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Abstract

Purpose: This study aimed to develop a skills-based achievement test for the learning outcomes of the subject of "Sound and
Its Properties" in the newly implemented science curriculum.

Design: This research used a survey design as a skill-based test development study. The skill-based achievement test developed
per the purpose of the study was applied to 375 6'"-grade students, and the results were analyzed using the TestAn package
program.

Findings: An achievement test consisting of 27 multiple-choice descriptive questions was developed within the scope of this
study by examining PISA (Program for International Student Assessment), TIMSS (Trends in International Mathematics and
Science Study), various achievement tests, resources, and previous studies in order to develop a test consisting of skill-based
questions for the new science curriculum. It was determined that 23 of the 28 items in total had an item discrimination index
of 0.40 and above; 4 items were between 0.30-0.39. One item, Question 27, was between 0.20-0.29 and removed from the
test. The item analysis showed difficulty index values ranging from 0.28 to 0.72. The reliability coefficient of the skill-based
achievement test was 0.80.

Highlights: This achievement test is particularly valuable for science teachers preparing students for the LGS (Turkish High
School Entrance Exam), as it enables assessing their students' current proficiency levels.

0z
Calismanin amaci: Giincellenen ortaokul fen bilimleri dersi 6gretim programi yénelik olarak ses ve 6zellikleri konusuna uygun
beceri temelli sorulardan olusan akademik basari testi gelistirmektedir.

Materyal ve Yéntem: Arastirmada beceri temelli test gelistirme ¢alismasi olarak tarama deseni kullaniimistir. Calismanin
amacina uygun olarak gelistirilen beceri temelli basari testi 375 6. sinif 6grencisine uygulanmis ve sonuglar TestAn paket
programi kullanilarak analiz edilmistir.

Bulgular: Calismada yeni fen bilimleri 6gretim programina yénelik beceri temelli sorulardan olusan bir basari testi gelistirmek
amaciyla PISA, TIMSS, basari testleri, kaynaklar ve énceki ¢calismalar incelenerek 27 adet coktan se¢meli betimsel basari testi
gelistirilmistir. Toplam 28 maddenin 23'iiniin madde ayirt edicilik indeksinin 0,40 ve iizerinde, 4 maddenin 0,30-0,39 arasinda,
1 maddenin ise 0,20-0,29 arasinda oldugu belirlenmistir. 0,20-0,29 arasinda olan 27. soru testten ¢ikarilmistir. Madde analizi,
0,28 ile 0,72 arasinda dedisen gligliik indeksi degerleri géstermistir. Beceri temelli basari testinin givenirlik katsayisi 0,80'dir.

Onemli Vurgular: Bu basari testi 6zellikle LGS’ye égrenci hazirlayan fen bilimleri édretmenleri tarafindan é¢rencilerinin mevcut
durumlarini degerlendirmek igin kullanilabilir.
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INTRODUCTION

Education enables the individual to become competent and responsible members of society, equipping them to contribute
effectively to the environment and the world around them. A key factor in the effective realization of this process is the individual's
capacity to learn. Learning is defined as a dynamic process in which an individual gains knowledge, skills, attitudes, or values
through experience, interaction, and education and ensures these achievements become permanent by reinforcing them over
time (Khorram et al., 2024). This process also involves the development of the individual in cognitive, affective, and psychomotor
domains and is usually shaped by environmental factors, teaching methods, and personal efforts. Learning brings about various
changes in students. These changes include transformations in knowledge, skills, attitudes, values, motivation, reasoning skills,
and behaviours. Evaluating these changes provides feedback to the student, referred to as the learner, and to the teacher. Drawing
from the provided explanations, it becomes evident that rigorous evaluation is essential in education; learning is measured using
a diverse array of specialized assessment tools, which are crucial for accurately capturing and understanding every facet of the
learning process.

Education uses various measurement tools, which should be designed in accordance with their intended purpose. In other
words, the validity and reliability of the measurement tool applied must be established (Gonen et al., 2011). Measurement, which
is indispensable in education, provides information about the degree, level, and learning process of the student. It also indicates
how changes should be made in the learning process and in which direction the method should evolve. For these reasons, the
measurement process uses various measurement methods and techniques. One of these is multiple-choice achievement tests
(Cetin & Cakan, 2010). In the Turkish education system, multiple-choice tests are generally preferred when measuring and
evaluating students (Akbulut & Cepni, 2013). While there are many measurement and evaluation techniques such as gap filling,
true-false, word matching, concept mapping, and short answer questions, the reason for choosing multiple-choice tests is that
they are easy, understandable, and useful in terms of both time and application while measuring students' achievements (Karadag,
2014). Additionally, multiple-choice tests are the most preferred measurement tool for assessing both simple and complex
concepts and covering questions about the whole acquisition (Demir, 2012). In this context, beyond the general contribution of
multiple-choice tests in measuring knowledge, the use of achievement tests that comprehensively reveal the qualitative gains
students acquire during the instructional process supports a holistic assessment approach in education.

Achievement tests are generally a model designed to assess the degree of learning an individual has acquired in a specific
content area as a result of planned instruction or training (Nitko & Brookhart, 2011). A review of the literature reveals numerous
achievement tests designed for various topics in science courses, including the following: Force and Motion (idin & Aydogdu, 2016;
Ozcan & Orhan, 2024), the Mystery of the Earth's Crust (Sontay & Karamustafaoglu, 2017), Simple Machines (Ozkan & Mustu,
2018), Change of Matter (Sarag, 2018), Matter and Heat (Soylu, Karamustafaoglu & Karamustafaoglu, 2020; Avci, 2020), Cell and
Divisions (Karsh, Karamustafaoglu & Kurt, 2019), the Solar System and Beyond (Ugar & Aktamis, 2019; Armagan & Demir, 2019;
Altan, Yadigaroglu & Eryilmaz Mustu, 2024), Systems (Kegeci, Yildirnnm & Zengin, 2019; Akar, Giines & Yildirim, 2023; Ozkilig, Bektas
& Karaca, 2023; Mego & Gorguli Ari, 2024), Heat and Temperature (Ayvaci & Durmus, 2016), Matter and Its Change (Nacaroglu,
Bektas & Kizkapan, 2020), Force and Energy (Ermis & Karaman, 2022), Properties of Matter (Dag & Karamustafaoglu, 2023),
Propagation of Light (Sevim, Uysal & Demirci, 2021), and Human and Environment (Cicek Sentirk & Selvi, 2021). Although the
units included in the science curriculum have been studied separately by different researchers, and achievement tests have been
developed accordingly, these tests and the measurement tools prepared are not equivalent to national-level examinations. This
is because national-level exams reflect the variations in science questions over time (Sabri, 2019; Pradana et al., 2020; Kolomuc &
Karagolge, 2021; Sidiq et al., 2021). Therefore, skill-based questions help students generate solutions and ideas more easily for
problems they encounter or may encounter in various aspects of their lives while also providing them with the opportunity to
apply their knowledge in everyday life (Rennie & Parker, 1996).

An analysis of national-level exams in the Turkish education system shows that the exam system, along with the types of
questions, undergoes frequent changes. The changes in the question system necessitate modifications in both preparatory
resources and teachers' approaches to questions and problem-solving skills. To fully understand this situation, it is essential to
examine the historical development of the examination system. One of these changes is the high school transition exam. Between
1998 and 2007, the Secondary Education Institutions Selection and Placement Examination (OKS) was evaluated with a single
central exam. Between 2008 and 2012, students were assessed with the Placement Examination (SBS), where students took the
exam every year in the 6th, 7th, and 8th grades. From 2013 to 2017, the Transition from Basic Education to Secondary Education
(TEOG) assessed students with exams in two separate periods. Since 2018, the High School Entrance System (LGS) exam has been
used for evaluation.

The purpose of the LGS exam is to measure students' knowledge and skills. The exam consists of skill-based questions similar
to the TIMSS (Trends in International Mathematics and Science Study) and PISA (Program for International Student Assessment)
exams conducted worldwide (San & ilhan, 2022). These new-generation exam questions allow students to apply their knowledge
and skills in real-life situations (Karabulut, Tosunbayraktar, & Kariper, 2022). Through skill-based questions, students develop
strategic, analytical, and critical thinking skills and abilities in observation, information gathering, comparison, questioning, and
discussion.
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A review of the literature reveals the opinions of teachers in different branches about the skill-based questions in Turkish,
mathematics, and science tests in LGS (Ersoy & Bayraktar, 2018; Erden, 2020; Unsal & Kaba, 2022), indicating that such questions
contribute to science education and should be included in science education (Ceylan & Orhan, 2023; Yuzuak & Recepkethiida
2022). Achievement tests consist of skill-based questions in different disciplines (Erhan, Dogan, & Haser, 2024; Bozkus & Ozgeldi,
2024). Studies examined the theoretical and conceptual framework of science course skill-based questions (San & ilhan, 2022).
Karabulut, Tosunbayraktar, and Kariper (2022) examined middle school students' views on skill-based science questions and
concluded that skill-based questions are difficult and complex. Ercan and Caliskan (2023) developed a research inquiry and skill-
based science test related to the electrical circuit unit, while Turan and Timur (2023) developed a skill-based achievement test for
the solar system. Likewise, Blyikkara (2011) and S6zen & Bolat (2014) conducted achievement test studies related to the sound
subject and its outcomes. Additionally, Aksoy and Ozcan (2020) conducted a test development study to measure 6th-grade
students' achievements related to the "Sound and Its Properties" unit.

Within the scope of the science course, the achievement tests on the subject of sound prepared before 2018 included light
and sound units together. However, in the science curriculum updated in 2018, the unit "Sound and Its Properties" is included as
a separate topic. Sound and its properties are among the concepts that students have difficulty with in science lessons. The
curriculum of the science course, which has been gradually started to be used in classes as of the 2024-2025 academic year, reveals
that the acquisition of sound and its properties was removed from the sixth grade and transferred to the 8th grade (MoNE, 2024).
Considering the present research, it can be stated that the updated science curriculum was prepared in a way that the importance
of skill-based questions and the development of the student's skills of observation, information gathering, comparison,
questioning, and discussion in the learning process, and making connections in daily life. The new science curriculum can be
considered to integrate constructivist, inquiry-based, and STEM-oriented contemporary educational theories while adopting a
holistic approach to skill and value development (MoNE, 2024). The program aims to enable students to engage in active learning
through skill-based activities, relate scientific knowledge to daily life for meaningful understanding, and consequently enhance
their level of scientific literacy (Ak & Kose, 2024). Teaching sound and its properties in science education is crucial for fostering a
comprehensive understanding of wave phenomena, which are fundamental to both physics and everyday experiences. Integrating
sound into the curriculum can enhance student engagement and motivation, as it connects abstract scientific concepts with
tangible, real-world applications, such as music and acoustics (Ramsey, 2015; lliaki, Velentzas, Michailidi, & Stavrou, 2018).
Moreover, addressing common misconceptions and difficulties related to sound through innovative pedagogical strategies, such
as active learning and contextualized teaching, can significantly improve students' conceptual understanding and retention of
scientific principles (Panjaitan, 2016; Rico, Gonzélez, Azula, & Aranzabal, 2021; Aygiin & Hacioglu 2022). The literature shows that
students face difficulties in teaching the concept of sound and have misconceptions (Syah, 2025; Azahra et al., 2024; Batlolona &
Jamaludin, 2024; Guerra-Reyes et al., 2024; S6zen & Bolat, 2014).

Upon reviewing the literature, it becomes evident that a skill-based achievement test for the unit of "Sound and Its Properties"
has yet to be developed, and no existing measurement tool is available for recent acquisitions. Therefore, we decided to conduct
a study on developing skill-based questions on sound and its properties. By comparing the 2018 science curriculum with the
current curriculum on the topic of "Sound and Its Properties", common achievements were identified, and a test was developed
to assess these achievements.

Purpose of the Research

This study aimed to develop a skills-based achievement test for the learning outcomes of the unit of "Sound and Its Properties"
in the newly implemented science curriculum.

METHOD

Research model

In this study, a survey design was employed as part of the skill-based test development process. A survey design is a process
of systematic data collection to identify specific characteristics, behaviours, opinions, or situations in a population. Surveys, tests,
or observations are often used in this design. This method aims to reach generalizations by collecting data from large sample
groups and is, therefore, a suitable model for statistical analysis (Gomleksiz & Erkan, 2010). In this research, the development of
the achievement test comprising skill-based questions involved crafting multiple-choice items by taking into account the objectives
of the "Sound and Its Properties" unit in the science curriculum, aligned with the test's purpose. A pilot study was conducted
before finalizing the achievement test, and necessary arrangements were made.

Sample

Fraenkel and Wallen (2013) mentioned two types of populations in research. The first is the accessible population, while the
second is the target population. In this study, we preferred the accessible population. Ethics committee permissions were obtained
before conducting the study. The study group consists of 375 6th-grade students studying the unit of "Sound and Its Properties"
in public schools in a metropolitan city and its districts in the Black Sea Region in the 2023-2024 academic year. The study group
was determined through convenience sampling. Since the learning outcome was moved to a different grade level in the updated
curriculum, sixth-grade students were chosen for the study, as they had already studied the relevant learning outcomes in their
coursework.
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Research Instrument and Procedure

In order for a measurement tool to be developed and used in education and psychology, validity, reliability, and usefulness
must be ensured. The Standards for Educational and Psychological Testing (SEPT, 1999) was examined, which deals with these
standards and steps in detail. According to the data obtained from this review, test developers must follow some steps to develop
a measurement tool with the desired criteria and characteristics. The stages to be followed in the test development process can
be listed as follows: Test development purpose and general test plan, determining the scope, creating the specification table,
writing the articles, reviewing the articles, combining test items into one form, conducting a trial application, selecting or
correcting items by item analysis, keeping the tested items in a question bank to be applied later.

Before starting this study, the purpose and planning of the test to be developed were specified through a review of the
literature. Next, the scope of the test to be developed was determined, specifically identifying which topics or information should
be included in the test. A specification table was created according to the framework determined. Questions were prepared and
sent to expert opinions based on the specification table. Necessary adjustments were made in light of the feedback provided by
the experts. The test was then collected in a form and piloted as a preliminary application, and the validity and reliability of the
items were checked. Following the feedback received from the pilot application, adjustments were made to the developed test.
Finally, a skill-based achievement test was created and administered to 375 students to measure their success with the new-
generation questions on sound and its properties.

For the achievement test, the achievements related to the subject of "Sound and Its Properties" in the 2024 science curriculum
were determined (Table 1).

Table 1: Matching the Skill-Based Achievement Test Questions with the Outcomes of the "Sound and Its Properties" Unit

Item Number Related Learning Outcome Number

26 8.4.1.1.a. Describes the qualities that make up sound.

6,11,19 8.4.1.1.b. Records the data collected about the formation of sound

4,5,7,8,20,27 8.4.1.1.c. Evaluates that sound is formed as a result of vibration and spreads in waves.

3,12,23,24 8.4.2.1.a. Defines the problem of the effect of distance from the sound source and sound intensity on hearing
13,14, 8.4.2.1.b. Determines the cause-and-effect relationships between the distance from the sound source and the

effect of sound intensity on hearing.

9,10,21,25 8.4.2.2.a. Describes the transmission, reflection and absorption of sound
16 8.4.2.2.b. Collects and records data on the transmission, reflection and absorption of sound
1,2,15,17,18,22,28 8.4.2.2.c. Evaluates acoustic applications in relation to the properties of sound

The achievements were examined to ensure the content validity of the achievement test consisting of skill-based questions.
The prepared questions were designed by directly aligning them with the learning outcomes. Although the 2024 curriculum
consists of various skills, the competencies of the skills employed in the problem-solving process are not evaluated within the
scope of this study.

In order to ensure the content validity of the achievement test consisting of skill-based questions, some studies were carried
out by examining the gains. A specification table was prepared consisting of the common learning outcomes determined and the
questions from each learning outcome (Table 2). 28 questions were prepared. In developing the questions, Bloom's Taxonomy
was carefully considered. Bloom's Taxonomy is a well-established framework that categorizes learning objectives into hierarchical
levels, systematically guiding students' cognitive processes to achieve these objectives (Bloom, 1956; Anderson & Krathwohl,
2001). This structure forms the foundation for Bloom's Taxonomy's preference in preparing skill-based questions. Bloom's
Taxonomy facilitates the acquisition of fundamental concepts at the knowledge and comprehension levels, associating these
concepts with experimental processes at the application and analysis levels and developing critical thinking and problem-solving
skills at the synthesis and evaluation levels. This hierarchy enables teachers to clearly define the cognitive processes students must
engage in when designing questions related to the topic of sound. Consequently, it allows for assessing not only students' ability
to recall information but also their capacity to apply, analyze, synthesize, and evaluate knowledge. This approach directly
contributes to developing students' scientific process skills, such as observation, data collection, experimentation, and inference.
Furthermore, Bloom's Taxonomy provides a methodological basis for developing skill-based questions by ensuring that learning
objectives are explicitly and measurably defined in the assessment and evaluation process. The instructional programs published
by the Ministry of National Education also emphasize the systematic development of students' cognitive processes, reinforcing
the adoption of Bloom's Taxonomy in structuring teaching and assessment processes (MoNE, 2024).

In this study, Bloom's Taxonomy is adopted as an academic and practice-based approach to developing skill-based questions
on sound. This preference is due to its advantages in clarifying learning objectives, systematically classifying cognitive processes,

| Kastamonu Education Journal, 2025, Vol. 33, No. 2|



359

and developing objective and comprehensive assessment tools. Table 2 gives the specification table of the test consisting of 28
trial items created according to Bloom's Taxonomy.

Table 2. Specification Table of Test Items

Learning Outcome Remember Understand Apply Analyze Evaluate Create
8.4.1.1a. 26

8.4.1.1.b. 6 19 11

8.4.1.1.c. 7 20 4,5 27 8
8.4.2.1a. 3,12,24 21

8.4.2.1.b. 13

8.4.2.2.a. 9,23,25 10

8.4.2.2.b. 16

8.4.2.2.c 17 1,2, 18, 22, 28 15

The prepared questions were then submitted to expert opinions. The experts consisted of two associate professors, one
assistant professor, a PhD candidate research assistant, as well as two science teachers with a master's degree in science education
(Appendix 1). In addition, two Turkish teachers were also consulted for the conformity of the questions to the rules. Based on the
feedback of the experts, necessary arrangements were made, and some questions were removed from the achievement test.
Additionally, two sample questions approved by the experts are provided in Appendix 2.

After adjustments, the final version of the achievement test was prepared, and the pilot was carried out by applying the test
to 35 students. Students were given one class hour (40 minutes) to solve the prepared test. The students could read and answer
the questions in the skill-based achievement test within the given time. Based on the students' feedback and the data gathered
from the test application, issues such as unclear expressions and spelling errors were identified. Necessary revisions were made
to the wording of the items, and the confusion was resolved. After these arrangements, the final version of the skills-based
achievement test consisting of 28 items was made ready for the main application.

Procedure

The "Skill-Based Achievement Test on Sound and Its Properties" was used as a data collection tool by obtaining ethics
committee permission. The achievement test was applied to 375 6™-grade students in public middle schools in the districts of a
metropolitan city in the Black Sea Region.

Data Analysis

The data obtained as a result of the pilot application were coded in the SPSS 20 package program as "1" for correct and "0" for
incorrect answers. Then, to ensure the reliability of the test, the Cronbach's Alpha reliability coefficient was calculated. The
Cronbach's Alpha reliability coefficient takes values between 0 and 1, and the closer the value is to 1, the more reliable it is, which
means that it is adequate in terms of reliability (Ercan & Kan, 2004). Based on the data obtained from the pilot application, the
Cronbach's Alpha value was calculated as 0.766, which was sufficient to prove the reliability of the achievement test.

The ranges of item discrimination (Table 3) and item difficulty (Table 4) of a reliable test are given in Tables 3 and 4. TestAn
package program was used to calculate item discrimination and item difficulty. Based on the item difficulty index, a ratio
approaching +1 indicates that the item is relatively easier, whereas a ratio nearing 0 signifies increased difficulty. When preparing
the item difficulty indices of the questions, they are expected to take values close to 0.5 (Turgut, 1995). According to Atilgan
(2017), as the item difficulty index approaches 0, it becomes difficult, while it becomes easy towards 1 (Table 4).

Table 3. Item Selection Criteria According to Item Discrimination Indices

Item Discrimination Index Item Selection Decision

0.19 and less Item to be excluded from the test
between 0.20 and 0.29 Revisable item

between 0.30 and 0.39 Good item can be included in the test
0.40 and higher Very good item can be included in the test
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Table 3 shows the item discrimination indices to be taken as reference for the test questions. According to the discrimination
range, it is determined which items should be included in the test, which ones should be removed, and which ones should be
revised. A very good item means that the item discrimination index is 0.40 and above. Good items are between 0.30-0.39, and if
the value is between 0.20-0.29, it means that the item should be revised. If the value is less than 0.19, the item should be removed
from the test (Turgut, 1995).

Table 4. Item Evaluation According to Item Difficulty Indices

Item Difficulty Index Evaluation of the Item
0.00-0.29 Difficult

0.30-0.49 Medium Difficulty
0.50-0.69 Easy

0.70-1.00 Very Easy

In light of the explanations above, the data were analyzed with the TestAn test analysis program. During the analysis, item
discrimination and item difficulty indices of each item were examined separately. Analyses and comments for each item are given
in the findings section. In addition, the Kuder-Richardson 20 (KR-20) formula was calculated to find the reliability coefficient of the
test, which was found to be 0.77 (r). The reliability coefficient value is within the accepted range according to the values in the
literature.

Data Analysis and Interpretation

The "Skill-Based Achievement Test on Sound and Its Properties" prepared was applied to 375 students. The answers given by
the students to the multiple-choice questions were entered into the TestAn package program. All answers given by the students
to 28 questions were analyzed in this program. The appropriateness of the distractors, the number of correct and incorrect
answers, the validity and reliability of each item, and the item difficulty and discrimination indices of the 28 questions were
calculated. In line with these data, the items that should be removed from the test and the questions that should be revised were
identified.

Validity and Reliability

The data obtained in the pilot application were coded in the SPSS 20 package program as "1" for correct and "0" for incorrect.
The Cronbach's Alpha value was found to be 0.766, and the test was determined reliable due to the internal consistency coefficient
(Figure 1). The achievement test prepared in the first stage was applied to 375 6'"-grade students. TestAn Test Analysis program
was used for the analysis of the application result and the Cronbach's Alpha value of the achievement test was found to be 0.80.

Reliability Statistics
Cronbach's
Alpha M of tems
(66 28

Figure 1. Cronbach's Alpha Value of the Test

FINDINGS

Findings Related to the Questions in the Achievement Test

After the pilot study, adjustments were implemented in the achievement test, resulting in the development of a skill-based
test comprising 28 questions. As a result of the application, the data of each item were used in the TestAn program, and item
discrimination and item difficulty indices were calculated. The findings of item difficulty indices and item discrimination indices
for each item are given below.

Table 5 presents the output of the TestAn package program for the first item of the achievement test. For all the items in the
tables, p represents the item difficulty index, D denotes the item discrimination index, and * denotes the correct answer.

Table 5. Item Analysis Table for Item 1

Choice A B C D* Analysis of the TestAn program
Frequency of Response 53 44 24 254 p=0.62
Percentage of responses 14 12 6 68 D=0.46
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p: Item difficulty index D: Item discrimination index, *the correct answer.

Table 5 indicates that item 1 demonstrated a very good discrimination power (D=0.46) and an appropriate difficulty level
(p=0.62). Consequently, this item was retained in the test.

Table 6. Item Analysis Table for Item 2

Choice A B Cc* D Analysis of the TestAn program
Frequency of Response 66 33 264 12 p=0.65
Percentage of responses 18 19 70 38 D=0.50

Table 6 indicates that item 2 was easy (p=0.65) and exhibited very good discrimination power (D=0.50. Therefore, it was
included in the test.

Table 7. Item Analysis Table for Item 3

Choice A B C D* Analysis of the TestAn program
Frequency of Response 21 41 30 283 p=0.69
Percentage of responses 6 11 8 75 D=0.44

Table 7 shows that item 3 was easy (p=0.69) with very good discrimination power (D=0.44, leading to its inclusion in the test.

Table 8. Item Analysis Table for Item 4

Choice A* B C D Analysis of the TestAn program
Frequency of Response 156 79 34 106 p=0.41
Percentage of responses 42 21 9 28 D=0.38

Table 8 indicates that item 4 had moderate difficulty (p=0.41) and good discrimination power (D=0.38). Therefore, it was
included in the test.

Table 9. Item Analysis Table for Item 5

Choice A B Cc* D Analysis of the TestAn program
Frequency of Response 33 72 233 37 p=0.55
Percentage of responses 9 19 62 10 D=0.51

Table 9 presents that item 5 had medium difficulty (p=0.55) and very good discrimination power (D=0.51), leading to its
inclusion in the test.

Table 10. ltem Analysis Table for Item 6

Choice A* B C D Analysis of the TestAn program
Frequency of Response 273 47 17 38 p=0.67
Percentage of responses 73 12.5 4.5 10 D=0.48

Table 10 shows that item 6 was easy (p=0.67) with very good discrimination power (D=0.48). Hence, it was included in the test.

Table 11. Item Analysis Table for Item 7

Choice A B* C D Analysis of the TestAn program
Frequency of Response 45 242 40 48 p=0.60
Percentage of responses 12 64 11 13 D=0.68

Table 11 indicates that item 7 was easy (p=0.60) and had very good discrimination power (D=0.68). Therefore, it was included
in the test.
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Table 12. Item Analysis Table for Item 8

Choice A B* C D Analysis of the TestAn program
Frequency of Response 35 28 272 40 p=0.69
Percentage of responses 9 7 73 11 D=0.55

Table 12 indicates that item 8 was easy (p=0.69) with very good discrimination power (D=0.55). Consequently, item 8 was
included in the test.

Table 13. Item Analysis Table for Item 9

Choice A* B C D Analysis of the TestAn program
Frequency of Response 308 15 30 22 p=0.73
Percentage of responses 82 4 8 6 D=0.41

Table 13 shows that item 9 was easy (p=0.73) with very good discrimination power (D=0.41. Therefore, it was included in the
test.

Table 14. Item Analysis Table for Item 10

Choice A* B C D Analysis of the TestAn program
Frequency of Response 276 26 37 36 p=0.67
Percentage of responses 73 7 10 10 D=0.52

Table 14 indicates that item 10 had a difficulty index of p=0.67 and a very good discrimination power of D=0.52. It was hence
included in the test.

Table 15. Item Analysis Table for Item 11

Choice A* B C D Analysis of the TestAn program
Frequency of Response 57 25 140 153 p=0.37
Percentage of responses 15 7 37 41 D=0.31

Based on Table 15, item 11, with an item difficulty index of p=0.37 and discrimination power of D=0.31, was of medium
difficulty and had high discrimination, leading to its inclusion in the test.

Table 16. Item Analysis Table for Item 12

Choice A* B C D Analysis of the TestAn program
Frequency of Response 294 15 28 38 p=0.67
Percentage of responses 78 4 8 10 D=0.59

Table 16 above indicates that item 12 was easy (p=0.67) and had very good discrimination power (D=0.59). Therefore, it was
included in the test.

Table 17. Item Analysis Table for Item 13

Choice A B C D* Analysis of the TestAn program
Frequency of Response 58 25 96 196 p=0.49
Percentage of responses 15 7 26 52 D=0.49

Based on the analysis in Table 17, item 13 was identified as having moderate difficulty (p=0.49) and very good discrimination
power (D=0.49), leading to its inclusion in the test.
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Table 18. Item Analysis Table for Item 14

Choice A* B C D Analysis of the TestAn program
Frequency of Response 146 138 43 48 p=0.37
Percentage of responses 39 37 11 13 D=0.35

Based on the analysis in Table 18, item 14 was found to be of medium difficulty (p=0.37) with good discrimination power
(D=0.35), leading to its inclusion in the test.

Table 19. Item Analysis Table for Item 15

Choice A B c* D Analysis of the TestAn program
Frequency of Response 120 63 141 51 p=0.44
Percentage of responses 32 17 37 14 D=0.42

Table 19 above shows that item 15 was easy according to the item difficulty index (p=0.44) and had very good discrimination
power (D=0.42). Therefore, it was included in the test.

Table 20. Item Analysis Table for Item 16

Choice A* B C D Analysis of the TestAn program
Frequency of Response 277 27 46 25 p=0.67
Percentage of responses 74 7 12 7 D=0.63

Table 20 shows that item 16 was easy (p=0.67) with very good discrimination power (D=0.63), leading to its inclusion in the
test.

Table 21. Item Analysis Table for Item 17

Choice A B C D* Analysis of the TestAn program
Frequency of Response 62 34 68 211 p=0.52
Percentage of responses 17 9 18 56 D=0.59

Table 21 indicates that item 17, with an item difficulty index of p=0.52 and discrimination power of D=0.59, was easy and highly
discriminative, leading to its inclusion in the test.

Table 22. Item Analysis Table for Item 18

Choice A B C D* Analysis of the TestAn program
Frequency of Response 64 70 50 191 p=0.49
Percentage of responses 17 19 13 51 D=0.59

Table 22 shows that item 18 had moderate difficulty (p=0.49) and excellent discrimination power (D=0.59), leading to its
inclusion in the test.

Table 23. Item Analysis Table for Item 19

Choice A B* C D Analysis of the TestAn program
Frequency of Response 38 252 29 56 p=0.61
Percentage of responses 10 67 8 15 D=0.49

Table 23 indicates that item 19, with a difficulty index of p=0.61 and discrimination power of D=0.49, was easy and highly
discriminative, leading to its inclusion in the test.
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Table 24. Item Analysis Table for Item 20

Choice A* B C D Analysis of the TestAn program
Frequency of Response 254 50 41 30 p=0.67
Percentage of responses 68 13 11 8 D=0.46

Table 24 indicates that item 20 was easy (p=0.67) with very good discrimination power (D=0.46), leading to its inclusion in the
test.

Table 25. Item Analysis Table for Item 21

Choice A B* C D Analysis of the TestAn program
Frequency of Response 64 183 89 39 p=0.52
Percentage of responses 17 49 24 10 D=0.40

Table 25 reveals that item 21, with a difficulty index of p=0.52 and discrimination power of D=0.40, was both easy and highly
discriminative, leading to its inclusion in the test.

Table 26. Item Analysis Table for Item 22

Choice A B Cc* D Analysis of the TestAn program
Frequency of Response 78 55 186 56 p=0.49
Percentage of responses 21 14 50 15 D=0.65

Table 26 indicates that item 22 had moderate difficulty (p=0.49) and very good discrimination power (D=0.65), making it a
suitable item for inclusion in the test.

Table 27. Item Analysis Table for Item 23

Choice A B* C D Analysis of the TestAn program
Frequency of Response 42 227 57 49 p=0.58
Percentage of responses 11 61 15 13 D=0.65

Table 27 indicates that item 23, with a difficulty index of p=0.58 and discrimination power of D=0.65, was both easy and highly
discriminative, thus included in the test.

Table 28. Item Analysis Table for Item 24

Choice A B Cc* D Analysis of the TestAn program
Frequency of Response 67 90 177 41 p=0.47
Percentage of responses 18 24 47 11 D=0.47

Table 28 shows that item 24, with moderate difficulty (p=0.47) and very good discrimination power (D=0.47), was suitable to
be included in the test.

Table 29. Item Analysis Table Item 25

Choice A B C D* Analysis of the TestAn program
Frequency of Response 63 77 31 204 p=0.54
Percentage of responses 17 21 8 54 D=0.72

Table 29 shows that item 25, with a difficulty index of p=0.54 and discrimination power of D=0.72, was easy and highly
discriminative, leading to its inclusion in the test.
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Table 30. Item Analysis Table for Item 26

Choice A B C D* Analysis of the TestAn program
Frequency of Response 201 93 41 40 p=0.52
Percentage of responses 53 25 11 11 D=0.40

Table 30 reveals that item 26 was easy (p=0.52) with good discrimination power (D=0.46) and thus included in the test.

Table 31. Item Analysis Table for Item 27

Choice A B c* D Analysis of the TestAn program
Frequency of Response 77 80 174 44 p=0.46
Percentage of responses 21 21 46 12 D=0.28

According to Table 31, item 27 exhibited medium difficulty (p=0.46) and a discrimination index of 0.28, indicating the need for
revision. Consequently, item 27 was excluded from the final test.

Table 32. Item Analysis Table for Item 28

Choice A B Cc* D* Analysis of the TestAn program
Frequency of Response 38 45 228 63 p=0.61
Percentage of responses 10 12 61 17 D=0.36

Table 32 shows that item 28 was easy (p=0.61) with good discrimination power (D=0.36) and thus included in the test.

Table 33 summarizes the difficulty and discrimination indices of the 28 test items.

Table 33. Item Difficulty and Item Discrimination of Test Items

Iltem No p D Item No P D
1 .62 .46 15 A4 42
2 .65 .50 16 .67 .63
3 .69 44 17 .52 .59
4 41 .38 18 .49 .59
5 .55 .51 19 .61 .49
6 .67 .48 20 .67 46
7 .60 .68 21 .52 .40
8 .69 .55 22 49 .65
9 73 41 23 .58 .65
10 .67 .51 24 A7 47
11 .37 31 25 .54 72
12 .67 .59 26 .52 .40
13 .49 .49 27 46 .28*
14 .37 .35 28 .61 .36

Accordingly, the item marked with * was removed from the final test due to its discrimination index falling between 0.20-0.29.

Table 34 shows the evaluation of the 28 questions in the achievement test.
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Table 34. Evaluation of Items According to the Item Discrimination Index

Item Discrimination Index Evaluation of Item

0.40 and bigger 1.2.3,5,6,7,8,9,10,12,13,15,16,17,18,19,20,21,22,23,24,25,26
0.30-0.39 4,11,14,28

0.20- 029 27

0.19 and less -

Table 34 reveals that no item had an item discrimination index of 0.19 and below; item 27 was in the range of 0.20-0.29 per
the item discrimination index; therefore, the item needs to be revised or removed. Hence, item 27 was removed. The remaining
questions were appropriate in terms of item discrimination.

DISCUSSION AND CONCLUSION

In the study, a total of 27 multiple-choice descriptive achievement test questions were developed through an examination of
PISA, TIMSS, various achievement tests, relevant resources, and previous studies. The aim was to construct an achievement test
comprising skill-based questions for the 8th grade "Sound and Its Properties" subject as delineated in the renewed science
curriculum (MoNE, 2024). This section includes a discussion of the findings of the developed test in relation to the existing
literature.

Areview of the literature on the development of an achievement test with validity and reliability revealed studies that followed
similar steps (Avci, 2019; Sontay & Karamustafaoglu, 2020; Sarigetin, 2021; Aksoy & Ozcan, 2020; Kurt, Aydin, & Bekereci 2023).
The similarities between these studies and the current one include the creation of a question pool, seeking expert opinions, and
revising or removing items as needed to ensure validity and reliability. The differences include that the current study was
conducted for the renewed 2024 science curriculum in the subject area of sound and its properties. That being said, the most
significant difference is that our study consists of skill-based questions.

An examination of the literature on skill-based questions indicates that the study by Turan and Timur (2023) on the Solar
System unit involved the development of a question pool, the revision of selected items through validity and reliability
assessments, the elimination of certain questions, and the solicitation of expert opinions—all aimed at ensuring the questions
were skill-based. In contrast, the study was conducted within the framework of the renewed 2024 science curriculum and
specifically addressed the domain of sound and its properties.

Within the scope of the theoretical and conceptual framework for skill-based questions in science, it is important to answer
whether students have attitudes, prejudices, and expectations toward these questions (San & ilhan, 2022). In this respect, our
study responds to the current expectations and needs. Furthermore, the present study may serve as a model by emphasizing the
significance of language use and delineating essential elements in the construction of skill-based questions. These elements
include the development of such questions, the definition of the scope, the establishment of theoretical and conceptual
frameworks, the design of questions that meet students' expectations, and the formulation of questions in a clear and concise
manner rather than in an overly lengthy or complex form (San & ilhan, 2022).. In this study, questions were developed by
establishing the theoretical and conceptual framework of the unit of "Sound and Its Properties", which is part of the 8th-grade
outcomes of the revised science curriculum.

As part of the study, a skill-based achievement test focusing on the subject of "Sound and Its Properties" was created. In line
with this purpose, the achievement test consists of questions whose validity and reliability have been ensured. While developing
this achievement test consisting of skill-based questions, the followed the steps suggested by Crocker and Algina (2006) as test
development steps. In the implementation steps, the purpose and framework of the subject were first determined. In line with
the determined purpose, specification tables were prepared for the content validity of the subject. Then, an item pool consisting
of 28 questions was created for the questions of the test. While preparing the questions in the item pool, international TIMSS and
PISA exams, as well as national LGS questions, were used, besides studies and resources on this subject previously available in the
literature. The literature includes studies where the item pool was prepared using a similar approach (Ozcan & Orhan, 2024; Saylan
Kirmizigiil & Kaya, 2019). Expert opinions were taken for each question per the specification table prepared. With the feedback
received from the experts, the questions became ready. The pilot application, which included the pre-application of the 28-
question skill-based achievement test created following the expert opinions, was carried out. The test was applied to 35 students
studying in the 6th grade for the pilot application. As a result of the application, issues such as spelling mistakes, incorrect word
usage, Turkish sentence disorders, inaccuracies, and insufficient time were corrected. Finally, the validity and reliability of the test
were examined by analyzing the items in the pilot application, and the Cronbach's Alpha value was found to be 0.766, indicating
that the test was valid and reliable.

The skill-based achievement test developed was applied to 375 6th grade students, and the results were analyzed using the
TestAn package program. Each item was analyzed separately in detail. As a result of the analyses, the item discrimination and item
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difficulty indices for the items were calculated. Based on this analysis, questions that did not meet the required item index and
difficulty standards were removed, and the final set of test questions was selected.

Item analysis is very useful in calculating the success criteria of students as well as developing a measurement tool (Bichi,
2015). The item analysis of the achievement test consisting of skill-based questions on the subject of "Sound and Its Properties"
revealed that 23 of the 28 items had an item discrimination index of 0.40 and above, four items were between 0.30-0.39, while
one item was between 0.20-0.29. Question 27, which was between 0.20-0.29, was removed from the test. According to extant
literature, an item discrimination index of 0.4 or higher is deemed acceptable (Kegeci, Yildirim, & Zengin, 2019; Ayvaci & Durmus,
2016). Consequently, the questions in the achievement test are structured in a way that effectively distinguishes between
students.

The item analysis results showed that the item difficulty index values of the items in the test were between 0.28 and 0.72. The
average item difficulty index value of the achievement test consisting of skill-based questions developed according to the TestAn
results was found to be 0.6. An item difficulty index of 0.6 indicates that it is a medium difficulty achievement test.

The reliability coefficient of the "Skill-based Achievement Test on Sound and Its Properties" was found to be 0.80. The literature
on achievement test development includes studies with similar results (Ozkilig, Bektas, & Karaca, 2023; Dag & Karamustafaoglu,
2023; Boz, Bostan Sarioglan, & Ozcan, 2022). On the other hand, an item must be greater than 0.70 to be reliable. Therefore, as a
result of the analysis, the KR-20 value was determined as 0.8. Since this value is greater than 0.7, the developed test was deemed
reliable.

A specification table and item pool were prepared for the content validity of the study. Expert opinions were taken. In addition
to the opinions of experts in the field of science education, the opinions of teachers working in the field were also taken.
Furthermore, the opinions of Turkish teachers were also taken in order to avoid sentence structure and expression errors. The
validity of the test was ensured with the expert opinions. This study aligns with extant research in the literature, wherein expert
opinions were solicited during the development of achievement tests in science education. Such an approach underscores the
importance of expert input in enhancing the validity and reliability of these assessments. (Mego & Gorguli Ari, 2024; Cicek Sentirk
& Selvi, 2021).

RECOMMENDATIONS

In conclusion, a valid and reliable measurement tool was developed through the achievement test development study,
specifically designed for skill-based questions at the middle school level. To ensure continuous improvement, it is recommended
to regularly evaluate and update the tool, incorporating feedback to refine its content and format. Additionally, support materials
and guides with sample questions should be provided to help students prepare for these skill-based questions. Performance
analysis of test results is crucial to identify students' strengths and weaknesses, guiding instructional strategies and curriculum
enhancements. Establishing feedback mechanisms with teachers and students will help in continuously refining the tool and the
testing process. Research should be conducted to assess the tool's effectiveness and its impact on students' academic
performance, ensuring inclusivity across different student groups. These efforts will contribute to a more accurate and
comprehensive evaluation of students' skills.

It is important to note that this research was conducted exclusively with students from a specific region and within a limited
time frame. Additionally, uncontrollable variables such as individual differences among participants, varying levels of motivation,
and external factors could influence the results. Furthermore, the cultural and social backgrounds of the students may also impact
the outcomes. In light of the findings obtained from this study, test development studies can be carried out with different samples
by taking into account the limitations mentioned.
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Appendix 1. Expert Opinions

Iltem No Expert 1 Expert 2 Expert 3 Expert 4 Expert 5 Expert 6 Final Decision
1 Understand Understand Understand Understand Understand Understand Understand
2 Understand Understand Understand Understand Understand Understand Understand
3 Remember Remember Remember Remember Remember Remember Remember
4 Analyze Analyze Analyze Analyze Analyze Analyze Analyze

5 Analyze Analyze Analyze Analyze Analyze Analyze Analyze

6 Understand Understand Understand Understand Understand Understand Understand
7 Remember Remember Remember Remember Remember Remember Remember
8 Create Create Create Create Create Understand Create

9 Remember Remember Remember Remember Remember Understand Remember
10 Understand Understand Understand Remember Understand Understand Understand
11 Evaluate Evaluate Evaluate Analyze Evaluate Evaluate Evaluate

12 Remember Remember Remember Remember Remember Understand Remember
13 Evaluate Evaluate Evaluate Understand Evaluate Evaluate Evaluate

14 Analyze Analyze Analyze Analyze Analyze Analyze Analyze

15 Create Create Create Create Create Create Create

16 Remember Remember Remember Remember Remember Remember Remember
17 Remember Remember Remember Remember Remember Remember Remember
18 Understand Understand Understand Understand Understand Understand Understand
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Item No Expert1l Expert 2 Expert 3 Expert 4 Expert 5 Expert 6 Final Decision
19 Apply Apply Apply Analyze Apply Apply Apply

20 Apply Apply Apply Analyze Apply Apply Apply

21 Evaluate Evaluate Evaluate Evaluate Evaluate Evaluate Evaluate

22 Understand Understand Understand Understand Understand Understand Understand
23 Remember Remember Remember Remember Remember Remember Remember
24 Remember Remember Remember Remember Remember Remember Remember
25 Remember Remember Remember Remember Remember Remember Remember
26 Understand Understand Understand Understand Understand Understand Understand
27 Evaluate Evaluate Evaluate Evaluate Evaluate Evaluate Evaluate

28 Understand Understand Understand Understand Understand Understand Understand

Appendix 2. Example Questions
1. Example question in the application stage according to Bloom's taxonomy.

Ali is curious whether the sound level he hears differs depending on the medium in which the objects are located.

Therefore, as shown in pictures |, Il, and Ill, Ali takes a domino piece and listens to the sounds produced by tapping it: in Figure 1, in the air; in
Figure 2, inside a container filled with water; and in Figure 3, on a table. Which conclusion did Ali reach from his experiment?

A) Sound travels faster in a liquid medium.

B) The speed of sound propagation varies depending on the medium.

C) Sound is heard the same in every medium.

D) The sound level is higher in the air.

2. Example question in the evaluation step according to Bloom's taxonomy.

In the science class, the teacher set up the apparatus shown in the figures so that students could observe the propagation characteristics of
sound in different media.

Figure 1 Figure 2 Figure 3

In these setups, the speaker used as the sound source is located as follows: in Figure 1, on a table; in Figure 2, inside a glass container filled
with air; and in Figure 3, inside an open container filled with water. During the experiment, the speakers produced the same sound wave at the

same intensity simultaneously. However, listeners placed at equal distances from the setups heard the sounds differently depending on the
medium.

According to the experiment:

I. Sound propagates in a vacuum.

II. The speed of sound in water is greater than the speed of sound in air.

IIl. When the medium through which sound is transmitted changes, the sound heard remains the same.
Which of the above statements is correct?

A) Only |

B) Only Il

C)landll

D) I, lland Il
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