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Abstract: The aim of this study is to develop a valid and reliable
achievement test on the subject of ‘Basic Compounds in the Struc-
ture of Living Things’. During the preparation of the draft form of
the test, a 32 item-question pool was created by the researchers in
the light of the relevant literature. Then, these questions were pre-
sented to expert opinion in terms of language, intelligibility and
content. This draft test with 32 multiple choice questions, was ap-
plied to 252 students studying at three different high schools. ltem
difficulty and item discrimination indices were calculated for the
data obtained. After the item analysis, seven questions were re-
moved from the test. Thus, the average item difficulty of the 25-
guestion achievement test was calculated as 0.44, and the average
item discrimination was 0.44. The KR-20 reliability coefficient of
the test was calculated as 0.75. This result shows that the test is of
medium difficulty and excellent discriminative reliability. In addi-
tion, according to the revised Bloom taxonomy, seven of the ques-
tions in the test are at the level of remembering, fifteen at the level
of understanding, two at the level of application and one at the level
of evaluation.

Science Insights Education Frontiers 2023; 18(2):2905-2925.
Doi: 10.15354/sief.23.0r420

How to Cite: Yalinkilic , F., & Gul, S. (2023). Development an achievement
test on the subject of “basic compounds in the structure of living things ”. Sci-
ence Insights Education Frontiers, 18(2):2905-2925.

Keywords: Achievement, Basic Compounds, Living Things, Test Development




Yalinkilic & Gul. (Turkey). Test on “Basic Compounds in the Structure of Living Things”.

About the Authors: Funda Yalinkilic, Candidate of Master’s, Graduate School of Educational Science, Ataturk
University, Erzurum, Turkey, E-mail: nkala0702@gmail.com, ORCID: https://orcid.org/0009-0001-1528-0477

Seyda Gul, Assoc. Professor, PhD, Kazim Karabekir Faculty of Education, Ataturk University, Erzurum, Turkey,
E-mail: seydagul@atauni.edu.tr, ORCID: https://orcid.org/0000-0003-4005-2158

Correspondence to: Seyda Gul at Ataturk University of Turkey.

Funding: This study was funded by the Scientific Research Project Council of Ataturk University by the Grant
SYL-2022-10791. Additionally, it was sent for presenting at the 15th National Science and Mathematics Education
Congress, Kars, Turkey.

Competing Interests: This article was produced from the master ’s thesis of the first author. The authors have no
competing interests to declare that are relevant to the content of this article. All authors have participated in the
research and in the article preparation. All authors have approved the final article.

Ethics Approval: All procedures performed in the study were in accordance with the ethical standards of Atatirk
University. Ethic approvals were obtained with the decision (reference no: E-56785782-050.02.04-2200100226) of
the Social and Human Sciences Ethics Committee.

Conflict of Interests: None

© 2023 Insights Publisher. All rights reserved.

Creative Commons NonCommercial CC BY-NC: This article is distributed under the terms of the Crea-

BY NG tive Commons Attribution-NonCommercial 4.0 License (http://www.creativecommons.org/licenses/by-
nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without further permission provided
the original work is attributed by the Insights Publisher.

SIEF, Vol.18, No.2, 2023 2906


mailto:nkala0702@gmail.com
https://orcid.org/0009-0001-1528-0477
mailto:seydagul@atauni.edu.tr
https://orcid.org/0000-0003-4005-2158
http://www.creativecommons.org/licenses/by-nc/4.0/
http://www.creativecommons.org/licenses/by-nc/4.0/

Yalinkilic & Gul. (Turkey). Test on “Basic Compounds in the Structure of Living Things”.

Introduction

techniques and approaches to meet its basic needs and to be protected

against potential enemies, and these techniques and approaches have
been passed on to the next generations through education. Educational proc-
esses were also utilized in the transfer of knowledge in fields such as my-
thology, theology, and philosophy as a result of people’s transition to a set-
tled order over time and the socio-cultural interactions that developed after-
wards (Duran & Barut, 2019). When all these aspects are considered, it is
possible to define education as a system that shows continuity in the process
between the birth-death line of a person and at the same time transfers
knowledge and experience, which include in learning, using, developing and
teaching of concepts from science to philosophy, from economy to art
(G&ke, 1996). The term education, etymologically, consists of two Latin
words that mean “leading” and “instructing” (Duran & Barut, 2019). The
education system, on the other hand, is a systematic approach that offers im-
portant outputs in order to be able to think about the current development
level of a country and its future position (Saracoglu Yildirim, 2021). Many
definitions of the concept of “education” have been made from the past to
the present, and these definitions express education as a process in which
desired outcomes are achieved in human behavior (Hanggr et al., 2021; Kar-
gin & Giil, 2021).

Today, it is more and more important to acquire knowledge and in-
formation. The main purpose of our education system is not to convey the
existing information exactly, but to enable people to gain skills in accessing
information. This requires problem solving, conceptual learning, scientific
method skills and high-level cognitive process skills. Science and biology
lessons are important lessons in which these skills are gained (Kaptan, 1998).

The importance of knowledge about natural phenomena in our world
is emphasized among the competencies that individuals studying in the sec-
ondary education biology curriculum in Turkey should have. At the same
time, it has been cited that it is not appropriate to evaluate with a uniform
technique and method in measurement and evaluation, as time-dependent
changes may occur in the interest, attitude and success of students with indi-
vidual differences in the education process of the biology course (Ministry of
National Education [MoNE], 2018).

In assessment and evaluation exams, tools that measure comprehen-
sion and understanding should be preferred rather than measurement tools
that push students to memorize. In this regard, Bloom’s taxonomy is a classi-
fication in which different thinking stages are listed. In this classification,
students must have completed the lower stages in order to move on to the
upper stages. The knowledge, comprehension and application stages require
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low-level thinking skills and students use their thinking skills very little.
Analysis, synthesis and evaluation stages express high-level thinking skills
and are effective in improving students’ ability to access knowledge, check-
ing their existing knowledge, recognizing the problems encountered and
producing solutions to them (GUndik, 2009). The revised final form of the
original taxonomy consists of two dimensions: knowledge and cognitive
processes (Avci, 2020). Information types are found in the information di-
mension of the revised Bloom Taxonomy. These; knowledge based on facts,
conceptual knowledge, procedural knowledge and metacognitive knowledge.
In the cognitive process dimension, how information is used is examined and
consists of the stages of remembering, understanding, applying, analysing,
evaluating and creating (Krathwohl, 2002). Taxonomy is an approach that
allows the classification of the expected achievements from the students as a
result of an instruction. This classification follows a sequence from abstract
to concrete, from simple to complex, and each stage constitutes a prerequi-
site for the other (BUmen, 2006).

With the creation of taxonomies, it has become more possible today
to prepare training programs to cover high-level skills in these taxonomies
and to measure these skills effectively (Kogar, 2022). In this process, many
different techniques and measurement tools are used. One of them is multi-
ple choice tests. Multiple choice tests are the preferred measurement tools in
the transition to the next level of educational institutions in our country. In
multiple-choice tests, which can have four or five options in accordance with
the level of education of the student, there is only one correct answer, but
wrong answers are placed on the remaining options. Multiple-choice tests
are measurement tools that can be easily applied by teachers to students in
their classrooms in limited time, but they are very reliable and highly valid
measurement tools. In addition, since it is a curriculum that should be taught
in schools, it also saves teachers and students in terms of timing. Its ease of
application is also an important factor in its preference. Scoring is very ob-
jective and gives reliable results (Kargin & Giil, 2021). Thanks to these ad-
vantages, multiple choice tests are frequently used in learning environments.
On the other hand, with the revision or renewal of curricula, it is seen that
studies on measurement and evaluation tools that measure learning outcomes
have increased.

In our country, some updates were made in the high school biology
course curriculum in 2018. Following these updates, test development stud-
ies on biology subjects are encountered. A list of studies is shown in Table 1:

When Table 1 is examined, it is seen that test development studies
for the updated curriculum of the biology course are quite limited. However,
when the literature is examined, it is noteworthy that test development stud-
ies on biology subjects are mostly carried out at lower grade levels within
the scope of science courses. For example, one of these studies was con-
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Table 1. Test Development Studies on Subjects of Biology Course Curriculum

in 2018.

Average Average KR20

Sample of Iltem Item Reliability
Researchers Subject Size Iltems Difficulty Discrimination Coefficient
Cakir & Ar1 (2022)  The Cell 123 22 0.55 0.44 0.89
Kaya & Giil (2020) g'ges“"e 201 25 0.56 0.34 0.91
ystem
Goérmis (2021) g'm“'at‘”y 200 35 0.54 0.50 0.88
ystem

ducted by Bolat and Karamustafaoglu (2019) on unit “Systems in our Body”.
As a result of the analysis of the data obtained from 427 sixth grade students,
a 35-item test was developed. The mean item difficulty of the test was 0.552,
and the mean item discrimination was 0.486. The reliability coefficient was
determined as 0.885.

Karsl et al. (2019) performed a test development study on “Cells and
Divisions™. As a result of the analyses made with the data collected from 409
7th grade students, a 36-question multiple-choice achievement test was de-
veloped. According to the findings, the average difficulty of the test was cal-
culated as 0.478 and the average discrimination as 0.452. In addition, KR-20
reliability coefficient of the achievement test was found to be 0.865.

In another study, Kargin and Giil (2021) developed an achievement
test on “Supervisory and Regulatory Systems” and “Sensory Organs”. In the
study conducted with 212 sixth grade students, a multiple choice achieve-
ment test consisting of 40 questions was developed. In the analyses per-
formed, the mean difficulty of the test was calculated as 0.61, and the mean
discrimination was calculated as 0.47. The reliability analysis of the test was
made with data collected from 178 students. According to the findings ob-
tained, the KR-20 reliability coefficient was calculated as 0.86.

Sentilirk and Selvi (2021) performed a test development on subject
“Human and Environment”. As a result of the analysis of the data obtained
from 273 students, a 27-item test was developed. The mean item difficulty of
the test was 0.62, and the mean item discrimination was 0.47. The reliability
coefficient was determined as 0.82.

When the above studies are evaluated, it can be said that there is a
need for test development studies on different biology subjects at high
school level. On the other hand, according to the new curriculum, a student
who starts taking biology lessons at the secondary education level in Turkey
receives training on “common features of living things” and “basic com-
pounds in the structure of living things” under the unit title of “Life Science
Biology” in the first year of education. In this unit, inorganic compounds and

SIEF, Vol.18, No.2, 2023 2909



Yalinkilic & Gul. (Turkey). Test on “Basic Compounds in the Structure of Living Things”.

organic compounds are included in the subject of basic compounds found in
the structure of living things. In these subjects, students are informed in a
wide spectrum such as the formation of macromolecules from monomers,
the functions of compounds in nature and in the human body (MoNE, 2018).

The subject of “Basic Compounds in the Structure of Living Things”
in the 9th grade biology curriculum in our country is also are associated with
the unit “General Principles of Heredity” in the 10th grade biology course,
“Human Physiology” in the 11th grade, “From Gene to Protein”, “Energy
Conversions in Living Things”, “Plant Biology” and “Living Things and
Environment” in the 12th grade. On the other hand, in secondary education
chemistry course; it is directly or indirectly related to different fields such as
“Interactions Between Chemical Species”, “Nature and Chemistry” in 9th
grade, “Chemistry is Everywhere” in 10th grade, “Introduction to Carbon
Chemistry” and “Organic Compounds” in 12th grade. This situation makes
the researches carried out on the subject of basic compounds in the structure
of living things remarkable in terms of different sub-branches of biology and
chemistry. On the other hand, the fact that the compounds in the subject are
micro-scale and that it requires using imagination while learning about
molecules and molecule interactions that cannot be seen with the naked eye
in the teaching process makes it important to focus on the teaching and as-
sessment-evaluation process of such a difficult subject. Because, at any stage
of an education process, a measurement process is carried out to determine
the level and quality of learning, and the determination of the level of profi-
ciency of the students on the subject is provided by evaluation on the results
achieved (Ada & Baysal, 2018). In addition, knowing the achievement levels
of the students in this subject will be effective in learning the next subjects.
Multiple-choice tests are frequently used to determine the achievement of
students. However, an achievement test developed for the subject of Basic
Compounds in the Structure of Living Beings, which is included in the biol-
ogy curriculum updated in 2018 in our country, has not been found in the
literature. It is thought that developing an achievement test that evaluates the
achievements of students on this subject will contribute to the literature on
measurement and evaluation.

Purpose of the Research

The purpose of this research is to develop a multiple-choice achievement test

with tested validity and reliability for the subject of “Basic Compounds in

the Structure of Living Beings” in the ninth grade biology curriculum. For

this purpose, answers to the following research questions were sought:

1. Is the test developed to determine the success levels of ninth grade stu-
dents on the basic compounds in the structure of living things valid?
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2. Is the test developed to determine the success levels of ninth grade stu-
dents on the basic compounds in the structure of living things reliable?

Method

In this study, it was carried out with the survey method, which is considered
in quantitative research designs. Survey studies are used to obtain informa-
tion about people’s attitudes, beliefs, values, demographic characteristics,
behaviors, ideas, habits, desires and other types of information (McMillan &
Schumacher, 2010). In this study, the survey method was preferred in order
to develop a test that determines the achievement levels of the students.

The sample group in the item analysis phase of the research consists
of 252 (144 females, 108 male) students from three schools randomly se-
lected from among secondary schools in a province in the west of Turkey. Of
the students participating in the applications, 122 (71 females, 51 male) were
selected from the first school, 79 (48 females, 31 male) from the second
school and 51 (25 females, 26 male) from the third school. According to this,
57.1% of the students are female and 42.8% male in total. Although there is
no equivalence between the schools in terms of the number of students, it is
assumed that this distribution will not adversely affect the research findings,
since all of the schools are public schools and are located in socio-culturally
close regions.

The Development Process of the Achievement Test

While developing the achievement test in the research, the test development
steps (determining the purpose of the test, determining the content of the test,
making the validity and reliability analyzes of the questions in the test, etc.)
recommended by Haladyna (1997) and Kizkapan and Bekas (2018) were
considered. For this, first of all, the purpose of the test was determined in the
first step of the test development process. Accordingly, the purpose of the
test is to measure achievement in the subject of ‘Basic Compounds Found in
the Structure of Living Things’ in the Life Science Biology unit at the ninth
grade level.

After the purpose of the test was determined, the researchers first
made a literature review and examined the relevant resources (textbook, test
books, internet resources, etc.). As a result of the examinations, a total of 32
multiple-choice questions containing the learning outcomes and concepts of
the subject of Basic Compounds in the Structure of Living Beings in the
most recently updated ninth grade Biology Curriculum (Ministry of National
Education [MoNE], 2018) were prepared.

As stated by Tung and Kiling-Alpat (2015), in the process of devel-
oping an achievement test, content validity is mostly checked and it is abso-
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Table 2. The Specification Table of the Questions in the Draft Achievement

Test.

Learning Outcomes Remembering  Understanding Application  Analyzing Evaluating Creating
Explain the organic and Q2, Q3, Q10, Q1, Q5, @6, Q7, Q4,Q8,Q9, Q18,Q25 Ql7, Q29

inorganic compounds in Q13, Q22, Ql1, Q12,Q14, Q15

the structure of living Q23, Q24 Ql6, Q19, Q20,

things. Q21, 026, Q30

Establishes the relation- - Q28, Q31,Q32 - - Q27

ship between lipids, car-
bohydrates, proteins,
vitamins, water and min-
erals with healthy nutri-
tion.

Table 3. Item Analysis Results of the Achievement Test.

Question ClLower group Cupper group pj rjx Question Cuower group Cupper group pj rjx

Q1 18 62 0.59 0.65 Q17 12 9 0.15 -0.04
Q2 29 62 0.67 049 Q18 10 6 0.12 -0.06
Q3 19 61 059 062 Q19 13 a7 0.44 0.50
Q4 23 42 0.48 0.28 Q20 9 44 0.39 0.1
Q5 17 46 0.46 043 Q21 4 17 0.15 0.19
Q6 16 59 055 063 Q22 8 31 029 0.34
Q7 35 61 0.71 0.38 Q23 14 48 0.46 0.50
Q8 15 18 0.24 004 Q24 8 41 0.36 0.49
Q9 14 41 0.40 040 Q25 10 18 0.21 0.12
Q10 17 29 0.34 0.18 Q26 13 50 0.46 0.54
Q11 9 52 045 063 Q27 14 12 0.19 -0.03
Q12 14 40 0.40 0.38 Q28 16 27 0.32 0.17
Q13 8 44 0.38 053 Q29 9 35 0.32 0.38
Q14 7 41 0.35 050 Q30 14 34 035 0.29
Q15 14 21 0.26 0.10 Q31 17 50 0.49 0.49
Q16 19 38 0.42 028 Q32 17 41 043 0.35
Owerall 0.44 044

Clower group: Number of students who answered correctly in the lower group
CUEEer group: Number of students who answered correctly in the upper group

lutely taken into account to what extent the questions in the test represent the
relevant content. When the literature is examined, it is a frequently preferred
method to consult an expert in determining the content validity of a test
(Calik & Ayas, 2003; Treagust, 1988). Thus, in line with expert opinions,
information can be obtained about whether the test can measure the feature it
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wants to measure, and it can be re-focused on incomplete or contradictory
statements (Calik & Ayas, 2003). From this point of view, the achievement
test prepared by the researchers of this study was examined by two faculty
member and a biology teacher in terms of language, content, appearance,
content, etc. Minor revisions were made in a few questions in the test in line
with expert opinions. At the same time, the questions were distributed ac-
cording to the steps in the revised Bloom’s taxonomy (Table 2).

According to Table 3, seven of the 32 questions are in the remember-
ing, sixteen in the understanding, four in the application, two in the analyz-
ing and three in the evaluating stage.

After expert opinion, the test was applied to 252 students for validity
and reliability analysis. During the face-to-face applications, students were
prevented from cheating and necessary warnings were made. In addition, it
was promised to the students that the application is for research purposes,
that their answers will be kept confidential and that the scores will not be
used in evaluation in any way. Students were given one class hour (40 min-
utes) to administer the test. The results of the validity and reliability analysis
on the collected data are presented in the findings section.

Findings

After the test was administered to 252 students after expert opinions, item
difficulty and item discrimination indices were calculated. For this, the stu-
dents were divided into 27% lower group and upper group according to their
test scores. Accordingly, the answers of 68 students from each group were
analyzed (Table 3).

Item difficulty index (pj) is the percentage of participants in the up-
per and lower groups who answered the item correctly. The discrimination
index (rjx) is the ability of a test item to distinguish between high- and low-
level participants. Assimi et al. (2022) stated that items with pj > 70% were
classified as very easy, and items with pj < 30% were classified as difficult.
In addition, items with rjx < 0.20 are classified as poor, between 0.21 and
0.34 acceptable or good, and > 0.35 excellent.

According to Table 3, the item difficulty index value was determined
as difficult for eight questions (S8, S15, S17, S18, S21, S22, S25, and S27).
All other questions are of medium difficulty. In terms of item discrimination
values, ten questions (S8, S10, S15, S17, S18, S21, S25, S27, S28, and S39)
were discriminating at a weak level and the others at a good or excellent
level. Accordingly, seven questions (S8, S15, S17, S18, S21, S25, and S27)
whose both item difficulty index and discrimination index were below the
desired limits were excluded from the test. On the other hand, S22 was left
out of the test because the item difficulty index was borderline and the item
discrimination level was good. S10, S28, and S30 were left in the test, al-
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Question 23.
Regarding the numbered parts of a tRNA given below;

U, C

I. Part | is the amino acid binding end.
II. Part 2 is weak hydrogen bonds between ribonucleotides.
IIL. Part 3 is the anticodon, which is a triple nucleotide that determines the type of tRNA.

‘Which of the statements are true?

A)Onlyl B) Only IT C) Yalmz I
D) Il ve III E) LI ve Il

Figure 1. An Example Question of the Achievement Test.

though the item discrimination levels were a little low, because the difficulty
indexes were within the desired limits and there were few questions in the
learning outcome related to that subject in the test. As a result, the average
item difficulty of the achievement test, which includes a total of 25 questions,
was calculated as 0.44, and the average item discrimination was calculated
as 0.44. The KR-20 reliability coefficient of the test was calculated as 0.75.
This result shows that the test is of medium difficulty and excellent discrimi-
native reliability.

An example question of the achievement test is shown in Figure 1.

In addition, according to the revised Bloom taxonomy, seven of the
questions in the test are at the level of remembering, fifteen at the level of
understanding, two at the level of application and one at the level of evaluat-
ing. As such, the questions in the test were renumbered and the specification
table showing the learning outcomes and the level in the revised Bloom tax-
onomy is presented in Table 4. The final form of the test is given in Appen-
dix 1.

Discussion

Determining how much of the information transferred to the students in the
learning environment can be determined by measuring their academic
achievement. However, it is very important to develop tests with high valid-
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Table 4. The Specification Table of the Questions in the Final Form of the

Achievement Test.

Learning Out- Description of learning outcomes Questions  Bloom taxon-
comes omy
Explain the The importance of water, minerals, acids, bases and salts for Q2 Remembering
organic and living things is explained. Q6 Understanding
inorganic Q7 Understanding
compounds Q11 Understanding
that make up Q12 Understanding
the structure Q18 Evaluating
of living things. Q25 Understanding
The importance of calcium, potassium, iron, iodine, fluorine, Q11 Understanding
magnesium, sodium, phosphorus, chlorine, sulfur and zinc Q12 Understanding
minerals for living things is emphasized. Q18 Evaluating
The structure and function of carbohydrates, lipids, proteins, Q9 Applying
nucleic acids, enzymes and their importance for living things Q10 Remembering
are explained. Q13 Remembering
Q14 Understanding
Q16 Understanding
Q23 Remembering
It is emphasized that DNA is found in all living species and Q10 Remembering
contains the same nucleotides.
Without including the chemical formulas of ATP and hor- Q17 Understanding
mones, its importance for living things is questioned. Q22 Remembering
Q24 Remembering
General properties of vitamins are given. The functions of Q3 Remembering
vitamins A, D, E, K, B and C and their importance for living Q5 Understanding
things are explained. The types of B group vitamins are not Q19 Understanding
mentioned. Q20 Understanding
Students are provided to carry out experiments in which they Q9 Applying
can detect the presence of carbohydrates, lipids and proteins
in foods.
Experiments on factors affecting enzyme activity are provid- Q1 Understanding
ed. Q4 Applying
Establishes Insulin resistance, diabetes, and obesity are addressed inthe Q8 Understanding
the relation- context of healthy eating. Q21 Understanding
ship between Students are provided to prepare a one-week healthy nutrition Q15 Understanding
lipids, carbo- program for their age group.
hydrates,
proteins, vita-
mins, water
and minerals
with healthy
nutrition.

ity and reliability that are compatible with learning outcomes in order to de-
termine the level of achievement and evaluate the effectiveness of the pro-
gram. In this study, it is aimed to develop a valid and reliable multiple-
choice test on the ninth grade ‘Basic Compounds Found in the Structure of
Living Things’.

Considering that achievement tests are used as a tool in research to
measure students’ achievement, it is important that these tests are valid tests
in terms of content and construct (Ugiincii & Sakiz, 2020). The stages fol-
lowed in the achievement tests developed in the literature are similar to this
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study (Acikgoz & Karsli, 2015; Bolat & Karamustafaoglu, 2019; Haladyna,
1997; Kargin & Giil, 2021; Kizkapan & Bekas, 2018). For example; A¢ikgdz
and Karsli (2015) explained the processes followed in the achievement test
developed on business and energy in eight steps. At these stages, the purpose
and content of the test were determined by considering the findings of the
studies on the subject. In the following processes, a specification table was
prepared and the features that could be measured by the test were determined.
Thus, a 32-question draft test was prepared, considering the learning out-
comes related to the subject. The draft test was presented to the expert opin-
ion and then applied to the students. Thus, the studies for content validity
were examined in detail, the application of the draft form and the item ana-
lyzes made as a result of this application were included. A similar study was
conducted by Can Sen and Eryilmaz (2011), on simple electrical circuits.
While developing the achievement test, these researchers followed a six-
stage path: determining the learning outcomes, preparing the specification
table, creating the test items, preparing the draft form by taking expert opin-
ion, performing the item analysis by applying the draft form, and creating the
final form. However, due to the fact that the questions were examined by a
small number of experts, it is considered as a limitation of this study that it is
not determined whether the agreement between the expert opinions taken to
ensure the content validity proposed by Akbulut and Cepni (2013) and
Ucgiincii and Sakiz (2020) is valid.

In the process of developing the achievement test in the study, first of
all, a total of 32 questions were prepared by examining the literature by the
researchers. While preparing the questions, the learning outcomes specified
in the ninth grade Biology Curriculum (MoNE, 2018) were considered. Atil-
gan et al. (2011) recommends writing three items for each learning outcome
in the specification table while preparing the draft form for the test items.
From this point of view, at least three questions were prepared for each
learning outcome in this study. Thus, the content validity of the test was tried
to be increased. In addition, the opinions of experts consisting of a biology
teacher and two faculty members were taken to test the content validity of
the test. After the content validity study, the draft test for item analysis was
applied to 252 students. After the item analysis, the average difficulty of the
test, which was reduced to 25 questions, was calculated as 0.44, and the av-
erage item discrimination was calculated as 0.44. According to Assimi et al.
(2022), these results show that the test has medium difficulty and excellent
discrimination.

In the development of achievement tests, it is necessary to determine
the learning outcomes to be examined by the test and the question types ap-
propriate for the cognitive levels expressed by these learning outcomes
(Uciincii & Sakiz, 2020). As a matter of fact, Ozkan & Yadigaroglu (2020)
also argue that the renewed Bloom Taxonomy should be included in addition
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to validity and reliability studies while preparing the test. Thus, it is possible
to classify the test items in a more understandable and detailed manner. In
addition, Bloom’s taxonomy cognitive domain classification is frequently
used in the field of education because it allows the aims of the items to be
clearly and observable (Ayvaci & Tiirkdogan, 2009). When the findings of
this study are examined, according to the revised Bloom’s taxonomy, seven
of the questions in the test are at the level of remembering, fifteen at the
level of understanding, two at the level of application and one at the level of
evaluating. When the seven questions that were removed as a result of the
item analysis were examined; it is at understanding level one question (Q21),
applying two questions (Q8, Q15), analyzing two questions (Q18, Q25) and
evaluating two questions (Q17, S27). Therefore, the fact that the questions
measure high-level knowledge according to Bloom’s taxonomy caused the
students not to be able to answer the questions correctly. As a matter of fact,
item difficulty index values show that these questions are difficult. In addi-
tion, the findings of the item analysis revealed that the discrimination of the
questions was low. Therefore, it was decided to exclude these questions from
the test.

According to the findings of the study, the KR-20 reliability coeffi-
cient is 0.75. Accordingly, it can be said that the test is reliable. The findings
of many of the test development studies in the literature (Kargin & Giil, 2021;
Nacaroglu et al. 2020, Ozcan et al. 2019; Ozkan, & Yadigaroglu, 2020;
Soylu et al., 2020; Timur et al., 2019) are similar to the findings of this study
and reveal that the developed tests are reliable.

Conclusion and Suggestions

As a result of the validity and reliability analyzes in the study, it is seen that
the 25-question achievement test measures all the learning outcomes in the
curriculum. Accordingly, while there are three questions in the second learn-
ing outcome of the subject “Basic Compounds in the Structure of Living Be-
ings”, all of the other questions are included in the first learning outcome.
However, considering the subject content in the curriculum, it is normal that
the questions are not evenly distributed over the learning outcomes. Because,
according to the curriculum, most of the subjects and concepts are included
in the first learning outcome. Therefore, it is thought that the achievement
test is compatible with the learning outcomes in the biology curriculum and
completely covers the content in the curriculum. From this point of view, it
is thought that the achievement test developed in this study will provide de-
tailed information about the learning levels of the students. In addition, since
the reliability and validity of the test have been measured, it can be used by
biology education researchers in scientific studies. At this point, it is thought
that the test will help to compare the achievement of the student groups
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formed by the researchers in experimental studies. On the other hand, no
achievement test was found for the ninth grade biology lesson ‘Basic Com-
pounds Found in the Structure of Living Beings’ in accordance with the ob-
jectives of the biology curriculum updated in 2018. It is thought that this
study can serve as an example for different tests to be prepared at the ninth
grade level in the curriculum. Of course, in the light of these findings
reached within the scope of the study, considering some of the limitations
encountered in the research process, it is considered appropriate to make
some suggestions to guide future research. Accordingly, recommendations
are presented below:
® During the development process of the achievement test in the study,
the commonly preferred stages in the literature were followed.
However, due to the participation of very few experts, the compati-
bility of these opinions could not be examined by taking the expert
opinions for the content validity of the test. Therefore, in a similar
study to be carried out in the future, new tests can be developed by
considering the criteria (Lawshe technique) that Webb (1997) put
forward to ensure the harmony between learning outcomes and ex-
ams.
® Since multiple-choice tests are insufficient to measure knowledge at
the higher levels of the cognitive domain, no questions at the creat-
ing level could be prepared in the test developed in this study. For
this reason, when the test is used to measure students’ achievement
levels, an appropriate open-ended question can be added to the cre-
ating level.
® In the study, as a result of item analysis, the questions at the analyz-
ing level were excluded from the test. In future research, new
achievement tests with questions at analyzing level can be devel-
oped. In addition, two or three-stage multiple-choice tests can be
developed.
® As stated by Ozcan et al. (2019), while selecting the sample in the
process of developing achievement tests, it is thought that choosing
the sample number from large schools with different achievement
levels will increase the validity of the study. For this reason, it can
be recommended to develop and apply tests that can appeal to wider
audiences by selecting schools with different achievement levels in
similar studies to be carried out in the future.
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APPENDIX I. Final Form of Achievement Test.

’—[ Ad-Soyadi:
’—[ Sinifi:

'CANLILARIN YAPISINDA BULUNAN TEMEL BiLESIKLER' BASARI TESTI

|

—

5.1} Asagidaki deneyde aymi miktarda et; bitiin, A) A vitamini B) Bwvitamini  C) Cvitamini
kusbagi wve kryma haline getirilip kaplara konulduktan D) O vitamini E} E vitamini
sonra lzerlerine hidroliz enzimleri ilave edilmistir.

Hidraliz enzimteri 5.4) Agagda ghsterildigi gibi simrh miktarda maltaz enzimi

bulunan bir deney tipdne, sirekii maloz ilave
I‘\—/_\ edilmektedir.

L
| = owp wpe—Malioz
{ \,‘ 'I'( -
Baildin &t Kushag: el Kriyma

I ] ]
s
I ea Maltaz enzimi

Deneyin sonunda kaplardaki drin olusum hiz ve K sivisi
nedeni hangisinde dogru olarak verilmistir?

Buna gire reaksiyon hizi-zaman grafigi asagdakilerden
(iin Otugum Hiz Neden) hangisinde dogru olarsk verilmigtir?
A) == Substrat ylzeyi far
B) == Subsiral yedunlsdu Tark a) B)
C) [ER ] Subsirat yizey far Fzakskon hin

[a]] I=1=Mu Substrat yogunlisgu Farka

E == Subalrat yizeyi farki

Reaksiyon h

/

Zaman Zaina

5.2) Asitlede ilgili olarak asagda werilenlerden
hangisi yanligtir?

o]

A) Tatlan eksidir. <l
Reaksivan hin Faakahon hi

B] pH degerleri 7'nin altindador.

C) Sulu gozelhtilering OH™ iyonu verir.

D) Mavi turnusol k3gdim kirmizrya gevirir. Ia

E) Bazlarla birlegtiginde tuzlan olugturur. \

Faman Y Faman

5.3)

* Ince bagrsak wve bébreklerden Ca®* emilimini
kolaylagtinr. E)
+ Kemiklere Cz* gegigini saglayarak kemiklerin
giiclenmesini saglar.

= Eksiklifinde gocuklarda ragitizm, yetiskinlerde
ostecmalazi hastalig) gérildr.

Ruansiyon hizi

Laman
Baz Gzellikleri yukanda werilem wvitamin gesidi
agagidakilerden hangisidir?
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5.5)
|. B witamini
1. C witamini
1. K witamini
V. A vitamini

Yukanda verilen vitamin cesitlerinin eksik alinmas:
durumunda belirecek,

a. kansizlik

b. skorbat

. kanin pihtilasmamas
d. gece karligl

hastaliklanmin ~ dogru  eglestirimesi
secensklerin hangisinde gosterilmistir?

azagdaki

Lo om v
Al a b ] d
Bl a [ b d
Cl b d a c
D) b [+ d a
Ej ¢ a d b

5.6) Depresyon, diz ¢Grigl, egzama, sag dokilmesi gibi
rehatsizliklann  nedeni wvicudumuzdaki  asit  baz
dengesinin bozulmazidir.

Bu durum, asit ve bazlann agafida verilen hangi
dzelliginden kaynakianir?

A) Sindirim igin ortam clusturmalarn
B) Enerji vermeleri

C) Homeostasiyi etkilemeleri

0} Inorganik clmalan

E} Hiicre zarindan gegebilmeleri

5.7} Béceklerin su dzerinde ylriyebilmeleri suyun;

|. 8z misimin yiksek almasi,

1. s hidlden gaz hdline gecebilmesi,

11l besin maddeleri igin iyi bir gdzlicl olmas,

IV. su molekiilleri arasinda oluzan hidrojen baglarmn
neden oldugu yiizey gerilimi dzelliklerinden hangileri
ile aciklanabilir?

&) e I
D) Yalrz I

B} Yalnez IV
E) Yalruz |

C)lilve v

5.8) Agn tath yeme istedi sebebiyle doktor
muayenesine giren hastaya tip |l diyabet teshisi
konmusgtur.

Yukanda wyer =zlan  bilgi  dikkate
asagidakilerden hangisi séylenemez?

alndiginda

A) Homeostazi zaman iginde birtakim faktiriere bagh
olarak bozulabilir.

B) Bu hastalk genetik yolla sonraki nesillere aktanbr.
C) Hastamin uygun olmayan beslenme tarzina sahip
oldugu disindlebilir.

D) Tedavi igin insiilin hormonunun direnci ortadan
kaldinlmahdir.

E} Hastalik obezite kaynakli ortaya gikonis olabilir.

5.9)
l. Protein
II. Protein ayirac
lll. Protein yikan enzim
V. Aminoasit
V. Aminoasit ayrac
“Aminoasitler proteinlerin yap taglandir.” hipotezini

kanrtlamak icin diizenlenen bir deneyde, yukandakilerden
hangilerinin birlikte kullandmas: gerekmektedir?

A) lvell
o) MweV

B} I welll
B}, vV

C)llvel

5.10) Asagdakilerden hangisi DNA we RMA'mn ortak
ozelliklerinden biridir?

A} Her birinin yapsinda tdm pirimidin baz gegitleri yer alr.
B) Her iki molekill de nikleotit polimeridir.

C) Her zaman zarh organel igerisinde bulunuriar.

D) Zincirlerindeki piirin ve pirimidin bazlanmin sayilan her
zaman birbirine ezittir.

E} Hiicre déngiisiinde replikasyon gegirirler.

5.11)
. Klorofil pigmentinin yapisina katalir.
IIl. Hemoglobin pigmentinin yapising katalr.
1. Tiroksin hormonunun yapisma katilr.

Yukanda  gdrevleri  belirtilen  mineral
asagdakilerden hangisinde dogru verilmigtir?

gesitleri

A) Demir Magnezyum  lyat
B]  Magnezyum  Bakir Darmii
c)  Demir Bakir Iyot
o) iyt Magnezyum  Demir
E) Magnezyum  Demir Iyat

5.12) Asagda verilen mineral gesitleri ve gérevleri ile ilgili
eslestirmelerden hangisi yanligtr?
A Kalsiyum = Kemik ve dis yapisina katilma

B) Fosfat —# DNA, RMA ve ATP yapisina katilma
C) Sedyum = pH ve su dengesini saglama
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O Klor = Mide zsuyu olusumunda
E] Cinke = Cizgili kaslardaki miyoglobin yapisina katilma

asagidakilerden hangisidir?

) Glikolipit
D) Kelesterol

B) Steroit
E) Trigliserit

) Fosfolipit

5.14)
*— Riboz
vy — Glikoz
z —Galaktoz
k — Deoksiriboz
m — Fruktoz

Yukanda baz karbonhidrat gesitier verilmigtir.
Buna gire,

lLxvey

ILywez

I.zvem

V. yvem

V.oxwek
ikililerinden hangilerinin  birlesmesi bir disakkarit
olusumu ile sonuclanabilir?

Al lve Il
D) 1, 1 ve IV

B) llve IV
EJ I, 111, IV we v

Cil liveV

5.15) Asagdaki yiyecek guruplanndan hangisinde
dengeli beslenme icin gerekli besinler, digerlerine gare
daha fazla bulunmaktadir?

A) Nohut — pilav —yogurt

B} Etli nohut — pilav — baklava

C) Etli nohut — pilav yogurt

D} Etli nohut — pilav —salata

E] Kofte — patates — pilav — baklava

5.18) Asagida verilen dzelliklerden hangisi doymus yag
asitlerinde gorilirken doymamis yag asitlerinde
gorilmez?

A) Ortam pH'sim digirme

B} Karbon atomlar arasinda gift bag bulundurma
C) Oda sicakliginda kati halde bulunma

D) Kimyasal sindirime ugramama

E) Métral yaglann yapsina katilabilme

5.17) Hormonlar;

. Hicrelerde kendilerine &zgl reseptdrlerin
bulunabilmesi
Il. Organik yapida olma,

Ill. Diizenleyici olarak gdrev yapma,
V. Baz gesitlerinin sindirilebilmesi

5.13) Hiicre zarinin yapisinda en fazla bulunan lipit cesidi

{izelliklerinin hangileri yéniiyle vitaminlere benzerler?

Al lve v
D)1, llve Iv

Bllivell
E} 1, 1l ve IV

), e IV

5.18) Bitkilerde bazi minerallerin bitki geligimi Gzerine
etkisi ile ilgili bir tablo agagida verilmigtir. Tablodaki her
bir “+* sembold birim miktar gelizmeyi ifade etmektedir.

Meneral madde dusremu | Bitki geligimi
K‘N"E;‘JFQ"'CQ 44
K yatersiz =+

Gl yatersiz =4E ot

Fa yabgrsiz =+

Ca yabersiz +++

M yabersiz +

Tabledaki bilgilere gdre bitkinin gelismesi Uzerine en etkili
olan mineral agagidakilerden hangisidir?

AlK Bl CI C]Fe
D) Ca E}N
5.19)
Vitaminkt I
-~ : S
Suin pleunen Yagdn gteunan
L vibminker: Bve C ) vitominler: A, O, Ew K |

Vitaminlerin simiflandinimas: yulkanda verilmistir.
Buna gore;

Vitamin gruplan ile ilgili azagida verilenlerden hangisi
yanhstr?

Sudn Caziinenler Yofda Carinesler

Al Depelonmoziar
B] Fasdos drarlo atlir

C

Depoedilirker,
Frzlos depolonabilr.

Eksikligi hermenonloplr. Eksikliinin anlms maos:
urum SUrer.
o

Emilimi sulu artamda Emilimi yogh ortomda
clur.
Ototroflar retirler,

olur.
El Otatroflor Gretemezler

5.20) Suda ve yagda ¢oziinen vitaminlerin,
|. Depolanabilmeleri
Il. Dizenleyici olmalan
lll. Organik yapida olmalan
. Sindirilmemeleri

ozelliklerinden hangilen ortak degildir?

&) Yalnz |
D) Il ve IV

B) Yalmz IV
E} 11, 11l ve IV

) Ivell
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5.21)

Terhanamn yapirmi sirasinda mayalanmas: protein,
karbonhidrat ve yaglznn bakteri kiltlrleri tarsfindan
&n sindirime uframas tarhanamin dzhz  kolay
sindirilmesi ve daha besleyici dzellik kazanmaszim
zaflamaktadir. Tarhanamin glisemik indeksinin 20
oldugu bilinmektedir. Glisemik indeks, besinlerin
vicuda alindifindz kan sekerini yiksaltme hizim
ifade eden indekstir. Glizemik indeksi disik besinler,
kan sekerini yavas ylkselterek gzellikle seker
hastahfina karp koruyucu etk saflar. Aynica
tarhanamin probiyotik ozellikte oldugu
disinidlmektedir. Probiyotikler besinlerle  beliri
miktarlarda alindifindz bagirszk florasim dengelayip
insan  saghim yonde etkileyen canl
organizmalardir. Tarhana igerdigi Iif ile kanm

alumlu

kolesterol seviyesinin dengede tutulmasing yardima
olur ve kalon kanseri riskini azalur.

Yukanda tarhanz ile ilgili verilenlerden hangisi
gikanlamaz?

Al Sindiriminin daha kolay olmas

B) Glisemik indeksinin dizik olmaz

) Probiyotik baksmindan zengin besin aldugu

D) Kan kolesterol seviyesini dengede tuttugu

E) Bazr mikroorganizmalara kars antibiyotik dzellik
gdsterdigi

5.22)
insanlards hormaonlarlz ilgili;

. Biyime, farkllasma we metzbalizma gibi
fizyolojik olaylanin dizenlenmesinde gérev alirlar.
Il. Endokrin bezlerden salglamirlar.

Il Tamarm protein yaph olup DNA kontrolinde
sentezlenirler.

yargilarindan hangileri yanhstir?

Al Yalmz |
D} lvell

B} Yalrz Il
Ejllvell

C) ¥almz Il

5.23)
Azasida sekli verilen bir tRMNA'min numarzlandinlan
kasirnlar ile ilgili;

Ut

I. 1 nolu kizim amingasit baglanan ucudur.

II. 2 nolu kisim ribondkleotitler arasindaki zayif hidrojen
baglandir

L. 3 nolu kizim tRNA min cesidini belideyen 310 nikleotit
olan antikodonudur.

Yargilanndan hangileri dogrudur?

Al Yalmz | B) Yalnz 1l C) ¥alrz Il
D}llvelll E) 1, e Il
5.24)
M
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ATF

Bir ATF molekillindeki K, L ve M ile gdsterilen baglar
zsagidzkilerden hangisinde dogru verilmistir?

K L ]
A)  Glikozit Ester Fosfot
B} Peptit Ester Glikaozit
o] Ester Glikozit Fosfat
(K} Glikozit Fosfat Ester
E} Fosfat Peptit Peptit
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5.25) Asagida bir pH metre verilmigtir.
I Il Il

AEEEEe - - s EEEE TEST BITTI

Buna gire |, Il ve lll bolgelere zit ormekler hangi

segenckte dogru verilmigtir?
1 1] 1}
&) Karbondioksit  Amonyak S
B) Elm=a Maden suyu  Kahwe
C) Armortyak = Karbandicksil
0} Gazoz Su Erokodi
E) Garaz Amanyak Elma
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