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Abstract

In this study, a valid and reliable multiple-choice achievement test has been developed in order to
measure the academic achievement of 8" grade students about the units of “States of Matter and Heat”
and “Electricity in Our Life”. The pilot study of the achievement test was carried out with 30 questions
which were prepared with at least one question from each gain related to unit gains. This study was
conducted with 287 students having learned these subjects from two different schools in the central
district of Siirt in 2017-2018 academic year. The validity and reliability studies of the achievement test
items were performed. For the validity of the test, a table of specifications was prepared, and the test
was examined by two faculty members and three science teachers. Item analysis and reliability
analyzes of the test were performed with TAP 14.7. As a result of the analyzes, 3 items with low item
discrimination index were excluded from the test. Mean discrimination index of the final test including
27 questions was found to be 0.520 and mean item difficulty index was 0.598. As a result of reliability
analysis; KRy value was calculated as 0,840 and Spearman-Brown value was 0,730. As a result of the
study, a valid and reliable multiple-choice achievement test was introduced to the science education to
measure the academic success of the students in the 8" grades about the units of “States of Matter and
Heat “and “Electricity in Our Life”.
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INTRODUCTION

Education is defined as ‘The process of bringing about the desired behavior change in one's
own behavior through his own experience’ (Ertiirk, 1975). It is important to know to what extent the
individual is successful in education, which is the process of emergence of changes in the individual,
and to what extent changes in behavior are (Erdogdu & Kurt, 2012). For this purpose, it is important to
determine whether the behavior change occurs in the student or not and whether the achievement of
the desired goals is achieved (Ertiirk,1975; Baykul, 2000; Gomleksiz & Erkan, 2016).

Assessment and evaluation has the characteristics such as the extent to which the teaching has
reached the objectives, the suitability of the subject to the student's abilities, guidance to the next
processes, providing the necessary feedback to support the teaching, feedback and informing about the
progress of the teaching process (Gomleksiz & Erkan, 2016; Kiiciik & Gegit, 2012; Birgin, 2010;
Gilimiis, 1977).

Teachers have an important role in measurement and evaluation, education and training
activities due to reasons such as how much of the achievements to be achieved in schools in line with
teaching purposes and the determination of measurement errors and deficiencies in the process (Kiigiik
& Gegit, 2012). Behaviors that require the most measurements in the education process are those
belonging to the cognitive field. Cognitive behaviors and learning are usually related to mental
abilities and activities. They consist of behaviors such as defining, interpreting, assimilating, applying
and generalizing information (Gomleksiz & Erkan, 2016).

The various questions used in assessment and measurement are one of the most important
tools to determine the extent to which the individual has achieved the goals and objectives. Since the
traditional approach to education has been replaced by the constructivist approach, the evaluation of
the process has come to the forefront. However, it is accepted that the exam and question types
brought by the traditional method can be used for a long time and will continue to be widely acclaimed
(Kiigiik & Gegit, 2012).

Measurement and evaluation are of great importance in all activities to be carried out for
education and training. Therefore, measurement tools should be sensitive and reliable according to the
quality to be measured (Gomleksiz & Erkan, 2016). In science education, teachers need to use valid
and reliable measurement and assessment tools to determine the degree to which an individual
achieves goals and achievements correctly (Gonen, Kocakaya & Kocakaya, 2011; Sarag, 2018).

Multiple choice tests are one of the most widely used measurement tools in measuring the
simple and complex concepts and providing the opportunity to cover all the gains (Sarag, 2018). They
are preferred measurement tools for detecting students' misconceptions, applicability in the class and
determining achievement levels on a particular subject (Kiiglikahmet, 2002; Kan, 2014). However,
multiple choice tests are limited in determining students' achievements or abilities in areas of critical
thinking skills and creativity (Kiiglikahmet, 2002). The possibility of marking the correct answer by
coincidence without actually knowing the answer is one of the disadvantages of multiple-choice tests
(Turgut & Baykul, 2015; Mintzes, Wandersee & Novak, 2001).

There are many studies on multiple choice achievement tests in science education. Some of
these studies; concepts in solutions (Calik & Ayas, 2003), force and motion (Akbulut & Cepni, 2013),
simple electrical circuits (Sen & Eryilmaz, 2011), change of matter (Sarag, 2018), heat and
temperature (Ayvaci, Hakan, Sevki & Durmus, 2016), solutions (Demir, Kizilay & Bektas, 2016),
example of cell division and inheritance (Kizilkapan & Bektas, 2018), structure and properties of
matter (Kizkapan & Bektas, 2018).

The aim of this study is to develop a valid and reliable achievement test covering the gains of
g grade science course ‘States of Matter and Heat’ and ‘Electricity in our Lives’ units. For this
purpose, a pilot study of 30 multiple-choice questions selected from various sources was carried out
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and 3 items were removed from the test and validity and reliability studies were conducted with 27
items. As a result of the analyzes and the table of specifications, the test was found to be valid and
reliable. The test developed in this context is thought to contribute to the related field. At the same
time, the achievement test developed by teachers can be used by teachers to measure and evaluate
student achievement, to identify missing learning and misconceptions.

METHOD

Survey model as a quantitative research model was used in the study and some steps were
followed in the study process. Related literature was reviewed within the scope of 8" grade science
course. As a result of the researches, the gains and objectives of the subject matters were determined.
Then, following steps are followed to determine the characteristics of the test: the types of items and
the writing of the items, item control, pilot study, the analysis of the pilot study results, and the final
version of the test was formed (GOomleksiz & Erkan, 2016; Kiigiik & Gegit, 2012). After these steps,
some analysis has been conducted to test the validity and reliability of the achievement test. The
reliability of the test was performed in order to measure the reliability of the test, whether it is free of
errors or not (Kiciikkahmet, 2002). After all, a 27-item achievement test was prepared including the
gains of the two units.

In the preparation of the items of the achievement test; the Ministry of National Education
(MNE) exam questions, MORPA KAMPUS subject survey tests, OKULISTIK and “West Academy
Science 8" grade test book” were used.

Sample of the Study

A total of 287 students from two secondary schools in the province of Siirt, which had already
learned the relevant subjects were participated to this study. These schools were selected from the
identified accessible population by the convenience sampling technique. The pilot study was
conducted in the spring semester of 2017-2018 academic year.

Data Collection Tools

Achievement test developed by one of the researchers of the study in order to measure the
achievement of students about the related subjects. The questions were prepared by taking into
consideration the relevant subjects and gains of the Ministry of National Education's (MNE)
curriculum in 2017-2018 academic year. The original test consisted of 30 questions. As a result of the
pilot study, 3 questions were removed, and the final version included 27 multiple choice questions
with four alternatives.

The content validity of the test was examined by the field experts. The test items were based
on the MNE curriculum and sources of the test items were presented in the Table 1. Each unites of
‘States of Matter and Heat” and ‘Electricity in Our Life” were instructed to the students by the teacher
for 4 weeks in 2017-2018 academic year. The highest score a student can get from this test was 27.

Table 1. Sources of questions

Question Number Quoted Sources Similar Earnings
1 West Academy Publications, 2016-2017 2

2 Morpa Kampiis, 2017-2018 1

3 MNE TEOG Exam, 2016-2017 4

4 MNE TEOG Exam, 2016-2017 3

5 (removed) Morpa Kampiis, 2017-2018 13

6 Okulistik, 2017-2018 Syf 58 7

7 (removed) Morpa Kampiis, 2017-2018 6

8 MNE TEOG Exam, 2016-2017 9

9 Morpa Kampiis, 2017-2018 8
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10 Morpa Kampiis, 2017-2018 12,30
11 West Academy Publications, 2016-2017, Pg.124 14, 15
12 Morpa Kampiis, 2017-2018 10, 30
13 West Academy Publications, 2016-2017, Pg.129 5

14 West Academy Publications, 2016-2017, Pg.124 11,15
15 MNE TEOG Make-up Exam, 2016-2017 11,14
16 West Academy Publications, 2016-2017, Pg.148 21, 22
17 West Academy Publications, 2016-2017, Pg.145 24

18 MNE TEOG Exam, 2016-2017 23

19 MNE TEOG Make-up Exam, 2016-2017 20

20 MNE TEOG Make-up Exam, 2016-2017 19

21 Morpa Kampiis, 2017-2018 16, 22
22 Morpa Kampiis, 2017-2018 16, 21
23 West Academy Publications, 2016-2017, Pg.141 18

24 West Academy Publications, 2016-2017, Pg.145 17

25 Morpa Kampiis, 2017-2018 26, 29
26 (removed) Morpa Kampiis, 2017-2018 25, 29
27 West Academy Publications, 2016-2017, Pg.143 28

28 West Academy Publications, 2016-2017, Pg.143 27

29 Okulistik, 2017-2018 25, 26
30 Okulistik, 2017-2018 10,12

The characteristics measured in achievement tests used in education are generally learning
products. Behaviors are the products that result from learnings in schools. Behaviors are also classified
among themselves. The most commonly used classifications are those of Bloom and his collaborators
(Gomleksiz & Erkan, 2016). The identified behaviors must be associated with the gains to be
measured with the objectives. To ensure this, the specification table is created (Demir, Kizilay &
Bektas, 2016). Bloom's taxonomy consists of six cognitive domains consisted of six major categories:
knowledge, comprehension, application, analysis, synthesis, and evaluation. The first three of these
categories are basic skills, others are considered as high-level thinking skills (Birgin, 2016).

Analysis of Data

TAP (Test Analysis Program) was used for the validity and reliability study of the developed
achievement test. Students' answers to the test questions were coded as “A, B, C, D”, and blank
answers were deemed as incorrect. Scoring of each correct answer is 1 point. Therefore, the lowest
score that can be obtained from the achievement test is “0” and the highest score is “27. Validity is the
correspondence between the actual result of the value and purpose the test wants to measure
(Gomleksiz & Erkan, 2016). The validity study is whether the measuring instrument is suitable for the
intended purpose and whether or not other factors other than those intended are involved in the
application (Turgut, 1995; Gomleksiz & Erkan, 2016). For the content validity of the test, first of all a
table of specifications was prepared showing the compatibility of the questions with the gains of 2017-
2018 MEB Science curriculum. At least two questions were prepared for each gain and three questions
have been prepared for some gains. The gains were examined according to the cognitive steps of
Bloom's taxonomy. For the validity study, analyzes were performed with TAP, and the discrimination
and item difficulty indexes of the items were calculated. The reliability analyzes of the test were found
by calculating the KR20 coefficient in the TAP.

FINDINGS AND DISCUSSION

In this section, validity and reliability studies related to achievement test are presented. The
content validity of a test must be sufficient to measure all the gains of the targeted subject (Gomleksiz
& Erkan, 2016). One of the methods that can be used to ensure content validity is to prepare a table of
specifications (Biiylikoztiirk et al., 2012). In Table 2, the items in which the test occurs respectively in
each column, the suitability of these items with the gain and the cognitive step according to revised
Bloom's taxonomy were given by the cross.
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Table 2. Classification according to Revised Bloom’s Taxonomy

Question Gain Cognitive Areas
2| 2
2 5le|2l8
E|B|S|S|E| 2
o s | 2| 2| 3| =
S/ 2|88 |58
o o | < < 1] (@)
1 8.6.1-Define specific heat. He concludes that different substances may X
have different specific heats as a result of the experiments.
2 8.6.1-Define specific heat. He concludes that different substances may X
have different specific heats as a result of the experiments.
3 8.6.2.1-Understands the relationship between heat & specific heat, mass X
& temperature.
4 8.6.2.1-Understands the relationship between heat & specific heat, mass X
& temperature.
5(removed) | 8.6.3.1-He concludes that there is heat exchange during the change of X
state.
6 8.6.3.4-Associates heat exchanges with change of state in daily life. X
7(removed) | 8.6.3.4-Associates heat exchanges with change of state in daily life. X
8 8.6.3.3-Draws and interprets the change of state graph of the matters. X
9 8.6.3.3-Draws and interprets the change of state graph of the matters. X
10 8.6.3.2-Calculates and interprets the heat exchange during change of X
state of substances.
11 8.6.2.1-Solves the problem of heat exchange. X
12 8.6.3.2-Calculates and interprets the heat exchange during change of X
state of substances.
13 8.6.3.1-He concludes that there is heat exchange during the change of X
state.
14 8.6.2.1-Solves the problem of heat exchange. X
15 8.6.2.1-Solves the problem of heat exchange. X
16 8.7.1.1-1llustrate and explain electrification by observing the X
applications in technology and some natural phenomena.
17 8.7.2.2-Knows the intended purpose of the electroscope and shows the X
working principle.
18 8.7.2.1-Classify the objects in terms of their electrical charges. X
19 8.7.1.3-Makes experiments related to the types of electrification and X
observes the results.
20 8.7.1.3-Makes experiments related to the types of electrification and X
observes the results.
21 8.7.1.1-1llustrate and explain electrification by observing the X
applications in technology and some natural phenomena.
22 8.7.1.1-1llustrate and explain electrification by observing the X
applications in technology and some natural phenomena.
23 8.7.2.1-Classify the objects in terms of their electrical charges. X
24 8.7.2.2-Knows the intended purpose of the electroscope and shows the X
working principle.
25 8.7.2.3-Discover what grounding is and apply it to everyday life and X
technologies.
26(removed | 8.7.2.3-Discover what grounding is and discuss its importance in terms X
) of safety of life and property by considering its applications in daily life
and technology.
27 8.7.1.2-By classifying electrical charges, they discover the effects of the X
same and different types of electrical charges on each other.
28 8.7.1.2-By classifying electrical charges, they discover the effects of the X
same and different types of electrical charges on each other.
29 8.7.2.3-Discover what grounding is and discuss its importance in terms X
of safety of life and property by considering its applications in daily life
and technology.
30 8.6.3.2-Calculates and interprets the heat exchange during change of X
state of substances.
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Each item of the achievement test was examined by two faculty members and three science
teachers who are experts in their field in terms of content validity. Based on the results of the analysis,
the 5™, 7" and 26™ questions with low discrimination index were excluded from the test. The statistical
information of the results of the analysis after the questions extracted was presented in Table 3.

Table 3. Achievement test statistical data

Achievement Test

Number of questions 27
Number of people participated 287
Mean 16.153
Standard deviation 5.641
Skewness -0.143
Kurtosis -1.109
Mean item difficulty 0.598
Mean discrimination index 0.520
KR20 0.840
KR21 0.827
Spearman-Brown 0.730
Split-half (1st/ 2nd) reliability 0.575
Mean biserial correlation 0.571

Table 4. Achievement test item analysis

Item Number Item difficulty  Item discrimination ~ Upper group Subgroup Point Biserial ~ Adj.
number of people index index correct answer  correct answer  correlation Ptbis
1 215 0.75 0.32 76 48 0.33 0.26
2 129 0.45 0.33 54 26 0.29 0.20
3 227 0.79 0.51 80 37 0.50 0.45
4 224 0.78 0.41 81 46 0.40 0.34
5 186 0.65 0.40 64 30 0.34 0.26
6 189 0.66 0.50 75 33 0.45 0.38
7 128 0.45 0.65 67 13 0.49 0.42
8 209 0.73 0.48 77 36 0.48 0.42
9 162 0.56 0.70 72 14 0.57 0.51
10 197 0.69 0.37 67 35 0.34 0.27
11 146 0.51 0.41 62 27 0.35 0.27
12 103 0.36 0.36 49 19 0.29 0.21
13 183 0.64 0.33 62 34 0.29 0.21
14 199 0.69 0.56 80 33 0.44 0.37
15 183 0.64 0.81 81 14 0.67 0.62
16 212 0.74 0.65 80 26 0.57 0.51
17 144 0.50 0.65 71 17 0.51 0.44
18 165 0.57 0.65 69 15 0.45 0.38
19 155 0.54 0.75 79 17 0.57 0.51
20 188 0.66 0.71 80 21 0.61 0.55
21 188 0.66 0.62 79 27 0.56 0.50
22 112 0.39 0.49 56 15 0.39 0.32
23 188 0.66 0.58 77 28 0.48 0.41
24 186 0.65 0.54 68 23 0.43 0.36
25 177 0.62 0.45 71 33 0.38 0.30
26 116 0.40 0.46 54 16 0.40 0.33
27 125 0.44 0.36 51 21 0.29 0.20

Item analysis can be performed by following the main steps. First of all, the test was
conducted with a group of students by providing sufficient time. After the implementation, the test
items of each student were checked, and their total scores were calculated. When the students' scores
were ranked from highest to lowest in the calculation process, the first 27% of the test was named as
the upper group and the lowest 27% was called the subgroup. The group between these two groups
was not included in the item analysis. Item difficulty index and item discrimination index power were
calculated for each item of the test (Gonen, Kocakaya and Kocakaya, 2011). Table 4 provides detailed
item analysis of all items.
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Item difficulty index values are generally between 0.00 and 1.00. If this value is between 1.00
and 0.70, it means the item is very easy, between 0.69 and 0.50 the item is easy, between 0.49 and
0.30 the item is of medium difficulty, and 0.29 and below indicates that the problem is difficult
(Kiiciik & Gegit, 2012). Thus, it can be understood that the number of people answering difficult
questions correctly is low and the number of people answering easy questions correctly is high
(Gomleksiz & Erkan, 2016; Tekin, 1977). Since the item difficulty index is important for the
reliability of the test, the test items need to be of medium difficulty to ensure the high reliability of the
test (Gelbal 2004; Cepni et al., 2008, Gomleksiz & Erkan, 2016). When Table 4 was examined, it was
seen that most difficulty indices of the items in the test were close to 0.50. Moreover, the mean item
difficulty index of all items in the test was found to be 0.598. The fact that the difficulty index of the
items was close to 0.50 increased the reliability of the test.

The discriminative power index of item is the degree of sort out of the person who knows
from the person who does not or the degree of sort out of successful students from unsuccessful ones.
As the discriminative power of the item increases, so does its reliability. Therefore, the test items
should have high discriminative power index. Item discrimination power can take any value between
0.00 and 1.00. When the discriminating power approaches to zero, it means that the degree of sorting
out of successful students from unsuccessful ones is low. When it approaches to 1 indicates that the
degree of separation is high. If the discriminative index of the item is negative, it means unsuccessful
students or students with low scores on the test answered that test item more correctly than students
with high scores. These items must be removed from the test (Gomleksiz & Erkan, 2016; Kiigiik &
Gegit, 2012; Atilgan, 2006; Tekindal 2009). According to Tekin (2003), an item discrimination index
of 0.40 or more indicated it is a very good item, between 0.39 and 0.30 means a guide a good item and
between 0.29 and 0.20 needs to be improved and corrected, 0.19 and smaller is very weak and needs to
be removed from the test. In the current study, the 5", 7" and 26™ questions having 0.26, 0.23, 0.07
item discrimination indexes respectively were excluded from the test since they had a negative effect
on reliability (See Table 4). After the removal of these 3 test items, the analyzes were repeated and it
was found that the item discrimination power index of all items was greater than 0.30. The fact that the
mean item discrimination index of the 27 items was found as 0.520 which has a positive effect on the
reliability of the test. Therefore, it can be said that all the items in the final state of the test were
functional. In addition, item-total correlation shows the relationship between the total score of all test
participants and the score of a single question. The positive and high value of the item-total correlation
increases the internal consistency of the test (Biiyiikdztiirk, 2010). The item correlation coefficient
should be positive and take a value of 0.20. If this value is negative or low, it indicates that the
item/question measures a different property than the other items/questions. (Sener & Tas, 2017).
When the Biserial correlation coefficient of all items in the test was considered, it was seen that it is
greater than 0.20. The mean biserial correlation coefficient of the test was 0.571. The high correlation
between the items indicates that the items are homogeneously distributed in the achievement test
(Tavsancil, 2006).

Another feature that should be in the achievement tests is reliability. For this purpose, internal
consistency coefficient and Spearman-Brown correlation coefficient were calculated with the help of
TAP 14 program. The internal consistency coefficient, which provides information about the
compatibility between the substances after the test, is generally appropriate to calculate for one-
dimensional tests (Ebel 1972). If the test is consistent in itself, it becomes possible for the test to
produce reliable results (Gomleksiz ve Erkan, 2016). KR20 and KR21 can be used in tests with item
analysis. KR20 is used to determine the internal consistency of the test results. KR21 can be used if
the test items have similar difficulties in item analysis (Biiyiikoztiirk, 2004). The reliability coefficient
can be between 0.00 and 1.00. This value cannot have a negative value. Tests with a reliability
coefficient of 0.70 and above are considered reliable (Fraenkel & Wallen, 2009). As a result of the
analyzes, the KR20 value of the 30-question test was 0.831, and the value of KR20 increased to 0.840
after the exclusion of 3 items. The reliability of the test was calculated by Sperman-Brown test by two
equivalent halving methods and this value was found as 0.730. Based on the K20 value and Sperman-
Brown test results, it can be said that this achievement test is reliable.
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CONCLUSION

Multiple choice tests are one of the most common tools used for measurement and evaluation
in educational systems. Although they have limitations in measuring creativity, they are generally used
to measure achievement (Kiigiikahmet, 2002; Demir, Kizilay & Bektas, 2016).

Many achievement tests have been developed in the field of science. However, most of these
tests include the gains of a single unit or subject. However, especially in educational institutions, the
achievements of a single unit are not always measured and, in some cases, exams involving two and
more units need to be prepared. The fact that the developed test includes all the gains of the two units
will also contribute to the field.

The validity studies of the prepared test were conducted, the table of specifications of the test
was prepared and the questions were prepared with the help of expert opinions. In this context, the test
was found to be appropriate to the level of the students and the purpose of the test and the
achievements of the subjects. As a result of item analysis, 3 questions were excluded from the test and
achievement tests’ item discrimination index was found to be 0.520 and item difficulty power index
was found to be 0.598. The fact that the item discrimination index was greater than 0.40, and the item
difficulty index was of medium difficulty had a positive effect on ensuring the validity and reliability
of the test (Tekin, 2003; Gelbal, 2004).

As a result of the reliability analyzes of the test, KRy, value of the test was found to be 0,840
and Sperman-Brown value was found to be 0,730. These values demonstrated that this developed
achievement test is reliable.

Students' achievement and missing learnings about the related subjects can be determined with
the help of the developed achievement test. Achievement test can be used to measure the achievement
level of the related science course and the other studies to be conducted in the field of science.

Suggestions

Based on the findings of the current study, the following suggestions can be made:

e Since the achievement test developed is a multiple-choice test, it may be inadequate in
some comprehensive studies. Using different measurement and evaluation techniques
in such studies would increase the validity and reliability of the test.

e The achievement test was based on the 2017-2018 curriculum. Therefore, it may not
meet the other years of curricula. In this case, the use of additional measurement tests
would increase the validity and reliability of the tests.

e This achievement test can be used to determine students' pre-learning and
achievement of objectives of the students on the related subject.

e This test may be incomplete in measuring high-level cognitive domains. The scope of
the study can be expanded by carrying out studies on this subject.
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