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Remote Assessment in Higher Education during COVID-19 Pandemic

1 2

Selma Senel ", Huseyin Can Senel

'Balikesir University, Faculty of Education, Department of Educational Sciences, Balikesir, Turkey
National Defense University, Army NCO Vocational College, Department of Computer Technology, Balikesir,
Turkey

ARTICLE HISTORY Abstract: Universities have made a compulsory shift to distance education due to
Received: Nov. 02, 2020 the Covid-19 pandemic. All of the hlghe.r educgtlon instutitions in Turkey have
] completed 2019-2020 Spring semester using online tools. However, most of these
Revised: Dec. 31, 2020 institutions were not fully-prepared to have all of their courses online. Technical
Accepted: Jan. 30, 2021 inadequencies, lack of qualified online tools, inexperience of instructors and
students in distance education have emerged as major issues that instutitions have

to face. In addition to all, a new question arised; which approaches will be used for

Keywords: assessment. This study aimed to seek the common assessment approaches used
Remote assessment, through pandemic, how students perceived the quality of the assessment and the
Measurement and pros and cons of using these practices. Additionally, we examined whether
evaluation, participants’ perceptions about quality of the assessment differ according to
Distance education, interaction with faculty members and use of online tests. Researchers employed

survey design to reply four research questions and used a three-part instrument to
collect qualitative and quantitative data. 486 students from 61 universities
voluntarily participated in the study. Results indicated assignments are the mostly
used tools and students are generally satisfied about the quality of the assessment
practices. Another result is that students who interact with faculty members are
more satisfied with the quality of the assessment practices. This emphasizes the
importance of formative assessment and feedback in remote assessment. Further,
students who took online tests are more satisfied with the quality of assessment.
Suggestions were made for future research.

Online test,
E-assessment.

1. INTRODUCTION

Throughout history, pandemics are known to affect human life in many ways (Martini et al.,
2019). The COVID-19 pandemic, which we still largely feel, has also caused critical changes
and it also has engendered significant transformation in education activities all over the world
(Daniel, 2020). Countries where the COVID-19 pandemic threat has increased, conventional
education have been suspended temporarily and the distance education tools were adopted
(Bozkurt & Sharma, 2020). In Turkey, as in primary and secondary education institutions
affiliated to the Ministry of National Education, higher education institutions have completed
2019-2020 spring semester using distance education. A similar decision was taken for 2020-
2021 fall semester.

CONTACT: Selma SENEL X selmahocuk@gmail.com [=] Balikesir University, Faculty of Education,
Department of Educational Sciences, Balikesir, Turkey
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It is impossible for 21st century educational institutions to use a method away from technology.
Today, innovative tools are commonly used both in-class and out of-class activities (Akcayir
& Akgayir, 2018). Distance education is more common thanks to these tools and the number of
distance education instutitions is increasing. However, a compulsory transition to distance
education without adequate preparation may cause problems in different aspects of distance
education. Providing the necessary technical infrastructure for distance education, utilizing
technological tools and having experienced teaching staff in sufficent numbers in distance
education is among the basic needs of distance education (Veletsianos & Houlden, 2019).
Absence of basic needs can be predicted to negatively affect the quality of distance education
and the extent of this effect is worth researching.

Valid and reliable assessment results are curicial to be able to control whether the educational
goals have been achieved or not. Assessment can be carried out during the training in order to
identify and then eliminate learning deficiencies as formative assessment. The instructor may
explain the assessment results and give feedback. In this respect, assessment practices have
important effect in the achievement of educational goals (Chen et al., 2020). In addition,
summative assessment have guiding impact by forming a basis for decisions such as being
successful in a course, moving to a higher education institution, receiving a diploma or
certificate (Biesta, 2009). With these in mind, both formative and summative assessment
practices are considered as the cornerstones of instruction.

Formative assessment can be expected to be more prominent in distance education since the
students are 'remote' and the possibility of interaction is low. Since there is no conventional
classroom environment, the student needs feedback in order to see their deficiencies and
mistakes. This requires effective interaction between student and instructor. Instructors should
be able to provide students with the opportunity to organize their learning by providing instant
feedback, through tests or performance-based techniques (Hatzipanagos & Warburton, 2009).
To summarize, "monitoring" and "feedback", which is a part of formative assessment in
distance education is gaining more importance. Feedback can be considered as the primary
means of student-faculty communication and interaction.

All of the universities in Turkey have completed 2019-2020 spring semester with online tools.
Assessment practices were conducted using various techniques like online tests, assignments,
and projects. There was no face to face exams. In this period, a new issue has arisen about the
quality of the assessment carried out with online tools. Assessment results form students’ grade
point averages and gradution besides the general achievement goals. In other words, the critical
decisions that may affect the lives of individuals were made based on the assessment results
and it was the first time that all assessment practices were made upon distance tools.

Learning management systems are widely used in distance education. These tools provide
integrated functions like communication, interaction and storage. Canvas, Blackboard,
Edmodo, Moodle, Google Classroom and Microsoft Teams are some of these tools. Similarly,
video conference tools like Zoom, Skype and Adobe Connect (Koh & Kan, 2020; Nyachwaya,
2020) is latest tools that are common to have online lessons. In addition, these tools can provide
anumber of advantages for assessment (Araka et al., 2020). The advantages of using these tools
in assessment are listed as follows:

Instant feedback: It is known that using instant feedback increases the performance of the
students in summative assessment (Joint Information Systems Committee, 2010; Shrago &
Smith, 2006). Therefore, feedback on assessment results has a critical role in increasing the
quality of the learning. Among the tools used in distance education, tests using items that
require selection (multiple choice, true-false, matching), are very appropriate for producing
instant feedback. Using instant feedback, students may find opportunity to organize self-
learning by noticing deficiencies and mistakes.
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Ease of editing based on feedback: An assignment submitted electronically is easy to examine
and edit. Students can comfortably edit and re-organize assignments in line with instructor’s
feedback. Instructor may plan the re-submission of assignments and students may re-submit the
latest version of their work.

Ease of submitting/responding: Most of the learning management systems have testing or
delivery tools which response and product delivery can be systematically and easily carried out.
These tools are widely used for remote-assessment (Moore et al., 2011). In addition, common
technological tools such as e-mail or direct messages also offers delivery preferences.
Uploading or submitting an assignment to a web-based tool is easier and faster for students to
maintain and submit the physically formed product.

Control and storage: Online storage, access, and control of tests and assingments are easier
with distance education tools. Informative data such as the list of the submitted/missing
assignments, submittion date and time are automatically kept in most of the distance education
tools. The faculty member may save all test documents to internal storage devices (computer,
portable disk, etc.) or reach them independently from time and place.

Providing statistical data: Besides providing test statistics, distance tools present data about
students’ participation rates. Altough there is important debate about the relation between
access rates to learning management systems and completion of course outcomes, instructors
may use access or participation data such as access rate, participation time, message rate and
message length to gain insight (Murray et al., 2012).

Potential to enrich assessment tools and products: The ability to use media such as images,
graphics, drawings, audios, videos and animations provided by latest technology can provide
richness in assessment by changing assignment framework (Williams et al., 2005). The
instructor may submit an animation and ask students to prepare a video as a reflection
assignment and share this video on social media to raise the awareness of the society on related
subject.

Providing student participation and motivation: Computer-based assessment practices, which
are able to use interactive techniques and include multimedia such as audios, images,
animations and videos may help to increase students' motivation (Cheng & Basu, 2006). In
addition, it is well-known that use of instant feedback increases student participation and
motivation in distance education (Chaiyo & Nokham, 2017).

Re-use: It is simple to copy or re-use an online test or assignment prepared with online tools.
As reported above, storage and access to data are limitless and instructors may safely share
assessment tools with each other.

In addition to the advantages of use of online tools in assessment, there are also some
limitations. The most controversial topic in remote assessment is fest security (Rovai, 2000).
Test security is a critical issue to be able to rely on the test results. Test security is exceptionally
important when results are used for critical decisions such as student selection, placement and
graduation due to the fact that these decisions have high impact and accountability (Frey, 2018).
Preventing cheating, copying and plagiarism in assessment in distance education is challenging.
This may overshadow the fairness and reliability of the results obtained by assessment. To
prevent this problematic situation, different technologies such as voice and retinal scans have
been developed (Jain et al., 2006). However, these high-tech solutions have not yet become
widespread. On the other hand, in order to prevent cheating and to increase test security, some
other handy techniques may be used such as adding time limitations in online tests, presenting
test items or choices randomly (in different order), creating an item pool and presenting random
questions to each student, making exams using an open camera (proctoring) and hindering new
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web pages/tab (Arnold, 2016; Peterson, 2019). However, complete test security is not yet
possible even all of these measures are provided.

In addition to new technologies and techniques stated above, preferring appropriate assessment
techniques and tools may be another option for higher test security (Nguyen et al., 2020). Some
of these techniques may be aligned as assignments, take-home exams, performance tasks, e-
portfolios and peer/self assessment forms. However, these tools must be activating higher level
skills. In other words, these tools must include items or tasks triggering student's thinking,
criticizing, evaluating, creating an idea or product, while preparing students for related tasks or
questions. Items and tasks must be unique and must create possibilities to reply with
autonomous effort. Otherwise, students may copy from web or from other sources (Rowe,
2004). Rubrics, rating scales and control lists may be used for scoring these tools. Using take-
home and open-book exams (Atilgan et al., 2009) is another alternative tool. Open-book exams
which allow utilizing books, notebooks and other materials may help to decrease cheating.
Take-home exams may be considered as a good example for open book exams.

Besides the security limitations, ICT literacy is another competence for assessment in distance
education. The ability of faculty members and students to use technology and related tools or
the limitations of these devices (computers, mobile tools, internet) may adversely affect the
qualified utilization of assessment tools. Participants should have all the technical infrastructure
like software, hardware, and internet connection. Problems in connection speed, disconnection
or other technical problems can cause hard-to-compensate results, especially in online tests.
Performance-based approaches, which are time independent, can reduce the negative effects of
technical deficiencies.

It cannot be denied that computer technologies have created informative, facilitating, and
accelerating advantages for developing or using online assessment techniques. However, it
should be kept in mind that it is up to faculty members to develop valid and reliable
measurement and evaluation. Developing a valid and reliable test is incomparably important to
which technology is used. Test designers must consider validity and reliability of the test rather
than the type of the online tool.

During the pandemic, faculty members necessarily carried out distance education for all courses
and all of the assessment practices were conducted online. However, they had been experienced
in face-to-face instruction and they are not fully experienced in neither distance education nor
remote assessment. Inexperience, technical problems, or lack of expert personnel might have
adversely effect distance education period. Some other limitations may have negative effects
on distance education and particularly on assessment. For example, the limitations of the
learning management systems or decisions of the administration might have hindered
preferences of faculty members. For these reasons, reliability and validity of the assessment
results might have been in differentiated. Providing a shot about assessment practices carried
out in this very first phase of pandemic will be an important indicator for results of remote
assessment and will shed light for the future applications.

The purpose of this research is to examine the assessment practices of universities during the
Covid-19 pandemic. For this purpose, answers will be sought for four research questions:

1. How are the higher education students’ perceptions about the quality of assessment practices
carried out during the Covid-19?

2. What are the assessment approaches that higher education institutions prefer during the
Covid-19?

3. What are the views of higher education students about the assessment practices carried out
during the Covid-19?
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4. Do participants’ perceptions about the quality of assessment practices differ according to the
interaction with faculty members and use of online tests?

2. METHOD

The main aim of the research described in this paper was to present the assessment practices
used by universities during COVID-19 pandemic and how students experienced this unique
period. This includes gaining an understanding of what practices (distance tools) universities
used for assessment, how they used these tools and then to determine the views of students
about assessment practices. A survey model was employed in this research using quantitative
and qualitative data together. The data obtained for this study consists of the responses from
486 participants from 61 different universities who took distance education for a semester and
were evaluated using distance tools.

2.1. Study Goup

The study group for this research was determined through convenient sampling. Undergraduate
students who are studying at different universities were reached through the social circle of
researchers and social networks. They were informed about the research and volunteering
students were identified. The study group, consists of 486 students from 61 universities and 69
departments. Since there were too many universities and reporting the names of all 61
universites would not be a necessary and useful data for the research, universities were grouped
considering the University Ranking by Academic Performance (University Ranking by
Academic Performance [URAP], 2020). Therefore, "university rankings", which rank
universities according to various criteria, were used in reporting the universities participating
in the study. The universities participating in this study were analyzed according to 11 different
"university rankings list" (URAP Turkey, 2020). Being listed in "university rankings list" can
provide information about the quality of universities. Accordingly, it was seen that some of the
universities participated in this study were not included in any of the “rankings”, while some
were included in all of the 11 “rankings”. Table 1 summarizes the rankings of the universities
that participated in this study.

Table 1. Distrubition of the universities and faculties according to “‘university rankings”.

Faculty 0-2 3 4-8 9-11 Total Percent
Education 10 64 37 77 188 38.68
Arts and Science 10 3 9 3 25 5.14
Fine Arts 3 0 1 1 5 1.03
Law 1 1 2 1 5 1.03
Economics and 10 8 4 9 31 6.38
Administrative Sciences
Engineering 8 74 27 8 117 24.07
Medicine 4 7 4 14 29 5.97
Tourism 0 73 1 12 86 17.70
Total 46 230 85 125 486 100.00

Percent 9.47 4733 17.49 25.72 100.00

As can be seen in Table 1, study group consists of the students from 8 different faculties. 25%
of the participants study at universities which are ranked 9-11 in the university ranking lists.
More than half of the participants study at universities which are ranked 0-3 of the university
ranking lists. This can indicate that a study group studying at universities with different
qualifications. Gender and grades of the participants were summarized in Table 2.
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Table 2. Gender and grade distribution of study group.

Grade Female Male Total Percentage

1 74 38 112 23.05

2 64 42 106 21.81

3 111 48 159 32.72

4 61 36 97 19.96

5 5 1 6 1.23

6 3 3 6 1.23
Total 318 168 486 100.00

Percentage  65.43 34.57 100.00

Table 2 reveals that that the study group is predominantly composed of female (65.43%). In
addition, the frequency of 5th and 6th grades are low. This stems from that undergraduate
programs are mainly 4 years in Turkey.

2.2. Data Collection

The data collection tool used in this study is developed as a single form. However, data
collection tool includes three main parts. The aims and properties of each part of the tool is
explained below.

Part I. In the first part of the data collection tool, an 11-item instrument was used to determine
the students’ perception about the quality of the assessment practices carried out during
pandemic. As the first step of the scale development procedure, literature about the assessment
in distance education were rewievied. Then, first version of the items was written considering
the basic principles to be followed in the measurement process of a course. A total of 11 items
were written. Instrument is a 5-point Likert type ranging from (1) totally disagree, (2) disagree,
(3) partially agree, (4) agree, (5) strongly agree response categories.

Since the data collection tool is applied as a single form; expert views and pre-trial applications
were carried out together for all parts of the tool. The views of three experts from measurement
and evaluation in education department and two experts who have studies in distance education
were consulted and improvements were made in the form. Data about universities, faculties,
departments and gender, grade, grade point averages were added to the form to be able to
describe participants. The form was uploaded to web for the pre-trial application, and it was
applied with seven undergraduate students to see if it has a clear and understandable form.
Minor revisions were made in line with the feedbacks.

Part I1. The second part of the tool is primarily related with the assessment approaches used in
the courses during the Covid-19 pandemic. Questionnaire consists of 7 items using 4-point
likert type ranging from (1) never used, (2) used in some courses, (3) used in most of the courses,
(4) used in all courses. The aim of this part is to observe what kind of approaches or techniques
were preferred. In this part, the participants are also asked about whether they took online tests.
Additionally, students who took the online tests were asked to mark which of the following
security measures were taken in the exam.

* There was a time limit.

* The items were presented randomly to each student (order of items was unique for each
student).

» Answer choices were presented randomly (order of choices was unique for each student).

* Different items were used (there was an item pool).

» Cameras were required to be open during the exams.

* There was control not to allow opening a new web page/tab.
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Part III. In the third and last part of the data collection tool, participants’ views about the
assessment practices were aimed to be determined. In this section, there are open-ended
questions that investigate the participants’ views about assessment tools used in distance
education, about uncovering the assessment preferences of the participants, and comparing
face-to-face and distance assessment practices, whether participants experienced technical
problems, and revealing participations’ communication level with the instructors.

Volunteerism is of great importance for two main reasons; the accuracy of the data and the
potential to threat validity and reliability of the instrument. Informed consent form is included
on the first page of the e-form to ensure that only volunteers are included as participants. The
data were collected in approximately one and a half month with efforts of the researchers using
all of their social networks. Because of low number of returns to online surveys, the total
number of participants could only reach 486.

2.3. Data Analysis

The procedure followed in the analysis of the data are as follows according to the parts of data
collection tool and research purposes. MS Excel and IBM SPSS 20 were used for analysis.

1.Since researchers aimed to measure the participants’ perceptions about the quality of
assessment practices, first part of the instrument was developed as a measurement tool and
explanatory factor analysis (EFA) was conducted for reliability.

2.Descriptive statistics were calculated for the data obtained from Part I, Part II and Part III.
Frequencies, percentages, total and average points, and standard deviation score were
calculated. The findings were plotted so that the results can be easily understood by the reader.

3.Content analysis was conducted for qualitative data. Qualitative data was collected through
answers given by the students to the open-ended question located in the Part III of the data
collection tool. Details about the trustworthiness of the qualitative analysis were presented
separately.

4.0One-way ANOVA and independent samples t-test were conducted to answer the fourth
research question. Kolmogorov-Smirnov test results (p>.05) indicated that data is normally
distributed and Levene test showed homogeneity of variances is achieved (p>.05).

2.3.1. Construct Validity and Reliability of Instrument

First part of the data collection tool was an instrument that measures higher education students’
perceptions about the quality of the assessment practices. The instrument has 11 items and the
highest score that can be obtained from the instrument is 55, and the lowest score is 11. EFA
was performed using principal axis factoring method to determine the psychometric properties
of instrument. First, researchers examined whether there are one-dimensional/multi-
dimensional outliers in the data. It was observed that there are no extreme values. Second,
sampling adequacy for EFA was examined. Kaiser-Meyer-Olkin test statistic was found as
0.932 which means perfect sample adequacy for EFA. Third, Bartlett’s test of sphericity was
used to investigate the multivariate normality. Results (X?(66) =3454.236; p<.01) indicated that
multivatiate normality was achieved. EFA results showing item factor loads are presented in
Table 3.

Result of the EFA presented that factor loadings of each item are between 0.648-0.842 and are
gathered in one dimension. Therefore, researchers decided to use all of the items. Eigenvalue
Scree Plot (Figure 1) indicates that items measure only one dimension.
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Table 3. Item factor loadings.

Item Items Factor

Number Loadings

il Instructions and explanations in assessment / assignments were 759
understandable and clear.

i2 I have been informed about evaluation and scoring (rubric, evaluation 708
criteria, etc.).

i3 The techniques used in assessment (homework, portfolio, open-ended .842
questions, tests, etc.) were appropriate for the skills desired to be acquired in
the lessons.

4 Assessment was aimed to measure high level skills (creative thinking, 769
critical thinking, problem solving, etc.).

i5 The effectiveness of learning was increased by rapid assessment and giving 814
feedback.

16 Assessment results and feedback were instant. 761

i7 The feedback was detailed and instructive. .800

i8 Assessment practices did not allow cheating and plagiarism. .669

i9 The assessment results were reliable. 735

i10 Distinctiveness of test results are high. .656

ill The scope of the assessment did not go beyond the provided content. .648

Figure 1. EFA FEigenvalue scree plot.
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As can be seen in Figure 1, Eigenvalue of the one-dimesion is calculated as 6.529. The variance
explained by the one-dimension is found as 55.43%. The Cronbach Alpha internal consistency
coefficient of the instrument was calculated as 0.93. The Turkish form of the instrument is
provided in Appendix.

2.3.2. Trustworthiness

While validity and reliability are used for accuracy of quantitative research, trustworthiness
have the same meaning for qualitative study (Guba & Lincoln, 1994). There are some strategies
that must be considered like inter-coders agreement, triangulation, peer review, debriefing and
rich description (Marshall & Rossman, 2014). Researchers used inter-coder agreement and rich
description to provide trustworthiness of the qualitative part of this study.



Senel & Senel

Two other coders were appointed to provide inter-coder agreement. The first coder is an
assistant professor and has Ph.D. degree in measurement and evaluation. Second coder is a
Ph.D. student experienced in qualitative methods. Four coders met and discussed the procedure
of the study prior to coding and coded six units of data. Researcher and coders compared their
findings and negotiated on differences and agreed on codes. After all coding is completed, inter-
coder agreement between four coders is found as .88, as Miles and Huberman (1994)
reported .80 inter-coder reliability score is satisfying. Researchers and coders compared their
findings, negotiated on differences and agreed on results.

Rich description is the second strategy that researcher used for the trustworthiness of qualitative
part. Researchers must indicate in-depth information about the procedure and steps of the
qualitative phase of the study. The aim of detailed explanation is to provide easy understanding
of phases and results (Marshall & Rossman, 2014). The researcher gave details of the qualitative
phase to provide rich description so that those who wish to benefit from this research may easily
understand the procedure, phases, and findings.

3. RESULTS/ FINDINGS

In this section, findings related to research questions will be presented. Four sub-headings were
created for four research questions.

3.1. Participants' Perceptions about the Quality of Assessment Practices

The descriptive statistics regarding the participants’ perceptions about the quality of the
assessment practices carried out during the Covid-19 pandemic process are presented in Table
4.

Table 4. Descriptives of participants' perceptions about the quality of assessment practices.

Range Minimum Maximum  Mean S.D. Variance  Skewness Kurtosis
44.00 11.00 55.00 35.29 11.00 121.01 -.160 -51

As can be noticed in Table 4, skewness and kurtosis values prove participants’ perceptions
scores about the quality of assessment practices is normally distributed. However, it can be said
that it is skewed to left although not at a significant level. This means big part of the
observations are medium/large, with a few observations that are much smaller. As a matter of

fact, the distance of the average (X =35.29) is closer to maximum score than the lowest score.
This presents a clue about the participants’ perceptions tend to be relatively moderate to high.
However, since this is not a statistically significant distortion, it can be stated that participants’
perceptions of the quality of assessment practices are moderate. The distribution of the
responses, the average and standard deviation values for each item are presented in Table 5.

According to Table 5, the average of all items except two items (i5 and 110) are found as 3.00
and above. Results show that clarity of the instructions and explanations used in assessment
practices are high (X =3.56, S = 1.23). On the other hand, participants negatively valued about
the use of instant assessment and feedback. In other words, instant assessment and giving
feedback (X =2.94, S = 1.34) are not sufficient to increase the effectiveness of the participants’
learning. In addition, participants think that the test results do not have enough power to

distinguish the students (X = 2.73, S = 1.35).
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beyond the provided content.
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s ° <
Instructions and explanations in
il assessment / assignments were 41 49 124 139 133 I I I 3.56 1.23
understandable and clear. — -
I have been informed about evaluation
i2 and scoring (rubric, evaluation criteria, 48 78 125 105 130 I I I 339 1.30
etc.). _1
The techniques used in assessment
(homework, portfolio, open-ended
i3 questions, tests, etc.) were appropriate 43 75 150 108 110 III 334 1.23
for the skills desired to be acquired in -
the lessons.
Assessment was aimed to measure high
i4 level skills (creative thinking, critical 60 92 139 105 90 I I 3.15  1.27
thinking, problem solving, etc.). _N B
The effectiveness of learning was
i5 increased by rapid assessment and 90 95 136 82 83 I 294 134
giving feedback. mEE__
6 Assessment results and feedback were 56 83 133 102 112 I I 327 130
instant. N | I
. The feedback was detailed and
j7 o eeTRAGEW 77 96 143 92 78 I 3.00 129
nstructive. —_EEw_
8 Assegsment practl'ce's did not allow 80 80 108 88 130 322 142
cheating and plagiarism. L I -
9 The assessment results were reliable. 73 75 132 113 93 I I N 3.16 1.31
il10  Distinctiveness of test results are high. 122 97 122 80 65 I l I - 2.73 135
a1 The scope of the assessment did not go 45 56 129 117 139 III 351 127

3.2. Assessment Approaches Used During the Pandemic

Findings regarding the usage measures of assessment approaches applied in courses during
COVID-19 pandemic are presented in Table 6. As can be seen in Table 6, assignments, one of
the performance-based tools, is the mostly used approach (total = 1435) overall. Assignments
may be used with different techniques and in different forms. Using various approaches together
such as projects, portfolios, open-ended items is the second mostly preferred approach (total =
1262). These results indicate that performance-based techniques such as open-ended questions,
take home exams, product files or performance tasks were widely prefered during the pandemic.
Infrequent use of online tests, peer and self assessment tools and participation indicators is an
eye-catching result. As visualized in mini graphs, usage measures of these approaches are
generally reported as “never used”.
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Table 6. Usage measures of assessment approaches.

[} +
No Item § 3 g g é g = é Mini Total
2 s = § = § = § Graph

1 Online tests using items that require 205 153 6 5 947
selection (multiple choice, T-F, matching) I -

) thne tests using open-ended (written) 187 135 91 73 1022
1tems I -

3 Onhn.e tests using a combl.natlon of 243 122 63 53 903
selection and open-ended items [
Assignments with specified time (e.g., 1

4 week) (open-ended questions, take-horne a3 128 124 191 1435
exams, or performance-based techniques I I
such as portfolios, performance tasks) —

Various assessment techniques were used

5  for evaluation (portfolio, research project, 76 159 136 115 I 1262
open-ended items etc.) — I

6  Peer and / or self-assessment tools 154 175 91 66 I I 1041

|-
Discussion forums or other indicators

7 . e . 181 158 75 72 1010

showing participation in distance education

Since test security is a problematic issue in remote assessment, participants who attended online
tests were asked about the test security measures. 198 (40.74%) of the 486 students stated that
they did not take an online test. Figure 2 summarizes the measures taken for the test security
during the online tests.

Figure 2. Descriptives about the test security measures in online tests.

300

Frequencies
—_—
W
(e

; l l
0 .
. Item Pool/Use | Open Cameras| Limiting to
Time Random . .
S Random Items . of Different | During Test open new
Limitation Choices .
Items (Procturing) page/tab
mf 270 173 116 68 69 39
% 93,75 60,07 40,28 23,61 23,96 13,54




Int. J. Assess. Tools Educ., Vol. 8, No. 2, (2021) pp. 181-199

According to Figure 2, the most preferred test security measure in online tests is using time
limitations (93.75%). The second and third mostly used measures is to present items and choices
randomly (in different order) (60.07%, 40.28%) for each participant. Use of item
pool/providing different questions or using open camera (procturing) are less preferred
measures (23%) in online tests. Limiting to open a new web page/tab is the least preferred
security measure (13.54%). Participants were asked to declare which other security measures
they experienced. Replies of the participants were listed as follows.

* Recording a video narration explaining answers.
* Asking too many items in limited time (e.g. 90 items 20 minutes).
* Limiting the monitor/control of the responsed items.

3.3. Views of Students on Assessment Practices

Third part of the data collection tool was aimed to identify views of participants about
assessment practices. Both quantitative and qualitative data were collected. Four 5-point Likert
type items were presented for the quantitative part. Table 7 summarizes the replies of the
participants. According to Table 7, the highest average score (X, = 3.76) is related with the
interaction of faculty members and students. The second highest average score (X;= 3.24) is
about the test anxiety. Despite being positive about the quality of the assessment practices (first
research question) and not having technical problems, participants reported that they are highly
concerned about remote assessment. Similarly, participants are not likely to prefer remote
assessment when face-to-face education begins. Although the low number of participants
experienced technical problems is a pleasing finding indicating sufficient infrastructure of
distance learning systems, the fact that even a student is experiencing a technical problem may
indicate an important problem that will question the validity of the scores and prevent fair
measurement.

Table 7. Participants’ views on assessment practices.
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I had technical problems in sending 195 99 86 53
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im__

4 I coul.d contant to 1r}stmctor when I had 30 58 100 111 187 376 195
questions about assingments l I
—

In the last part of the data collection tool, participants were asked whether they would like to
state their views about the assessment practices carried out during COVID-19 pandemic. 175
of the participants answered this part. Using content analysis, codes were grouped into the
categories as negative views, positive views and demands of the participants. Codes and
frequencies were given in Table 8. Additionally, it was observed that, apart from the focus of
this study, participants are inclined to state views comparing face-to-face and distance
education.
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Table 8. Frequencies of codes.

Demands f Negative Views fPositive Views f
Use of assignments 14 Distinctiveness of scores 11 II)I;;i:éz)endent from time and 6
Use of online tests 9 Items/assignments out of D Almed to measure high level 4
content skills
Interaction and feedback 8 Time limitations 12 Not having exam anxiety 4
Content .Of the 6 Negligence of the evaluaters 7 Interaction and feedback 2
tests/assignments
Use of clear
exam/assignment 5 Use of online tests 6
instructions
Use qf varied assessment 5 Overrated scores 4
practices
. Limited interaction and
Use of rubrics 4 feedback 4
Technical infrastructure 4 lelted.Measurement of high- 4
level skills
Use of face-to-face exams 3 Technical problems 4
Measuring high level skills 3 Lack Of. clear exam/assignment 4
mstructions
Individualized assessment 3 Lack of clear instructions 2
Test security 2

Participants highly reported that they demand to use assingments and online tests for
assessment. Another demand of the students is about the interaction and feedback. Since
distance education do not offer classroom environment, student-student and student-faculty
member interaction is getting more importance (Alhih & Ossiannilsson, 2017). Participants also
reported negative views. The mostly declared negative view is about the distinctiveness of the
scores. There is a common view among students that most there are excessively overrated
scores. This may be reasoned from the heavy workload of the faculty members since all of the
courses are given online and there was plenty of assignments to mark. Participants also declared
negative views about “content of the tests/assignments” and “time limitations”. Participants
highly criticized the exams and assignments since they think that content is extensive, faculty
members demanded assignments whose subject is out of course content and there are strict time
limitations, especially for assignments. Participants’ declared positive views about the time and
place indepence that distance education presents, aim of measuring higher level skills and exam
anxiety but all of them are limited.

3.4. Quality of assessment according to Level of Interaction with Faculty Members and
Taking Online Tests

Literature offers strong relationship between interaction and students’ perception in distance
education. In this study, researchers decided to examine if there is any significant difference in
participants’ perceptions about the quality of assessment practices according to level of
interaction with faculty members. Participants were grouped according to their reply one of the
items (Item 4 - I could contant to instructor when I had questions about assingments) in the
third part of the data collection tool. Descriptives are provided in Table 9.
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Table 9. Participants’ replies to Item 4.

Item4- I could contant to instructor when I
No . . f %
had questions about assingments

1 Strongly disagree 30 6.17

2 Disagree 58 11.93
3 Partly agree 100 20.58
4  Agree 111 22.84
5  Strongly agree 187 38.48

One-way ANOVA was employed, and five groups of participants were compared. Results are
presented in Table 10.

Table 10. ANOV A results on perception of assessment quality * interaction level with faculty members.

Sum of Mean . . .

Squares df Square F Sig. Sig. Dif.
Between Groups 22149.249 4 5537.312 72.891 .000 1-2; 1-3;1-4;1-5;
Within Groups 36539.995 481 75.967 2-4; 2-5; 3-4; 3-5;
Total 58689.245 485 4-5

ANOVA results proved that participants' perceptions about the quality of assessment practices
differ significantly according to participants’ level of interaction with faculty members, F(4,
481)=72.861, p<.01. There is significant difference (p<.01) between all levels of participants
except Disagree and Partially Agree groups.

Online tests which are widely used in remote assessment has problems in test security. On the
other hand, the qualitative phase of this study reported that students support the use of online
tests. With these in mind, we decided to examine whether the use of online tests effect
participants’ perception about quality of assessment practices. Table 11 summarizes the results
of independent samples #-test.

Table 11. Results of independent samples t-test.

Groups n X S df t p
Attended Online Tests 288 40.48 11.88 484 3.26 .001
Not Attended Online Tests 198 36.48 11.56

Results of independent samples t-test indicated participants’ perceptions about the the quality
of the assessment practices are significantly different according to participants’ attendance to
online tests, #(484)=3.26; p<.01. Participants who took online tests (X=40.48) have higher
perceptions about the quality of the assessment practices than participants who did not attend
online tests (X=36.48).

4. DISCUSSION and CONCLUSION

As badly affected all the routines, pandemic changed the way we teach. While we had
theoretical definitions and limited practices of distance education earlier, nowadays, distance
education has a meaning for all. Today we use online tools to make remote lessons, to
communicate and interact, to assign and collect homeworks and conduct assessment. In this
research, we aimed to examine the very first use of remote assessment and participants’ views
about this unique experience asking four research questions.
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First of all, participants reported positively about the quality of remote assessment. However,
they reported negatively in two critical items. First, participants agreed that the use of rapid
assessment and feedback was unsufficent for effective learning. Instant feedback is known as
an assistant to distance learners to self-evaluate their learning and increase performance in
summative assessment (Koneru, 2017). Similarly, rapid assessment, is critical in distance
education courses due to the asynchronous nature of these courses and additional effort was
required to confirm that students were ready to receive and respond to feedback properly (Uribe
& Vaughan, 2017). The second issue that participants negatively reported about the quality of
the assessment practices is distinctiveness of test scores. To explain, students believe that
assessment must produce fair test results. Most of the faculty members have experienced remote
assessment tools for the first time and this may be a reason for students to feel that distance
assessment practices did not yield distinctive test scores. Heavy workload can be pointed as
another reason for unfair results. Faculty members gave all of the courses online and they must
evaluate plenty of assignments, projects, and other remote assessment tools.

Results indicated that performance-based tools like assingments, performance tasks, portfolios
and research projects are the mostly used assessment tools. Online tests which are easy-to-use
were found to be used less. Participation to discussion forums or other indicators of
participation rates to distance education are used infrequently, too. Additionally, participants
reported infrequent use of peer or self assessment tools. However, literature offers to use varied
tools for remote assessment (Stodberg, 2012). Limited use of online tests may have resulted
from the concern about failing to meet test security. On the other hand, infrequent use of
discussion forums or other indicators of participation to distance tools may because of the
inexperience of instructors about remote tools since most of the faculty members used these
tools for the first time.

Even tough participants did not have any technical problems and they have easy access to
faculty members, they supported to use conventional exams rather than remote assessment.
Moreover, participants reported that they did not experienced anxiety during remote
assessment. This may be explained by one of the findings of qualitative phase of the study.
Students reported negative views about distinctiveness of the results, and this may be routing
participants in favour of face-to-face assessment.

Further information about participants’ views on remote assessment was aimed with qualitative
data. Views of participants were grouped as positive views, negative views and demands.
Participants declared negative views about the distinctiveness of assessment results. We know
that assignments are the mostly used tool during pandemic according to the results of first
research question and use of performance based tools like assingments, portfolios or projects
may be laborious for faculty members (Linn et al., 1991) and this may lead to unfair assessment
results. Another negative view is about the items/assignments that are out of content. With the
use of online tools, a wider course content may be presented to students with the idea of having
more self-studying time in distance education. Lastly, students may need more time for
fulfilling performance-based tasks which requires process-oriented workload. Participants have
demands, too. First of all, they demand the use of assignments and online tests and needs more
interaction and feedback. Additionally, they demand well-defined exam/assignment
instructions. Time and place indepence, measuring higher level skills and lower level of exam
anxiety are found as the positive sides of remote assessment.

Another finding is that participants who have higher levels of interaction with instructors find
assessment practices more qualified. In other words, the more students can reach the faculty
members and communicate, the more qualified they find the assessment. Student-student and
students-instructor interaction or communication is critical in distance education since there are
no conventional classrooms (Vlachopoulos & Makri, 2019). A similar result is found when
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online tests and participants’ perceptions about quality about assessment tools are examined.
Participants who take online tests valued assessment tools more qualified. This may stem from
that online test takers may feel a real assessment experience through online tests. As reported
earlier, most of the students experienced distance education for the first time and they may need
to involve a similar assessment tool as in conventional classrooms.

As all studies have, this study also has limitations, too. Although it is aimed a larger study
group, only 486 students volunteered to participate in the study. Participants are from 61
different universities and 69 different faculties, but a larger group may yield detailed results.
To overcome this limitation, a similar research with a larger group may be conducted. This
study focused on students. Faculty members are the practitioners and their views about this
phenomenon may help us to develop remote assessment approaches. This study was conducted
considering the early stages of the pandemic. Covid-19 is still threatening the face-to-face
education and instutitions are now experienced in distant education. Future studies may focus
on the developments and the latest techniques that instutitions used for assessment.
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6. APPENDIX
Instrument for Student Perceptions About the Quality of the Assessment (Turkish Form)
[Ol¢me ve Degerlendirmenin Niteligine Iliskin Ogrenci Algis1 Olgegi]

Bu 6lcekte, uzaktan egitim siirecinde karsilasmis oldugun 6lgme ve degerlendirme islemlerine
iligkin alginin belirlenmesi amaglanmaktadir. Maddelerin her birini okuyarak, “Kesinlikle

Katilmiyyorum,  Katilmiyorum, Kismen Katuyorum, Katiulyyorum, Kesinlikle Katiliyorum”
seceneklerinden birini isaretlemeniz beklenmektedir. Arastirmaya desteginizden dolay1 tesekkiir ederiz.

Kesinlikle
Katilmiyorum
Katilmiyorum
Katiliyorum
Katiliyorum
Kesinlikle
Katiliyorum

Kismen

No Maddeler

Olgme/ddevlendirme siirecindeki yonerge ve aciklamalar

il
! anlagilir ve agikt.

Degerlendirme ve puanlamanin nasil yapilacagi
i2  konusunda bilgilendirildim (dereceli puanlama anahtari,
degerlendirme kriterleri vb.).
Olgmede kullanilan teknikler (6dev, iiriin dosyast, agik
i3 uclu soru, test vb.) derslerde kazandirilmak istenen
becerilere uygundu.
Olgme ve degerlendirme iist diizey becerileri (yaratic

i4  dislinme, elestirel diisiinme, problem ¢dzme vb.) yoklar
nitelikteydi.

Egitim siireci boyunca 6lgme yapilarak, doniitler

i5 . . . cetene
verilerek 6grenme siirecimin etkililigi arttirildi.

i6  Olgme sonuglar1 ve doniitler hizlica ulasti.

i7  Geribildirimler ayrintili ve 6greticiydi.

Olgme ve degerlendirme kopya ve intihale (farkli
i8 kaynaklardan kaynak gostermeden alma) izin
vermeyecek bi¢cimde yapildi.

i9  Olgme sonuglar giivenilirdi (hatasizd).

Sinav sonuglarinin bagarili ve basarisizi ayirt ediciligi

il
io yiiksekti.

i11 Olgme kapsami, sunulan ders igerigi disina ¢ikmadi.
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1. INTRODUCTION

The term ‘life skills’ was first used during the psychological consultation intervention phase of
the ‘project try’ program, which was an initiative against poverty (Adkin, 1984). During this
program, which is also referred to as “the first life skills program”, the term “life skills” was
used as the description of the behavioral psychological learning ability required for dealing with
the predictable developmental tasks. Adkins (1984) stated that this term was spread to the
general culture and gained various meanings. Following the 1960s, there was an increasing
interest in life skills programs (Bailey & Deen, 2002). The objectives and the target groups of
these programs varied and included, but were not limited to, reduction, adolescence problems,
marriage/separation/divorce problems, protection from contagious diseases, occupational
problems, occupational and industrial career development, health, death, teacher & consultant
training, suicidality in young people, eating habits, and sports (Adkins, 1984; Bailey & Deen,
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2002; United Nations International Children's Emergency Fund [UNICEF], 2012, p. 10, World
Health Organization [WHO], 1997, p. 13).

WHO (2004, p. 4) defined life skills as the positive behaviors that help individuals cope with
daily life's difficulties and challenges efficiently. These skills were explicitly described as the
psychological skills which assist people in conscious decision making, problem-solving, critical
thinking, creative thinking, and efficient communication. In the related literature, there are
various classifications regarding life skills. Tan (2018) summarized the definitions and the
contexts of five classifications regarding life skills (Table 1) and found out that although
Brooks, UNICEF (2012), WHO (1997), The Collaborative for Academic, Social, and
Emotional Learning [CASEL], and Fitzpatrick et al. (2014) suggested different classifications
for life skills, their definitions were similar within the frameworks of cognitive skills, personal
skills, and interpersonal skills.

Table 1. Summary of various categories of life skills frameworks (Tan, 2018, p. 21).

Brooks WHO CASEL UNICEF Fitzpatrick et
(Ginter, 1999) (1997) (2012) al. (2014)
Interpersonal Communication/Interperson | Self-awareness Cognitive Thinking

communication/ | al relationships Self-management | Personal Learning

Human relations | Problem-solving/Decision

. Social awareness | Interpersonal | Practical
making

Problem-solving/

Decision making | Creative thinking/Critical )
Thinking Responsible

Relationship skills

Physical fitness/ decision making
Health Self-awareness/ Empathy

maintenance Coping with emotions/

Identity Coping with stressors

development/

Purpose in life

Today, life skills education is an integral part of the education system in many countries in the
world. International organizations like UNICEF and WHO report that life skills education is
crucial for young people. Since the wealth and the competitive power of the countries are
directly related to the qualified workforce (Trilling & Fadel, 2009, p. 7), there is an increasing
demand for individuals who possess today’s life skills (Erduran Avci & Kamer, 2018).
Therefore, many countries put the life skills in the curriculum (The Turkish Ministry of National
Education [TMNE], 2018; Indian National Council of Educational Research and Training,
2005; Ministry of Education, Singapore, 2016); modify the curriculum according to the
knowledge, skills, and competencies related to the life skills (European Commission / EACEA
/ Eurydice, 2012); and develop and apply programs that aim to make students gain life skills
aligned with their national requirements (Allen & Lohman, 2016; Chauhan, 2016; O’Rourke et
al., 2016; UNICEEF, 2012).

Skill mismatch can be defined as “the mismatch between the skills of an individual and the
skills required for the job they have” (Giines, 2016; p. 210) and is a common issue in upper
education which also affects the graduates (The European Centre for the Development of
Vocational Training [CEDEFOP], 2010). The individuals have to learn the required skills to
keep pace with life and the era's rapid changes (Khatoon, 2018). Therefore, the education
systems, together with the teachers as their practitioners, have a vital role in skill learning. Tenth
Development Plan of the Turkish Ministry of Development emphasizes the life skills among
the educational objectives as follows:
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“The main objective of the education system is raising productive and happy individuals who
possess advanced thinking, perception, and problem-solving capabilities, internalize
democratic values and national culture, are open to sharing and communication, has strong
artistic and aesthetic emotions, has the entrepreneurial spirit and innovative approach with
self-confidence and responsibility, are familiar with using and generating science and
technology, and equipped with the basic information and skills required in the information
society.” (Tenth Development Plan for the Republic of Turkey, 2013; p. 32).

The general and specific objectives of the Turkish national education and instruction programs
(TMNE, 2018, p. 4) include growing individuals who possess integrated knowledge, skills, and
behavior in the selected qualifications, which are defined in the qualifications framework (The
Turkish Qualifications Framework [TQF], 2015). A closer look reveals that many life skills are
emphasized among the skills mentioned in the programs. Therefore, all teachers, regardless of
their branch, are expected to contribute to the development of students’ life skills.

Teachers play a vital role in promoting life skills that prepare students for adulthood (Amutha
& Ramganesh, 2013; Cassidy et al., 2018; Erduran Avct & Kamer, 2018; Kaufman, 2013;
Kurtdede-Fidan & Aydogdu, 2018). According to the research, which predicts the causal effect
of the interventions during secondary and higher education on life skills development, the
‘teacher quality’ is one of the important effects among all (Schurer, 2017). Due to the
differentiating requirements of individuals and new educational approaches, teachers of today
have new occupational responsibilities. These new responsibilities require new teacher
qualifications in various fields. One of such qualification fields is the skills field, which includes
life skills like creative thinking, analytical thinking, and developing self-awareness besides the
occupational skills (TMNE, 2017). It is common to perceive that the teacher candidates, who
have higher qualifications regarding these skills, would be more successful in gaining life-long
learning habits and developing them (Kozikoglu & Altunova, 2018). Evin Gencel (2013) stated
that determining the level of such skills for teachers and teacher candidates contributed to
planning the further stages and taking the required measures. According to the studies in the
literature, students of art departments had higher skills compared to the students of other
departments (Dogramacioglu, 2016; Kayahan & Cakmakoglu-Kuru, 2017; Milli & Yagc,
2017; Otacioglu, 2007; Sardogan & Agaoglu, 2005).

We see that some domain-specific skills are emphasized in the specific objectives of the
curriculum in compulsory education in Turkey. These skills vary according to the department
courses (TMNE, 2018a, 2018b, 2018c). For instance, scientific process skills, some life skills
(analytical thinking, decision-making, communication, creative thinking, entrepreneurship, and
teamwork), and engineering-design skills are domain-specific skills for science course
instruction program (TMNE, 2018a), where balanced diet, use of resources, personal care, self-
management, and time management are domain-specific skills for the life sciences course
instruction program (TMNE, 2018b). These domain-specific skills are similar to the sub-skills
in some of the life-skills classifications in the literature (Fox et al., 2003; Hendricks, 1998;
WHO, 2004, p. 9). Besides, Cronin and Allen (2017) view these skills as behavioral, cognitive,
interpersonal, or intrapersonal competencies that can be learned, developed, and refined. Due
to these aspects, it is important to evaluate teacher candidates' life skills based on their
departments and grade levels.

Life skills scales are instruments that are used to measure individuals’ life skills. The life skills
scales in the literature are generally applied to students in adolescence (Bailey & Deen, 2002;
Erawen, 2010; Erduran Avci & Korur, 2019, June; Greene, 2008; Kadish et al., 2001; Prasad,
2018; Vranda, 2009). There are also studies on young athletes/campers (Cronin & Allen 2017;
Garst et al., 2016), teacher trainees (Chauhan, 2016), teacher candidates (Bhardwaj, 2013; Bolat
& Balaman, 2017). Life skills is a broad concept that includes a lot of sub-skills (WHO, 1997).



Erduran-Avci, Turgut & Korur

WHO (1997) categorized the core life skills into ten categories from a broad perspective.
Therefore, we examined the scales that (i) included the life skills stated by WHO and (ii) were
in Turkish literature for cultural similarity. Erduran Avci and Korur's (2019, June) life skills
scale (11-18 years) included ten sub-factors and each factor had many items with high
representation power. The researchers provided strong evidence about the theoretical structural
compatibility, validity, and reliability of this scale. In this study, we were allowed to test the
structural compatibility of Erduran Avci and Korur’s (2019, June) LSS on teacher candidates,
who were between 17 and 25, and use it.

The purpose of this study was to examine the difference among teacher candidates’ life skills
according to their departments and grade levels. The term “teacher candidates” was used
throughout the study with the meaning of “students trained from higher education institutions
to become professional teachers” (IGI Global, n.d.). By evaluating the life skills of teacher
candidates, this research may contribute to (i) developing solutions and strategies for ‘skill
mismatch’ problem in teacher training, (ii) developing teacher training policies according to the
skill needs, and (iii) planning the life skills training of the generations that will have the life
skills we need. To accomplish this purpose, the research questions were as follows: (1) Is the
LSS instrument valid and reliable for the students at the university level based on the results of
the confirmatory factor analyses? (2) Are there any statistically significant differences between
the students’ average scores of life skills dimensions according to six different departments and
two different grade levels?

2. METHOD

The descriptive survey model was used to examine the teacher candidates’ life skills in terms
of different variables. This model explains the information about a topic according to different
independent variables. The participants’ opinions or features such as interests, skills, or
behavior are identified with this model. The main purpose of survey research is to describe the
current situation of the research topic (Fraenkel et al., 2011, p. 393).

2.1. Participants

With the convenience sampling method, 640 teacher candidates in a state university's education
faculty volunteered for and participated in this study. Fraenkel et al. (2011) stated that
researchers in social sciences tend to use the convenience sampling method more frequently
because it is not possible for researchers to use the time, money, or other resources required for
random sample selection. The distribution of the remaining 518 participants by department and
grade level are presented in Table 2.

Table 2. Distribution of teacher candidates by department and grade level.

Department Grade level Total
Ist grade 4th grade
Math-science Science 17 53 70
Education Mathematics 29 44 73
. . Primary school 33 32 65
Primary education Pre-school 36 18 54
Turkish-social science  Turkish Language 32 17 49
education Social science 15 13 28
. Music 9 15 24
Fine arts Art 3 9 17
. . Guidance and Psychological 44 25 69
Educational science Counselling [GPC]
Foreign language English Language 26 43 69

Total 249 269 518
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Among these participants, the data of 122 participants whose data were found to be inconsistent
(such as giving the same answers to most of the questions one after the other) and/or they left
the question items in the scale blank were not included in the further analysis.

2.2. Variables

The variables that were used in the statistical analysis of this research are presented in Table 3.
The details of two independent variables (grade level and department) and ten dependent
variables, namely the scores for the dimensions, are provided in the table.

Table 3. Description of the variables.

. Variable (wrt ~ Variable Derived/Taken - Variable Min.-

Variable Name types) (wit values) Items from the = Label / Max.
Scale Source

Grade Level Independent  Categorical =~ Demographic#1 1,4 -
Department Independent  Categorical =~ Demographic#2 1,2,3,4,5,6 -
Critical thinking Dependent  Continuous 1-6 Total mean 1-5
Creative thinking Dependent  Continuous 7-16 scores within
Decision making and Dependent Continuous 17-28 each category
problem-solving
Coping with stress and Dependent  Continuous 29-39
emotions
Interpersonal Dependent  Continuous 40-46
relationship and
communication
Empathy Dependent  Continuous 47-53
Self-awareness Dependent  Continuous 54-65
Self-respect Dependent  Continuous 66-73
Teamwork Dependent  Continuous 74-78
Social responsibility Dependent  Continuous 79-83

2.3. The Instrument (LSS) and Data Collection Process

The LSS, which was developed by Erduran Avci and Korur (2019, June) for evaluating the life
skills of students at puberty, was used in this study. The scale was created by Erduran Avci and
Korur (2019, June) following the five-stage approach proposed by Hinkin (1998). The stages
are as follows: item generation (creating the initial item pool), scale management (including
expert views), initial item reduction (including exploratory factor analysis [EFA], confirmatory
factor analysis [CFA], and convergent/discriminant validity (reporting the validity issues). The
execution of the stages was performed on two different groups of students aged between 11 and
18. Six hundred seventy-nine students (EFA) were in the first study group and 585 students
(EFA) were in the second study group. The factor analysis fit of the data, which was obtained
by applying the scale to the first group, was evaluated using the Kaiser—Meyer Olkin (KMO)
coefficient, and the sample size sufficiency was evaluated with Bartlett Sphericity Test. The fit
of both values was confirmed (KMO value, .957; Bartlett Sphericity, y>= 27350.787, p<.001).
According to the explanatory factor analysis results, which was performed by varimax rotation
of principal component analysis, 83 items of the LSS with load factors greater than the threshold
were grouped under 10 factors with eigenvalues greater than one. These factors represented the
dimensions of the scale. The dimensions and the numbers of items were as follows: Critical
thinking (1-6), creative thinking (7-16), decision making and problem-solving (17-28), coping
with stress and emotions (29-39), interpersonal relations and communication (40-46), empathy
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(47-53), self-awareness (54-65), self-respect (66-73), teamwork (74-78), and social
responsibility (79-83). The items of LSS were five-point Likert type (1: strongly disagree, 5:
strongly agree) and the average scores for dimensions were 1 and 5 for minimum and
maximum, respectively. Higher scores resembled students’ higher perception of life skills. The
total variance of these dimensions explained 51.07% of the variance. The factor load values
varied between .32 and .81. Cronbach’s alpha internal consistency coefficient was .964 for the
whole model, where it varied between .717 and .916 for the dimensions. The average scores
varied between 3.15 (teamwork) and 4.14 (empathy). After the application of LSS to the second
workgroup, DFA model fit indices were calculated as ¥*(3268)= 5953.19 p<.001; y*/sd= 1,822,
RMSEA= .0038, SRMR= .049, CFI= .900, and IFI= .901. Cronbach’s alpha internal
consistency coefficient for the whole scale was .973 and .750 to .940 for the dimensions. The
average scores of the second phase's dimensions varied between 3.40 (teamwork) and 4.20
(empathy). These findings were found to be coherent to the hypothetic structure of the LSS
suggested by Erduran Avci and Korur (2019, June); the composite reliability, convergent
validity, and discriminant validity values were in the acceptable range; and this scale was a
proper instrument which could be used in assessing life skills for the future studies. We have
cooperated with two domain experts to qualify LSS as a proper instrument for the university
students out of the specified age range in the original study. After evaluating the appearance
and content of LSS, the experts suggested that LSS could be applied without any changes. LSS
was originally in Turkish and sample items in the original language are presented in Figure 1.

Figure 1. Sample items from the LSS (in Turkish).

. Kanitlar yanildigimi gosterdiginde, diigiincelerimi degigtiririm.

. Bir olayi cesitli acilardan degerlendirebilirim.

. Bir olay sonucunda dogabilecek riskleri degerlendirebilirim.

. Fikirlerimi, gercekler ve deneyimler ile olustururum.

. Kendimi gelistirmek icin yaptigim her hareketi elestiririm.

. Nedenleri ve kanitlar: temel alarak bir durumu anlamaya c¢alisirim.

. Bagkalarindan fikir ve 6neri alirim, ancak onlara inanmadan énce kendim
analiz ederim.

8. Bir isi farkli tarzda/yenilikci yapmaktan hoslanirim.

9. Islerimi dikkatli yapmaya 6zen gosteririm.

it B e N LV T RN LR S )

At the start of the data collection process, we obtained the required permissions to apply the
LSS to the teacher candidates. We made the volunteer teacher candidates fill the LSS forms at
their convenience. The first two authors conducted the data collection. It took approximately
20 minutes for a teacher candidate to fill out the LSS.

2.4. Data Analysis Procedure

To analyze the answer to the first research question, we ran the default model, which was
constrained by the factor loadings, in AMOS and tested the model fit to the ten-factor structure
of the original LSS. CFA process is a statistical technique and it starts with a hypothesis that
suggests that there is a relation between the observed variables and the hidden variables beneath
them (Child, 1990). According to Mahalanobis distance p <.001 (Tabachnick & Fidell, 2007,
p. 99), the outliers were confirmed and 23 students’ data were excluded and CFA was processed
with data of 495 students. It was stated that the minimum sample size to perform the CFA can
be taken as N>100 to 200 or can be calculated as at least 5 to 10 participants per parameter
released (Bentler & Chou, 1987; Brown, 2006). Determining the sample size with general
acceptances may reveal poor generalizability. For obtaining sufficient statistical power and
suitable precision of parameter estimates in CFA, the sample size might be deducted from the
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complexity of the model, amount of missing data, and other variables (such as number of
observed variables, number of latent variables, and probability level; Brown, 2006). These
features will vary widely depending on the data sets in the studies (Brown, 2006). In this
context, by entering anticipated effect size as .5 (medium effect size is generally accepted in
science education research), desired statistical power level as .95, number of latent variables as
45, number of observed variables as 83, and probability level as .05 values, the recommended
minimum sample size was found to be 441 for CFA through an online calculator (DanielSoper,
n.d.). Even though the number of participants in the sample group was appropriate according
to our model, it should be considered carefully in terms of the study's generalizability. Data
were examined for normal homoscedasticity. The common fit indices are given in Table 4 with
their critical value ranges.

In addition to the values in Table 4, Hu and Bentler (1999) determined phased criteria, which
will keep Type I and Type II errors at a minimum while maintaining an acceptable fit between
the data and the model, as a) SRMR value close to or lower than .08, b) RMSEA value close to
or lower than .06, and c) CFI value close to or greater than .95. In this study, to determine the
model fits from the standardized scores, we used Hu and Bentler's (1999) above-mentioned
model fit criteria.

Table 4. Fit indices and critical value ranges.

Fit indices Good fit Acceptable fit
x2/sd 0<y2/df<2 2<y2/df<3
RMSEA 0 <RMSEA < .05 .05 <RMSEA <.08
SRMR 0 <SRMR <.05 .05 <SRMR <.10
IF1 95 <NFI<1.00 90 <NFI<.95

CFI 95 <CFI<1.00 90 <CFI<.95

Note: Adopted from Schermelleh-Engel et al. (2003). y? = chi-square, df=degree of freedom, RMSEA = Root Mean Square
Error of Approximation, SRMR = Standardised Root Mean Residual, IFI = Incremental Fit Index and CFI = Comparative Fit
Index.

To find the answer to the second research question, we examined the interaction of six different
departments and two different grades by using MANOVA. The analysis proved that there was
a statistically significant interaction (grade*department) effect on the average scores of the
students [Pillai's Trace = .183, F (50, 2505) = 1.905, p < .05, partial #2 = .037]. In other words,
the data suggested that the effect of studying in different departments on LSS dimension scores
was not the same for 1st-grade and 4th-grade students. Since this analysis was performed on
interaction with 2*6=12 different variables, we thought that it might be caused by the number
of participants in each group (specifically the number of students in different departments). To
eliminate this possibility, we assigned a new independent variable for each group and performed
MANOVA again. We found that there were no statistically significant differences in further
analysis. Therefore, we examined single main effects instead of department*grade interaction.
In this study, we analyzed the statistically significant differences between the students’ average
scores for 10 dimensions according to two different grade levels and six different departments
by conducting separate MANOVAs. We confirmed that the observations were independent,
and the sample size was sufficiently large for MANOVA groups. We also conducted
preliminary analyses to test the assumptions of MANOVA.

The outliers in the data were analyzed in terms of Mahalanobis distances (p<.001), for the
assumption of absence of multiple variable outliers and MANOVA was carried out with 518
students’ data (Tabachnick & Fidell, 2007, p. 99). For the assumption of the normal distribution
of the dependent variables for each independent variable, skewness and kurtosis values for 10
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dimensions were inspected for -1.5 to +1.5 points range. At the end of this process, we assumed
that the data fit normal distribution [Byrne, 2010; extremum points for the skewness between
-.072 (stress) and -1.005 (social responsibility); extremum points for the kurtosis -.118
(teamwork) and .765 (social responsibility)]. To meet the absence of multicollinearity
assumptions, we inspected the scatter-plot matrix graphs to confirm the linear relations among
the dependent variables. Besides, we observed that there was a low to moderate correlation
among the dependent variables (<.80); and there was no multicollinearity (Tabachnick & Fidell,
2007). For the assumption of homogeneity of variable matrices, significant differentiation was
found among the groups according to Box’s M test performed based on grade levels and
departments (according to grade levels: Box’s M =98.426, F(55, 849453.550)=1.753, p <.05;
according to departments: Box’s M =377.470, F(275, 164505.213) = 1.293, p > .001). If group
sizes are above 30, the MANOVA is robust against violations of homogeneity of variance
matrices assumption (Allen & Bennett, 2008; Hair et al., 2006; Tabachnick & Fidell, 2007).
Furthermore, Tabachnick and Fidell (2007) recommended to test the Box’s M at the p=.001
level for unequal sample sizes; if M is not significant at the .001 level, it may be concluded that
significance tests in MANOVA may be robust. The MANOVA results were evaluated with
Pillai's Trace test data, which is widely accepted as a stronger test than Wilk’s Lambda value
(Field, 2009). According to grade levels, the findings of Levene’s test showed that the
assumption of homogeneity of variances was satisfied for all of the LSS dimensions (p > .05).
The findings of Levene’s test according to departments showed that the assumption of
homogeneity of variances was satisfied except for five dimensions: critical thinking score
[F(5,512)=3.775; p=.002]; creative thinking score [F(5,512)=.481; p=.790]; decision making &
problem-solving score [F(5,512)=.903; p=.479]; coping with stress and emotions score
[F(5,512)=2.699; p=.020]; interpersonal relations and communication score [F(5,512)=1.041;
p=.393]; empathy score [F(5,512)=4.801; p=.000]; self-awareness score [F(5,512)=2.191;
p=.054]; self-respect score [F(5,512)=1.897; p=.093]; teamwork score [F(5,512)=4.731;
p=.000], social responsibility score [F(5,512)=3.650; p=.003]. Further analyses provided for
MANOVA (such as Tukey’s HSD) are sensitive to unequal variances but multiple comparison
procedures by SPSS (e.g. Tambane’s T2, Dunnett’s T3, or Dunnett’s C) are provided for such
cases, where unequal group sizes or high variances ratios (Field, 2009; p. 374). In this study,
we examined the dimensions, which did not satisfy the assumption of homogeneity of
variances, with Tamhane’s T2 index instead of Tukey’s HSD. According to these results, the
related assumptions of the MANOVA were met.

3. RESULT / FINDINGS

In this phase, we conducted a CFA to confirm that the structure, which was obtained by
applying LSS to the teacher candidates, was compliant to the structure, which was obtained by
the application of LSS to the students aged between 11 and 18. In the beginning, we run CFA
for the 10-factor structure of LSS to discover the findings for the first research question. Figure
2 presents the 10-factor structure with 83 items and their corresponding loads. The inspection
of model fit indices and detailed model parameter analyses revealed that the fit indices of the
10-factor structure were close to the corresponding acceptable threshold values in Table 3 [y2
(3249, 495) = 5224.521, p <.001; y2/df= 1.608, RMSEA= .035, SRMR= .0527; CFI= .877,
IFI=.878, RMR=.046, and AGFI=.785)]. Also, the scale’s fit threshold values, which are the
combinations of SRMR, RMSEA, IFI, and CFI values, satisfied the phase criteria of Hu &
Bentler (1999). The findings of the application of LSS to the teacher candidates were in an
acceptable harmony with the Erduran Avci and Korur (2019, June)’s a hypothetical structure
with 10 dimensions.
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Figure 2. The path diagram of the ten-factor structure of the LSS.
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The separate MANOVAs, which were conducted to answer the second research question,
indicated that there were no statistically significant differences between the students’ average
life skills score in 10 dimensions according to two different grade levels [Pillai's Trace = .028,
F (10, 507) = 1.445, p = .157, partial #° = .028]. There were low to medium significant
differences in the student scores in the dimensions of LSS with regards to the students’
departments [Pillai's Trace = .242, F (50, 2535) = 2.573, p < .05, partial #° = .048]. Further
analyses were conducted to find out the dimensions with such interaction. It was found that
there were statistically significant low to medium mean differences for the dimensions: critical
thinking, low [F(5, 512)=6.135, p=.000, partial #°=.057]; creative thinking, medium [F(5,
512)=6.902, p=.000, partial #°=.063]; decision making & problem-solving, medium [F(5,
512)=7.239, p=.000, partial 7’=.066]; coping with stress and emotions, low [F(5,
512)=3.581, p=.000, partial #°=.034]; interpersonal relationship and communication, low [F(5,
512)=3.122, p=.009, partial #°=.030]; empathy, low [F(5, 512)=5.394, p=.000, partial °=.050];
self-awareness, medium [F(5, 512)=7.340, p=.000, partial #°=.067]; self-esteem, low [F(5,
512)=5.055, p=.000, partial #°=.047]; teamwork, low [F(5, 512)=5.007, p=.000, partial
17°=.047]; social responsibility, low [F(5, 512)=3.981, p=.001, partial #°=.037] (Cohen, 1988).
Table 5 presents the results of post hoc analyses regarding this significant difference according
to the departments.

After inspecting the significant differences among the departments in Table 5, it can be stated
that the average scores of the students in the Fine Arts department in critical thinking, creative
thinking, decision making, stress, self-awareness, self-respect, teamwork, and social
responsibility were higher. There is at least one dimension, in which the students in the Fine
Arts department was significantly higher than the students of the other five departments. On the
other hand, it was found that the average scores for critical thinking, creative thinking, decision
making, communication, empathy, self-awareness, and social responsibility were higher in the
Primary Education department students (except the fine arts department students). Just for self-
awareness, the average scores of the students in the Foreign Languages department were
significantly higher than the ones of GPC students (p = .004, Xgifference= 3-8406). There were
no cases where the remaining department students' average dimension scores were significantly
higher than the other departments. The average scores of GPC students were lower than the
corresponding average score of at least one department, except stress and communication
dimensions.
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Table 5. Post hoc Analysis for MANOVA.

Dependent 95% Confidence Interval
Variable Mean Difference (I-J) Std. Error Sig. Lower Bound Upper Bound
Critical Tamhane T2 Primary = GPC 1.4274" 42907 017 .1493 2.7054
thinking education
Fine arts =~ Math-Science 2.31147 44878 .000 9572 3.6657
GPC 2.7239" 50614 .000 1.2043 4.2435
Foreign language 1.9703" 49198 .002 4915 3.4491
Creative Tukey HSD Primary  GPC 2.8011° .82296 .009 4470 5.1552
thinking education
Fine arts  Primary education 3.0119° .98490 .028 .1945 5.8292
Math-Science 4.3981° .96349 .000 1.6420 7.1542
Turkish-social 413347 1.05148 .001 1.1256 7.1412
science
GPC 5.8130" 1.07245 .000 2.7452 8.8808
Foreign language 3.2913" 1.07245 .027 2235 6.3591
Decision Tukey HSD Primary =~ Math-Science 2.9140° 77992 .003 .6830 5.1450
making and education GPC 3.3280° 95109 .007 .6073 6.0486
problem— Fine arts ~ Math-Science 5.0607" 1.11350 .000 1.8755 8.2459
solving GPC 5.4747 1.23943 .000 1.9293 9.0202
Foreign language 4.4168" 1.23943 .005 8713 7.9622
Coping with Tamhane T2 Fine arts ~ Math-Science 5.4612" 1.51073 .010 8411 10.0813
stress and
emotions
Interpersonal Tukey HSD Primary =~ Math-Science 1.5041° S1117 .040 .0418 2.9663
relationship and education

communication




Table 5. Continues.

Erduran-Avci, Turgut & Korur

Empathy Tamhane T2 Primary = Math-Science 1.7292" 38576 .000 .5892 2.8691
education  Turkish-social 2.1022° 56977 .005 3984 3.8059
science
GPC 1.8083" 52587 .012 2346 3.3820
Self-awareness Tukey HSD Primary = GPC 3.7318" 93283 .001 1.0634 6.4002
education
Fine arts  Math-Science 4.5705" 1.09212 .000 1.4465 7.6946
Turkish-social 3.9721" 1.19186 012 5628 7.3815
science
GPC 6.3510° 1.21563 .000 2.8736 9.8284
Foreign  GPC 3.8406" 1.04957 .004 .8382 6.8429
language
Self-esteem Tukey HSD Fine arts ~ Math-Science 3.5478" .86535 .001 1.0725 6.0232
Turkish-social 3.0184° 94437 018 3169 5.7198
science
GPC 4.5345° 96321 .000 1.7792 7.2898
Foreign language 2.9548" 96321 .027 .1995 5.7101
Teamwork Tamhane T2 Fine arts  Primary education 3.7866" 1.01728 .007 6772 6.8960
Math-Science 3.7339° 99683 .007 6767 6.7912
GPC 3.8657° 1.02796 .006 7272 7.0042
Social Tamhane T2 Primary = Math-Science 1.0358" 33415 .032 .0484 2.0232
responsibility education GPC 1.6172" 47608 014 1913 3.0431
Fine arts  Math-Science 1.3012" 43006 .048 .0056 2.5968
GPC 1.8826" 54767 012 2427 3.5226
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4. DISCUSSION and CONCLUSION

This study was conducted for two purposes: 1) to test the 10-factor theoretical structure of LSS
for teacher candidates aged between 18 and 25, ii) to find out whether the life scale dimension
scores of the teacher candidates varied according to the departments and grade levels. The
findings of the study are discussed below based on these two purposes.

LSS, which was developed by Erduran Avci and Korur (2019, June) was applied to the teacher
candidates in the research group of this study. The results of CFA indicated that the structure
model of the scale, which included 10 dimensions and 83 items, was confirmed. We can say
that LSS did not perform perfectly according to the fit indices and some correlation
incompatibilities. However, the 10-factor structure was very close to the acceptable ranges
according to the model fit indices and the values obtained by detailed parameter analyses for
the model. Reasons for this fact might include (i) Erduran Avci and Korur (2019, June) followed
a well-planned and systematic process to develop the scale-LSS, which was used in this study,
and (i1) the structural validity of the scale, together with the items in its dimensions, was high.
Also, possible similar expectations and perceptions of the students of puberty, to whom the
original scale was applied, and the teacher candidates, to whom the scale was applied in this
study, might be another reason. It is common knowledge that puberty can continue until the
twenties (Cardak, 2013, pp. 62-64). At ages 18 to 25, one usually attends university and this
period covers late puberty and early adulthood. During this period, young individuals build new
social relations and keep improving themselves for the rest of their life. According to the “life-
span, life-space” theory (Super, 1990), the period between ages of 15 to 24 is the exploration
phase. The individuals in the exploration phase explore their interests, skills, values, and more
(Ery1lmaz & Mutlu, 2017). Therefore, although the age groups of the samples in this study and
Erduran Avci and Korur (2019, June) were different, it can be stated that these two age groups
have some intersections, common skills, and perceptions. A few studies also examine the life
skills of teacher candidates in the literature (Bhardwaj, 2013; Bolat & Balaman, 2017; Chauhan,
2016).

The analyses of ten sub-factors of LSS showed that there were no statistically significant
differences in the life skills of teacher candidates according to their grade levels but there were
significant differences according to department variable. Teacher candidates' scores for all of
the LSS sub-factors (critical thinking, creative thinking, decision-making & problem-solving,
coping with stress and emotions, interpersonal relations & communication, empathy, self-
awareness, self-respect, teamwork, and social responsibility) varied significantly according to
their departments. There were significant differences in favor of fine arts, primary education,
and foreign language departments compared to many other departments. Among those, the most
significant differences were observed in the fine arts department. The scores of the students in
the fine arts department were different compared to many other departments in eight dimensions
(critical thinking, creative thinking, decision making & problem-solving, coping with stress and
emotions, self-awareness, self-respect, teamwork, and social responsibility). Specifically, there
was a significant difference in favor of the fine arts department in creative thinking sub-
dimension when compared to the other departments. In Turkey, the fine arts departments accept
students by a special talent exam, which is unique to each fine arts department, where all other
departments accept students by a central exam named higher education institutions exam
[HEIE]. Therefore, the researchers think that this result, which is in favor of the fine arts
students, is natural because the students of the fine arts department were accepted to the
university with a completely different assessment process. Similarly, Sardogan and Agaoglu
(2005) stated that the students in visual arts, music, and physical training departments had a
higher level of emphatic skills than the students who were accepted to the university HEIE.
Kayahan and Cakmakoglu Kuru (2017) states that the departments like visual communication
design, which accept students by a talent exam, were more successful than the other
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departments when evaluated according to criteria like interest in the domain lessons, the success
in the application courses, hand-eye-brain coordination, symbolic thinking skill, creativity,
class harmony in the application courses, and participation in the social activities. Similar
results were observed for the students of the fine arts high schools (Dogramacioglu, 2016). Milli
and Yagc1 (2017) indicated that the music department teacher candidates' communication skill
was better than the students of the other departments. Similarly, Otacioglu (2007) found that
the music department teacher candidates demonstrated a higher level of problem-solving skills
than the GPC department teacher candidates. In contrast to these studies, a study in India on
teacher candidates found a significant difference between science teacher candidates' life skills
and art teacher candidates in favor of science teacher candidates (Pal & Chandra, 2019).
Bhardwa;j (2013) found that student teachers from the science stream had better composite life
skills than the ones from the arts stream. The research results of Balaman et al. (2018), who
compared the life skill levels of university students and pedagogical formation students,
revealed that the life skill levels of the pedagogical formation students were significantly higher
than the ones of the undergraduate students. Goksiin and Kurt (2017) stated that the usage of
21st-century learning skills and the 21st-century teaching skills of the teacher candidates varied
according to their universities and departments; and this might be caused by the department’s
HEIE admission threshold score & HEIE score type, the learning life of the teacher candidates
in the universities, and other factors like different professors and course contents. Studying in
different departments create differences in the life skills of the teacher candidates. This result
indicates a need for longitudinal studies on the factors that may affect life skills, considering
the attributes of both the departments and the teacher candidates who study there.

Since life skills have an impact on the prediction of many variables like success (Chien et al.,
2012; Cronin et al., 2019; Erduran Avci & Korur, 2019, June), metacognitive awareness (Zorlu
et al., 2019), and self-efficacy (Koyuncu, 2018; Kozikoglu & Altunova, 2018), it is vital to
make students gain them from the early ages. One of the dominant factors in student’s learning
during the formal learning process is teachers. Therefore, it can be predicted that teacher
candidates with highly developed life skills will contribute to the teaching-instruction process
and the success of our students. Amutha and Ramganesh (2013) emphasize that teachers should
gain and develop the life skills to use them in their personal and professional life. Simona (2015)
emphasizes the need for vocational teachers and trainers for practical training and support
activities in embedding the life skills in their specialties. In this context, courses, activities, and
applications regarding life skills can be inserted into the teacher training programs (Amutha &
Ramganesh, 2013; Pal & Chandra, 2019) and learning environments, that allow the candidates
to integrate these skills into cognitive, affective, and psychomotor acquisitions, can be
designed. This way, teacher candidates can attune the professional skills to daily life skills
(Giines & Uygun, 2016) and they can be supported in adopting these skills to the learning
environments.

As with every research, there are several limitations for this study. The first limitation is related
to the type of instrument used for the evaluation of life skills. We tried to limit the impact of
this limitation by applying the steps in the development phase of the scale, providing the
participants with adequate time and accompanying them during the data acquisition phase, and
reminding the participants to read all items of the questions before making their markings. The
second limitation is the fact that the instruments with closed-end questions rely on the honesty
of the provided answers. Therefore, different measurement instruments may be merged in future
studies that aim to evaluate young people's life skills (Jacobs Foundation, 2011). The third
limitation is the varied distribution of the teacher candidates to the departments. Future studies
can be conducted with relatively similar sample sizes according to the variables. This study's
structure is not appropriate to reveal the cause-and-effect relations, which can be stated as the
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last limitation. The longitudinal studies with different research designs may help determine the
causality relations among the factors that impact life skills.
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6. APPENDIX
Life Skills Scale

Yasam Becerileri Olcegi

Sayin Katilimet,

Bu 6lcek yagsam becerilerini belirlemeye yonelik maddelerden olusmaktadir. Sizden beklenen her maddeyi
okuyup 1 ile 5 arasi derecelerden birini isaretlemenizdir. Maddeleri igtenlikle isaretlemeniz arastirma
sonuglari agisindan olduk¢a 6nemlidir. Liitfen tiim maddeleri isaretleyiniz. Katkilarmizdan dolay: tesekkiir
ederiz.

1: En az katiliyorum............c..ccuueeeen.. 5: En cok katiliyorum

Elestirel Diisiinme

1. Kanitlar yanildigimi gosterdiginde, diistincelerimi degistiririm.

2. Bir olay1 ¢esitli acilardan degerlendirebilirim.

3. Bir olay sonucunda dogabilecek riskleri degerlendirebilirim.

4. Fikirlerimi, ger¢ekler ve deneyimler ile olustururum.

5. Kendimi gelistirmek igin yaptigim her hareketi elestiririm.

6. Nedenleri ve kanitlar1 temel alarak bir durumu anlamaya galigirim.

Yaratici Diisiinme

7. Baskalarindan fikir ve oneri alirim, ancak onlara inanmadan dnce kendim analiz
ederim.

8. Bir isi farkli tarzda/yenilik¢i yapmaktan hoslanirim.

9. Islerimi dikkatli yapmaya &zen gosteririm.

10. Yeni seyler yapmayi tercih ederim.

11. Yent fikirler uretirim.

12. Baskalarindan farkli diisiinceler tiretebilirim.

13. Sorunlar karsisinda kendi yenilik¢i ¢dziimlerimi olugtururum.

14. Herhangi bir isi yapmanin bir¢ok yolunu bulabilirim.

15. Kendi 6zgiin fikirlerimin pesinden giderim.

16. Problemlerimi ¢ozerken genellikle hayal giiclime bagvururum.

Karar verme ve problem ¢cézme

17. Kararlarimin sonuglari1 hakkinda sorumluluk alirim.

18. Sorunun tiim ¢éziimlerini degerlendirip en iyisini segerim.

19. Karar almadan 6nce sorunun tiim yonlerini analiz ederim.

20. Verdigim kararlarin sonuglarini tahmin edebilirim.

21. Ne pahasina olursa olsun bir sorunun ¢6ziimiinii bulmaya c¢aligirim.

22. Bir karara varmadan 6nce tiim bakis acilarini dikkate alirim.

23. Sorunlarimi ¢ézerken ve 6nemli kararlar alirken deneyimlerimden yararlanirim.

24. Kararlarim ya da ¢oziimlerim ige yaramazsa tekrar gdzden gegiririm.

25. Karar almadan 6nce sonuglardan nasil etkilenecegimi diisiiniiriim.

26. Karar almadan once, bagkalarini nasil etkileyecegini diistintiriim.

27. Karar alirken onceliklerimi diizenleyebilirim.

28. Bir problemi akil yiiriiterek ¢ozerim.
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Stresle ve Duygularla Basa Cikma

29. Stresle basa ¢ikmak icin farkli yollar denerim.

30. Olumsuz duygularimi ¢evremdeki insanlara yansitmam.

31. Olumsuz duygularla basa ¢ikabilirim.

32. Stresi engelleyebilmek i¢in bir plan dahilinde galigabilirim.

33. Stresi arttirabilecek miikkemmeliyetc¢ilik duygusundan vazgecebilirim.

34. Fikir ¢catigmalarimla basa ¢ikabilirim.

35. Ofke ile bas edebilirim.

36. Hayatimdaki hersey icin olumlu diistiniiriim.

37. Durumlar karsisinda kontrolsiiz tepkiler vermem.

38. Duygularimi uygun sekilde ifade ederim.

39. Genellikle kaygi diizeyim diisiiktiir.

Kisiler arasi iliski ve iletisim

40. Amacima uygun iletisim yontemlerini segmeye dikkat ederim.

41. Iletisim becerilerimi gelistirmek i¢in ¢aba gdsteririm.

42. Insanlarla kolayca iletisim kurabilirim.

43. Konusurken niyetimi ¢ok agik bir sekilde ifade ederim.

44, Insanlarla konusurken goz temasi kurarim.

45. Birisi konusurken ¢ok dikkatli dinlerim.

46. Insanlar benimle konusurken rahat hisseder.

Empati

47. Bagkalarinin goriislerini 6zgiirce ifade etmelerine firsat veririm.

48. Kendimi karsimdaki bireyin yerine koyabilirim.

49. Bagkalarina yardim etmek i¢in kendi sorumlulugumun farkindayim.

50. Bagkalarinin hislerini anlayabilirim.

51. Basgkalarina yardim ettigimde mutlu hissederim.

52. Aci ¢eken birilerini gérdiiglimde kendimi kétii hissederim.

53. Kimseyi incitmemeye ¢aligirim.

Oz Farkindahk

54. Sevdigim seyleri biliyorum.

55. Duygularimin farkindayim.

56. Kendi ihtiyaglarimin farkindayim.

57. Neleri basarabilecegimin farkindayim.

58. Duygularimi uygun bir sekilde ifade edebilirim.

59. Becerilerimi etkili bir sekilde kullanirim.

60. Giiglii yonlerimi biliyorum.

61. Sahip oldugum yetenekleri biliyorum.

62. Yaptigim isleri/eylemleri degerlendiririm.

63. Ihtiyaclarimi biliyorum.

64. Hayatimin amaglar1 hakkinda net bir fikrim var.

65. Hak ve sorumluluklarimi biliyorum.

Oz Sayg

66. Bircok iyi 6zellige sahip oldugumu diisiiniiyorum.

67. Kendi 6zelliklerimi seviyorum.

68. Kendimi biitliniiyle degerli hissediyorum.
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69. Bir¢ok seyi diger insanlar kadar iyi yapabiliyorum.

70. Bircok seyi yapabilecegime inantyorum.

71. Hayat1 degerli olarak gdriiyorum.

72. Sahip olduklarimdan memnunum.

73. Yaptigim islerde kendime giiveniyorum.

Takim Calismasi

74. Kendimden bagka birinin yaptig1 ise glivenmem.

75. Takim ¢alismalarinda sorumluluk almaktan ¢ekinirim.

76. Takim galismalarinda benden farkli diisiinenlere tahammiil edemem.

77. Takim galigmalarinda “Her koyun kendi bacagindan asilir.” diislincesini tagirim.

78. Takimla ¢aligma ortaminda kendi isteklerimi yaparim.

Sosyal Sorumluluk

79. Cevremi kirlettigimde kendimi suglu hissederim.

80. Topluma faydali islerde goniillii olmak isterim.

81. Bencil davrandigimda kendimi suglu hissederim.

82. Birlikte calistigim grup basarisiz oldugunda suglu hissederim.

83. Davranislarimdan otiirii bagkalar1 sorun yasarsa kendimi kotii hissederim.
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Automated scoring, process, methods based on classical test theory and item response theory were
Classical test theory, utilized. In most of the equating methods, errors of the equating resulting from
Item response theory, automated scoring were close to the errors occurring in equating processes
Mixed-format tests. conducted by human raters. It was concluded that automated scoring can be applied

because it is convenient in terms of equating.

1. INTRODUCTION

Test developers often have a dilemma in choosing the item format to be included on the tests.
Reasons for this include suitability for the measurement of cognitive features, cost of
application and scoring, the effect of item types used in tests on teaching, and psychometric
properties. With practicality in mind, tests can be designed to include only multiple-choice
items, only constructed-response items, or both multiple-choice and constructed-response items
(Martinez, 1999; Rodriguez, 2002). Martinez (1999) states that a single-format test is not
suitable for all purposes and situations, while Messick (1993) states that using different test
item formats together will benefit from the strengths of each format and compensate for
weaknesses. Therefore, it is essential to use both multiple-choice and constructed-response
items, especially in large-scale tests. Because with constructed-response items, students have
opportunity to organize and apply what they learn in a deeper way (Tankersley, 2007).
However, it is difficult, time-consuming, and costly to score constructed-response items in
large-scale testing applications. Due to the scoring difficulties of constructed-response items,
test developers searched for and introduced the concept of automated scoring (Page, 1966).
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Using automated essay scoring systems in tests will ensure efficient use of funds, reduce scoring
time, and efforts (Attali & Burstein, 2006; Chen et al., 2014). The use of this system will
eliminate the necessity to use many raters. Besides, scoring bias can be prevented. Reliability
problems arising from differently trained raters will be overcome, as will generalizability
(Adesiji et al., 2016). However, the effectiveness of automated scoring systems in applications
such as test equating, which is important in ensuring justice between individuals taking different
test forms or participating in the test at different times, has not been adequately investigated in
the literature. Applying automated scoring without such research can cause serious problems
(such as making wrong decisions about individuals). When automated scoring conditions
change, equating error is also likely to change. In this respect, it is necessary to determine the
acceptable automated scoring limits for test equating. The current study was designed based on
these problem situations.

This study is important in determining whether automated scoring and training/test data rates
in automated scoring increase test equating errors and whether the equating errors that occur
because of automated scoring are different from the equating errors that occur with human
raters. Thus, test equating after automated scoring can be performed under relevant conditions.
When the literature was examined, a test equating study that Almond (2014) conducted on
constructed-response items by automatically scoring common items in a sample of 500 people
was found. In this study, the linear logistic equating method, a variant of Tucker linear equating,
was used. Also, there was only one test equating study using automated scoring in mixed-format
tests. This study, conducted by Olgar (2015), contains 30 multiple-choice items and one open-
ended item in tests. The studies carried out by Almond (2014) and Olgar (2015) used the linear
logistics equating method. The current study focused on equating tests with a large number of
constructed-response items with automated scoring.

Moreover, this study was not based on a single test equating method but was carried out using
both classical test theory (CTT) and item response theory (IRT) based test equating methods. It
was seen that test equating methods based on IRT were not used in test equating studies carried
out with automated scoring. So, to investigate which method works better in equating with
automated scoring, both CTT and IRT were used in the study.

In the literature, similar studies compared the equating methods based on CTT and IRT in
mixed-format tests and between nonequivalent groups using a common item pattern (Hagge &
Kolen, 2011; Hagge et al., 2011; He, 2011; Lee et al., 2012; Liu & Kolen, 2011; Wolf, 2013).
In the current study, CTT-based equating methods (Tucker linear, chained linear, chained
equipercentile, frequency equipercentile), and IRT-based true score equating methods (mean-
mean, mean-sigma, Stocking-Lord and Haebara) were used. Most of the literature studies
(Hagge & Kolen, 2011; Hagge et al., 2011; He, 2011; Liu & Kolen, 2011; Wolf, 2013)
compared CTT-based chained equipercentile and frequency estimation methods and IRT-based
true and observed score equating methods. Among these studies, Hagge and Kolen (2011) and
Hagge et al. (2011) used the Haebara method, Wolf (2013) used simultaneous scaling and He
(2011) and Liu and Kolen (2011) used the Stocking-Lord method in IRT-based true score
equating. In their research, Lee et al. (2012) compared Tucker, Levine observed score, Levine
true score, chained equipercentile, frequency estimation, Stocking-Lord, and IRT observed
score equating methods.

In the current study, in cases where equipercentile equating, based on CTT, was used, pre-
smoothing with the bivariate log-linear function was applied. Similar to this study, Hagge et al.
(2011), Lee et al. (2012), and Wolf (2013) pre-smoothed with the log-linear function. On the
other hand, Liu and Kolen (2011) used pre-smoothing while obtaining the results for the
population to make a comparison in the equating process. In addition, they changed synthetic
population ratios of equating methods other than chained equating methods. Similarly, Hagge
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and Kolen (2011), Hagge et al. (2011), and Wolf (2013) changed the synthetic population ratio
to 1 in their study. However, these studies did not evaluate the effect of the synthetic population
ratio but showed the results based on the new group that took the test. While Hagge and Kolen
(2011) and Liu and Kolen (2011) conducted their research on real data, Wolf (2013) worked on
simulated data. Of these researchers, Liu and Kolen (2011) included only multiple-choice items
in tests as common items, while Hagge and Kolen (2011) and Wolf (2013) used mixed-format
tests as common items in tests.

More constructed-response items should be included in large-scale tests to measuring more
complex skills such as higher-order, critical thinking and reasoning, better evaluating items
involving multiple steps in the solution process. But these items should also be easily and
accurately scored. Therefore, the current study is important. In addition, test equating studies
on restricted constructed-response items with automated scores are not enough. This study has
two purposes: 1) to evaluate the effect of constructed-response items scored by automated
scoring systems in the test equating process on equating errors, ii) to examine the change of
equating errors in the change of the conditions in the automated scoring systems.

2. METHOD
2.1. Design

The study was correlational, as it aims to determine the effect of automated scoring of
constructed-response items on test equating in mixed-format tests by comparing it with test
equating performed by human raters. Creswell (2012) stated that it is possible to see how a
difference in one variable affects the other variable in correlational studies.

2.2. Sample

The data for this study were obtained from the eighth-grade Turkish test that is part of the
Academic Skills Monitoring and Evaluation (ABIDE) project implemented by the Ministry of
National Education (MoNE) in 2016. Data for 1000 students who answered the A; and B;
booklets on the Turkish test were selected randomly. After selecting and cleaning data, 607
students from the A booklet and 584 students from B; booklet were studied. Details were given
in the data analysis section. Spence (1996) stated that at least 500 individuals must answer each
test form for test equating studies. The number of students answering the A1 and B booklets in
this research met this criterion.

2.3. Data Collection Tools

Multiple-choice and constructed-response items are included in ABIDE tests, which aim to
examine students’ higher-order thinking skills using different types of items. Two human rater
groups scored Constructed-response items, and a third rater group was consulted in case of a
dispute between the first two raters’ groups. The focus of the research was the data obtained
from two Turkish test forms (A1 and B1) with 18 items. 9 items in the A; test and 10 items in
the B test were constructed-response items. Constructed-response items were scored as either
0-1 or 0-1-2. Nine items were common in A and B; tests (MoNE, 2017).

Since the tests used in the study contain common items, they were equated using the common-
item nonequivalent group (CINEG) design. However, some criteria must be met to equate the
tests using a CINEG design. Angoff (1984) stated that even if the test length increases, the
proportion of common items in the test should not be less than 20%. In this application, the
proportion of common items was 50%. Considering the data characteristics, it is necessary to
use dichotomously and polytomously scored item types together in common items in tests. As
a matter of fact, Tate (2000) proposed the use of both types of items as common items in mixed-
format tests. The reason for this is that the common items should represent the entire test. In the
A1 and B booklets, five of the nine common items were constructed-response and four were
multiple-choice.
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Cramer’s V coefficient calculated the consistency between raters for each constructed-response
item included in the tests in the ABIDE study. Cramer’s V ranged from .83 to .98 for items
included in the Turkish test in A; booklet, and from .87 to .99 for items included in the Turkish
test in B1 booklet. Internal consistency coefficients for test scores were stated as .73 for booklet
A and .76 for booklet B (MoNE, 2017).

2.4. Data Analysis

The data were entered based on the balanced distribution of the categories regarding the scores
obtained from the constructed-response items. This was done to avoid the problem of
prevalence regarding constructed-response items in the data. Indeed, this is important in
automated scoring. Taking into account 9 items for A| booklet and 10 items for B booklet 697
data entries from A; booklet and 701 data entries from booklet B; were made. Then, within the
researchers' criteria, students responding to half or more of the constructed-response items and
multiple-choice items in the test were selected. After this process, the missing data rates were
calculated for each constructed-response and multiple-choice item. The data were cleaned so
that the missing data rate remained below 5%. It was anticipated that a large number of blank
answers will show higher interrater reliability coefficients in automated scoring. As there were
few data in some categories, individuals scoring in these categories were retained in the
response data as much as possible. Then, the scores given by the two groups of human raters
(group 1 and group 2) were examined. Due to the missing data, a group of students were also
excluded from the study. In the last case, 90 students using the A; booklet and 117 students
using the B booklet were excluded. Thus, the data preparation process was completed, and the
automated scoring process was started with 607 data from the A booklet and 584 from the B,
booklet.

In the study, an automated scoring system was created using the Python program on the Linux
operating system. Automated scoring was done using supervised machine learning algorithms
by mapping the computer's scoring features through human raters. Five methods were used in
automated scoring: SVM (support vector machine), LR (logistic regression), MNB
(multinominal naive Bayes), LSTM (long-short term memory), and BLSTM (bidirectional
long-short term memory). Two libraries were used in the software prepared through Python.
90% of the data was used to train the system and 10% to test the system. Random sampling
method was applied with cross validity. Ten-fold cross-validation was used. Turkish test
constructed-response items belonging to “Monitoring, Research and Development Project for
Measurement and Evaluation Applications” implemented by MoNE were used while
developing the software. This test is different from the ABIDE tests used in this research. It is
given to fifth-grade students (10-11 years old) and includes five constructed-response items.
Five constructed-response items were used while preparing the software. Three of the five
constructed-response items are scored as 0-1, while two are scored as 0-1-2. Two human rater
groups scored each student’s answer, and a third rater group was applied in case of dispute.
Rubrics were used in scoring processes. Table 1 shows the sample results of 0-1 scored item 16
and 0-1-2 scored item 20. While 0-1 scored item 16 was tested with 303 data, 0-1-2 scored item
20 was tested with 637 data. Since item 20 was scored in three categories, it was found
appropriate to experiment on more data.
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Table 1. Agreement percentages between automated and human scoring.

SVM LR MNB LSTM BLSTM
) ) () () (%0)

Item 16 303 2 98.0 983 96.1 99.0 99.0
Item 20 637 3 855 824 751 873 88.7

Note: Agreement percentages above 80% indicate an acceptable fit (Hartmann, 1977).

Number of data Number of cathegory

Table 1 shows that the percentages of agreement obtained for item 16 were relatively high. The
methods that showed the highest agreement percentage for this item were LSTM and BLSTM.
Therefore, the agreement percentages obtained for item 20 are sufficient. The method that
showed the best agreement in item 20 was the BLSTM method. The fact that the percentages
of'agreement obtained for all methods were at the expected level showed that the system created
would be sufficient to score the current study's constructed-response items.

The entry of the student answer sheets in JPEG format for constructed-response items was done
manually. This is because students’ handwriting was difficult to read and because optical
character recognition (OCR) systems cannot be used on account of the use of adjacent
handwriting. In addition, it was to eliminate errors that may arise from OCR programs. In order
to completely match the manually entered data with student answers, the data were checked by
a team of six people and errors were corrected. Student answers were directly conveyed and
were not subject to any correction.

The automated scoring system was trained in the automated scoring phase using the human
raters’ final scores. In this way, it was taught how to score by human raters and the scoring
features were mapped to the system. Test data, which were not used in the training of the
system, were scored automatically. The amount of data used to test the system wass a factor
studied in the research. The data rates used to test the system were determined as 10%, 20%
and 33%. Therefore, the amount of data used in training the system was 90%, 80% and 67%
respectively. These values indicated that 61, 121 and 200 of the 607 data for the A; booklet
were used to test the system, respectively, while 546, 486 and 407 data, respectively, were used
to train the system. From the B booklet, 584 data, 58, 117 and 193 are used to test the system,
respectively; 526, 467 and 391, respectively, were used to train the system. The amount of data
to be used for training the system was reduced as much as possible, and the effect of this on
automated scoring and indirect effect on test equating examined. While calculating the results,
10-fold cross-validation was used for the 10% test data rate, 5-fold cross validity was used for
the 20% test data rate, and 3-fold cross validity was used for the 33% test data rate. In this way,
training and test data were differentiated and all data from both booklets were converted into
test data. As a result, the system obtained 607 data scored for the A1 booklet and 584 scored for
the B booklet.

Automated scoring was performed for 10%, 20% and 33% test data rates using the BLSTM
method, which shows the best fit, and equating was started. In order to make comparisons, the
test forms were equated by using the final scores of the human raters for each test form. In the
equating process, methods based on CTT and IRT were used. The test data's statistics and
reliability values to this research were examined before the equating process. The statistics and
reliability coefficients of the A; and B: booklet for human raters and automated scoring
(BLSTM 10%, BLSTM 20% and BLSTM 33%) are given in Table 2. The reliability coefficient
was examined in two ways. In the first case, reliability was determined by Cronbach’s alpha
coefficient (Cronbach, 1951) and in the second case by McDonald’s omega coefficient
(McDonald, 1999) based on factor analysis. While the alpha coefficient was used because it
gave the lower bound estimate of reliability, the omega coefficient was chosen because it had
less and more realistic assumptions (Bendermacher, 2010; Dunn et al., 2014).



Uysal & Dogan

Table 2 shows that the average score generated by human rating was slightly lower than the
average score calculated after automated scoring. When using human raters, the standard
deviation was slightly higher than automated scoring. Omega and Cronbach’s alpha reliability
coefficients were found to be close to each other under both human rating and automated
scoring. However, when using human raters, both Cronbach’s alpha and omega coefficients
were slightly higher.

Table 2. Test statistics on A; and B; booklets.

Human Raters BLSTM %10 BLSTM %20 BLSTM %33

A1 B] A1 B1 A1 B] A1 Bl
Number of Item 18 18 18 18 18 18 18 18
Sample Size 607 584 607 584 607 584 607 584
Mean 13.152 14.101 13.259 14300 13.283 14.361 13.273 14.346
Standart Deviation 4.530 4964 4331 4777 4333 4765 4313 4.760
Median 14 15 13 15 14 15 14 15
Minimum 1 0 2 0 2 0 2 1
Maximum 23 23 23 23 23 23 23 23
Skewness -.249 -.466 -.208 -.520 -218 -.538 -.209 -.518
Reliability (Alfa) 766 797 746 784 746 783 747 786
Reliability (Omega) .868 .893 .857 .885 .856 .882 .858 .884

Chained linear (LC), Tucker linear (LT), chained equipercentile (EC), and frequency estimation
(EF) equating methods based on CTT were chosen. Synthetic population value was changed to
w1 =1 (WS =1) and the effect of this situation was investigated. When the synthetic population
was determined as w1 = 1, the group that takes the new test form in the common item design in
nonequivalent groups was determined as the synthetic universe (Kolen, & Brennan, 2014).
When the synthetic population value was not changed, the synthetic population was determined
according to the number of samples in the groups (to be w1 + w2 = 1). However, since chained
equating did not support the synthetic population, synthetic population ratios had not been
changed in methods using chained equating (Kolen, & Brennan, 2014). In addition,
presmoothing (PSM) was performed for equipercentile equating methods. For the EF method,
PSM is performed and the synthetic population ratio was changed. With these changes, the
effects of synthetic population parameters and/or PSM on the equating results were also
evaluated. “equate” (Albano, 2016) package in R (R Development Core Team, 2018) was used
while equating test forms according to CTT methods. PSM was carried out using PROC IML
(Moses & von Davier, 2006) code in SAS 9.4 (SAS Institute, 2015). The reason for performing
this procedure outside the R program was that the total scores obtained from the A booklet or
the B1 booklet and the total scores obtained from the common tests should be subtracted because
some of the frequencies associated with the score combinations were zero (Moses et al., 2004).
However, the “equate” package in the R software did not allow this.

PSM was performed using polynominal bivariate loglinear function distribution due to the use
of nonequivalent group design. The best model was chosen for each form by comparing 11
different models in the polynominal bivariate loglinear function distribution. The equating was
carried out by using 10000 replications with the bootstrap technique.

The mean-mean (MM), mean-sigma (MS), Haebara (HB) and Stocking-Lord (SL), which are
true score equating methods based on separate calibration in IRT, were used. Before equating,
IRT assumptions were examined. The first assumption was unidimensionality. Factor analysis
for mixed tests for each test form was carried out for both human scorers and automated scoring
conditions using the MPLUS (Muthén & Muthén, 2012) program. Due to the use of mixed-
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format tests, polycoric and tetracoric correlations were utilized. The weighted least square mean
and variance adjusted (WLSMV) were used as the estimation method in the factor analysis.
WLSMV estimation method is known as one of the most suitable methods when using polycoric
and tetracoric correlations (Barendse et al., 2015). In addition, parallel analysis (Timmerman &
Lorenzo-Seva, 2011) was carried out through the Factor 10.5 program (Lorenzo-Seva &
Fernando, 2006) in order to decide the number of dimensions. Parallel analysis results showed
that each test form has a single factor structure for both automated scoring (with 10%, 20% and
33% test data rates) and human raters.

Five models were compared to determine which IRT model fit the data for each test form. Since
there were re constructed-response items rated binary and there was no possibility to respond
to these items by chance, all binary items were examined based on one parameter model
(1PLM) and two-parameter model (2PLM). Models reviewed include 1) 1PLM and partial
credit model (PCM), 2) 1PLM and generalized partial credit model (GPCM), 3) 1PLM and
graded response model (GRM), 4) 2PLM and GPCM, 5) 2PLM and GRM. When comparing
models, the differences between -2log likelihood values and degrees of freedom were
calculated, and these values were compared with the chi-square table. If the value obtained was
greater than the value determined for the 5% error in the chi-square table, a higher model had
been adopted. When comparing models with the same degrees of freedom, standard error
averages related to theta estimation were used. EAP method was used to estimate ability
parameters. Accordingly, models with lower standard errors were used to estimate the ability
and item parameters. Model comparisons were made for all of the human raters' final scores
and the rating done by the automated scoring systems and it was concluded that the 2PLM and
GPCM methods were more appropriate overall. Ability and item parameters were estimated
using XCalibre 4.1 (Yoes, 1996). The XCalibre program estimates the discrimination and
difficulty parameters with a lower error (RMSE) than BILOG (Mislevy & Bock, 1997; Weiss
& Minden, 2012). Test equating was performed by transferring the ability parameters and item
parameters estimated in the XCalibre program to the IRTEQ program.

Standard error of equating (SEE), bias (BIAS), and root mean squared error (RMSE) were
calculated to be used in comparisons after test equating with methods based on CTT and IRT.
The random error (SEE) was designed based on the standard deviation of the equated scores
and results from the sample. Bias, that is, systematic error, was based on the difference between
the estimated equation and the criterion (real) equation relationship. Bias results from reasons
such as the common items do not represent the test form in terms of content and statistical
properties in nonequivalent groups, the serious differences between the groups and the
difference of common items from one application to another. Bias was not a coefficient directly
affected by the sample. RMSE is a combination of bias and standard error (Kolen & Brennan,
2014; LaFlair et al., 2017). The bias value was not directly used in comparing the performance
of the methods due to the high level of negative and positive values can neutralize each other
(Zu & Liu, 2010). Absolute BIAS values have not been studied since the negative BIAS value
indicates that the skills are predicted to be lower than they are and the positive indicates that
the skills are predicted higher than they are (Pang et al., 2010). The methods were compared
over SEE and RMSE, which is a combination of SEE and BIAS. While choosing the best
method, RMSE values were used due to the combination of systematic and random error.

SEE, BIAS, and RMSE values were calculated through the “equate” package (Albano, 2016)
after the equating process in CTT and the MSEXCEL module after the IRT equating process.
By choosing the same error coefficients, CTT and IRT equating methods were compared. To
make it easier to compare with the CTT, theta was used to calculate the IRT errors. Below are
the equations used to calculate BIAS (equation 1), RMSE (equation 2) and SEE (equation 3) in
the CTT (Gonzalez & Wiberg, 2017). L is the number of bootstraps performed, 1 are the
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samples, @(x;) is the estimated equated scores, ¢(x;) is the real equated scores, and @(x;) is the
estimated equated mean scores:

BIAS(x;) == %ty [(§1(x) — 01(x)] (1)
RMSE() = [FEE[(01G) = 02 G2 @
SEE(x;) =+/RMSE (x;)? — BIAS(x;)? (3)

The following equations can be used when calculating SEE (equality 4), BIAS (equality 5) and
RMSE (equality 6) values based on IRT. The resources of Deng and Monfils (2017) and Keller
and Keller (2011) were used for equations. ©; is the ability of the individual i, 8; is the ability
of the individual i estimated by the equating method used, and N is the sample size:

SEE = J% YN (; — 6; — BIAS)? (4)
1 _~

BIAS=~ TN, (8; - ©)) ()

RMSE = J% UMCIEHE (©6)

After the equating errors were obtained for three automated scoring conditions, they were
compared with the human raters. It was then decided to perform a difference test to determine
the status of showing significant difference in the errors (RMSE) of the rater type in the equating
process. Accordingly, the average of three conditions related to automated scoring was
calculated. Normality was then tested for each group. A Shapiro-Wilks test was used while
testing normality. The results showed that the RMSE values of the equating process performed
through human raters did not distributed normally (W(sd = 13) =.860, p <.05), and the RMSE
values of the equating process performed through automated scoring system were normally
distributed (W(sd = 13) = .914, p = .210 >.05). As a result, since one of the groups did not
provide the assumption of normality, the difference test was carried out with the Mann-Whitney
U test, a nonparametric technique. To determine the effect of the scoring type on the RMSE,
the effect size was calculated through Cliff’s Delta coefficient (Cliff, 1996). The Cliff’s Delta
coefficient used to compare two groups ranges from -1 to +1. If the coefficient is closer to -1
or +1 the effect size is increased and if closer to 0 effect size is decreased (Cliff, 1993). For this
purpose, R “effsize” package (Torchiano, 2020) was used.

After calculating the effect size, the correlation between the errors of the human raters’ equating
and the errors of the automated scoring equating were examined. According to the normality
tests, the relationship was examined using Spearman’s rho correlation since one of the variables
did not meet the normality assumption.

3. RESULT / FINDINGS

Table 3 shows the errors related to the test equating process. Equating was made with human
scores for both forms and equating errors displayed in the “human” column. Equating using
machine scores was performed for both forms and equating errors are shown in the “BLSTM”
column. Table 3 shows the equating errors using the scores obtained with 10%, 20%, 33% test
data rates via the BLSTM method. In Table 3, the lowest error methods are shown in bold and
the highest error are shown in italics for each rater and type of error condition.
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When the human raters were re taken into consideration in Table 3, that the lowest random error
(SEE) was .050 obtained in the MS method based on IRT. MM method followed this with .061.
When using methods based on IRT, the highest SEE (.083) showed in SL and HB methods.
When using human raters, the method that showed the lowest SEE (.197) in CTT based equating
methods was the Tucker linear in which the synthetic population ratio was determined as 1
(LT[WS =1]). This value was followed by (.198) the LT equating method in which the random
universe ratio was not changed and the random universe ratio was determined based on the
sample numbers. The method with the highest SEE (.357) was the PSMEC equating method,
which was pre-smoothed with a bivariate logarithmic linear function. In the case where human
raters were used, the highest SEEs were obtained in equipercentile equating methods. In this
condition, methods based on IRT generally showed lower SEEs than methods based on CTT.

When test equating results made after automated scoring performed with a 10% test data rate
and the BLSTM method were evaluated in terms of random error, the lowest random error
(.047) was found in MS method. This value (.047) was lower than that of human raters (.050).
This value (.047), which was obtained at the 10% test data rate, was followed by the MM
method with .079. When using methods based on IRT, HB method showed the highest SEE
(.110). When automated scoring was performed at a rate of 10% test data, LT[WS = 1] was the
method that shows the lowest SEE (.200) in test equating methods based on CTT. This value
was followed by the LT equating method with .201. The method with the highest SEE (.407) is
the EC. In the equating performed after automated scoring with the 10% test data rate and
BLSTM method, the highest SEEs were obtained in equipercentile equating methods. In this
condition, methods based on IRT generally showed less SEEs than methods based on CTT. The
SEEs calculated for all methods were close to the SEEs of equating with human raters. In two
conditions, automated scoring (using BLSTM method with 10% test data rate) led to test
equating with fewer errors.

When test equating results made after automated scoring performed with a 20% test data rate
were evaluated in terms of random error, the lowest random error (.006) was found in the MS
method. The value obtained was quite close to 0 (.006) and was much lower than the SEE (.050)
obtained when human raters are used. This value (.006), which was obtained at the 20% test
data rate, was followed by the MM method with .098. When using methods based on IRT, HB
method showed the highest SEE (.127). When automated scoring was performed at a rate of
20% test data, LT[WS = 1] was the method that shows the lowest SEE (.196) in equating
methods based on CTT. This value is followed by the LT equating method with .197. The
method with the highest SEE (.405) was the PSMEC equating method. In the equating
performed after automated scoring with the 20% test data rate and BLSTM method, the highest
SEEs were obtained in equipercentile equating methods in general. In this condition, methods
based on IRT generally showed lower SEEs than methods based on CTT. The SEEs calculated
for all methods are close to the SEEs of equating with human raters. In four conditions,
automated scoring (using BLSTM method with 20% test data rate) led to test equating with
fewer errors.

When test equating results made after automated scoring performed with a 33% test data rate
wereevaluated in terms of random error, the lowest random error (.012) was found in the MS
method. This value obtained is quite close to 0 (.012) and is much lower than the SEE (.050)
obtained when human raters were used. This value (.012), whichwas obtained at the 33% test
data rate, was followed by the MM method with .071. When using methods based on IRT, the
HB method showed the highest SEE (.137). When automated scoring was performed at a rate
0f 33% test data, LT[WS = 1] was the method that shows the lowest SEE (.200) in test equating
methods based on CTT. This value was followed by the LT equating method, with an SEE
of .202. The method with the highest SEE (.398) is the EC equating method.
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Table 3. Errors related to equating methods based on CTT and IRT.

SEE BIAS RMSE
Human BLSTM Human BLSTM Human BLSTM

%10 %20 %33 %10 %20 %33 %10 %20 %33

LC 211 213 209 215 .003 .002 .002 .003 211 213 209 215

LT 198 201 197 202 .003 .002 .002 .003 198 201 197 202

LT (WS=1) 197 200 196 .200 .003 002 .002 .004 197 200 196 .200

EC 351 407 396 398 061 216 159 142 357 461 427 423

CTT EF 330 336 347 336 062 .032 .052 071 336 337 351 344
EF (WS=1) 330 362 371 348 .059 .048 158 .062 335 365 403 353
PSMEC 357 328 405 350 .044 .042 .087 .041 359 331 414 352
PSMEF 321 341 360  .307 023 021 .084 .021 322 342 369 307
PSMEF (WS=1) 333 349 371 317 023 021 078 .021 334 349 379 318

MM 061 .079 .098 .071 -.010 022 .039 .010 062 .083 .106 .072

MS 050 .047 .006 .012 .064 128 127 .079 081  .136  .127  .080

R HB 083 .110 .127  .137 -079  -108  -.087  -.127 Ad14 154 154 187
SL 083 100 .118  .119 -079  -098 -078 -.118 A14 140 141 167

Note: In terms of SEE, BIAS and RMSE, the lowest coefficient is shown in bold and the highest coefficient in italics in each condition.
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In the equating performed after automated scoring with the 33% test data rate and BLSTM
method, the highest SEEs were obtained in equipercentile equating methods. In this condition,
methods based on IRT generally showed lower SEEs than methods based on CTT. The SEEs
calculated for all methods were close to the SEEs of equating with human raters. In four
conditions, automated scoring (using BLSTM method with 33% test data rate) made test
equating with fewer errors.

When the random errors obtained in all equating processes were evaluated, the errors were very
close to each other. In the equating performed by automated scoring, in some cases, lower SEE
values were obtained than in the equating performed by human raters. IRT based methods had
lower SEE values than methods based on CTT, even if human raters were used or automated
scoring was performed. Considering all the equating processes, the lowest SEE value (.006)
was obtained using the MS method with BLSTM in automated scoring based on a 20% test data
rate. The highest SEE value (.407) was obtained by the EC equating method in all test equating
processes performed using BLSTM in automated scoring based on a 10% test data rate.

Systematic error (BIAS) sizes obtained in the equating process with human raters vary
between .003 and .079. BIAS values obtained after equating with scores obtained through the
BLSTM method based on a 10% test data rate vary between .002 and .216. BIAS values
obtained after equating with scores obtained through the BLSTM method based on a 20% test
data rate vary between .002 and .159. BIAS values obtained after equating with scores obtained
through the BLSTM method based on a 33% test data rate vary between .003 and .142.

When the human raters were taken into consideration, as shown in Table 3, the lowest RMSE
was .062 obtained by the MM method based on IRT. This value was followed by .081 with the
MS method. When using IRT methods, the highest RMSE (.114) was found in the SL and HB
methods. These results mean that moment methods (MM and MS) show lower RMSEs than
characteristic curve methods (SL and HB) based on IRT. When using human raters, the method
that shows the lowest RMSE (.197) in CTT based equating methods is the LT[WS = 1]. This
value is followed by .198 with the LT equating method. The method with the highest RMSE
(.359) was the PSMEC equating method. In the case where human raters are used, the highest
RMSEs were obtained in equipercentile equating methods. In this condition, methods based on
IRT generally showed less RMSEs than methods based on CTT.

When test equating results made after automated scoring performed with a 10% test data rate
were evaluated in terms of RMSE, the lowest RMSE (.083) was found in the MM method. This
value (.083) was close to the lowest RMSE value (.062) obtained when human raters are used.
This value (.083), which was obtained at the 10% test data ratewas followed by MS method
with .136. When using methods based on IRT, HB method showed the highest RMSE (.154).
When automated scoring was performed at a rate of 10% test data, LT[WS = 1] was the method
that shows the lowest RMSE (.200) in test equating methods based on CTT. This value was
followed by the LT equating method with .201. The method with the highest RMSE (.461) was
the EC equating method. In the equating performed after automated scoring with the 10% test
data rate and BLSTM method, the highest RMSEs were obtained in equipercentile equating
methods in general. In this condition, methods based on IRT generally showed less RMSEs
than methods based on CTT. The RMSEs calculated for all methods were close to the RMSEs
calculated from equating with human raters. In one condition (PSMEC), automated scoring
(using BLSTM method with 10% test data rate) led to test equating with fewer RMSE.

When test equating results conducted after automated scoring performed with a 20% test data
rate and BLSTM were evaluated in terms of RMSE, the lowest RMSE (.106) was found in the
MM method. This value (.106) was close to the lowest RMSE value (.062) obtained when
human raters were used. This value (.106), which was obtained at the 20% test data rate, was
followed by the MS method with .127. When using methods based on IRT, HB method showed
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the highest RMSE (.154). When automated scoringwas performed at a rate of 20% test data,
LT[WS = 1] was the method that shows the lowest RMSE (.196) in equating methods based on
CTT. This value was followed by the LT equating method with .197. The method with the
highest RMSE (.427) was the EC equating method. In the equating performed after automated
scoring with the 20% test data rate and BLSTM method, the highest RMSEs were obtained with
equipercentile equating methods. In this condition, methods based on IRT generally showed
lower RMSEs than methods based on CTT. The RMSEs calculated for all methods are close to
the RMSEs calculated by equating with human raters. In three conditions, automated scoring
(using BLSTM method with 20% test data rate) performed test equating with fewer RMSEs.

When test equating results made after automated scoring performed with a 33% test data rate
are evaluated in terms of RMSE, the lowest RMSE (.072) was found in the MM method. This
value (.072) was very close to the lowest RMSE value (.062) obtained by human raters. This
value (.072), whichwas obtained at the 33% test data rate, was followed by the MS method
with .080. When using methods based on IRT, the HB method showed the highest RMSE
(.187). When automated scoring was performed at a rate of 33% test data, LT[WS = 1] shows
the lowest RMSE (.200) in equating methods based on CTT. This value was followed by the
LT equating method with .202. The method with the highest RMSE (.423) was the EC equating
method. In the equating performed after automated scoring with the 33% test data rate and
BLSTM method, the highest RMSEs were obtained with equipercentile equating methods. In
this condition, methods based on IRT generally showed lower RMSEs than methods based on
CTT. The RMSEs calculated for all methods are close to the RMSEs of equating with human
raters. In four conditions, automated scoring (using BLSTM method with 20% test data rate)
performed test equating with fewer RMSEs.

Figure 1 shows RMSE values of the equating performed by human raters and automated scoring
based on 10%, 20% and 33% test data rates. The chart was drawn in the range of 0 to 1, since
in the literature it was noted that RMSE values below 1% are not important (Pang et al., 2010).

Figure 1. RMSE values of the methods according to the rater type.
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Figure 1 shows that the RMSE values obtained with all equating methods are close to each
other. In the equating performed with automated scoring, in some cases, lower RMSE values
were obtained than in the equating performed with human raters. IRT based methods had lower
RMSE values than methods based on CTT, even if human raters were used or automated scoring
was performed. Considering all the equating processes, the lowest RMSE value (.062) was
obtained in MM method with the using human raters. In equating with automated scoring
scores, the lowest RMSE value (.072) was obtained with the MM method. When IRT test
equating methods were compared for each condition, it can be indicated that moment methods
showed less error (RMSE) than characteristic curve methods. The highest RMSE value (.359)
was obtained in the PSMEC equating method in all test equating process performed using
human raters. In automated scoring, the highest RMSE value (.461) was obtained with the EC
equating method. In general, equipercentile equating methods equate tests with more RMSE.
Changing the synthetic population ratio to 1 generally reduced RMSE values in linear methods.
However, in equipercentile equating methods and when pre-smoothing was applied in
equipercentile equating methods RMSE values generally increased. Changing the ratio of
synthetic population to 1 did not create very large decreases or increases in RMSE coefficients.
The pre-smoothing process decreased RMSE values in some cases but increased it in other
cases.

The average of errors resulting from test equating performed with the scores obtained by
automated scoring with the test data rates of 10%, 20% and 33% were calculated. Then, the
significant difference between these averages and the errors of the equating obtained through
human raters was examined. Equating methods, variations in synthetic population ratios and/or
pre-smoothing versions of these methods have been investigated to determine whether there is
a difference between human raters and automated scoring averages. A Mann-Whitney U test
was used because the normal distribution assumption was not met for each group. The results
are shown in Table 4.

Table 4. Difference test regarding RMSE values obtained as a result of human raters and automated

scoring.
Rater N  Mean Rank Sum of Ranks U P
RMSE Human Scormg. 13 12.000 156.000 65.000 136
Automated Scoring 13 15.000 195.000

Table 4 shows that the RMSE values (median =.211) of 13 equating methods obtained through
human raters did not differ significantly from the mean RMSE values (median = .212) of 13
equating methods obtained through automated scoring (U = 65,000, p = .336 > .05).
Accordingly, the use of human raters or automated scoring did not have a significant effect on
the RMSE values obtained as a result of the equating process. The effect size was investigated
through the Cliff’s Delta coefficient and -.18 was found. This effect size is small (Cliff, 1993).
The relationship between the errors of the equating (RMSE) performed by human raters and
the averages of the equating errors (RMSE) performed by automated scoring was evaluated
with the correlation of Spearman rank differences and at a high and significant level relationship
was found (» =.96, p = .00 <.05).

4. DISCUSSION and CONCLUSION

Three equating procedures were performed in the study according to the test data rates used in
automated scoring. The equating process was carried out for human scorers as well as for
automated scoring. In the equating process for human raters, the final scores of the human raters
for the A and B: booklets were used. In the equating process for automated scoring, the scores
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obtained by the automated scoring of the constructed-response items in both test forms were
used. Constructed-response items and objectively scored items are not subjected to equating
separately. Methods based on CTT and IRT have been used as the equating method.

This study had found that the errors (RMSE) obtained in all methods and different combinations
of methods in automated scoring conditions and in the condition where human raters were found
similar. In some cases, lower RMSE values were found in the equating performed through
automated scoring than human raters' equating processes. It was observed that pre-smoothing
decreased RMSE values in some cases but increased in other cases. Hagge et al. (2011)
determined that the pre-smoothing reduced the standard error of chained equipercentile
equating and frequency estimation methods. This study changed the ratio of synthetic
population decreased RMSE values in linear equating methods, while it increased RMSE values
in equipercentile equating methods. However, it should be noted that equating errors presented
here were based on automated scoring conditions. The result of the equating showed that
methods based on IRT equate tests with lower errors (in terms of SEE and RMSE) compared
to methods based on CTT either in automated scoring conditions or when human raters were
used. Hagge and Kolen (2011) and Liu and Kolen (2011) stated that methods based on IRT
showed lower errors than the methods based on CTT according to the root mean squared error
in conditions like this study. Liu and Kolen (2011) also found that IRT true score equating
methods had lower SEE values than frequency estimation and chained equipercentile equating
methods. Although the same criterion is not considered, Lee et al. (2012) stated that IRT true
score equating performed better than Tucker linear, chained equipercentile, frequency
estimation, pre-smoothed chained equipercentile, and pre-smoothed frequency estimation
methods in terms of primary level equality. Wolf (2013) also found that in terms of primary
level equality, IRT true score equating performed better than frequency estimation and chained
equipercentile equating. Hagge et al. (2011) stated that IRT based methods had lower SEE
values than CTT based methods. However, these studies weren’t equating based on automated
scoring. When methods based on IRT were compared for each condition, moment methods
equate with less error than characteristic curve methods. This situation may be related to
linearity besides the number of common items and test length. The highest RMSE and SEE
values are found in equipercentile equating methods.

Regarding RMSE and SEE, the highest errors were obtained in the chained equipercentile and
pre-smoothed chained equipercentile equating methods. Hagge and Kolen (2011) and Hagge et
al. (2011) also stated that the method with the highest SEE value wass chained equipercentile
equating. However, He (2011) stated that the chained equipercentile equating method
performed better than frequency estimation method according to primary level equality
criterion. The difference between this study and He (2011) 1s thought to be due to the sample
size. In automated scoring, the average RMSE values of different test data rates for each
equating method were calculated and the statistical differences of these values from the errors
of equating performed by human raters were examined. As a result, it was determined that there
was no significant difference between the errors and that the errors showed a high level of
compliance. Olgar (2015) used the open-ended items as common items by scoring them
automatically and stated that even though the common items were multiple-choice items or
open-ended items scored automatically with multiple-choice items, the results were similar. He
even found that the including automatically scored open-ended items in common items yielded
better results in some cases. Almond (2014) stated that in tests consisting only of constructed-
response items, linear logistic equating can be used as an alternative by automatically scoring
common items with generic e-rater.

In cases where automated scoring is made, based on the results of this study, methods based on
IRT in equating procedures are recommended. This study was carried out on approximately
1200 people. In subsequent studies, the effect of automated scoring on the equating process can
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be examined using larger samples. This study determined the effect of changing the synthetic
population ratio on equating errors under automated scoring conditions. In future studies, when
there is a difference between the number of groups to be equated, the effect of the synthetic
population ratio to .5 can be evaluated. This study also discussed the effect of pre-smoothing
under automated scoring conditions. In further research, pre- and post-smoothing can be
compared, and different pre- and post-smoothing methods can be examined under different
patterns.
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1. INTRODUCTION

With the help of measurement tools used in the field of education, various decisions such as
passed/failed, successful/unsuccessful were intended to reach about individuals and it is aimed
to affect individuals’ lives as accurately as possible. Various methods are used in large-scale
assessments in education in line with this aim. To make the results of these kinds of assessments
more reliable, one of the widely used methods in different positions or locations within the tests
(Bulut et al., 2017). Thus, problems such as individuals memorizing items or copying answers
of other examinees during the test application can be overcomed (Bulut, 2015). Thus, the effect
of these factors that may affect the psychometric properties of the test can be reduced. However,
although the use of different test forms or booklets has positive aspects, it may lead to
psychometric issues such as position effects of items (Bulut, 2015). The consequences of the
position effect on individuals' abilities are ignored in many test creation processes. If such an
effect occurs, it 1s assumed to be the same for all persons and all items therefore it is thought to
not affect the person’s ability or item difficulty (Hahne, 2008). However, in practice,
individuals’ test scores can vary according to item position (Kleinke, 1980). In that case, item
position effects that cause changes in individuals' test scores may threaten the validity of test
score interpretations (Trendtel & Robitzsch, 2018). Hence, examining the positioning of the
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same items in various ways across different booklets should be examined and investigated to
see whether or not one book type is more advantageous for some groups of test takers which is
important for the test development process. The positions of items in booklets or test forms
created by item position manipulations may lead to differential item functioning (DIF)
(Akayleh, 2018; Balta & Omur Sunbul, 2017; Debeer & Janssen, 2013; Erdem, 2015). The
present examines whether item position effects lead to DIF in test items or not.

1.1. Item Position Effects

The interaction between the position of a test item in a test booklet and the performance a test
taker displays on the same item is called item position effects — IP effects (Qian, 2014).
Kingston and Dorans (1984) stated that, in the most classical way, IP effects may emerge in
two conditions; namely, items in a measurement instrument that are positioned towards the end
may be found easy by test takers owing to practice or learning effect (a positive IP effect) or
they can be found difficult owing to fatigue effect (a negative IP effect).

An item displaying IP effects means that the item parameters (e.g., difficulty or discrimination)
can vary according to the item’s position in the booklet (Weirich et al., 2017). For example,
Weirich et al. (2017) stated that considering IP effects on item difficulty, an item administered
at the end of a test often is more difficult than the same item administered at the beginning of
the test (p.115). Similarly, Le (2017) concluded that items tend to be more difficult when placed
towards the end of the test. The test-takers in this study may have found the items positioned
towards the end difficult owing to their decrease in motivation in the exam. However, whatever
the underlying reason is, conditions that occur owing to IP effects negatively impact the validity
of the results. Various studies have also indicated that it is important to consider position effect
to test the validity of an assessment (Hahne, 2008; Hohensinn et al., 2008; Qian, 2014).

Studies in the literature investigated whether creating different test forms, arranging the location
of the items in the test, and ordering the items from easy to hard or hard to easy affect the
individuals’ performance or item parameters. However, the results of the studies that examined
this subject are not the same. While some studies have determined that the item position has a
role on individuals' performance (Debeer & Janssen, 2013; Hartig & Buchholz, 2012; Ollennu
& Etsey, 2015; The West African Examinations Council [WAEC], 1993), others have
concluded that item position does not affect the performance of students or examinees (Dogan
Giil & Cokluk Bokeoglu, 2018; Perlini et al., 1988; Tal et al., 2008). In some studies, it was
determined that the item position caused bias in item parameter estimates (Debeer & Janssen,
2013; Dogan Giil & Cokluk Bokeoglu, 2018; Hecht et al., 2015; Meyers et al., 2009). Although
there is no clear conclusion about the item position on which different studies have been
conducted, different booklets are used in many exams for example the Program for International
Student Assessment (PISA), the Trends in International Mathematics and Science Study
(TIMSS), and the Progress in International Reading Literacy Study (PIRLS). For the item
security in such large-scale assessments (such as memorizing the item by those taking the
exam), booklets created with items in different orders and different clusters could be used (Frey,
Hartig, & Rupp, 2009). In such test administrations where there is awareness of the possibility
of IP effects leading to negative outcomes (such as bias in item parameters, test score
differences), booklet design is used as a measure. However, studies are reporting that IP has an
impact even in administrations where booklet design is used as a measure (Hartig & Buchholz,
2012; Le, 2007; Martin et al., 2004).

Although the studies on the IP effects are mostly based on Classical Test Theory (CTT), there
are also studies conducted with Item Response Theory (IRT) framework, the use of which has
become widespread in many fields (Debeer & Janssen, 2013; Hahne, 2008; Hohensinn et al.,
2008; Qian, 2014; Weirich et al., 2014). The fundamental assumptions of IRT are that the
individual's ability measures can be obtained independently of the tests applied to test takers
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and that invariant item and ability parameters can be reached (Hambleton et al., 1991).
However, this assumption of item parameter invariance could be in the booklets in which the
same items are positioned differently in an achievement test (Weirich et al., 2017).

Since IP effects are not the same for every test-takers, ignoring this effect limits to make a fair
comparison. Recent research shows that there can be individual differences as a result of IP
effects (Debeer & Janssen, 2013; Verguts & De Boeck; 2000). So, this situation may lead to
biased ability parameter estimates. Moreover, [P effects can cause a different source of variation
which can have an impact on test scores (Tippets & Benson, 1989). For this reason, the IP
effects can cause significant validity issues.

IP effects have a crucial role in almost all moderate to extensive lengths tests using different
booklets (Leary & Dorans, 1985). And IP effects is a practical concern in the professional
development of test instruments in large-scale assessments (Qian, 2014). Therefore, it is highly
worthwhile for test developers to focus and to attention on this issue.

1.2. Differential Item Functioning

Differential item functioning (DIF) developed by Holland and Thayer (1988) compares the
probability of correct answers to items in test takers from different subgroups with the same
level of ability. DIF occurs when different groups of the same underlying ability have different
probabilities of responding to an item correctly (Holland & Wainer, 1993).

In DIF studies, it is common that there are at least two groups, i.e. focus and reference groups.
The focal group generally refers to a minority group or study group, while the majority group
is called the reference group (Schmitt & Crone, 1991). However, when naming the groups is
not clear, it can be completely random. There are two types of DIF, namely uniform and non-
uniform DIF. Uniform DIF exists when an item is constantly in favor of one group over another
group across the 0 continuum (Zumbo, 1999). In other words, almost all members of a group
show better performance than almost all the members of the group who are at the same ability
levels. Non-uniform DIF occurs when the item provides a relative advantage, the magnitude of
which changes as the 0 level changes, or when a group has a relative advantage at the low 0
level, whereas the other group has a relative advantage at the high 0 level (Penfield & Lam,
2000). If an item shows DIF, it does not mean that item is biased. Generally, DIF analysis is
considered as the first step in deciding whether an item can be biased towards a particular group.
If the factor causing DIF is irrelevant to the construct being measured by the test, it is a source
of bias (Karami, 2012). Kamata and Vaughn (2004, p.51) stated that DIF can arise for reasons
other than bias, and therefore an item with DIF should be interpreted as "possibly biased item"
or simply called "DIF item".

McNamara and Roever (2006, p. 93) have discussed the DIF detecting methods in four
categories: (1) Analyses based on item difficulty. These approaches compare item difficulty
estimates. (2) Nonparametric approaches. These procedures use contingency tables, chi-square,
and odds ratios. (3) Item-response-theory-based approaches which include 1, 2, and 3 parameter
logistic models. (4) Other approaches. These include logistic regression, which also employs a
model comparison method, as well as generalizability theory and multifaceted measurement,
which are less commonly used in classic DIF studies. As IRT methods were employed in the
present study, only these methods were focused on. Methods based on IRT essentially compare
item parameters or item characteristic curves that show the focus and reference group test-
takers’ probability of giving correct answers to items (Camilli & Shepard, 1994). The chi-
square test and Raju’s area measurement, which are used in the present study, are among the
most frequently used IRT-based DIF methods.
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1.3. Differential Item Functioning Based on Position Effects

There are numerous studies on IP effects on psychometric item characteristics in the related
literature (Hambleton, 1968; Hambleton & Traub, 1974; Kelinke, 1980; Klosner & Gellman,
1973; Leary & Dorans, 1985; Lee, 2007; Newman et al., 1988; Perlini et al., 1998). However,
there are fewer studies on whether using different forms or booklets in achievement exams leads
to certain psychometric problems such as DIF, and in the majority of these studies, while some
focus on item order effects by ordering items from easy to difficult, difficult to easy, or
randomly based on item difficulty index (Balta & Omur Sunbul, 2017; Cokluk et al., 2016;
Freedle & Kostin, 1991; Plake et al., 1988; Ryan & Chiu, 2001), others focus on IP effects
(Avcu et al., 2018; Bulut, 2015; Erdem, 2015).

Ryan and Chiu (2001) developed two forms consisting of 40-items which included topics they
had addressed, namely algebra, trigonometry, geometry, and analytic geometry. The items in
form-1 were ordered from easy to difficult, while the items in form-2 were ordered from easy
to difficult based on the topics. This study reported that the variance in item order did not
significantly affect the occurrence of DIF. Cokluk, Giil, and Dogan-Giil (2016) administered
three different forms in which the items of a 20-item achievement exam in a science and
technology course were ordered from easy to difficult, from difficult to easy, and completely
randomly to the seventh-grade students. They investigated whether there was DIF in different
forms created by positioning items differently via CTT and IRT-based methods. They
concluded that positioning items differently caused a significant difference in the probability of
the test takers at the same ability level responding correctly to the items.

Another study, conducted by Bulut (2015), aimed to examine the relationship between gender-
based DIF and booklet effect stemming from using test booklets in which the same items were
used but positioned differently. By using large-scale verbal reasoning test data in the study,
Bulut (2015) conducted uniform and nonuniform DIF analyses using CTT-based DIF detection
methods. The study revealed that even though the general difficulty level of the booklets for
the male and female groups was found to be similar, some items in each test booklet were
observed to be marked as showing uniform and non-uniform DIF. In this study, where the
number of non-uniform DIF items was found to be higher than the number of uniform DIF
items in each type of booklet. It was deduced that different test booklets were problematic in
terms of the exam results of male and female test-takers. In another study, conducted by Erdem
(2015), whether the subtests of six different courses in the TEOG (Transition System from
Elementary Education to Secondary Education) administered during the fall term of the 2014-
2015 academic year displayed DIF based on booklet type was examined using CTT based DIF
detection methods. The study revealed that, in terms of the test booklet, there was a high number
of DIF displaying items in the subtests of Religion, Culture and Ethics, Turkish Revolution
History and Kemalism, and Foreign Language (English), while the number of DIF displaying
items decreased in subtests of Turkish and Science and Technology. There was no item
displaying DIF in the mathematics subtest.

Findings reported by previous studies show that the location and order of items in a test can
affect test results. Hence, it can be claimed that the position of test items should be taken into
consideration during a test development process. Thus, the present study aimed to examine
whether or not IP effects led to DIF arising from using different test booklets. In large-scale
assessments in Turkey are not usually administered as a pilot test. Therefore, items cannot be
placed in these booklets based on item difficulty indices.

Instead, items addressing similar learning outcomes are generally clustered together and
positioned in the booklets based on these clusters. For this reason, IP effects, not item order, is
the focus of the present study. Moreover, it was observed that in the studies where IP effects
were examined by using data obtained from large-scale exams, mostly CTT based methods
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were used to identify DIF. The current study has some strengths since IRT-based DIF methods
are used on real data. In IRT-based DIF studies, generally, 1 parameter logistic (PL) or 2PL
models are used without checking for model-data compatibility. However, in the present study,
the model was selected by testing the model-data fit. It is believed that the results of the present
study will provide test developers preparing different booklets with foresight regarding whether
IP effects will lead to DIF or not.

2. METHOD

The study group of the present study was comprised of 9737 students who took the TEOG exam
during the first term in the 8th-grade on 23rd-24th November 2016. The number of male and
female participants were 5049 (51.9%) and 4688 (48.1%), respectively.

2.1. Instrument

TEOG is a large-scale assessment administered to 8th-grade students by the Ministry of
National Education, General Directory of Measurement, Assessment, and Exam Services in
Turkey between the years 2013 and 2017. The scores obtained from this exam are used to place
primary school graduates in secondary education institutions (Ministry of National Education
[MoNE], 2013). TEOG consists of six subtests, each of which includes 20 multiple-choice
items. These subtests are (i) Turkish, (ii) Mathematics, (iii) Science and Technology, (iv)
Religion, Culture and Ethics, (v) Turkish Revolution History and Kemalism, and (vi) Foreign
Languages (English). In this exam, four booklets (A, B, C, D) formed by varying the positions
of the same questions were used. In the present study, the data obtained from the TEOG
administered during the first term of the 2016-2017 academic year were used. The study
focused only on the Turkish subtest.

2.2. Data Analysis

In the data analysis phase of the study, first of all, the missing data in the four booklets, each of
which included the responses of 2500 students, were deleted. Booklet A was regarded to be the
original booklet, and the responses of the students who took Booklet B, C, or D were
reorganized according to Booklet A. Finally, the data set was converted to a categorical score
of either 0 or 1. The descriptive statistics of the data set by booklet type used in the study are
presented in Table 1.

Table 1. Descriptive statistics by booklets.

. - Std. Skewness Kurtosis
Booklet N Min - Max X Dev. (Std. Error) (Std. Error) KR-20
A 2416 .00  20.00 11.082 4.497 .049 (.050) -.982 (.100) 816
B 2453 1.00 20.00 10.824 4.525 .084 (.049) -.912 (.099) 817
C 2438  1.00 20.00 10.967 4.475 .118 (.050) -.940 (.099) 811
D 2430 .00 20.00 11.003 4.427 .083 (.050) -.927 (.099) .808
Total 9737 .00  20.00 10.968 4.481 .083 (.025) -.940 (.050) .813

There are no clear-cut guidelines for interpreting measures of skewness and kurtosis. However,
Huck (2012, p.27) stated that most researchers accept the range between -1 and +1 for
approximately normal distribution. When the statistics regarding skewness and kurtosis
coefficients in Table 1 are examined, a normal distribution of the data for all the booklets is
observed. As the KR-20 reliability coefficients ranged between .81 and .82 across the booklets,
the results obtained from these booklets were considered to be reliable. Because values greater
than 0.80 are considered to have high reliability (Salvucci et al., 1997).
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Whether the data for each booklet are unidimensional or not was examined through a
confirmatory factor analysis based on the WLSMYV (weighted least squares mean and variance
adjusted) estimation method. WLSMV has been recommended for estimating CFA model
parameters with categorical variables (Muthén & Muthén, 2010). To run this analysis, the
“lavaan” (Rosseel et al., 2019) package in the R software was utilized. The results obtained are

summarized in Table 2.

Table 2. Dimensionality analysis by booklets.

Goodness

-
of Fit A B C D Criterion
2/4f 294.217/17 336.128/170= 333.534/170= 268.263/170= <5 Moderate fit
X 0=1.731 1.977 1.961 1.578 <3 Perfect fit
>.90 Good fit
FI . 991 . .994 -
¢ 993 %9 990 %9 >.95 Perfect fit
>.90 Good fit
NNFI 992 .990 .989 .993 -
>.95 Perfect fit
<.05 Perfect fit
RMSEA .01 .02 .02 .01 -
S 017 020 020 015 <.08 Good fit
<.05 Perfect fit
SRMR .024 .026 .026 .023
<.08 Good fit

*Hu & Bentler, 1999; Stimer, 2000; Kline, 2005; Brown, 2006; Hooper, Coughlan & Mullen, 2008.

When Table 2 is examined, the model-data compatibility for each of the four booklets is
observed to be a perfect fit. Based on these findings, it was concluded that the measured
construct that unidimensional. This outcome also indicates that the data sets displayed local
independence (Hambleton et al., 1991). Finally, model-data compatibility analyses were run to
decide which unidimensional parametric IRT model was the most appropriate for the data set

used in the study. The results that the analyses yielded are summarized in Table 3.

Table 3. Comparison of models with the likelihood-based statistics.

Model Fit Indices Difference
Booklet Model —
AIC BIC Log-likelihood Ay? Adf  p

1PL 56918.35 57039.93 -28438.17

](31\‘1’212‘;?6‘)* 2PL 5622622 56457.82  -28073.11 730.1 19 .00
3PL 55939.61 56287.00 -27909.80 326.6 20 .00
1PL 58145.46  58267.36 -29051.73

](?:1)212(11623]? 2PL 57491.92  57724.12 -28705.96 691.5 19 .00
3PL 57245.04  57593.34 -28562.52 286.9 20 .00
1PL 58016.17 58137.95 -28987.09

](?I)\(I)i)l;gg? 2PL 57401.83  57633.79 -28660.92 652.3 19 .00
3PL 57102.99  57450.93 -28491.50 338.8 20 .00
1PL 57598.17  57719.88 -28778.08

](?\(I)i)l;le?foli 2PL 57041.56  57273.39 -28480.78 594.6 19 .00
3PL 56791.39  57139.13 -28335.69 290.2 20 .00
1PL 230673.50 230824.30 -115315.70

'(1"1\(1)‘[_391737) 2PL 228105.80 228393.20 -114012.90 2605.7 19 .00
3PL 226973.90 227404.90 -113426.90 1172.0 20 .00
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When the item parameters obtained from the 1-, 2- and 3PL models and the Ay? differences
summarized in Table 3 were examined, it was concluded that the 3PL model is fitted the Turkish
subtest of TEOG. For this reason, the 3PL model was used for the DIF analyses run by utilizing
the Lord’s chi-square (Lord’s ¥*) and Raju’s unsigned area methods. These two methods were
tested for both with and without item purification. Item purification is used to decrease the
effect of items displaying DIF based on the results obtained from DIF methods and is, hence,
used to increase the validity of the results (Candell & Drasgow, 1988). In IRT-based methods,
item purification is realized by rescaling item parameters in both of the two groups generally
based on the reference group scale, while in each step of the purification process, all the items
identified as DIF are eliminated and the remaining items are rescaled (Magis & Facon, 2012).
In the analyses where items with DIF are taken into consideration, there is a high possibility of
Type I error occurrence owing to the fact that items without DIF can be identified as items with
DIF (Clauser et al., 1993). However, with the item purification approach the inflation in Type
I error rates can be avoided and the power to identify items with DIF can be increased (Magis
& Facon, 2012). Hence, in the present study, the effect of item purification on DIF results has
also been examined. DIF analyses were run with “difR” package in the R software (Magis et
al., 2015) and on the maximum likelihood method. The methods used in the research are, in
brief, as follows:

2.2.1. Lord’s chi-square test

Lord’s y* the hypothesis whether the item parameters (depending on the IRT model used) in
one group are different from those in other groups. This method looks at whether there are
significant differences between the two groups with statistics (Price, 2014). Lord’s 5 is for the
item characteristic curves (ICCs) equality between reference groups and focus groups, and is
calculated using the following equation:

= (ir-vir)’ Y (Vir - ViE)

where (vir - vir)’ is a vector of differences in the i-th item parameter estimations (discrimination,
difficulty, and pseudo-guessing) between the focus group and the reference group, while !
is the inverse of the asymtotic variance-covariance matrix for differences in item parameter
estimations. Lord’s ? test allows for detecting uniform or non-uniform DIF among two groups
by setting an appropriate item response model (Lord, 1980, pp. 217-223). When the estimated
¥* for i-th item is significant at .05 level in the present study, this item is flagged as DIF.

2.2.2. Raju’s area method

Raju (1988, 1990) enhanced the formulas from the area method originally proposed by Rudner,
Geston, and Knight (1980) for calculating the exact area between two item response functions
(IRFs) derived from two different groups, and presented two statistical tests, called signed and
unsigned area methods, for assessing whether the area between two estimated IRFs is
significantly different from zero for the 1-, 2- and 3PL models. According to Raju (1988), the
signed area (SA) is referred to as the difference between two item characteristic curves, whereas
the unsigned area (UA) is referred to as the distance. The SA is computed from the difference
between item difficulty parameters, whereas the UA is calculated from the difference between
both difficulty and discrimination parameters. Thus, the SA is about uniform DIF, while the
UA is related to the non-uniform DIF. Raju (1988) showed that when the c-parameters (pseudo-
guessing parameter) are unequal, the area between two IRFs was infinite and that infinite
procedures for estimating the area between two IRFs with unequal c-parameter yield misleading
results. Raju (1988, 1990) proposed to make equal or fixed c-parameters for this problem.
Therefore, c-parameters in the focal group were fixed to those in the reference group of the
present study. Raju’s UA is calculated through the following equation:
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D by -b
2(ay - a aiap(bp —bq)

Raju’s UA= (1 —¢) [B2"%) i1+ e a-a |- (by — by)
Da1a2
where a, b and c ate the estimation of item discrimination, difficulty, and pseudo-guessing
estimates, respectively.

2.2.3. Identify DIF items

To identify DIF items in the present study, each booklet was analyzed using the Lord’s x> and
Raju’a UA methods with and without purification, separately. Then DIF items were flagged in
each booklet. Booklet A was optionally chosen as the reference group and the remaining
booklets were used as focus groups in all analyses. The results are presented in such a way that
Booklet A was compared against booklets B, C, and D.

3. FINDINGS

With Booklet A being used as the reference group, the data obtained through the pairwise
comparisons of the booklets based on the methods of Lord’s %* and Raju's UA are summarized
in Tables 4, 5, and 6.

Table 4. Results of DIF analysis of the booklet A versus booklet B.

Item Lord’s > Raju’s UA
Position in Position in Without With Without With
A B purification purification purification purification
1 4 11.94* 13.27* -1.05 =78
2 5 3.99 4.63 -1.38 -1.38
3 6 1.02 1.71 1 21
4 3 3.34 2.03 -1.69 -1.60
5 2 5.49 5.74 -1.88 2.41%*
6 1 10.50%* 10.55* -2.81% -3.73%
7 12 .93 2.29 .61 -4.25%
8 13 4.12 5.95 -1.84 -3.66*
9 14 10.21%* 7.68 1.69 1.40
10 15 4.54 4.06 -1.83 -2.01%*
11 16 1.49 2.28 -1.22 -2.49%*
12 17 3.88 3.24 .81 41
13 11 3.86 5.35 -1.77 -2.88%
14 10 3.85 2.49 =75 -1.32
15 9 9.44%* 11.29* -.95 -1.56
16 8 7.53 9.08* 1.43 1.05
17 7 7.07 5.87 -2.19% -2.80%*
18 19 3.38 1.93 -1.52 -1.18
19 20 8.16* 6.14 -1.46 -1.77
20 18 1.21 1.50 -1.00 -1.46
*p <.05

As can be observed in Table 4, in the Lord’s %> method, the items displaying DIF without item
purification are items 1, 6, 9, 15, and 19, while items displaying DIF with item purification are
items 1, 6, 15 and 16. In the Raju’s UA method, items displaying DIF without item purification
are items 6 and 17, while those with item purification are identified as items 5, 6, 7, 8, 10, 11,
13, and 17.

As can be observed in Table 5, in the Lord’s %> method, the items with DIF for both with and
without item purification conditions are items 1, 2, 13, and 16. In the Raju’s UA method, items
displaying DIF without item purification are items 13 and 16, while those with item purification
are identified as items 10, 13, and 16.



Soysal & Yilmaz-Kogar

Table 5. Results of DIF analysis of the booklet A versus booklet C.

Item Lord > Raju’s UA
Position in Position in Without With Without With
A C purification purification purification purification
1 6 9.19% 9.73* 52 41
2 3 13.31%* 14.12%* -1.32 -1.36
3 2 4.83 543 24 21
4 1 3.79 2.85 -1.62 -1.83
5 4 1.43 2.11 35 .09
6 5 6.52 7.26 -1.12 -1.14
7 13 2.15 2.50 1.41 1.01
8 11 5.02 4.57 -1.30 -1.38
9 12 4.80 4.16 1.87 1.93
10 9 6.22 5.59 -1.91 -2.07*
11 8 1.66 2.15 -1.02 -1.02
12 7 1.09 1.53 47 35
13 14 11.27* 11.51%* -2.29% -2.33%*
14 15 1.14 1.41 -17 -0.28
15 10 5.39 6.33 1.13 1.11
16 19 7.90* 8.79* 2.05% 2.03*
17 20 3.63 3.82 -0.66 -.89
18 17 2.18 2.16 -1.44 -1.51
19 18 2.58 2.89 -1.58 -1.64
20 16 35 .74 A48 33
*p <.05

Table 6. Results of DIF analysis of the booklet A versus booklet D.

Item Lord y* Raju’s UA
Position in Position in Without With Without With
A D purification purification purification purification
1 2 13 .30 22 A3
2 4 5.77 21.52% -.28 -1.02
3 5 4.42 8.98* -45 -.67
4 6 1.18 3.69 -.76 -42
5 1 9.86* 15.73%* -1.25 -1.09
6 3 7.23 23.21% -1.65 -2.28%
7 11 4.93 28.85% -2.04%* -4.14%
8 14 9.44* 25.83% -.98 -1.07
9 13 1.10 1.98 .93 44
10 16 10.21%* 18.06* -2.24% -2.31%*
11 17 3.60 13.14%* -1.78 -2.50%
12 15 8.70* 7.17 -2.10%* -2.45%
13 10 2.47 12.23%* -.99 -1.87
14 9 1.83 5.97 -1.03 -1.29
15 12 .55 4.04 .50 .30
16 7 3.60 5.42 1.50 1.24
17 8 2.76 5.23 -1.48 -2.16*
18 20 4.00 6.16 -1.53 -1.01
19 18 3.34 3.76 -1.47 -1.65
20 19 2.01 3.46 -1.24 -1.36
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As can be observed in Table 6, in the Lord’s y* method, the items displaying DIF without item
purification are items 5, 8, 10, and 12, while items displaying DIF with item purification are
items 2, 3,5, 6,7, 8, 10, 11, and 13. In the Raju’s UA method, items displaying DIF without
item purification are items 7, 10, and 12, while those with item purification are identified as
items 6, 7, 10, 11, 12, and 17.

Besides, ICCs were examined for the items flagged as DIF in all conditions (methods x
purification) Item 6 was flagged as DIF in both Booklet A and Booklet B. Item 6 in Booklet A
is item 1 in Booklet B. In the comparison of Booklet A and Booklet C, items 13 and 16 were
flagged as DIF. Items 13 and 16 in Booklet A are items 14 and 10 in Booklet C, respectively.
In the comparison of Booklet A and Booklet D, only item 10 was flagged as DIF. This item is
item 16 in Booklet D. The ICCs of these four items were shown in Figure 1. It could be observed
in Figure 1 that these items displayed non-uniform DIF.

Figure 1. ICCs of DIF items flagged by Lord’s y° and Raju’s UA methods.
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4. DISCUSSION and CONCLUSION

In the present study, the effect of using different booklets formed by changing the position of
the same items, which is frequently a preferred practice in large-scale tests, on test-takers’
responses was investigated. To this end, four booklets of the Turkish subtest in the 2016 TEOG
exam was examined. First, Lord’s %? identified more items with DIF than Raju’s unsigned area
did in the without item purification condition. Then, items flagged as DIF in the Raju’s unsigned
area method are generally flagged as DIF in the Lord’s %> method, as well.

In the condition of with item purification, as in the condition of without item purification, fewer
items with DIF were observed in the Raju’s UA method than in the Lord’s 3> method. However,
the results that both methods yielded were not revealed to be as consistent as they were in the
condition of without item purification. In both methods, the items flagged as DIF when Booklet
A was compared against booklets B were more than the items Booklet A was compared against
booklets C and D. This could result from the fact that the highest level of similarity in terms of
item position was between Booklets A and Booklet C. Thus, it made us think that performing
item purification with Lord’s y* and Raju’s UA methods tended to be more sensitive than
performing without purification. The results of the present study showed consistency with those
reported by Ozdemir (2015), the study of whom yielded results that were obtained in both with
and without item purification using the methods of Lord’s %* and Raju’s signed area. Ozdemir
reported that both Lord's chi-square and Raju’s signed area (for 1PL) methods with or without
item purification affected both the number of DIF items and DIF items.

In the literature, there are not only studies reporting that item position can have an impact on
individuals’ performance (Leary & Dorans, 1985; Hambleton, 1968; Wu et al., 2019), but also
studies reporting that item position can lead to bias in item parameter estimations (Debeer &
Janssen, 2013; Meyers et al., 2009). Meyers et al. (2009), who researched the effect of item
position based on IRT, stated that 56% of the variance in item difficulty between the two tests
stemmed from the change in the order of the items. Similarly, Debeer and Janssen (2013)
reported that in the 2006 PISA reading test, the fact that the item was positioned in a cluster
further below the test led to estimations of item difficulty. Taking into consideration that the
differentiation in the item parameters reflects onto the ICCs, it can be claimed that this can
result in statistically significant results in differential item functioning.

In the present study, the fact that the items flagged as DIF are generally positioned at
considerably different places between booklets can indicate that DIF may result from the
position of the item in the test. To illustrate, among the items flagged as DIF in at least one
method, items 6, 9, 15, and 17 in Booklet A are in the order of 1, 14, 9, and 7 in Booklet B,
respectively. Thus, the results obtained in the present study display consistency with those
reported in the related literature. However, in the present study, the same items positioned close
to each other in different booklets were also revealed to flag as DIF in some conditions (with
or without purification) in at least one method (e.g. such items as 2 and 13 in Booklet A are in
3rd and 14th order in Booklet C). In this case, the reason underlying DIF may not be based on
item position. It may have arisen due to a type 1 error caused by sampling.

With the consideration of the effects of item position on item difficulty, an item positioned at
the end of a test is generally more difficult than the same item positioned at the beginning of
the test (Hambleton, 1968; Li et al, 2012; Rose et al., 2019; Weirich et al., 2017). In consistence
with the literature, the analyses conducted in the present study also yielded similar results.
When the items flagged as DIF were examined in at least one method, item 15 in Booklet A
was found to be 9 in Booklet B, and this item was found more difficult by the test takers of
Booklet A (see Appendix-1). This could be attributed to the fatigue effect, mentioned in the
study by Davis and Ferdous (2005).
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There are also studies reporting that ordering items in a test from easy to difficult has an impact
on the probability of giving correct responses to the items (Balta & Omur Sunbul, 2017; Cokluk
et al., 2016). In the present study, some items flagged as DIF were evaluated within this scope.
To illustrate, the first item in Booklet A, which flagged as DIF, was item 6 and item 5 in
Booklets B and C, respectively. When Appendix-1, which presents a summary of the item
parameters, is examined, it is observed that this item is the most difficult in the test. Hence,
starting a booklet with an easy or difficult item can be an advantage or a disadvantage.

In conclusion, based on the findings of the present study, it can be claimed that the method of
Lord’s % has a higher tendency of flagging items as DIF when compared to the method of
Raju’s UA. Moreover, it should not be ignored that there may be some prediction error in the
DIF results obtained from Raju’s UA method since the guessing parameters of the focus group
is fixed to the ones of the reference group. As can also be observed in the present study, no
method can definitely identify the presence of items flagged as DIF. Even though an item
flagged as DIF in any method is no evidence that this item has DIF, it may still require this item
to be examined. As a criterion, items flagged as DIF in more than one condition can be
examined in detail. When item parameters, the positions of the items, and/or their content are
examined carefully, conditions that could be causing DIF can be understood. In the present
study which focused on the impact of item position on DIF, it was deduced that an item being
positioned at first or last when compared to another booklet could provide an advantage or
disadvantage to the test takers.

It is believed that the findings of the present study could provide test developers who prepare
different booklets with insight into whether or not IP effects may result in DIF. When forming
different booklets, to avoid the occurrence of DIF resulting from IP effects, it is recommended
that the same items be positioned in similar locations in the different booklets. The present
study is believed to be a significant contribution to the related literature as there is a limited
number of studies including DIF analysis based on the 3PL model (Choi et al., 2014; Monahan
& Ankenmann, 2010; Uysal et al., 2019; Zwick et al., 1995). In fact, no recent study that tested
the Raju’s area method based on the 3PL model with real data was encountered in the literature.
Hence, in future studies, IP effects based on Raju’s area with the 3PL model can be compared
with other methods under different conditions. With this kind of simulation study, the results
obtained in a condition where there is a fixed c-parameter can be examined. Researchers are
recommended to conduct further studies examining the effect of item position together with
item order and/or item content on DIF.
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Appendix-1 ltem parameter estimation for booklets.

Booklet A Booklet B Booklet C Booklet D

ftem a b c a b c a b c a b c

11 1.14 243 21 1.04 218 23 120 223 24 123 236 21
12 222  -23 142,03 -19 19 187 -42 A5 212 -24 .20
13 1.37 -148 05 161 -1.05 33 147 -133 28 128 -1.16 .40
14 2.21 .53 20 1.95 .62 20 1.80 .60 19 218 .59 23
15 2.39 76 19 1.64 78 A8 2.47 74 21 2.01 .84 24
16 2.84  -34 30 1.66  -78 06 251 -50 30 2.01  -58 25
17 1.73 -134 00 176 -138 .00 182 -139 .00 1.55 -1.53 .00
18 1.99 -39 A3 1,74 -85 00 1.51 -78 05 1.66 -.60 .20
19 1.32 .30 20 1.57 .62 24 1.69 .64 29 1.47 A48 25
110 2.21 .29 18 1.88 .36 20 1.69 .30 A8 1.58 32 .19
111 227 -.08 21 193 -22 A5 2,04 -21 A8 172 -28 13
112 .94 .81 21 1.21 .85 22 1.00 73 23 .65 15 .00
113 2.11 .03 25 1.85  -20 16 1.38  -30 A7 0192 -10 23
114 1.34 47 21 1.19 .50 16 1.30 46 22 1.07 40 17
115 .92 -.19 .01 12 -44 00 1.34 25 23 .99 .09 12
116 .97 23 A2 1.35 .65 33 1.67 71 34 1.31 72 31
117 2.00 17 A2 1.39 .81 07 1.84 .80 A5 1.63 .67 .07
118 2.26 .30 22 225 44 24 1.82 20 A8 2.11 43 25
119 3.47 .81 27 2.79 .88 22 2.56 77 25 2.65 .85 24
120 2.10 1.16 33 1.67  1.08 30 233 112 34 150 1.23 31
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“Organizational Support in Professional Development”, “Professional Burnout”.
The scores obtained from each dimension are evaluated within themselves. It has
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1. INTRODUCTION

The concept of “Eskimislik™ is used as “Obsolescence” in English. In this context, it is generally
explained as the concepts of professional or managerial obsolescence in studies related
organizations. The Turkish Language Institute (TLI) dictionary does not represent the concept
of “eskimislik (Obsolescence)”. However, it explains the concepts of old, obsolescence, aging
and becoming outdated. The word “eski (old)” as an adjective covers expressions such as “long-
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standing, long-gone, anti-new, previous, non-valid, long-time working in any profession,
specialized in the profession, experienced”. Again, as a name form for the word “old”, there are
expressions of “a thing worn out, ruined, a word used in cases in which a person does not have
his old respectability because he has lost his position or lost his status”. While the name form
for the word “aging” is specified as “aging work™; to explain the word getting old, there are
expressions such as “to become old, to be worn out, to be disgraced, to be worthless, to get
old”. There are many idioms in the TLI Proverbs and Idioms Dictionary relating the word “eski
(old)”. Some of these idioms are “old pines have turned into glasses, closing old notebooks, old
baths old bowls, taking on the old identity, bringing a new tradition to the old village, not
looking for the old one, if the old were in vogue (or reputation) it would rain light on the flea
market”.

The concept of obsolescence has been tried to be defined by the organization and management
employees. Burke (1969) studied skill obsolescence and, in his study with engineers, found that
age was a factor in skill obsolescence. For example, Pazy (1994), who studied the cognitive
scheme of professional obsolescence, interviewed 50 professionals and tried to understand the
concept of obsolescence and found that professionals attribute different meanings to
obsolescence. Pazy (1996), in his other study, also stated that there are three directions of
research on obsolescence, the first of which is that the meaning of the concept of obsolescence
differs; he stated that the other is about self-improvement and updating awareness, and another
is about differences in career steps. Pazy (1996) sees the inability to adapt to change as an
essential factor leading to obsolescence. Fossum et al. (1986) mentioned about skill
obsolescence and discussed the concept of obsolescence in terms of human resources. Fossum
et al. (1986) identified the factors affecting skill obsolescence as motivational, individual,
organizational and extrinsic factors.

Shearer and Steger (1975) discussed workforce obsolescence and identified 12 factors leading
to managerial and technical work obsolescence. They found that the factors that prevent
obsolescence are the high need for success and participation in management. Besides, in their
studies, managerial obsolescence, in contrast to professional obsolescence, was associated with
more experience, but less with education. Warmington (1974) viewed obsolescence as a
systems approach and explained it by taking into account the organization’s business/factory,
process and output. If these processes do not meet the conditions of the day, they are considered
obsolete. Bagaran (2008) defined organizational obsolescence as the gradual insufficiency of
an employee who was sufficient when he started his work. He explained the personal reasons
for obsolescence as a) being prone to obsolescence, b) emotional disturbance, c) unsuitable
working habits, d) inappropriate management style.

Mohan et al. (2001) identified the factors that cause obsolescence and listed them as follows: It
has been stated that obsolescence is due to its superior attitude, followed by organizational
climate and organizational support. He inferred that superiors played an important role in the
development of the administrators of the organization (Chauhan & Chauhan 2005), and they
also found that the organizational climate and the superiors’ attitude contributed to managerial
obsolescence. Murillo (2011) deals with the concept of obsolescence with its technical and
economic obsolescence dimensions. It is atrophy in skills because of the physical weakening of
the employee due to the technological age and illness of the employee and not using his skills
sufficiently. These are the losses that result from the change of technology and the new skills
required by the organization as a result of economic obsolescence, changing depending on the
sector and the company, and being unable to keep up with these changes. Other studies take the
age variable of the employee as a factor in obsolescence. Burke (1969) surveyed 50 engineers.
It has been observed that elderly engineers react less and are not fully equipped to deal with the
work. Similarly, in the studies of van Loo et al. (2001), older workers were seen as a high-risk
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group for skill obsolescence. Toner (2011) concluded that the quality and quantity of employee
skills are crucial to innovation and economic performance.

Van Loo et al. (2001) investigated the relationship between risk factors and skill obsolescence
and the role of measures. It was expected that risk factors would cause skill obsolescence and
that the measures taken would prevent skill obsolescence. As expected, obsolescence is related
to business conditions. Older workers were seen as a high-risk group for skill obsolescence.
Improving the conditions in the workplace was seen as a preventive factor. It was stated that
developments in technological, organizational and demographic changes also caused skill
obsolescence. Contrary to the age of the employee, the age of the organization is a factor in
aging and different results have been obtained in some studies. For example, according to
Sorensen and Stuart (2000), an organization can innovate and prevent it from obsolescence with
aging. For example, they can discover new developments in the field of biotechnology, increase
the number of patents and continue as a leading company.

Searching the literature, we realize that the concept of managerial obsolescence has been
studied for many years (see Basaran, 2008; Burke, 1969; Fossum et al., 1986; van Loo et al.,
2001; Warmington, 1974), as the renewal of the concept of obsolescence (see Knight, 1998;
Rothman & Perrucci; 1971; Sorensen & Stuart, 2000; Shaffer, 1969); change (see Chauhan &
Chauhan, 2004, 2008) lifelong learning, labor aging, knowledge obsolescence, human
resources (see Fossum et al., 1986; Murillo, 2011; Pazy, 1996; Toner, 2011). It seems that both
qualitative (see Pazy, 1994) and quantitative research (see, Shearer &Steger, 1975; Rothman &
Perrucci, 1971) have been done in some fields except education. However, the fact that most of
these studies are in business (see, Jones, Chanko, Roberts, 2004; Mohan, Chauhan & Chauhan,
2001; Chauhan & Chauhan, 2004, 2005; 2008; 2009) and technical fields (see. Sorensen &
Stuart, 2000) should be taken into consideration. Chauhan & Chauhan (2009) say that it is
necessary to combat obsolescence. As it is seen above, organizational and managerial
obsolescence have been studied in different fields. Only two studies related to education were
on pedagogical obsolescence (see, MacNeill & Cavanagh, 2006) and IT related concept of
obsolescence. MacNeill and Cavanagh (2006) criticized New Public Management (NPM)
reform as the managerial reforms that accompanied accountability affected schools negatively.
As a result of the NPM movement pedagocical obsolescence occured and restricted school
principals’ pedagogical leadership. Another topic related to obsolescence occurred at schools
is planned obsolescence which is related to IT used at schools. Wandera (2015) also mentioned
this threat, how schools respond to this and its effects on the teaching and learning process.

The fight against obsolescence should be at both an organizational and individual level. The
problem of obsolescence should be shared between the two stakeholders: Individual and
organization. Self-improvement and self-improvement initiatives can be done at an individual
level. At the organizational level, employees can improve themselves through continuous
training (Chauhan & Chauhan, 2009). Up to now, antiquity has been studied in different sectors,
but no tool has been developed to measure the level and dimensions of professional
obsolescence in educational organizations. Therefore, this study aims to develop a scale that
will determine the factors causing professional obsolescence in the field of education, to
determine the dimensions that lead to obsolescence, and to determine the antiquity levels of
these dimensions.

2. METHOD

2.1. Working Group

A total of 1001 school principals were reached within the scope of the research. Three people
who did not respond to five consecutive items were excluded from the analysis. Of the 998
participants taking part in the analyses, 151 (15%) were women and 847 (85%) were men. In
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the Ministry of National Education system, school sizes are symbolized by the letters A, B and
C, depending on the number of students. Although it varies depending on the school level, A
type schools are relatively large ones, B type schools are medium-size and C type schools are
small ones (MEB Egitim Kurumlari, 2009). 654 (66%) of these participants work in A-type
schools, 196 (20%) in B and 146 (15%) in C-type schools, two people did not specify. Again,
452 (45%) of the participants work as principals in primary school, 268 (27%) in secondary
school, 268 (27%) in high school, 4 (0.4%) in both primary and secondary schools, 6 (0.6%)
the person did not specify. Of the participants, 36 (4%) hold associate degrees, 771 (77%)
bachelor's degree, while 153 (15%) completed their postgraduate education, and 34 (4%) stated
the other option.

With regards to the seniority of the participants as managers, 3 (0.3%) people did not respond.
There are 211 (21%) people with seniority of fewer than three years as a manager, 210 (21%)
people with seniority of 4-6 years, 375 (38%) people with seniority of 7-18 years, 170 (17%)
people with seniority of 19-30 years, 29 (3%) people with a seniority of 30 or more years.

The number of participants who stated that “they took a management course after 1998 and
were appointed after the exam”, that is to say, those who attended in-service seminars before
becoming managers is 406 (41%); those who stated that “they were appointed before 1998 and
took management courses and seminars” is 165 (17%). The number of participants who stated
that “they did not take courses and seminars related to management” is 299 (30%); and
participants stating that “they took courses and seminars or graduated after becoming a
manager” is 56 (6%). 67 (7%) people chose “the other” option.

The duration of participation of the participants in professional development activities in the
last 18 months varies between 0 and 130 days with an average of 12 days. Th