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Abstract: In this study, it was aimed to develop an achievement test
taking into account the subject acquisitions of the sound and prop-
erties unit in the sixth-grade science course. In the test development
phase, firstly, literature review for the study was conducted. Then,
30 multiple choice questions in align with the subject acquisition in
the 2018 science curriculum. This 30-question test was presented to
opinion of three academicians and a science teacher for the validity
of the test. Necessary adjustments were made in line with the opin-
ions of the experts. Subsequently, the draft test, modified according
to the experts’ feedback, was applied to a total of 300 seventh-
grade students. After the analysis, the number of questions in the
test was reduced to 27. As a result of item analysis, mean difficulty
index value of the test was 0.41, and item discrimination indexwas
0.49. The reliability analysis for the developed test was found 0.92
by calculating the KR-20 reliability coefficient value. By consider-
ing, the validity and reliability analysis results, it was concluded
that the final version of the developed test, grounded in Bloom’s
Taxonomy, is a valid and reliable test with different difficulty levels.
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Introduction

the universe and nature go through a process and what their functions

are. From past to present, many researchers have investigated the con-
cepts in students’ minds about various phenomena. Some of them prove that
student concepts and scientific knowledge are inconsistent, while some of
them think otherwise (Celeon & Subramaniam, 2010). It is seen that the con-
cepts in science are not directly associated with events, principles and tangi-
ble concrete objects or experiences time to time. This situation especially
causes primary school children who have not yet passed to the abstract stage
to be unable to construct the concepts in science subjects in a meaningful
way. Therefore, this situation indicates that most of the subject concepts in
science are cognitive and theoretical concepts. Also, when looked at the sub-
ject-concepts in the sound and its properties unit, it is seen that it has an ab-
stract property (Aksoy & Ozcan, 2020). It is also known that most of the sci-
ence subjects are related to daily life. Although the unit of sound and its
properties is a subject from daily life, how sound is formed, the void envi-
ronment, the materialized environment, how sound does not propagate in a
void environment, the speed of sound or microscopic scale explanations re-
main abstract for students. Therefore, there are serious difficulties in struc-
turing the knowledge in this unit. In the study conducted by Demirci and Efe
(2007) students confuse the formation of sound with the propagation of
sound and think that sound propagates in an immaterialized environment.
They think that sound stops as a result of encountering an obstacle. For this
reason, this situation has attracted the attention of many researchers and var-
ious researches have been deemed appropriate by the researchers. Yanar et al.
(2019) developed a test related to the light and sound unit in their study. The
study was applied to 200 students in a secondary school in Kayseri. As a re-
sult of the statistical analysis, one question was removed and a test consist-
ing of 19 items in total was prepared. Consequently, a test that can be used in
scientific studies and teachers’ evaluation processes was prepared. Accord-
ing to the study conducted by Kixik et al., (2021) the opinions of science
teachers as to the teaching of the 6th grade sound and its properties unit were
taken. In this study, a case study, which is one of the qualitative research de-
signs, was used. The opinions of 39 science teachers were taken in total. As
a result of the analysis, although the teachers interpreted the sound topics as
easy to understand and the unit was oversimplified, it was concluded from
the teachers’ statements that the students had difficulty in understanding and
structuring the subject concepts. In the study conducted by Akson et al.
(2023) it was investigated how design-based activities affect the knowledge
and attitude levels of the sound and its properties unit. According to the re-
sults of the study, it was determined that design-based activities positively

SCIENCE is a significant natural science that enable us to inquire how
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affected students’ achievement in the sound and its properties unit. There are
also some studies on misconceptions related to sound and properties unit
(Dingr & Ozcan, 2016; Kistak, 2014; Wild, et al., 2013). Additionally et al.
(2019) conducted research on how sound and its properties are represented.
Studies have also been conducted on how sound is modeled in students’
minds (Yiizbasoglu, 2018).

When some of the studies conducted above are investigated, the most
important issue in learning is to reveal the meaningful learning status. The
main goal is to increase the achievement of students by providing meaning-
ful learning. Therefore, the teacher, who has an important place in the sys-
tem, has a crucial duty and responsibility. The teacher need to observe the
achievement of the student, notice the change in his/her achievement, ana-
lyze the change in order to observe it better, and provide the required condi-
tions for meaningful learning (Ozcan, et al., 2019).

For all these, the measurement and assessment system manage to de-
termine what extent the students have learnt the acquisitions and concepts.
Still, the students’ incorrect and incomplete knowledge is revealed thanks to
measurement and evaluation (Metin, 2013). In addition, teachers, in the
measurement and assessment process, serve with the purposes of providing
feedback to students, increasing students’ motivation, evaluating the effec-
tiveness of programs when necessary, and improving teaching processes
(Sabanc1 & Yazici, 2017). In this respect, it is ensured that students make
healthy decisions about their professional future (Akarsu, 2018). Therefore,
it is important for teachers to know how and in what way to make reliable-
valid assessment for an effective measurement and assessment (Newfields,
2016; Korkmaz & Kaptan, 2005; Sabanci & Yazici, 2017). Nowadays, tests
consisting of multiple-choice items are especially preferred in making deci-
sions in teaching in measurement and assessment (Kartz & Slomka, 1999).
The reasons of this preference are that there is no time and space restriction
during the application of multiple-choice items so that many participants can
be tested in a short time. Moreover, the questions can be asked from cogni-
tive levels from knowledge to analysis level by increasing the number of
items and options. This also increases the content validity, and most signifi-
cantly, scoring can be done easily and in a short time (Oksiz & Given-
Demir, 2019). When national-international studies in the literature are inves-
tigated, it is seen that achievement tests that are suitable for the acquisitions
in various units related to science have been developed (Yalinkilic & Giil,
2023; Kargin & Giil, 2021). After these studies are examined, it is also seen
that tests, suitable for the target acquisitions in the sound and its properties
unit, were developed (Aksoy & Ozcan, 2020).0n the examination of the lit-
erature, it is seen that the sound and its properties unit was given together
with the light unit in the science subjects of the sixth grade in the past cur-
ricula (Yanar, et al., 2019). The reason of this is that the studies which were
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carried out before the 2018 science curriculum. In the 2013 science curricu-
lum, for the sixth grade, light and sound subjects were included in the same
unit and there are three learning acquisition for the subject of sound. Howev-
er, in the 2018 curriculum, just one unit is allocated to the subject of sound
and it is stated that nine target learning acquisitions need to be comprehend-
ed under four subtopics. Therefore, when the studies conducted before 2018
are examined, it is seen that since the unit of sound and its properties is with-
in the scope of the unit of light and sound according to the 2013 program, the
tests developed were prepared in accordance with the outcomes of these two
subjects (Yazicioglu, 2017; Aydin & Komiirkaraoglu, 2016; Sener-Coruhlu,
et al., 2016; Bakircy, et al., 2015; Evrekli, et al., 2012). One of the studies on
sound and its properties based on the science curriculum after 2018 was de-
veloped by Aksoy et al. (2023).

Purpose of the Research

On account of limited number of achievement tests related to the unit of
sound and its properties after the 2018 science curriculum was published, it
was aimed to prepare a valid reliable achievement test for the sixth grade.
Thus, it is aimed to objectively measure the acquisitions-concepts in the unit
of sound and its properties. For this purpose, answers to the following ques-
tions were sought.

Is the achievement test (SPAT), developed for determining the sixth
grade students’ achievement levels, valid? Is the achievement test (SPAT),
developed for determining the sixth grade students’ achievement levels, reli-
able?

Methodology

Procedures

In this study, an achievement test was prepared to determine the level of ac-
ademic achievement of sixth grade secondary school students within the
scope of sound and its properties unit. The validity and reliability of the
study were tested and analyses were performed. In line with the acquisitions
of the 2018 science curriculum (Ministry of National Education [MoNE],
2018), the test items were created inspired by the question banks (test books)
of various publications. The relevant questions banks were prepared within
the framework of sample questions developed by the Ministry of National
Education [MoNE]. At first, expert opinion was taken for the questions de-
termined for the test, and then a pilot study was conducted with 300 students.
After that, validity-reliability and item analyses of the test were conducted.
Ethical approval for this research was obtained from Harran University Eth-
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form of the test and pilot control, reliability Version ofgthe ot
application analysis

Figure 1. Development Stages of SPAT.

ics Commission dated 16.06.2023 and numbered 2023/88. Kizkapan and
Bektas (2018) argue that the processes to be followed in the development
process of a test should be as given in Figure 1. SPAT was also developed
by following this process.

Research Model

This study was conducted with the survey method based on the quantitative
research paradigm. According to McMillan and Schumacher (2010) survey
method is considered appropriate for obtaining information about individuals’
attitudes, demographic characteristics, ideas, behaviors, beliefs, values, hab-
its, etc. Therefore, in this study, the survey method was used to develop an
academic test that determines students’ achievement levels.

Participants
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While determining the participants of the study, the convenience sampling
method, which is a type of the purposive sampling method, was selected.
The convenience sampling method should be selected in accordance with the
research (Kadioglu, 2019). Some of the most important purposes of choosing
the convenience sampling method are that it facilitates researchers in terms
of time, labour, cost and application (Fraenkel, et al., 2012). The participants
of this research is a total of 300 students studying in a public school in
Haliliye district of Sanliurfa province, which is in the South East Anatolia
Region, during the 2023-2024 academic year. However, a total of 270 stu-
dents were taken into consideration for item analysis.

Research Instruments

The Development of the Achievement Test

In the study, SPAT was developed in order to determine the level of students’
academic achievement on the subject of sound and its properties. Sound and
its properties unit consists of four subtopics as sound propagation, different
hearing of sound in different environments, speed of sound and finally inter-
action of sound with matter. During the preparation phase of the SPAT, the
test items were developed and selected by considering the questions inspired
by the test books which were developed by taking into account the sample
unit acquisition and comprehension questions that published by MoNE. Im-
mediately after the questions were determined, it was asked to a science
teacher working in MoNE and three experts in the field of science to prepare
the table of specification. In this way, their opinions were taken in terms of
content validity. It was also considered that the experts in the field of science
had more than one year of professional experience and had studies in the
field of science education. While the opinions of the experts were taken for
the SPAT, the question related to the acquisition was asked and they were
asked to indicate whether this acquisition represented the question or not. In
addition to this, their opinions on the cognitive level of the question and
grammar of the question were also taken.

Within the light of the feedback from the experts and teacher, the
questions that did not match the acquisitions in the sixth grade sound and its
properties unit were regulated. In addition, grammatical structure and the
cognitive levels of the questions were asked to the experts and the required
optimizations were made by considering the suggestions of the experts. The
question 12, which was regulated as an example by taking into account the
opinions of the experts regarding the acquisitions, the cognitive level and
grammatical structure of the determined questions, is given in Table 1.

According to the experts’ opinions, as the root of the question 12,
which is an example of the adjusted questions as given in Table 1, has a
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Table 1. An Example of Questions Adjusted in Line with Expert Opinion.

Initial form of the question

Final form of the question

Experiment Environments Environments Experiment Environments Environments
where sound where sound where sound where sound
propagates does not prop- propagates does not prop-

agates agates

1 Outer space Air Outer space Air

2 Bottle filled Vacuum-sealed Bottle filled Vacuum-sealed
with water glass bowl with water glass bowl

3 Wall Outer space 3 Wall Outer space

4 Vacuum- Wall 4 Vacuum- Wall
sealed glass sealed glass
bowl bowl

According to the table, the environments in which
some sound propagates and does not propagate are
given. Accordingly, in which of the numbers are the
environments mismatched?

According to the table, some environments in which
sound propagates and does not propagate are given.
Accordingly, in which of the numbers are the envi-
ronments mismatched?

A) land4 A) land4
B) Only-3 B) Only-3
C) land2 C) land2
D) Only-4 D) Only-4

Table 2. Acquisitions and Related Questions in the Sound and Its Properties

Unit of the 2018 Science Curriculum.

Q((:)qwsmon Acquisition Question #
1 S.6.5.1.1. Students will be able to predict the environment in which 9,10, 12, 13, Re-
sound can propagate and test their predictions. moved-25*, 26
2 S.6.5.2.1. Students will be able to discover by experimenting that 28
sounds are heard differently when the sound source changes. ’
S.6.5.2.2. Students will be able to discover by experimenting that
3 soqnd _is heard differently with the change of the environment in 21, Removed-27*
which it propagates.
The concept of frequency will not be mentioned.
4 S'.6.5.3.1. Stydents will be able to compare the speed of sound in 1631;1 gzléeﬁoiesd
different environments.
24*, 29
5 S.6.5.4.'1. Students will be able to give examples of reflection and 6,18, 28, 30
absorption of sound
6 S.6.5.4.2. Students will be able to make predictions to prevent the 23
spread of sound and tests their predictions
S.6.5.4.3. Students will be able to explain the importance of sound
7 insulation. 20
Technological and architectural applications developed for sound
insulation will be mentioned.
S.6.5.4.4. Students will be able to give examples of acoustic appli-
cations.
8 Applications in modern and cultural architecture will be empha- 7
sized. For example, the acoustics architecture of the Sileymaniye
Mosque will be referred.
9 S.6.5.4.5. Students will be able to design an environment that will 19

serve as an example of sound insulation or acoustic applications
*Represents the items removed from the test as a result of the analysis carried out on the process of the test
development.
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grammatical error in expression, the necessary corrections were made and
the question was given its final form. In line with the opinions of experts,
warnings regarding other questions were taken into consideration and neces-
sary evaluations were made in forming the final version of the test.

Table 2 shows the acquisitions and related questions in the sound
and its properties unit of the 2018 science curriculum. The questions 24, 25
and 27 were marked with “R” (removed). These questions were removed
from the test because the values of these questions were calculated insuffi-
cient in the item analysis.

As proved in Table 2, all of the items in the item pool that was creat-
ed during the test phase have been optimized into a level that can be applied
to students, by ensuring the face validity of the test. According to the revised
Bloom taxonomy stated by Andersen et al. (2001), the question 24 of the test
is at the factual knowledge-remember level. The questions of 1-6-7-8-9-10-
22-25-26-28-30 are at the conceptual knowledge understood level. The ques-
tions of 3-4-5-11-14-16-18-20-21-27-29 are at the conceptual knowledge-
apply level. The questions of 2-12-15-17-19-23 are at the conceptual
knowledge- analyze level and the question 13 is in the conceptual knowledge
evaluate level. The developed test was conducted with the total of 300 sev-
enth grade students. For the pilot application, the test was carried out in 40-
minute period during a lesson. Before, carrying out the pilot application, stu-
dents were informed that it was not intended to give any grades and that data
was only collected for a research. As a result of the pilot application, the data
gathered from 270 students were included in the analysis. Then, all neces-
sary analysis for validity, reliability and item analyzes were carried out. Ta-
ble 3 shows the acquisitions in the unit of sound and its properties in the sci-
ence curriculum and the cognitive level of the questions including these ac-
quisitions.

When Table 3 is examined in detail, in the developed for the first
learning acquisition within the scope of the sound and its properties unit,
there are questions 9, (R) 25, 26, which are at the level of conceptual
knowledge for acquisition and at the level of understand for the question; the
question 10 is at the level of conceptual knowledge- apply; the question 12 is
at the level of conceptual knowledge- analyze; the question 13 is at the level
of conceptual knowledge and evaluate. For the second acquisition, the ques-
tion 8 is at the level of conceptual knowledge- understand and question 2 at
the level of conceptual knowledge-analyze. Considering the third acquisition,
the questions 21 and (R) 27 are at the conceptual knowledge- apply level.
For the fourth acquisition, while the question (R) 24 is at factual knowledge-
remember level; question 1 is at conceptual knowledge-remember level; the
question 22 is at the conceptual knowledge- understand level; the questions 3,
4, 5, 11, 14, 16, 29 are in the conceptual knowledge- apply level and the
question 15 is at the conceptual knowledge-analyze level. For the fifth acqui-
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Table 3. Table of Indicators According to the Renewed Bloom Taxonomy.

Cognitive Process Dimension Remembering Understanding Apply Analyze Evaluate Create

FK CK PK MK FK CK PK MK FK CK PK MK FK CK PK MK FK CK PK MK FK CK PK MK
S.6.5.1.1. Students will be able to predict 9,
the environment in which sound can prop- - - - - - 25, - - - 10 - - - 12 - - - 13 - - - - - -
agate and test their predictions. 26

S.6.5.2.1. Students will be able to discover
by experimenting that sounds are heard

differently when the sound source chang- ) ) ) ) ) 8 ) ) ) ) ) ) ) 2 ) ) ) ) ) ) ) ) ) )
es.
S.6.5.2.2. Students will be able to discover
by experimenting that sound is heard 21,
differently with the change of the environ- ) ) ) ) ) ) ) ) ) 27 ) ) ) ) ) ) ) ) ) ) ) ) )
ment in which it propagates.

3,

4,
S.6.5.3.1. Students will be able to compare 5,
the speed of sound in different environ- 24 1 - - - 22 - - - 11, - - - 15 - - - - - - - - - -
ments. 14,

16,

29
S.6.5.4.1. Students will be able to give 6
examples of reflection and absorption of - - - - - 81 - - - 18 - - - 23 - - - - - - - - - -
sound
S.6.5.4.2. Students will be able to make
predictions to prevent the spread of sound - - - - - 30 - - - - - - - - - - - - - - - - - -
and tests their predictions
S.6.5.4.3. Students will be able to explain
the importance of sound insulation. - - - - - - - - - 20 - - - - - - - - - - - - - -
S.6.5.4.4. Students will be able to give R R R R B 7 B B B R R R R B B B B R R B R R B R
examples of acoustic applications
S.6.5.4.5. Students will be able to design
an environment that will serve as an ex- R R B R B B B B B R R R R 19 B B B R R R R R R R

ample of sound insulation or acoustic
applications

FK: Factual Knowledge, CK: Conceptual Knowledge, TK: Transactional Knowledge, MK: Metacognitive Knowledge.
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sition, the questions 6 and 28 are at conceptual knowledge- understand level;
the question 18 is at the conceptual knowledge-apply level, and the question
23 is at the conceptual knowledge analyze level. For the sixth acquisition,
there is just the question 30 at the conceptual knowledge- understand level.
For the seventh acquisition, there is question 20 in the conceptual
knowledge- apply level. For the eighth acquisition, there is question 7 in the
conceptual knowledge-understand level and for the ninth acquisition, there is
question 19 in the conceptual knowledge-analyze level.

Results

In this study, the difficulty index (Pj) and item discrimination index (rjx)
values of each item were calculated to ensure the validity of the test (Table
4). In the literature, the discrimination index takes value between -1 and +1.
When this value approaches zero, it means that there is a problem in distin-
guishing the upper and lower groups of the item. The value closes to +1
means that the discrimination is high. On the other hand, when the item dis-
crimination index takes the value (-), it is interpreted that the lower group is
more than the upper group in the number of respondents and this situation
does not serve the desired purpose (Kubiszyn & Borich, 2003). The item dif-
ficulty index shows the correct answer rate for each item in the test and takes
values between 0 and 1. As a result of the analysis, if the value is close to 0,
the item is quite difficult, and if it is close to 1, the item is interpreted as
quite easy (ilhan & Hosgoren, 2017).

According to Calik and Ayas (2003) items with item difficulty index
(Pj) < 0.29 are very difficult, items with 0.30-0.49 are moderately difficult,
items with 0.50-0.69 are easy, and items with 0.70-1.00 are very easy. Be-
sides, items with item discrimination index (tjx) > 0.40 are very good and do
not need to be edited, items with a rjx of 0.30-0.40 indicate that the item is
very good and does not need to be edited, items with a rjx of 0.20-0.30 indi-
cate that the item can be used when necessary or advised to be changed,
items with a 1jx of < 0.20 indicate that the item can be edited or advised to be
used, and finally, items with a rjx of zero or negative values indicate that the
item is not recommended to be included in the test. With regard to criteria
that mentioned above, the items with a discrimination index below 0.30 (24,
25, 27) were removed from the test in this study. Moreover, when the diffi-
culty index was analyzed, the values below 0.29 for the items (24, 25 and 27)
were excluded from the test because of being in the “very difficult” group.
The remaining 27 items were included in the test as they were in good, me-
dium, very good values in terms of discrimination and difficulty

As a result of the item analysis, it is seen that this 27-item test covers
all the acquisitions related to the subject in the science curriculum. The mean
difficulty index of the overall SPAT was calculated as 0.41 and the mean
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Table 4. Item Difficulty and Item Discrimination Index Values in the Develop-

ment Process of the SPAT.

Q G A B C D Empty Full (Pj) (rjx)
Upper 2 10 5 55* 0 30 0,47 0,56

! Lower 5 30 23 14 0 30

) Upper 2 2 48* 20 0 30 0,42 0,48
Lower 7 17 13 35 0 30
Upper 44* 10 13 5 0 30 0,36 0,48

3 Lower 9 21 26 16 0 30
Upper 2 5 18 47* 0 30 0,39 0,51

4 Lower 6 22 34 10 0 30

5 Upper 4 10 12 46* 0 30 0,38 0,5
Lower 19 16 27 10 0 30

6 Upper 4 6 12 50* 0 30 0,41 0,55
Lower 15 25 22 10 0 30
Upper 5 48* 7 12 0 30 0,4 0,51

! Lower 24 11 33 4 0 30
Upper 18 5 2 47* 0 30 0,4 0,5

8 Lower 23 24 14 11 0 30
Upper 1 2 4 47* 0 30 0,4 0,5

9 Lower 30 10 21 11 0 30

10 Upper 4 49* 12 7 0 30 0,42 0,51
Lower 17 12 22 21 0 30

" Upper 6 8 8 50* 0 30 0,45 0,47
Lower 21 19 16 16 0 30

1 Upper 44* 7 14 7 0 30 0,37 0,47
Lower 10 23 16 23 0 30

13 Upper 6 7 8 51* 0 30 0,45 0,5
Lower 14 22 24 15 0 30

14 Upper 6 53* 7 6 0 30 0,49 0,48
Lower 6 18 21 27 0 30

15 Upper 6 42* 16 8 0 30 0,35 0,45
Lower 19 9 28 16 0 30

16 Upper 6 41* 17 8 0 30 0,34 0,45
Lower 18 8 25 21 0 30

17 Upper 0 2 17 53* 0 30 0,48 0,5
Lower 14 19 22 17 0 30

18 Upper 49* 12 6 5 0 30 0,43 0,5
Lower 13 25 17 17 0 30
Upper 0 8 20 44* 0 30 0,37 0,47

19 Lower 18 18 26 10 0 30

20 Upper 5 7 13 47* 0 30 0,4 0,5
Lower 17 19 25 11 0 30

” Upper 13 6 4 49* 0 30 0,42 0,5
Lower 29 18 13 12 0 30
Upper 11 45* 9 7 0 30 0,38 0,47

22 Lower 26 11 28 7 0 30

SIEF, Vol.23, No.1, 2024 3686



Kilimg & Yasar. (Turkey). An Achievement Test for the 6th Grade Sound and Its Properties.

Upper 2 49* 16 5 0 30 0,42 0,51
23 Lower 26 12 25 9 0 30
Upper 41 12 9 10* 0 30 0,23 0,04
2 Lower 38 22 5 7 0 30
o5 Upper 15 13+ 32 12 0 30 0,27 0,08
Lower 19 7 25* 21 0 30
26 Upper 54* 8 7 3 0 30 0,47 0,54
Lower 15 20 18 19 0 30
7 Upper 24 26 12* 10 0 30 0,26 0,06
Lower 23 17 7 25 0 30
Upper 15 44* 7 6 0 30 0,38 0,45
28 Lower 23 11 18 20 0 30
29 Upper 51* 13 6 2 0 30 0,47 0,47
Lower 17 26 17 12 0 30
20 Upper 12 0 54* 6 0 30 0,48 0,52
Lower 21 19 16 16 0 30

* Refers to the correct answer of the item, (Pj) item difficulty index, (rjx) item discrimination index According to
the analysis items written in bold (24. 25. ve 27) were removed from the test.

discrimination index value was calculated as 0.49. For the reliability analysis
of the final version of the test, a total of 300 students were implemented,
however the data of 270 students were included in the analysis. As a result of
the analysis to calculate the difficulty index and discrimination index of the
items, the items of 24, 25 and 27 were not at a sufficient value and were re-
moved from the test. As a consequence of this application, the KR-20 relia-
bility coefficient was found to be 0.92. According to Can (2014) since the
KR-20 value in this test is greater than 0.60, it means that it is quite reliable
in determining students’ achievement levels.

Discussion

Wherefore the limited number of achievement tests related to the sound and
its properties unit after the publication of the 2018 curriculum, it was aimed
to develop a valid and reliable achievement test that measures the acquisi-
tions-concepts in the sound and its properties unit in sixth grades. The final
version of the developed test consists of 27 questions in total by passing
through preparation phases. According to Andersen et al. (2001) the question
24 in this test is in the factual knowledge-remember level; the questions 1-6-
7-8-9-10-22-25-26-28-30 are in the conceptual knowledge understand level;
the questions 3-4-5-11-14-16-18-20-21-27-29 are in the conceptual
knowledge apply level; the questions 2-12-15-17-19-23 are in the conceptual
knowledge- analyze level; the question 13 is in the conceptual knowledge-
evaluate level.
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Most of the questions in this developed test are at the conceptual
knowledge level. As the questions include target behaviors such as interpret-
ing information, drawing conclusions, determining causes and relationships,
reordering in line with existing knowledge, comparing, finding similarities,
comparing results, rearranging and calculating, they are of the conceptual
knowledge-understand level (e.g., the questions 3-4-5- 11-14-16-18-20-21-
27-29). Moreover, target behaviors such as directly remembering the
knowledge, defining, selecting, sorting, naming, listing indicate that the
question is in the factual knowledge-remember level (e.g., the questions of 1-
6-7-8-9-10-22-25-26-28-30). Target behaviors such as asking for a cause-
effect relationship, sorting by examining, establishing relationships, dividing
knowledge, making inferences, and distinguishing indicate that it is in the
conceptual knowledge-analyze level (e.g. questions 2-12-15-17-19-23).

The question 13, which is in the conceptual knowledge evaluate level,
includes target behaviors such as combining data according to a certain rela-
tionship, creating and combining various possibilities, and determining
knowledge (Cangiven, et al., 2017). As a result of the item analysis carried
out in the development process of the achievement test, the difficulty index
and discrimination index of each item in the test were calculated. While the
difficulty index of the items varied between 0.34 and 0.49, the mean item
difficulty value of the test was calculated as 0.41. When the item difficulty
index approaches 1, it means that the test is weak, and when it approaches 0,
it means that the test is more powerful (Turgut & Baykul, 2012).

The mean difficulty index of a test is expected to be around 0.50
(Gdnleksiz & Erkan, 2010). Accordingly, it can be stated that the test in this
study is close to mean difficulty. In addition, as a result of the analysis, the
discrimination index of each item in the test was calculated and although
these values were between 0.45-0.56, the mean item discrimination of the
test was found to be 0.49. The discrimination index takes values between +1
and -1. This value is used to show whether it distinguishes between students
with higher levels of achievement in the test and students with lower levels
of achievements. A value approaching +1 indicates a higher level of discrim-
ination, while a value approaching 0 indicates a lower level of discrimination
(Bayrakgeken, 2012).

Accordingly, looking at questions 24, 25 and 27, question 24, which
had an item difficulty index of 0.23 and a discrimination index of 0.04, was
removed from the test because it was both difficult and indiscriminate as a
result of the item analysis. Similarly, question 25 was removed from the test
because its item difficulty index was 0.27 and its item discrimination index
was 0.08. Finally, question 27, which was a difficult item with a difficulty
index of 0.26 and an item discrimination index of 0.06, was removed from
the test. As a result, we can say that this test shows that it distinguishes stu-
dents with high achievement level from students with low achievement level.
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The KR20 reliability coefficient value of the developed PSCT was found to
be 0.927. According to Altunisik et al. (2007) this value shows that the test
has a reliable structure.

With refer to this, when looked at the questions 24, 25 and 27, the
question 24 which had an item difficulty index of 0.23 and a discrimination
index of 0.04, was removed from the test because it was both difficult and
indiscriminate as a result of the item analysis. Similarly, the question 25 was
removed from the test because its item difficulty index was 0.27 and its item
discrimination index was 0.08. Finally, the question 27, which was a difficult
item with a difficulty index of 0.26 and an item discrimination index of 0.06,
was removed from the test. As a result, it can be stated that this test distin-
guishes students with higher achievement level from students with lower
achievement level. The KR20 reliability coefficient value of the developed
SPAT was found to be 0.927. According to Altunisik et al. (2007) this value
shows that the test has a reliable structure.

The test developed in this study was finalized using statistical anal-
yses such as reliability analysis and item analysis. When the literature is re-
viewed, it is mentioned that information about the construct validity of the
test should be obtained through tetrachoric factor analysis, which is recom-
mended to be used in recently developed tests (Nacaroglu, et al., 2020;
Kegcli, et al., 2019). As it is known, in the scoring of an achievement test,
those who answer incorrectly are coded as 0 (zero) and those who answer
correctly are coded as 1 (one). Therefore, typical factor analyses are per-
formed with the SPSS program for statistical analysis in the coding from 1 to
5, which is frequently preferred in surveys. However, unlike the SPSS pro-
gram, the construct validity of a test can be determined with the help of pro-
grams such as Mplus and FACTOR for scores coded as 0-1. 1,0 is used to
determine the degree of relationship between two artificial and discontinuous
variables with two categories (DokumaciSiit¢ii & Oral, 2019).

Conclusion and Suggestions

® In this study, tetrachoric factor analysis was not preferred because it was
not in the researcher’s area of expertise. For this reason, it is recom-
mended that a tetrachoric factor analysis be conducted to examine the
construct validity in future test development studies on this subject.

® In this study, although the required number of participants in the litera-
ture was reached with the convenience sampling method, it is recom-
mended that studies with as large a sample size as possible be conducted
in order to increase the reliability of the test and make more precise
measurements.
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For the generalizability of the results, schools with different achieve-
ment levels should be selected and a parallel test should be developed to
address large masses.

For future research, open-ended questions that will develop higher level
skills recommended to be asked in the tests to be developed for the same
subject. Since multiple-choice questions were selected in this study,
Bloom’s Taxonomy is not sufficient to reveal higher level skills. There-
fore, it is recommended to develop new tests that can measure both
questions balanced with learning acquisitions and various skills.

It is recommended to be conducted more than one pilot application of
this test to determine the difficulty of the test in determining students’
achievement in the subject of sound and its properties.

It is also recommended to prepare questions with stronger distracters to
determine students’ misconceptions about this subject in future studies
to be carried out in the development of the SPAT.

As a result, it is suggested that this test can be applied as a readiness test
for higher level students, as an end-of-unit assessment and as a test for
reinforcement of unit topics. In addition, as a result of the statistical
analysis for each item in the test, it is also recommended to develop new
tests that will determine the level of students’ misconceptions and con-

ceptual understanding by looking at the strong distracters.
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APPENDIX I.

Development of an Achievement Test for
the 6" Grade Sound and its Properties
Unit

Biisra Kiling, Mehmet Diyaddin Yasar
Harran University, Sanlurfa, Turkey

Ortaokul Altinci Sinif Ses ve Ozellikleri Basar Testi
Seuvgili 6grenciler;

Bu testin amaci, sizin fen bilimleri dersi ses ve 6zellikleri Unitesindeki konu-kazanimlar ile
ilgili akademik basarilarinizin ne diizeyde oldugunu tespit etmektir. Cevaplariniz Fen
Bilimleri dersi notlarinizi etkilemeyecek olup, bilimsel amagli olarak kullanilacaktir. Bu
calismaya katildiginiz igin ayrica tesekkur ederim.

Adi:
Soyadi:
Sinif:
1. Busra, calar saati galistirip cam bir fanusun icine koymustur. Daha sonra
fanusun iginde havayi (hava bosaltma tulumbasi) yardimiyla tamamen
bosalmistir. Sonrasinda ¢alar saatten gikan sesi tekrar dinlemek istemisgtir.

(Havasi bosaltiimig cam fanus) (iginde hava olan cam fanus)
Ik durum Son durum

Bisra ilk durumda sesi duymazken son durumda calar saatten gikan sesi duyabilmistir.
Buna gore bu durumu asagidakilerden hangisi agiklar?

A) Cam fanus sesi iletmez.

B) Ses fanusta yansimistir.

C) Calar saatin sesi yeterince yiksek degildir.

D) Maddesel olmayan ortamda ses yayllmaz.

2. Bir 6grenci eline aldigi demir kasig1, 6nce tahta masaya sonra sandalyenin
metal ayagina sonrasinda cam siseye yavasca vuruyor. Her seferinde ayni
siddetle vurmasina ragmen farkli sesler isitiyor. Buna gére bu durumun
nedeni agagidakilerden hangisinde dogru verilmistir?

A) Sesin maddesel olan ortamda yayilmasi

B) Gaz maddelerin sesi katilardan daha iyi iletmesi
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C) Farkh maddelerden uretilen seslerin farkli duyulmasi
D) Sesin suratinin degismesi

Sesin surati (m/s)

2. Sicaklik(°C)

3. Hava 20 344
4.  Demir 20 5130
5. Su 20 1440

Yukaridaki tabloda ayni sicakliktaki farkli maddelere ait sesin suratleri karsilagtiriimigtir.

Buna gore; asagidakilerden hangisi séylenemez?
A) Sesin sirati en iyi gaz maddelerdedir.
B) Sesin surati en iyi kati maddelerdedir.
C) Sesin sudaki surati havadakinden fazladir.
D) Sesin kati ortamindaki sirati sivi ortamindan fazladir.

X Y z

maddeler

sesin surati

O R N W B~ U

Yukarida esit sicakliklardaki x, y, z maddelerinde sesin yayilma siiratleri veriimektedir.
Buna gore maddenin yogunluklan arasindaki iliski nasildir?

A) X>Y>Z
B) X>Z>Y
C) Z>X>Y
D) Y>X>Z

5. Fen bilimleri 6gretmeni olan Omiir, sesin bir enerji oldugunu gésteren giinliik
hayattaki olaylarla ilgili dgrencilerden bir poster hazirlamalarini istiyor. Buna
gore;

. Algaktan ugan bir ugagin bir okulun camlarini titretmesi

Il.  Ses bombasinin patlamasi sirasinda camlarin kirilmasi

IIl.  Ameliyatta bobrek taslarinin ses dalgalari ile kiriimasi

Ogrenciler verilen bu 6rneklerden hangilerini posterlerinde kullanabilirler?

A) lvell
B) Yalnizll
C) llvell

D) Lillvell
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-Basketbol salonlarinin parke zemin ile kapl olmasi
ve yanki olmasi

-Bir kaloriferin sicak su borusunun c¢atlak olup
olmadiginin tespit edilmesi

Yukarida verilen bu iki olayla ilgili sesin hangi 6zelligi anlatilmak istenmistir?

Sesin sirati

Sesin sogurulmasi

Sesin bir enerji turd oldugu
Sesin yansimasi

“Akustik, sesin 6zelliklerini farkli ortamlardaki yayilimini, bulunduklar ortamla
etkilesimini inceler. Bilim insanlari, fizik mihendisleri, ingsaat miihendisleri
binalar tasarlamadan 6nce akustik ile ilgili arastirmalarda bulunur.” Akustikle
ilgili yukarida verilen bilgiye gore asagida verilen mekanlardan hangisinde
akustik biliminden yararlanilir?

Otopark

Sinema Salonu

Aligveris merkezi

Hastane

Fen bilimleri 6gretmeni Esra, 6grencisi Eda’ya ses ile ilgili bildiklerini sdylemesini
istiyor. Buna gore Eda hangisini yanlis sdylemistir?

Sesin yayildigi ortam degisirse sesi farkl isitiriz

Ses boslukta yayiimaz.

Ses en iyi kat maddelerde yayilir.

Farkli ses kaynaklarindan ayni ses duyulur.

Sanlurfa Ortaokulunda okuyan bir grup 6grenci teneffis vaktinde top oynarken
bir miiddet sonra ders zilinin galdigini duyarlar. Bir énceki ders ses ve 6zellikleri
Unitesinde ses ile ilgili bilgileri 6grenen Zeliha arkadaslarina bir soru yoneltir.
“Sizce biz ders zilini nasil duyabiliyoruz?”

Tuncay: Hoparlérden gikan ses dogrusal olarak yayildidi i¢in duyabiliyoruz.

Sidika: Bence ses havada (gaz maddelerde) yayildigi igin duyabiliyoruz.

ilya: Sesin dalgalar halinde titresim hareketi yaparak yayilmasi ve maddesel ortam olan
hava ortaminda yayiimasiyla duy