriptive research as it aims to describe the existing situation. Descriptive research is a research 

approach that aims to describe a situation as it is (Karasar, 2017). 

 

Population and Sample 

The population of the research consists of a total of 521 students, 255 of whom answered booklet number 

1 and 266 students who answered booklet number 7 in the PISA 2018 Turkey sample consisting of 6890 

people. Booklets 1 and 7 were chosen, because they contain the most common items compared to other 

booklets. The descriptive statistics regarding the population and sample of the PISA 2018 Turkey 

application are presented in Table 5. 

 

Table 5 

Distribution of PISA 2018 Turkey Population and Sample according to Gender, Class, and School Type 

Variable Group 
Population Sample 

f % f % 

Gender 

Boy 3494 50.7 262 50.3 

Girl 3396 49.3 259 49.7 

Total 6890 100 521 100 

Class 

7th Grade 3 0.05 1 0.15 

8th Grade 19 0.3 1 0.15 

9th Grade 1295 18.75 101 19.4 

10th Grade 5360 77.8 401 77 

11th Grade 207 3 17 3.3 

12th Grade 6 0.1 0 0 

Total 6890 100 521 100 
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School Type 

Middle school 22 0.2 2 0.3 

General High School (Anatolian High School, Imam 

Hatip High School, Sports/Fine Arts High School and 

General High School) 3998 58 307 59 

Science High School 226 3.4 17 3.3 

Social Sciences High School 228 3.4 17 3.3 

Vocational Technical High School 2416 35 178 34.1 

Total 6890 100 521 100 

Mother’s 

Education 

Level 

Primary School Dropout 7704 10.2 63 12.1 

Primary School 1936 28.1 155 29.8 

Middle School 1519 22 111 21.3 

High School 1079 15.8 86 16.6 

Undergraduate and Above 1580 22.9 100 19.2 

Missing 72 1 6 1 

Total 890 100 521 100 

Father’s 

Education 

Level 

Primary School Dropout 72 3.9 21 4.1 

Primary School 506 21.8 109 21 

Middle School 1887 27.4 162 31.2 

High School 1492 21.7 100 19.2 

Undergraduate and Above 1653 24 121 23.3 

Missing 80 1.2 8 1.2 

 Total 6890 100 521 100 

 

Data  

In the PISA 2018 Mathematical Literacy test for Turkey sample, 82 items applied in the computer 

environment were distributed into 36 booklets and used. While preparing the data, twenty-three 

questions were used in the booklet number 1, and twenty-two questions were used in the booklet number 

7. These questions measure mathematical literacy and 11 of the questions in these two booklets are 

common. The DIF analyses were conducted on these items. The reason for considering booklets 1 and 

7 is that the number of common items is the highest compared to other booklets. Dichotomous items 

were scored as 1-0, while partially scored items were scored as 1 for fully correct answers; it was 

converted to 0 points for partially correct, incorrect, and blank answers. The 1st and 7th booklets in the 

PISA 2018 Mathematical Literacy Turkey sample consist of items that are common, partially scored, 

and scored as dichotomous (1-0). The numbers of common and non-common items selected from these 

booklets are presented in Table 6. 

 

Table 6 

Distribution of Booklets Selected from the PISA 2018 Mathematics Subtest according to Common and 

Non-Common Items 

Booklet Number Number of Common Items 
Number of Non-Common 

Items 
Total 

1 12 (3ps*, 9 ds**) 11 23 

7 11 (2ps*, 9 ds**) 11 22 

  *ps: partial scoring 
  **ds: dichotomous scoring (1-0) 

 

When Table 6 is examined, it is seen that 3 of the 12 common items selected from booklets 1 and 7 are 

scored as partial (ps) and 9 of them are scored as 1-0 (ds). On the other hand, 11 non-common items are 

scored as 1-0. In addition, the descriptive statistics of the booklets 1 and 7 used in the study are given in 

Table 7. 
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Table 7 

Descriptive Statistics of Booklets 1 and 7 

Descriptive Statistics 

regarding the Booklets 

Booklet 1 Booklet 7 

Girl Boy Girl Boy 

Number of items 23 23 22 22 

Number of students 127 1.28 134 132 

Mean score 
8.18 8.19 9.13 9.05 

Median 8 8 8.5 8 

Peak Value 8 9 8 5.10 

Standard Deviation 4.67 4.47 4.75 4.94 

Skewness .71 .47 .50 .27 

Kurtosis 3.09 2.46 2.52 2.05 

Lowest score 0 1 2 0 

Highest score 21 20 21 21 

 

As presented in Table 7, the mean scores of the girls in the booklets 1 and 7 were 8.18 and 9.13, 

respectively, while the mean scores of the boys were calculated as 8.19 and 9.05. The fact that the 

skewness coefficients were positive in both groups indicates that the distribution of scores is slightly 

skewed to the right. When the distribution of the mean, mode, and median is examined, it is seen that 

the values are very close to each other, which indicates that the distribution is very close to the normal 

distribution. When the mean scores of the girls and the boys in the booklets are examined, it can be 

stated that the values are very close to each other, in other words, the difference in achievement between 

the girls and the boys in the PISA 2018 Mathematics subtest for booklets 1 and 7 is almost non-existent. 

Before proceeding to the DIF analysis, the data set was examined in terms of missing values and outliers. 

For the DIF analyses to be performed with IRT, it was appointed whether the data obtained from the 

booklets met the IRT assumptions. These assumptions are unidimensionality, local independence, and 

model-data fit (Lord, 1980). 

The unidimensionality of the mathematical literacy items was examined with the Exploratory Factor 

Analysis (EFA). For this, the assumptions of EFA were tested first. In this context, the outlier, 

multivariate normal distribution, linearity, and single-multi-collinearity were examined. However, since 

it is not possible to directly examine multivariate normality, univariate normality and outliers were 

examined. The fact that there is not a violation of univariate normality also supports multi-variability 

(Sharma, 1995). 

In this study, Shapiro Wilks test was applied to determine whether the data set meets the normal 

distribution assumption for booklets 1 and 7 and it was concluded that none of the 23 and 22 items in 

these booklets respectively showed a normal distribution (p<.05). The outliers were obtained by 

examining the Mahalanobis distances (p<.001) and multivariate normality. According to Tabachnick 

and Fidell (2007), the Mahalanobis Distance value should be compared with the 2 table value, which 

accepts the number of independent variables as the degree of freedom. When the Mahalanobis Distance 

values are examined, it is seen that there is no value exceeding the critical values of 2(23)=49.72 for 

the 1st booklet and 2(22)=48.26 for the 7th booklet. This shows that there is no violation of the outlier 

and the multivariate normality. When the scatter plots in Figure 1 and Figure 2 are examined, it is seen 

that the data are clustered on a straight line. 
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Figure 1         Figure 2 

Booklet 1 Mahalanobis Distance                    Booklet 7 Mahalanobis Distance  

Values Scatterplot                                              Values Scatterplot                        

 

 

 

 

 

 

 

 

 

 

Tabachnick and Fidel (2007) stated that the sample size should be 300 or more in order to use factor 

analytical techniques, but if there is a very strong structure and the representativeness of the group is 

high, a sample size of up to 150 is acceptable. On the other hand, it is stated by different sources 

(DeVellis, 2017; Nunnally, 1978; Tavşancıl, 2018) that a sample size of 8-10 times the number of 

variables/items is sufficient. As the third option, the Kaiser Meyer Olkin (KMO) sample size adequacy 

test can be applied. In this study, it is noteworthy that the number of students who took the booklets 1 

and 7 as the test, namely the sample size, is close to the suggestion of Tabachnick and Fidel (2007) 

(N1=255, N7=266). (On the other hand, 8-10 times of 23 items makes 184-230, and 8-10 times of 22 

items makes 176-220, which shows that this recommendation is more than fulfilled.). As the third 

option, the KMO test was applied. Since the univariate normal distribution could not be achieved, the 

KMO test value calculated using the Spearman Rank Differences Correlation matrix was found to be 

.84 for the 1st booklet and .87 for the 7th booklet. As these values are over .70, it can be stated that the 

sample size is sufficient for the factor analytical studies. 

For the assumption of multicollinearity, the correlation among the variables should be examined and 

most of the bilateral correlations should be significant (Andy Field, 2012) or Bartlett's Sphericity test 

can be used. A rough look at the correlation matrix obtained with the Spearman Rank Differences 

Correlation calculation shows that the pairwise correlations are low but factorable. Bartlett's Test of 

Sphericity was applied as statistical evidence. As a result, it was determined that the multiple 

correlations among the variables were statistically significant (Bartlett test of sphericity for the booklet 

1; Chi-square=1100.647; df=253 and p<.05; Bartlett test of sphericity for the booklet 7; Chi-

square=1215.448; df=231 and p<.05). In this context, when the correlations among 23 items detected 

for the booklet 1 in PISA 2018 Mathematical Literacy test are examined, it is seen that the correlations 

vary between .02 and .26, and when the correlations among 22 items determined for the booklet 7 are 

examined, it is seen that the correlations vary between .03 and .31. These results indicate that there is 

no problem of single or multi-collinearity for both booklets. 

When multivariate normality, sample size, and the significance of multiple correlations between 

variables/items were examined, no serious violations were observed that would prevent the use of 

exploratory factor analysis, provided that the rank-difference coefficient of correlation was used. Thus, 

it appears that the data met the assumptions of the EFA. In this scope, the EFA was conducted for the 

1st booklet (255 people) and the 7th booklet (266 people). Since the univariate normal distribution could 

not be achieved, the EFA was conducted using the Spearman Rank Correlation Coefficients matrix 

(Spearman, 1905). For this assumption, it is recommended to examine the eigenvalues and the scree 

plots of the factors obtained consequently the factor analysis (Cattell, 1966). In this context, the 
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eigenvalues obtained from the EFA for the 1st and 7th booklet items are shown in Table 8, and the scree 

plot is presented in Figure 3. 

 

Table 8 

Booklet 1 and Booklet 7 Eigenvalues according to EFA Results 

Number of 

factors 

Eigenvalues Variance Explained (%) Total Variance Explained (%) 

Booklet 1 Booklet 7 Booklet 1 Booklet 7 Booklet 1 Booklet 7 

1 5.03 5.54 22 25 22 25 

2 1.63 1.40 7 6 29 31 

3 1.41 1.26 6 6 35 37 

4 1.21  5  40  

 

Figure 3 

 Booklet 1 Scree Plot according to EFA results 

 

When Table 8 is examined, it is seen that the difference in the eigenvalues obtained with the EFA 

between the first factor of the items in the 1st booklet and the other factors is very large. This shows that 

the unidimensionality assumption is met (Hambleton & Swaminathan, 1989). When Figure 3 is 

examined, it is seen that a sharp bend is formed with the decrease after the first factor, which indicates 

that the contributions of the other factors after the first factor to the variance are close to each other and 

lower than that of the first factor. Local independence, which is one of the other assumptions, is the 

situation that the answer given to each item is independent of the answers given to the other items 

(Crocker & Algina, 1986). To test the local independence, Yen's Q3 statistic was calculated. 

Accordingly, it can be stated that the Q3 values among all the items in the 1st booklet do not exceed .20 

(Chen & Thissen, 1997), and thus the local independence assumption is also met. 
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Figure 4 

Booklet 7 Scree Plot according to EFA results 

 
 

When Table 8 is examined, it is seen that the difference in the eigenvalues obtained with the EFA 

between the first factor of the items in the 7th booklet and the other factors is very large. This shows 

that the unidimensionality assumption is met (Hambleton & Swaminathan, 1989). When Figure 4 is 

examined, it is seen that a sharp bend is formed with the decrease after the first factor, which indicates 

that the contributions of the other factors after the first factor to the variance are close to each other and 

lower than that of the first factor. Accordingly, it can be stated that the Q3 values among all the items 

in the 7th booklet do not exceed .20 (Chen & Thissen, 1997), and thus the local independence 

assumption is also met. 

To determine the model-data fit and to carry out the analysis based on IRT, it should be determined 

which of the 1, 2, and 3 parameter logistic models the data set is compatible with. In the 1st booklet, the 

Log-Likelihood values obtained for each model and the number of compatible items are presented in 

Table 10. 

 

Table 9 

Booklet 1 Log Likelihood Values of IRT Models and Number of Compatible Items 
 1PL 2PL 3PL 

Log-Likelihood (LL) 3108.266 3041.361 3022.439 

Number of Compatible Items 13 19 17 

 

The fact that the items with a p-value greater than 0.05 are compatible with the model also means the 

acceptance of the null hypothesis. From this point of view, 13 items are compatible with 1PL, 19 items 

are compatible with 2PL, and 17 items are compatible with 3PL. The difference between the Log-

Likelihood values of the models is taken into account in the evaluation of the model data fit. These 

difference values are given below: 

LL2PL-LL3PL=18.922 

LL1PL-LL2PL=60.905 

LL values showing the chi-square distribution were compared with the critical chi-square value 

according to the number of items for model-data fit. Since there are 23 items in the 1st booklet, the 

critical chi-square value is χ2=13.09, and when compared with the differences above, it is seen that the 
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difference values are greater than the critical value. In this case, it can be said that the test is compatible 

with the 3PL model. However, when the number of items compatible with the model is examined, it can 

be said that the test is coherent with the 2PL model since the number of items compatible with the 2PL 

model is higher. 

In the 7th booklet, the Log-Likelihood values obtained for each model and the number of compatible 

items are presented in Table 10. 

 

Table 10 

Booklet 7 Log-Likelihood Values of IRT Models and Number of Compatible Items 
 1PLM 2PLM 3PLM 

Log-Likelihood (LL) 2999.812 2955.51 2939.772 

Number of Compatible Items 16 21 20 

 

The fact that the items with a p-value greater than 0.05 are compatible with the model also means the 

acceptance of the null hypothesis. From this point of view, 16 items are compatible with 1PLM, 21 items 

are compatible with 2PLM, and 20 items are compatible with 3PLM. The difference between the Log 

Likelihood values of the models is taken into account in the evaluation of the model data fit. These 

difference values are given below: 

LL2PL-LL3PL=15.738 

LL1PL-LL2PL=44.302 

LL values showing the chi-square distribution were compared with the critical chi-square value 

according to the number of items for model-data fit. Since there are 22 items in the 7th booklet, the 

critical chi-square value is χ2=12.33, and when compared with the differences above, it is seen that the 

difference values are greater than the critical value. In this case, it can be said that the test is compatible 

with the 3PL model. However, when the number of items compatible with the model is examined, it can 

be said that the test is compatible with the 2PL model since the number of items compatible with the 

2PL model is higher. In this case, it can be stated that it is appropriate to choose the 2PLM, in which the 

majority of the items are compatible, as the IRT model for both booklets. 

 

Data Analysis  

To obtain the findings for the first and second research questions, the DIF analyses of the items in the 

1st and 7th booklets in the PISA 2018 Mathematics subtest were conducted using the MH, LR, and RT 

methods. The reference and focal groups required for the analyses were created according to the 

variables of gender, mother's education level, and father's education level. For MH, the "difMH" 

command in the "difR" package within the R program was used, and the "raschtree" command in the 

"psychotree" package within the R program was used for RT. The DIF levels of the items showing DIF 

for MH and the group in favour of which they showed DIF were determined, and the classification 

system organized by Zieky (1993) was used for these items. 

 

Results 

Findings Regarding Differential Item Functioning According to Gender 

Whether the PISA 2018 Mathematics subtest showed DIF according to gender was analysed by the MH, 

LR, and RT methods, respectively. For this purpose, the items in the 1st booklet and then the ones in 

the 7th booklet were analysed. 
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DIF Analysis with Mantel Haenszel Method 

The analysis results of the items in the 1st booklet obtained with the MH method are presented in Table 

11. 

 

Table 11 

Booklet 1 Mantel Haenszel Method Results 
Item Chi-Square Alpha Delta p 

CM564Q02S 1.027 0.715 0.785 0.310 

CM564Q01S 0.000 1.042 -0.098 0.994 

CM571Q01S 0.392 1.283 -0.586 0.530 

CM603Q01S 1.200 1.463 -0.895 0.273 

DM406Q02C 1.123 0.119 5.003 0.289 

DM406Q01C 0.006 0.869 0.329 0.938 

CM192Q01S 0.715 1.330 -0.671 0.397 

CM423Q01S 0.180 1.263 -0.549 0.671 

CM496Q02S 0.055 0.882 0.295 0.814 

CM496Q01S 0.402 1.335 -0.679 0.525 

CM305Q01S 0.001 0.972 0.064 0.974 

CM034Q01S 0.015 0.898 0.250 0.900 

DM462Q01C 3.703 0.442 1.916 0.054 

CM442Q02S 0.003 0.953 0.112 0.951 

CM803Q01S 1.070 0.561 1.356 0.300 

CM411Q02S 0.117 0.854 0.370 0.731 

CM411Q01S 1.509 0.636 1.060 0.219 

CM155Q04S 2.789 1.644 -1.168 0.094 

DM155Q03C 4.455 0.331 2.596 0.034* 

CM155Q01S 0.015 1.010 -0.023 0.902 

DM155Q02C 0.141 0.840 0.407 0.706 

CM474Q01S 1.911 1.581 -1.077 0.166 

CM033Q01S 0.983 1.382 -0.760 0.321 

*p<.05 

** Bold item codes refer to the same items in booklets 1 and 7. 

 

When Table 11 is examined, it is seen that only the p-value of the item “DM155Q03C” is significant 

(p<.05). The ∆MH value of this item was compared with the ∆MH threshold values and it was detected 

at what level the item showed DIF. Negative values of ∆MH may provide an advantage for the reference 

group and positive values may provide an advantage for the focal group. In this context, it was 

determined that the item “DM155Q03C” showed DIF at the C level in favour of the girls forming the 

focal group. In more general terms, only one of the 5 partially scored items in booklet 1 showed DIF. It 

is necessary to be careful when generalizing that only one item shows DIF.  The finding that female 

students outperform male students on open-ended items is fitted with this situation (Schwabe et al., 

2014; Koğar & Koğar, 2019). The analysis results of the items in the 7th booklet obtained with the MH 

method are presented in Table 12. 

When Table 12 is examined, it is seen that the p-value of none of the items is significant. Negative 

values of ∆MH may provide an advantage for the reference group, and positive values may provide an 

advantage for the focal group. However, since negative or positive ∆MH was not significant for any 

item, it was concluded that none of the items in the 7th booklet showed DIF according to gender. 

 

 

 

 



Kucam, E., & Gülleroğlu, H. D./Examination of Differential Item Functioning in PISA 2018 Mathematics Literacy 

Test with Different Methods 

___________________________________________________________________________________ 

 

___________________________________________________________________________________________________________________ 

ISSN: 1309 – 6575 Eğitimde ve Psikolojide Ölçme ve Değerlendirme Dergisi 

Journal of Measurement and Evaluation in Education and Psychology 
141 

Table 12 

Booklet 7 Mantel Haenszel Method Results 
Item Chi-Square Alpha Delta p 

CM034Q01S 0.018 0.989 0.024 0.892 

DM462Q01C 1.350 1.616 -1.128 0.245 

CM803Q01S 0.346 0.750 0.673 0.555 

CM411Q02S 0.000 0.964 0.084 0.982 

CM411Q01S 0.019 1.009 -0.022 0.890 

CM155Q04S 0.034 0.913 0.212 0.853 

DM155Q03C 2.053 1.989 -1.616 0.151 

CM155Q01S 0.144 0.861 0.351 0.703 

DM155Q02C 0.026 1.117 -0.260 0.871 

CM474Q01S 1.362 0.682 0.899 0.243 

CM033Q01S 0.796 0.739 0.708 0.372 

CM447Q01S 0.000 1.045 -0.105 0.996 

CM273Q01S 2.252 1.633 -1.152 0.133 

CM408Q01S 0.238 0.807 0.502 0.625 

CM420Q01S 0.325 1.246 -0.518 0.568 

CM446Q01S 0.184 0.804 0.511 0.668 

DM446Q02C 0.768 2.698 -2.333 0.380 

CM559Q01S 0.000 0.962 0.090 0.985 

DM828Q02C 0.009 0.930 0.170 0.923 

CM828Q03S 0.312 1.277 -0.576 0.576 

CM464Q01S 0.000 1.078 -0.178 0.982 

CM800Q01S 1.311 0.543 1.433 0.252 

*p<.05 

** Bold item codes refer to the same items in booklets 1 and 7. 

 

DIF Analysis Conducted with Logistic Regression Method 

The analysis results of the items in the 1st booklet obtained with the LR method are presented in Table 

13. 

 

Table 13 

Booklet 1 Logistic Regression Method Results 
Item Chi-Square R2 Jodoin&Gierl* p 

CM564Q02S 1.987 0.008 A 0.370 

CM564Q01S 1.132 0.005 A 0.567 

CM571Q01S 0.419 0.001 A 0.810 

CM603Q01S 1.709 0.008 A 0.425 

DM406Q02C 7.755 0.080 C 0.020** 

DM406Q01C 1.870 0.011 A 0.392 

CM192Q01S 6.319 0.026 A 0.042** 

CM423Q01S 0.510 0.002 A 0.774 

CM496Q02S 1.023 0.003 A 0.599 

CM496Q01S 1.489 0.005 A 0.474 

CM305Q01S 0.834 0.004 A 0.658 

CM034Q01S 0.551 0.002 A 0.758 

DM462Q01C 2.952 0.013 A 0.228 

CM442Q02S 2.362 0.010 A 0.306 

CM803Q01S 1.532 0.008 A 0.464 

CM411Q02S 0.889 0.004 A 0.640 

CM411Q01S 2.001 0.007 A 0.367 

CM155Q04S 3.414 0.016 A 0.181 

DM155Q03C 4.822 0.026 A 0.089 

CM155Q01S 1.065 0.004 A 0.587 

DM155Q02C 0.664 0.002 A 0.717 

CM474Q01S 3.084 0.012 A 0,213 

CM033Q01S 1.713 0.007 A 0,424 

* According to the Jodoin and Gierl effect size, R2 ≥ 0.070 means there is a high level (C-level) DIF. 

**Bold item codes refer to the same items in booklets 1 and 7. 
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When Table 13 is examined, it is seen that only the p-values of the items “DM406Q02C” and 

“CM192Q01S” are significant (p<.05). The R2 value of these items was compared with the Jodoin and 

Gierl effect size values and it was determined at what level the items showed DIF. 

Figure 5 and Figure 6 present the item characteristic curves of the girls and the boys for these items.   

 

Figure 5       Figure 6                     

 Item Characteristic Curve                        Item Characteristic Curve  

of the Item DM406Q02C                            of the Item CM192Q01S           

            

According to Figure 5, it is seen that the characteristic curve of the item “DM406Q02C” shows DIF at 

C level in favour of the girls who are in the focal group (R25=.08>.07). When the item characteristic 

curve is examined, it is seen that the probability of answering the item correctly after 18 points for the 

reference group boys (reference) increases, and after 10 points for the girls who are the focus group. 

When a significant DIF is detected for an item, researchers should question whether the DIF actually 

indicates a bias for the country concerned. That is, it must be decided whether DIF is related to structure 

(Robitzsch and Lüdtke, 2020). However, since this item cannot be reached, it can be cautiously stated 

that it is more difficult for men. In Figure 6, on the other hand, it is seen that while the characteristic 

curve of the item “CM192Q01S” works in favour of the girls (focal) up to about 7 skill levels, it shows 

DIF in favour of the boys (reference) in the skill group above 7, but the effect size of the DIF likelihood 

ratio test, which is significant, is at a negligible level (R27=0.026<0.035). The analysis results of the 

items in the 7th booklet obtained with the LR method are given in Table 14. 

 

Table 14 

Booklet 7 Logistic Regression Method Results 
Item Chi-Square R2 Jodoin&Gierl* p 

CM034Q01S 2.482 0.009 A 0.289 

DM462Q01C 2.233 0.008 A 0.327 

CM803Q01S 0.949 0.004 A 0.621 

CM411Q02S 2.719 0.012 A 0.256 

CM411Q01S 0.887 0.003 A 0.641 

CM155Q04S 0.485 0.002 A 0.784 

DM155Q03C 7.636 0.044 B 0.022* 

CM155Q01S 0.255 0.001 A 0.880 

DM155Q02C 0.789 0.002 A 0.674 

CM474Q01S 2.515 0.009 A 0.284 

CM033Q01S 1.051 0.004 A 0.591 
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CM447Q01S 1.522 0.005 A 0.467 

CM273Q01S 2.796 0.011 A 0.247 

CM408Q01S 0.161 0.000 A 0.922 

CM420Q01S 0.220 0.000 A 0.895 

CM446Q01S 2.711 0.010 A 0.257 

DM446Q02C 1.988 0.018 A 0.370 

CM559Q01S 0.514 0.001 A 0.773 

DM828Q02C 0.182 0.000 A 0.912 

CM828Q03S 2.907 0.013 A 0.233 

CM464Q01S 0.234 0.000 A 0.889 

CM800Q01S 1.910 0.013 A 0.384 

* According to the Jodoin and Gierl effect size, R2 ≥ 0.070 means there is a high level (C-level) DIF. 

** Bold item codes refer to the same items in booklets 1 and 7. 

 

When Table 14 is examined, it is seen that only the p-value of the item “DM155Q03C” is significant 

(p<.05). The R2 value of these items was compared with the Jodoin and Gierl effect size values and it 

was determined at what level the items showed DIF. 

Figure 7 presents the item characteristic curves of the girls and the boys for these items. 

 

Figure 7 

Item Characteristic Curve of the item DM155Q03C 

 

 

In Figure 7, it was determined that while the item “DM155Q03C” worked in favour of the boys 

(reference) up to a total score level of approximately 15 in the characteristic curve, it showed non-

uniform DIF at the B level in favour of the girls (focal) in the total score group above approximately 15 

(R27=0.044>0.035). It is predicted that this is due to the fact that the partially scored items mentioned 

above are easier for high-achieving girl groups. 
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DIF Analyses Conducted by Rasch Tree Method 

The results of the DIF analysis of the items in the 1st booklet according to gender, obtained with the RT 

method, are presented in Figure 8. 

 

Figure 8  

Rasch Tree for Booklet 1 Questions according to Gender 

 

 

In Figure 8, the items above the horizontal line in the middle are difficult according to the subgroups in 

the related variable (here, it is gender), while the items on or below the horizontal line in the middle are 

easy according to the subgroups in the related variable (here, it is gender) (Strobl, Kopf, & Zeileis 2015). 

However, when Figure 8 is examined, it is inferred that there is no branching according to the subgroups, 

and 23 items in the 1st booklet, whose item difficulties range from -3.11 to 3.32, do not contain DIF 

according to gender. Appendix A more comprehensively shows what items showed DIF and what 

exactly the item difficulty parameters were. 

The DIF analysis results of the items in the 7th Booklet obtained with the RT method according to 

gender are given in Figure 9. 

 

Figure 9 

 Rasch Tree for Booklet 7 Questions according to Gender 

 
 

When Figure 9 is examined, it is observed that there is no branching according to the subgroups. In 

addition, it is determined that 22 items in the 7th booklet, whose item difficulties range from -3.81 to 

3.76, do not contain any DIF according to gender. Appendix B more comprehensively shows what items 

showed DIF and what exactly the item difficulty parameters were. 
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Findings Regarding Differential Item Functioning According to Parental Education Level 

Whether the PISA 2018 Mathematics subtest shows DIF according to the parental education level was 

analysed with the RT method. For this purpose, the items in the 1st booklet and then the 7th booklet 

were analysed. The DIF analysis results of the items in the 1st booklet according to the mother's 

education level and the father's education level obtained with the RT method are presented in Figure 10. 

 

Figure 10  

Rasch Tree for Booklet 1 Questions according to Mother’s Education Level

 
 

The variable “x” represents the mother’s education level, “1” being a university graduate, “2” being a 

high school graduate, “3” being a secondary school graduate, “4” being a primary school graduate and 

“5” being a primary school dropout. Strobl, Kopf, and Zeileis (2015) state that item difficulty values 

below the zero line indicate that the items are easy, while items above the zero line indicate that the 

items are difficult. According to this statement, some items in PISA 2018 mathematics subtest Booklet 

1 show DIF according to the mother's education level.  

When Figure 10 is examined, item 11 (CM305Q01S) (ordered points in Figure 2), which is one of 23 

items in the 1st booklet, whose item difficulty ranges from -3.52 to 4.04, seems easy for the students 

whose mother’s education level is 2 or below, that is, high school graduate or university graduate, 

however, it seems more difficult for the students whose mother’s education level is above 2, that is, 

middle school graduate, primary school graduate or primary school dropout.  Appendix C more 

comprehensively shows what items showed DIF and what exactly the item difficulty parameters were. 

Considering that this item tests visuospatial ability, the significance of the difference between the spatial 

perceptions of the students whose mother's education level is high school or higher and the spatial 

perceptions of the students whose mother's education level is secondary school and below coincides 

with this situation (İrioğlu & Ertekin, 2011). The DIF analysis results of the items in the 7th booklet 

according to the parental education level obtained with the RT method are presented in Figure 11. 
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Figure 11 

Rasch Tree for Booklet 7 Questions according to Mother’s Education Level

 

 

In Figure 11, the items above the horizontal line in the middle are difficult according to the subgroups 

in the related variable, while the items on or below the horizontal line in the middle are easy according 

to the subgroups in the related variable. However, when Figure 11 is examined, it is seen that there is 

no branching according to the subgroups and 22 items in the 7th booklet, whose item difficulties range 

from -3.81 to 3.76, do not contain any DIF according to the parental education level. Appendix D more 

comprehensively shows what items showed DIF and what exactly the item difficulty parameters were. 

 

Comparison of DIF Analyses Conducted with the MH, LR, and RT Methods According to Gender 

The comparison of the DIF analyses according to gender in the PISA 2018 Mathematics subtest in the 

1st and 7th booklets is presented in Table 15. 

 

Table 15 

Comparison of DIF Analyses according to Gender in Booklets 1 and 7 
Booklet 

Number 
Mantel Haenszel (MH) 

MH DIF 

Direction 

Logistic 

Regression (LR) 

LR DIF 

Direction 

Rasch Tree  

(RT) 

RT    DIF 

Direction 

1 DM155Q03C Girls DM406Q02C Girls - - 

7 - - DM155Q03C Girls - - 

 

When Table 15 is examined, it is seen that DIF was determined in favour of the girls only for the item 

“DM155Q03C” in the 1st booklet using the MH method. It was also determined by Logistic Regression 

method that the same item in the 7th booklet (DM155Q03C) contained DIF in favour of the girls. In this 

respect, MH and LR DIF determination methods are compatible with each other, which is also consistent 

with the findings of Gök, Kelecioğlu, and Doğan (2010). In the DIF analyses conducted with LR, it was 

determined that the item “DM406Q02C” in the 1st booklet also contained DIF in favour of the girls. It 

was noticed that this item also contained DIF at C level in the findings obtained with the MH method, 

but it was not included in Table 16 because it was not significant. In the DIF analyses conducted with 

the Rasch Tree method, no DIF was determined for any of the items in the 1st and 7th booklets. This 

indicates that the RT method differs from the MH and LR methods. Considering the number of items 

determined to contain DIF, it is seen that the LR method is more sensitive than the RT method, which 

is in line with the findings of Liu (2017). 
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Discussion, Conclusion, and Suggestions 

In this study, firstly, it was examined whether the items in the 1st and 7th booklets of the PISA 2018 

mathematics subtest applied to the Turkish sample showed DIF according to gender. In the DIF analyses 

conducted with the MH, LR, and RT methods, it was concluded that the items “DM155Q03C” (MH) 

and “DM406Q02C” (LR) in the 1st booklet showed DIF at the C level in favour of the girls. In the 7th 

booklet, it was determined that the item “DM155Q03C” (LR), which is common with the 1st booklet, 

showed DIF at the B level. As a result, the item “DM155Q03C” showed DIF in favour of the girls in 

both MH and LR methods. It is noteworthy that the items showing DIF are open-ended, that is, partially 

scored items, regardless of methods applied, which is in line with the findings of Schwabe et al. (2014), 

Başman (2017), and Koğar and Koğar (2019). In addition, there are studies in the literature showing that 

the methods based on CTT and IRT are more compatible within themselves (Kan, Sünbül, & Ömür, 

2013; Doğan & Öğretmen, 2008). It can be stated that the results obtained from this study are compatible 

with these studies. 

It was examined whether the items in the 1st and 7th booklets of the PISA 2018 mathematics subtest 

applied to the Turkish sample showed DIF according to parental education level. This analysis was 

conducted with the RT method since the related variable had more than two categories. In these analyses, 

the item “CM305Q01S” in the 1st booklet was determined to be easy for the students whose mother’s 

education level is high school graduate or university graduate, however, it is difficult for the students 

whose mother’s education level is below high school level. Considering that the item is visuospatial, 

this finding coincides with the significant difference between the spatial perceptions of students whose 

mother's education level is high school or higher and the spatial perceptions of students whose mother's 

education level is lower than high school (İrioğlu & Ertekin, 2011). 

When the literature is examined, it is noteworthy that while it is possible to come across many studies 

aiming to determine DIF, there are very few studies on determining bias regarding the evaluation of DIF 

together with the items. In this context, it can be suggested that examining the reasons behind DIF of 

the items in terms of both the technical and affective properties of the items may be beneficial in terms 

of increasing the quality of the items. In addition, the items showing DIF according to gender and 

parental education level were focused on within the scope of this research. However, there are also many 

different variables such as socioeconomic level and school type, which are thought to affect mathematics 

achievement. It may also be recommended to conduct studies that examine the underlying causes of the 

items showing DIF according to these variables. 
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APPENDICES 

APPENDIX A 

 

Item difficulties parameters for Booklet 1 (for gender) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Item Female Male 

CM564Q02S 0.39 -0.06 

CM564Q01S 0.39 0.02 

CM571Q01S 0.70 0.41 

CM603Q01S 0.94 0.58 

DM406Q02C 4.40 1.17 

DM406Q01C 2.27 0.74 

CM192Q01S 0.39 0.18 

CM423Q01S -1.72 -0.69 

CM496Q02S -0.04 -0.10 

CM496Q01S 0.70 0.48 

CM305Q01S 0.58 -0.12 

CM034Q01S 1.40 0.56 

DM462Q01C 1.61 0.54 

CM442Q02S 1.50 0.64 

CM803Q01S 2.35 0.65 

CM411Q02S 1.12 0.35 

CM411Q01S 0.94 0.39 

CM155Q04S -0.01 -0.08 

DM155Q03C 2.35 0.66 

CM155Q01S -0.52 -0.41 

DM155Q02C 0.58 0.47 

CM474Q01S -0.33 0.003 

CM033Q01S -0.59 -0.21 
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APPENDIX B 

 

Item difficulty parameters for Booklet 7 (for gender) 

 

 

 

 

  

Item Female Male 

CM034Q01S 1.01 0.85 

DM462Q01C 1.01 1.07 

CM803Q01S 1.84 1.45 

CM411Q02S 0.93 0.79 

CM411Q01S 0.93 0.69 

CM155Q04S 0.11 -0.005 

DM155Q03C 1.72 1.87 

CM155Q01S -0.41 -0.51 

DM155Q02C 0.60 0.40 

CM474Q01S 0.15 -0.21 

CM033Q01S -0.69 -0.86 

CM447Q01S -0.34 -0.32 

CM273Q01S 0.32 0.56 

CM408Q01S 0.49 0.25 

CM420Q01S 0.32 0.28 

CM446Q01S -0.99 -1.08 

DM446Q02C 2.97 2.77 

CM559Q01S -0.04 -0.21 

DM828Q02C -0.11 -0.21 

CM828Q03S 1.41 1.27 

CM464Q01S 1.56 1.23 

CM800Q01S -2.08 -2.14 



Journal of Measurement and Evaluation in Education and Psychology 

____________________________________________________________________________________ 

___________________________________________________________________________________________________________________ 

ISSN: 1309 – 6575 Eğitimde ve Psikolojide Ölçme ve Değerlendirme Dergisi 
Journal of Measurement and Evaluation in Education and Psychology 152 

APPENDIX C 

 

Item difficulty parameters for Booklet 1 (for mother’s education level) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Item 

Primary 

School 

Dropout 

Primary 

School 

Middle 

School 

High 

School 

Undergraduate and 

Above 

CM564Q02S 0.003 1.24 0.70 0.53 0.24 

CM564Q01S 0.006 1.30 0.73 -0.19 0.54 

CM571Q01S 0.006 1.25 0.81 1.09 0.65 

CM603Q01S 0.019 1.45 0.81 1.09 0.87 

DM406Q02C 0.36 2.32 0.97 3.05 24.88 

DM406Q01C 0.02 1.69 0.85 3.05 1.97 

CM192Q01S 0.01 1.31 0.70 0.66 0.04 

CM423Q01S -0.02 1.31 0.44 -2.00 -1.79 

CM496Q02S -0.001 1.62 0.63 -0.19 -0.15 

CM496Q01S 0.008 1.47 0.72 1.24 0.44 

CM305Q01S 0.004 1.41 0.76 0.41 0.13 

CM034Q01S 0.01 1.47 0.84 2.02 1.10 

DM462Q01C 0.01 1.47 0.79 1.59 1.35 

CM442Q02S 0.01 1.50 0.90 1.41 1.10 

CM803Q01S 0.02 1.68 0.87 1.79 2.16 

CM411Q02S 0.007 1.38 0.74 1.41 1.10 

CM411Q01S 0.01 1.41 0.72 1.24 0.54 

CM155Q04S 0 1.30 0.72 0.41 0.54 

DM155Q03C 0.02 1.52 0.85 2.28 1.97 

CM155Q01S -0.007 1.45 0.53 -0.19 0.04 

DM155Q02C 0.007 1.34 0.65 0.41 0.65 

CM474Q01S -0.005 1.29 0.65 0.28 0.04 

CM033Q01S 0.005 1.35 0.62 -0.44 -0.35 
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APPENDIX D 

 

 Item difficulty parameters for Booklet 7 (for mother’s education level) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Item 

Primary 

School 

Dropout 

Primary 

School 

Middle 

School 

High 

School 

Undergraduate and 

Above 

CM034Q01S 0.02 0.27 0.64 1.46 0.81 

DM462Q01C 0.02 0.24 0.77 1.21 0.81 

CM803Q01S 0.04 0.33 0.97 1.46 2.35 

CM411Q02S 0.02 0.29 0.94 0.79 0.54 

CM411Q01S 0.03 0.25 0.52 0.89 0.46 

CM155Q04S 0.02 0.22 0.26 -0.36 -0.41 

DM155Q03C 0.07 0.38 0.94 2.28 1.98 

CM155Q01S -0.02 0.18 0.19 0.15 -1.43 

DM155Q02C 0.01 0.26 0.53 0.69 0.30 

CM474Q01S -0.01 0.26 0.31 -0.19 -0.09 

CM033Q01S -0.003 0.04 0.01 -0.82 -1.11 

CM447Q01S 0.008 0.17 0.05 -0.82 -0.41 

CM273Q01S 0.01 0.25 0.43 0.99 0.06 

CM408Q01S -0.008 0.26 0.47 0.41 0.30 

CM420Q01S 0.004 0.26 0.36 -0.10 0.38 

CM446Q01S -0.03 0.10 0.22 -1.01 -1.43 

DM446Q02C 0.13 0.82 2.02 2.51 3.27 

CM559Q01S -0.003 0.23 0.10 -0.36 -0.49 

DM828Q02C -0.01 0.23 0.15 -0.02 -0.58 

CM828Q03S 0.04 0.36 0.87 1.33 1.10 

CM464Q01S 0.06 0.25 0.89 1.74 1.10 

CM800Q01S -0.09 -0.27 -0.10 -3.12 -2.32 
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Abstract 

The Ministry of National Education carried out the ABIDE (Monitoring and Evaluation of Academic Skills) in 

2016 in order to test the knowledge and skills of 8th-grade students. Since the ABIDE 2016 study was implemented 

for the first time in our country, it is very important to prove measurement invariance for the validity of the results. 

Within the scope of this research, the measurement invariance of the success of the students in the Turkish test 

according to the education level and professional experience of the teachers was examined. In the research, data 

were obtained from the Ministry of National Education, Directorate-General of Measurement, Evaluation, and 

Examination Services. Responses of students to the multiple-choice items in the ABIDE 2016 Turkish test and 

teacher questionnaire data were used in the study. All the data were used in the investigation of measurement 

invariance according to professional experience. Investigation of measurement invariance according to education 

level was carried out both by using and not using the method of sub-sampling. Factor 10 and Mplus 7 programs 

were used in the analysis of the data. At the end of the study, the Turkish achievement model provided all levels 

of measurement invariance among the student groups formed according to the professional experience and 

education level of the teachers. 

 

Keywords: Measurement invariance, ABIDE 2016, sub-sampling method 

 

Introduction 

Education has become one of the globally significant indicators for the attainment of development-

focused strategic objectives of countries in recent years. It is possible to forecast the future of a given 

country based on the effectiveness of educational reforms and the actual student achievement rates. 

Therefore, standard measurement and evaluation systems are required to evaluate the quality of learning 

experiences and to provide stakeholders with feedback according to these evaluations. 

Exams on an international scale such as PISA (Program for International Student Assessment) and 

TIMSS (Trends in International Mathematics and Science Study) are carried out by international 

organizations in order to provide feedback for the development and improvement of countries' education 

systems. Similarly, in Türkiye, it was aimed to develop ABIDE (Monitoring and Evaluation of 

Academic Skills) which is a standard measurement and evaluation tool by the Ministry of National 

Education (MEB in Turkish). The overall aim of ABIDE is to determine to what extent 8th-grade 

students have high-level mental skills in Turkish, mathematics, science, and social studies and to reveal 

the student, family, teacher, and school characteristics that affect the success of the students (MEB, 

2017). ABIDE implemented in two-year periods was first implemented at the 8th grade level in 2016, 

and the second application was made at the 4th and 8th grade levels in 2018. ABIDE, which was planned 

to be held in 2020, was carried out in 2021 due to the covid-19 pandemic. However, final reports haven’t 

been published by the MEB except for 2016. 
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In the ABIDE 2017 report, comparisons of students' achievements are given according to teachers' 

educational backgrounds and professional experience. Of course, there are many factors such as school, 

family, teacher, and environment that underlie the success differences of students. The characteristics 

one must possess have started to differ gradually in recent years; education plays the most vital role in 

the indoctrination of such characteristics. Thus, teachers assume considerable responsibility in this 

process. ABIDE results allow for the interpretation of student achievement rates in terms of the 

characteristics of teachers enabling the institutions concerned and stakeholders in education to adopt 

measures and take decisions regarding the improvement of the education system (MEB, 2017). In this 

case, the report outcomes are expected to be valid and reliable among different groups.  

In educational studies, comparisons between groups are frequently made to identify the qualities 

stemming from the individual, school, teacher, etc. affecting student achievement. However, before 

commenting that "differences between groups stem from variables originating from students, teachers 

or schools" based on such comparisons, it is necessary to examine whether these differences are caused 

by the measurement tool or not. In order to make comparisons according to groups using a measurement 

tool, measurement invariance must first be ensured in those groups, if measurement invariance is not 

ensured, the results of the comparison will lose their significance (Byrne Barbara, 2004). Measurement 

invariance denotes testing whether the measurement tool shows a similar structure among different 

groups to provide evidence for the validity of measurement tools (Van de Schoot, Lugtig & Hox, 2012). 

In other words, measurement invariance is to obtain similar results by applying the same scale to 

different groups that are similar in terms of measured characteristics (Cheug and Rensvold, 1998).  

The ABIDE 2017 report frequently compares the achievement levels of students from different groups 

in terms of teacher qualities.  

Individuals in different groups yet equivalent in terms of the attributes assessed must obtain the same 

score for the accuracy of the comparisons (Schmith & Kuljanin, 2008). This means that some evidence 

must be provided regarding the measurement of similar structures among groups assessed in terms of 

the attribute assessed. In other words, the measurement invariance of the tests in the groups determined 

must be established in order to make comparisons among varying groups using the observed variable 

scores (Vandenberg & Lance, 2000). Explaining the differences in the results obtained from a 

measurement tool solely based on individual properties in research studies, making comparisons among 

groups in terms of the variables to be assessed might not always be accurate. This is because the 

difference among individuals may also result from the measurement tool (Cheug ve Rensvold, 1998).  

Obtaining information about the equivalence of the construct validity of the tests given within the scope 

of the ABIDE evaluation in 2016 among the student groups formed in terms of the education level and 

professional experience of teachers would contribute to provide the validity of the measurement results. 

 

Measurement Invariance 

The concept of validity is defined as supporting the outcomes based on the scores obtained from the 

measurement tool and the interpretations made with reference to these outcomes with experimental and 

theoretical evidence (AERA, APA & NCME, 2014). If one is to compare certain structures among 

various groups with a measurement tool, the theoretical structure must be the same and be interpreted 

in the same way by the sub-groups. Otherwise, test bias occurs (Kline, 2011). Based on this point, 

measurement invariance studies are conducted to identify whether a sub-group has an advantage over 

others or whether the measurement tools show the same structure as the sub-groups. Making 

comparisons among groups not displaying the same structure causes the measurement tool not to 

function. This leads to misinterpretations, which gives rise to misjudgments. 

There are various measurement invariance analysis methods in the existing body of literature. The first 

group of methods examines differences in item and test functions based on the Item Response Theory, 

the second group consists of methods based on Latent Class Analysis and the final group includes the 

methods of multi-group confirmatory factor analysis (MGCFA) based on structural equation modeling 

and the invariance of mean and covariance structures (Kankaras et. al, 2011). MGCFA testing the 
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equivalence of covariance structures is frequently used in measurement invariance studies (Meredith, 

1993). 

Structural Equation Modeling (SEM) is a powerful and advanced statistical tool providing the researcher 

with a comprehensive method to assess and modify the model created through theoretical inferences 

(Dragan & Topolsek, 2014). According to Tabachnick & Fidel (2013), structural equation modeling 

(SEM) denotes a collection of statistical techniques allowing for the examination of the relationships 

between one or more independent variables, either continuous or discrete, and one or more dependent 

variables, either continuous or discrete. SEM analyses signify an expanded combination of factor 

analysis, multiple regression, and covariance analysis (Hoyle, 2012). 

According to Kline (2011), SEM involves six steps: model specification, model identification, 

evaluation of model fit, measurement of fitness statistics, re-specification of the model where necessary, 

and reporting of the results. A frequently employed method in SEM analyses, MGCFA is a technique 

requiring the simultaneous application of CFA on two or more groups. This analysis tests whether the 

model created by the researcher for the measurement tool is the same for the sub-groups of the sample 

(Tabachnick & Fidell, 2013). 

According to Vanderberg & Lance (2000), measurement invariance is handled by multi-group 

confirmatory factor analysis as follows: Let us assume the score obtained by the individual i within the 

group k for the assessed variable of j is 𝑋𝑖𝑗𝑘. In this case, the factor model for 𝑋𝑖𝑗𝑘 is as follows. 

                                                            𝑋𝑖𝑗𝑘 = 𝜏𝑗𝑘 + ϒ𝑗𝑘𝑊𝑗𝑘 + 𝑢𝑗𝑘                                                        (1) 

𝜏𝑗𝑘 represents the coefficient factor between the observed and latent structure, ϒ𝑗𝑘 signifies the factor 

loadings matrix of rx1 considering that r represents the number of items, 𝑊𝑗𝑘 shows the common factor 

loadings vector matrix for i individuals in the rx1 pattern, and 𝑢𝑗𝑘 shows the error vector of 

independently observed variables. Furthermore, j signifies the assessed variable, k the group, and i the 

individual. In this case, 𝑋𝑖𝑗𝑘 is signified as the score of the individual i within the group k for the variable 

j. Additionally, it is assumed that the measurement errors are within themselves and the correlation with 

the common factor loadings is "0". Based on the assumption E(𝑊𝑗𝑘, 𝑢𝑗𝑘)=0, the covariance equation is 

as follows: 

                                  𝑐𝑜𝑣(𝑋𝑖𝑗𝑘) = 𝛴𝑘 = 𝛬𝑘𝛷𝑘 𝛬′𝑘 + 𝜃𝑘                                                 (2)  

The expression 𝛬𝑘 signifies the matrix of the pxr pattern consisting of ϒ𝑗𝑘 while 𝛷𝑘 indicates the 

variances and covariances in ϒ𝑗𝑘. 𝜃𝑘   signifies the diagonal matrix of measurement errors. Similarly, the 

average vector of 𝑋𝑖𝑘 can be expressed as follows: 

                            𝐸(𝑋𝑖𝑘) = 𝜇𝑘 = 𝜏𝑘 + 𝛬𝑘𝐾𝑘                                                 (3) 

Based on the equations given above, the question of whether the parameters of [𝜏𝑘 , 𝛬𝑘 , 𝜃𝑘] are equal in 

k groups (Vandenberg & Lance, 2000, p. 10; Jöreskog & Sörborm, 1993; Millsap & Olivera-Aguilar, 

2012, p. 381). 

Measurement invariance is exhibited with multi-group confirmatory factor analysis through the testing 

of the four nested hierarchical levels or the hypothesis. These four levels are called configural, metric, 

scalar, and strict invariance, respectively (Meredith, 1993). 

 

Configural Invariance 

According to Wu, Li & Zumbo (2007), it denotes the initial level of measurement invariance analysis 

and constitutes a prerequisite for continuing with other levels. This level involves testing whether the 

model (factor structure) established based on the research hypothesis is the same among the groups. In 

other words, it means that the   𝛬𝑘  the matrix in equation 3 has the same fixed and free factor loads for 

all groups (Widamann ve Reise, 1997).  
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                                         𝛬𝑘
(1) = 𝛬𝑘

(2)
                                                 (4) 

If configural invariance is not ensured, in other words, if factor structure is the same among groups, the 

factor configuration among the groups does not differ and the items measure the same structure among 

different groups. If configural invariance is not ensured, there is no need to conduct the analyses to 

identify the differences among groups or test the remaining levels of measurement invariance as the 

measured configurations differ from one group to another (Vandenberg & Lance, 2000). 

 

Metric Invariance 

This invariance level is also called weak invariance (Meredith, 1993). In addition to configural 

invariance, metric invariance is based on the condition whereby the factor loadings of the items 

concerned must be equal among the groups.  

                                           ϒ𝑗𝑘
(1) = ϒ𝑗𝑘

(2)
                                                     (5) 

Observed variables are connected to latent variables through factor loadings. Therefore, even a minute 

change in the latent variable affects the observed variable (Bollen, 1989). For this reason, factor loadings 

must be equivalent if one wants to measure the same configuration among different groups. 

The fitness of the metric model is compared to that of the structural model using the difference between 

the chi-square tests or fit indices to identify whether the condition of metric invariance is fulfilled. If 

there are no significant differences in model fit or if the fit indices are within the desired range, one 

might argue that the factor loadings in the sub-groups subject to the comparison do not change. In this 

respect, this means that all individuals in the sub-groups interpreted the items similarly. The factor 

variances and covariances may be compared among the groups with the fulfillment of the condition of 

metric invariance. However, it is not possible to indicate exactly the source of the average difference 

among the groups.  

If the condition of metric invariance is not fulfilled, one might indicate that factor loadings vary among 

the groups and people made different interpretations of the items concerned (Bialosiewicz, Murphy & 

Berry, 2013). The lack of metric invariance may signify that the meanings of the items are not the same 

for all groups, leading to item bias. Partial measurement invariance studies may be conducted if this is 

the case. If the condition of metric invariance is satisfied, one might move to the next level.  

 

Scalar Invariance 

In addition to the conditions required by metric invariance, scalar invariance is based on the equivalence 

of item threshold values for the sub-groups.  

                                                         𝜏𝑗𝑘
(1) = 𝜏𝑗𝑘

(2)                                                                   (6) 

To assess scalar invariance, the fitness of the model established is compared with that of the metric 

model by using the difference between the chi-square difference tests or fit indices. If there are no 

significant differences in model fit or if the fit indices are within the desired range, one might argue that 

the factor threshold values do not vary among the sub-groups (Vandenberg & Lance, 2000). 

The fulfillment of the condition of scalar invariance means that the averages of factors and observed 

variables may be compared. In other words, one might argue that there is no bias favoring any sub-

group(s) and that the average differences in observed variables source from those in the latent variable 

(Başusta & Gelbal, 2015). Strict invariance is the next level following the fulfillment of the condition 

of scalar invariance. 
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Strict Invariance 

At this level, the condition taken into consideration in addition to the conditions of scalar invariance is 

the equivalence of item error variances among the sub-groups.  

                                                                   𝜃𝑘
(1) =  𝜃𝑘

(2)
                                                                   (7) 

To assess strict invariance, the fitness of the model established is compared with that of the model 

established at the level of scalar invariance by using the difference between the chi-square difference 

tests or fit indices. If there are no significant differences in model fit or if the fit indices are within the 

desired range, one might argue that the item error variances do not vary among the sub-groups (Bollen, 

1989). 

If the condition of strict invariance is fulfilled, one can compare observed variances and covariances in 

addition to the averages of latent and observed variables. However, one must also keep in mind that 

strict invariance is a quite limited model, and its conditions are rarely fulfilled in practice. This is because 

as the variance resulting from the latent variable increases, so do the residual variances of the items 

(Bialosiewicz, Murphy & Berry, 2013). 

 

Purpose of Study 

The present study examines whether measurement invariance is established among student groups 

created based on the education level and professional experience of teachers for the ABIDE 2016 

Turkish test. In this respect, the following research questions were identified: (a) "Is measurement 

invariance established among student groups formed on the basis of the professional experience of 

teachers in the ABIDE 2016 Turkish test?", (b) "Is measurement invariance established among student 

groups formed on the basis of the education levels of teachers using the sub-sampling method in the 

ABIDE 2016 Turkish test?", and (c) "Is measurement invariance established among student groups 

formed on the basis of the education level of teachers without using the sub-sampling method in the 

ABIDE 2016 Turkish test?" 

 

Method 

The study is a descriptive research in order to illuminate a given situation and to determine the level of 

validity of the study, which aims to examine the measurement invariance of students' success in Turkish 

tests according to teachers' education level and professional experience. Studies that aim to reveal a 

situation without intervening are in the type of descriptive research (Fraenkel & Wallen, 2006; Karasar, 

2011). Descriptive models are research models that aim to reveal the states of variables and to reveal 

the change between variables (Gall et. al, 1999).  

 

Research Population and Sample 

The population of the ABIDE assessment consists of 8th-grade students from Türkiye. The ABIDE 2016 

assessment was applied in 16,118 schools and 48,091 classes. Conducted in all 81 provinces, the study 

took into consideration around 400 students from each province. The number of students to be included 

in the samples in metropolises was increased proportionately to the population to better reflect the 

overall population. Therefore, the assessment was given to a total of around 38,000 students. 

Furthermore, students were also classified into stratas through stratified sampling in order for the 

samples selected to better represent the province concerned (MEB, 2017). 

For research purposes, the data on 7952 students using Form A of the Turkish test were obtained from 

the Directorate-General of Measurement, Evaluation, and Examination Services. 86 students not 

providing answers to any questions in Form A of the Turkish test were excluded from the study. As a 

result of the examination of missing values, data concerning a total of 365 students were excluded from 

the study. As a result, data from 7501 students were used in the analyses. Table 1 shows the information 
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about the student groups created based on the professional experience and education levels of teachers 

included in the research sample. 

 

Table 1 

Student Frequencies in Terms of the Professional Experience and Education Status of Teachers 

Professional Experience of 

Teachers 

N of Students  Education Status of 

Teachers 

N of Students 

0-5 (short) 2.183  Associate Degree 240 

6-15 (medium) 3.790  Bachelor's Degree 6.997 

16+ (extensive) 1.528  Master's Degree 264 

Total 7.501  Total 7.501 

 

Upon forming groups based on the educational background of teachers within the scope of the study, 

great differences seemed to emerge among the student groups. Within this scope, the study attempted to 

obtain information on the question of how the results vary by examining measurement invariance in 

terms of the educational backgrounds of teachers both using and not using the method of sub-sampling. 

 

Sub-sampling method 

Imbalanced sample sizes in groups may affect the outcome of measurement invariance studies. The 

difference between the observed model and the estimated model may be disregarded due to the relatively 

lower weight within the smaller group. Therefore, in case the sample sizes of the groups examined differ 

greatly, the outcomes of invariance studies may be misleading (Yoon & Lai, 2018). 

Chen (2007) found that the power of detecting noninvariance led to a substantial drop when sample sizes 

in two groups were quite different. Although both of these studies noted potential problems of 

unbalanced sample sizes in testing factorial invariance, neither included a systematic investigation of 

unequal sample size conditions that would influence power in detecting violations of invariance (Yoon 

& Lai, 2018).  

Yoon and Lai (2018) suggested that researchers use many random samples from the larger group in 

testing measurement invariance and report the summary of the results using many random samples. For 

example, the sub-samples of the larger group may be selected randomly 100 times and each sub-sample 

selected randomly and the smaller group may be used collectively for measurement invariance analysis. 

Thus, measurement invariance analysis is conducted 100 times for the different sub-samples of the larger 

group while using the same sample for the smaller group each time. The fit indices are recorded for each 

different instance and the average of the fit indices recorded for all 100 instances is calculated. If both 

the average values and the relevant percentage values for the fit indices are within the range of good fit, 

the measurement invariance model is supported (Yoon & Lai, 2018).  

The R package software was used for creating sub-samples based on the educational background of 

teachers. The group consisting of teachers with associate degrees, whose size is the smallest (see Table 

1) was taken into consideration for the Turkish test. The software output obtained was a file to be used 

for measurement invariance analysis on Mplus. 

Table 2 shows the item averages of student groups created based on the professional experience and 

education status of teachers for the Turkish test in order to demonstrate the similarity of the averages 

for the sub-samples acquired using the sub-sampling method with sample averages. Furthermore, the 

table also features the averages of the sub-samples obtained with the sub-sampling method based on 

educational background. 
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Table 2 

Item Averages Based on the Educational Background and Professional Experience of Teachers 

 

Professional Experience Education Status 

Education Status 

(Sub-sampling Methods) 

 

Short Medium Extensive 

Associate 

Degree 

Bachelor's 

Degree 

Master's 

Degree 

Associate 

Degree 

Bachelor's 

Degree 

Master's 

Degree 

M2 0,51 0,54 0,59 0,55 0,54 0,55 0,55 0,56 0,54 

M3 0,31 0,34 0,38 0,38 0,34 0,31 0,38 0,32 0,31 

M4 0,70 0,73 0,73 0,77 0,72 0,76 0,77 0,70 0,76 

M5 0,47 0,51 0,54 0,61 0,50 0,45 0,61 0,53 0,46 

M6 0,70 0,77 0,79 0,84 0,75 0,74 0,84 0,77 0,75 

M7 0,65 0,73 0,74 0,79 0,71 0,67 0,79 0,73 0,67 

M9 0,46 0,55 0,60 0,61 0,53 0,51 0,61 0,52 0,51 

 

An assessment of Table 2 might lead to the conclusion that the items included in the Turkish test are 

generally of average difficulty. Additionally, the item averages based on educational background and 

the averages of the data originating from the educational background sub-samples seem to be close. In 

other words, the averages of the sub-samples were found to be similar to the average value for the 

original sample. 

 

Data Collection Process 

The open-ended and multiple-choice items included in the ABIDE 2016 assessment were developed by 

item writers, subject matter experts, measurement and evaluation specialists, and language experts. 

Then, a pilot scheme was conducted with around 5000 students. The tests were finalized using the item 

and test statistics at the end of the pilot scheme. Between April and May 2016, the main assessment 

scheme was put into action in 81 provinces (MEB, 2017). The research data were obtained from the 

Directorate-General of Measurement, Evaluation, and Examination Services within the MEB. 

 

Data Collection Tools 

The study was conducted on the basis of existing data containing the answers given by students to the 

multiple-choice questions of the Turkish test in the ABIDE 2016 evaluation as well as of teacher 

questionnaire data. No additional data collection tools were employed besides the ones indicated here. 

Table 3 shows the number of items per booklet for the ABIDE 2016 assessment. 

 

Table 3  

ABIDE 2016 Booklet Types and No. of Items 

A Booklet B Booklet C Booklet 

9 + 9 = 18 items 9 + 9 = 18 items 9 + 9 = 18 items 

A1: 18+2 pilot=20 items B1: 18+2 pilot=20 items C1: 18+2 pilot=20 items 

A2: 18+2 pilot=20 items B2: 18+2 pilot=20 items C2: 18+2 pilot=20 items 

A3: 18+2 pilot=20 items B3: 18+2 pilot=20 items C3: 18+2 pilot=20 items 

A4: 18+2 pilot=20 items B4: 18+2 pilot=20 items C4: 18+2 pilot=20 items 

Source: ABIDE 2016 Report 

The present study focuses on the items included in the Turkish test within Booklet A of the ABIDE 2016 

assessment. Booklet A consists of nine multiple-choice and nine open-ended questions. The answers 

given for the open-ended items were scored as incorrect (0), partially correct (1), and correct (2). As for 
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the multiple-choice items, the items were scored as either correct (1) or incorrect (0). The nine multiple-

choice items were included within the scope of the study. 

 

Data Analysis 

The research data were analyzed in three stages. The first stage involved examining the missing values, 

outliers, and the number of multicollinearity assumptions. The second stage concerned the establishment 

of the achievement model for the subject of Turkish and the attempts to verify the said model. As for 

the final stage, it was about testing the measurement invariance of the models established on the basis 

of the educational backgrounds and professional experience levels of teachers using the MGCFA 

method. 

 

Examining Assumptions 

Certain assumptions and requirements for the data obtained from the sample must be tested to minimize 

the problems that may arise prior to the SEM analyses. These can be listed as missing values, outliers, 

normality, and multicollinearity (Çokluk, Şekercioğlu & Büyüköztürk, 2010). 

Missing values 

The initial step before continuing with the analyses involved the examination of missing values. There 

are different approaches for dealing with missing values. The missing data must be completely random 

for these approaches to be used. 365 students were excluded from the present study because the data 

were categorical, the sample size was large, and the missing values accounted for less than 5% of the 

data and were distributed randomly. The missing values within the data used for the study ranged 

between 0.2% and 1.6%.  

Outliers and Normality 

The outliers and the assumption of normality were not examined as the data employed in the present 

study were categorical.       

Multicollinearity 

For this assumption, the relationships among the items in each factor must be analyzed. A correlation 

value exceeding 0.90 among the items gives rise to the issue of multicollinearity. A high correlation 

signifies that the items assess similar properties (Tabachnick & Fidell, 2013). Therefore, the question of 

whether the correlations were below 0.90 within the tetrachoric correlation matrix was examined. Table 

4 shows the tetrachoric correlation matrices. 

 

Table 4 

Tetrachoric Correlation Matrix 
 T0005 T0006 T0009 T0012 T0013 T0016 T0020 

T0005 1       

T0006 0,193 1      

T0009 0,192 0,195 1     

T0012 0,173 0,214 0,192 1    

T0013 0,299 0,259 0,313 0,217 1   

T0016 0,236 0,214 0,242 0,167 0,356 1  

T0020 0,317 0,351 0,305 0,271 0,388 0,311 1 

 

Based on the information given in Table 4, there is no multicollinearity among the items as all correlation 

values among them are below 0.90. Additionally, the tolerance values and variance inflation factors 

were examined in consideration of multicollinearity. The assumption is accepted if the tolerance value 
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is greater than 0.1 and the variance inflation factor value is lower than 10 (Tabachnick & Fidell, 2013). 

Table 5 features the values obtained at the end of the analyses. 

 

Table 5 

Tolerance and Variance Inflation Values 
Items VIF Tolerance 

T20160005 1,082 0,925 

T20160006 1,079 0,927 

T20160009 1,077 0,929 

T20160013 1,059 0,945 

T20160016 1,133 0,883 

T20160017 1,092 0,916 

T20160020 1,170 0,855 

 

Table 5 proves that all tolerance values are greater than 0.1 and the variance inflation factor values are 

lower than 10, indicating the absence of multicollinearity.  

All the assumptions were examined and the missing values were excluded from the study. Thus, the 

dataset was rendered suitable for MGCFA. The stage following these analyses involved the specification 

of the model. The dataset was subjected to EFA prior to the establishment of the model. Then, the model 

established was confirmed using CFA and modeled using a path diagram. 

 

Exploratory Factor Analysis 

EFA was calculated on the basis of 9 multiple-choice items covered within the scope of the study. It was 

conducted on the Factor10 software based on the tetrachoric correlation matrices since the data were 

categorical. The KMO value was calculated as 0.747>0.60 while Bartlett's Test of Sphericity revealed 

the value of p˂0.001 for the Turkish test used for the study. In this regard, one might argue that the 

dataset is suitable for EFA. 

The EFA results revealed that the items are collected under a single factor, which is an expected outcome 

according to the existing body of literature on achievement tests. However, the factor loadings for items 

no. T20160017 and T20160001 were calculated to be 0.109 and 0.257, respectively, leading to their 

exclusion from the study. The explained variance rate was 36.76% after the exclusion of the two items. 

Seven items in the Turkish test were collected under a single factor named "Achievement in Turkish". 

Table 6 shows the factor loadings for the items. 

 

Table 6 

Item Factor Loadings for the Tests 
Items Factor Loadings 

T20160020 0,666 

T20160013 0,622 

T20160016 0,502 

T20160009 0,467 

T20160006 0,461 

T20160005 0,458 

T20160012 0,387 

 

Table 6 shows the factor loadings for the items in the test range between 0.387 and 0.666. 
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Multi-Group Confirmatory Factor Analysis (MGCFA) 

MGCFA provides the researcher with information on both the structural validity of the items and the 

invariance of this validity among groups (Gregorich, 2006). Therefore, MGCFA was used to examine 

whether the Achievement in Turkish model satisfies the condition of measurement invariance in terms 

of the professional experience and educational background of teachers within the scope of the study. 

The stages of the MGCFA were tested using the Mplus 7 analysis software, using the estimation method 

of WLSMV. Furthermore, the analyses were conducted based on the tetrachoric correlation matrix 

generated according to the data. The model created at each level was assessed based on the fit indices 

of 𝜒2, RMSEA, CFI, and TLI. In MGCFA, one variable is fixed, and other variable values are left to 

change. This variable is also called the reference variable (Jöreskog & Sörbom, 1993). Within this 

context, item no. T20160020 was set to be the reference variable in the study.  

While identifying groups based on professional experience within the scope of the study, the amounts 

of time teachers spent in the profession were categorized as 0-5, 6-15, and 16+ years. Then, durations 

between 0 and 5 years were identified as "short experience" while those ranging between 6 and 15 years 

were called "medium-level experience" and periods exceeding 16 years were categorized as "extensive 

experience". In terms of education status, the groups identified were "Associate Degree", "Bachelor's 

Degree", and "Master's Degree". 

Four hierarchical models or hypotheses are tested in measurement invariance through MGCFA. In each 

level, the differences between chi-squares and fit indices, which are the prerequisites for advancing into 

the next step, were examined. Table 7 shows the goodness-of-fit and acceptable fit levels of the fit 

indices. The difference between the models as far as the fit indices of CFI and TLI are concerned must 

be between -0.01 and 0.01. The studies by Cheung & Rensvold (2002) and Vandenberg & Lance (2000) 

indicated that the chi-square difference must be taken into consideration for measurement invariance. In 

models classified as such, it was also asserted that the use of the changes in the 𝜒2/𝑆𝑑 value and fit 

indices would produce more accurate and reliable results.  

 

Results 

This section discusses the findings regarding measurement invariance among the student groups formed 

based on the professional experience levels (short, medium-level, extensive) as well as on education 

levels (Associate Degree, Bachelor's Degree, Master's Degree) of their teachers both using and not using 

sub-sampling. The stages of measurement invariance examined through MGCFA were implemented in 

pairwise groups and the fit indices and the differences between these indices were reported in each 

invariance level. The order of these levels, as indicated previously, were as follows: configural, metric, 

scalar, and strict invariance. Table 7 features the fit indices obtained from the invariance tests regarding 

the model displaying the achievement in Turkish among the student groups formed based on the 

professional experience of teachers. 

 

Table 7 

Fit Indices for the Model Indicating the Success in Turkish Among Student Groups Formed Based on 

the Professional Experience of Teachers 

 

 

Levels of 

Invariance 
𝒳2 Sd RMSEA CFI TLI ∆𝒳2 ∆Sd ∆CFI ∆TLI 

Short-

Medium 

Configural 

 
67,238 28 0,022 0,987 0,981 - - - - 

Metric 
64,682 34 0,017 0,990 0,990 

4,819 

p=0,567 
6 0,003 0,009 

Scalar 
80,534 40 0,018 0,987 0,986 

16,574 

p=0,011 
6 0,003 0,004 

Strict 

 
69,843 33 0,019 0,988 0,985 

12,828 

p=0,076 
7 0,001 0,001 
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Short-

Extensive 

Configural 

 
56,844 28 0,024 0,984 0,976 - - - - 

Metric 
65,462 34 0,022 0,983 0,979 

11,063 

p=0,086 
6 0,001 0,003 

Scalar 
74,949 40 0,022 0,981 0,980 

10,022 

p=0,1237 
7 0,002 0,001 

Strict 

 
56,038 33 0,019 0,987 0,984 

18,030 

p=0,011 
7 0,006 0,004 

Medium-

Extensive 

Configural 

 
48,734 28 0,017 0,993 0,989 - - - - 

Metric 
54,177 34 0,015 0,993 0,991 

8,147 

p=0,227 
6 0,000 0,002 

Scalar 
60,779 40 0,014 0,993 0,992 

7,015 

p=0,319 
7 0,000 0,001 

Strict 

 
53,107 33 0,015 0,993 0,991 

9,170 

p=0,240 
7 0,000 0,001 

 

According to Table 7, the values for short and medium-level experience in the structural equation model 

were calculated as RMSEA=0.022, CFI=0.987, and TLI=0.981. In the metric invariance model, index 

values were found to be RMSEA=0.017, CFI=0.990, and TLI=0.990, the chi-square difference 

(p=0.567) was insignificant, and the difference between ΔCFI=0.003 and ΔTLI=0.009 was within the 

desired range (-0.01 - +0.01). In the scalar invariance model, while the indices were calculated as 

RMSEA=0.018, CFI=0.987, and TLI=0.986 and the chi-square difference (p=0.011) was significant, 

the difference between ΔCFI=0.003 and ΔTLI=0.004 was within the desired range (-0.01 - +0.01). In 

the strict invariance model, index values were found to be RMSEA=0.019, CFI=0.988, and TLI=0.985, 

the chi-square difference (p=0.076) was insignificant, and the difference between ΔCFI=0.001 and 

ΔTLI=0.001 was within the desired range (-0.01 - +0.01).  

The indices were found to be RMSEA=0.024, CFI=0.984, and TLI=0.976 in the structural equation 

model for short and extensive experience levels. In the metric invariance model, index values were found 

to be RMSEA=0.022, CFI=0.983, and TLI=0.979, the chi-square difference (p=0.086) was insignificant, 

and the difference between ΔCFI=0.001 and ΔTLI=0.003 was within the desired range (-0.01 - +0.01). 

In the scalar invariance model, index values were found to be RMSEA=0.022, CFI=0.981, and 

TLI=0.980, the chi-square difference (p=0.123) was insignificant, and the difference between 

ΔCFI=0.002 and ΔTLI=0.001 was within the desired range (-0.01 - +0.01). In the strict invariance mode, 

while the indices were calculated as RMSEA=0.019, CFI=0.987, and TLI=0.984 and the chi-square 

difference (p=0.011) was significant, the difference between ΔCFI=0.006 and ΔTLI=0.004 was within 

the desired range (-0.01 - +0.01).  

The indices were found to be RMSEA=0.017, CFI=0.993, and TLI=0.989 in the structural equation 

model for the instances of medium-level and extensive experience. In the metric invariance model, index 

values were found to be RMSEA=0.015, CFI=0.993, and TLI=0.991, the chi-square difference 

(p=0.227) was insignificant, and the difference between ΔCFI=0.000 and ΔTLI=0.002 was within the 

desired range (-0.01 -+0.01). In the scalar invariance model, index values were found to be 

RMSEA=0.014, CFI=0.993, and TLI=0.992, the chi-square difference (p=0.319) was insignificant, and 

the difference between ΔCFI=0.000 and ΔTLI=0.001 was within the desired range (-0.01 - +0.01). In 

the strict invariance model, index values were found to be RMSEA=0.015, CFI=0.993, and TLI=0.991, 

the chi-square difference (p=0.240) was insignificant, and the difference between ΔCFI=0.000 and 

ΔTLI=0.001 was within the desired range (-0.01 - +0.01).  

The RMSEA, CFI, and TLI values indicate that all models display goodness-of-fit while the ΔCFI and 

ΔTLI values display the necessary conditions for the advancement to the next model. Therefore, the 

Achievement in the Turkish model among the student groups formed based on the professional 

experience levels of teachers (i.e., short, medium-level, extensive) fulfilled all the levels of measurement 

invariance. Table 8 shows the fit indices obtained from the invariance tests regarding the model 

displaying the achievement in Turkish among the student groups formed based on the educational 

background of teachers without using the method of sub-sampling. 



Ülkü, S., & Atar, B./Examination of Differential Item Functioning in PISA 2018 Mathematics Literacy Test with 

Different Methods 

___________________________________________________________________________________ 

 

___________________________________________________________________________________________________________________ 

ISSN: 1309 – 6575 Eğitimde ve Psikolojide Ölçme ve Değerlendirme Dergisi 

Journal of Measurement and Evaluation in Education and Psychology 
165 

 

Table 8 

Fit Indices for the Models Indicating the Achievement in Turkish Among Student Groups Formed Based 

on the Educational Background of Teachers 

 Levels of 

Invariance 
𝒳2 Sd RMSEA CFI TLI ∆𝒳2 ∆Sd ∆CFI ∆TLI 

Associate–

Bachelor 

Configural 

 
52,318 28 0,015 0,994 0,990 - - - - 

Metric 
53,969 34 0,013 0,995 0,994 

5,848 

p=0,440 
6 0,001 0,004 

Scalar 
62,620 40 0,013 0,994 0,994 

9,306 

p=0,157 
6 0,001 0,000 

Strict 

 
58,399 33 0,015 0,993 0,992 

6,600 

p=0,471 
7 0,001 0,002 

Associate-

Master 

Configural 

 
27,888 28 0,000 1,000 1,001 - - - - 

Metric 
35,863 34 0,015 0,994 0,992 

7,759 

p=0,256 
6 0,006 0,009 

Scalar 
46,918 40 0,026 0,976 0,975 

11,764 

p=0,067 
6 0,018 0,017 

Strict 

 
38,928 33 0,027 0,979 0,974 

8,341 

p=0,303 
7 0,003 0,001 

Bachelor-

Master 

Configural 

 
53,508 28 0,016 0,993 0,990 - - - - 

Metric 
62,468 34 0,015 0,993 0,991 

11,214 

p=0,015 
6 0,000 0,001 

Scalar 
70,774 40 0,015 0,992 0,992 

8,821 

p=0,183 
6 0,001 0,001 

Strict 

 
66,625 33 0,017 0,991 0,989 

7,987 

p=0,334 
7 0,001 0,003 

 

According to Table 8, the indices were calculated as RMSEA=0.015, CFI=0.994, and TLI=0.990 in the 

structural equation model for the instances of having an associate degree or a bachelor's degree. In the 

metric invariance model, index values were found to be RMSEA=0.013, CFI=0.995, and TLI=0.994, 

the chi-square difference (p=0.44) was insignificant, and the difference between ΔCFI=0.001 and 

ΔTLI=0.004 was within the desired range (-0.01 - +0.01). In the scalar invariance model, index values 

were found to be RMSEA=0.013, CFI=0.994, and TLI=0.994, the chi-square difference (p=0.16) was 

insignificant, and the difference between ΔCFI=0.001 and ΔTLI=0.000 was within the desired range (-

0.01 - +0.01). In the strict invariance model, index values were found to be RMSEA=0.015, CFI=0.993, 

and TLI=0.992, the chi-square difference (p=0.47) was insignificant, and the difference between 

ΔCFI=0.001 and ΔTLI=0.002 was within the desired range (-0.01 - +0.01).  

The indices were calculated as RMSEA=0.000, CFI=1.000, and TLI=1.001 in the structural equation 

model for the instances of having an associate degree or a master's degree. In the metric invariance 

model, index values were found to be RMSEA=0.015, CFI=0.994, and TLI=0.992, the chi-square 

difference (p=0.26) was insignificant, and the difference between ΔCFI=0.006 and ΔTLI=0.009 was 

within the desired range (-0.01 - +0.01). In the scalar invariance model, index values were found to be 

RMSEA=0.026, CFI=0.976, and TLI=0.975, the chi-square difference (p=0.07) was insignificant, and 

the difference between ΔCFI=0.018 and ΔTLI=0.017 was within the desired range (-0.01 - +0.01). In 

the strict invariance model, index values were found to be RMSEA=0.027, CFI=0.979, and TLI=0.974, 

the chi-square difference (p=0.30) was insignificant, and the difference between ΔCFI=0.003 and 

ΔTLI=0.001 was within the desired range (-0.01 - +0.01). 
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The indices were calculated as RMSEA=0.016, CFI=0.993, and TLI=0.990 in the structural equation 

model for the instances of having a bachelor's degree or a master's degree. In the metric invariance 

model, index values were found to be RMSEA=0.015, CFI=0.993, and TLI=0.991, the chi-square 

difference (p=0.015) was significant, and the difference between ΔCFI=0.000 and ΔTLI=0.001 was 

within the desired range (-0.01 - +0.01). In the scalar invariance model, index values were found to be 

RMSEA=0.015, CFI=0.992, and TLI=0.992, the chi-square difference (p=0.183) was insignificant, and 

the difference between ΔCFI=0.001 and ΔTLI=0.001 was within the desired range (-0.01 - +0.01). In 

the strict invariance model, index values were found to be RMSEA=0.017, CFI=0.991, and TLI=0.989, 

the chi-square difference (p=0.33) was insignificant, and the difference between ΔCFI=0.001 and 

ΔTLI=0.003 was within the desired range (-0.01 - +0.01). 

The RMSEA, CFI, and TLI values indicate that all models display goodness-of-fit while the ΔCFI and 

ΔTLI values display the necessary conditions for the advancement to the next model. Therefore, the 

Achievement in Turkish model among the student groups formed based on the educational backgrounds 

of teachers (i.e. associate degree, bachelor's degree, master's degree) fulfilled all the levels of 

measurement invariance. 

The previous Table shows the findings regarding measurement invariance for the models indicating 

achievement in the subject of Turkish among the student groups formed based on the educational 

background of teachers without using the method of sub-sampling. For comparative purposes, Table 9 

shows the fit indices obtained from the invariance tests regarding the model displaying the achievement 

in Turkish among the student groups formed based on the educational background of teachers using the 

method of sub-sampling. As the DIFFTEST command on the Mplus software used to calculate the chi-

square difference test for the sample obtained through sub-sampling produced no results, the difference 

test outcomes were calculated manually, leading to the use of the "≅" sign for indicating the chi-square 

difference results as they are approximate values. 

 

Table 9 

Fit Indices for the Models Indicating the Achievement in Turkish Among Student Groups Formed Based 

on the Educational Background of Teachers (Sub-Sampling Method) 

 Levels of 

Invariance 
𝒳2 Sd RMSEA CFI TLI ∆𝒳2 ∆Sd ∆CFI ∆TLI 

Associate–

Bachelor 

Configural 

 
29,975 28 0,015 0,985 0,987 - - - - 

Metric 
35,818 34 0,014 0,984 0,990 

5,843 

p≅0,50 
6 0,001 0,003 

Scalar 
42,815 40 0,016 0,980 0,986 

6,997 

p≅0,25 
6 0,004 0,004 

Strict 

 
36,450 33 0,018 0,979 0,980 

6,365 

p≅0,50 
7 0,009 0,004 

Associate-

Master 

Configural 

 
28,051 28 0,006 0,997 1,000 - - - - 

Metric 
35,978 34 0,013 0,992 0,991 

7,927 

p≅0,25 
6 0,005 0,009 

Scalar 
47,015 40 0,026 0,974 0,973 

11,037 

p≅0,07 
6 0,018 0,018 

Strict 

 
38,898 33 0,027 0,978 0,973 

8,117 

p≅0,30 
7 0,004 0,000 

Bachelor-

Master 

Configural 

 
30,178 28 0,017 0,988 0,990 - - - - 

Metric 
39,813 34 0,023 0,979 0,978 

9,635 

p≅0,15 
6 0,009 0,012 

Scalar 
46,785 40 0,023 0,976 0,978 

6,972 

p≅0,35 
6 0,003 0,000 

Strict 
40,383 33 0,027 0,975 0,971 

6,402 

p≅0,50 
7 0,001 0,007 
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According to Table 9, the indices were calculated as RMSEA=0.015, CFI=0.985, and TLI=0.987 in the 

structural equation model for the instances of having an associate degree or a bachelor's degree. In the 

metric invariance model, index values were found to be RMSEA=0.014, CFI=0.984, and TLI=0.990, 

the chi-square difference (p≅0,50) was insignificant, and the difference between ΔCFI=0.001 and 

ΔTLI=0.003 was within the desired range (-0.01 - +0.01). In the scalar invariance model, index values 

were found to be RMSEA=0.016, CFI=0.980, and TLI=0.986, the chi-square difference (p≅0,25) was 

insignificant, and the difference between ΔCFI=0.004 and ΔTLI=0.004 was within the desired range (-

0.01 - +0.01). In the strict invariance model, index values were found to be RMSEA=0.018, CFI=0.979, 

and TLI=0.980, the chi-square difference (p≅0.50) was insignificant, and the difference between 

ΔCFI=0.009 and ΔTLI=0.004 was within the desired range (-0.01 - +0.01). 

The indices were calculated as RMSEA=0.006, CFI=0.997, and TLI=1.000 in the structural equation 

model for the instances of having an associate degree or a master's degree. In the metric invariance 

model, index values were found to be RMSEA=0.013, CFI=0.992, and TLI=0.991, the chi-square 

difference (p≅0.25) was insignificant, and the difference between ΔCFI=0.005 and ΔTLI=0.009 was 

within the desired range (-0.01 - +0.01). In the scalar invariance model, index values were found to be 

RMSEA=0.026, CFI=0.974, and TLI=0.973, the chi-square difference (p≅0.07) was insignificant, and 

the difference between ΔCFI=0.018 and ΔTLI=0.018 was within the desired range (-0.01 - +0.01). In 

the strict invariance model, index values were found to be RMSEA=0.027, CFI=0.978, and TLI=0.973, 

the chi-square difference (p≅0.30) was insignificant, and the difference between ΔCFI=0.004 and 

ΔTLI=0.000 was within the desired range (-0.01 - +0.01). 

The indices were calculated as RMSEA=0.017, CFI=0.988, and TLI=0.990 in the structural equation 

model for the instances of having a bachelor's degree or a master's degree. In the metric invariance 

model, index values were found to be RMSEA=0.023, CFI=0.979, and TLI=0.978, the chi-square 

difference (p≅0.15) was insignificant, and the difference between ΔCFI=0.009 and ΔTLI=0.012 was 

within the desired range (-0.01 - +0.01). In the scalar invariance model, index values were found to be 

RMSEA=0.023, CFI=0.976, and TLI=0.978, the chi-square difference (p≅0.35) was insignificant, and 

the difference between ΔCFI=0.003 and ΔTLI=0.000 was within the desired range (-0.01 - +0.01). In 

the strict invariance model, index values were found to be RMSEA=0.027, CFI=0.975, and TLI=0.971, 

the chi-square difference (p≅0.50) was insignificant, and the difference between ΔCFI=0.001 and 

ΔTLI=0.007 was within the desired range (-0.01 - +0.01). 

The RMSEA, CFI, and TLI values indicate that all models display goodness-of-fit while the ΔCFI and 

ΔTLI values display the necessary conditions for the advancement to the next model. Therefore, the 

Achievement in the Turkish model among the student groups formed based on the educational 

backgrounds of teachers (i.e., bachelor's degree and master's degree) fulfilled all the levels of 

measurement invariance. 

In the pairwise comparisons made between student groups created in consideration of the educational 

backgrounds of teachers, the Achievement in Turkish model fulfilled the conditions for all levels of 

measurement invariance as was the case in the analysis not using the sub-sampling method. However, 

the fit indices in the analysis not making use of the sub-sampling method were in a range displaying 

better fit, signifying that the model is a better fit for the data. 

 

 

Discussion and Conclusion 

 

The present study examined whether the Turkish test in ABIDE 2016 assessment met measurement 

invariance among student groups created on the basis of the professional experience and educational 

backgrounds of teachers. Within this scope, the initial step was to look at the assumptions of MGCFA. 

After those assumptions were met, the model specified with EFA for both courses was confirmed using 

CFA. Then, the model was confirmed using CFA for each sub-group under the levels of professional 

experience and educational background. Finally, each level of measurement invariance was examined 

in the required order. 

The Achievement in the Turkish model satisfied all levels of measurement invariance (i.e., configural, 

metric, scalar, strict) among the groups of professional experience. This shows that the item factor 
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loadings, item threshold values, and error variances are similar among the student groups created based 

on the instances of short, medium-level, and extensive professional experience of teachers (0-5 years, 

6-15 years, and 16+ years). Within this context, one might argue that the averages, observed variances, 

and covariances of the scores obtained from students in the Turkish test may be compared and that 

potential differences in student scores stem from the differences in professional experiences of teachers 

(i.e., 0-5 years, 6-15 years, 16+ years). 

However, the fulfillment of the conditions of measurement invariance in the Achievement in Turkish 

model among student groups created based on the professional experience of teachers must not be 

interpreted in a way suggesting that professional experience is the only factor affecting the varying levels 

of student achievement. According to the results of ABIDE 2016 assessment, student achievement 

generally increases with the increase in the professional experience of teachers. Similarly, Greenwald, 

Hedges & Laine (1996) also indicated that teachers with more than five years of professional experience 

are more productive.  

The Achievement in the Turkish model satisfied all levels of measurement invariance (i.e., configural, 

metric, scalar and strict) among the groups formed based on educational background. This means that 

the item and factor groups, item factor loadings, item threshold values, and error variances are similar 

among the student groups created based on the educational backgrounds of teachers (associate degree, 

bachelor's degree, master's degree). Within this context, the averages, observed variances, and 

covariances of the scores obtained from students in the Turkish test may be compared and the potential 

differences in student scores might be attributed to the differences in the education statuses of teachers 

in terms of having an associate degree, bachelor's degree, or master's degree.  

The academic literature on the subject matter reports varying results concerning the positive or negative 

impact of the educational backgrounds of teachers on student achievement. This is indicated to source 

from the differentiation in the curricula of master's degree programs (Akyüz, 2006). However, the body 

of research generally suggests that as the education level of the teacher increases, so does the student 

achievement. As far as ABIDE 2016 is concerned, the findings state the opposite. 

Similarly, to those regarding professional experience, the comparisons concerning the education level 

of teachers must take other variables into consideration as well. The question of whether the student 

groups created based on the educational backgrounds of teachers are similar in terms of other variables 

must be taken into account while interpreting research outcomes. The examination of measurement 

invariance within the scope of studies making comparisons among groups showing other similarities 

apart from the property analyzed would provide more information regarding the significance of the 

comparisons made. 

As the number of teachers included in the sample containing those with bachelor's degrees was much 

higher than other groups, the method of sub-sampling was applied as suggested by Yoon & Lai (2018) 

by selecting 100 different samples on the R software and their averages were used in the subsequent 

levels. This allowed the researcher to conduct analyses by equalizing the number of students within the 

groups of teachers having associate degrees, bachelor's degrees, or master's degrees. Furthermore, the 

student groups formed based on the education level of teachers were also analyzed without using the 

method of sub-sampling. Even though both analyses found similar results, the fitness of the model for 

the data used was reported to be higher in the measurement invariance analysis without using sub-

sampling. As the fitness tendency of the data regarding the model increases in the case where sub-

sampling is not applied, the method concerned might be used in studies where sub-groups of the sample 

are distributed unevenly. 
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