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Abstract

This study examines the applicability of Discrete Option Multiple Choice [DOMC] items in secondary
school mathematics. The test included 25 questions, with 10 being traditional multiple-choice and 15
being DOMC items. Data were collected from 725 secondary school students during the second term
of the 2020-2021 academic year. Among these students, 491 (68%) were in 7th grade and 234 (32%)
were in 8th grade; 391 (54%) were female, and 334 (46%) were male. The findings revealed significant
differences between the two item types, especially in high scores, using Classical Test Theory [CTT].
However, Item Response Theory [IRT] analysis showed that the question type did not affect
estimations of students' ability levels, thus reducing errors in extreme values. This suggests that
DOMC items do not significantly impact students' total scores when parameter estimations are
performed using IRT instead of CTT. Additionally, some Traditional Multiple Choice [TMC] items
were adapted into the DOMC format to test the applicability of various question types in this format.

Keywords: Classical test theory, discrete option multiple choice, item response theory, mathematics
achievement, traditional multiple choice.

Introduction

Student years are essential for observing the impact of assessments and evaluations of
our lives. When national (Evaluation of High School Entrance Exam), (Examination for
Transition to Higher Education), etc.) and international (Scholastic Aptitude Test [SAT]),
(Graduate Record Examination [GRE]), etc.) standardized tests are considered, the
measurement and evaluation processes become an influential agenda for all stakeholders in
education (Cohen & Swerdlik, 2018; Erdogan, 2003; Janda, 1997; Popham, 1999). Student
success was evaluated based on the results of achievement tests. However, high-stakes tests,
which are used to transition between levels and continue higher education, direct the
educational processes with exams (Vidal Rodeiro & Macinska, 2022). Mathematics tests
determine the decisive role of these examinations. The attainment of success by students in the
field of mathematics holds paramount importance, not solely for academic achievements but
also in sculpting the trajectories of their future professional careers (Forsblom et al., 2022;
Wainer et al., 2015). Although only multiple choice questions were used in these exams, the
answers did not show the details the students's mathematical thinking process. Therefore,
students' abilities and real success cannot be precisely measured (Burt, 1911; Burt, 1972; Davis
et al., 1993; Gooddenough, 1926; Lowell, 1919; Porteus, 1915; Woodworth, 1910).

Multiple choice tests are extensively utilized because of their ability to objectively
evaluate, which is regarded as their most important feature (Baker, 2001). However, there are
other sorts of multiple choice items, with Traditional Multiple Choice [TMC] items being the
most common. Furthermore, multiple choice items can take various forms, such as matched
multiple choice, best-answer, broad-matched, true-false, multiple true-false, content-
dependent item sets, and Discrete Option Multiple Choice [DOMC] items (Foster & Miller,
2009).

Despite the widespread use of TMC, it has some limitations, the most notable being
cheating and test wiseness. These limitations negatively affect tests's psychometric properties
when there are measures other than the information a test wants to measure. In TMC tests, the
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respondent chooses the alternative he thinks is most likely correct rather than directly
revealing his knowledge. This selection was based on a comparison of all options at the same
time. As a result, another critical disadvantage of the TMC item-containing test type is that it
allows for the extraction or creation of indications pointing to the correct answer by comparing
alternative answer options (Holmes, 2002). In this case, the person taking the test can answer
questions using clues from the TMC item. The ability to answer questions using such clues in
TMC items is called test wiseness (Gibb, 1964). Thus, individuals can find the right solution
and increase their test scores by comparing the options without knowing the question using all
available answer options (Bailey et al., 2022; Rost & Sparfeldt, 2007). The mere use of
unwanted cues cannot decipher TMC items in carefully constructed and evaluated tests if
practical item writing guidelines are followed (Adediwura et al., 2021; Haladyna & Downing,
2004). Even an experienced item writer, however, needs considerable effort to develop a
genuine TMC item. Many TMC items are generated under time constraints by writers who need
more excellent test development experience (Fagley, 1987). Thanks very much for your
comment. The sentence has been corrected and written again (Foster & Miller, 2009). Many
of these items can be answered without training or appropriate knowledge due to the wisdom
cues they frequently contain (Alnasraween et al., 2022; Lions et al., 2022; Rotthoff et al.,
2008).

Differences among individuals with test wiseness skills allow candidates with high test
wiseness to be rewarded while punishing individuals who do not possess these skills (Baker &
Baker, 2022; Taylor & Gardner, 1999). In psychometric terms, situations such as test wiseness
and cheating appear as Construct-Irrelevant Variance [CIV] elements because they affect the
results of test scoring containing TMC items (Guo et al., 2022). Therefore, each point obtained
represents both knowledge and skill on the subject and CIV elements (test wiseness, cheating,
etc.). Increasing CIV jeopardizes the test's construct validity (Haladyna & Downing, 2004; Zhai
et al., 2021). One with high test wiseness or cheating can acquire dramatically different scores
from people with the same degree of knowledge or skill. Given the scores, grades, certificates,
or admissions obtained in this way, people with skills unrelated to the structure may come to
the fore. Various TMC item formats have been proposed to reduce anxiety and to create validity
and its effect on TMC test scores (Rodriguez, 2005).

As a result, tests with TMC items frequently contain solution hints and are thus
sensitive to test wiseness. Similar problems are likely to be encountered, as these suggestions
involve simultaneously presenting the test-taker with a choice of answers. The DOMC tests, as
posited by Foster and Miller (2009), represent a prospective avenue for mitigating
apprehensions related to test wiseness and cheating, presenting a viable substitute to the
conventional TMC tests. Analogous to TMC items, DOMC items consist of a stem, the correct
answer, and alternatives. However, they diverge fundamentally in two key aspects. Primarily,
in DOMC items, response options are presented sequentially rather than simultaneously, each
accompanied by a true or false designation. Participants are tasked with individually deciding
on each option as it is presented sequentially, with the order randomized and no opportunity
for revisiting or altering previous responses, a procedural characteristic exclusively applicable
prospectively (Foster & Miller, 2009; Kingston et al., 2012). Secondarily, the DOMC test
employs three distinct conditions to conclude the processing of an item. Termination occurs
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without further presentation of response options when any of these conditions are met: (a) the
correct solution is completed (rendering additional options unnecessary), (b) the correct
answer is rejected, or (c¢) the distractor is accepted as correct. In conditions (b) or (c) apply,
additional answer options are deemed redundant, as the item has already been considered
incorrect. Consequently, the presentation of options concludes upon the correct or incorrect
resolution of DOMC item, in contrast to multiple-choice items that provide all answer options
regardless of correctness. Foster and Miller (2009) further advocate for incorporating an
additional option with a probability of .50 after the initial scoring of the item. This approach
aims to diminish participants' ability to confidently discern the accuracy of their responses,
thus enhancing the evaluative challenge. There are few studies on this subject (Bolt et al., 2012,
2018, 2020; Eckerly, 2017, 2018; Foster and Miller, 2009; Funk et al., 2010; Gorney and
Wollack, 2022; Kingston et al., 2012; Papenberg et al., 2017, 2019; Papenberg, 2018; Willing
et al., 2015), and there were no studies on DOMC item use in determining secondary school
mathematics achievement.

This study examined the usability of DOMC items in measuring mathematics
achievement. In this sense, comparing the psychometric properties of the DOMC item format,
which is believed to provide an alternative solution to some of the limitations experienced in
applying TMC items, will make an essential contribution to the literature. This study on the
use of DOMC items, recently introduced in the literature, will contribute to the field. When the
literature is examined, it is observed that there is no study at the middle school level, and at
the high school level, only one study (Kingston et al., 2012) has been conducted. Furthermore,
limited investigations on DOMC items based on actual data on importance and test criteria
indicate that this study will substantially contribute to the literature.

To achieve this aim, the research problem is: How are DOMC and TMC test features
compared to item response and classical test theories?

The subproblems of the problem statement are as follows.

1. How are the item and test characteristics of the DOMC and TMC tests compared to
the CTT? Is there a statistically significant difference between the item difficulty indices?

2. According to the IRT what are the item and test parameters of DOMC and TMC tests?

3. How do the DOMC and TMC tests affect candidates' success? Is there a statistically
significant difference between the students' test achievement scores?

Method

This section provides information on the type of research, the study group, the
data collection process, the data collection tool used, and the data analysis.

Research Model

This study examined student mathematics achievement variations using TMC and
DOMLC test items. Success scores were compared to CTT and IRT, revealing similarities and
differences. In this respect, a descriptive quantitative research model was used. The descriptive
quantitative research model is a research method aimed at describing the current state of a
specific group, situation, or event as it is. This model is used to describe, analyze, and draw
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various conclusions about the current state of the research subject through observations
related to this situation (Fraenkel et al., 2012).

Participants

The study group consisted of 853 students in the 7t and 8t grades studying in five
different secondary schools in Ankara. The study did not include one hundred twenty-eight
data from these students with missing data problems. It was observed that all students with
missing data issues had incomplete answers to the exam questions. Therefore, the studies of
these students were not included in the research. The research groups are presented in Table
1.

Table 1.

Study Group of the Research
Gender/Grade level 7th 8th Total
Female 261 130 391
Male 230 104 334
Total 491 234 725

Table 1 shows the 725 students in the study group. While 491 (68%) of the students
were in the 7t grade, 234 (32%) were in the 8t grade. The study group included 391 (46%)
female students and 334 (54%) male students.

Data Collection Process

Research data was collected during the second semester of the 2020-2021 academic
year. The data were collected through the “Scorpion™” platform prepared by Caveon for online
testing (Caveon, 2020). This platform allows the test content to reach the students online. The
application, planned to be carried out in schools due to the covid-19 pandemic, was conducted
online through this platform. Questions were created, and data were collected using the same
TMC and DOMC items platform.

Before the data collection process, a video introducing the platform interface was
prepared for the students. A ten-question trial exam was prepared for students to recognize
the system and have information about the multiple choice item format with discrete options.
Along with the introductory video, the trial exam has also been activated, so preparations
before the final application have been completed.

A ten-question trial exam was prepared to ensure students were familiar with the
system and the DOMC item format. Alongside an introductory video, the trial exam was
activated, thus completing the preparatory phase before the final implementation. The link to
the online test prepared for the final application was shared with the school administrations.
Some students accessed the system and completed the exam during math class hours in certain
schools, while others used the application outside of regular class hours. Upon entering the
system, students encountered a screen that progressed step by step (Figure 1). During the data
collection phase, in the event of technical issues, the researcher intervened in the system to
enable students to resume the exam.

On the screen with exam questions, the exam duration and number of questions are on
the upper left screen. Accordingly, students can see which question they are in from the
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question numbers on the upper-left screen. Although there were 25 questions in total in the
exam, 15 consisted of DOMC, and 10 were TMC items. The number of items in DOMC is greater
than the number of items in TMC. This is because there is a requirement in DOMC to write
multiple items measuring the same question for some of the items in TMC. In this respect, the
number of DOMC and TMC items in the system is the same. Another critical issue in the system
is the difference in the order of questions for each student at this stage. The system
automatically and randomly assigns questions to each student. Accordingly, each student's
order of true and false statements on the DOMC items and distractors on the TMC items varied.
The system completely automated this process. After seeing all the questions, the students who
completed the 25™ question received an exam completion warning on the next screen. Students
who completed the exam were directed to the screen to learn about the results. At this stage,
students can see the scores obtained from the exam.

Figure 1.
Exam Screenshots
1. Socket & Fessed
2 Ping Faned
3. Download Possed
4. Upload Faaset
5. Cooldes Puaned
F s ] &, Browser [o—
[ soron Lo o
@ - EITITTTE

Students see their scores and exam times on the exam results screen. The data
collection process was completed between 1-31 May 2021 for all schools participating in the
research. The purpose of determining these dates was for all students to complete their lectures
on the question items used. All students voluntarily participated in the study, and each student
who completed the study was given a pencil.

Data Collection Tool

As a data collection tool in the research, within the scope of TUBITAK's 1003 Priority
Areas Research and Development Projects Support Program, "Investigation of Some Variables
Regarding the Level of School and Students Affecting Turkish, Mathematics and Science
Course Success and Development of Policy Suggestions for 7th and 8t Grade Students." (Project
No. 117K851), a standardized mathematics test developed within the project's scope, was used
as a data collection tool.
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In the research, it was decided to utilize 20 selected items from the final multiple-choice
test comprising 25 questions developed for the 7t-grade level within the scope of the project.
However, due to the prolonged closure of schools resulting from the global covid-19 pandemic,
the possibility of face-to-face implementation was eliminated. Consequently, it was decided to
prepare the application in a single session, incorporating both discrete multiple-choice and
multiple-choice items. To achieve this, it was agreed to use 10 items from the 20-item form.
DOMC items were created for each selected TMC item using the same stem. For some TMC
items, 2 or more questions were written as DOMC items. Table 2 shows the item specifications
of the chosen TMC items according to CTT.

When examining Table 2, it can be inferred that the test items exhibit medium difficulty
and discrimination according to CTT. Discrimination indices range from .28 to .53, while item
difficulties vary between .32 and .74, and the KR-20 reliability coefficient was found to be .76.

Table 2.
Data Collection Tool CTT Item Parameters
Items Discrimination Item difficulty Item standard deviation

116 .38 .74 44
Iny .51 .60 49
118 .33 .52 .50
Ing .32 .38 .49
I20 .44 .42 .49
I21 .28 .32 47
I22 .53 .52 .50
I23 53 -59 49
I24 .45 .65 48
125 .48 .53 .50

When the data were examined according to IRT, a three-parameter model was observed
according to the model data fit. The obtained data are listed in Table 3.

Table 3.
Data Collection Tool IRT Item Parameters
Ttems a parameter b parameter c parameter
(Discrimination) (Item difficulty) (Guessing)
116 1.512 -.828 .097
Iy 1.962 -.328 .000
118 .803 -.117 .001
Iig 2.326 1.021 .230
I20 2.889 .671 101
121 3.395 1.215 .214
I22 4.359 .282 .210
I23 3.173 -.008 167
I24 2.652 -.054 .268
125 3.198 .338 .227

Table 3 shows that parameter a varied between .893 and 4.359, parameter b varied
between -.828 and 1.215, and parameter c varied between 0 and .268. Theoretically, the
discrimination parameter (a) can range from o to positive infinity. Higher values indicate that
the item is more effective at discriminating between individuals with different latent trait
levels. The difficulty parameter (b) typically ranges from negative to positive infinity. Negative
values indicate easier items and positive values indicate more difficult items. The guessing
parameter (c) has a range from 0 to 1. A higher value of c indicates a higher chance of guessing
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correctly (Baker & Kim, 2004). When Table 3 is examined, the questions are of medium
difficulty and discrimination, and guessing is low.
The item characteristic curves of the data according to the IRT are shown in Figure 2.

Figure 2.
Data Collection Tool Item Characteristic Curve
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Figure 2 shows that the probability of solving the other items by chance is high, except

for three items (items 16, 17 and 18), according to the item characteristic curves obtained

according to the three PLM. In addition, it was found that the b parameters generally showed

a distribution of approximately o (zero). Figure 1 shows that the slope parameters, indicators

of the parameters, are also close to each other. The IRT reliability coefficient was calculated as
.62.

Preparing Discrete Option Multiple Choice Items

While preparing discrete options for multiple choice items, a plan was made to prepare
at least one question for each TMC item. Owing to the nature of the DOMC, more than one
DOMC was ready for some TMC items. While preparing the items, multiple choice item roots
were preserved, and similar questions were created by making changes only in numerical
information. Table 4 shows the sequence of the items in the applied test as well as their
distribution according to multiple choice item groups.

Table 4 shows that the first 15 items in the test are multiple choice with discrete choice,
while the latter ten are regular multiple choice, for a total of 25 items. Four DOMC items (1, 2,
3, and 4) were written to provide the sixteenth question from the TMC items. Similarly, two
DOMC (5, 6) items were written in response to the seventeenth TMC question. Two DOMC (8,
9) items were written in response to the nineteenth TMC question. One DOMC item was
written for the other TMC items on the test. The main reason for writing more than one
question for some TMC items was to ensure that the questions could be measured similarly
while being converted to DOMC items.
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Table 4.
Ranking and Distribution of the Items in the Test
DOMC items TMC items

In Ii6
I2
I3
I4
15 117
16
I7 118
18 I1i9
I9
Iio I20
I11 I21
Ii2 I22
113 I23
I14 I24
115 125

When Table 4 is examined, for example, the 17 question prepared as a TMC question
is given in Figure 3.

Figure 3.
TMC Question 17
17. Some equations are given below.

(14.8) + (8.A)=20.8
(O.5)+(5.3)=10.5
Which of the following numbers should replace the symbols Aand (] in these

equations?

A O
A 6 9
B) 5 7
c) 5 9
D) 6 7

For the TMC question 17 in Figure 3, questions 5 and 6 in the DOMC item type were
given in Figure 4.
Figure 4.
DOMC Questions 5 and 6
5. The number to replace the symbol O in the equation (12.6) + (6.0) = 21.6;

7
8
9
10
11

6. The number to replace the symbol © in the equation (0.7) + (7. 8) =12.7;

2

3
4
5
6
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Analysis of Data

CTT and IRT were used to analyze the data to address research problems. Basic
information about these theories is presented in detail on the theoretical basis of this study.
Item and test statistics were calculated according to CTT. As a result, the item discrimination
and difficulty of the items were determined, as were the average difficulty and discrimination
of the test and Cronbach's alpha reliability coefficient. The model data fit for TMC items was
analyzed using IRT, and item statistics (a parameter (discrimination), b parameter (item
difficulty), ¢ parameter (guessing), and test reliability coefficient) were provided. DOMC's
model data fit was investigated using Testlet Response Theory [TRT], and the test's reliability
coefficient was computed using item statistics.

Limitations and Assumptions

We need to acknowledge the readers for certain limitations and assumptions before
discussing the results. Although the TMC item test paper-pencil form of the research and the
DOMC test was planned to be applied face-to-face at school with a computer program, because
of the covid-19 pandemic conditions, it could be used by the students online. The data
collection for this study was facilitated through the utilization of the "Scorpion™" platform
developed by Caveon. It is imperative to acknowledge that a limitation inherent in the study
arises from the automated structuring of the order of questions and options by the program.
With these limitations, we made some assumptions in our study. It was assumed that each
candidate performing the test was adequately performed. Each candidate was assumed to use
computer communication technologies (Information and Communications Technology or
Technologies [ICT]). It is assumed that each candidate answered questions independently. All
participants are assumed to know basic expressions such as "YES" — "NO."

Although Turkish expressions have been added to computer programs, the interface is
still in English.

Ethical Permits of Research:

In this study, all the rules specified to be followed within the scope of "Higher Education
Institutions Scientific Research and Publication Ethics Directive" were complied with. None of
the actions specified under the heading "Actions Contrary to Scientific Research and
Publication Ethics", which is the second part of the directive, have been taken.

Ethics Committee Permission Information:

Name of the committee that made the ethical evaluation = Hacettepe University Ethics
Committee

Date of ethical review decision= 25.02.2020

Ethics assessment document issue number= 51944218-300/00000987002
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Findings

This section analyzes the findings to answer the research questions, and the answers to
each problem are presented. The findings obtained from the data analysis were converted into
tables and graphics.

Research Problem 1: Comparison of Item and Test Properties of

DOMC and TMC Tests with CTT, and Examination of the Statistical
Significance Between Item Difficulty Indices

The discrimination and difficulty indices of the DOMC and TMC test items and test
statistics were calculated based on the CTT to answer the first research question above. The
calculated items and test statistics are presented in Tables 5 and 6.

In Table 5, item discrimination and item difficulty indices for the DOMC items are
presented. When the findings were examined, the lowest discrimination item was 13 (.05), and
the highest was 5 (.58). When item difficulties were discussed, it was found that the easiest
item was 3 (.74), and the most difficult item was 10 (.12). The mean discrimination in the
DOMC items was .39, and the mean item difficulty was .43. For 15 DOMC items, Cronbach's
alpha reliability coefficient was .78.

Table 5.
Item and Test Statistics for Discrete Option Multiple Choice Items
Items Discrimination (rjx) Item difficulty (pj)
1 .44 .58
2 45 57
3 47 74
4 .37 49
5 .58 57
6 .58 -57
7 .05 .24
8 41 .33
9 .38 33
10 a1 12
11 .33 15
12 .56 .34
13 .05 .22
14 .46 .59
15 .56 -55
M -39 43
Reliability (Cronbach alpha) .78

CTT presents the data obtained from TMC test items in Table 6. In Table 6, item
discrimination and item difficulty indices for the TMC items are presented. When the findings
were examined, the lowest discrimination item was 19 (.35), and the highest was 22 (.53).
When the item difficulties were concerned, it was seen that the easiest item was 24 (.72), and
the most difficult item was 21 (.32). The item difficulty was .53, while the mean item
discrimination of multiple choice items was .44. Cronbach's alpha reliability coefficient for ten
classic multiple choice items was .78.
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Table 6.
Item and Test Statistics for Traditional Multiple Choice Items
Items Discrimination (rjx) Item Difficulty (pj)
16 42 .64
17 48 .62
18 .36 .54
19 -35 -39
20 .52 .33
21 .36 .32
22 53 -54
23 .47 .65
24 41 72
25 .51 .52
M 44 53
Reliability (Cronbach alpha) .78

The z-ratio test examined whether a statistically significant difference existed between
item difficulty indices. When the findings were examined, it was determined that the item
difficulty indices calculated for both item types of all items except item 15 showed statistically
significant differences. Accordingly, all item difficulties, except item 15, obtained from the TMC
item type were found to be statistically significance, that is, easier than the DOMC. Table 7 lists
the item difficulty indexes of the DOMC and TMC items.

Table 7.
Comparison of Item Difficulty and Discrimination of DOMa and TMC Items
Items Items ) . Cohen’s . . Cohen’s
TMCe DOMCes D¢ Pi¢¢ P h rjxé - rjxes z q
1
2 *
16 3 .64 .59 .03 .09 42 .43 -.47 .01
4
17 g .62 .57 .01* 11 .48 .58 -5.34% 14
18 7 .54 .24 o* .61 .36 .05 16.21% .32
8 * *
19 9 .39 .33 0 14 .36 .39 -2.04 -.05
20 10 .33 12 o* .51 .52 a1 21.29* .46
21 11 .32 .15 o* .40 .36 .33 1.35% .03
22 12 .54 .34 o* 41 .52 .56 -1.84 -.05
23 13 .65 .22 o* .90 47 .05 23.08*% 47
24 14 .72 .59 o* .28 41 .46 2.46* .06
25 15 .52 .55 .23 -.06 .51 .56 -2,29% -.06

4TMC, ¢ ¢DOMC, *p<.05

Research Problem 2: Determination of Item and Test Parameters of
DOMC and TMC Tests According to IRT

The item and test parameters of the DOMC and TMC test items were calculated based
on IRT to answer the second research question above. The data from the DOMC, according to
IRT, were analyzed using the TRT model. Preliminary to the analyses, the assessment involved
comparisons with diverse fit criteria to adjudicate the most appropriate model. Based on the
results garnered, the 2PL-TRT model emerged as the optimal choice, as evidenced by its
minimal AIC, BIC, and DIC values coupled with the highest log-likelihood value. Further
scrutiny included an examination of S-X2 statistics to evaluate the conformity of item model-
data fit. Upon review, it was ascertained that all items demonstrated compliance within the
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framework of the 2PL-TRT model. When the model data fit was examined, it was observed that
the data were compatible with the two-parameter TRT model (2PL-TRT). The obtained data

are presented in Table 8.

Table 8.

a and b Parameters according to TRT for DOMC Items

Items a parameter (Discrimination) b parameter (Item difficulty)
In 814 .287
I2 .848 .255
I3 1.190 1.063
I4 .588 -.001
I5 1.721 .436
16 1.689 426
17 .047 -.606
18 .807 -.633
Io 756 -.621

Iio 131 -1.166
I11 .583 -1.188
Ii2 1.334 -.635
113 .029 -.767
I14 .898 .311

15 1.359 -275

M .852 -.176

Reliability coefficient

.810

When Table 8 was examined, it was seen that the highest parameter was in item 5
(1.721), and the lowest was in item 13 (.029). These results are consistent with the CTT results.
As shown in Table 8, the lowest b parameter was Item 11 (-1.188), and Item 3 (1.063) was the
highest. These results differed from the CTT results. This is because the items were grouped
while calculating the TRT parameters of items 1-4, 5-6, and 8-9. However, in the CTT, the

parameters were calculated, assuming that each item is independent. The TRT reliability

coefficient for the DOMC item score was .81.

When the model data fit of the data obtained from the TMC test items according to IRT
was examined, it was observed that the data were compatible with the three-parameter IRT

model (3PLM), and the item parameters were calculated within this framework. The obtained

data are presented in Table 9.

Table 9.

IRT Results on Traditional Multiple Choice Items

Items

a parameter

b parameter

c parameter

(Discrimination) (Item difficulty) (Guessing)
116 1.788 -.208 .193
I1y 2.559 -.100 .199
118 1.039 -.177 .004
Iig 2.464 .958 .229
120 4.865 754 119
121 3.886 1.023 173
I22 4.535 272 .244
I23 2.934 -.071 277
I24 1.825 -.799 .001
I25 4.927 -390 -257
M 3.082 .204 .169
Reliability coefficient .610
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When Table 9 is examined, it is seen that the highest parameter is in item 25 (4.927),
and the lowest parameter is in item 18 (1.039). In Table 9, it was found that the item with the
highest b parameter was Item 21 (1.023), and the lowest was Item 24 (-.799). According to the
results of the IRT, the easiest item was 24, while the most difficult item was 21. Upon scrutiny
of the guessing parameter, it is observed that the minimum chance of guessing for an item is
24 (.001), whereas the maximum is 25 (.257). The computed KR-20 reliability coefficient for
the TMC item scores is .61.

The item characteristic curves for TMC items are given in Figure 5. When Figure 5 was
studied, it was noted that the likelihood of solving the other items by chance was relatively
high, except for two items (items 18 and, 24), according to the item characteristic curves
derived according to 3PLM. In addition, the b parameters generally exhibit a distribution of
approximately 0 (zero). It can be asserted that the slope parameters, serving as indicators of
the parameters of the items, exhibit a noteworthy proximity to one another.

Figure 5.
Item Characteristic Curve of TMC Items
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The critical finding obtained from the second subproblem of the study, when IRT
calculated the scores obtained from the DOMC and TMC tests, gave close results compared to
the raw scores obtained from CTT analyses. While there were significant differences between
the two item types in the CTT analyses (Table 5, 6 and 7), particularly in high scores, the
estimations of the student's ability levels in the IRT (Table 8 and 9) analyses were not affected
by the question type, reducing the errors that may occur in extreme values.

Research Problem 3: Investigating the Effect of DOMC and TMC
Tests on Candidates' Achievement and Determining Statistically
Significant Differences between Students' Test Achievement Scores

To address this research problem, four graphs are examined. In the first graph, Figure
6 shows the raw scores obtained from the TMC test on the x-axis and the raw scores from the
DOMC test on the y-axis.
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Figure 6.
CTT Score Chart
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According to Figure 6, there is a linear relationship between the scores obtained from
both test types. Observed scores are indicated by dashed blue lines in the middle of the figure,
while blue lines in the middle indicate expected scores. The fact that these two lines almost
overlap indicates that the expected and observed scores were very close. This shows a linear
relationship between the TMC and DOMC scores. Most of the total scores are at the 95% lower
and upper limits of the observed score line. Another remarkable situation in this graph is that
the expected score linear line cuts the x-axis at an angle of less than 45°. This indicates that the
total points students receive from the DOMC items are lower than those from the TMC items.

Figure 7 shows students' raw scores on the x-axis and student density on the y-axis. The
red and blue lines represent the DOMC and TMC scores, respectively. Although the
distributions of the scores obtained from both test types for low and medium scores were
similar, student densities were higher in the DOMC-type items. This shows that students have
more difficulties with the DOMC items. With a total score of 6.5, it was discovered that the
number of students in the total scores of the two question types differed significantly. This
shows that separation can be performed better in the DOMC test, especially with high scores.

Figure 8, on the x-axis, shows theta ability levels estimated according to the IRT
obtained from the multiple choice test. On the y-axis are the theta ability levels estimated
according to the IRT obtained from the discrete multiple choice test.

In Figure 9, on the x-axis, the students' IRT theta ability level values from the test are
located, and on the y-axis, the student density.

In Figure 9, like Figure 7, the red line indicates DOMC theta ability levels, and the blue
line indicates TMC theta ability levels. The distribution of scores obtained from the two test
types was consistent. The estimations of students' ability levels with the IRT were not affected
by the type of question as with the CTT.
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Figure 7.
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There was no statistically significant difference between IRT-calculated student theta
levels (t(724) = -.34, p =.735, d = -.01). According to the CTT, the total scores obtained from
TMC items were statistically higher than the total scores obtained from the DOMC items (t

(724) = 23.89, p < .001,d = .89).

Figure 8.
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Figure 9.
IRT Theta Ability Level Density Graph
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Discussion and Conclusion

This study examined the variation in students' mathematics achievement according to
TMC and DOMC items, and answers were sought from research questions created within this
framework. In this section, the results obtained based on the analysis of the research and the
findings are presented by comparing them with other studies in literature. In addition, various
suggestions were made for practitioners and researchers based on the information gained
during this research.

In this study, the mathematics achievement of 725 secondary school students was
compared using the DOMC and TMC item formats. The results obtained because of this study
are as follows.

1. When scrutinizing the questions employed in the research, ten items were prepared
for TMC, and parallel to these items, fifteen items were developed for DOMC (refer to Table
4). Notably, in the case of certain TMC items, it became imperative to compose multiple items
adhering to the DOMC format rather than a singular item (refer to Figures 3 and 4). This
distinction assumes significance, indicating a variance in the nature of DOMC items and the
format employed in question construction compared to TMC optional items.

2. A vital feature of DOMC items over TMC items is that the correct and distracting
numbers can be changed in their options. This feature of DOMC items has been used in most
studies (Eckerly et al., 2017; Papenberg et al., 2017, 2019). In this study, as in previous studies,
in writing the options for DOMC items, one correct and three incorrect options are presented
for five items, one correct and four incorrect options for three items, one correct and five
incorrect options for four items, one correct and six incorrect options for one item, two correct
and four incorrect options are presented for one item, and three correct and four incorrect
options are presented for one item. Since each participant has different options, DOMC items
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provide a significant advantage over TMC items. It has been observed that more than one
correct option can be written for some questions depending on the nature of the items so that,
unlike TMC items, questions that do not have only one correct answer for an item can be
produced.

3. DOMC items can be applied on a computer-based basis. For this, the software is
required to write DOMC item-type questions. When the literature is examined, it is stated that
different software (Webassessor™, Unipark, Macro-supported PowerPoint) are used, but the
software used in many studies is not specified. This study used the Caveon Scorpion, one of the
few software programs suitable for the DOMC item format. The researcher obtained a one-year
free usage permit for this study. The software used is ideal for the simultaneous use of DOMC
and TMC item formats. However, it has been observed that there is no user interface for
organizing the data in the reporting process. Another situation is that the DOMC item type is
patented, and using these items in a test or exam requires a license. This creates the DOMC
item type at a disadvantage. Although there is no charge for the use of the item type for research
and trial purposes, the limited number of test distribution software that supports DOMC item
types, and the fact that they charge a fee in this regard, can be expressed as another critical
disadvantage.

4. Throughout the course of the research, several challenges were encountered
concerning the implementation of the DOMC item type. Primarily, participants accustomed to
the TMC item format faced potential difficulties, prompting the initiation of a preliminary trial
application to mitigate the impact of this circumstance. Secondly, challenges arose in the
domain of item construction, where comprehensive parallelism between DOMC items and
certain questions amenable to the TMC format proved unattainable. Furthermore, it is
noteworthy that DOMC, as a computer-based item type, introduces potential complexities,
particularly when implemented through specific software. The foremost challenge in this study
pertains to the sequential presentation of options and, notably, the placement of the correct
answer. Given the potential impact on participants and the consequential influence on the
psychometric quality of tests incorporating DOMC items, addressing this aspect is paramount.

The results obtained from the first problem of the study are like the results in the
literature, and it was observed that students had more difficulty in DOMC item types than TMC
items (Foster & Miller, 2009; Funk et al., 2010; Kingston et al., 2012; Samuel & Hinson, 2012;
Willing, 2013). This situation may depend on factors such as the ordered presentation of
options in multiple-choice items, the possibility of multiple correct answers for certain
questions, and the use of different options for each participant in DOMC items. Upon
examination of item difficulty index comparisons, disregarding the effect size signs, it is
observed that these comparisons span a range from .06 to .90. Consequently, it is discerned
that 4 comparisons exhibit a small impact, 5 manifest a medium impact, and 1 reflects a high
impact.

In Table 7, the item discrimination indexes for TMC test range from .36 to .52, while
for DOMC test, the range is observed to be between .05 and .58. Upon comparing the item
discrimination indexes of analogous items, a statistically significant difference is evident across
all items, except for two. Despite variations in the item discrimination index for items
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measuring the same construct, there exists a general proximity between the item
discrimination indexes of the two tests. Upon scrutinizing the effect sizes irrespective of their
directional signs, the observed range spans from .01 to .47. Hence, it is inferred that 7
comparisons yield a small effect, while 3 exhibit a medium effect.

Based on the findings obtained, the test scores were reliable. The reliability coefficients
of the scores obtained for both item types were the same. Accordingly, while Cronbach's alpha
reliability coefficient for the DOMC first 15 items and the last 10 TMC items of the test scores
was .78, Cronbach's alpha reliability coefficient was .87 for the scores obtained from all
questions in the test. When we look at the literature, a similar result was obtained in the study
of Willing (2013). Considering the ascertained results, one may posit that the test scores are
reliable.

The results obtained from the first problem of the study are like the results in the
literature, and it was observed that students had more difficulty in DOMC item types than TMC
items (Foster & Miller, 2009; Funk et al., 2010; Kingston et al., 2012; Samuel & Hinson, 2012;
Willing, 2013). This situation may depend on factors such as the ordered presentation of
options in multiple-choice items, the possibility of multiple correct answers for certain
questions, and the use of different options for each participant in DOMC items. Upon
examination of item difficulty index comparisons, disregarding the effect size signs, it is
observed that these comparisons span a range from .06 to .90. Consequently, it is discerned
that 4 comparisons exhibit a small impact, 5 manifest a medium impact, and 1 reflects a high
impact.

In Table 7, the item discrimination indexes for TMC test range from .36 to .52, while
for DOMC test, the range is observed to be between .05 and .58. Upon comparing the item
discrimination indexes of analogous items, a statistically significant difference is evident across
all items, except for two. Despite variations in the item discrimination index for items
measuring the same construct, there exists a general proximity between the item
discrimination indexes of the two tests. Upon scrutinizing the effect sizes irrespective of their
directional signs, the observed range spans from .01 to .47. Hence, it is inferred that 7
comparisons yield a small effect, while 3 exhibit a medium effect.

Based on the findings obtained, the test scores were reliable. The reliability coefficients
of the scores obtained for both item types were the same. Accordingly, while Cronbach's alpha
reliability coefficient for the DOMC first 15 items and the last 10 TMC items of the test scores
was .78, Cronbach's alpha reliability coefficient was .87 for the scores obtained from all
questions in the test. When we look at the literature, a similar result was obtained in the study
of Willing (2013). Considering the ascertained results, one may posit that the test scores are
reliable.

When the literature on the findings obtained from the second problem of the study is
examined, it is seen that ITC-based studies on DOMC focus on models related to the ordering
of answer choices (Bolt et al., 2012; Bolt et al., 2018; Bolt et al., 2020). There is no comparative
study on test and item parameters. Therefore, it is thought that the information obtained will
contribute to the literature.
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When the visualizations obtained from the third problem of the study are analyzed in
general, using IRT instead of CTT to estimate the parameters does not lead to significant
changes in students' total scores for the DOMC items. Using IRT decreases the possibility of
errors, especially at extreme values. Estimates made using the CTT approach revealed
significant disparities between the two item types, particularly for high scores. This indicates
that students have more difficulty with DOMC items, which are a different type of question,
than with TMC items. In a similar study with undergraduate students, Funk et al. (2010) stated
that they preferred to use the TMC item format because the DOMC items were new to students
and made it difficult to predict. However, Samuel and Hinson (2012) found in their study that
the DOMC item format supported students' self-efficacy and intrinsic value.

Similar results were obtained in many studies when the data obtained were evaluated
in general. Kingston et al. (2012) stated in their research that DOMC and TMC items measured
similar structures, and TMC items were consistently easier than DOMC items. This is
demonstrated in the present study. In their experimental studies, Willing et al. (2015) stated
that test wiseness clues are less useful in the DOMC item format than in TMC items; therefore,
DOMC items are more difficult than TMC items. In the findings obtained in the first
subproblem of the study, when TMC and DOMC item difficulties were compared, it was found
that DOMC items were difficult in a statistically significant way.

Another important finding of this study was related to the TMC items used. It tested
whether different question types applied to the DOMC item format based on some of the TMC
items used in the study. In the second subproblem, the reliability results differed for both
theories. When TMC and DOMC item forms were presented in equal numbers in the literature,
the findings could not be compared to those of a different study.

To date, all studies in literature have been conducted at undergraduate and higher
levels. The DOMC item types could be used at the secondary school level, and no problems
were encountered during the application. Thus, the usability of tests containing DOMC items
for different question types and educational levels was demonstrated.

Recommendations

The DOMC item format offers an essential alternative to the TMC item format, which
has been used for nearly a century. However, there need to be more studies on issues such as
question writing, software to be used, analysis methods, and the order of options (Bolt et al.,
2018; Bolt et al., 2020). As a result, in this study, in contrast to the literature on DOMC items,
various findings were revealed by making subject area, question contents, software used, grade
level, and comparative analyses. The following suggestions are presented to practitioners and
researchers for studies on this subject.

Recommendations for practitioners are as follows:

When studies related to DOMC items are examined, it is observed that applications are
made in psychology, medicine, information technologies, the German language, and
mathematics. Conducting studies on DOMC items in different fields and the content of the
questions will increase our knowledge of the use of these items.
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Another critical issue in the studies is that DOMC items must be delivered to the
individuals who will take the test via computer-based software, so developing software on this
subject is essential. A limited number of software is used in the studies carried out so far.

Considering that the groups in which DOMC items are applied are undergraduate,
graduate, and adult groups in the current studies, it is evident that there is a need for studies
at the K-12 level in which multiple choice tests are frequently used.

When comparing DOMC items with TMC items, preparing and applying DOMC parallel
forms for different TMC items is essential. This will provide more insight into the nature of the
DOMC item format.

Recommendations for researchers are as follows:

Considering the sample sizes studied on DOMC items, repeating studies in larger
sample groups and testing the existing findings will positively contribute to the literature.

Considering that IRT-based studies on DOMC items are very limited in the literature,
it is essential to conduct comparative studies to analyze the data obtained.

Another crucial future study area is to conduct studies to determine the effect of DOMC
items on affective characteristics other than academic achievement and contribute to the
limited literature on this subject.

One of the most significant criticisms of DOMC items is the order effect of options. The
studies on the order effect of the options and the software to be developed based on these
studies can popularize the use of DOMC items. However, studies on this subject could be more
extensive in the literature.

In the context of DOMC applications, instead of scoring the entire item o0-1, the
exploration of alternative scoring methodologies, such as nominal response or partial credit
model for each option or combination can provide additional information.
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Matematik Basarisi icin Bir Olcme Araci
Olarak Ayrik Secenekli Coktan Secmeli
Maddeler

Ozet

Bu caligmanin amaci Ayrik Secenekli Coktan Se¢meli [ASCS] maddelerin uygulanabilirliginin
incelenmesidir. Bu amaca ulagmak i¢in ortaokul matematik dersi kapsaminda toplam 25 sorudan
olusan bir test kullanmilmistir. Testi olusturan maddelerden 10 tanesi ¢coktan se¢cmeli maddelerden
olugsurken 15 tanesi ASCS maddelerden olusmaktadir. Arastirmanin verileri 2020-2021 egitim-
ogretim yili 2. doneminde ortaokulda 6grenim gormekte olan 725 6grenciden elde edilmistir.
Ogrencilerin 491 (%68) tanesi 7. sinif diizeyinde iken 234 (%32) tanesi 8. sinif diizeyindedir. Calisma
grubundaki o6grencilerin 391 (%54)'ini kiz Ogrenciler, 334 (%46)sim1 ise erkek ogrenciler
olusturmaktadir. Arastirmadan elde edilen bulgular incelendiginde Klasik Test Kurami [KTK] ile
yapilan analizlerde 6zellikle yliksek puanlarda iki madde tiirii arasinda biiyiik farkliliklar gzlenirken,
Madde Tepki Kurami [MTK] ile yapilan analizlerde 6grencilerin yetenek diizeylerinin kestirimlerinin
soru tipinden etkilenmedigi boylece uc¢ degerlerde olusabilecek hatalar1 diisiirdiigii gozlenmistir.
ASCS maddelerinin, KTK yerine MTK ile parametre kestirimlerinin gerceklestirilmesiyle 6grencilerin
toplam puanlarinda cok biiyiik bir farkliliga yol agmayacag: séylenebilir. Calismada kullanilan baz
Geleneksel Coktan Secmeli [GCS] maddeler, ASCS madde formatinda iki veya daha fazla soru olacak
sekilde secilmis ve farkli soru tiirlerinin ASCS madde formatinda uygulanabilirligi test edilmistir.

Anahtar Kelimeler: Klasik test kurami, ayrik secenekli ¢coktan secmeli, madde tepki kurama,
matematik basarisi, geleneksel ¢oktan secmeli.

Giris

Okul y1llarimiza kadar fark etmesek de hayatimizin her alaninda karsimiza ¢gikacak olan
olgme ve degerlendirme siirecleri yasamimizin dogal bir parcasi haline gelmistir. Giinliik
hayatimizin olagan akisinda siklikla Slcme-degerlendirmeler yapar ve kararlar aliriz. Ornegin
sececegimiz ayakkabi icin ayak ol¢limiize uygun olan ayakkabiy1 inceleriz, bir futbol sahasi
yapmamiz i¢in en ve boy olciilerine ihtiyag¢ duyariz, trafik diizenini saglamak i¢in kullandigimiz
lambalar i¢in zaman o6l¢iilerinden yararlanarak verimli bir model gelistirmeye calisiriz. Bunlar
gibi bircok farkli alanda Ol¢gme-degerlendirme isleminden faydalanirz. Farkh alanlarda
yapilan tiim bu 6l¢gmeler kendine 6zgii bir 6l¢me aracina ve 6l¢me birimine sahiptir. Bu arag ve
birimler bizlere 6l¢gmelerimizi dogrudan, dolayh ya da tiiretilmis sekilde yapmaya olanak tanir.
Dogrudan olgmelerde 6lciilmek istenilen 0zellik dogrudan gozlenebilirken, dolayl 6l¢gmelerde
oOlciilmek istenen ozelligin oOlgiiliip gozenmesi bir bagka ozelligin yardimiyla oOlciilebilir.
Tiiretilmis 6l¢melerde ise Olciilmek istenilen 6zellik kendisinden farkl iki ya da daha fazla
ozelligin arasindaki matematiksel bir baglantiyla ol¢iilebilir (Giiler, 2011).

Olcme ve degerlendirmenin giinliik hayattaki etkisinin fark edildigi en énemli siirec
ogrencilik yillaridir. Bunun en 6nemli nedeni ders basarilarimin degerlendirilmesinde
ogrencilere uygulanan basar: testlerinden elde edilen olciimlerin kullanilmasidir. Bununla
birlikte kademeler arasi gecis ve iist 6grenime devam etmek i¢in kullanilan yiiksek risk iceren
(high stakes tests) (Kumandas ve Kutlu, 2010) ulusal standart testlerde diisiiniildiigiinde
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olgme ve degerlendirme siirecleri egitimin biitiin paydaslarinin énemli bir giindemi haline
gelmektedir. Gelistirilen basar testlerinin tamaminda amag psikolojik yapilarin 6l¢iilmesi
oldugundan tarihsel siireg icerisinde gelisimleri paralellik gostermistir.

Testler genel anlamdan bireyleri tanimak ve bilgi sahibi olmak icin kullanilirken
(Cronbach, 1990), psikolojik testler bireye ait zeka, yetenek, beceri, tutum vb. davraniglarin
standart Ol¢limlerini ifade etmektedir (Anastasi, 1988). Psikolojik test ve test programlarinin
kullanimi kaynaklarda MO 2200 yillarindaki antik Cin’e kadar dayandirilir (Cohen & Swerdlik,
2018; Janda, 1997; Popham, 1999). Uygulanan testler subay ve sivil memur se¢imleri icin
kullanilan ve imparatorluk sinavlar1 ismi verilen bir takim zorlu siirecleri icermekteydi.
Testlerin uygulama yontemleri agisindan giintimiizle benzerlikleri dikkat cekicidir. Bu
durumun en basit aciklamasi ise Cinliler tarafindan gelistirilen sinav uygulama prosediirleri ve
esas alinan psikometrik nitelikler Fransa (1791), Hindistan (1833) ve Amerika Birlesik
Devletleri (1883) gibi iilkelerde benzer uygulamalar icin temel teskil etmistir. Sinav
uygulamalarinda ise aday isimlerinin gizli tutulmasi, sinav salonlarinin her bir aday i¢in benzer
kosullarda, 6zel sinav binalarinda bulunan kii¢iik odaciklarda sinavlarin yapilmasi, sinav
kagitlarm1 puanlarken en az iki bagimsiz degerlendiricinin olmas1 gibi glintimiizdeki
uygulamalara benzer siirecler gelistirildigi goriilmektedir (Bowman, 1989; Cohen & Swerdlik,
2018).

1900’11 yillarin baglarinda test siirecleriyle ilgili hem istatistiksel ¢aligmalar hem de
farkli becerilerle ilgili performanslar1 6l¢ebilmek icin farkh tiirlerde testlerin ortaya ¢iktig
goriilmektedir (Burt, 1911; Burt, 1972; Goodenough, 1926; Lowell, 1919; Porteus, 1915;
Woodworth, 1910). Bu gelismelerle birlikte testlerin bireysel olarak degil toplu olarak
uygulanmaya baslamis, grup testleriyle birlikte c¢oktan se¢meli testlerin kullanimi
yayginlasmistir. Bu konuda ilk defa ABD’de 1901 yilinda iiniversiteye giris sinavinda
uygulamasi baslatilmig devam eden siirecte ise bu konuda bir komite kurularak 1926 yilinda
“Scholastic Aptitude Test [SAT]” isimli bir yetenek testi gelistirilerek kullanilmaya
baglanmigtir. Testin kullamimi giderek yayginlasmis ve sadece {iiniversiteye giriste degil
burslarin verilmesinde de etkili bir rol oynamaya baslamistir (Wainer vd., 2015). Giiniimiizde
Amerika’daki pek cok iiniversite 6grenci kabuliinde ortadgretim notlari, SAT, Graduate Record
Examination [GRE] ve Graduate Management Admission Test [GMAT] gibi yetenek ve basar1
testlerinden alinan puanlar1 kullanmaktadir. Bu siirecte tavsiye mektuplar1 da goz oniinde
bulundurulurken, bu belgelere ilave olarak baz iiniversiteler ayr1 bir se¢cme simnavi da
uygulayabilmektedir (Erdogan, 2003).

Coktan se¢meli testlerin bu kadar genis bir kullanim alanina sahip olmasinin en temel
nedeni objektif olarak degerlendirilmeleridir (Baker, 2001). Coktan se¢cmeli maddelerin cesitli
tiirleri olmasina ragmen, Geleneksel Coktan Se¢meli [GCS] maddeler siklikla kullanilir. GCS
maddelerin yaygin olarak kullanilmasina ragmen bazi sinirhliklarinin oldugu gézlemlenmistir.
En bariz olanlar test bilgeligi ve kopyadir. Test bilgeligi becerisine sahip bireyler arasindaki
farkliliklar, test bilgeligi yliksek olan adaylar odiillendirirken, bu beceriye sahip olmayanlari
cezalandirmaktadir (Baker & Baker, 2022; Taylor & Gardner, 1999). Psikometrik acidan test
bilgeligi ve kopya cekme gibi durumlar, GCS maddeleri iceren test degerlendirmelerinin
sonuclarim etkiledikleri i¢in yapiyla ilgisiz varyans o6geleri olarak karsimiza ¢ikmaktadir (Guo
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vd., 2022). Bu nedenle, elde edilen her puan, ilgili bilgi, beceri ve Ol¢iilmemis varyansin
bilesenlerini (test bilgeligi, kopya vb.) temsil eder. Yapiyla ilgisiz varyansin arttirilmasi, testin
yapi gecerliligini tehdit eder (Haladyna & Downing, 2004; Zhai vd., 2021). Ayni bilgi ve beceri
diizeyine sahip iki kisiden, test bilgeligi yiiksek olan veya kopya c¢eken aday, 6nemli oOlciide
farkli puanlar alabilir. Bu sekilde elde edilen puanlar, dereceler, sertifikalar veya kabuller goz
Oniine alindiginda, oOlciilen yapiyla ilgisi olmayan becerilere sahip kisiler 6n plana ¢ikabilir. Bu
sinirlamalar, bir testin Olgmek istedigi bilgilerden baska Ol¢limler oldugunda testin
psikometrik 6zelliklerini olumsuz etkiler.

Ayrica GCS 6geleriyle yapilan testler genellikle ¢o6ziime yonelik ipuglar: icerir ve bu
nedenle test bilgeligi stratejilerine kars1 savunmasizdir. Bu noktada literatiirde son yillarda yer
bulmaya baslayan “Ayrik Secenekli Coktan Secmeli [ASCS]” madde igeren testler onemli bir
alternatif olarak karsimiza ¢ikmaktadir. Bu arastirma, ASCS madde iceren testleri kullanarak,
GCS madde igeren testlere yoneltilen test bilgeligi ve kopya elestirileri icin ¢oziimler
sunmaktadir. Literatiir incelendiginde ASCS maddelerle ilgili calismalarin simirh sayida
oldugu goriilmektedir (Bolt vd., 2012, 2018, 2020; Eckerly vd., 2017, 2018; Foster & Miller,
2009; Funk vd., 2010; Kingston vd., 2012; Papenberg, 2018; Papenberg vd., 2019; Willing vd.,
2015). Ayrica ortaokul matematik basarisimi belirlemede ASCS madde kullanimina iligkin
herhangi bir calismada bulunmamaktadir. Ek olarak, ASCS maddelerinin 6nemi ve test
parametreleri hakkindaki gercek verilerden elde edilen simirh ¢alismalar, bu ¢alismanin
literatiire onemli Olciide katki saglayacagini gostermektedir.

Bu nedenlerle bu calismada ASCS maddelerin matematik basarisin1 6lgmede
kullanilabilirligini incelenmistir. Bu amaca ulagsmak i¢in nicel arasgtirma tiirlerinden betimsel
model kullanilmistir (Fraenkel vd., 2012).

Aragtirmanin temel problemi su sekildedir: ASCS ve GCS test 6zellikleri madde yanit
ve klasik test teorilerine gore nasildir?

Problem ciimlesinin alt problemleri asagida verilmistir:

1. ASCS ve GCS testlerin madde ve test 6zellikleri Klasik Test Kuramina [KTK] gore
nasildir? Madde giicliik indeksleri arasinda istatistiksel olarak anlamh bir fark var midir?

2. ASCS ve GCS testlerin madde ve test parametreleri Madde Tepki Kuramina [MTK]
gore nasildir?

3. ASCS ve GCS testlerin adaylarin basarisina olan etkisi nasildir? Ogrencilerin
testlerden aldiklar1 basar1 puanlar: arasinda istatistiksel olarak anlaml bir farklilik var midir?

Yontem
Bu calismada, GCS ve ASCS test maddeleri kullanilarak ogrencilerin matematik
basarisindaki degisimler incelenmistir. Basar1 puanlar1 KTK ve MTK ile karsilastirilarak

benzerlikler ve farkliliklar ortaya cikarilmistir. Bu baglamda, betimsel bir nicel arastirma
modeli kullanilmistir (Fraenkel vd., 2012).
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Arastirmanin Etik izinleri:

Bu calismada "Yiiksekogretim Kurumlar: Bilimsel Arastirma ve Yayin Etigi Yonergesi"
kapsaminda uyulmasi gerektigi belirtilen tiim kurallara uyulmustur. Yonergenin ikinci boliimii
olan "Bilimsel Arastirma ve Yayin Etigine Aykir1 Eylemler" baghg altinda belirtilen eylemlerin
higbiri gerceklestirilmemistir.

Etik Kurul izin Bilgileri:

Etik degerlendirmeyi yapan kurulun ad1 = Hacettepe Universitesi Etik Komisyonu

Etik Kurul Etik inceleme karar tarihi= 25.02.2020

Etik degerlendirme belgesi konu numarasi= 51944218-300/00000987002

Bulgular

Aragtirma sonucunda elde edilen bulgular genel olarak degerlendirildiginde, parametre
kestirimi KTK yerine MTK ile yapildiginda ASCS maddelerinin o6grencilerin toplam
puanlarinda anlaml bir farkliliga neden olmayacag: soylenebilir. MTK kullaniminin 6zellikle
uc degerlerde olusabilecek hatalar1 azalttig1 goriilmiistiir. KTK yontemi ile yapilan tahminlerde
iki madde tiirii arasinda 6zellikle yiiksek puanlarda anlamli farklar oldugu goriilmiistiir. Bu
durum 6grencilerin farkli bir soru tiirii olan ASCS maddelerde, GCS maddelere gore daha fazla
zorlandiklarim gostermektedir. Lisans 0grencileriyle yapilan benzer bir ¢calismada Funk vd.
(2010), ASCS maddelerinin 6grenciler ig¢in yeni olmasi ve tahmin etmeyi zorlastirmasi
nedeniyle GCS madde formatini kullanmay tercih ettiklerini belirtmislerdir. Ancak Samuel ve
Hinson (2012) calismalarinda ASCS madde formatinin 6grencilerin 6z yeterliklerini ve igsel
degerlerini destekledigini bulmuslardir.

Tartisma ve Sonuc¢

Calismanin sonuclar literatiirdeki bir¢ok calisma ile benzer sonuglarin elde edildigi
goriilmiistiir. Kingston vd. (2012) aragtirmalarinda ASCS ve GCS maddelerinin benzer yapilar:
oOlctiigiinii ve TMK maddelerinin ASCS maddelerine gore siirekli olarak daha kolay oldugunu
belirtmislerdir. Bu calismada da benzer bir sonug¢ bulgulanmistir. Deneysel calismalarinda,
Willing vd. (2015), test bilgelik ipuglarinin ASCS madde formatinda GCS maddelerine gore
daha az yararh oldugunu, bu nedenle ASCS maddelerinin GCS maddelerine gore daha zor
oldugunu belirtmistir. Arastirmanin birinci alt probleminde elde edilen bulgularda, GCS ve
ASCS madde giicliikleri karsilagtirildiginda, ASCS maddelerinin istatistiksel olarak anlaml bir
sekilde zor oldugu bulunmustur.

Aragtirmanin bir diger onemli bulgusu da kullanilan GCS maddeleri ile ilgilidir.
Calismada kullanilan baz1 GCS maddeleri, ASCS madde formatinda iki veya daha fazla soru
olarak secilmis ve farkli soru tiirlerinin ASCS madde formatinda uygulanabilirligi test
edilmistir. Arastirmanin ikinci alt probleminde ise her iki teoride giivenirlik sonuclar: farklilik
gostermektedir. Literatiirde GCS ve ASCS madde formlari esit sayida sunuldugunda bulgular
farkl bir caligma ile karsilagtirilamamstir.

Simdiye kadar literatiirde yer alan calismalarin tamami lisans ve tlizeri diizeyde
uygulanmistir. ASCS madde tiirleri ortaokul diizeyinde kullanilabilmektedir ve uygulama
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sirasinda herhangi bir sorunla karsilasilmamigtir. Boylece ASCS maddeleri iceren testlerin
farkl soru tiirlerinde ve egitim diizeylerinde kullanmilabilirligi ortaya konmustur.

Aragtirmada, 6grencilerin matematik basarilarinin GSC ve ASCS test maddelerine gore
degisimi incelenmis ve bu cercevede olusturulan arastirma sorularina yanmit aranmistir.
Aragtirmanin analizlerine ve elde edilen bulgulara dayali olarak ulasilan sonuclar alan
yazindaki diger calismalarla karsilastirilmis ve arastirma siiresince kazanilan bilgiler 1s181nda,
uygulayicilara ve arastirmacilara yonelik cesitli oneriler getirilmistir. Bu calismada ortaokul
diizeyinde 725 oOgrencinin matematik basarilar1 ASCS ve GCS madde formatlan ile
karsilagtirnlmigtir. Calisma sonucunda elde edilen sonugclar:

1. Arastirmada kullanilan sorular acisindan incelendiginde GCS se¢cmeli on madde i¢in
paralel on bes madde olusturulmustur. Literatiirden farkh olarak GCS maddelerden bazilar
i¢in birden fazla ASCS madde yazilmasi gerekmistir. Bu durum ASCS maddelerin dogas1 ve
soru yazim formatinin GCS maddelerden farkli oldugunu gostermesi acisindan onemlidir.

2. ASCS maddelerin GCS maddelerden giiclii bir 6zelligi seceneklerinde dogru ve
celdirici sayilarinin degistirilebilmesidir. Literatiirdeki ¢alismalarinda birgogunda kullanilan
maddelerde ASCS maddelerin bu 6zelligi kullanilmistir (Eckerly vd., 2017; Papenberg vd.,
2019; Papenberg vd., 2017). Bu calismada literatiirdeki caligmalara benzer sekilde ASCS
maddelerin seceneklerinin yazilmasinda bes madde i¢in bir dogru {i¢ yanlis secenek, iic madde
icin bir dogru dort yanhs, dort madde igin bir dogru bes yanls, bir madde i¢in bir dogru alt1
yanlig, bir madde i¢in iki dogru dort yanlhs, bir madde icin {i¢ dogru dort yanhs segenek
sunulmustur. Her bir katilhmciya farkli sayida secenek gosterildigi diisiiniildiigiinde GCS
maddelere gore ASCS maddelerin 6nemli bir avantaj sagladig1 goriilmektedir. Maddelerin
dogasina bagh olarak bazi sorular icin birden fazla dogru secenegin yazilabildigi boylece GCS
maddelerden farkli olarak bir madde igin sadece bir dogru cevabin olmadig1 sorularin
tiretilebildigi goriilmiistiir.

3. ASCS maddeler bilgisayar tabanh olarak uygulanabilmektedir. Bunun i¢in ASCS
madde tiirii sorularin yazilabilecegi bir yazilima ihtiyag vardir. Literatiir incelendiginde farkl
yazilimlar (Webassessor™, Unipark, Makro destekli power point) kullanmildig ifade edilmis
ancak bircok calismada kullanilan yazilim belirtilmemistir. Bu calismada ASCS madde
formatina uygun az sayida yazilimlardan biri olan Caveon Scorpion kullanilmistir. Arastirmaci
tarafindan bu calisma i¢in bir yillik iicretsiz bir kullanim izni alinmigtir. Kullanilan yazilim
ASCS madde formati ve GCS madde formatinin ayn1 anda kullanimina uygundur. Bununla
birlikte raporlama siirecinde verilerin diizenlenmesi i¢in ¢ok pratik bir ara yiizlintin olmadig1
goriilmiistiir. Bir diger 6nemli konu ise ASCS madde tiiriiniin patentli ve bu maddelerin bir
test veya sinavda kullanilmasi icin bir lisans gereginin olmasidir. Bu durum ASCS madde tiirii
icin bir dezavantaj olusturmaktadir. Her ne kadar arastirma ve deneme amach olarak madde
tiiriiniin kullanimindan bir ticret talep edilmese de ASCS madde tiirlerini destekleyen test
dagitim yazilimlarinin smirh sayida olmasi ve bu konuda iicret talep etmeleri de bir diger
onemli dezavantaj olarak ifade edilebilir.

Sonuc olarak bu calismada ASCS maddelere iliskin literatiirden farkli olarak konu alani,
soru icerikleri, kullanilan yazilim, simif diizeyi ve karsilagtirmali analizler yapilarak cesitli
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bulgular ortaya konulmustur. ASCS madde formatinin yaklasik yiizyildir kullanilan GCS
madde formati i¢cin 6nemli bir alternatif sundugu goriilmektedir. Bununla birlikte soru yazimai,
kullanilmas1 gereken yazilim, analiz yontemleri ve sinirh sayida calisma olan secenek
siralamasi (Bolt vd., 2018; Bolt vd., 2020) gibi konularda yeterince calismanin olmadig:
goriilmektedir.

Oneriler

ASCS madde formati, yaklasik bir asirdir kullanilan GCS madde formatina 6nemli bir
alternatif sunmaktadir. Ancak soru yazimi, kullamlacak yazilim, analiz yoOntemleri,
seceneklerin siralanisi gibi konularda daha fazla calismaya ihtiya¢c duyulmaktadir (Bolt vd.,
2018; Bolt vd., 2020). Sonug olarak bu calismada ASCS maddeler ile ilgili literatiirden farkh
olarak konu alani, soru igerikleri, kullanilan yazilim, simif diizeyi ve karsilagtirmal analizler
yapilarak cesitli bulgular ortaya konulmustur. Bu konuda yapilacak c¢alismalar icin
uygulayicilara ve arastirmacilara asagidaki oneriler sunulmustur.

Uygulayicilar icin oneriler sunlardir:

ASCS maddeleri ile ilgili calismalar incelendiginde psikoloji, tip, bilisim teknolojileri,
Alman dili ve matematik alanlarinda uygulamalar yapildig1 goriilmektedir. Farkl alanlardaki
ASCS maddeleri ve sorularin icerigi {izerine ¢alismalar yapilmas1 bu maddelerin kullanimina
iliskin bilgimizi artiracaktur.

Calismalardaki bir diger kritik konu ise ASCS maddelerinin bilgisayar tabanlh yazilimlar
araciligiyla sinava girecek bireylere ulastirilmasi gerekliligidir, dolayisiyla bu konuda yazilim
gelistirilmesi elzemdir. Su ana kadar yapilan calismalarda sinirli sayida yazilim kullamilmistir.

Mevcut ¢alismalarda ASCS maddelerinin uygulandig1 gruplarin lisans, lisansiistii ve
yetiskin gruplar oldugu diisiiniildiigiinde, ¢oktan se¢meli testlerin siklikla kullamildigi K-12
diizeyinde de calismalara ihtiyac oldugu agiktir.

ASCS maddeleri ile GCS maddelerini karsilagtirirken, farkli GCS maddeleri icin ASCS
paralel formlarinin hazirlanmasi ve uygulanmasi 6nemlidir. Bu, ASCS madde formatinin
dogas1 hakkinda daha fazla bilgi saglayacaktir.

Aragtirmacilar icin oneriler su sekildedir:

ASCS maddeleri iizerinde calisilan 6rneklem biiyiikliikleri dikkate alindiginda,
calismalarin daha biiyiik 6rneklem gruplarinda tekrarlanmasi ve mevcut bulgularin test
edilmesi literatiire olumlu katk: saglayacaktr.

Alanyazinda ASCS maddeleri tizerinde MTK temelli ¢calismalarin oldukga sinirli oldugu
goz onlinde bulunduruldugunda, elde edilen verilerin analiz edilmesi icin karsilagtirmah
calismalarin yapilmasi elzemdir.

Gelecekteki onemli calisma alanlarindan bir digeri de ASCS maddelerinin akademik
basar1 disindaki duyugsal oOzellikler iizerindeki etkisini belirlemeye yonelik calismalarin
yapilmasi ve bu konudaki sinirh literatiire katki saglanmasidir.

ASCS maddelerine yonelik en onemli elestirilerden biri seceneklerin sira etkisidir.
Seceneklerin sira etkisi lizerine yapilacak calismalar ve bu calismalara dayali olarak
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gelistirilecek yazilimlar ASCS maddelerinin kullanimini yayginlastirabilir. Ancak literatiirde
bu konudaki ¢aligsmalar daha kapsaml olabilir.

ASCS uygulamalar1 baglaminda, maddenin tamamimi 0-1 puanlamak yerine, her bir
secenek veya kombinasyon i¢in nominal yanit veya kismi kredi modeli gibi alternatif puanlama
yontemlerinin arastirilmasi ek bilgi saglayabilir.
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