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Abstract

This study aims to develop a valid and reliable achievement test to measure the achievement of eighth-grade
students in the "Seasons and Climate" unit of the science course. The research was carried out using a survey
model. The study group consists of 298 eighth-grade students studying in various cities in Turkey in the 2020-
2021 academic year. The content validity of the prepared questions was examined with a table of specifications.
An achievement test of 25 questions was obtained by making item analyses with the data obtained from the pre-
pilot study. After the pilot study of this test, the reliability analysis of the test was made, and the KR-20 internal
consistency coefficient was 0.88; the KR-21 internal consistency coefficient was determined to be 0.86. In
addition, while the mean item difficulty index of the test was 0.61, the mean discrimination index was calculated
as 0.50. As a result, a valid and reliable achievement test was obtained for the metacognitive learning outcomes
of the "Seasons and Climate" unit in the eighth grade 2018 science curriculum. In addition, since the science
curriculum of the Ministry of National Education is updated from time to time according to international
developments, it is possible to say that the achievement test developed is for international readers. In the way
followed in this study, researchers can develop multiple-choice achievement tests that measure metacognitive
learning outcomes for different subjects.

Keywords: Achievement test; Science education; Seasons and climate; Test development

Introduction

In education, the measurement process is carried out through exams to evaluate the knowledge of students in
various courses and subjects. For this purpose, many alternative or traditional assessment and evaluation tools
can be used. While alternative assessment and evaluation tools are applied to students during the teaching
process, traditional assessment and evaluation tools are applied at the end of the teaching process and are mostly
preferred for measuring cognitive domain learning. In this study, it was aimed at developing a measurement tool
for cognitive domain learning outcomes. For this reason, it is thought that the measurement tool to be developed
is more suitable for the measurement tools in the traditional approach.

Traditional cognitive domain assessment and evaluation tools can be handled under three headings: written,
oral, and objective exams (Basol, 2019). Each of these exam types has strengths and weaknesses. Particularly,
the subjectivity in the scoring of the written and oral exams is an important negative feature in terms of scoring
reliability. For this reason, written and oral exams are not preferred in exams where large groups of students will
be placed in a higher education institution to measure their cognitive domain success. On the other hand, since
objective exams are read with an optical reader or perforated answer key, they are highly reliable (Basol, 2019).
Therefore, it is thought that it would be more appropriate to design the measurement tool, which is aimed at
being developed within the scope of this study, as an objective test. Questions used in objective exams are true-
false, fill-in-the-blank (complementary), matched, and multiple-choice test items. The most commonly used of
these questions are multiple-choice tests (Demir et al., 2016; Ogan Bekiroglu, 2004).The fact that the chance
factor is high in finding answers to true-false, matched questions, and the fact that questions with fill-in-the-
blank measure only knowledge-level behaviors affect the validity negatively. For this reason, multiple-choice
test questions are used in many national and international objective exams in which students' cognitive
achievement is measured (Akbulut & Cepni, 2013; Pressley et al., 1997). Considering all these features related
to the questions used in objective exams, it is thought that it would be appropriate to use multiple-choice
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questions in the measurement tool that will be developed to measure the cognitive achievement status of
students within the scope of this study.

Studies in the related literature show that multiple-choice tests are one of the most frequently used measurement
tools after interviews in revealing thoughts about understanding a certain subject or concept (Kempa, 1986;
Ogan Bekiroglu, 2004). In this respect, according to Ozcelik (1998), the measurement tool with the most
superior measurement features is the multiple-choice test. On the other hand, in some studies in the literature, it
is stated that while multiple-choice tests are more suitable for measuring the learning outcomes of the lower
stages of the cognitive domain, such as remembering, understanding, and application, they are insufficient for
measuring life skills such as creativity and self-expression (Basol, 2019; Kiiglikahmet, 2002). Considering that
the majority of the competencies and learning outcomes in the science course secondary school curriculum of
the Ministry of National Education [MoNE] (2018) are high-level, measuring these learning outcomes with
multiple-choice tests may constitute an important limitation in terms of validity. Therefore, while designing an
objective exam in which high-level learning outcomes consisting of multiple-choice questions will be measured,
preparing the questions according to Bloom's metacognitive steps (analysis, synthesis, and evaluation) may be
effective in minimizing this limitation (Kigiikahmet, 2002). In addition, the questions in the multiple-choice
tests are suitable for the purpose, scope, and learning outcomes of the course, and classifying them according to
the Bloom taxonomy also increases the quality of the measurement tool in terms of reliability and validity
(Kizkapan ve Bektag, 2018). Therefore, in this study aiming to design a measurement tool with high validity and
reliability by using multiple-choice questions, questions were classified according to Bloom's Taxonomy, and
mostly questions measuring metacognitive skills were included in the test.

In the related literature, there are many achievement tests prepared for the Science course (Boz et. al., 2022;
Cirkinoglu Sekercioglu & Yilmaz Akkus, 2019; Dag & Karamustafaoglu, 2023; Dogru & Cepni, 2023;
Karamustafaoglu & Tutar, 2016; Sontay & Karamustafaoglu, 2020; Tirk, 2015; Varzikioglu, 2023).
Achievement tests in some of these studies are about astronomy (Cirkinoglu Sekercioglu & Yilmaz Akkus,
2019; Karamustafaoglu & Tutar, 2016; Sontay & Karamustafaoglu, 2020; Tirk, 2015; Varzikioglu, 2023).
Astronomy subjects are included in the "Earth and Universe" learning area at all grade levels in the MoNE 2018
secondary school science curriculum. When the studies in the related literature are examined, most of the
achievement tests developed for astronomy topics in the "Earth and Universe” learning area are at the fifth,
sixth, and seventh grade levels (Cirkinoglu Sekercioglu & Yilmaz Akkus, 2019; Karamustafaoglu & Tutar,
2016; Sontay & Karamustafaoglu, 2020; Turk, 2015; Varzikioglu, 2023). When the MoNE (2018) science
curriculum is examined, the "Seasons and Climate" unit is included within the scope of the "Earth and Universe"
learning area at the eighth grade level. This unit is focused on the topics "Formation of Seasons" and "Climate
and Air Movements." Within the scope of "The Formation of the Seasons,” it is intended that the students
discover the causes of the seasons by estimating. The main factors in the formation of seasons are the annual
motion of the Earth and its axis tilt. As a result of the tilt of the Earth's axis, the change in the angle of incidence
of the Sun’s rays on the Earth throughout the year causes seasons to occur. However, the change in the angle of
incidence of the Sun's rays on the Earth throughout the year basically causes the formation of seasons and also
causes many other situations, such as day and night periods, changes in the length of the shadow, periastron,
apastron, and equinox. Therefore, all these situations mentioned within the scope of the "Formation of Seasons"
topic are touched upon. Another topic included in the "Seasons and Climate" unit is "Climate and Air
Movements." Climate and weather movements (events) are two related concepts. Due to the similarities between
the two concepts, they are often confused by students or considered synonymous. For this reason, the
similarities and differences between these two concepts are emphasized in the subject of "Climate and Air
Movements." Climate can be defined as the average air movement over large areas over many years. Weather
events occur as a result of changes in factors such as temperature, humidity, and pressure. Wind, rain, snow, etc.
are weather events. The meanings of the sciences of climatology and meteorology are given by making
comparisons in terms of similarities and differences in the subject of "climate and weather movements."” In this
way, branches of science that deal with two different concepts, such as climate and weather movements, can be
learned. In addition, environmental events such as climate change, global warming, and the greenhouse effect
are also addressed within the scope of this subject. When the relevant literature is examined, it is seen that
measurement tools for different grade levels are mostly developed by considering these subjects separately
(Aksit & Sahin, 2011; Bolat & Altinbas, 2018; Uzundz & Buldan, 2012). When the studies on the formation of
the seasons are examined, it is seen that mostly open-ended or closed-ended questions are asked in the
developed tests (Bolat & Altinbas, 2018; Giilen, 2019; Tirk & Kalkan, 2015; Tiirk et al., 2016). In some of
these studies and some studies on general astronomy, multiple-choice questions about the formation of the
seasons were also used by turning them into open-ended questions (Giilen, 2019; Schoon, 1992). In the study
conducted by Bolat and Altinbas (2018), using the parallel mixed method, it was tried to determine the
understanding of the prospective teachers studying in different departments about the subject of seasons. In the
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study conducted by Giilen (2019), the achievements of the eighth grade students in the "Seasons and Climate"
unit were determined with six open-ended questions, and the student learning outcomes were interpreted. In
these studies, it has been observed that there are many misconceptions among the students about the formation
of the seasons. In this respect, it can be said that most of the studies on the formation of seasons using open-
ended questions are aimed at identifying misconceptions (Bolat & Altinbas, 2018; Giilen, 2019; Oksiiz & Giiven
Demir, 2019; Schoon, 1992; Sneider et al., 2011; Yilmaz & Bulunuz, 2019). Therefore, in the related literature,
there are a limited number of studies in which achievement tests consisting of multiple-choice questions on the
subjects of "Seasons Formation" and "Climate and Weather Movements" within the scope of the eighth grade
"Seasons and Climate" unit in the science curriculum of MoNE (2018) are available (Birgin & Ozcan, 2022;
Geren, 2022; Yanardag, 2021). In the study conducted by Birgin and Ozcan (2022), a multiple-choice
achievement test was tried to be developed to measure the knowledge of eighth grade students about the
formation of the seasons. However, in the achievement test developed by Birgin and Ozcan (2022), there are no
questions on the subject of "Climate and Weather Movements" within the scope of the "Seasons and Climate"
unit. On the other hand, in the studies conducted by Geren (2022) and Yanardag (2021), two different multiple-
choice achievement tests were developed, including all the topics of the "Seasons and Climate" unit. However,
in the achievement tests of Geren (2022) and Yanardag (2021), there are sample questions of the High School
Entrance Examination [HSEE] and learning outcome comprehension test questions, which are considered to be
highly valid and reliable in various sources of MoONE. It is stated that due to the COVID-19 pandemic, while the
achievement tests were developed in the studies of Geren (2022) and Yanardag (2021), a pilot study could not
be conducted and only expert opinion was taken. In addition, questions in the achievement tests developed by
Geren (2022) and Yanardag (2021) were selected without any cognitive classification. Considering all these
features, it can be said that the achievement tests developed for the "Seasons and Climate" unit in the literature
have limitations in terms of validity and reliability. Therefore, it is thought that the "Seasons and Climate"
achievement test developed within the scope of this study will contribute to the relevant literature by eliminating
these deficiencies.

Problem Statement

The problem statement of this research, "Is the achievement test developed for the "Seasons and Climate™ unit
of the eighth grade science lesson valid and reliable?" has been determined.Depending on the determined
problem statement, the sub-problems of the research are presented below.

Sub-Problems of the Research

1. Isthe achievement test developed for the "Seasons and Climate™ unit of the middle school eighth grade
science lesson valid?

2. s the achievement test developed for the "Seasons and Climate" unit of the middle school eighth grade
science lesson reliable?

Purpose of the Research

The purpose of this study is to develop a valid and reliable achievement test for the eighth grade "Seasons and
Climate" unit within the scope of the MoNE (2018) science curriculum.

Method

In this section, information about the research model, sample, the development process of the data collection
tool, and the analysis of the data are included.

Model of the Research

This study was carried out in accordance with the survey model since it was aimed at developing a valid and
reliable achievement test for the eighth grade "Seasons and Climate" unit of secondary school. Survey studies
are studies carried out by the researcher to determine the current situation without any intervention (Creswell,
2012). This method allows making predictions about the universe as a result of the analysis of the data obtained
from the sample (Ozmen & Karamustafaoglu, 2019). In this study, the pilot achievement test developed by the
researchers in accordance with the learning outcomes comprehension test of the "Seasons and Climate™ unit was
applied to a sample of eighth grade secondary school students. In this way, the validity and reliability were
calculated by analyzing the data obtained for each item. As a result, the study was carried out in accordance with
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the survey model, since it was aimed at obtaining a valid and reliable achievement test to measure the academic
achievement of the eighth grade "Seasons and Climate" unit.

Sample

While developing the achievement test for the research, two pilot studies were made. The sample of the study
consists of 298 secondary school eighth grade students: 223 in the pre-pilot study and 75 in the pilot study.
While determining the sample, the "maximum diversity sampling" method, one of the purposive sampling
methods, was used. Purposeful sampling allows for an in-depth investigation of information-rich situations in
line with the purpose of the study (Biiyiikoztiirk et al., 2015). As a result of this study, it is aimed at developing
a valid and reliable "Seasons and Climate" achievement test applicable to secondary school eighth grade
students. In order for the achievement test to be obtained at the end of the research to be generalizable to all
eighth grade students, it is necessary to apply this test to groups that are similar but different from each other
during the test development process. As a matter of fact, in maximum diversity sampling, it is essential to work
by determining different situations similar to the problems examined in the universe (Biiylikoztiirk et al., 2015).
As a result, the purpose of choosing the sample in this way is to reflect the sample diversity at the highest level
for the achievement test to be applied (Yildirim & Simsek, 2016). For this reason, it was thought that it would
be appropriate to determine the study group with maximum variation sampling, one of the purposive sampling
methods. The distribution of the students in the sample according to the provinces of education is presented in
Table 1.

Table 1. Distribution of the students in the sample according to the provinces of education

Province Number of Students (N) Percentage (%)
Kocaeli 179 60.07
Balikesir 21 7.05
Bursa 13 4.36
Istanbul 12 4.03
Hatay 6 2.01
Mugla 6 2.01
Denizli 5 1.68
Kahramanmaras 4 1.34
Mersin 4 1.34
Ankara 4 1.34
Yalova 3 1.01
Gaziantep 3 1.01
Tokat 3 1.01
Bartin 3 1.01
Antalya 3 1.01
Aksaray 2 0.67
Nigde 2 0.67
Zonguldak 2 0.67
Siirt 2 0.67
Konya 2 0.67
[zmir 2 0.67
Samsun 2 0.67
Nevsehir 2 0.67
Sanliurfa 1 0.34
Adana 1 0.34
Corum 1 0.34
Diizce 1 0.34
Sakarya 1 0.34
Afyon 1 0.34
Kirsehir 1 0.34
Kirikkale 1 0.34
Sivas 1 0.34
Bitlis 1 0.34
Rize 1 0.34
Ordu 1 0.34
Kayseri 1 0.34
Total 298 100
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Developing the Seasons and Climate Achievement Test

The "Seasons and Climate" academic achievement test was developed by considering Giiler's (2021) test
development steps. Therefore, the development stages of the "Seasons and Climate" academic achievement test
are summarized as follows:

Determining the Purpose of the Test

While preparing the test, it was aimed to take into account the learning outcomes of the "Seasons and Climate"
unit in the eighth grade "Earth and Universe" subject area in the MoNE (2018) Science Curriculum, to take into
account the level of the students, and to benefit the teachers.

Determining the Scope of the Test

The scope of the test was determined according to the information on the eighth grade "Seasons and Climate"
unit in the Science Curriculum of the MoNE (2018). General information on the "Seasons and Climate" unit is
given in Table 2.

Table 2. General information on seasons and climate units

Unit Name Subject Area Numbers of Learning Course Percentage of  Learning
Name Outcomes Hours Outcomes (%)

Seasons and Earth and the 3 14 9.7

Climate Universe

When the information in Table 2 is examined, there are three learning outcomes belonging to the Seasons and
Climate unit within the scope of the Earth and Universe subject area. The recommended time for teaching these
learning outcomes is 14 course hours.

The subjects, concepts, suggested duration, learning outcomes, and warnings of the Seasons and Climate Unit
are given in Table 3.

Table 3. Subjects, concepts, suggested duration, learning outcomes, and warnings of the seasons and climate
unit
Subjects Concepts Suggested  Learning Outcomes  Warnings

Duration

a. It is mentioned that the Earth is
the axis of rotation.

-Earth's axis of rotation F.8.1.1.1. It makes b. The relationship between the

F.8.1.1. - Eight -~ Earth's axis of rotation and the
. -Orbital plane predictions  about . - .
Formation of lesson - plane of its orbit around the Sun is
-Heat Energy the formation of the .
the Seasons -S8asons hours SeaSONS mentioned.

' c. The effect of the amount of
energy falling on a unit surface of
light on the seasons is mentioned.

F.8.1.2.1. Explain
the difference
between climate and
weather events.
F.8.1.2. -Climate Six ;St.lji'r%ateltsciess)c/:
Climate and -Climatology lesson (climatology) is a
Weather -Climatologist 9y
hours branch of science,

Movements -Global climate change -
and experts working

in this field are
called climate
scientists
(climatologists).

At this stage, where the scope of the test is determined, the type, humber, and application time of the questions
are decided. The questions in the test were prepared with four options in accordance with the multiple-choice
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question type. While preparing the questions, the learning outcomes in the 2018 Science Curriculum (MoNE,
2018) and the warnings about the learning outcomes in Table 3 were taken into account. In addition, the
contents of the eighth grade textbook (Yanci; 2019), Education and Informatics Network [EIN], were examined.
By examining the national and international studies (Bolat & Altinbag, 2018; Sneider et al., 2011) in the related
literature, it was tried to determine the concepts and learning outcomes that students had difficulty learning
within the scope of the Seasons and Climate unit. In the study conducted by Sneider et al. (2011), they draw
attention to the importance of asking questions about the results along with the reasons for the formation of the
seasons in determining the knowledge level of the students about the seasons. Therefore, in this study, which
aims to develop a valid and reliable achievement test for the "Seasons and Climate™ unit, care was taken to
include questions about the causes and consequences of the formation of the seasons. An item pool consisting of
75 questions with four options for these learning outcomes and concepts was created by making use of various
national exam preparation books in EIN. However, this study was carried out in the 2020—-2021 academic year,
when distance education was available due to the COVID-19 pandemic. Therefore, the pre-pilot study of the
achievement test was decided to be carried out by the researchers online via the Google Form. Considering
situations such as the pre-pilot study being conducted online and the questions being aimed at metacognitive
learning outcomes, it was seen that 75 questions were not appropriate according to the grade level and attention
span of the students. For this reason, 49 questions were determined from the 75-item pool by the researchers
before the pilot study.

Validity of the Test

A table of specifications has been prepared for the content validity of the achievement test (see Table 11). The
learning outcomes in the MoNE (2018) curriculum for the eighth grade "Seasons and Climate" unit are
metacognitive domain learning outcomes. In addition, these learning outcomes have general expressions.
Therefore, in order to make the learning outcomes of the questions more specific, the sub-learning outcomes for
the questions were written by the researchers while preparing the specification table and classified according to
Bloom's Taxonomy.

Then, 49 questions were determined by the researchers in accordance with the learning outcomes from the item
pool consisting of 75 questions from all levels, but mostly by considering metacognitive domain skills. In order
to ensure content validity, expert opinion was obtained in two stages for the classification made according to
Bloom's taxonomy and face validity. In both stages, opinions were received from a total of four experts, two
science teachers, and two faculty members in the science education department. The first expert opinion is for
49 questions determined by the researchers out of 75 questions. As a result of the suggestions and corrections
from the expert opinions, a preliminary achievement test of 49 questions was created for the pre-pilot study.
After the pre-pilot study, item analyses were carried out. As a result of the analysis, it was seen that some items
should be removed from the test or improved. In addition, the number of items was reduced to 25 as a result of
the item analysis carried out by the researchers, since 49 questions were too many to apply in a class hour.
While reducing the number of items in the test, the researchers paid special attention not to affect the
distribution of the items according to Bloom's taxonomy in terms of content validity. Therefore, a second expert
opinion was needed. The second expert opinion was taken for the final version of the academic achievement
test, consisting of 25 questions. Some formal and verbal corrections were made in the 11th, 15th, 18th, 26th,
45th, and 46th items in order to better understand the questions with the suggestions from these expert opinions.
Thus, the academic achievement test for the eighth grade "Seasons and Climate™ unit, consisting of 25 questions
in total, was made ready.

Pre-Pilot Study

This academic achievement test development study was carried out in the 2020-2021 academic year, when
distance education was held due to the COVID-19 pandemic. For this reason, a pre-pilot was conducted online
with 223 eighth grade students to determine whether the questions in the achievement test were understandable
by the students before the pilot study and whether the time to answer the questions was sufficient during the
application of the test. Students have the right to take this online exam, which consists of 49 questions, and the
exam duration is determined to be 120 minutes. As a result of the pre-pilot study, item analyses were made, and
1st, 2nd, 3rd, 4th, 7th, 9th, 13th, 14th, 17th, 19th, 20th, 21th, 23th, 24th, 30th, 32th, 33th, 35th, 37th, 38th, 40th,
41th, 47th, and 49th items were excluded from the test. After these test items were removed from the test, the
second expert opinion was taken. According to expert opinions, the "Seasons and Climate" achievement test
with 25 questions was made ready for pilot study by making formal and verbal adjustments in the 11th, 15th,
18th, 26th, 45th, and 46th items.
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Pilot Study

The "Seasons and Climate" achievement test, consisting of 25 multiple-choice questions, was applied to 78
eighth grade students in the 2022-2023 academic year. The duration of the exam is determined as one lesson
hour. As a result of the analysis, the tests of three students were not analyzed due to incorrect or incomplete
marking. As a result, the test answers of 75 students were included in the analysis.

Reliability and Item Analysis

The "Seasons and Climate" achievement test consists of multiple-choice test questions. While analyzing the data
obtained from the developed achievement test, one point was given for correct answers and zero points for
wrong answers or blanks. While the "Seasons and Climate" achievement test was being developed, two
applications were made as a preliminary pilot study and a pilot study, so item and reliability analysis were
performed twice in order to compare the first and final versions of the test. KR-20 and KR-21 internal
consistency coefficients were calculated in the reliability analysis of the questions in the developed achievement
test. In this study, "item discrimination index" and "item difficulty index" were calculated for each item in the
test by using two different methods in Classical Test Theory for item analysis. It is a measure of being able to
distinguish those who know the feature that is wanted to be measured with a test item from those who do not
(Giiler, 2021). The rate of correct answers to each item in a test is defined as the "item difficulty index"
(Hasangebi et al., 2020). While the simple method (lower-upper group method) was used in the first item
analysis, the method described as the "second method" by Giiler (2021) was applied in the other. While the
simple method (lower-upper group method) is preferred when the number of students is 300—400 or more, the
second method can be preferred when 60-70 or less (Giiler, 2021). In the simple method (lower-upper group
method), the scores of the students in the achievement test are ordered from the highest score to the lowest
score. 27% of the people with the highest scores are defined as the "upper group,” while 27% of the people with
the lowest scores are determined as the "lower group™ (Beuchert & Mendoza, 1979). Item analyses are made by
considering these groups. The item difficulty index is indicated by Pj and when the simple method is used, the
item difficulty index is calculated with the formula in the Table 4.

Table 4. Item difficulty index formula

Formula Variables in the formula

. (nlcu)+n(cl)\ Pj: Difficulty index of the item
Py= "N ] mn{cu): The number of those who answered the item correctly in the upper group
n(el): The number of those who answered the item correctly in the lower group
N: Total number of students in the upper group and lower group

The item discrimination index is shown, and in the simple method, the item discrimination index is calculated
with the formula given in Table 5.

Table 5. Item discrimination index formula

Formula Variables in the formula

_ (’ﬂ (cu) —n (Cf)) 7, Item discrimination index
fix = N n{cu): The number of those who answered the item correctly in the upper group
n(cl): The number of those who answered the item correctly in the lower group
N: Number of students in any of the groups

In the second method, the scores of all students to whom the achievement test was applied are included in the
calculation. When this method is used, the formula in Table 6 is applied to calculate item difficulty.

Table 6. Item difficulty index formula

Formula Variables in the formula
pi = (’n (c)) Pj: Difficulty index of the item
I =N n{c): Number of people who answered the item correctly

N: Total number of students

When the second method is used, the item discrimination index should be calculated using the formula
presented in Table 7.

Table 7. Item discrimination index formula
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Formula Variables in the formula

(X(d)—X) % 7t Item discrimination index . .
— X n(cu): The number of those who answered the item correctly in the upper group
n(el): The number of those who answered the item correctly in the lower group

N: Number of students in any of the groups

o S, \IE

Since item discrimination is related to the reliability of the item, it is the most important statistic of an item, and
whether the item will be included in the test is decided by looking at the item discrimination index (Giiler,
2021). The item discrimination index of the items in the test developed in this study was evaluated according to
Table 8 (Akbulut & Cepni, 2013).

Table 8. Item Discrimination Index and Evaluation

Item Discrimination Index Evaluation

0.40 and higher Very good item

0,30-0,39 Pretty good item

0,20-0,29 It must be corrected.

0.19 and less Very weak item. It should be removed from the test.

When the relevant literature is examined, it is desired that the average discrimination index of an ideal test
should be as close to +1.00 as possible (Giiler, 2021).

The difficulty of the items in the "Seasons and Climate™ achievement test was evaluated according to Table 9
(Akbulut & Cepni, 2013).

Table 9. Item Difficulty Index and Evaluation

Item Difficulty Index Evaluation

0.29 and higher Difficult
0.30-0.49 Medium difficulty
0.50- 0.69 Easy

0.70- 1.00 Very easy

In many sources in the related literature, it is stated that the average difficulty of a test is around 0.50 and that
there should be questions from all levels in the test (Giiler, 2021; Karamustafaoglu & Tutar, 2016).

After calculating the item discrimination and difficulty indexes in the study, reliability was calculated. There are
many formulas for calculating the reliability of a measurement tool. If the items in the measurement tool have
only one correct answer, the KR-20 or KR-21 internal consistency coefficient should be preferred to calculate
the reliability of the test. Therefore, KR-20 or KR-21 internal consistency coefficients are calculated in studies
to develop multiple choice achievement tests (Boz et al., 2022; Yazici et al., 2022). For this reason, in this study
in which the "Seasons and Climate" achievement test was developed, the reliability of the test was calculated by
using both the KR-20 and KR-21 internal consistency coefficients, the formulas of which are given in Table 10.

Table 10. Formulas of internal consistency coefficients KR-20 and KR-21

Formula Variables in the formula
kK Ts;” k: Number of items in the test
KR—20= k—1 1- 52 2 5;% Sum of item variances
X

s;* = p;.q;: Variance of an item
p;: Item difficulty index
q; = (1—p;): Percentage of those who answered the item

incorrectly
S,.% : Variance of the test
k kX —Xx* k: Number of items in the test
KR—21= 1— o _
k—1 k.S,? X : Arithmetic mean

8,2 : Variance of the test
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Results

In this section, the findings obtained through the validity and reliability study after the application of the
multiple-choice achievement test prepared for the "Seasons and Climate" unit in the Earth and Universe learning
area of the eighth grade Science course are included.

In order to ensure the content validity of multiple-choice achievement tests, a table of specifications should be
prepared. In this study, the cognitive domain learning outcomes of the related unit in the MoNE (2018)
secondary school science curriculum were examined and classified according to Bloom's taxonomy. However,
since these learning outcomes are metacognitive learning outcomes and contain very general skill expressions,
sub-learning outcomes were written by the researchers according to Bloom's taxonomy and associated with the
questions. The table of specifications prepared in this way is presented in Table 11.

Table 11. Specification table

Learning Outcomes Kn Understanding Application A S Ev
ow na yn alu
led ly th ati
ge si e on

L

F.8.1.1.1. It makes predictions about
the formation of the seasons.

It expresses that the seasons are 1 - - - - -
formed as a result of the earth's axial

tilt. (Knowledge)*

It compares the days and nights to be - - 2,3 - - -
experienced on certain dates by

looking at the positions of the

countries according to the tropics on

the world model. (Application)*

It shows the position of the country - - 4,5 - - -
on the world model based on the

events and information experienced

on a certain date. (Application)*

Explains the events that occur in - 6 - - - -
different hemispheres from the

equinox date to the solstice date,

depending on the Earth's axial

tilt.(Understanding)*

Explains the locations and dates - 7,40 - - - -
when the sun's rays reach the earth at

an oblique angle. (Understanding)*

It compares the events that can be - - - 8 - -
experienced in different hemispheres 36

by looking at the angle of incidence

of sunlight in the tropics on the

model. (Analysis)*

Establishes a relationship between - - - 9 - -
the average precipitation graph and

the model showing the Earth's

movement  around  the  Sun.

(Analysis)*

Designs an experiment to show the - - - - 10 -
effect of the change in the angles of

the sun's rays falling on the earth on

the formation of the seasons.

(Synthesis)*

It questions the effect of the distance - - - - - 11
between them on the formation of the

seasons during the movement of the

Earth around the Sun. (Evaluation)*
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Evaluates the events that may occur
in the absence of the Earth's axial tilt.
(Evaluation)*

Draws a graph of daylight hours ina - -
year using tabular data on a country's

solstice and  equinox  dates.
(Synthesis)*

Interprets and compares two graphs - -
showing the variation of the angle of
incidence of sunlight according to

hours. (Analysis)*

It creates a model that shows the - -
location of the cities by using the

data in the graphs showing the day

and nighttime on different dates.
(Synthesis)*

It establishes a relationship between - -
the data in the shadow length change

graph of an object during the day and

the date and location. (Analysis)*

Evaluates the results of the - -
experiment designed for the effect of

the angle of incidence of sunlight on
temperature. (Evaluation)*

It refers to the solstice and equinox 41,
dates in different hemispheres. 42
(Knowledge)*

Expresses the gases that make up the 43
structure of the atmosphere and the
greenhouse effect. (Knowledge)*

Question the reasons for the
formation of the seasons with an
experiment. (Evaluation)*

It creates a model that shows the

location of the regions by using the

data in the graph showing the amount

of energy per unit surface on the date

of the solstice. (Synthesis)*

Explains the effect of the change in 47
the angle of incidence of the sun's

rays on the temperature depending

on the axial tilt of the earth.
(Understanding)*

Relates the seasonal temperature

values of countries located in
different hemispheres to the world

model and the angles of incidence of

the sun's rays. (Analysis)*

35

38

48

34

37

46

15

39

45

F.8.1.2.1. Explain the difference
between climate and weather events.

It shows how factors affecting wind - -
formation are used in the design of

some technological tools.
(Application)*

Designs experiments or models to - -
show wind formation and direction.
(Synthesis)*

12
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Interprets by comparing the data - - - 17 - -
given in  the precipitation- ,
temperature graph or in the form of a 18
table. (Analysis)* :

19

20
Evaluates the results of the - - - - -2

experiment  designed  for  the

formation of the greenhouse effect.

(Evaluation)*

Evaluates the results of the - - - - - 22
experiment  designed  for  the

formation of weather events.

(Evaluation)*

Shows the factors  affecting - - 23,24, 25
precipitation patterns, wind

formation, direction, and intensity on

a map, model, table, or figure.

(Application)*

It creates a meteorological warning - - - - 26 -
map in line with the

data.(Synthesis)*

Establishes  example  sentences - 27,32, 33 - - - -
describing the characteristics of

climate and weather.

(Understanding)*

Evaluates the results of the - - - - - 28,
experiment designed for the factors 29

affecting the wind intensity.

(Evaluation)*

Explain the effect of temperature, - 30 - - - -
humidity, and pressure on the

formation of weather events.

(Understanding)*

Explain the difference between dew - 31 - - - -
and frost formation.

(Understanding)*

Explain the consequences of global - 44,49 - - - -

climate change.(Understanding)*

F.8.1.2.2. It says that climate science
(climatology) is a branch of science,
and experts working in this field are
called climate scientists
(climatologists).

It refers to the experts working inthe 16 - - - - -
field of climate science as
"climatologists.” (Knowledge)

* Added learning outcomes later

When Table 11 is examined, it is seen that some of the learning outcomes are found in the eighth grade
"Seasons and Climate" unit in the Science course curriculum of the MoNE (2018). Other learning outcomes are
the sub-learning outcomes developed by the researchers for the subjects and concepts of the "Seasons and
Climate" unit, depending on these learning outcomes. Only one of these sub-learning outcomes was written by
dividing the behaviors indicated by the learning outcomes in the MoNE (2018) Science Curriculum, and the
others were written by the researchers by associating the unit content with the learning outcomes in the
curriculum.” F.8.1.2.2. It says that climate science (climatology) is a branch of science, and experts working in
this field are called climate scientists." The learning outcome in the MoNE (2018) curriculum has been
shortened and arranged as a sub-acquirement. This sub-learning outcome has been written as "It refers to the

experts working in the field of climate science as "climatologists"." On the other hand, the sub-learning
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outcomes written by the researchers considering the unit content and the learning outcomes in the curriculum
are as follows:

It expresses that the seasons are formed as a result of the earth's axial tilt.

It compares the days and nights to be experienced on certain dates by looking at the positions of the
countries according to the tropics on the world model.

It shows the position of the country on the world model based on the events and information
experienced on a certain date.

Explains the events that occur in different hemispheres from the equinox date to the solstice date,
depending on the Earth's axial tilt.

Explains the locations and dates when the sun's rays reach the earth at an oblique angle.

It compares the events that can be experienced in different hemispheres by looking at the angle of
incidence of sunlight in the tropics on the model.

Establishes a relationship between the average precipitation graph and the model showing the Earth's
movement around the Sun.

Designs an experiment to show the effect of the change in the angles of the sun's rays falling on the
earth on the formation of the seasons.

It questions the effect of the distance between them on the formation of the seasons during the
movement of the Earth around the Sun.

Evaluates the events that may occur in the absence of the Earth's axial tilt.

Draws a graph of daylight hours in a year using tabular data on a country's solstice and equinox dates.
Interprets and compares two graphs showing the variation of the angle of incidence of sunlight
according to hours.

It creates a model that shows the location of the cities by using the data in the graphs showing the day
and nighttime on different dates.

It establishes a relationship between the data in the shadow length change graph of an object during the
day and the date and location.

Evaluates the results of the experiment designed for the effect of the angle of incidence of sunlight on
temperature.

It refers to the solstice and equinox dates in different hemispheres.

Expresses the gases that make up the structure of the atmosphere and the greenhouse.

Questions the reasons for the formation of the seasons with an experiment.

It creates a model that shows the location of the regions by using the data in the graph showing the
amount of energy per unit surface on the date of the solstice.

Explains the effect of the change in the angle of incidence of the sun's rays on the temperature
depending on the axial tilt of the earth.

Relates the seasonal temperature values of countries located in different hemispheres to the world
model and the angles of incidence of the sun's rays.

It shows how factors affecting wind formation are used in the design of some technological tools.
Designs experiments or models to show wind formation and direction.

Interprets by comparing the data given in the precipitation-temperature graph or in the form of a table.
Evaluates the results of the experiment designed for the formation of the greenhouse effect.

Evaluates the results of the experiment designed for the formation of weather events.

Shows the factors affecting precipitation patterns, wind formation, direction, and intensity on a map,
model, table, or figure.

It creates a meteorological warning map in line with the data.

Establishes example sentences describing the characteristics of climate and weather.

Evaluates the results of the experiment designed for the factors affecting the wind intensity.

Explain the effect of temperature, humidity, and pressure on the formation of weather events.

Explain the difference between dew and frost formation.

Explain the consequences of global climate change.

Considering that these sub-learning outcomes are necessary for the content validity of the subject, they were
written in line with expert opinions and added to the specification table. Then, item analysis of the achievement
test was made, and item difficulty and item discrimination were calculated and presented in Table 12.
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Table 12. Item Difficulty (p) and Discrimination Indexes (r) in the Result of Achievement Test Item Analysis

Item difficulty Item discrimination
Iltem Upper group Lower group index (p) Evaluation index (1) Evaluation
1 55 17 0.6 Easy 0.63 Very good item
2 56 15 0.59 Easy 0.68 Very good item
3 58 26 0.7 Very easy 0.53 Very good item
Medium
42 13 0.46 difficulty 0.48 Very good item
5 57 12 0.58 Easy 0.75 Very good item
Medium
6 46 7 0.44 difficulty 0.65 Very good item
Medium
43 13 0.47 difficulty 0.5 Very good item
58 11 0.58 Easy 0.78 Very good item
21 12 0.28 Difficult 0.15 Very weak item
10 43 17 0.5 Easy 0.43 Very good item
Medium
11 43 9 0.43 difficulty 0.57 Very good item
12 56 10 0.55 Easy 0.77 Very good item
13 8 20 0.23 Difficult -0.2 Very weak item
Medium
14 39 13 0.43 difficulty 0.43 Very good item
15 57 8 0.54 Easy 0.82 Very good item
16 58 10 0.57 Easy 0.8 Very good item
Medium
17 41 11 0.43 difficulty 0.5 Very good item
Medium
18 45 9 0.45 difficulty 0.6 Very good item
19 52 8 0.5 Easy 0.73 Very good item
20 60 9 0.58 Easy 0.85 Very good item
21 47 20 0.56 Easy 0.45 Very good item
Medium
22 44 13 0.48 difficulty 0.52 Very good item
23 48 12 0.5 Easy 0.6 Very good item
24 54 8 0.52 Easy 0.77 Very good item
25 54 16 0.58 Easy 0.63 Very good item
26 51 18 0.58 Easy 0.55 Very good item
27 57 13 0.58 Easy 0.73 Very good item
Medium
28 36 9 0.38 difficulty 0.45 Very good item
29 59 12 0.59 Easy 0.78 Very good item
30 51 10 0.51 Easy 0.68 Very good item
Medium
31 38 9 0.39 difficulty 0.48 Very good item
32 56 12 0.57 Easy 0.73 Very good item
Medium
33 32 10 0.35 difficulty 0.37 Pretty good item
34 55 13 0.57 Easy 0.7 Very good item
35 15 20 0.29 Difficult -0.08 Very weak item
36 49 15 0.53 Easy 0.57 Very good item
Medium It  must be

37 27 10 0.31 difficulty 0.28 corrected.
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38 56 12 0.57 Easy 0.73 Very good item
39 55 14 0.58 Easy 0.68 Very good item
40 50 17 0.56 Easy 0.55 Very good item
41 54 13 0.56 Easy 0.68 Very good item
42 59 10 0.58 Easy 0.82 Very good item
43 47 15 0.52 Easy 0.53 Very good item
44 53 16 0.58 Easy 0.62 Very good item
45 60 12 0.6 Easy 0.8 Very good item
Medium
46 44 13 0.48 difficulty 0.52 Very good item
47 47 14 0.51 Easy 0.55 Very good item
48 54 12 0.55 Easy 0.7 Very good item
Medium
49 35 15 0.42 difficulty 0.33 Pretty good item

Table 12 shows item numbers, the number of correct answers in the upper and lower groups, item difficulty
indexes, and item discrimination indexes. According to the difficulty indexes of the items in the test, one is very
easy, thirty-one is easy, fourteen is middle difficulty, and three is difficult. In addition, it is seen that forty-three
of the items have very good item discrimination, two are pretty good, one needs to be corrected, and three are
very weak. It was determined that the difficulties of the 9th, 13th, and 35th items in the test were difficult. These
items, which are described as difficult in terms of item difficulties, also have low discrimination. As a result of
the item analysis, the 9th, 13th, and 35th items were excluded from the test because their discrimination indexes
were below 0.19. Item 37th, whose discrimination index is between 0.20 and 0.29, needs to be corrected. In
order to correct this item, the distractors need to be rewritten. However, after these corrections, it is usually
necessary to perform item analysis by re-application for the final test. It may not always be possible to make
such an application. In such cases, if the relevant items do not affect the distribution of learning outcomes
according to Bloom's taxonomy, they can be removed from the test. Item 37th, which needs to be corrected in
this study, was excluded from the test because it did not change the distribution of learning outcomes according
to Bloom's taxonomy. Some detailed explanations about these items that were excluded from the test are given
below. The 9th item, which was asked to determine how accurately the relationship between the average
precipitation graph and the model showing the movement of the Earth around the Sun can be established, is
given in Figure 1.
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The distribution chart of the last 35 years of average precipitation in Kocaeli province by
months and the various positions of the Earth while orbiting the Sun are given below.

KOCAELI

- -ecipitati ' :
Average Precipitation 2nd Position *

4QK

120

100

z

2a
b=
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3 ’ p ®
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0 Months

1 234567 89%101n12 =
4th Position*

Which locations on Earth are located in the month with the highest average
precipitation in Kocaeli?

A) Ist and 2nd B) 2nd and 3rd C) 3rd and 4th D) 4th and 1st

Figure 1. Item 9 that should be removed from the test

The answers given by the students in the upper and lower groups to item 9 given in Figure 1 are presented in
Table 13.

Table 13. The answers given to item 9th

Groups A B Op(t:lons D*
Upper group (60) 37 2 0 21
Lower group (60) 15 17 16 12

*Correct answer
According to Table 13, it is seen that most of the students in the upper and lower groups of the 9th item were
mistaken by choosing option A. Therefore, most of the students could not distinguish between the 4th and 1st
positions of the World at the beginning of December, when the most precipitation was seen, according to the
graph. The fact that most of the students in the lower and upper groups marked the distractor in option A, and
especially the students in the upper group marked this option more, indicates that the 9th item is not distinctive.

Item 13th, which is a question of designing an experiment for the demonstration of wind formation and direction
of movement, is presented in Figure 2.
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The following materials are given to a student who wants to show the
formation and direction of the wind.
Experiment Materials:

Two identical Styrofoam Glass pipe Ring and Ring
candles foam beads stand
According to this, if the student designs a mechanism like in which

option with the given materials, can the student achieve his/her goal?

A) B) o i,

Figure 2. Item 13 should be removed from the test

The answers given by the students in the upper and lower groups to item 13th in Figure 2 are presented in Table
14,

Table 14. The answers given to item 13th

Options
Groups A* B pC D
Upper group (60) 8 13 38 1
Lower group (60) 20 15 15 10

*Correct answer

When Table 14 is examined, it is seen that most of the students in the upper and lower groups made mistakes by
marking the B and C options for the 13th item. When the experimental setups in these marked options are
examined, the candles for wind formation are correctly positioned to create a temperature difference at both
ends of the pipes. However, in the B and C options, the styrofoam foams are not evenly distributed inside the
pipe. This is experimentally wrong. Because in order for an experiment to yield clear results, effectiveness must
be investigated by manipulating one variable, while other variables must be controlled by keeping them
constant. This variable that is manipulated in the experiment is called the independent variable, and the other
variables that are kept constant are called the control variable. The independent variable whose effectiveness
was investigated and manipulated in the question is temperature. Since the distribution of the styrofoam foam
inside the pipe, which will show the wind direction, is a control variable, it should be equally distributed to both
ends of the pipe, as in option A. Therefore, according to Table 14, it can be said that most of the students in the
lower and upper groups correctly know the information that the wind occurs from cold to hot. However, these
students could not distinguish that there should be only one independent variable while conducting an
experiment. In addition, the fact that the number of students in the upper group who marked the distractor in
option C is higher than the number of students in the lower group, and the number of students in the upper group
who marked the correct answer to question A is less than the number of students in the lower group, are the
findings supporting that item 33 is not distinctive and should be removed from the test.
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The 35th item, which is asked to determine how accurately it is possible to interpret two graphs showing the
change of the angle of incidence of sunlight according to hours and compare them with each other, is presented
in Figure 3.

35) The time-dependent graph of the angles of sunlight reaching cities A and B on the same
day is given below.

Angle of Light Incidence

......... ’ % A
06.00 12.00 isoo ~ Time

Accordingly, regarding cities A and B,

I. On this date, the air temperaturein city A is higher than the air temperaturein city L.
0. City A is in the Southern Hemisphere, city B is in the Northern Hemisphere.

II. On this date, the day time in city A is longer than the night time.

which of these judgments is definitely true?

A)OnlyI B)IandOII C)landIl D)L I andId

Figure 3. Item 35 that should be removed from the test

The answers given by the students in the upper and lower groups to item 35 in Figure 3 are presented in Table
15.

Table 15. The answers given to item 35th

Groups A* B Op(t:lons D
Upper group (60) 15 1 42 2
Lower group (60) 20 14 14 12

*Correct answer

When Table 15 is examined, it is seen that most of the students in the lower and upper groups made a mistake
by choosing option C. Therefore, most of the students could not distinguish that it is not possible to make any
judgments about the duration of the day and night by only looking at the angles of incidence of the sun's rays in
the same day without knowing the location of the cities. In particular, the fact that the number of students in the
upper group who marked the distractor in option C is higher than the number of students in the lower group and
that the number of students in the upper group who marked the correct answer to question A is less than the
number of students in the lower group are the findings showing that item 35 should be excluded from the test as
it is not distinctive.

Figure 4 presents the 37th item asked to determine how accurately a model showing the location of the cities is
constructed by using the data in the graphs showing the day and night durations on different dates.
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37) The night times in city A are shownin Graph-I, and the daytimes in city B are shownin
Graph-II at the beginning of the season.

According to this, which of the models showing the position of cities A and B on the face
of the Earth to the Sun on December 21 is given correctly?

+ Night time

TN

* Day time

—

> Date bt Date
2321 21 21 2321 21 21 °
Sep Dec Mar Jun Sep Dec Mar Jun
Graph-I Graph-II
A)( by B) ~N
? Tropic of ? Tropic of
Cancer Sun Cancer
Sun ' Equator Eguator
Tropic of go;:;goomf
L Capricom P
. ) N >
o[ N D, N
] Tropic of Tropic of
Sun Cancer Sun é _ Cancer
—Equator Equator
~ Tropic of — Tropic of
L Capricorn L Capricomn
. -’ \S =

Figure 4. Item 37 that needs to be corrected

The answers given by the students in the upper and lower groups to item 37 in Figure 4 are presented in Table
16.

Table 16. The answers given to item 37

Options
Groups A B pC D*
Upper group (60) 13 6 14 27
Lower group (60) 13 18 19 10

*Correct answer

When Table 16 is examined, it is seen that the 37th item is not distinctive, and most of the students in the upper
and lower groups made a mistake by choosing option C. In particular, most of the students in the upper group,
which we can define as successful, could not distinguish that it is not possible to make any judgments about the
duration of the day and night by only looking at the angles of incidence of the sun's rays on the same day
without knowing the location of the cities. In addition, the fact that the number of students in the upper and
lower groups who marked the distractor in option A was equal is another remarkable finding. This shows that
the distractors in options A and C should be rewritten, and item 37 should be corrected.

As a result of the item analysis, the 9th, 13th, 35th, and 37th items were excluded from the test. However,
considering the fact that the exam duration is one class hour and the attention span of the students is taken into
consideration, it has been observed that the number of questions is high despite the removal of the specified
items from the test. For this reason, in addition to the four items removed from the test, twenty more items that
did not affect the distribution of learning outcomes according to Bloom's taxonomy were determined and
excluded from the test. As a result, a total of twenty-four items were removed from the test. Items removed from
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the test: 1st, 2nd, 3rd, 4th, 7th, 9th, 13th, 14th, 17th, 19th, 20th, 21st, 23rd, 24th, 30th, 32nd, 33rd, 35th, 37th,
38th, 40th, 41st, 47th, and 49th items. There are 25 questions in total in the achievement test. A second expert
opinion was needed by the researchers in order to examine the questions in this achievement test, which consists
of 25 questions, in order to affect the distribution of the learning outcomes of the items according to Bloom's
taxonomy and to examine the questions figuratively and linguistically. In line with the suggestions received
from these expert opinions, the 8th grade "Seasons and Climate" achievement test, consisting of a total of 25
questions, was made ready for pilot study by making some formal and verbal corrections in the 11th, 15th, 18th,
26th, 45th, and 46th items. The KR-20 and KR-21 reliability coefficients were calculated as a result of the pilot
study made with 75 eighth grade students and presented in Table 17.

Table 17. Statistical results of the seasons and climate unit achievement test

Initial state of the test Final version of the test

Seasons and climate achievement test number of 49 25

questions

Number of applied persons (N) 223 75

KR-20 0.93 0.88

KR-21 0.93 0.86

Average item difficulty (Pjx) 0.50 0.61

Average item discrimination (rjx) 0.58 0.50

Discussion and Conclusion

This study was carried out to develop a valid and reliable achievement test for the eighth grade "Seasons and
Climate™ unit within the scope of the science curriculum (MoNE, 2018).

The most important feature of a measurement tool is its validity. There are many types of validity, such as
content validity, construct validity, predictive validity, and face validity. However, content validity is a more
important type of validity than the others (Demircioglu, 2007). For this reason, one of the most important
conditions for ensuring the validity of a measurement tool is to ensure the content validity of the developed
measurement tool (Yigittir & Caliskan 2013). Content validity expresses to what extent the questions in the
measurement tool can measure the targeted acquirement universe (Biiyilikoztiirk et al., 2015; Fraenkel & Wallen,
2006; cited in Yigittir & Caligkan, 2013). In order to ensure the content validity of a measurement tool, the
questions must be in accordance with the specification table in terms of the learning outcomes it measures
(Baykul, 2000). For this reason, a table of specifications was prepared for the validity of the Seasons and
Climate Achievement Test, and scope validity was tried to be ensured. The table of specifications prepared in
this study was prepared by taking into account the learning outcomes in the 2018 Science Curriculum (MoNE,
2018) and classified according to Bloom's Taxonomy. In the relevant literature, it is stated that expert opinion is
a necessary prerequisite for ensuring content validity (Karsli & Ayas, 2013). For this reason, in order to ensure
content validity in the study, the opinions of three science education specialist lecturers, two science teachers,
and a Turkish teacher were taken. The scope validity of the "Seasons and Climate" achievement test, which was
prepared as a result of these studies, was ensured.

When the studies on the subjects of "Formation of Seasons" and "Climate and Air Movements" in the eighth
grade seasons and climate unit in the MoNE (2018) science curriculum are examined, it is seen that there are
some limitations in terms of validity and reliability (Birgin & Ozcan, 2022; Geren, 2022; Yanardag, 2021). The
achievement test in the study of Birgin and Ozcan (2022) was developed to determine the level of knowledge of
eighth grade students about "the formation of the seasons." In the study conducted by Birgin and Ozcan (2022),
questions for validity were classified using the one-dimensional cognitive domain taxonomy developed by
Bloom (1956) and updated by Haladyna (1997) in the context of higher-order thinking skills. In addition, in the
study of Birgin and Ozcan (2022), item analysis and internal consistency coefficients were calculated by making
a pilot study for the reliability study. Although a valid and reliable achievement test has been obtained as a
result of all the studies, the test developed by Birgin and Ozcan (2022) is not suitable for measuring success for
all the subjects in the "Seasons and Climate™ unit in terms of content validity since it only covers the subject of
"The Formation of the Seasons." In the study conducted by Geren (2022), it was aimed to determine the
perception, perception skills, cause-effect relationship, cause-effect relationship skills, and exam successes of
eighth grade students regarding the concepts in the "Seasons and Climate" unit and to investigate the
relationship between these variables. Additionally, determining whether these variables differ according to
gender was also investigated. Therefore, many scales (perception, perception skill, cause-and-effect relationship,
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etc.) were developed by Geren (2022) for the concepts in the “Seasons and Climate" unit within the scope of the
research. One of these is the Seasons and Climate exam. On the other hand, in the study conducted by Yanardag
(2021), it was aimed at investigating the effect of the flipped classroom application on the academic success and
learning retention of eighth grade students for the "Seasons and Climate" unit. For this reason, the "Seasons and
Climate" academic achievement test was developed and used by Yanardag (2021). When the academic
achievement tests developed by Geren (2022) and Yanardag (2021) were examined, it was seen that they
covered all subjects of the "Seasons and Climate" unit. However, only expert opinion was taken for content
validity in both achievement tests developed by Geren (2022) and Yanardag (2021).In addition, while Geren
(2022) and Yanardag (2021) were developing the achievement tests, the HSEE sample questions in various
sources of the MoNE and the questions in the learning outcomes comprehension tests were used without
changing them. In order to ensure the reliability of the achievement tests in the study of Geren (2022) and
Yanardag (2021), a pilot study and item analysis could not be performed. For this reason, although the
achievement tests developed by Geren (2022) and Yanardag (2021) were developed for all subjects in the
"Seasons and Climate" unit, it can be said that they are limited in terms of validity and reliability.

It is an important feature of a measurement tool to be reliable as well as valid. Sencan (2005) states that
scientists refer to reliability as a lower limit value of validity. Therefore, it is possible to say that reliability is a
prerequisite for validity. Reliability can be defined as a measurement tool accurately measuring the feature to be
measured and giving similar results in different samples selected from the same population at different places
and times (Sencan, 2005). Therefore, reliability may change as the sample changes (Capraro & Capraro, 2002;
Henson et al., 2001). Therefore, while developing a measurement tool, the reliability of the measurements
should be calculated (Capraro et al., 2001; Thompson, 1994). In this study, which was carried out to develop an
achievement test for the Seasons and Climate unit, in order to ensure reliability, the pre-pilot study was carried
out online for the eighth grade students in secondary school, and the pilot study was carried out in writing in the
classroom environment. Item analysis and KR-20 and KR-21 internal consistency coefficients were calculated
with the data obtained from both pilot studies.

As a result of the pre-pilot study, both the KR-20 and KR-21 reliability coefficients of the 49-question "Seasons
and Climate" achievement test were calculated at 0.93. According to Biiyiikdztiirk (2013), a reliability
coefficient of 0.70 and above is sufficient for the reliability of the measurement results. In this respect, it is
possible to say that the reliability of the first version of the achievement test is sufficient. In addition, in the first
version of the Seasons and Climate Achievement Test, the average item difficulty was calculated as 0.50, and
the average discrimination index was calculated as 0.58. In a test, the average item difficulty should be around
0.50 and the average discrimination index should be above 0.30 (Cepni, et al., 2008; Tekin, 2010). In this
respect, the first version of the Seasons and Climate Achievement Test is at the desired level in terms of average
difficulty and average discrimination index. However, according to the item analyses made through the data
obtained from the pre-pilot study, the 9th, 13th, and 35th items should be removed from the test because the
discrimination index is below 0.30, and the 37th item should be corrected because the discrimination index is
0.28. However, since there were other items in the test that could measure the learning outcomes measured by
these items, all of the 9th, 13th, 35th, and 37th items were excluded from the test. Considering that the duration
of the exam is one lesson and the attention span of the students is very high, the number of questions is very
high in terms of the applicability of the exam. For this reason, twenty more items that did not affect the
distribution of learning outcomes according to Bloom's taxonomy were determined and removed from the test.
As a result, a total of twenty-four items were removed from the test. Items removed from the test: 1st, 2nd, 3rd,
4th, 7th, 9th, 13th, 14th, 17th, 19th, 20th, 21st, 23rd, 24th, 30th, 32nd, 33rd, 35th, 37th, 38th, 40th, 41st, 47th,
and 49th items. By removing the specified items from the test, an achievement test of 25 questions was
obtained. Expert opinion was needed to remove the items specified by the researchers, to affect the distribution
of the learning outcomes according to Bloom's taxonomy, and to control the questions figuratively and
linguistically. In line with the suggestions received from these expert opinions, the 8th grade "Seasons and
Climate™ achievement test, consisting of a total of 25 questions, was made ready for pilot study by making some
formal and verbal corrections in the 11th, 15th, 18th, 26th, 45th, and 46th items. As a result of the pilot study,
the KR-20 reliability coefficient was calculated at 0.88 and the KR-21 reliability coefficient at 0.86. The
reliability coefficient values in the final version of the seasons and climate achievement test decreased compared
to the first version. This may be due to the decrease in the number of test items. As a matter of fact, the number
of items in a measurement tool is a factor affecting its reliability (Sencan, 2005). Although the reliability
coefficient values of the test decrease due to the decrease in the number of items in the test, the KR-20 and KR-
21 values in the final version of the test are above 0.70. KR-20 and KR-21 values above 0.70 indicate that the
measurement results are statistically reliable. Therefore, it is possible to say that the Seasons and Climate
Achievement Test with 25 questions developed within the scope of this study is a reliable test. In addition, in the
final version of the Seasons and Climate Achievement Test, the average item difficulty was calculated at 0.61
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and the average discrimination index was calculated at 0.50. The fact that the average item difficulty is around
0.50 and the average discrimination index is above 0.30 in the developed test (Cepni et al., 2008; Tekin, 2010)
shows that the discrimination and difficulty levels of the test are sufficient.

As a result of the analyses made in this study, an achievement test was developed for the whole eighth grade
"Seasons and Climate™ unit, consisting of 25 items with questions about different levels of Bloom's Taxonomy
and statistically sufficient validity and reliability.

Suggestions

In the context of the findings obtained from the studies carried out to ensure the validity and reliability of the
"Seasons and Climate" achievement test, some suggestions are presented below.

e Since this achievement test for the Seasons and Climate unit was developed with a survey model, it can
be applied to 8th grade students in secondary school in terms of generalizability to the universe. In this
respect, it can be used for measurement and evaluation purposes.

e The learning outcomes in the 2018 secondary school science curriculum are metacognitive learning
outcomes. Therefore, with the "Seasons and Climate" achievement test developed, it was aimed at
measuring more metacognitive achievements. For this reason, the questions and the determined
outcomes were classified according to Bloom's Taxonomy, and mostly questions in the application,
analysis, synthesis, and evaluation steps were used in the test. In addition, multiple-choice questions,
which are easy to apply to large masses but not suitable for measuring metacognitive skills, have been
made suitable for measuring high-level skills in this way. In this way, researchers can develop
multiple-choice achievement tests for different subjects and achievement tests that measure
metacognitive achievements.

e While developing the achievement test for the "Seasons and Climate” unit, the achievements in the
MoNE science curriculum were taken as a basis. Since MoNE's science curriculum is updated from
time to time according to international developments, it is possible to say that the achievement test
developed is aimed at international readers. In this sense, the developed achievement test can be
translated into different languages and adapted.

e After the adaptation work is done, the academic achievements of the students in different countries for
"Seasons and Climate" can be determined and compared with those of the students in Turkey.
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