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Abstract: This study aims to develop a test to measure sixth grade
students’ success in ‘Circulatory System’. For this purpose, a draft
test containing 22 questions was prepared by the researchers. And
then, the draft test was submitted to expert opinion and examined in
terms of language and content. Following expert opinions, the 22
multiple-choice questions were administered to 128 seventh graders
attended to two different secondary schools. Item analysis was per-
formed in the data and thus, two questions were removed from the
draft test. According to the findings, the overall item difficulty value
of the 20-question final test was calculated as 0.654, and the item
discrimination value was calculated as 0.54. KR-20 reliability coef-
ficient of the test was 0.71. Seven of the questions are at the re-
membering level. Additionally, there were eight questions at the
understanding level and five questions at the analysis level accord-
ing to Bloom’ revised taxonomy.
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Introduction

ing, self-expressive, productive, problem-solving, open to new ideas,

and able to think critically. In this perspective, the way to teach stu-
dents information and today’s technology depends on the education and
training programs provided in schools (Buyruk, 2018; Tutkun & Aksoyalp,
2010). A correct understanding of the outcomes that are intended to be given
to students occurs during the teaching process. The extent to which the
teaching goals have been achieved, that is, how successful the teaching proc-
ess is, is understood through measurement and evaluation (A¢ikgoz & Karsli,
2015; Yildiz et al., 2019). In other words, the students’ achievement and
permanent behaviours are evaluated through measurement and evaluation
process (Uginci& Sakiz, 2020).

Measurement is the symbol equivalent of certain features that we
need in every aspect of our lives. In order to evaluate education, learners
must be measured based on a criterion. We can get the answer to how much
the achievements determined in education have been achieved by measuring.
The quality of the measurement tool depends on its validity and reliability
(Oztemel, 2018). Due to the need to create a qualified measurement tool, the
“measurement and evaluation” course has begun to be taught as a compul-
sory course in teacher training faculties in our country (Ozkan, 2006).

One of the most important issues in performing measurement and
evaluation precisely and accurately is the selection of measurement tools.
This is also valid for science education. If the academic achievements of stu-
dents are to be measured in education, one of the measurement tools that
should be used is achievement tests (Kargin & Giil, 2021). Achievement
tests are instruments developed to measure the knowledge and skills gained
by the student through a certain learning process. The essays, quizzes, open-
book tests, true-false tests, multiple choice tests, homework and projects are
used to measure and evaluate student success (Ayvact & Durmus, 2016).
The most preferred among these measurement tools are multiple choice tests.
These tests are often used in transition to a higher education institution in our
country (Temizkan & Sallabas, 2015). In multiple choice tests, the number
of options can generally vary between three and five, depending on the stu-
dent’s level. Only one of these options is correct, and the others contain in-
correct answers (Kargin & Giil, 2021). These tests are very reliable and can
be easily applied in a short time, so they are also very useful for teachers.
For this reason, it is frequently preferred in measurement and evaluation
processes. In addition, since its scoring is objective, it provides an advantage
in terms of providing reliable results (Ayvact & Durmus, 2016; Cardak &
Selvi, 2018; Singh & Rosengrant, 2003; Timur et al., 2019). Of course, mul-

TODAY, the aim of education is to raise individuals who are enterpris-
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tiple choice tests have some disadvantages as well as these advantages
(Temizkan & Sallabas, 2015). These features are shown in Figure 1.

One of the most important features that distinguishes multiple choice
tests from other testing techniques is that they provide a lot of data for statis-
tical studies. One of the positive features of multiple choice questions in
education is that they can be applied to all age groups, from primary school
level to higher education level. It can be said that its reliability is high be-
cause the results obtained by different raters are close to each other (Akbulut
& Cepni, 2013). Multiple choice tests, which are difficult to prepare but easy
to score, are prepared to suit the age of the student. In our country, the num-
ber of options for multiple choice tests is preferred as three for primary
schools, four for secondary schools, five for high schools and higher educa-
tion. Since it is possible to ask questions about each learning outcome in
these exams, content validity can also be ensured. However, it is difficult to
write questions about higher-level cognitive skills. Written items can gener-
ally measure lower-level cognitive features such as knowledge, comprehen-
sion and application level (KtUgikahmet, 2002).

There are researches on developing achievement tests in different
subjects of chemistry, physics and biology in science courses in our country
(Bolat & Karamustafaoglu, 2019; Demir et al., 2016; Ilhan & Hosgoren,
2017; Kegeci et al., 2019; Kenan & Ozmen, 2014; Nacaroglu et al., 2020;
Sarag, 2018; Sener & Tas, 2017; Yalinkilic & Gul, 2023). However, regard-
ing biology, only an achievement test developed by GUbahar (2023) was
found on the circulatory system in the science curriculum updated in 2018 in
Turkey. When the development process of this test is examined, the distribu-
tion of the questions to the learning outcomes is not specified, and on the
other hand, their place in the renewed Bloom Taxonomy has not been exam-
ined.

Researchers state that when evaluating student performance in the
teaching process, instruments that measure students’ understanding and
comprehension levels should be used rather than instruments that direct stu-
dents to memorize. At this point, the renewed Bloom Taxonomy appears as a
classification in which different thinking stages are listed (GUndiz, 2009).
Taxonomy is an approach that allows classifying the learning outcomes ex-
pected to be achieved by students as a result of an education (BUmen, 2006).
Therefore, it can be said that there is a need to develop a new achievement
test on the sixth grade Circulatory System, which is compatible with the
achievements of the 2018 science course curriculum (Ministry of National
Education [MoNE], 2018) and takes into account the Revised Bloom Taxon-
omy. Therefore, in this research, Circulator System Achievement Test
(CSAT) was developed by considering the MoNE (2018) sixth grade Science
Course Curriculum.
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*The number of questions can be +Freparing distractors is difficult.
increased as desired. +*Higher-level cognitive skills are
sIt has high reliability and content difficult to measure.

validity . +The number of options should be
*Thereis a low chance of error in the appropriate to the student level.
results. «Students are less likely to identify
+|tis easy to collect data and analyze which part of the topic they do not
it. understand.

It can be applied at the input,
process or result stages of
educatian.

«|t ensures efficient use of time.

Figure 1. Advantages and Disadvantages of Multiple Choice Tests.

Purpose of the Research

This study aims to develop an achievement test on ‘Circulatory System’ in
the sixth grade science course curriculum. For this aim, answers were sought
to the following research questions.

1. Is the CSAT developed to determine the students’ achievement levels on
the Circulatory System valid?

2. Is the CSAT developed to determine the students’ achievement levels on
the Circulatory System reliable?

Method

This study was conducted with the survey method. The sample group re-
search consisted of 128 (65 females, 63 males) 7th grade students from two
primary schools randomly selected in a city in the east Turkey. 87 of the stu-
dents (41 females, 46 males) participated in the study from the first school
and 41 (24 females, 17 male) from the second school. According to this, 50.1%
of the students are female and 49.2% male in total.

Development Process of Circulatory System Achieve-
ment Test (CSAT)
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The development process of the CSAT was continued by considering the
stages of the test development predicted in many studies in the literature.
The stages of the test development followed in this research are similar to
the stages used in the studies of Haladyna (1997) and Kizkapan and Bektas
(2018) was done in a similar way. Accordingly, the stages followed and the
procedures performed in the test development process are presented below:

Determining the Purpose and Scope of the Test

The purpose of the CSAT to be developed in the research is to determine the
student success level for the ‘Circulatory System’ subject in the sixth grade
‘Systems in Our Body’ unit. According to the Science Course Curriculum,
there are five learning outcomes for the subject of ‘Circulatory System’
(MoNE, 2018). These:
(1) F.6.2.3.1. Explains the functions of the structures and organs that
make up the circulatory system using models.
(2) F.6.2.3.2. Examines the pulmonary and systemic circulation on a
diagram and explains their functions.
(3) F.6.2.3.3. Defines the structure and functions of blood.
(4) F.6.2.3.4. It refers to blood exchange between blood groups.
(5) F.6.2.3.5. Evaluates the importance of blood donation for society.
In addition to the above learning outcomes, some basic topics and
concepts that are expected to be taught about the ‘Circulatory System’ sub-
ject are also included in the sixth grade curriculum (structures and organs
that make up the circulatory system, structure and function of the heart,
blood vessels, pulmonary and systemic circulation, blood groups, blood do-
nation, circulatory system). Therefore, CSAT was developed by considering
the learning outcomes and concepts included in the curriculum.

Literature Review and Determining Test Questions

After determining the scope of the test by examining the 6th Grade Science
Curriculum (MoNE, 2018), a comprehensive literature review was con-
ducted by the researchers. In this process, first of all, the achievement tests
developed for 6th Graders on the Circulatory System were examined. As a
result of the investigations, achievement tests developed by different re-
searchers were found. For example, expert opinion was sought for the valid-
ity of the test developed by Cakmak et al. (2012). Its reliability was deter-
mined with data collected from 42 students and the Cronbach Alpha internal
consistency coefficient was calculated as 0.79. The pilot application of the
circulatory system achievement test developed by Ozay Kése and Yildirim
(2020) was conducted with a total of 50 students in the 2017-2018 academic
year. After item analysis, a test consisting of 25 questions was developed.
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However, the reliability coefficient was not mentioned in the study.
Achievement test prepared by Yal¢inkaya (2018) was prepared according to
the Ministry of Education (2005) Science and Technology Course Curricu-
lum. Validity and reliability studies were provided with expert opinion and
data collected from 38 students. As a result of item analysis, an achievement
test consisting of 19 multiple-choice questions was developed. Cronbach Al-
pha reliability coefficient was found to be 0.71. An achievement test was de-
veloped by GUbahar (2023) for the new curriculum updated in 2018. How-
ever, when the development process of this test is examined, the distribution
of the questions to the learning outcomes is not specified, and on the other
hand, their place in the renewed Bloom Taxonomy has not been examined.

As a result, when the achievement tests developed for 6th graders on
the Circulatory System are examined, it is seen that some of them did not
contain item analysis, a pilot study was conducted with a small number of
samples, only expert opinion was consulted for validity, the tests were pre-
pared according to the pre-2018 curriculum, the distribution of the questions
according to Bloom’s taxonomy was not examined, or the questions in the
test were at the lower levels of the cognitive domain. For this reason, it was
decided to develop a new achievement test in the study. Thus, different ques-
tions were prepared from these studies. In the process of preparing questions,
relevant resources (textbooks, different resources in internet, etc.) were ex-
amined and a total of 22 multiple choice questions were prepared for the
Circulatory System topic.

Preparing the Draft CSAT and Asking for Expert Opin-
ion

As stated before in the research, 22 multiple-choice questions, each with four
options, were prepared after reviewing the relevant literature. In the literature,
checking content validity is one of the must-do practices regarding the test
development process (Tung & Kiling Alpat, 2015). Because to what extent
the questions in the measurement tool represent the scope of the subject is an
issue that must be taken into consideration. One of the frequently used meth-
ods for the content validity is to obtain expert opinion (Calik & Ayas, 2003;
Treagust, 1988). For this purpose, the draft form of CSAT, which includes
22 multiple-choice questions, was presented to the opinion of a total of six
experts, including five academicians and one science teacher. After being
examined by experts in terms of features in terms of language, scope, ap-
pearance, content, etc., the test was given its final form.

In the research, in addition to expert opinion, to ensure the content
validity of the test, a specification table was prepared according to the
Bloom’s Revised Taxonomy and the questions were analysed by the same
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experts. Thus, it was determined which level of the cognitive domain the 22
questions in the test fell into in Bloom’s Taxonomy (Table 1).

When Table 1 is examined, seven out of 22 questions are at the re-
membering level, eight at the understanding level, one at the application
level and six at the analysing level.

Findings

During the scope validity studies of the research, the draft CSAT was final-
ized in line with expert opinions. Then, the item analysis and reliability
analysis phase was started. According to Bryman and Cramer (2001), the
number of samples should be at least five times the number of items in the
scale. Therefore, in this research, the draft test was administered to 128 stu-
dents during one class hour. Afterwards, item analysis was performed on the
data obtained from the students. At the stage of item analysis, values of item
difficulty-item discrimination were calculated (Table 2).

According to Rao et al. (2016) and Deborah et al. (2021), questions
with pj > 70% are classified as ‘easy’, questions with 0.30 < pj < 0.70 are
classified as medium difficulty, and questions with pj < 0.30 are classified as
‘difficult” in multiple choice tests. On the other hand, questions with rj <
0.30 are weakly discriminative; questions with 0.30 < rj < 0.39 are classified
as good level discrimination, and rj > 39% are classified as excellent level of
discrimination. When the item analysis results in Table 2 are examined, the
item difficulty index of one question (Q-8) fell into the difficult category.
The item difficulty index value of the nine questions was evaluated in the
very easy category. All other questions are of medium difficulty. When the
item discrimination of the questions was examined, the item discrimination
index value of two questions (Q-8, Q-18) fell into the weak category. How-
ever, four questions are at a good level of discrimination, and all of the re-
maining questions are at an excellent level of discrimination. In light of these
findings, it was decided to remove two questions (Q-8, Q-18). The average
item difficulty index for the remaining 20 questions was calculated as 0.65,
and the average item discrimination was calculated as 0.54. The KR-20 reli-
ability coefficient of 20-question CSAT is 0.71. When the analysis results
are evaluated, it can be said that CSAT is a reliable test with medium diffi-
culty and excellent discrimination. After the item analysis was completed,
the 20 questions left in the test were renumbered and the test was given its
final form. The distribution of the questions in the final CSAT according to
the Revised Bloom taxonomy is shown in Table 3.

When Table 3 is examined, seven out of 20 questions are at the re-
membering level, eight at the understanding level and five at the analysing
level.
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Table 1. Specification Table for the Questions in the Draft CSAT.

gi?;r:;ges Remembering  Understanding Applying  Analyzing Evaluating  Creating
Gnrons1 QLQ20Q4 Q3.Q6Q9.Q10 - s ) )
gi??:;% 2~ Q-5,Q-6,Q-7,Q-9,Q-10 - Q-8 . .
gi&tl{:rg:nge 3 Q11,Q15 - - Q12,Q13, Q14 - ]
Cucomaa_ 16 Q-19 Q18  Q17,Q21 - ]
Oucome s Q20 Q-19,Q-22 - Q21 ; ]

Table 2. Item Analysis Results of CSAT.

Iltems pj 1] Items pj X

Q-1 0.81 0.66 Q-12 0.59 0.51
Q-2 0.69 0.58 Q-13 0.70 0.56
Q-3 0.80 0.65 Q-14 0.79 0.63
Q-4 0.58 0.51 Q-15 0.58 0.46
Q-5 0.78 0.63 Q-16 0.41 0.36
Q-6 0.83 0.66 Q-17 0.39 0.36
Q-7 0.72 0.59 Q-18 0.44 0.29
Q-8 0.23 0.12 Q-19 0.55 0.51
Q-9 0.77 0.62 Q-20 0.34 0.35
Q-10 0.89 0.68 Q-21 0.54 0.59
Q-11 0.80 0.64 Q-22 0.47 0.34
Overall test 0.65 0.54

Table 3. Specification Table for the Questions in the Twenty-Question Final

CSAT.

Learning outcomes Questions* Bloom’s Taxonomy
Learning Outcome 1 Q-1 Remembering
Q-2 Remembering
Q-3 Understanding
Q-4 Remembering
Q-6 Understanding
Q-8 Understanding
Q-9 Understanding
Learning Outcome 2 Q-5 Understanding
Q-6 Understanding
Q-7 Understanding
Q-8 Understanding
Q-9 Understanding
Learning Outcome 3 Q-10 Remembering
Q-11 Analyzing
Q-12 Analyzing
Q-13 Analyzing
Q-14 Remembering
Learning Outcome 4 Q-15 Remembering
Q-16 Analyzing
Q-17 Understanding
Q-19 Analyzing
Learning Outcome 5 Q-17 Understanding
Q-18 Remembering
Q-19 Analyzing
Q-20 Understanding

* Some questions meet more than one learning outcome
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Discussion and Conclusion

As stated before, the MONE makes changes in the curriculum in certain peri-
ods in line with the needs of the education process. Therefore, measurement
and evaluation tools applied in schools need to be updated in accordance
with new curriculum. This study aims at developing a CSAT for the 6th
graders.

Achievement tests are one of the most frequently preferred tools to
measure students’ achievement levels in any subject. In this regard, it is im-
portant that achievement tests are valid in terms of scope and structure
(Uciincii & Sakiz, 2020). In this research, it can be said that a consistent test
with high content validity was developed as a result of the improvements
made in line with item analyses and expert opinions. It is highly likely that
carrying out the test development process correctly by following the stages
of the test development prescribed in the literature will cause this result. As a
matter of fact, the stages followed in the literature are similar to this study
(Haladyna, 1997; Ilhan, 2020; Kargin & Giil, 2021). The stages of the test in
the literature are similar to this study (A¢ikgéz & Karsli, 2015; Bolat &
Karamustafaoglu, 2019; Haladyna, 1997; Kargin & Giil, 2021; Kizkapan &
Bekas, 2018). For example; Eren et al. (2020) developed a test on ‘elements
and compounds’ in the 7th grade secondary school science courses by fol-
lowing similar steps to this research. As a result of reliability and validity
analysis, they developed a 27-item test for the subject ‘elements and com-
pounds’. Cardak and Selvi (2019) performed a similar study for the ‘teaching
principles and methods’ course. It was carried out by following a 10-stage
process, including the determining the purpose of developing the achieve-
ment test, determining the objectives and behaviours of the course, creating
the specification table, writing multiple choice test items for critical behav-
iours, presenting the specification table and test items to expert opinion, ob-
taining student opinions for the first test draft, developing the draft test, the
application (first trial application), item analysis with the data obtained from
the trial application, and calculation of the statistics of the second trial appli-
cation and the final test. After the validity and reliability analysis, it was
concluded that this multiple-choice test can be used in scientific studies and
courses related to ‘Teaching Principles and Methods’ course subjects. As a
result, it can be said that this research overlaps with some studies in the lit-
erature in terms of test development steps (Yalinkilic & Gul, 2023). How-
ever, since the questions in this research were examined by a small number
of experts, this can be considered a limitation for the study. Because Akbulut
and Cepni (2013) and Ugiincii and Sakiz (2020) suggested that in order to
ensure content validity, it should be determined whether the harmony be-
tween expert opinions is valid or not.
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Considering the stages of the test development in the research, firstly
a literature review was conducted. Thus, 22 questions, each with four options,
were prepared in line with the learning outcomes in the Science Course Cur-
riculum. After expert opinions, the questions were placed in the specification
table. In the literature, while preparing the draft test, it is recommended to
write three items for each outcome in the specification table (Atilgan, 2013;
Yalinkilic & Gul, 2023). In this study, an attempt was made to increase the
content validity CSAT by paying attention to this criterion. After content va-
lidity studies, the draft test containing 22 questions was administered to 128
students for item analysis. At stage of item analysis, item difficulty-item dis-
crimination indexes were calculated and the test was reduced to 20 questions.
The average item difficulty of the CSAT was 0.65, and the average item dis-
crimination was 0.54. It can be said that these results show that the test is of
medium difficulty and perfectly discriminatory (Assimi et al., 2022). In addi-
tion to this positive result, although multiple choice tests have many advan-
tages such as application and scoring (Ayvact & Durmus, 2016), they also
have disadvantages such as finding the correct answer randomly. In order to
minimize this disadvantage, it is recommended that open-ended questions be
included in achievement tests in addition to multiple-choice questions (Say-
lan-Kirmizigiil, & Kaya, 2019). Therefore, the fact that there are only multi-
ple choice questions in the achievement test developed in this study is a limi-
tation for this study. However, the multiple choice questions in the test can
be of great benefit to teachers in terms of saving time, ease of scoring, objec-
tivity and preparation for exams that measure achievement. On the other
hand, although multiple choice questions are not fully effective in determin-
ing misconceptions, the answers given can identify deficiencies or distor-
tions in the subject (Idin & Aydogdu, 2016; Ozkan & Eryillmaz Mustu, 2018;
Sen & Eryilmaz, 2011).

Bloom taxonomy is frequently used in test development processes in
the field of education. This situation is explained by the advantage of the
cognitive domain classification in Bloom’s taxonomy in ensuring that the
purposes of the items are clear and observable (Ayvaci & Tiirkdogan, 2009).
Supporting this situation, Ozkan and Yadigaroglu (2020) stated that when
developing a test, it is necessary to prepare the questions by taking the re-
newed Bloom Taxonomy into consideration. Thus, the questions can be clas-
sified more clearly and in more detail.

The findings of the research showed that seven out of 20 questions in
the CSAT are at the remembering level, eight at the understanding level and
five at the analysis level. One of the two questions eliminated as a result of
item analysis is at the analysis stage (Q-8) and the other is at the application
stage (Q-18). These questions may have been found difficult by most stu-
dents because they were in high knowledge level of Bloom’s taxonomy. As a
matter of fact, item difficulty and discrimination values show that these
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questions are outside the desired limits. In addition to the item analysis find-
ings, the KR-20 reliability coefficient of the CSAT was 0.71. This value
shows that the test is a reliable test.
The findings of the research also showed that all of the questions in
the final CSAT cover all the learning outcomes in the curriculum and are
distributed evenly among the learning outcomes. Accordingly, it can be said
that the content validity of the achievement test is high. In addition, it can be
predicted that the test will provide detailed information about the students’
learning levels and give accurate results about the general concepts of the
subject.
It is envisaged that this test, whose reliability and validity has been
verified, can be used by educators as a measurement tool in measurement
and evaluation studies on the subject of ‘Circulatory System’. In addition,
this test can be used by science education researchers in experimental studies
as a data collection tool to compare the achievements of student groups.
As a result, taking into account the findings and limitations of the
study, the following suggestions are offered for future research:
® As it is known, multiple choice tests are not sufficient to measure high-
level knowledge of the cognitive domain in Bloom’s taxonomy. As a
matter of fact, in this research, questions for the create level were not
prepared in the draft test. Since high-level information is mostly tested
with open-ended questions, different types of questions such as open-
ended questions can be prepared in addition to multiple choice questions
in similar achievement tests in the future.

® Research suggests that two- or three-stage tests measure knowledge bet-
ter. Therefore, two or three-stage multiple choice tests can be developed
in future research.

® In future research, new achievement tests can be developed by using
larger samples and applications in schools at different levels.
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