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The present study aims to develop and evaluate a Computerized Adaptive Test (CAT) system for multiple-

choice success tests. In this regard the measurement results obtained from the CAT system based on Item 

Response Theory (IRT) and the test mode based on the Classical Test Theory (CTT) were compared in terms 

of the knowledge level of the students, reliability of measurement and number of items. The study was 

conducted on 873 students from a state-university in Turkey. The research took three years and involved three 

phases. According to the findings of the present study, with the developed CAT system, academic success 

levels of the students were determined with very high reliability. When all the items in the test were scored 

according to both constructs, the relationship between the scores obtained was found to be high and 

meaningful in a positive direction. Moreover, there is a high, positive, significant relationship between 

students’ levels of knowledge that are estimated in CAT systems and the score of an achievement test they 

received from a Paper & Pencil test. Finally, the number of questions the students were exposed to in the CAT 

system was reduced by 50% compared to the test based on the CTT. 
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1. INTRODUCTION  

The idea of the tailored test first emerged in Binet’s work to develop the IQ test in 1905 (Binet and 

Simon, 1905). This test Binet prepared had an item pool prepared in advance, items classified based on the 

level of difficulty, starting options, a scoring method defined in advance, and a rule for the selection from a 

pool of the items to be asked and for a termination defined in advance. Even if this first application revealed 

about 100 years ago appears basic, it can be said that it created a foundation for applications today. However, 

Binet’s tailored test did not arouse much interest in that period because of the questions in practice. Because 

an IQ estimation needs to be done accurately and quickly based on the responses an individual provides to a 

specific item and then a new item needs to be selected from the item pool and answered. This is why such an 

application was adopted in the 1970s with advancements in computer technology.  

Considering the history of measuring, it is seen that tests were developed in the context of two 

fundamental theories of testing, referred to as the Classical Test Theory (CTT) and the Item Response 

Theory (IRT) (Crocker and Algina, 1986). The score based on the CTT in the measurement of achievement 

is found with the compilation of the scores that students received from the items. The test and item statistics 

were conducted over the total scores and item scores obtained in this manner. Therefore, the scores 

individuals received based on the CTT vary based on the level of difficulty of that test (Lord and Novick, 

1968). The difficulty indexes of items, however, are generally not taken into account, and if items are not 

weighted when scored, the contribution of each item to the total score is the same amount. Because 

individuals at different ability or achievement levels are tested in these tests, numerous items that encompass 

a wide interval must be administered. For example, on a test the contains some very easy items because the 

probability of individuals with a high ability level of answering these items correctly is high, these items do 

not serve a purpose in distinguishing upper-level individuals from one another.  

The IRT is a theory that specifies that there is a relationship between the proficiency levels of 

individuals measured with the test and the response behaviour to any of the items on the test, and it explains 

this relationship based on a probability model (Embretson and Reise, 2000; Hambleton, et al., 1991; Wainer 

et al., 1990). The contribution of each item to the score calculated based on the IRT is not the same; scores 

for items that are affected by the difficulty of items based on the model used, by the strength of item 

discrimination, and by the probability of responding correctly by guessing are in question. The traits of the 

invariance of the item parameters and the invariance of the ability parameter in the IRT are the most 

important scores that separate this theory from the classical test theory and that provide for its use in 

Computerized Adaptive Test (CAT) systems. 

The invariance of the item parameters means the parameters used to define the items (item 

discrimination, difficulty index, etc.) can be independently estimated from the ability levels of individuals. 

Even if the items are administered only to a specific group, the item parameters can be estimated to 

encompass all ability levels with a nonlinear regression method (Kalender, 2011). The invariance of the 

ability parameter means the ability estimations for individuals can be made independently of the items asked 

individuals (Kalender, 2011). Even if each individual receives different items, the ability estimations are 

found on the same scale for each individual and thus are comparable. Even if there are many different IRT 

models, the models most frequently used and most appropriate for the tests coded as true/false are 1, 2, 3PL: 

One, Two, Three parameter Logistic Models. These models try to explain the relationship between the ability 

level of an individual and the probability of correctly answering this question, by using different parameters. 

These parameters are referred to as item discrimination (a), difficulty index (b), and guessing parameter (c). 

The guessing parameter is the probability for individuals in the lowest ability level to incidentally answer an 

item correctly. The 1PL model uses only the item difficulty index, the 2PL model takes the item 

discrimination level of the item into account along with the difficulty index, and the 3PL model considers 

guessing parameter in addition to these two parameters. The items used in the administering of CAT are 

previously administered to a group, and its parameters are included in the item pool in a defined state 

(calibrated) based on one of the models above. 
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An item characteristic function is defined for each of the items in these models. This function forms a 

relationship between the ability level of individuals, using the item parameters mentioned above and the 

possibility of correctly answering the item; and it is used for the ability estimation of individuals during the 

administering of CAT. 

The item information function is used for the selection of items in the administering of CAT. The 

standard error of the estimation of ability is inversely proportional to the test information function. Based on 

this, using items that have a high information value increases the reliability of the ability estimation by 

decreasing standard error and ensures the conclusion of the test in a shorter amount of time. 

1.1.  Literature 

Researches examining the applicability of tests designed based on the IRT and whether these tests are 

an alternative tool of measurement to tests prepared based on the CTT are as follows.  

Pelanek (2016) designed a system of rating that dynamically matched the relationship between the 

ability level of the student and the question. As a result of applying this, in educational applications the Elo 

rating system is simple, substantial and efficient and therefore suitable for development. Cisar, Cisar and 

Pinter (2016) conducted an experimental study with two groups of students. The result of the research shows 

that the students who studied on computer adaptive testing are more successful than the students studying in 

the paper pencil test (PPT). Çelen and Aybek (2013) compared by individually scoring a test that measured 

the success in the measurement evaluation class based on the CTT and IRT methods. The BILOG-MG 3 

software was used for analysis. As a result, a positive and meaningful relationship was found between the 

acquired scores. Huang et al. (2009) developed and implemented an adaptive testing system. The result of the 

research shows that the system can estimate students’ abilities reliably and validly and conduct an adaptive 

test efficiently. With his CAT system, Tseng (2016) was able to classify students' vocabulary with far fewer 

questions. Özbaşı and Demirtaşlı (2015) tested the applicability of a computer literacy test as a CAT. The 

data were gathered with the SimulCAT simulation program and with the CAT system that Kalender (2011) 

designed. The average reliability level acquired from the administering the CAT was found to be 

significantly higher than the value obtained from the PPT. Chen and Chung (2008) developed a mobile 

English vocabulary learning system based on IRT. The result of the experimental research shows that the 

system positively affected the students' learning performance and learning interest in English vocabulary 

learning. Kuo et al., (2015) developed multidimensional CAT for Indonesia junior high school Biology. The 

study was carried out in two phases (simulation study and real data). The results show that the bias and 

standard error of the Biology-MCAT system are acceptable. Özyurt (2013) evaluated the level-setting of the 

designed adaptable test system for the knowledge levels of the students. It was found that as a result of the 

conducted application, the developed test system was able to very reliably level-set the knowledge levels of 

the students. The findings of the study of Petscher, Foorman and Truckenmiller (2017)  indicated that 

examinees in the experimental condition took fewer passages and had more reliable estimates of their reading 

comprehension ability. Zhang and VanLehn (2017) found that students using adaptive question selection had 

reliably larger learning gains than students who received questions in a maladaptive order. Wu et al. (2018) 

argue that the computerized dynamic adaptive test with individualized prompts outperformed the other two 

instruction methods (the individualized instruction without adaptive dynamic assessment, and the traditional 

classroom remedial instruction). 

It is understood from the literature that the CAT system can calculate the knowledge levels of students 

much quicker and more reliably. In addition to this, it is seen from research results and the theoretic 

framework that CAT systems are quite advantageous. Although there has recently been an increase in the 

number of studies conducted in this field, they are quite limited. The reason for this could be that the design 

of CAT requires specialization both on the topics of programming and measurement evaluation. When it is as 

such, researchers prefer test statistics with simulation software like SimulCAT rather than real, experimental 

studies with CAT. On the other hand, the formation of a item pool with real experimental applications 

requires a period about one or two years. Additionally, there is no platform on which researchers and 
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individuals who want to conduct this type of application can easily make designs.  

The CAT system designed on the “Concerto” platform and the Computer Based Assessment (CBA) 

designed on the My-Sql platform by the researcher were used as the test tool in this study. In this context, the 

examination of the applicability and usability of CAT in the measurement of the knowledge levels of 

students will provide significant contributions to the field.  

This study examined the applicability in a CAT system developed based on the IRT of the 

achievement test of the “Office Programs” course, a basic, required course taught at universities. All students 

must answer the entirety of the questions in these tests, generally administered as multiple choice, regardless 

of the level of proficiency. In other words, students are forced to answer more questions than necessary that 

fall above or below their proficiencies. This situation weakens the reliability of tests and the motivation of 

students in exams. To eliminate these limitations, testing the applicability as a CAT of the achievement test 

administered as a PPT constitutes the fundamental problem of this research. 

1.2.  Purpose of the Research 

The aim of this study is to examine student achievement, which is estimated based on IRT in the CAT 

system and calculated based on CTT, which is one of the two equivalent measurement tools aimed at 

measuring the academic success of office programs. The initial hypothesis was stated as follows: 

1. The reliability coefficient of the "office programs" achievement test carried out with the CAT 

system is higher than that of the KTK.  

2. There is a positive and highly significant relationship between the scores calculated based on the 

IRT and CTT. 

3. The average number of questions that students have to answer in the CAT system is less than the 

number of questions they answer according to the KTK. 

2. METHOD 

In this section, the research pattern, study group and teaching materials used in the study are 

explained. Data collection tools and statistical analyses of collected data are described.  

2.2. Study Group 

The research was carried out in three phases. 1st phase was conducted on 745 students receiving the 

“Office Programs” course and who were attending the Faculty of Education and Faculty of Arts and Sciences 

at a state university during of the 2018-2019 academic year. 2nd phase was conducted on 128 students 

receiving the “Office Programs” course and who were attending the Faculty of Education and the Faculty of 

Arts and Sciences at a state university during of the 2019-2020 academic year. The final phase was also 

conducted with 128 students in the 2nd phase. 

2.3. Data Collection Process and Experimental Operation 

1st phase: In this phase, first of all, an online exam system with multimedia support and a user-

friendly interface was developed by the researcher.  

Then, the achievement test, consisting of 118 questions (a multiple choice test), was applied to a total 

of 745 students who took the "Office Programs" course at a state university. In the tests carried out 

throughout a 2-year process in 4 sessions, the item parameters were automatically calculated by the system 

based on the answers the students provided to the questions. Items whose difficulty and index of 

distinctiveness values were not suitable were again automatically removed from the question bank. 

At the end of the conducted application, 43 items with index of distinctiveness index below 0.30 and 

difficulty index less than 0.25 greater than 0.9 were removed from the item pool. At the end of the first stage, 

an item pool of 75 questions calibrated with the 2-Parameter model was obtained. Because the 2PL model 

takes the item discrimination level of the item into account along with the difficulty index. 
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2nd phase: In this phase, first of all, the researcher designed an IRT-based CAT system. This system 

was designed on the open-sourced Concerto platform, developed by the University of Cambridge 

Psychometrics Centre. While the test codes were written with the “R” language on the Concerto platform, the 

tables, which are the cornerstones of the database, can be configured in a graphic interface just as in the My-

Sql platform. Interface design can be done with HTML codes or graphic-based.  

Rules of termination are generally chosen as fixed length and varying length in the body of literature. 

Standard error, most preferred in varying length conclusion rules, emerged as the conclusion rule. 

Additionally, it is recommended that the varying length conclusion rule be limited with a maximum number 

of items. This is why a standard error of 0.30 and a maximum of 40 items were specified in this study as the 

conclusion rule. The CAT module with the aforementioned traits was added to the online examination 

system designed in the first phase. Figure 1 is a screenshot from the CAT module.  

Fig. 1. CAT screenshot  

 

Then, CAT was administered with 128 students who were taking the Office Programs course in 6 

different departments in the Faculty of Education and the Faculty of Arts and Sciences at a State University. 

In this administering, 75 questions that had been previously calibrated following the 2PL model were used. 

The ability estimation method has been specified as the “Maximum Likelihood”, the question-selection 

method as the “Maximum Information”, and the test termination rule as the “standard error falling below 

0,30” or the number of administered questions reaching 40. 

3rd phase: Forty questions that had homogeneous distribution were identified based on the difficulty 

(p) and item discrimination (r) levels of the 75 questions whose suitability is specified for the 2PL model. 

These 40 questions were administered again as a PPT 1 week after the CAT was administered to the student 

group in the 2nd phase. 

3. FINDINGS 

3.1 Findings for the First Sub-Purpose   

Table 1 presents the knowledge level estimations, test scores, standard errors, and reliability 

coefficients of all students in the administering of the office programs test. 

Table 1. The knowledge level estimations, test scores, and standard error and reliability coefficient values for all 

students who took the test. 

Std. 
N. of 

item 
 Theta  

Std. 

error 

Success 

grade 

(100) 

Reliability 

coefficients  
St. 

N. of 

item 
 Theta  

Std. 

error 

Success 

grade 

(100) 

Reliability 

coefficients 
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Std1 19 0.73 0.30 70 0.913 

 

Std65 19 0.65 0.30 70 0.91 

Std2 21 0.04 0.30 20 0.912 

 

Std66 19 0.24 0.30 35 0.91 

Std3 19 0.38 0.30 65 0.913 

 

Std67 19 0.89 0.30 80 0.91 

Std4 21 1.09 0.29 90 0.915 

 

Std68 19 0.79 0.30 85 0.91 

Std5 19 0.86 0.30 85 0.912 

 

Std69 19 0.38 0.30 45 0.91 

Std6 19 0.24 0.30 40 0.911 

 

Std70 19 0.53 0.30 70 0.91 

Std7 19 0.51 0.29 65 0.914 

 

Std71 19 0.38 0.30 45 0.91 

Std8 19 0.61 0.30 80 0.912 

 

Std72 19 0.65 0.30 75 0.91 

Std9 19 0.66 0.30 75 0.912 

 

Std73 19 0.51 0.29 55 0.91 

Std10 19 0.53 0.30 75 0.913 

 

Std74 19 0.24 0.30 35 0.91 

Std11 20 0.42 0.29 65 0.915 

 

Std75 19 0.28 0.30 40 0.91 

Std12 19 0.71 0.30 75 0.913 

 

Std76 19 0.24 0.30 45 0.91 

Std13 19 0.64 0.30 70 0.912 

 

Std77 20 0.20 0.29 30 0.91 

Std14 19 0.39 0.30 55 0.913 

 

Std78 19 0.51 0.29 70 0.91 

Std15 19 0.52 0.30 65 0.913 

 

Std79 19 0.51 0.29 80 0.91 

Std16 19 0.85 0.30 75 0.912 

 

Std80 19 0.51 0.29 60 0.91 

Std17 19 0.84 0.30 75 0.912 

 

Std81 19 0.38 0.30 40 0.91 

Std18 19 0.89 0.30 80 0.912 

 

Std82 21 0.04 0.30 10 0.91 

Std19 19 0.57 0.30 65 0.912 

 

Std83 22 0.00 0.29 5 0.91 

Std20 19 0.64 0.30 80 0.912 

 

Std84 19 0.39 0.30 45 0.91 

Std21 19 0.51 0.29 75 0.914 

 

Std85 25 -0.21 0.30 5 0.91 

Std22 19 0.71 0.30 85 0.912 

 

Std86 19 0.24 0.30 30 0.91 

Std23 19 0.59 0.30 75 0.912 

 

Std87 25 -0.21 0.30 5 0.91 

Std24 19 0.88 0.30 95 0.912 

 

Std88 19 0.24 0.30 25 0.91 

Std25 19 0.68 0.29 75 0.914 

 

Std89 19 0.24 0.30 25 0.91 

Std26 19 0.27 0.30 35 0.911 

 

Std90 24 -0.05 0.29 5 0.92 

Std27 19 0.65 0.30 70 0.912 

 

Std91 19 0.38 0.30 45 0.91 

Std28 20 0.46 0.29 60 0.915 

 

Std92 19 0.68 0.30 65 0.91 

Std29 19 0.64 0.29 70 0.914 

 

Std93 21 0.16 0.29 60 0.92 

Std30 19 0.63 0.30 75 0.912 

 

Std94 19 0.38 0.30 55 0.91 

Std31 21 0.19 0.29 25 0.915 

 

Std95 19 0.76 0.30 50 0.91 

Std32 19 0.25 0.30 30 0.911 

 

Std96 19 0.24 0.30 25 0.91 

Std33 19 0.51 0.29 50 0.914 

 

Std97 19 0.40 0.30 70 0.91 

Std34 19 0.51 0.29 65 0.914 

 

Std98 21 0.04 0.30 10 0.91 

Std35 20 0.55 0.29 70 0.915 

 

Std99 19 0.51 0.29 75 0.91 

Std36 19 0.82 0.30 90 0.912 

 

Std100 21 0.04 0.30 10 0.91 

Std37 20 0.77 0.29 85 0.915 

 

Std101 19 0.24 0.30 25 0.91 

Std38 19 0.58 0.30 60 0.912 

 

Std102 19 0.38 0.30 60 0.91 

Std39 19 0.65 0.29 65 0.914 

 

Std103 23 -0.02 0.29 5 0.92 

Std40 19 0.38 0.30 60 0.913 

 

Std104 21 0.04 0.30 5 0.91 

Std41 27 -0.25 0.29 15 0.914 

 

Std105 19 0.38 0.30 60 0.91 

Std42 19 0.39 0.30 45 0.913 

 

Std106 20 0.25 0.30 50 0.91 

Std43 20 0.20 0.29 30 0.914 

 

Std107 21 0.06 0.30 10 0.91 

Std44 19 0.51 0.29 55 0.914 

 

Std108 30 -0.43 0.31 5 0.91 

Std45 21 0.04 0.30 10 0.912 

 

Std109 19 0.89 0.30 75 0.91 

Std46 19 0.56 0.29 65 0.914 

 

Std110 19 0.38 0.30 50 0.91 

Std47 19 0.83 0.30 70 0.912 

 

Std111 19 0.38 0.30 60 0.91 

Std48 19 0.39 0.30 30 0.913 

 

Std112 19 0.65 0.30 60 0.91 
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Std49 19 0.65 0.30 75 0.912 

 

Std113 20 0.75 0.29 65 0.92 

Std50 21 0.16 0.29 20 0.916 

 

Std114 21 0.04 0.30 5 0.91 

Std51 19 0.51 0.29 65 0.914 

 

Std115 21 0.16 0.29 25 0.92 

Std52 19 0.65 0.30 55 0.912 

 

Std116 30 -0.30 0.29 15 0.92 

Std53 20 0.45 0.29 75 0.915 

 

Std117 19 0.51 0.29 80 0.91 

Std54 19 0.86 0.30 85 0.912 

 

Std118 25 -0.20 0.30 70 0.91 

Std55 19 0.51 0.29 60 0.914 

 

Std119 30 -0.43 0.31 60 0.91 

Std56 19 0.50 0.30 65 0.912 

 

Std120 23 -0.03 0.29 60 0.92 

Std57 30 0.59 0.33 5 0.893 

 

Std121 19 0.24 0.30 65 0.91 

Std58 19 0.53 0.29 65 0.914 

 

Std122 19 0.38 0.30 80 0.91 

Std59 19 0.51 0.29 62 0.914 

 

Std123 19 0.43 0.30 70 0.91 

Std60 19 0.50 0.30 70 0.912 

 

Std124 19 0.24 0.30 60 0.91 

Std61 20 0.20 0.29 25 0.914 

 

Std125 20 0.20 0.29 65 0.91 

Std62 21 0.04 0.30 10 0.912 

 

Std126 19 0.51 0.29 75 0.91 

Std63 19 0.51 0.29 70 0.914 

 

Std127 21 0.16 0.29 65 0.92 

Std64 20 0.20 0.29 30 0.914 

 

Std128 21 0.04 0.30 45 0.91 

It is seen from Table 1 that the reliability coefficient of the achievement test received values between 

0.893 and 0.917. The arithmetical average of the reliability coefficient of the test is 0.913. According to these 

values, it can be said that the developed CAT system measured the knowledge levels of the students to a 

highly reliable degree. 

Table 2 presents the progress and knowledge level estimations in the CAT system of Std105, the 

parameters of each question, the given responses, the amount of standard error, and the reliability coefficient 

provisions of this standard error. 

Table 2. Details of the administering of the end of the unit exam for Std105. 

Number 
Item 

number 
p True/False Theta 

Std. 

error 

Reliability 

coefficients 

1 59 0.25 0 ------- --------  

2 42 0.3 1 -0.41 0.83 0.31 

3 33 0.35 0 0.13 0.69 0.53 

4 58 0.35 1 -0.12 0.63 0.61 

5 41 0.4 1 0.20 0.56 0.69 

6 62 0.4 0 0.42 0.51 0.74 

7 74 0.45 1 0.24 0.48 0.77 

8 44 0.55 1 0.41 0.45 0.80 

9 53 0.45 0 0.56 0.43 0.81 

10 55 0.55 1 0.43 0.41 0.83 

11 60 0.65 1 0.55 0.39 0.85 

12 12 0.6 0 0.65 0.38 0.86 

13 14 0.5 0 0.55 0.36 0.87 

14 49 0.6 1 0.47 0.35 0.88 

15 7 0.5 0 0.55 0.34 0.89 

16 45 0.65 0 0.48 0.33 0.89 

17 57 0.65 0 0.40 0.32 0.90 

18 48 0.7 0 0.34 0.31 0.90 

19 19 0.75 0 0.43 0.30 0.91 

20 51 0.7 0 0.38 0.30 0.91 

According to Table 2, one of the items with the lowest difficulty index was asked to the individual as 



 

Journal of  Teacher Education and Lifelong Learning Volume: 5 Issue: 2  2023 
 

 

the first item (p = 0.25). Upon an individual incorrectly answering this item, the ability is attempted to be 

estimated by asking an item on the p=0.3 level and by providing a true/false condition, which is a condition 

for the maximum likelihood method (MLE). Upon the provision of a correct answer to the 2nd question by 

the individual, the first ability estimation was acquired as -0.407 (SE=0.832). The difficulty index of a 

subsequent item chosen based on the item information function was 0.35. The reason that the ability 

estimations of individuals and the difficulty indexes of the items do not completely overlap here is that in the 

phase of the selection of a subsequent item, not just difficulty index but also item discrimination are taken 

into consideration.  

As can be seen in Table 2, 20 items were administered to the students in the test, and the test was 

concluded with the standard error dropping below 0.30 and the ability level of the individual being estimated 

as 0.375. It is seen that the difference between the knowledge level estimation values decreases towards the 

end of the test. Accordingly, after each step of the test, results even closer to the real knowledge level were 

obtained.  

In addition, it is seen that the value of standard error decreased from the first step of the test towards 

the last and that the reliability coefficient value increased in connection with this. In the last step of the test, 

the standard error value decreased to 0.295, while the reliability coefficient increased to 0.913. As a result, it 

can be said that the test is very reliable and therefore the last estimated knowledge level value (0.375) is the 

closest value to the real knowledge level of Std105.  

Figure 2 visually presents the ability, estimations of standard error, and change in difficulty index of 

the questions for the individuals whose test advancement report is provided in Table 2.  

Figure 2. Standard error, ability and item difficulty index progress 

 

According to Chart 1, the range of ability estimation narrows as the test progresses. While the 

difficulty level difference between the items in the first questions is larger, it gets smaller as the test 

progresses, and the individual's ability estimation becomes more and more precise. 
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3.2. Findings for the Second Sub-Purpose 

The relationship between the T scores obtained from the CAT based on the IRT and the paper pencil 

test based on the CTK was examined with the Spearman Rank Differences Correlation Coefficient and the 

results are given in Table 3. 

Table 3. Spearman rank-order correlation coefficient between ability scores estimated according to 

the IRT and the achievement scores specified according to the CTT. 

CAT Ability scores (IRT)   AVE 

  r  .799** 

Paper pencil test (CTT) P  .000 

  N  128 

**. p<0.01 

Table 3 shows that there is a high, positive, significant relationship between students’ levels of 

knowledge that are estimated in CAT systems and the score of an achievement test they received from a PPT 

(r=,799, p<.01). The fact that the test was developed either according to CAT or the CTT did not lead to a 

meaningful change in student achievement scores. 

3.3. Findings for the Third Sub-Purpose 

As previously specified, 40 questions were asked to each of the students in a fixed length based on the 

CTT. In the CAT administered based on the IRT, a maximum of 40 questions and a standard error of 0,30 

was taken as basis as a rule of conclusion. It is seen from Table 1 that the students answered at least 19 and at 

most 30 questions. Table 4 presents the average number of questions students had to answer in the CAT and 

CTT, the standard deviation of the test, and the average reliability coefficients. 

Table 4. The average number of questions asked in the administering of the CAT and the fixed number 

of questions asked based on the CTT 

 Item mean Std. deviation Reliability coefficients 

CAT (IRT) 20.02 0.295 0.913 

Paper-pencil test (CTT) 40 0.427 0.720 

When Table 4 is examined, it is seen that the average number of questions students had to answer in 

the CAT was 20.02. Based on this, students answered approximately half of the number of questions they 

had to answer based on the CTT, and moreover, a knowledge level estimation was reached “at “high 

reliability”.   

4. RESULTS and DISCUSSION  

In this study, a CAT system that provided for multiple-choice achievement tests to be given based on 

the IRT was designed. After that, the "office programs" course achievement test was conducted in the 

designed CAT system. According to the findings acquired in the study, the knowledge levels of students 

were estimated with high reliability by the achievement test performed in the CAT system. This finding 

shows that the feature of "measurement with high sensitivity and therefore high reliability with the adaptive 

test" (Kalender, 2011; Weiss, 1982; Wise and Kingsbury, 2000) specified in the literature is provided and it 

is similar to the literature (Cisar et al., 2016; Kuo et al., 2015; Özbaşı and Demirtaşlı, 2015; Petscher et al., 

2017; Zhang and VanLehn, 2017). 

In addition, a high level, positive and significant relationship was found between the students' 

knowledge levels estimated in the CAT system and the scores they got from the PPT. This finding shows that 

the scores and ability measurements calculated based on the two separate theories can rank individuals 

similarly and that there is no statistically significant difference in the results if one is used instead of the 

other. This result is very similar to the results of the research (Chao et al., 2015; Çelen and Aybek, 2013) 

examining the relationship between the 2 tests. Zhang and VanLehn (2017) found that CAT contributed 



 

Journal of  Teacher Education and Lifelong Learning Volume: 5 Issue: 2  2023 
 

 

positively to students' learning outcomes. Liu and Zhao (2017) designed an English vocabulary learning 

system based on IRT and at the end of his experimental study, they found that the CAT was more successful 

by working with fewer words. 

CAT systems provide high-precision measurements by asking questions appropriate to their level 

instead of questions that are well above or below their own knowledge level (Weiss, 1982; Wise & 

Kingsbury, 2000). When the parameters of the questions answered by the students and the estimated 

knowledge levels of the students are examined, this situation is clearly seen. As a matter of fact, it was seen 

that the predicted knowledge levels of the students and the difficulty levels of the questions were quite close 

to each other. 

In the designed CAT system, the average number of questions that students had to answer was 20. The 

number of questions for the Paper Pencil test is 40. Similarly, Chalmers (2016) found that the CAT system 

he designed made more precise measurements with fewer questions. Petscher et al. (2017) conducted an 

experimental study aimed at increasing the reading-comprehension capabilities of students. As a result, he 

found that the students who took the CAT were given a smaller passage and had better reading 

comprehension ability compared to the students in the control group. Kaptan (1993) reduced the adaptive 

form of the paper-pencil form of the math test, which consisted of 50 questions, to 14 questions. As a result, 

it was found that the adaptive test system reduced the number of items used in estimating the level of 

knowledge by 70% compared to the paper-pencil test. Similarly, Gardner et al. (2004) similarly used 21 

questions in the PPT form of the Beck depression scale, as opposed to an average of 6 questions in the 

adaptable version of the scale in a study they conducted. As a result, it can be said that the tests based on IRT 

measure all knowledge levels from low to high with high precision and significantly reduce the number of 

questions. 

4.1. Suggestions 

The CAT system can provide more reliable and effective results in courses that require problem-

solving skills such as Programming Languages. Because students have the most difficulty in subjects that 

require problem solving skills. This may be due to the inability to develop an application suitable for each 

student's abilities. CAT tests can be applied frequently in the teaching process of subjects such as Science, 

Mathematics, Programming and Language learning. Feedback can be made for each student on necessary 

topics based on the results obtained from the CAT. It is obvious from this study and the literature that CAT 

systems are very advantageous. However, because the designing of CAT systems requires specialized 

knowledge, the number of studies conducted is quite low. This is why a graphic interface CAT platform can 

be designed that individuals who are not specialized in the topics of computer programming, measurement, 

and evaluation can easily use.  
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