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The purpose of this study was to create a concept test with established
reliability and validity to show seventh-grade students’ conceptual
comprehension of the science course’s “Pure Matter and Mixtures” unit.
The survey model, which is one of the quantitative research
methodologies, was used to perform the research. The research group
comprises 7th (n=272) and 8th (n=282) grade pupils studying in Ankara
province’s Cankaya and Yenimahalle districts throughout the autumn and
spring semesters of the 2021-2022 academic year. The first stage of the
test questions was multiple-choice with four possibilities, and the second
stage was open-ended with the rationale for the question written. Expert
comments were sought to guarantee the test’s face and content validity.
The hypothesis testing approach was employed to assess construct
validity, and the test was found to be construct-valid. As a consequence
of the analysis performed before the pilot deployment for the 35-question
exam, 9 questions were deleted from the test, yielding a 26-question test.
The discrimination of question 21 was discovered to be 0,27 as a result of
the test’s actual implementation. The decision was made to delete this
question from the tests, and the test was completed with 25 questions.
The actual implementation resulted in a KR-20 reliability coefficient of
0,83, a mean item difficulty of 0,56, and a mean item discrimination of
0,49. In light of the results of the present research, a high discrimination,
medium difficulty, and reliable concept exam consisting of 25 questions
was developed to measure conceptual understanding as well as
misconceptions.

Introduction

Concepts are the building blocks of knowledge that prevent confusion by creating a
common language in communication (Novak & Canas, 2006). Scientific knowledge is formed
as a result of relationships between concepts (Blosser, 1987; Cayci, 2007). Since concepts are
related to each other, it is extremely important that they are learned correctly throughout
education and training and that their structuring is realized in a meaningful way (Ausubel,
1968). Science education aims to help students transfer concepts to their daily lives by
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enabling them to construct relationships with schemes in their minds without memorizing
them (Yiirik & Cakir, 2000). In order to realize science education in a good way, concepts
must be learned correctly and meaningfully throughout primary and secondary education
(Ayas, Kose & Tas, 2002).

Since chemistry is one of the main branches of science, science courses include basic
chemistry concepts. Chemistry topics usually contain concepts that students cannot observe
directly. For this reason, it is more difficult and complex for students to construct concepts in
chemistry subjects than in other science concepts (Johnstone, 1991). In chemistry subjects,
students need to visualize the concepts in their minds with high-level mental processes, so
misconceptions are frequently encountered (Griffiths, 1994; Taber, 2000). Misconceptions
can be defined as statements that are different from scientifically accepted knowledge and that
individuals accept as true and that also prevent the learning of scientifically accepted
knowledge (Chi & Roscoe, 2002; Yagbasan & Giil¢igek, 2003).

Failure to learn concepts correctly may cause students to experience problems in
understanding and comprehension in their academic, daily and professional lives (Schulte,
2001). Identification of misconceptions is important in preventing these problems. For this
reason, misconceptions about abstract and complex concepts in the basic subjects of
chemistry should be identified before trying to correct them (Kabapinar, 2001). Although
many techniques are used to identify misconceptions, tools such as interviews, open-ended
questions, concept diagnostic tests, concept maps, and concept cartoons are mostly used in
science subjects (Avel Sesen, 2019). Multiple-choice tests are frequently used to identify
misconceptions and determine the level of concept understanding (Treagust, 1988). They are
especially preferred by researchers because they can be applied to large samples and their
results can be easily analyzed (Eryilmaz & Siirmeli, 2002). However, the disadvantage of
multiple-choice tests is that the reasons for students’ answers cannot be understood (Odom &
Barrow, 1995). For this reason, Two-stage tests have been established, the first of which
comprises multiple-choice questions and the second of which reveals the explanation for the
chosen alternative (Mann & Treagust, 1988; Voska & Heikkinen, 2000). Since two-stage tests
consist of multiple-choice questions, scoring is easy. They also enable the identification of
alternative conceptions of a large number of students (Tsai & Chou, 2002). The second part of
the test can be constructed as multiple-choice or multiple-choice with one open-ended option
by employing the student misconceptions found from the literature research or interviews. At
the same time, the entire second stage can also be prepared as open-ended. Thus, students’
reasoning skills can be improved and alternative concepts that have not been identified before
can be identified (Mann & Treagust, 1988; Voska & Heikkinen, 2000).

For the development of concept tests, Treagust (1988) presented an approach that included
three main stages: content decision, gathering information about students’ alternative
conceptions, and constructing the test. The stages of this method,;

e Content Decision

(1) ldentification of relevant knowledge propositions
(2) Creating a concept map for the topic matter

(3) Connecting knowledge assertions to concept maps
(4) Confirming the validity of the content

e Gathering information about students’ alternative conceptions
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(5) Review of relevant literature
e Construction of Conceptual Understanding Test

(6) Development of a concept test
(7) Creating the specification table
(8) Implementation of the test

Considering some fundamental concepts of the chemistry such as, Atom and molecule
(Griffiths & Preston, 1992; Harrison & Treagust, 1996; Lee, Eichinger, Anderson,
Berkheimer, & Blakeslee, 1993; Unal & Zollman, 1999) elements, compounds and mixtures
(Ayas & Demirbas, 1997; Ben-Zvi , Eylon, & Silberstein, 1988; Briggs & Holding, 1986;
Franco-Mariscal, Oliva-Martinez & Gil, 2016; Gokulu, 2017; Laverty & McGarwey, 1991;
Papageorgiou & Sakka, 2000; Sanger, 2000; Stains & Talanquer, 2007; Taber, 2000)
“Structure and Properties of Matter” unit (Avci, Sesen, & Kirbaslar, 2018; Say & Ozmen,
2018; Uzun, 2010), pure substance and mixtures (Vogelezang, 1987) and solution (Calik,
2006; Calik & Ayas, 2005) many misconceptions have been identified. When a deeper
investigation was carried out, many studies separately identify misconceptions in the concepts
of the atom, atomic models, molecule, element, compound, solution, heterogeneous mixture,
homogeneous mixture, separation of mixtures, and factors affecting dissolution rate.
However, to the best of our knowledge, this is the first study that covers all of the
aforementioned issues and detects misconceptions about them.

The name and subject content of the ‘Structure and Properties of Matter’ unit in the MoNE
(2013) Science Curriculum was changed and renamed as ‘Pure Matter and Mixtures’ in the
MoNE (2018) Science Curriculum. When national studies are examined, two-stage concept
tests (Avci et. al., 2018; Say & Ozmen, 2018; Uzun, 2010) are found to determine
misconceptions about the unit “Structure and Properties of Matter”. However, no concept test
suitable for the subject scope of the ‘Pure Matter and Mixtures’ unit in the MoNE (2018)
Science Curriculum was found. Based on these reasons, it is thought that developing a reliable
and valid concept test to identify misconceptions in the Pure Matter and Mixtures unit
(particulate structure of matter, pure substances, mixtures, and separation of mixtures) will
contribute to the literature.

This study aims to develop a concept test including the concepts in the topics of the
particulate structure of matter, pure matter, mixtures, and separation of mixtures.

Method

The current research involves a test development to build up a valid and reliable Pure
Matter and Mixtures Concept Test (PMMCT). The survey model, which is one of the
guantitative research methodologies, was used to perform the study. In a world with many
elements, survey models are arrangements created on the entire universe or a section of it to
make a comprehensive judgment about the universe (Karasar, 2009). The opinions of samples
on a subject or event, or the qualities of interest, abilities, attitudes, and so on, are determined
in survey research. These are larger-sample studies when compared to others (Biiyiikoztiirk,
Cakmak, Akgiin, Karadeniz & Demirel, 2018). The survey research technique was used in
this study because a significant number of samples were required to build a concept test for
the Pure Matter and Mixtures unit.
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Research Sample

The study was piloted with 282 eighth-grade students during the fall semester of the
2021-2022 academic year, and it was fully implemented with 272 seventh-grade students
during the spring semester of the 2021-2022 academic year. The trial implementation was
carried out with eighth-grade students since seventh-graders had not yet studied the topic at
the time of the deployment.

Data Collection Tool

The Pure Matter and Mixtures Concept Test (PMMCT) developed by the researcher,
consisting of 4 options and 25 questions, was used within this study. The test was created by
combining the knowledge gained in the Pure Matter and Mixtures unit with some common
misconceptions found within literature.

Data Collection Tool Development Process

PMMCT was designed to identify students’ conceptual understandings and
misconceptions about the Pure Matter and Mixtures unit. While developing the test, the main
stages of content decision, gathering information about students’ alternative conceptions, and
constructing the test were followed as suggested by Treagust (1988). First of all, in the
content determination phase, knowledge propositions were written by taking into account the
attainments of the seventh-grade Pure Matter and Mixtures unit in the Science Curriculum
(MoNE, 2018). A concept map was created to determine the suitability of the knowledge
propositions to the subject scope. In order to ensure the validity of the propositions and the
concept map, the opinions of one-up experts in chemistry and science education, a science
teacher, and two students were consulted. In line with these opinions, necessary corrections
were made where the concept map was found deficient. Afterward, national and international
studies examining misconceptions within the scope of Pure Matter and Mixtures were
examined (Arikil & Kalm, 2010; Akman & Ozdilek, 2018; Bektas, 2003; Ben-Zvi et al.,
1988; Blanco & Prieto, 1997; Cokelez & Dumon, 2005; Cakmak, 2009; Cakir, 2005; Calik &
Ayas, 2005; Cokelez & Yalgin, 2012; Demirbas, Altinisik, Tanriverdi & Sahintiirk, 2011;
Doénmez, 2011; Ergiin, 2013; Erglin & Sarikaya, 2014; Gecgel & Sekerci, 2018; Griffiths &
Preston, 1992; Gokulu, 2017; Giindiiz, 2001; Gilivener, 2019; Harrison & Treagust, 1996;
Karacop & Doymus, 2013; Karaer, 2007; Kartal, 2017; Kingir, Geban & Gunel, 2013; Kilig,
2017; Meseci, Tekin & Karamustafaoglu, 2013; Nakiboglu, Karako¢ & Benlikaya 2002;
Ormanci & Balim, 2014; Othman, Treagust & Chandrasegaran, 2008; Ozgiir & Bostan, 2007;
Say & Ozmen, 2018; Saydam, 2013; Seker, 2006; Tezcan & Salmaz, 2005; Unal & Zollman,
1999; Uzuntiryaki & Geban, 2005; Yalc¢in, 2011) and a pool was created with misconceptions
appropriate to the scope of the subject. Four-choice multiple-choice questions were prepared
with the misconceptions selected concerning the attainment of the Science Curriculum. A
specification table was prepared to see which attainment the questions belonged to and the
misconceptions included in the questions. One chemistry education expert and four science
education experts were engaged to determine the relevance of the test’s questions and
misconceptions to the attainment and student level. Information on the corrections made in
line with the opinions is presented in the findings section. The test consisting of 44 questions
was reduced to 35 questions as a result of expert opinions and made ready for pilot
implementation. As a result of the item analysis at the end of the pilot implementation, 9
questions that were determined to be non-discriminative were removed from the test. The
actual implementation was carried out with 26 questions. As a result of the analysis made at
the end of the actual implementation, it was decided to remove one question from the test.

d(""iw’
4 \
Participatory Educational Research (PER) @
Q

Lo
-17-



The Development of a Concept Test for “Pure Matter and Mixtures” Unit B.D.Civangoniil, A.Sert Cibik

Thus, the test was finalized with 25 questions. In the findings section, the item analyses of the
pilot and the actual implementation of the test are given in detail. At least one of the
distractors of the prepared questions contains misconceptions in the literature. Furthermore, a
huge blank was given at the bottom of each question to write the explanation for the response
to detect any misconceptions that students may have.

Analysis of the Data

Raw data of the multiple-choice section was input into the MS Excel Program. The
reliability coefficient (KR-20), average discrimination (rjx) and average difficulty (Pj) indices
for the entire test, as well as the discrimination (rjx) and difficulty (Pj) indices for each
question, were calculated using the TAP program.

In the calculation of the item discrimination index in the TAP program, the scores of the
upper group of 27% with high scores and the lower group of 27% with low scores are used. It
is calculated by subtracting the ratio of those who answered the question correctly in the
upper group from the ratio of those who answered the question correctly in the lower group.
Item difficulty is calculated as the ratio of the number of correct answers to the number of test
takers (Lewis, 2002).

Findings
Findings Related to Validity

Content Validity

Content validity is the indicator of whether the prepared items adequately measure the
trait being measured. One method of ensuring content validity is to seek expert guidance.
(Biiyiikoztiirk et al., 2018). To assure content validity in this study, a specification table was
created. The table of specifications for the final version of the test is given in Appendix 1.

To get the opinions of the experts, an expert form including questions, attainment, and
misconceptions was prepared and sent to the experts. One chemistry education expert and
four science education experts were consulted on the suitability of the questions to the
students’ levels, the appropriateness of the questions to the attainments, and the
appropriateness of the misconceptions to the attainment and questions. Necessary corrections
were made in line with the feedback from the experts.

These corrections are as follows:

e Some incorrect expressions in question stems and choices were corrected.

e Corrections were made in the coloring of the visuals for better understanding of some
questions with visuals.

e Seven questions were removed from the test in line with the opinions that they would
not be suitable for students’ levels.

e Six questions were deleted from the test after it was determined that they did not
match the requirements.

As a result of these corrections, 13 questions were removed from the 44-question test. After
13 questions were removed from the test, two attainments left no questions. For this reason, a
total of 4 new questions were written for the two attainments, one science education specialist

=
£ ;
‘@E Participatory Educational Research (PER)
et

o i
-18-



Participatory Educational Research (PER), 10 (6);14-40, 1 November 2023

and one chemistry education expert were consulted. After the experts found the 4 new
questions appropriate for the student level and attainments, these questions were added to the
test and the test was made up of 35 questions. In this context, it was decided to include at least
one question corresponding to each attainment in the test and not to lose attainment.

Face Validity

Face validity means that the measurement tool appears to measure the feature it aims
to measure (Karaca, 2021). The test’s face validity was attempted to be assured by soliciting
the opinions of two science education specialists, two science teachers, and ten students.
Teachers and experts reported that the test’s instructions and questions had the appearance of
a concept test, while students reported that the test had the impression of a concept test. Based
on these opinions, it can be said that the general appearance of the test and the questions are
suitable for a concept test.

Construct Validity

Construct validity refers to the amount to which the questions used to assess
performance, ability, attitude, and so on measure the feature to be assessed. Construct validity
can be investigated utilizing techniques such as “hypothesis testing”, “internal consistency
analysis”, “factor analysis” and “cluster analysis”. The hypothesis testing approach may be
used to examine the significance of test score differences across groups with known
characteristics (Biiyiikoztiirk, 2020). The studies that provide construct validity using this
method are found in the literature (Karsh & Ayas, 2013; Samaie & Khosravian, 2014; Sahin,
Yildirim, Sirmeli & Giiven, 2018; Yumusak, Maras & Sahin, 2016). The PMMCT’s
construct validity was tested on 65 seventh-grade students who were taught the Pure Matter
and Mixtures unit and 65 seventh-grade students who were not. Table 1 displays the statistical

data for the groupings.

Table 1. Statistical Results of Pure Matter and Mixtures Unit for the Instructed and Non-
Instructed Groups

Statistics Instructed Non-Instructed
N 65 65

Mean 15,56 2,07

Standard deviation 4,69 2,27

Skewness -,141 ,866

Kurtosis -,583 -,326
Minimum 5 0

Maximum 24 8

If one has skewness coefficient and kurtosis coefficients equal to zero, the distribution is
normally distributed, but this situation is not often encountered. When the skewness and
kurtosis coefficients are between =1, it means that the distribution does not deviate
excessively from normal, that is, the data have a normal distribution (Biiyiikoztiirk, Cokluk &
Koklii, 2020). Table 1 shows that the skewness and kurtosis values are between +1. Thus, it
can be said that the data of both groups have a normal distribution. The independent groups t-
test was performed to compare the data based on the normal distribution of the data. Table 2
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shows the statistical findings of the independent group’s t-test.

Table 2. Results of Independent Samples t-Test Results from the Scores of Pure Matter and
Mixtures Unit Instructed and Non-Instructed Groups

Group N X Ss Sd t p
Instructed 65 15,56 4,69 92,48 -20,87 ,000
Non-Instructed 65 2,07 2,27

It is expected that a significant difference will exist between the data obtained from the group
that was instructed by the Pure Matter and Mixtures unit and the data obtained from the group
that was not, and the fact that these variations which favor instructed group can be used to
demonstrate the construct validity of the test. As suggested by Table 2, a substantial variation
between the groups (t«e2,4=-20,87, p<0,05) are observed. When the averages are examined,
the mean score of the instructed group (x=15,56) is found to be greater than the mean score of
the non-instructed group (x=2,07). This demonstrates that the substantial difference is in favor
of the trained group, indicating construct validity.

Findings on Reliability and Item Analyses

The TAP program was used to evaluate the reliability coefficient, item discrimination,
and item difficulty indices of the test. Table 3 presents the item discrimination (rjx) and item
difficulty (Pj) index values for the pilot test conducted with 282 students.

Table 3. Item Difficulty and Discrimination Index for the Pilot Implementation

Question Difficulty index Discrimination index Question Difficulty Discrimination
number ) (Tj%) number index index
(P (i)
1 0,36 0,44 19 0,33 0,17*
2 0,26 0,18% 20 0,67 0,46
3 0,64 0,50 21 0,64 0,44
4 0,74 0,22 22 0,35 0,46
5 0,28 0,26 23 0,22 0,20
6 0,78 0,25 24 0,28 0,31
7 0,20 0,15* 25 0,62 0,46
8 0,42 0,45 26 0,54 0,47
9 0,54 0,32 27 0,44 0,28
10 0,57 0,27 28 0,27 0,18*
11 0,74 0,37 29 0,31 0,27
12 0,23 0,10* 30 0,51 0,41
13 0,25 0,20 31 0,35 0,35
14 0,20 0,11%* 32 0,60 0,32
15 0,26 0,16* 33 0,23 -0,03*
16 0,16 0,07* 34 0,44 0,36
17 0,31 0,30 35 0,40 0,41
18 0,37 0,31

Values below *0,19

When the questions are evaluated according to their discrimination indices, it is stated that
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0,40 and above is high discrimination, 0,30-0,39 is medium discrimination, 0,20-0,29 is
insufficient discrimination, and therefore the question should be corrected to 0,19, and below
is no discrimination and therefore the question should be removed from the test (Ebel, 1965).
Item discrimination index can take values between -1 and +1. If the value is negative, this
indicates that the question inversely discriminates individuals in terms of the measured
characteristic, in other words, it means that individuals in the lower group answer the question
more correctly than those in the upper group. This is an undesirable situation, so such
questions should be removed from the test (Crocker & Algina, 2006). Based on this data, 9
questions with the numbers 2,7,12,14,15,16,19,28, and 33 with a discrimination index of less
than 0,19 were deleted from the exam. The 8 questions numbered 4,5,6,10,13,23,27, and 29,
with discrimination ranging from 0,20 to 0,29, were revised based on the comments of a
science education specialist and four science teachers. Corrections were made in some places
in the stem of the questions. After these corrections, three science teachers and twenty-five
students were consulted to evaluate the changes made and the comprehensibility of the
questions. Most of the teachers and students stated that the corrected statements were more
understandable. Thus, the test was made ready for the actual implementation. The depiction of
the statistics of the pilot implementation is presented in Table 4.

Table 4. Pilot Implementation Statistical Values

Statistics Before the item was After the item is deleted
deleted
Concept test number of questions 35 26
Number of students implemented 282 282
KR-20 0,68 0,71
KR-21 0,63 0,67
Mean item difficulty 0,41 0,47
Mean item discrimination 0,29 0,37
Standard deviation 4,66 4,27
Avrithmetic mean 14,49 12,37
Median 14 12
Skewness 0,383 0,337
Kurtosis 0,340 -0,248

According to Table 4 are, the average item difficulty and average discrimination of the test
increased after 9 questions were removed from the test. Thus, one can conclude that the test’s
strength to discriminate between the lower and upper groups are increased. The ideal normal
distribution has zero skewness when the mean and median are equal to each other. In this
case, the closer the difference is, the more normal the distribution is obtained (Can, 2018). As
Table 4 suggests, the arithmetic mean of the test consisting of 26 questions is 12,37 and the
median is 12. Although the values are not equal, they are quite close to each other and
therefore it can be said that the values have a normal distribution. Since the skewness 0,337
and kurtosis -0,248 values are inside the interval [-1,1], the scores are distributed normally
(Biiytikoztirk et al., 2020).

With 9 questions removed and 8 questions corrected, the test consisted of 26 questions. The
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actual implementation of the 26-question test was carried out with 272 seventh-grade
students. The actual implementation was carried out to determine the conceptual
understanding and misconceptions of the seventh-grade students and also to observe whether
the discriminations of the corrected questions were within the desired value range. According
to the study of the data from the actual implementation, the discrimination of question 21 was
0,27. It was decided to remove the 21st question from the test since removing it would not
cause a loss of gain and there was no possibility of correcting the question and conducting
another implementation. The test consists of 25 questions in its final form. The final form of
the test with 25 questions is given in Appendix 2. Table 5 depicts the item difficulty and
discrimination indices of each question after the removal of the 21st question from the test.

Table 5. Item Difficulty and Discrimination Indices for the Actual Implementation

Question Difficulty Discrimination index (rix)  Question Difficulty index Discrimination
number Index number (Py) Index
(P) (rix)
1 0,40 0,63 14 0,67 0,48
2 0,72 0,44 15 0,54 0,63
3 0,81 0,38 16 0,61 0,53
4 0,37 0,45 17 0,33 0,46
5 0,86 0,38 18 0,67 0,45
6 0,60 0,70 19 0,56 0,65
7 0,61 0,34 20 0,42 0,38
8 0,62 0,43 22 0,60 0,54
9 0,82 0,44 23 0,38 0,50
10 0,42 0,36 24 0,58 0,51
11 0,33 0,38 25 0,39 0,57
12 0,56 0,62 26 0,32 0,45
13 0,82 0,46

When the data in Table 5 is examined, it is discovered that the test difficulty values ranged
between 0,32 and 0,86, while the item discrimination values ranged between 0,34 and 0,70.
Table 6 shows the statistical values for the actual test implementation.
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Table 6. Actual Implementation Statistical Values

Concept test number of questions 25
Number of students implemented 272
KR-20 0,83
KR-21 0,80
Mean item difficulty 0,56
Mean item discrimination 0,49
Standard deviation 5,15
Arithmetic mean 13,99
Median 14
Skewness 0,110
Kurtosis -0,630

Based on the numbers in Table 6, the discrimination of the test is 0,49 and the average
difficulty is 0,56. Based on these numbers, the exam may be classified as of medium
difficulty and high discrimination. The test’s reliability coefficient was calculated using the
Kuder Richardson-20 (KR-20) approach. Since the difficulty values of each question are
known, this dependability coefficient was chosen (Cetin, 2019). When Table 6 is analyzed, it
is discovered that the test’s KR-20 reliability coefficient is 0,83. Given this number, the
measurements obtained could be considered as reliable.

Discussion, Conclusion and Recommendations

The goal of this research was to develop a concept test to measure the conceptual
understandings of seventh-grade pupils and misconceptions about the Pure Matter and
Mixtures unit. While developing the test, the test development stages suggested by Treagust
(1988) were followed. Concept test development studies on various subjects following these
test development stages are also found in the literature (Avc et. al., 2018; Cetinkaya & Tas,
2016; Hasyim, Suwono & Susilo, 2018; Mulford & Robinson, 2002; Ozden & Yenice, 2017;
Sreenivasulu & Subramaniam, 2013). In the literature, as in this study, there are many studies
in which misconceptions were determined with a two-stage test (Avci et. al., 2018; Canpolat
& Pinarbasi, 2011; Ghalkhani & Mirzaei, 2018; Mulford & Robinson, 2002; Mutlu & Ozel,
2008; Othman, et. al., 2008; Say & Ozmen, 2018; Uzun, 2010; Varoglu, Sen & Y1lmaz, 2020;
Yumusak et. al.,2016).

Studies were conducted to ensure the developed test’s content, face, and construct validity.
For content validity, a specification table was prepared, and one chemistry education and four
science education experts were consulted. For face validity, two science education experts,
two science teachers, and ten students were consulted. To ensure construct validity, the
independent samples t-test was utilized to observe if there was a significant difference
between 65 seventh-grade students who were taught the Pure Matter and Mixtures unit and 65
seventh-grade students who were not, and there was a significant difference in favor of the
group who were instructed the unit. The validity of the test developed with these procedures
was ensured.

The average discrimination, average difficulty and reliability of the developed test were
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calculated using the TAP program. The final version of the test had an average difficulty of
0,56 and a discrimination of 0,49. It is stated that the average discrimination of the tests
should be above 0,30 (Kubiszyn & Borich, 2003). A discrimination value above 0,40 means
that the upper and lower groups are distinguished from each other at a high level (Tekin,
2010). Since the mean discrimination of the developed test was 0,49, it can be said that the
test has high discrimination. The percentage of respondents that properly answered the
question is referred to as item difficulty. If the question is mostly answered correctly, it means
that the question is easy and the difficulty value approaches 1. On the contrary, if the question
is mostly answered incorrectly, it means that the question is difficult and the difficulty value
approaches 0. The most favorable difficulty level for the reliability of the test to be at the
highest level is 0,50, and this indicates that half of the respondents answered the test correctly
and half answered incorrectly. (Reynolds, Livingston & Willson, 2008). The mean difficulty
of the exam is 0,56, indicating that it is of medium difficulty. If the reliability coefficient of
the test is less than 0,50, it is low, between 0,50 and 0,80 is medium, and 0,80 and above is
high reliability (Salvucci, Walter, Conley, Fink & Saba, 1997). Considering this information,
it can be concluded that the test is reliable since the reliability coefficient of the test is 0,83.
All these data reveal that the developed test is of medium difficulty, high discrimination,
reliable and valid.

The Pure Matter and Mixtures Concept Test developed as a result of this study can be used to
determine the existing misconceptions and whether the concepts are learned correctly. In
addition, it is possible to investigate the efficiency of the approaches and strategies utilized in
the course implementation process. Researchers who want to develop concept tests in
different subjects can follow the development stages of this test. This study will contribute to
the literature not only due to the test development stages which are explained in detail but also
the results are obtained as a reliable and valid concept test.
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Appendix 1: Specification table

Attainments

The misconception in the question

Question
number

F.7.4.1.1. Tells the structure of the atom
and the basic particles in its structure.

Atom can be crushed, its shape can change (Ergilin, 2013;
Ergiin & Sarikaya, 2014; Giindiiz, 2001; Seker, 2006; Tezcan
& Salmaz, 2005).

(While preparing this question, Sarikaya, M. (1996). The
concept test in the Particle Structure of Matter Concept Test
study was used.)

1

The atoms or molecules that make up a substance show the
properties of that substance (atoms can be colored,
conductive, etc.). (Ben-Zvi et al.,1988; Griffiths &
Preston,1992; Kilig, 2017; Saydam, 2013).

10

The weight of atoms is also affected by the number of
electrons and orbitals (Tezcan & Salmaz, 2005).

Protons, neutrons and electrons are located in the nucleus
(Bak & Ayaz, 2008; Donmez, 2011; Kartal, 2017).

13

F.7.4.1.2. Questions about how ideas
about the concept of the atom have
changed from the past to the present.

Studies emphasize that students choose one of the other
models instead of the modern atomic theory and explain the
atom with this model (Unal & Zollman, 1999; Nakiboglu et
al., 2002).

19

Students mostly prefer the Bohr atomic model to explain the
atom (Cokelez & Yalcin, 2012; Nakiboglu et al., 2002; Ozgiir
& Bostan, 2007; Yalgin, 2011).

It causes the students to perceive the figures and graphs in the
books, which are modeled and shaped by experts interested in
the atom, as real shapes; in this context, it can be said that a
bigger problem arises when the shapes and models are
different from each other. Therefore, every teacher must
indicate that these shapes and models are analogical models
(Bektas, 2003; Cakmak, 2009; Harrison & Treagust, 1996).

20

F.7.4.1.3. Expresses that the same or
different atoms will come together to
form a molecule.

Atoms of the same genus and different genus form molecules,
which in turn form compounds (Gokulu, 2017; Giivener,
2019; Karacop & Doymus, 2013; Othman et al., 2008).

Atoms are bigger than molecules (Cokelez & Dumon, 2005;
Ozgiir & Bostan, 2007).

Students make mistakes when comparing the sizes of atoms
and cells (Ormanc1 & Balim, 2014; Ozgiir & Bostan, 2007;
Yalcin, 2011). (Ozgiir & Bostan (2007) study was utilized in
the preparation of this question).

22

F.7.4.1.4. 1t presents by
various molecular models.

creating

Atoms of the same genus and different genus form molecules,
which in turn form compounds (Gokulu, 2017; Giivener,
2019; Karacop & Doymus, 2013; Othman et al., 2008).

They confuse the concepts of element and compound
(Giivener, 2019; Kingir et al., 2013).

Pure substances contain only one type of atom (Cakur, 2005;
Cakmak, 2009; Say & Ozmen, 2018).

23

Mixture and compound models are often used
interchangeably (Cakir, 2005; Giivener, 2019; Meseci et al.,
2013).

26

F.7.42.1. Gives examples by
classifying pure substances as elements
and compounds.

They confuse the concepts of element and compound (Kingir
et al., 2013; Giivener, 2019).

Pure substances contain only one type of atom. (Cakir, 2005;
Cakmak, 2009; Say & Ozmen, 2018).

23

Sugar is an element (Karaer, 2007).
Soda is a compound and compounds are pure (Karaer, 2007).

F.7.42.2. Expresses the names,
symbols and some uses of the first 18
elements in the periodic system and
common elements (gold, silver, copper,

“'a‘-..ud-

Silver is an element and is not pure. Because different
substances are mixed. (Meseci et al., 2013).
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zinc, lead, mercury, platinum, iron and
iodine).

Possible Misconception: The symbols of the elements are
abbreviated according to their Turkish names.

18

Possible Misconception: Elements are represented by
formulas and compounds by symbols.

F.7.42.3. Expresses the formulas,
names and some usage areas of
common compounds.

Possible Misconception: Elements are represented by
formulas and compounds by symbols.

Possible Misconception: Confusing the concepts of ammonia
and nitric acid.

F.7.43.1. Classifies mixtures as
homogeneous and heterogeneous and
gives examples. It is emphasized that
homogeneous mixtures can also be
expressed as solutions.

All mixing events result in solution formation. All
homogeneous and heterogeneously mixed substances are
called solutions (Uzuntiryaki & Geban, 2005; Calik & Ayas,
2005).

24

If particles are composed of a single substance, they are
homogeneous; if they are composed of more than one
substance, they are heterogeneous" (Gokulu, 2017; Giivener,
2019).

15

If the distance between particles is small, the substance is
homogeneous; if it is large, the substance is heterogeneous
(Gokulu, 2017; Giivener, 2019).

17

Solutions cannot be separated (solvent and solute cannot be
completely separated from each other) (Demirbag et al.,
2011).

11

Vinegar (acetic acid + water) is not a homogeneous mixture
(Geggel & Sekerci, 2018).

12

F.7.43.2. Prepares solutions using
solvents and solutes encountered in
daily life.

During dissolution, the solute fills the spaces between the
solvent (Arikil & Kalin, 2010).

25

Solutions cannot be separated (solvent and solute cannot be
completely separated from each other) (Demirbag et al.,
2011).

11

F.7.43.3. Determines the factors
affecting the dissolution rate by
experiment.

Students believed that dissolution would not occur without
stirring, that is the solute would accumulate at the bottom
after the stirring was stopped, or that stirring would increase
the amount of solute (Blanco & Prieto, 1997; Calik, 2006;
Calik & Ayas, 2005).

If the temperature increases, the amount of solutes also
increases (Sen & Yilmaz, 2012).

21

F.7.44.1. Selects and apply the
appropriate method for the separation
of mixtures. Evaporation, density
difference  and  distillation  are
emphasized among the methods that
can be used in the separation of
mixtures.

The liquid-liquid homogeneous mixture is separated by the
evaporation method (Geggel & Sekerci, 2018).

16
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Appendix 2: Pure Matter and Mixtures Concept Test
SAF MADDE VE KARISIMLAR KAVRAM TESTI

1) Komiir parcasin iizerine cekic ile vuruluyor. 3

Komiir parcasinda bulunan bir atomun sekli icin m &)

asafidaki ifadelerden hangisi dogrudur?

A) Ezilir ve yasstlagir. I .

B) Once ezilir sonra eski haline geri doner.
Yukanda verilen sekillerde farkh renklerde belirtilen

€) Baz: parcalar kopar ve atom kiigilir atomlarm dizilisleri gosterilmektedir. Sekillere gire
D) Sekli degismez. asagidaki ifadelerden hangisi dogrudur?
A) Ive IT bilegiktir.
Cevabimzin nedenini yazimz. B) I ve II elementtir.
C) I element, II bilesiktir.
D) I bilesik, 1T elementtir.
Cevabimzn nedenini yazimz.
2) D) Tuzruhu
IT) Altin
IM) Su

Yukarida verilenlerin formiil veya sembol olarak
siiflandiriimasi asafidakilerden hangisinde dodru
olarak verilmistir?

Formiil Sembol A;eEllektrmﬂar belirli uzakliktaki katmanlarda hareket
ederler.

4) Giiniimiizde kabul giren modern atom teorisine
uygun ifade asagidakilerden hangisinde verilmistir?

A) Ivelll II
B) Elektronlar bulunma olasihiklarinin yoksek oldugu

B) I Ivelll bolgelerde donerler.
0 I Mvelll C) Elektronlar gekirdegin etrafindaki dairese] yortnge-
D) Ivell I lerde dolanirlar.

D) Elektronlar ¢ekirdegin cevresindeks eneryi diizeyler-

Cevabimzin nedenini yazimz. inde hareket ederler.

Cevabimzn nedenini yazimz.
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5) Su bulunan kabmn icine bir miktar tuz atihyor. Bir
siire kasik yardimiyla kanstinhyor. Asagida verilen
ifadelerden hangisi dogrudur?

A) Kangtirma 15lemu sona erdifinde ¢ozinmede sona
erer ve madde kabin dibine ¢oker.

B) Kangtrma 1glemi ile kaptaki coziinen madde
miktari artar.
C) Kanistirma 13lemn ¢zGnmenin hizh gerceklesmesmi

saplar.

D) Kanigtirma  13lem
gerceklesmez.

olmadan kapta ¢oziinme

Cevabimzin nedenini yazimz.

6) Asagidakilerden hangisi bir atom kiitlesinin
belirlenmesinde etkilidir?

A) Proton, elektron, ndtron ve yéringe sayilar
B) Proton ve ndtron saytlan
C) Elektron ve yoriinge sayilart

D) Proton, elektron ve yariinge sayilar:

Cevabimzin nedenini yazimz.

T) +Giibre yapiminda kullanilir.
*Halk arasindaki ad1 kezzaptur.
*Bir hidrojen, bir azot ve ti¢ oksijenin birlegmes:
ile olugur.

Yukarida ifade edilen ozelliklere sahip olan bilesik
asagidakilerden hangisidir?

A) Amonyak B) Siilfiirik asit

C)Nitrikasit D) Glikoz

Cevabmizin nedenini yazimz.

8) Ayse okul ¢ikast eve donerken, cant gazoz ister ve aymt
zamanda annesinin kendisinden toz geker istedigini
hatirlar. Bakkala girip gazoz ve toz seken alarak yola
koyulur. Yolda giderken bir anda aklina fen dersinde
15ledikler: saf madde ve karigimlar konusu gelir, geker
ve gazozun bilegik mu, element mi yoksa kangim mu
oldugunu diiglindr.

Ayse’nin  diigindiigi sorunun dogru
asagidakilerden hangisidir?

cevahi

A) Seker bilesik, gazoz kangimdir.
B) Seker element, gazoz kanigimdir.
C) Seker bilestk, gazoz bilegiktir.
D) Seker element, gazoz bilegiktir.

Cevabimzin nedenini yazimz.
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Yukandaki sekillerde atomlar farkh renk ve farkh
biiyiklikte gisterilmistir. Sekillere gore asafidaki
ifadelerden hangisi dogrudur?

A) I ve IV elementtir; IT ve IIT bilegiktir.
B) I ve IV bilegiktir; IT ve IIT elementtir.
C) I I ve IV elementtir; IT bilegiktir.
D) L, IT ve III bilegiktir; IV elementtir.

Cevabimzin nedenini yazimz.

10) Mavi renkli paket lastifinde bulunan
atomlar haklkinda asafidaki ifadelerden hangisi
dogrudur?

A) Atomlar esnek ve mavi renktedir.

B) Atomlar esnek degildir ve mavi renkte degildir.
C) Atomlar esnektir fakat mavi renkte degildir.
D) Atomlar esnek degildir fakat mavi renktedir.

Cevabimzin nedenini yazmiz.

Participatory Educational Research (PER)

11) Asagida verilen ifadelerden hangisi dogrudur?

A) Coziict ve ¢ozinen maddeler birbirlerinden hem
fiziksel hem de kimyasal yontemlerle ayrigtirilirlar.

B) Cozici ve ¢ozinen maddeler birbirlerinden fiziksel
yontemlerle ayrigtirilirlar.

C) Coziict ve ¢oziinen maddeler birbirlerinden
kimyasal yontemlerle ayngtirilirlar.

D) Coziict ve ¢ozinen maddeler birbirlerinden
ayristirilamazlar.

Cevabimzin nedenini yazmiz.

12) Mert evde karigimlar konusunu tekrar ederken biraz
ara vermeye karar verir. Odasindan ¢iktiginda annesinin
verlent sildigim gorir. Mutfaga girer ve bardaga ayran
kovarak odasina geri doner. Odasina girdiginde etrafin
sirke koktugunu fark eder. Fen &gretmenin derste sirke ve
ayram kangimlara 6mek olarak verildigim hatirlar. Sirke
ve ayranin homojen karigim mu yoksa heterojen karigim
mi oldugunu dilglinmeye baglar.

Mert’in  diigiindiifii =~ sorumun  dodru  cevab

asagidakilerden hangisidir?

A) Sirke (asetik asit+su) homojen kangimdir, ayran
homojen karigimdir.

B) Sirke (asetik asit+su) heterojen karigimdir, ayran
heterojen karigimdr.

C) Sirke (asetik asit+su) heterojen karigimdir, ayran
homojen karigimdir.

D) Sirke (asetik asit+su) homojen karigimdir, ayran
heterojen karigimdr.

Cevabimzin nedenini yazmiz.
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13) Asagida verilen ifadelerden hangisi dogrudur?

A) Protonlar, notronlar ve elektronlar ¢ekirdekte yer
alir.

B) Protonlar ve nétronlar ¢ekirdekte, elektronlar
cekirdek diginda yer alur.

C) Protonlar, notronlar ve elektronlar cekirdek diginda
ver alir.

D) Protonlar ¢ekirdekte, nétronlar ve elektronlar
cekirdek diginda ver alir.

Cevabimzin nedenini yazimiz.

14) Giimiis ile ilgili asagidaki ifadelerden hangisi
dogrudur?

A) Saf madde degildur.
B) Hg ile gosterilir.
C) Pertyodik tabloda yer alir.

D) Farkl cins atomlardan olusur.

Cevabimizin nedenini yazimz.

15) Kansimlarla ilgili;

L Tek tiir atomlardan olugursa homojen karigim

olugur.
B Birden fazla tiir atomlardan olugursa heterojen
karigim olugur.

vukarida verilen ifadelerden dogru olanlarin basma
“D”, vanhs olanlarm basma “Y” yazildiginda hangi
siralama elde edilir?

A)D B)Y oD DY

Y D D Y

Cevabimzn nedenini yazimz.

16) Metin: Sivi-stvi homojen kargim aywmak igin
buharlastirma yonteminden yararlanilir.

Seckin: Damitma yénteminde maddelerin kaynama
noktalar farkindan yararlanilur.

Mutlu: Buharlagtirma yonteminde ¢oziicti madde
buharlagir.

Ogrencilerin belirttigi ifadelerle ilgili olarak
asagidakilerden hangisi soylenebilir?

A) Metin dogru, Seckin ve Mutlu yanlig bilgt vermugtir.
B) Metin ve Seckin yanhg, Mutlu dogru bilgt vermigtir.
C) Metmn yanlis, Seckin ve Mutlu dogru bilgt vermigtir.

D) Metin ve Seckin dogru, Mutlu yanlig bilet vermugtir.

Cevabimzn nedenini yazimz.
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(L sekildeki tanecikler arast mesafe I1. sekildekine
gore daha azdir.)

Yukandaki sekillerde aym atomlar aym
renklerde gosterilmistir.  Sekillere  gire
asagidaki ifadelerdenhangisi dogrudur?

A) T homojen kanisim, IT heterojen kansimdar,
B) I heterojen kansaim, 1T homojen kangundir.
C) I ve I homojen kangimdar.
D) I ve II heterojen kangimdir.

Cevabimizin nedenini yaziniz.

18) Element Sembol
I) Kalstyum Ka
IT) Alminyum Al
IIT) Bor B
IV) Fosfor F

Yukarida element isimleri ve sembolleri karsiikh
olarak verilmistir. Hangileri dogrudur?

A) TvelV

B) Hvelll

C) ILIIvelIV
D) LIL M velIV

Cevabmizin nedenini yaziniz.
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19) Asagida verilen aciklamalardan hangisi

giiniimiizde kabul giiren atom teorisine uygun bir
ifadedir?

A) Atomun yapisinda (+) ve (=) yikler esit sayida bulunur.
B) Atom  kiicitk ve bilinemez taneciklerden
olugmaktadir.

C) Atom negatif yilkli elektronlarla cevrili cok kigik
pozitif yitklii bir cekirdekten olusmalktadir.

D) Atom merkezde ¢ekurdek ve etrafinda elektron bulutu
vapisindan olugmaktadir.

Cevabmizin nedenini yazimz.

20) Asamdaki verilen ifadelerden hangisi dogrudur?
A) Bilim imnsanlan atom modellenm ve sekillenm igik
mikroskobunda girerek cizmigtir.

B) Bilim mnsanlan atom modellenmi ve sekillerimi
bilimsel gizlemlerden cikanmlar yaparak cizmigtir.
C) Bilim insanlan atom modellerini ve gekillering

gorerek clzmigtir.

D) Bilim insanlarn atom modellennm ve gekillerimi
denevler yaparak gizmigtir.

Cevabimizin nedenini yaziniz.
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21) Asagmda verilen biiyiikliik karsilastirmalarmdan
hangisi dogrudur?

A) Bir tane su molekilii = Bir tane oksijen atomu> Bir
tane insan karacifer hiicresi

B) Bir tane insan karacifer hiicresi > Bir tane oksijen
atomu > Bir tane su molekdild

C) Bir tane insan karacifer hiicres1 > Bir tane su
molekiilii = Bir tane oksyjen atomu

D) Bir tane su molekilli > Bir tane insan karaciger

hiicrest = Bir tane okstjen atomu

Cevabmizin nedenini yazimz.

22) ¥ 5
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Yukanda verilen sekillerde farkh boyutlarda
atomlar gisterilmektedir. Sekillere gire
asagidaki ifadelerden hangisi dogrudur?

A)Ive IMI saf maddedir; IT ve IV saf madde degildir.
B) I ve I saf madde degildir; II ve IV saf maddedir.
C)1, IIT, IV saf maddedir; IT saf madde degildir.
D)L IL, III saf maddedir; IV saf madde degildir.

Cevabmizin nedenini yazimz.

23)

A kaln B kabi

Yukanda verilen sekillere gire asafidaki
ifadelerden hangisi dogrudur?

A) A kabindaki kangim cozeltidir, B kabindaki karigim
cozelt degildir.

B) A ve B kaplanindaki kangimlar ¢ozelt degildir.

C) A kabindak: kangim ¢ozeltn degildir, B kabindaki
karisim ¢ozeltidir.

D) A ve B kaplarindaki kangimlar ¢ozeltidir.

Cevabimmzin nedenini yazimz.

24) Bir miktar su bulunan kaba bir kiip seker atiliyor.
Coziinme sonrasmda seker ve su molekiillerinin

konumu igcin asafida verilen ifadelerden hangisi
dogrudur?

A) Seker molekiilleri su molekiller1 arasinda esit bir
sekilde dagilir.

B) Su molekiillen seker molekilller: arasindaki boglugu
doldurur.

C) Seker molekilleri cogunlukla kabin alt kismunda ver
alir.

D) Su molekiilleri seker molekiillerinin etrafini sarar.

Cevabimizin nedenini yazimz.
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25)
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Yukandaki sekillerde aym atomlar avm
renklerde gosterilmistir. Sekillere gire asagidaki
ifadelerden hangisi dogrudur?

A) I, I ve 1T bilesiktir.

B) I II ve I kangimdir.

C) 1 bilegaktir; TT, TIT kargimdir.
D) I ve I karigimdir; IT bilestktir.

Cevabmizin nedenini vazimiz.
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