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In this research, it was aimed to develop a valid and reliable test consisting of
multiple choice questions in order to measure the conceptual understanding
of the "cell" unit, which is one of the biology course topics. Planning, item
writing, item analysis and item selection were followed in the development
of the achievement test. Within the scope of the biology course, an item pool
of 29 questions covering the cell topic was created. With the expert opinions,
the content validity of the questions was ensured and the questions were
corrected. Item analyzes were made with the pilot application of the draft
form. As a result of item analysis, the number of questions was reduced to
22. After the item analyzes carried out, the “Cell Achievement Test”,
consisting of a total of 22 questions for the "cell" unit, took its final form.
While the average item difficulty of the test was calculated as 0.55, the
average item discrimination was calculated as 0.44. Moreover, the test was
applied to a different group of 123 undergraduate students for reliability
analysis, and the KR-20 reliability coefficient was calculated as 0.89. As a
result of the findings, a valid and reliable "Cell Achievement Test" was
obtained.
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Introduction

The most generally accepted definition of education in our country (Arslan, Aydogan,
Ersozlii, Iskender, Helvaci, & Turhan, 2009) is expressed as "the process of creating a desired
change in an individual's behavior through his/her own life and intentionally" (Ertiirk, 1975).
A thriving education is possible if the curriculum includes strong relations between the four
main dimensions of the curriculum, objective, content, learning-teaching process involved
and assessment procedures (Demirel, 2005). “Measurament-Assessment process” is very
important in determining the efficiency of teaching methods and techniques and the
difficulties experienced by learners and their success in the learning process (Grounlund,
1985). Measurament-assessment is one of the most important components in the teaching and
learning process. The quality and authenticity of measurement-assessment applications
depend on valid and reliable test items. On the other hand, Turgut (1977) defined
measurement as observing a quality and showing the observation result with numbers or other
symbols. The traditional measurement tools that educators use during the process are: written
exams, short-answer exams, true-false type tests, multiple-choice tests, matched tests, oral
exams, and assignments (Karip, 2012; Yiiksel, 2015). The most important reason for choosing
multiple-choice questions from these traditional measurement tools is that they are easy to
apply and have high content validity (Yaman, 2016). Although multiple choice questions are
not sufficient to determine students' critical thinking skills and creativity, they are a preferred
measurement tool to determine students' success and misconceptions (Kiigiikahmet, 2002). In
addition, the advantages of multiple-choice exams are that the application time is short, they
contain more questions, thus they are more valid and reliable, the scoring is objective and
easy, the education can be applied from the first year to post- university, they can be applied
to a large number of people at the same time, and they have statistically rapid calculation of
accuracy and difficulty (Crocker & Algina, 2008).

Multiple choice tests are a measurement tool used for achievement tests. In this
respect, achievement tests are one of the maximum proficiency tests to determine how much
individuals have learned in the education process (Tezbasaran, 2008). Achievement tests are
important in terms of determining the meaningful learning of students, observing, analyzing
and evaluating the change in students (Ozcan, Cetinkaya, & Arik, 2021). On the other hand,
multiple-choice tests are very suitable measurement tools to determine the knowledge level of
a large number of students at different academic levels on different subjects (Burton,
Sudweeks, Merrill, & Wood, 1991). When exam scores become the most important factor
determining who is included and excluded from educational opportunities, scores that
accurately reflect students' knowledge and skills become mandatory (Taylor & Walton, 1997).

When the literature is examined, in recent years, it is possible to encounter
achievement tests prepared in the field of biology (Atik, Ekemen & Erkog, 2019; Aymen-
Peker & Tas, 2019; Giines & Serdaroglu, 2018; Giiven, 2013; Kargin & Giil, 2021; Karsh et
al., 2019; Nacaroglu, Bektas & Kizkapan, 2020; Sener & Tas, 2017; Sentiirk & Selvi, 2021).
In Table 1, achievement test studies conducted in the field of biology in recent years are
given.

Table 1. Achievement Test Studies in Biology Course

Researcher Research content Sample Number  The The Average KR-20
Number of Items Average Item Reliability
(N) (n) Item  Discrimination Coefficient
Difficulty (rjx)
(i)
Karsl, Cell Divisions 409 36 0,48 0,45 0,86
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Karamustafaoglu
& Kurt (2019)
Aymen-Peker &  Effect Wonder and 210 23 0,47 0,52 0,80
Tas (2019) Recognize World
of Living Beings
Sentiirk & Selvi  Human and 273 27 0,62 0,47 0,82
(2021) Environment
Kargin & Giil Body Systems and 390 40 0,61 0,47 0,86
(2021) Health
Nacaroglu, Matter cycles and 251 32 0,55 >0,19 0,81
Bektas & environmental
Kizkapan (2020) problems
Giiven (2013) Environmental 203 55 0,49 >0,21 0,87
problems
Giines & Reproduction, 170 40 >0,36 >0,22 0,89
Serdaroglu Growth and
(2018) Development in
Plants and
Animals
Kara-Ekemen, Biological 109 36 0,58 0,43 0,87
Atik & Erkog Diversity
(2019)
Sener & Tas Systems in our 178 46 0,52 0,44 0,62
(2017) Body
Adonu, Nwagbo, Supporting tissues 79 40 - - 0,89
Ugwuanyi & in animals, axial

Okeke (2021) skeleton,
appendicular
skeleton and joints

Pre-service science teachers have to learn courses such as physics, chemistry and
biology at the university. It would be beneficial to teach the abstract concepts mentioned in
the biology course by embodying them and using a constructivist approach (Oztiirk &
Karatekin, 2012). For researchers who adopt this approach or want to study in different types
of approaches, students' achievements should be known. In this context, there is a need for
cell success test, which is one of the basic subjects of biology at the undergraduate level, in
order to determine the success of the new methods and approaches of the researchers. When
the literature is examined, it is seen that many studies have been conducted on teacher
candidates. A valid and reliable achievement test is needed in the studies to be conducted on
the extent to which the applications made with the pre-service teachers within the scope of the
biology course will affect the success of the pre-service teachers. Moreover, there is a need
for an achievement test that can be used to determine the pedagogical content knowledge of
biology teachers about cell. Furthermore, since the content of this achievement test is a "cell"
subject and the same subject is included in high schools, it will also allow researchers who
want to study with secondary education to benefit. The achievement tests in the literature on
the subject of "cell™ at university and high school levels were examined by the researcher, and
no valid and reliable achievement test was found on the subject of "cell”.

In this research, it was aimed to develop a valid and reliable test consisting of multiple
choice questions in order to measure the conceptual understanding of the "cell" unit, which is
one of the biology course topics.
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« Is the achievement test consisting of multiple-choice questions prepared to
measure the conceptual understanding of university students about the "cell" unit, a biology
lesson, valid?

» Is the achievement test consisting of multiple-choice questions prepared to
measure the conceptual understanding of university students about the "cell" unit, a biology
lesson, reliable?

Method

Model

In this research, a valid and reliable test development study consisting of multiple-
choice questions was conducted to measure the conceptual understanding of university
students about the "cell” unit, which is one of the biology course topics.

The following stages were followed in the development of “Cell” Achievement Test
(CAT). These stages are Celik's (2000) academic achievement test development stages. These
stages are planning, product writing, item analysis, and item selection, respectively. The
figure developed by Sener & Oztiirk (2017) was used and the figure-1 was created by editing.
The figure developed by Sener & Oztiirk (2017) was used and the figure-1 was created by
editing.

Figure 1. The process of developing achievement test (Sener & Tas, 2017).

Examination of Examination the textbooks, Examination of objectives,
achievement te_St _ websites and test books in the subjects and concepts specified in
development studies in literature related with the unit. the “Biology” Curriculum

the literature

Creating Item Pool

Taking 8 expert opinion

Creating the Pretesting Form

Conducting the Pilot Application
Taking an Expert’s Opinion

Creating the Pilot Form

Conducting the Pilot Application

Conducting the Test Statistics and Item Analysis

Creating the Last Achievement Test 67
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Sample and Population

In this research, it was aimed to measure the conceptual understanding levels of
university students regarding the "cell" unit of the general biology course. 2" grade science
teacher candidates who studied at state universities and took biology courses participated in
the research. Therefore, the sample of the research was determined according to the "criterion
sampling” method. It is one of the sampling methods for criterion sampling and it is the
creation of the sample from people, events, objects or situations with the qualities determined
in the research (Gay, Mills, & Airasian, 2009).

The Development Process of the Achievement Test

The following stages were followed in the development of “Cell” Achievement Test
(CAT). These stages are Celik's (2000) academic achievement test development stages. These
stages are planning, product writing, item analysis, and item selection, respectively.

Planning and Item Writing

First of all, it was determined what the undergraduate biology course curriculum was
and from which sources the course was taught. Curriculum was examined. It has been
determined that the Biology book of Campbell and Reece (2006) is widely used in
universities as a biology textbook. Biology question sources were searched. The teaching
materials of the general biology course and the course presentations created from the
"Biology"” book (Tepe, 2015) were accessed from foreign sources. This information obtained
as a result of scanning formed the scope of this course. While preparing the academic
achievement test item pool, the information in this survey was taken into consideration. A
pool of 29 multiple choice questions was prepared by the researcher. In terms of content
validity, the questions in the question pool are such as to cover the general information and
concepts of the "cell" unit in the Biology book (Campbell & Reece, 2006). Moreover, it
consists of a multiple choice item, a root, and a set of answer choices and it is more usual to
offer four or five options (Anderson & Morgan, 2008).

Before the draft achievement test was finalized, 2 biology field experts, 1 biology
education specialist, 2 biology teachers and 1 linguist examined the questions for content
validity in order to control the language, content, writing style and page layout. After the
examination, a 29-item draft achievement test was prepared with the necessary arrangements
on the questions, taking into account the suggestions and criticisms from the experts. This
draft achievement test was applied to 158 students as a pilot study. With the results obtained,
item analyzes were made and 2 questions with item discrimination power below 0.19, 3
questions with an item difficulty index less than 0.80 and 2 questions with an item difficulty
index less than 0.30 were excluded from the test. Since the item discrimination index of the
items in the Cell Achievement Test was 0.30 and above, 2 questions were excluded from the
test. In this state, the opinions of 2 biology experts were taken again and an achievement test
was created.

The prepared achievement test was applied to 123 students who studied science
teaching and took the "general biology" course in 2 different state universities in order to
conduct reliability analysis.

Findings

Item Analysis and Item Selection

According to Smith (1991), validity is defined as the degree to which the researcher
measures what he sets out to measure. Statistical operations can be performed with the
"Simple Method" and the "Henrysson Method" for item analysis. While the Simple Method is
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preferred in studies where the sample size is between 100-200 people, the Henrysson method
is applied in cases where the sample size is less (Kuzu, 2008). While all participants are
included in the calculation in the Henrysson method, 27% of the most successful and
unsuccessful participants participate in the calculation in the Simple method (Turgut &
Baykul, 2015).

Since the number of participants in the sample group was more than 100 in the first
application (pilot application) and the last application, all data were included in the item
analysis, that is, the Simple Method (27% lower and upper groups) was used at this stage.

The answers received from 158 students, to whom the draft achievement test was
applied, formed the data of the item analysis. In the analysis, the point values of the questions
belonging to the achievement test were determined as "1" point for each question. As a result
of the item analysis, the item difficulty and item discrimination indices of each test question
were calculated. Because the validity of the developed test, as well as its distinctiveness and
suitability for the student's level, are revealed by the item difficulty index and item
discrimination index (Reckase, 1985).

If the item difficulty index found as a result of the item analysis is close to 0, it means
that the question is difficult, if it is close to 1, the problem is easy, and if it is between 0.40-
0.60, it means that the question is of medium difficulty (Atilgan, 2009).

The item discrimination index for a question takes a value between +1 and -1. The
negative value of the questions means that more people in the subgroup solved the question. If
it is 0.40 and above, the item has a high discrimination power, if it is between 0.30 and 0.39,
it is moderate, if it is between 0.20 and 0.29, the item discrimination is low, that is, the item
needs to be corrected. The result is that it should be removed (Tekin, 2003).

While developing a multiple choice achievement test, the reliability of the scores
needs to be examined. In cases where the difficulty indexes of the questions are close to each
other, the reliability coefficient of Kuder Richardson-21 (KR-21) is used, while the reliability
coefficient of Kuder Richardson-20 (KR-20) is used when the item difficulty indexes are not
close to each other (Biiyiikoztlirk, 2011). As a result of the item analysis, the item difficulty
indexes were not equal to each other, so the K-20 calculation was made. The internal
consistency of this achievement test was determined with the reliability coefficient KR-20
(Kuder Richardson-20). A general indicator of test quality is the KR-20, which is the
coefficient of reliability that usually results from test analysis. It reflects the extent to which it
will rank the same test takers when re-administered without any effect after the initial
administration, in other words, the validity or discriminating power of the test. Values as low
as 0.5 should give KR-20 values of 0.8 or higher (a maximum of 1.0) for tests containing
more than 50 items, while satisfactory for short tests (10 to 15 items). Insufficiently low KR-
20s are usually caused by an excess of too easy or difficult items, poorly written items that do
not discriminate, or items that violate the prerequisite for testing a high-level content (Kehoe,
1994; Bityiikoztiirk, 2011).

Table 2. Item Difficulty and Discrimination Index Values of the Questions in the Cell
Achievement Test

Item No* Item No** Item difficulty Item
(pix) discrimination

(rix)

Question 1 Question 1 0,61 0,51

Question 2 Question 2 0,55 0,40

Question 3 Question 3 0,69 0,47

Question 4 Excluded 0,19 0,31
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Question 5 Question 4 0,52 0,45
Question 6 Excluded 0,87 0,36
Question 7 Question 5 0,61 0,56
Question 8 Question 6 0,50 0,44
Question 9 Question 7 0,66 0,45
Question 10 Question 8 0,53 0,41
Question 11 Excluded 0,61 0,21
Question 12 Question 9 0,55 0,39
Question 13 Question 10 0,30 0,33
Question 14 Question 11 0,56 0,41
Question 15 Excluded 0,41 0,25
Question 16 Question 12 0,55 0,39
Question 17 Question 13 0,51 0,37
Question 18 Question 14 0,63 0,35
Question 19 Excluded 0,17 0,34
Question 20 Question 15 0,75 0,52
Question 21 Excluded 0,91 0,45
Question 22 Question 16 0,53 0,42
Question 23 Question 17 0,51 0,46
Question 24 Question 18 0,52 0,50
Question 25 Question 19 0,59 0,49
Question 26 Excluded 0,86 0,35
Question 27 Question 20 0,56 0,44
Question 28 Question 21 0,59 0,48
Question 29 Question 22 0,57 0,50

*The item numbers of pilot test
** The item numbers of last test

This plot achievement test was applied to 158 students as a pilot study. As seen in
Table 2, with the results obtained, item analyzes were made and 3 questions with an item
difficulty index less than 0.80 and 2 questions with an item difficulty index less than 0.30
were excluded from the test. The average item difficulty index of the Cell Achievement Test,
consisting of 22 questions, was calculated as 0.55.

As seen in Table 2, with the results obtained, item analyzes were made 2 questions
with item discrimination power below 0.30. Since the item discrimination index of the items
in the Cell Achievement Test was 0.30 and above, 2 questions were excluded from the test.
The average item discrimination index of the Cell Achievement Test, consisting of 22
questions, was calculated as 0.44.

Moreover, the test was applied to a different group of 123 undergraduate students for
reliability analysis, and the KR-20 reliability coefficient was calculated as 0.89.

Discussion and Result
In this research, the "Cell Achievement Test", which includes 22 multiple-choice
questions, was developed for undergraduate students about the basic unit of life, the cell, and

the structure and function of the cell. In the research, the difficulty index (Pj), item
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discrimination index (rjx) and KR-20 Reliability Coefficient of each item were calculated
through the item analysis performed within the validity.

The item difficulty index, which shows the correct answer rate for each item in the
prepared test, takes values ranging from "0" to "1", and if this value is close to 0O, the item is
said to be difficult, and if it is close to 1, the item is said to be easy. Especially, this value is
expected to be between 0.20 and 0.80 in achievement tests (Ilhan & Hosgoren, 2017). The
difficulty index of the 4th and 19th items in the Cell Achievement Test is below 0.20; Since
the difficulty indexes of the 6th, 21st and 26th items were above 0.80, it was decided to
exclude these items from the test. As such, as stated in the Table 2, the difficulty index values
of the remaining items in the test vary between 0.30 and 0.75.

The item discrimination index value, on the other hand, takes values ranging from “-1”
to “+1” as stated in the literature. If this value is close to zero, the item is insufficient to
distinguish the upper and lower groups; Approaching the +1 value indicates that the item has
a high distinctiveness value. In addition, if the item discrimination index is negative, it is
interpreted that the relevant item is answered more by those in the subgroup, and in this case,
the prepared test does not serve its purpose adequately (Kubiszyn & Borich, 2003). If the
discrimination index of an item selected in a prepared test is 0.19 and below this value, it
should be removed from the test because it is a very weak item; If a value between 0.20-0.29
is found, the item should be corrected and improved; 0.30-0.39 is pretty good but still can be
improved; If it is 0.40 and above, it is interpreted as an item with very good discrimination
(Karsli & Ayaz, 2013; Tosun & Taskesenligil, 2011). The discrimination index value of the
11th and 15th items in the Cell Achievement Test is below 0.30 and it was decided to exclude
these items from the test. As such, as stated in the Table 2, the difficulty index values of the
remaining items in the achievement test developed are above 0.30.

Before the pilot achievement test was finalized, 2 biology field experts, 1 biology
education specialist, 2 biology teachers and 1 linguist examined the questions for content
validity in order to control the language, content, writing style and page layout. After the
examination, a 29-item draft achievement test was prepared with the necessary arrangements
on the questions, taking into account the suggestions and criticisms from the experts. This
draft achievement test was applied to 158 students as a pilot study. With the results obtained,
item analyzes were made and 2 questions with item discrimination power below 0.30 since
the item discrimination index of the items in the Cell Achievement Test was 0.30 and above.
3 questions with an item difficulty index less than 0.80 and 2 questions with an item difficulty
index less than 0.30 were excluded from the test so, the difficulty index values of the
remaining items in the test vary between 0.30 and 0.75. In this state, the opinions of 2 biology
experts were taken again and an achievement test was created. This process contributed to
increase the validity of this achievement test.

The prepared achievement test was applied to 123 students who studied science
teaching and took the "biology" course in 2 different state universities in order to conduct
reliability analysis. The KR-20 reliability coefficient was calculated as 0.89. These values
have shown that this achievement test is reliable.

In conclusion, it can be declared that this test, which was developed to determine the
achievement levels of undergraduate students in the cell subject, has reliable results in terms
of validity and reliability. In addition, it can be stated that the difficulty and discrimination
levels of the items in the test meet the desired criteria and have the ability to distinguish
academically low and high students.

As a result of the findings, a valid and reliable "Cell Achievement Test" was obtained.

Recommendations
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After this test is applied in secondary education, item analyzes can be done. For high
school students, a valid and reliable achievement test can be created quickly by using the
items in this test. In addition, an attitude scale can be developed to determine the attitudes of
university students towards the subject of "cell".
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