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Abstract: This study tested the applicability of the theoretical Examination for 

Candidates of Driving License (ECODL) in Turkey as a computerized adaptive test 

(CAT). Firstly, various simulation conditions were tested for the live CAT through 

an item response theory-based calibrated item bank. The application of the 

simulated CAT was based on data from e-exams administered by the Ministry of 

National Education (MoNE). Results of the first stage of the study were used to 

determine the rules for starting, continuing, and terminating the live CAT exam for 

ECODL. Secondly, the live CAT exam was applied according to the results of the 

simulation. Candidate drivers (n = 280) who had taken the ECODL as an e-test 

participated in the second stage. Thirdly, the opinions of the individuals who took 

the computer-based test towards the computer-based testing application were 

mapped. In the termination rule of the CAT-based ECODL, testing with a fixed 

number of questions yielded the smallest estimated measurement error. We also 

found that when ECODL was implemented as CAT, it could reliably differentiate 

among testers in terms of competence of theoretical knowledge of driving and 

provide basis for accurate decisions regarding their proficiency. According to the 

findings obtained on the candidates’ opinions on the computer-based testing 

application, it was seen that they considered computer-based application more 

practical an easier in terms of testing. 

1. INTRODUCTION 

In today’s world, training of drivers is of crucial importance because traffic safety depends 

primarily on driver’s skills besides several other factors. Driving a vehicle is a complex process 

in which cognitive, affective and psychomotor skills are involved (Young, Regan & Hammer, 

2007). Drivers who have not adequate skills may cause traffic accidents with death and or 

severe injuries or damage to public properties. Furthermore, such traffic accidents affect not 
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only parties involving the accidents; it also affects pedestrians, families, social life, economy 

of the country (Mulkat-Ajibola, 2015). 

This is why being an adult is a legal prerequisite for being eligible to drive a motor vehicle 

(Miser, 1999). Mental health condition and physical abilities are also considered. Any 

individual who meets these criteria may apply for driving license examination. Passing this 

examination provides individuals with an official certificate which entitles people to drive. 

In general, driving license examinations involve assessment of two traits: (i) theoretical aspects 

regarding driving (i.e. traffic rules, traffic signs, first-aid, etc.) and (ii) practice (i.e. driving a 

vehicle). If different examples in the world are considered, this common pattern can be 

observed. For example, in England, first phase of driving license examination has two sections 

(Bozkurt, 2003). One of the sections include multiple-choice items about traffic signs, rules and 

regulations, etc., whereas the other section is a hazard perception test. This test measures 

examinees’ reactions for dangerous situation that can be faced while driving. Multiple-choices 

test is given as computerized, while perception test is administered by watching some scenarios. 

Germany gives examinees a computerized test including items about traffic signs, rules, etc. 

Examinees are also given several items specially designed for the type of vehicle they want to 

drive (AngloInfo the Global Expat Network Berlin, 2015). Item are randomly selected from an 

item pool and administered in a computerized medium. Australia uses a similar testing 

procedure. Items are selected from a pool (AngloInfo the Global Expat Network Berlin, 2015). 

Finland and Belgium have also similar procedures (Ministry of Transport and Communications, 

2015). In all of these countries, completing training programs of is a prerequisite to take the 

driving license examination. 

1.1. Turkey Case 

In Turkey, causes of traffic accidents can be grouped into three: problems regarding (i) 

individuals (as pedestrians, passengers, and drivers), (ii) road and (iii) vehicles. Figures 

announced by the state agencies indicate that 86.2% of the traffic accidents were caused by 

drivers. The rest is shared by passengers (0.47%), pedestrians (9.38%), roads (0.95%), and 

vehicles (0.58%) (Turkish Statistical Institute, 2018). 

As figures point out, drivers are the leading factor in traffic accidents. Turkish governments 

have been implementing some policies regarding traffic accidents. These policies can be group 

into three: (i) security measures including penalties, (ii) training to increase security level of 

pedestrians and drivers, and (iii) selection of individuals who are fully eligible to drive. 

Although there are several rules and regulations regarding the first two groups of policies 

implemented by Turkish bodies, the last item (selection procedures) seems to be neglected. For 

example, a common finding indicated by the literature is that content, length, and objectives of 

the training programs of learner drivers are not enough and appropriate (Balkız, 1999; Çakır, 

2006; İnal, 2001; Kuyumcu, 2001; Tanrıkulu, 2002; Türkoğlu, 2002; Tütüncü, 2001; Vursavaş, 

2004). Another finding reported in the literature is that training of learner drivers provided a 

significant increase in drivers’ knowledge of driving (Bozkurt, 2003; Çakır, 2006; Gülecen, 

1998; Kaçmaz-Omak, 2012; Türkoğlu, 2002). Elander, West and French (1993) found that risk-

taking behaviour of drivers have a direct relationship between traffic accidents. Despite the 

large body of research in the literature regarding driving licenses, there is no study examining 

the selection procedure of drivers in Turkey. However, certification process of individuals who 

are eligible to drive is as important as other components such as rules, regulations, and quality 

of training programs. 

1.2. The Turkish Examination for Candidates of Driving License (ECODL) 

In Turkey, all candidates should complete a training program including both theoretical and 

practical aspects of driving before applying for the driving license exam. These training 



Cikrikci, Yalcin, Kalender, Gul, Ayan, Uyumaz, Sahin-Kursad, Kamis

 

 572 

programs are offered by private institutions certified by Turkish authorities. The training 

program includes sixty-three hours for theory and 20 hours of practice: 42% traffic and 

environment, 15% first-aid, 24% driving, 19% motor and vehicle techniques and driving 

technique (Çakır, 2006). Those who complete the training program successful become eligible 

to take the driving license examination. 

The Examination for Candidates of Driving License (ECODL), the standard driving exam in 

Turkey, has also been offered as a computer-based exam, or e-exam, since 2011 in addition to 

paper-and-pencil tests. The first part of the driving license examination includes tests measuring 

different theoretical aspects of the driving. ECODL, driving licence exam has three sections: 

(i) first aid, (ii) traffic and environment, and (iii) motor and vehicle technique. The items in the 

bank were included in multiple-choice questions, each with four options. 

The ECODL theoretical examination in Turkey currently administered by MoNE has some 

problems, such as test items being used without a prior pilot study, an excessive number of 

items testing knowledge of Bloom’s taxonomy, limitations with respect to measurement 

techniques, and the questions being leaked to the public beforehand. Nearly identical questions 

are used in successive ECODL test sessions. Furthermore, although offered as e-examinations, 

these computer-based tests are restricted in terms exploiting the benefits of the technology (for 

example, item assignment suitable to the level of capability of the candidate). 

1.3. Development of Computerized Adaptive Version of ECODL 

By considering these issues, this study develops a valid and reliable ECODL test that can 

reliably reflect candidates’ proficiency in a computerized environment by using the advantages 

of this technological development. Accordingly, it examines the applicability of the theoretical 

examination of ECODL as a computerized adaptive test (CAT). In the present study, 

development of computerized adaptive version The Turkish ECODL was examined. Some 

examples of e-exams in various disciplines across the world are the GMAT (Graduate 

Management Admission Test), GRE (Graduate Record Examination), MAP (Measures of 

Academic Progress), NCLEX (National Council Licensure Examinations), ASVAB (Armed 

Services Vocational Aptitude Test Battery), and STAR (Math, Reading, and Early Literacy) 

(Economides & Roupas, 2007). 

The aim of computerized adaptive tests (CATs) is to effectively predict the candidate’s 

proficiency using shorter tests than paper-and-pencil exams (Weiss, 2004). CAT-based tests are 

more reliable and useful as they match the difficulty of questions with the ability/competence 

of the test taker. Items in the test are chosen to provide the most information about the 

candidate’s ability (Orcutt, 2002; Weiss & Kingsbury, 1984). A significant benefit of this is 

that it allows the use of an item bank with estimated parameter values according to the IRT 

(Item Response Theory), which defines capability parameters and item parameters on the same 

scale (theta scale). Therefore, it can predict the level of difficulty of questions that a respondent 

can correctly answer based on his/her ability predicted using the answers to previous questions 

(Weiss, 2004). 

The greatest advantage of CAT is that it provides functional testing through uncompromising 

adherence to the validity and reliability of measurement. In other words, it provides a difficulty-

based question display for candidates depending on their previous responses. In any CAT 

application, if a candidate correctly answers a question with a mean difficulty, which is shown 

on the screen, the computer displays a more challenging question next. If the candidate responds 

incorrectly, the system chooses an easier item next. Thus, respondents with high proficiency 

levels are assigned more difficult items whereas those with lower levels are presented easier 

items (Davey, 2011; DeMars, 2010; Weiss, 1982). As a result, the test ensures the optimal 

question assignment that can best reveal the candidate’s proficiency according to performance. 
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This case allows respondents to answer shorter tests in less time, without the need to assign to 

them questions that are too difficult, and thus above the proficiency, or too easy items or below 

their proficiency (Linden & Glas, 2002; Wainer & Mislevy, 1990; Weiss & Kingsbury, 1984). 

This enhances the usefulness of CAT. 

Another advantage of CAT is the low likelihood of cheating on it. That is, the probability of 

cheating is eliminated because every respondent is given a test consisting of different questions 

in accordance with his/her proficiency, which enhances the security of CAT (Thompson & 

Weiss, 2011). Moreover, this ensures that the test results are generated more quickly (Linacre, 

2006; Orcutt, 2002; Rudner, 1998; Weiss, 2004; Weiss & Kingsbury, 1984). CAT also has 

some limitations: the necessity of a large item bank; the respondent’s inability to go back to a 

previous question, check it, and change answers; and test bias due to familiarity with computers 

(Bugbee & Bernt, 1990; Economides & Roupas, 2007; Sutton, 1991). 

Apart from the well-accepted advantages of CAT application, it still has some discussable 

disadvantages. For instance, it is claimed that reading a text from a computer screen takes longer 

than reading from a printed material. Moreover, solving mathematics questions is possible to 

be problematic since the test takers will not be able to underline the text, which is a strategy 

while answering an item in the test (Bugbee & Bernt, 1990). Not being able to go back to the 

questions and to check, to edit or to change them during the implementation is also discussed 

to be a limitation (Linacre, 2000). Another highlighted problem is the concern for a possible 

increase in bias in tests. It is stated that computer familiarity (hence some variables such as 

socio-economic status, or gender) may affect the test results as a source of bias. It is thought 

that this may be an extra source of anxiety for the ones who are not familiar with computers 

(Linacre, 2000; Sutton, 1991). On the other hand, while this situation would be more 

problematic in the past, it is expected to decrease today since the computer and smart phone 

technologies have entered into our lives at such a pace. 

The first set of studies on CAT applications in Turkey started with the assessment of academic 

achievement in science and mathematics (Kaptan, 1993; Köklü, 1990; Yaşar, 1999). The 

findings showed that there was no significant difference in the academic achievement of 

students as reflected in CAT and traditional paper-and-pencil tests. In numerous subsequent 

studies, the applicability of CAT to academic tests for transition to secondary and higher-

education examinations was explored (İşeri, 2002; Kalender, 2011). From the findings, it was 

clear that the examinations can be applied as CATs on the condition that the item bank was 

enriched with a larger number of specific questions. 

Subsequent studies on CAT examined the applicability of different proficiency tests that were 

not administered by the federal government but were taken by large groups (academic 

achievement, foreign language proficiency, computer literacy) according to different CAT 

strategies (Gökçe, 2012; Kezer & Koç, 2014; Özbaşı & Demirtaşlı, 2015). Some studies were 

conducted in this vein in medicine (Öztuna, 2012), and that long surveys given to patients for 

accurate diagnoses can be employed as CATs. These studies encouraged the development of 

CAT software (Kalender, 2011). In general, the above-mentioned common findings show that 

a variety of tests in different domains can be offered as CATs. A sufficiently large item bank is 

also needed such that it can ensure the reliability of tests, consisting of specific questions while 

addressing a wide range of capabilities. Regarding such a popular testing application whose 

both advantages and disadvantages are discussed, it is considered to be important to get the 

opinions of the test takers right after a live CAT application in order to be able to research if it 

is possible to switch into this application, to make suggestions for a possible implementation 

and to develop methods regarding the precautions to be taken. Powers and O’Neill (1993) stated 

that the opinions of the study group changed positively and greatly after taking the real 

application and mentioned the importance of taking opinions after the implementation. 
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1.4. Research Questions 

(1) What are the methods of estimating capability, and what is the termination rule with the 

minimum error according to the simulation for a live CAT application? 

(2) As a result of the application of the live CAT under the selected ideal conditions, 

a. What was the testing time per person? 

b. What were the distributions of standard error of the test information values of estimation, 

proficiency level, and estimated proficiency level? 

(3) What are the opinions of the individuals who took the ECODL exam on the computer-based 

application? 

2. METHOD 

As stated earlier, this study describes the development of computerized adaptive version of The 

Turkish ECODL. The development of a CAT-based ECODL starting by creating an item bank 

for first aid, motor and vehicle technique, and traffic and environment. Items were pre-tested 

before including into the item bank. Then several CAT simulations were run in order to 

determine optimal CAT design before live CAT. Then, a group of learner drivers were 

participated to live CAT version of ECODL. Participants were also asked to report their 

opinions about the live CAT stage. The rest of this section details the methodology of the study. 

2.1. Development of the Item Bank 

In the item writing phase, academician who have expertise in item development, trainers of 

learner drivers, and staff from Ministry of National Education worked in collaboration. A 

teacher who teaches traffic gave a training for item developers. Separate test plans for each 

subject were prepared prior to the item writing process to specify the basic and advanced driver 

proficiencies at three cognitive levels (knowledge, comprehension, and problem solving). The 

number and distribution of the items employed for measurement were also specified in the plan. 

The items were written by the authors using a checklist. Each item writer sent his/her items to 

field experts who independently checked them (item fit to measurement, grammar, spelling, 

punctuation, and scientific accuracy). Scientific accuracy of items inspected by teachers who 

traffic, teach first-aid and health classes. In addition, a drawer was employed to draw visuals in 

the items. Items were revised more than once based on suggestions made by the parties 

involved. Item development phase completed between November 2017 and March 2017. At the 

end, a total of 913 multiple-choice items with 4 alternatives were compiled to be included in 

the pilot study. 

2.2. Pilot Study for the Items 

The item bank was pilot-studied on a sample of 1787 university students from different cities 

of Turkey. Also, between June and August in 2017, items were pilot-studies on learner drivers 

when they took computerized (not adaptive) ECODL. Test-takers were given regular items as 

well as items developed for the CAT version. At that stage, 90% of the item bank were tested 

by around 250 learner drivers. 

Another phase of close inspection was conducted. Items were once again revised scientific 

accuracy, measurement quality, grammar, clarity. Some items which included large visuals 

could not the displayed on the computer screen properly. These items were excluded from the 

item bank. Finally, a total of 892 items (417 for traffic and environment, 270 for first-aid and 

192 for motor and vehicle technique) were kept in the item bank. 

2.3. Item Calibration 

In a period of 8 weeks, the 892 items were used for learner drivers who took actual driver 

license examination. Some of items were not responded by sufficient number of learner drivers 
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(at least 200 responses for each item). As a result, 235 items for traffic and environment, 201 

for first-aid and, 192 items for motor and vehicle techniques were left in the item bank. 

Analyses revealed that 3PL model had the best item-model fit. Some of the items in the item 

bank indicated poor item fit and excluded from the study. 193 items for traffic and environment, 

139 for first-aid and, 167 items for motor and vehicle techniques were kept. Table 1 presents 

the items parameters for each domain. 

Table 1. Descriptive of the domains in the item bank. 

 Traffic and 

Environment 

 First-Aid  Motor and Vehicle 

Techniques 

a b c  a b c  a b c 

Min 0.30 -4.00 0.10  0.30 -4.00 0.18  0.30 -4.00 0.17 

Max 1.08 4.00 0.38  1.18 4.00 0.30  1.88 4.00 0.43 

Mean 0.51 0.90 0.24  0.48 1.35 0.25  0.57 0.35 0.25 

Median 0.45 1.00 0.25  0.45 2.28 0.20  0.54 0.32 0.25 

2.4. Simulations Prior to Live CAT 

Prior to live CAT administration, as suggested in the literature (Thompson & Weiss, 2011), a 

series of post-hoc simulations were conducted to define optimal live CAT design. At that phase 

of the project, different CAT strategies were employed. Starting rule and item selection 

procedure were kept constant. At the beginning of each simulation, examinees were assigned 

an ability score of 0. Items were selected using Fisher’s method (Weiss, 1982). On the other 

hand, two ability estimation methods were used: Bayesian Expected a Posteriori and Maximum 

Likelihood Estimation. Also, two different test termination methods were defined: a fixed 

number of items and SE-threshold. For SE-based test termination, SEs of 0.30 and 0.40 were 

used as threshold. Fixed number of items were defined as 50, number of items given in ECODL. 

At that stage, it was noted that since not every item in the item bank developed for CAT was 

administered during the pilot study, there were missing values in the item-person matrix (Weiss 

& Guyer, 2012). As a solution, the hybrid simulation method was adopted (Nydick & Weiss, 

2009). In the hybrid simulation approach, the available item set answered by every respondent 

was used to predict the ability of each respondent on all questions that were not answered by 

him/her. Estimation was then employed to assign responses to the omitted and unanswered 

items using a suitable IRT model and the Monte Carlo simulation. An item response matrix 

with all data for every respondent that could be employed in a post-hoc simulation was thus 

obtained (Weiss & Guyer, 2012). Thus, six different CAT (three test termination rules x two 

ability estimation methods) strategies were simulated. 

2.5. Live CAT 

The live CAT test was performed with an item bank of a total of 628 items. A computer software 

developed by Kalender (2011) was used to conduct live CAT. The software was installed 11 

laptop computers. The live CAT administrations, which were applied between September and 

November 2017, were conducted just after the learner derivers took ECODL in testing centers. 

Learner drivers were invited to voluntarily participate to the live CAT sessions. A small gift (a 

first-aid kit) was given to each participant. After the purpose of the study was explained and the 

consent were received, the participants were administrated a live CAT session. 

A total of 280 learner drivers (age mean: 21 years, s.d.: 5.19) were participated in this study. 

The descriptive statistics of the participants are given in Table 2. As can be seen, most of the 

participants are at least high school graduates. More than 85% of the participants have 

experience with computers more than 5 years. Almost 90% of the participants preferred 

ECODL exam in computerized format instead of paper-and-pencil format. 
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Table 2. Demographic information of live CAT participants. 

Variable Value N % Total 

Gender 
Female 121 43.2  

Male 159 56.8 280 

Educational background 

Primary school 5 1.8  

Secondary school 8 2.9  

High school 89 31.8  

Undergraduate 168 60.0  

Postgraduate 10 3.6 280 

Any experience with computers 

None 5 1.8  

1-2 Years 11 3.9  

3-5 Years 22 7.9  

More 242 86.4 280 

Any experience with 

computerized tests 

Yes 118 42.1  

No 161 57.5 279 

Preferred test format 
Computerized 250 89.3  

Paper-and-pencil 29 10.4 279 

 

2.6. Opinions after the Live CAT 

Just after the live CAT administrations, participants were also given a questionnaire to report 

their opinions. The questionnaire consisted of two parts. The first part included some questions 

on participants’ demographic information (gender, education level) and their experience with 

computers (computer usage experience, computer-based testing experience). The second part 

included 18 items inquiring their opinions towards the comparison of computerized tests and 

pen-and-paper tests and the techniques and usefulness of computerized tests. Each item was 

presented as an opinion statement and the participants were asked to mark their agreement level 

among the suitable reflective categories which ranged from Completely agree (1) to Completely 

disagree (4). 

2.7. Data Analysis 

Data analysis was carried out in three phases. In the first, IRT-based analysis of each item 

included in the pilot study was performed to determine ones that were in the item bank and 

predict their related parameters. Before IRT analyzes, the unidimensionality assumption was 

examined separately for each booklet on the basis of every subject area. In this context, 

exploratory factor analysis based on the tetrachoric correlation matrix was done with the R 

programming. It has been observed that there was one dominant dimension in all subject areas. 

The provision of the unidimensionality assumption shows that the local independence 

assumption is also met (Hambleton & Swaminathan, 1985). Also, the test completion time of 

the participants shows that the test was not a speed test. The responses of the candidate drivers 

were analyzed according to the IRT scaling with best model–data fit. As a result of the item 

analyses carried out using the 3PL model that showed the best model–data fit, the difficulty of 

the questions/items varied in the range (-4.00 and +4.00) and item discrimination in the range 

(0.30 and 1.88). The probability of correct response by those with low capability was estimated 

at 0.25. Questions with the expected level of measurement quality were selected and included 

in the item bank according to the test subjects. 

For sub-questions a and b, in accordance with the second research sub-question of the study, 

descriptive statistics of the participants’ response times, the final proficiency estimation, 

standard error of estimation, and test information were calculated. The final proficiency and the 
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standard error in measurement obtained from the CAT application were analyzed to find the 

distribution of proficiency estimation and values representing the reliability of the estimation. 

Test information for each respondent obtained from the overall ECODL test and the total test 

information value for all participants in the live CAT application for each ECODL were 

calculated. In IRT-based test development, reliability is the amount of test information at a 

certain theta/proficiency level (Hambleton, Swaminathan & Rogers, 1991). For the third sub-

question, the opinions of the group were made suitable to interpret on the item level by taking 

the frequencies and percentages in the reflective categories for each item. 

3. RESULT 

According to the results of the simulative CAT of ECODL analyses in accordance with the first 

research sub-question, the estimated ability of all test subjects yielded the smallest error when 

the EAP method was employed. With regard to the rule for test termination, the application 

with fixed questions was found to yield the smallest estimated error. The initial level of theta 

was set to zero in all conditions. The results of an analysis of the simulation conditions of the 

CAT are presented in Table 3. 

Table 3. Analysis of tested conditions in CAT simulation on three ECODL subjects. 
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1 2 Se (0.30) 1 0.887 0.887 190 (190–190) 

2 3 Se (0.30) 1 0.396 0.396 187.967 (44–190) 

3 2 Fixed question (23) 1 0.885 1.253 23 (23–23) 

4 3 Fixed number of items 23) 1 0.396 0.487 23 (23–23) 

5 2 Se (0.40) 1 0.891 0.891 190 (190–190) 

6 3 Se (0.40) 1 0.396 0.410 123.932 (28–190) 

M
o

to
r 

an
d
 

V
eh

ic
le

 

T
ec

h
n
iq

u
e 

1 2 Se (0.30) 1 1.010 1.010 139 (139–139) 

2 3 Se (0.30) 1 0.477 0.477 139 (139–139) 

3 2 Fixed question (12) 1 1.017 1.592 12 (12–12) 

4 3 Fixed number of items (12) 1 0.477 0.606 12 (12–12) 

5 2 Se (0.40) 1 1.018 1.018 139 (139–139) 

6 3 Se (0.40) 1 0.477 0.477 138 (37–139) 

F
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A
id

 1 2 Se (0.30) 1 0.745 0.745 170 (170. 170) 

2 3 Se (0.30) 1 0.328 0.339 130.703 (31. 170) 

3 2 Fixed question (9) 1 0.735 1.488 9 (9. 9) 

                                                                                                                                    (Continued)      
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Table 3. Continued 
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 4 3 Fixed number of items (9) 1 0.328 0.553 9 (9. 9) 

5 2 Se (0.40) 1 0.744 0.744 170 (170. 170) 

6 3 Se (0.40) 1 0.329 0.398 37.403 (18. 170) 

Note: 1: Item selection method based on maximum information, 2: Maximum likelihood estimation, proficiency 

estimation method, 3: Expected a posteriori estimation, proficiency estimation method 

The CAT results in Table 3 show that the best strategy in the item bank for all three test subjects 

was condition 4. Accordingly, when questions in live CAT were given, the test needed to be 

terminated with a fixed number of questions. It was thus decided that a fixed number of 

questions, parallel to questions used by MoNE, would be best: 23 for traffic and environment, 

12 for first aid, and nine for motor and vehicle technique. When the EAP method was used for 

proficiency estimation, the result was reliable. In this case, the item bank of all three test 

subjects was arranged according to these strategies to be employed in live CAT. Descriptive 

statistics of the participants’ response times in the live CAT performed under ideal conditions, 

defined in question “a” of the second sub-question of the research, are presented in Table 4. 

Table 4. Descriptive statistics of participants’ response times in live CAT application of ECODL. 

 Response Time (min) 

Test subject Mean Median 

Traffic and Environment 7.97 7.85 

First Aid 4.97 4.87 

Motor and Vehicle Technique 2.11 2.05 

 

Table 4 shows that the mean response time ranged from two to eight minutes according to test 

subject. Although the ECODL as a Computerized Adaptive Test (ECODL_CAT) application 

had a fixed number of questions, it was practical in terms of time taken for application. The 

distributions of the predicted proficiency levels, test information levels, and standard errors 

according to the live CAT application performed under the ideal conditions defined in question 

“b” of the second sub-question of the research were examined. At the end of the ECODL tests, 

the proficiency level of each participant (theta) and standard error of measurement (Sem) values 

of estimated proficiency were obtained. As a result of the IRT-based CAT application of 

ECODL, test information values calculated in light of the participants’ predicted proficiency 

levels (values) and the measured standard errors in estimated proficiency were considered the 

criteria of reliability (Embretson & Reise, 2000; Hambleton et al., 1991), and were obtained for 

each proficiency level. The levels of theta of the participants’ estimated proficiency, and the 

related estimated errors and distribution of test information are summarized in Table 5. 
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Table 5. Descriptive statistics of distributions of test information values, estimated proficiency, and 

errors in estimated proficiency of participants in live CAT application of ECODL. 

 

Statistics 

Distribution of 

estimated proficiency 
(𝜃) of the 

participants 

Distribution of test 

information values (𝐼𝑖(𝜃)) 
of estimated proficiency of 

participants 

Distribution of measured 

standard errors (Sem) in 

estimated proficiency of 

participants 

Mean 0.38 6.31 0.40 

Median 0.52 6.47 0.39 

Minimum 

and 

Maximum 

-3.00–2.96 3.16–8.21 0.35–0.56 

Standard 

Deviation 

1.28 1.00 0.03 

 

Table 5 shows that individual proficiency levels in the ECODL_CAT application were 

moderate in terms of theta, in the range of -4.00 < Ѳ < +4.00 with a standard deviation of 1.00 

and an IRT theta scale mean of zero. The value of theta of participants was scattered over a 

wide range around and at the moderate level of ability (mean: 0.38; range: -3.00 and 2.96). 

Theta was distributed in two extremes and over a wide range. Respondents who showed a more 

homogeneous distribution of scores (min: 56, max: 98, mean: 81.65, median: 82, sd: 7.34) in 

the ECODL e-examination conducted by MoNE, displayed a more heterogeneous distribution 

of ability in the CAT application. This might have obtained because the item bank used in the 

ECODL_CAT application consisted of items at different levels of difficulty and a sufficient 

number of parameter values to discriminate among them. Items in the bank had good 

psychometric quality, and were employed after being tested on the candidates for the driver’s 

exam. Thus, an ECODL_CAT application based on these items provides a valid and reliable 

measurement of individual differences. The measured distribution of standard error (Sem) of 

the participants’ estimated proficiency ranged from 0.35 to 0.56. The calculated test information 

values ranged from 3.16 to 8.21. In the scope of the third sub-question of the research, after 

grouping the opinions given on the questionnaire items according to their common points, the 

results were summarized in Table 6. 

Table 6. Frequency and percentages about questionnaire items. 

 

 

 

                           Items 

Response Categories 

 

Statistic 

I 

Completely 

agree 

 

I Agree 

I don’t 

agree 

I never 

agree 

 

Total 

Opinions about 

comparison of 

CAT and 

paper-pencil 

applications 

i1 Frequency 174 76 23 6 279 

 % 62.4 27.2 8.2 2.2 100.0 

i2 Frequency 157 75 36 10 278 

 % 56.5 27.0 12.9 3.6 100.0 

i5 Frequency 161 82 18 17 278 

 % 57.9 29.5 6.5 6.1 100.0 

i9 Frequency 46 43 87 90 266 

 % 17.3 16.2 32.7 33.8 100.0 

i10 Frequency 143 112 15 4 274 

 % 52.2 40.9 5.5 1.5 100.0 

i16 Frequency 199 56 14 5 274 

 % 72.6 20.4 5.1 1.8 100.0 

(continued) 
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Table 6. Continued 

 

 

                           Items 

Response Categories 

 

Statistic 

I Completely 

agree 

 

I Agree 

I don’t 

agree 

I never 

agree 

 

Total 

Opinions about 

technical 

application 

properties of 

CAT application 

i3 Frequency 186 78 10 4 278 

 % 66.9 28.1 3.6 1.4 100.0 

i4 Frequency 107 95 44 31 277 

 % 38.6 34.3 15.9 11.2 100.0 

i12 Frequency 169 98 5 2 274 

 % 61.7 35.8 1.8 .7 100.0 

i13 Frequency 23 9 71 171 274 

 % 8.4 3.3 25.9 62.4 100.0 

i14 Frequency 109 100 38 24 271 

 % 40.2 36.9 14.0 8.9 100.0 

Opinions about 

visual properties 

i6 Frequency 200 55 10 7 272 

 % 73.5 20.2 3.7 2.6 100.0 

i8 Frequency 138 97 32 6 273 

 % 50.5 35.5 11.7 2.2 100.0 

i18 Frequency 12 31 105 125 273 

 % 4.4 11.4 38.5 45.8 100.0 

Opinions about 

content of the 

items used in 

CAT application 

i7 Frequency 98 108 61 7 274 

 % 35.8 39.4 22.3 2.6 100.0 

i11 Frequency 152 104 14 2 272 

 % 55.9 38.2 5.1 .7 100.0 

i15 Frequency 48 82 98 41 269 

 % 17.8 30.5 36.4 15.2 100.0 

i17 Frequency 59 102 89 23 273 

 % 21.6 37.4 32.6 8.4 100.0 

As it is seen in Table 6, more than half of the participants marked ‘completely agree’ on the 

majority of the items. In line with this, the participants preferred computer-based application at 

a high rate in terms of marking the answers both faster and more easily for the items that 

compared the computer-based application they experienced within the project and pen-and-

paper tests. In frame of the items which inquired the opinions towards the technical properties 

of CAT application, most of the participants demanded the possibility to go back and check 

their previous answers. Apart from this, they stated that they understood the instructions at 

beginning of the test and that they did not have any problems reading using computers. 

The participants have positive opinions towards the visual properties of the computer-based 

application in the project. According to this, seeing only one question on the screen, the visual 

quality, the screen brightness and the resolution were evaluated positively in terms of its relation 

with the participants’ performance on answering. Regarding the content of the items used in 

CAT application, almost half of them considered it to be easy as they could answer the questions 

showing up on the screen while almost half of them found the content difficult. Similarly, half 

of the participants thought the questions were easier than those of MoNE. In addition, the 

majority of the participants (almost 80%) had in the opinion that the questions were clear and 

understandable. 

4. DISCUSSION and CONCLUSION 

The purpose of this study was to develop a valid and reliable application for electronic 

examinations for driver’s licenses. Accordingly, the applicability of CAT to the ECODL 

theoretical examination was tested and verified. In this context, the ideal conditions for live 
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CAT were defined through a simulation. This study can serve as basis for further research to 

improve and upgrade examinations for driver’s license. 

The results of simulations showed that when the number of questions in the MoNE ECODL 

was considered fixed with a termination rule, the CAT application yielded estimation 

proficiency with a smaller error. When the EAP method was used for proficiency estimation, 

reliable results were obtained. Some studies that have employed CATs have also concluded that 

the EAP method gives better results than other techniques (Eroğlu, 2013; Kezer, 2013). 

According to the findings, the total time taken by respondents to answer the entire test was 

approximately 15 minutes on average. In this respect, although the ECODL_CAT had a fixed 

number of questions in this study, it was practical in terms of time taken to complete the test. 

Because ECODL_CAT considered the level of difficulty of questions in terms of individual 

proficiency, candidates did not have to deal with questions above or below their levels of 

proficiency. This is an indication of the practicability of live CAT, a major advantage of 

adaptive tests (Kimura, 2017; Thissen & Mislevy, 2000; Thompson & Weiss, 2011). 

The mean and median values of the standard measured error for the ECODL_CAT application 

was within the limits (0.50–0.30) suggested and accepted in the literature, even though the CAT 

application with a fixed number of questions was used (Embretson & Reise, 2000; Linacre, 

2006). The standard error in measurement in this case was expected to range from 0.50 to 0.40, 

provided that 15–30 questions had been posed, to obtain the probability of correct responses 

(achievement). An error of 0.50–0.70 was obtained. The results show that the ECODL_CAT 

theoretical test measures differences in drivers’ proficiency in theoretical knowledge more 

reliably than the ECODL e-test application of MoNE. 

The bank consisting of items with a good model–data fit according to IRT provided the 

questions used in the CAT application and the predicted proficiency parameters (obtaining 

fixed items and proficiency estimations) (Hambleton et al., 1991). Moreover, given that, it is 

compatible with CAT applications; IRT-based item bank development enhances the reliability 

and practicability of the ECODL_CAT (Thissen & Mislevy, 2000; Thompson & Weiss, 2011). 

However, written based only on expert views and test subjects, items in the MoNE e-

examination application have been used without any pilot study. No objective proof of the 

difficulty of the questions or their ability to discriminate among candidates’ proficiency has 

thus been provided. 

The results here have shown that ECODL can reliably measure (by ensuring adequate test 

information) candidate drivers’ proficiency even though the CAT application had a fixed 

number of questions. They also show that when ECODL was applied as a CAT, it reliably 

predicted individual ability levels. Most of the participants stated that they considered the 

computer-based application more practical and easier in terms of testing. These findings are 

consistent with the findings of the research done by Schmidt, Urry & Gugel (1978), in which 

the opinions of 163 participants who took part in the adaptive test pilot study in American Civil 

Service Commission were taken. On the other hand, the participants stated that they did not 

experience any technical difficulties. This case contradicts the finding in the study done by 

Schmidt et al. (1978). One of the topics that the participants complained about in their study 

was technical details such as screen light; however, this is thought to stem from the fact that the 

study was a very old one. The possibility to experience such a problem with today’s 

technological opportunities is low. Georgiadou, Triantafillou & Economides (2006), in their 

study in which they determined the standards for CAT application, stated technical properties 

and visual design to be one of the dimensions they cared. They said that one of the important 

points regarding CAT application was designing the screen so clear that the test-takers could 

understand it on their own and they identified the situation as “Using CAT should be so simple, 
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clear and easy that the test-taker can focus on the question’s correct answer rather than how the 

system works” (p. 268). 

The participants stated that the item contents were clear and understandable in terms of visual 

properties and content. Moreover, the numbers of ones who claimed that they encountered 

easier and more difficult questions than they could do are quite close to each other, which means 

there is no apparent agglomeration of a particular view. Although it is stated that CAT provides 

the individuals to encounter the questions which are consistent with their skills as a working 

principle in theory, Linacre (2000) states that this situation creates different situations in terms 

of the perception of the individuals with high performance. Highly skilled individuals are 

accustomed to a 90% correct response rate in paper-and-pencil applications. However, in CAT 

application, the more correct answers an individual gives, the more difficult questions he or she 

encounters and the success of the that person is determined jointly by the person's performance 

with the item selection algorithm. This may cause the successful individuals to be surprised 

during the test. 

When the study group’s experience with computers is examined, it is seen that the majority of 

the group is a computer user for more than 3-5 years. Computer familiarity is a variable that 

has been studied in various aspects of CAT applications in the literature. When the literature is 

examined, it is possible to come across findings that state that there is a relationship between 

computer familiarity and attitude towards computer (Powers & O’Neill, 1993; Wilder, Mackie, 

& Cooper, 1985) and the relationship between familiarity and attitude towards computer testing 

(Burke, Normand & Raju, 1987). Similarly, in this study, it was found that the majority of the 

study group (86.4%) had a high computer familiarity and likewise, the majority of the group 

(89.3%) preferred to take the test in the computer environment. Similarly, the majority of the 

study group (67%) stated that they did not experience any anxiety about computerized testing. 

In some studies (Kernan & Howard, 1990; Powers & O’Neill, 1993), while there was a 

relationship between familiarity and computer anxiety, Kim and McLean (1995) stated that 

individuals' participation in paper-and-pencil form or CAT application did not make a 

significant difference in terms of anxiety towards testing. 

It is possible to say that the most basic point that individuals are not satisfied with is the lack of 

opportunity to review their answers. The majority of the group (95%) stated that they would 

prefer to go back and check their answers. This finding is consistent with the study conducted 

by Schmidt et al. (1978). On the other hand, Vispoel (1998, 2000) worked on two groups in 

which the students were allowed and were not allowed to return to their answers in the 

computer-based exam in their studies and examined the answer patterns. As a result of both 

studies, a very small percentage (3-5%) of the students changed their answers. In addition to 

this, it was stated that there was no significant difference between the groups who changed their 

answers and those who did not. 

This research has certain limitations. Because the items were randomly assigned to respondents 

in the e-examination administered by MoNE, the 377 new items that were generated were not 

responded to by a sufficient number of candidates and thus were not included in the analysis, 

although the initial number of items in the pilot study was higher (876 items). In future studies 

on this subject, necessary precautions must be taken to ensure that every candidate driver is 

given new items at a certain rate in the e-exam. Another limitation is that the items in this study 

were multiple-choice questions and fitted the 3PL IRT model well. In future work, open-ended 

items with restricted responses can also be used in ECODL tests in addition to multiple-choice 

questions. In this case, psychometric results can be tested by sampling these items, and the 

precision of capability estimation between multiple-choice questions and mixed ECODL CAT 

test questions can be compared. 

http://www.sciencedirect.com/science/article/pii/S0747563203000463#BIB14
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In this study, item exposure was not considered in the e-ECODL applied as live CAT. Item 

exposure represents the number of times a given item is used in all CAT applications 

(Georgiadou, Triantafillou & Economides, 2007; Revuelta & Ponsoda, 1998). It is associated 

with the validity of test scores and is intended to prevent changes in level of difficulty of 

questions in case test takers are familiar with a few. Future work can examine the effects of the 

incorporated use of item exposure with other termination strategies by considering different 

values of the reliability of proficiency estimation. 

The MoNE carries out ECODL e-exam applications in 31 different halls. According to the 

findings obtained in the study, it is recommended that the MoNE should increase the number 

of halls and use other advantages provided by the computerized examination. The most 

important of these advantages is the inclusion of questions that determine the risk-taking 

disposition of individuals. It has been concluded that measuring this skill with internet or 

computer-based tests instead of traditional paper-and-pencil tests reduces both costs and 

increases the validity (Horswill & Coster, 2001; McKenna & Horswill, 1999). It is 

recommended to increase the size and quality of the ECODL item pool, to ensure the protection 

of confidentiality of items, and to carry out more studies on the transition to CAT application. 

Taking into consideration the opinions of individuals regarding CAT application, it is thought 

that CAT application can be started in ECODL theoretical exam with the arrangements made 

based on these research findings. 
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