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Abstract: This study aims to develop a valid and reliable two-tier open-ended diagnostic test that can be administered to
Sth and 6th-grade students, in line with the 2018 and 2024 Science Curriculum learning outcomes related to the Structure
of Matter, and to identify students' misconceptions. This study, which followed Treagust's (1988) test development steps,
was structured based on an exploratory sequential design. The test includes questions on the "particulate structure of
matter", "density", "matter and heat", and "fuels and human-environment interaction". The data were obtained from 350
secondary school students. The face and content validity of the test were established, and as a result of the reliability
analysis, the average difficulty value was calculated to be .42, and the average discrimination value was calculated to be
.44. The KR-20 reliability coefficient was calculated to be .75, the Cronbach Alpha coefficient was .81, and the Pearson
Correlation coefficient was .91. As a result of the study, a valid and reliable two-tier "Structure of Matter Diagnostic Test"
containing 18 items aimed at determining misconceptions was introduced to the literature. In addition, as a result of the
content analysis, four misconceptions not encountered in the literature were identified, and a total of 39 misconceptions
were identified.

Keywords: Two-tier diagnostic test, misconception, science education, structure of matter, concept test development,
scale development

Oz: Bu calismanin amaci, Maddenin Yapisina iliskin 2018 ve 2024 Fen Bilimleri Ogretim Progranu 6grenme ¢iktilari ile
uyumlu, 5. ve 6. sinif diizeyindeki dgrencilere uygulanabilecek gecerli ve giivenilir iki asamali agik uglu bir teshis testi
gelistirmek ve 6grencilerin kavram yanilgilarini belirlemektir. Treagust’un (1988) test gelistirme asamalarinin izlendigi
bu calisma, kesfedici sirali desene dayali olarak yapilandirilmigtir. Testte, “maddenin tanecikli yapis1”, “yogunluk”,
“madde ve 181” ve “yakitlar ve insan-gevre etkilesimi”ne yonelik sorulara yer verilmistir. Veriler, 350 ortaokul
ogrencisinden elde edilmistir. Testin goriiniis ve kapsam gegcerligi saglanmis ve giivenirlik analizi sonucunda ortalama
giiclik degeri .42, ortalama ay1rt edicilik degeri .44 olarak hesaplanmigtir. KR-20 giivenirlik katsayisi .75, Cronbach Alfa
katsayis1 .81 ve Pearson Korelasyon katsayist .91 olarak hesaplanmistir. Caligma sonucunda kavram yanilgilarini
belirlemeye yonelik 18 madde igeren gegerli ve giivenilir iki asamali "Maddenin Yapist Teshis Testi” literatiire
kazandirilmigtir. Ayrica igerik analizi sonucunda, ulusal ve uluslararasi literatiirde rastlanmayan dort kavram yanilgist

tespit edilmis ve toplamda 39 kavram yanilgisima ulasilmistir.

Anahtar Kelimeler: iki asamali teshis testi, kavram yanilgisi, fen egitimi, maddenin yapis1, kavram testi gelistirme,
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Introduction

The basis of science education lies in the teaching of various
concepts that enable individuals to make sense of events
occurring in their environment. For meaningful learning to
occur, students must construct conceptual relationships
between their existing concepts and new concepts (Acar Sesen,
2019). Research on students' conceptual knowledge shows that
their thoughts in many areas differ from scientific views (Duit,
1991). These alternative concepts -commonly referred to as
misconceptions- are frequently brought into the science
classroom (Driver & Oldham, 1986). Misconceptions are
defined as wunderstandings that explain the student's
experiences and observations, are consistent with their
worldview, and seem quite logical to them but develop
differently from scientific acceptance (Sanger & Greenbowe,
1997). A range of factors contribute to the development of
these misconceptions: daily life experiences, misinformation
obtained from teachers, lack of knowledge, incorrect usage in
daily language, language of instruction, shifts in the meanings
of terminology, and the content presented in textbooks (Acar
Sesen, 2019; Schmidt, 2000). If misconceptions are not
questioned and corrected, they can integrate into the cognitive

structure of students and prevent subsequent learning
(Griffiths & Preston, 1992; Treagust, 2006). Consequently,
identifying misconceptions is crucial for designing effective
instructional processes and addressing students' challenges in
comprehending scientific concepts (Kirbulut & Geban, 2014;
Mardiyyaningsih, Erlina, Ulfah, & Wafiq, 2023).

Various measurement tools have been developed to
determine students' misconceptions. These tools include
drawings (Smith & Metz, 1996), concept maps (Novak &
Gowin, 1984), concept cartoons (Keogh & Naylor, 1993),
interviews (Osborne & Gilbert, 1980), word association
(Gussarsky & Gorodetsky, 1990), and diagnostic tests
(Treagust, 1988). While individual interviews were generally
preferred to determine misconceptions in the past (Treagust,
1988), one-tier multiple-choice tests, which save time and
allow for objective assessment, are widely used today.
Although these tests have high content validity and reliability
(Karatas et al., 2003), it is stated that they tend to investigate
students' misconceptions and conceptual understanding at a
superficial level (Law, 2008). In addition, in such tests, there
is a possibility that students who don’t know the subject will
give correct answers (Karatag et al., 2003). To prevent this
situation and to conduct a more in-depth analysis,

* This study was produced from the doctoral thesis prepared by the first author under the supervision of the second author.
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measurement tools have been developed that question the
reasons for the answers given by students (Treagust, 1991).
For this purpose, the two-tier diagnostic tests developed by
Treagust (1988) require the answer given in the first tier to be
explained with its justification in the second tier. In this way,
the reasons underlying the students' misconceptions can be
determined. The questions in this test go deep enough to reveal
the conceptual thought system in the student's mind. For this
reason, these questions can also be called "probing
questions"(Kabapinar, 2003). There are three types of these
tests (see Table 1).

Table 1. Types of two-tier tests (karatas et al., 2003)

Types of Two-Tier Tests First Tier Two Tier
Two-tier multiple-choice ~ Multiple Multiple choice (+open-
test choice ended)
Two-_tler requiring True-False Multiple choice (+open-
classification ended)
Open-ended two-tier test Mul.tlple Open-ended

choice

There are multiple-choice sections in the second tier of the
two-tier tests that require multiple-choice and classification. In
these tests, there may be a possibility that students may choose
the correct answer option even though they don’t know the
reason for the answer they have marked. This situation may
limit the power of the test to determine the underlying causes
of misconceptions and to measure conceptual understanding.
In contrast, there is no such possibility in two-tier open-ended
tests. In addition, two-tier open-ended tests provide the
opportunity to evaluate students' reasoning skills more
comprehensively (Voska & Heikkinen, 2000) and to determine
whether there are misconceptions that are different from
previously determined misconceptions (Mann & Treagust,
1998). The development process of such diagnostic tests
typically involves the following steps:

Obtaining information about

Diihuiny ik s students' misconceptions

Developing a diagnostic test

1) Identifying
propositional knowledge
statements

5) Examining related

8) Developing the two
literature ) b

tier diagnostic tests

2) Developing a concept 6) Conducting
map unstructured student
interviews

9) Designing a

specification grid

3) Relating propositional . .

knowledge to the concept 7) Developing multiple

map choice content items with
free response

10) Continuing
refinements

4) Validating the content

Figure 1. Treagust's two-tier test

development steps

(1988) diagnostic

The process begins with defining the boundaries of the
concept, followed by formulating propositional statements,
creating a concept map, and refining the content through
expert feedback. After these stages, students' misconceptions
are determined through literature review and interviews, and
the first multiple-choice part is created in line with the data
obtained. The second section of the test is constructed based
on students' explanations for their choices in the first part,
along with insights gathered from interviews and a review of
the literature. Another important stage of the test development
process is the preparation of a specification grid. Then, the test
is applied to different student groups, validity and reliability
studies are conducted, and the test is continuously improved.

Many researchers in science education have contributed to
the development of two-tier diagnostic tests (Chandrasegaran,
Treagust, & Mocerino, 2007; Giirsel & Akgay, 2022; Lin,
2016). The Structure of Matter is one of the fundamental topics

of science education and is considered a difficult subject to
understand because it contains abstract concepts (Sirhan,
2007). The literature frequently highlights that students, from
primary school through university, struggle to comprehend
concepts related to this subject and have misconceptions (Acar
Sesen & Tarhan, 2010; Boylan, 2008; Griffiths & Preston,
1992; Johnson, 1998; Ozmen, Ayas, & Costu, 2002; Tiiysiiz,
2009). In addition, it is known that misconceptions seen at the
secondary school level continue to exist among university
teacher candidates (Altay & Balim, 2021; Aydeniz, Bilican, &
Kirbulut, 2017; Hejnova, 2022; Kiray et.al., 2015; Rule,
2005). This situation reveals the need for early diagnosis of
misconceptions; otherwise, students' future learning processes
may be negatively affected.

The 2024 Science Curriculum foresees that the basic
knowledge that students bring from their previous learning
processes should be revealed through preliminary assessment
at the beginning of the teaching-learning process to diagnose
misconceptions early and establish correct conceptual
learning. Thanks to this approach, it is aimed to establish
strong connections between students' current knowledge and
their new learning (MoNE, 2024).

The dynamic structure of the Science Curriculum and its
constant updating (MoNE, 2024) increase the need for regular
research due to the changing student profiles and teaching-
learning activities. A review of the existing research reveals
that there is a scarcity of studies focused on the development
of two-tier diagnostic tests related to the structure of matter at
the secondary education level (Avci, Sesen, & Kirbaslar, 2018;
Civangéniil & Cibik, 2023; Kenan & Ozmen, 2014; Ozalp &
Kahveci, 2011). In addition, it is noteworthy that the number
of open-ended two-tier diagnostic test development studies is
insufficient (Civangoniil & Cibik, 2023; Sar1 & Cakir, 2024).
In this context, the fact that no diagnostic test that directly
meets the learning outcomes on the structure of the matter
determined in the study has been found in the literature
increases the importance of this study. Therefore, this study
aims to develop a valid and reliable two-tier open-ended
diagnostic test that can be administered to 5th and 6th-grade
students, in line with the 2018 and 2024 Science Curriculum
learning outcomes related to the Structure of Matter, and to
identify students' misconceptions (MoNE, 2018, 2024). It is
anticipated that the developed test will contribute to the
literature based on current data and will guide researchers who
want to develop open-ended, two-tier diagnostic tests. The
study is based on two main questions:

1. Is the Structure of Matter Diagnostic Test (SMDT) a

valid and reliable instrument?

2. What are the misconceptions of secondary school

students about the "Structure of Matter"?

Method

In this study, Treagust’s two-tier diagnostic test development
procedures were employed. Given that these procedures
incorporate both qualitative and quantitative elements, an
exploratory sequential design, one of the mixed methods
typologies, was preferred (see Figure 2). The design, which is
frequently used in tool development studies, begins with the
qualitative stage, and the qualitative data obtained contributes
to the structuring of the quantitative stage (Creswell & Plano
Clark, 2018).
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Figure 4. Questions extracted from the test

Defining the content: The subjects of “particulate structure
of matter”, “density”, “matter and heat”, and “fuels and
human-environment interaction” under the title of structure of
matter were determined as the content of the test. In this
context, basic concepts of the relevant subjects were
determined, and a concept map was created. Then, the
opinions of an expert faculty member and three science
teachers were consulted; the map was finalized in line with the
feedback obtained (see Figure 3).

Obtaining information about students' misconceptions: To
explore misconceptions regarding the specified topics and
concepts, a literature review was undertaken. The
misconceptions collected are listed in Appendix 1. Moreover,
semi-structured interviews were conducted with a group of six
sixth-grade students. Content analysis of the interview data
revealed several misconceptions, such as the belief that “the
way a substance is thrown into water determines whether it
floats or sinks”, “plastic conducts heat very well and therefore
melts immediately”, and “metals can be used as thermal
insulation materials”. At the end of these processes, 22 open-
ended questions were prepared.

Developing a diagnostic test: A table of specifications,
comprising the subject, learning outcomes, key concepts, and
item information, was prepared and then reviewed by two
academic experts and two science teachers specializing in the
field. Based on expert feedback, necessary revisions were
implemented, resulting in a reduction of the number of
questions to 21. Interviews were conducted with six students
to determine the suitability of the questions to the student
level; data was collected on which questions the students had
difficulty understanding and how they perceived the questions.
The prepared open-ended questions were then applied to 32
sixth-grade students. Following the implementation,
individual interviews were held with five students. Based on
their responses and the identified misconceptions, the first tier
of the test -the multiple-choice component- was developed.
Later, the "Explain the reason for your answer"section, which
asked for the reason for the answer given in the first tier, was
added by making use of the studies in the literature
(Civangoniil & Cibik, 2023; Karatas et.al., 2003; Sar1 & Cakar,
2024), and the second open-ended tier of the test was
developed. As a result of the analyses, three questions shown
in Figure 4 were removed from the 2l-item test.
Misconceptions were determined from the open-ended section
of the test, which finally consisted of 18 items (see Appendix
2), and a test-retest application was performed as the final
process.

The Structure of Matter Diagnostic Test; Questions 1, 2, 5,
6, 7, and 8 were developed by using the literature (Baser &
Cataloglu, 2005; Gedik, 2019; Griffiths & Preston, 1992;
Saydam, 2013; Soylu, Karamustafaoglu, & Karamustafaoglu,
2020; Soyyigit, 2019), questions 10, 13, and 14 were
developed from interviews, and questions 3, 4, 9, 11, 12, 15,
16, 17, and 18 were developed by the researchers. This study
is based on a component of the thesis study approved by the
Social and Human Sciences Research Ethics Board. Therefore,
the entire process in the study was carried out within the scope
of ethical approval. This test includes questions specifically
related to the topics included in the 2018 Science Curriculum
6th grade and the revised 2024 Science Curriculum, 5th and
6th grades. The specification table containing information
about the final version of the two-tier 18-question SMDT is
shown in Table 2.

Participants

This study included a total of 325 students from low
socioeconomic levels attending a public secondary school in
Istanbul, located in western Tiirkiye. Additionally, 25 seventh-
grade students participated in the application of the test-retest
method. DeVellis (2014) suggests that, in the process of scale
development, the sample size should be at least five times
greater than the number of items included in the scale. In
addition, the number of participants has a great effect on the
final results in factor analysis. The adequacy of the number of
participants is evaluated as very weak for 50, weak for 100,
moderate for 200, good for 300, very good for 500, and
excellent for 1000 or more (Comrey & Lee, 1992). From this
perspective, the number of participants in the study can be
evaluated as good. More detailed information about the
participants is presented in Table 3.

As shown in Table 3, the participants in this study
consisted of 5th, 6th, and 7th-grade students. The main reason
for including students from different grade levels in the study
is that the diagnostic test was developed for the "structure of
matter" topics in the 2018 and 2024 Science curricula for 5th
and 6th grade. At the same time, considering that
misconceptions can arise not only at the grade level where the
topic is first learned but also after different learning
experiences and can persist after instruction, 7th-grade
students who had previously encountered the topic were also
included in the participant group.
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Table 2. Table of specifications for the SMDT

. 2018 Learning . Number of Item
Subject Outcomes Codes 2024 Learning Outcomes Codes Key Concepts items number
F.64.1.1. Particular structure, 3 1,2,3
folo st
Structure of F.6.4.1.2. FB.5.5.1.1. Vibration, 3 12,3
Matter .
Translation,
Rotation
F.6.4.2.1. FB.6.5.3.1. Mass 4 4,5,6,8
. F.6.4.2.2. ’ 2 5,6
Density F 6423 FB.6.5.3.2. \lfjolugie, | -
F.64.2.4. FB.6.5.3.3. enstty 2 8,9
F.6.43.1. Heat, 3 10,11,13
F.6.43.2. FB.55.4.1. Thermal conductivity, 1 12
Matter and Heat F.6.4.3.3. FB.5.5.4.2. Thermal insulation capacity, 1 13
F.6.43.4. FB.5.5.4.1. Thermal insulation 1 14
Thermal insulation materials
F.6.4.4.1. Solid fuels, 3 15,16,17
F.6.4.4.2. Liquid fuels, 2 16,17
Fuels/ Human- Gas fuels,
Environment FB.6.7.2.1. Renewable energy sources,
Interaction* F.6.4.4.3. Non-renewable energy 1 18
sources,

Fossil fuels

*The learning outcomes included under the heading of fuels in the 2018 Science Curriculum are included under the heading of Human and Environmental

Interaction in the 2024 Science Curriculum.

Table 3. Participant information

Class level

Gender 5th grade 6th grade 7th grade
Number of female students 27 44 99
Number of male students 23 49 83
Total 50 93 182
Data Analysis

An item analysis was performed to evaluate the reliability of
the multiple-choice first tier of the SMDT applied to 325
students, and the KR-20 reliability coefficient was used. In the
item analysis, the multiple-choice section was given 1 or 0
points (Civangdniil & Cibik, 2023; Sar1 & Cakir, 2024). The
raw data from the multiple-choice section were entered into
Microsoft Excel, and item difficulty (Pj) and discrimination
(Rjx) indices—both average values and values for each item—
were calculated using the TAP software. The KR-20 reliability
coefficient was obtained with SPSS software. Subsequently, a
total of 105 students representing the highest, middle, and
lowest scoring groups on the multiple-choice section were
selected. Their responses to both the first multiple-choice and
second open-ended tiers of the SMDT were jointly evaluated,
and the Cronbach alpha reliability was calculated (Kurtoglu-
Giildal & Karsli-Baydere, 2023; Orduhan & Cakir, 2023; Sar1
& Cakir, 2024). In the evaluation process, the graded
evaluation rubric adapted from Karatag et al. (2003) was used.
In the multiple-choice tier, answers were coded as 1 or 0
points. In the open-ended section, correct justification (C.J.)
was coded as 2 points, partially correct justification (P.C.J.) as
1 point, and misconception (M), superficial knowledge (S.K.),
and blank answers were coded as 0 points. Thus, the range of
points that can be obtained from each item varies between 0
and 3. Examples of coding student answers are shown in Table
4 based on a randomly selected question.

Coding consistency was determined to be 95% based on
the formula 'Reliability = Consensus / (Consensus +
Disagreement)' proposed by Miles and Huberman (1994).
Since the obtained value exceeded the commonly accepted
threshold of.70, the results were considered to indicate an
acceptable level of reliability (Biiyiikoztiirk et al., 2018).

Content analysis was conducted to evaluate the open-ended
section, through which students’ misconceptions were
identified. Additionally, to establish the reliability of the
diagnostic test, a test-retest procedure was administered to 25
seventh-grade students at intervals of 3 to 4 weeks, and the
Pearson correlation coefficient was calculated.

Findings

Findings for the Research Question “Is the SMDT a Valid
and Reliable Instrument to Measure Secondary Students’
Conceptual Understanding?”

The face and scope validity were established by preparing the
specification table mentioned in the method section for SMDT,
obtaining expert opinions, and determining the suitability for
the student level. To find the reliability of the developed test,
item analysis, KR-20, and Cronbach Alpha reliability
coefficients, and Pearson correlation coefficient were
calculated within the scope of the test-retest method (Karakog
& Donmez, 2014).

Findings obtained from the item analysis of the two-tier
SMDT

The data obtained from the item analysis of the two-tier SMDT
showed that items 1, 2, and 8 had difficulty indices below 0.30
and discrimination indices below 0.20 (see Table 5). Since this
showed that the items were difficult and their discrimination
was low, these items were removed from the test (Avci, 2020;
Sontay & Karamustafaoglu, 2020; Tekin, 2010). The average
discrimination index of the items in the two-tier SMDT was
found to be.44. It is preferred for the average difficulty to be
between.40 and .60 (Biiyiikoztirk et.al., 2018). The average
item difficulty index of the SMDT was found to be.42.
According to Biytikoztirk et al. (2018), an item
discrimination index above.40 is considered very good,
between.30 and.39 is considered good, between.20 and.29 is
considered moderate, and below.20 is regarded as poor. In
light of these criteria, the SMDT was determined to be
appropriate in terms of both average item difficulty and
average item discrimination.
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Table 4. Examples of coding student responses

Question Part I Part Il Point
T/F CJ. P.CJ. M S.K.
Answer Because solids are
B hard, their particles 1
are slow.
Teacher Celal brings a device
to the classroom and provides Answer Because the order of
heat to a glass container filled B state change is 1
with ice to enable his students explained.
to observe the phase change.
Then, he asks them to make a
comparison about the speed of
movement of the particles of )
water in solid, liquid, and gas Answer Beca}lse solid
states depending on the phase B particles are 2
change. Which of the slow.
following comparisons is
correct?
A) Solid=Liquid=Gas
B) Solid<Liquid<Gas o
C) Liquid<Solid<Gas Answer Becau§e as heat. is given to
D) Gas<Liguid<Solid B the particles, their movement 3
E) Solid<Gas<Liquid speed increases.
Write the reason for your
answer.
Table 5. Item analysis results
Item Pj* Rjx** Item Pj Rjx
1 23 .04 12 33 .50
2 A5 A5 13 .60 .40
3 40 .40 14 37 31
4 .60 .40 15 32 45
5 .50 40 16 35 .37
6 40 46 17 .53 .53
7 .59 .38 18 .40 .60
8 .20 20 19 .33 .49
9 33 44 20 31 43
10 42 .52 21 .36 .37
11 .36 44 Mean 42 44

*Pj: Item difficulty index, **Rjx: Item discrimination index
Findings regarding the reliability of the two-tier SMDT

To find the reliability of the two-tier SMDT consisting of 18
items, the KR-20 coefficient, Cronbach's alpha, and Pearson's
correlation coefficient were calculated. The KR-20 reliability
coefficient for the first tier of the two-tier SMDT (n=325) was
calculated as.75. When both tiers were evaluated together, the
Cronbach’s alpha coefficient (n=105) was found to be.81.
Additionally, the Pearson correlation coefficient (n=25, p=.00)
was calculated as.91. These wvalues, all exceeding the
commonly accepted threshold of.70, indicate that the two-tier
SMDT demonstrates a high level of reliability and stability
(Bliyilikoztiirk, 2019; Seker & Gengdogan, 2020; Tavsancil,
2014).

Findings Regarding the Question “What Are the
Misconceptions that Secondary School Students Have
about the Structure of Matter?”

To identify secondary school students’ misconceptions about
the structure of matter, the responses of 105 students to the
second, open-ended section of the 18-item SMDT were
analyzed using content analysis. This analysis revealed a total
of 39 distinct misconceptions (see Table 6).

These misconceptions relate to particulate structure,
hollow structure, moving structure, mass, volume, density,

thermal insulation materials, thermal conductivity, and energy
sources.
Conclusion And Discussion

This study aimed to develop a useful, valid, and reliable open-
ended two-tier SMDT and to determine students'
misconceptions. Two-tier diagnostic tests, which were
recommended for use in the recently revised Science
Curriculum (MoNE, 2024), can be used to determine
misconceptions in science education (Karatas et al., 2003;
Ningroom, Yamtinah, & Riyadi, 2025; Talens, Chiu, &
Sevilla, 2024). Through a two-tier assessment, students justify
their answers, and more sensitive measurements can be made.
In addition, these tests allow teachers to discover the reasoning
behind students' misconceptions (Tsai & Chou, 2022). In this
way, two-tier diagnostic tests help teachers teach topics and
concepts better.

In this study, the test development steps proposed by
Treagust (1988) were followed. To ensure face and content
validity, a test specification table was prepared, expert
opinions were obtained, and the appropriateness of the items
for the student level was evaluated (Avci et al., 2018; Giirsel
& Akgay, 2022; Sahin & Cepni, 2011). For reliability analysis,
the test was initially administered to a sample of 325 secondary
school students, and item analysis was conducted. As a result,
three items with difficulty indices below.30 and discrimination
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indices below.20 were excluded from the test (Biiyiikoztiirk et
al., 2018). Since there were other items in the test related to the
outcome addressed by these items, the removal of these items
didn't affect the content validity of the test (Orduhan & Cakar,
2023). In its final version, the test comprised 18 items, with
average item difficulty and discrimination indices calculated
as.42 and.44, respectively. These values show that SMDT is
suitable in terms of average item difficulty and average
discrimination (Biiylikoztiirk et al., 2018). Following the item
analysis, the reliability of the first tier was examined, resulting
in a KR-20 coefficient of.75. Then, the reliability of the first
and second tiers of the test when evaluated together was
investigated, and the Cronbach alpha coefficient was
calculated as.81. In addition, a test-retest procedure was

conducted with 25 seventh-grade students, resulting in a
Pearson correlation coefficient of.91. All of these reliability
values exceed the accepted threshold of.70, demonstrating that
the two-tier SMDT is both reliable and stable (Biiyiikoztiirk,
2019; Seker & Gengdogan, 2020; Tavsancil, 2014). As a
result, a useful, valid, and reliable diagnostic test consisting of
18 items that can contribute to the literature by allowing the
collection of up-to-date data was developed. This situation is
consistent with the results of two-tier open-ended diagnostic
test development studies in the literature addressing different
topics and learning outcomes, such as “pure matters and
mixtures” (Civangoniil & Cibik, 2023) and “pressure” (Sar1 &
Cakir, 2024).

Table 6. Misconceptions obtained

Subject Concept Misconceptions f %
When a matter changes state, there is a change in the number of particles. 32 30.48
When a matter changes state, particles freeze, melt, or evaporate. 24 22.86
When a matter changes state, changes are observed in the size of the
. . 24 22.86
Particulate structure particles.
When the particles receive heat, they can combine or break apart. 21 20.00
Gas particles are light, liquid particles are medium light, and solid
. 16 15.24
Particulate Structure of partlcl_es are heavy. . . .
Matter Hollow structure There is no space between the particles forming the solid. 14 13.33
The hollow structure is an air/air bubble. 12 11.43
When the space between the particles increases, the particles
23 21.90
accelerate.*
Moving structure The particles that form the solid are motionless. 21 20.00
The speeds of the particles that form a solid, liquid, and gas are equal. 18 17.14
When a matter is heated, the vibration in its particles decreases. 11 10.48
Since solids are hard, their particles are slower than liquids.* 9 8.57
When matters freeze, their mass increases. 21 20.00
As a matter gets smaller, its mass increases. 18 17.14
Mass . . . .
When a matter is changed by applying force to its shape, its mass also 16 15.04
changes. ’
Volume When a matter is given different shapes, its volume doesn’t change.* 15 14.28
Heavy matters sink; light matters float. 37 3524
The floating-sinking-suspending states of matters are only related to 32 3048
mass.
Matters with large mass and volume are the densest. 26 24.76
The floating-sinking-suspending states of matters are only related to 26 24.76
volume. '
Density Hard mgt?ers sin1_<, soft n_latter.s ﬂ.oat. o N 22 20.95
The positions of immiscible liquids with different densities are related to 21 20.00
their masses. )
Density The one with the higher density of two immiscible liquids remains on 19 18.09
top. )
For a matter to float in water, its density must be greater than the density 18 17.14
of water. '
The positions of immiscible liquids with different densities are related to 18 1714
their volumes. '
The way a matter is thrown (vertical/horizontal) affects whether it floats 14 1333
or sinks. '
The smaller the volume of a matter, the heavier it becomes. 13 12.38
All pure solids sink in their own liquids. 10 9.52
Thermally insulated houses are always warm. 21 20.00
Thermal insulation Thermal insulation doesn’t contribute to the family economy because it 18 1714
causes more money to be spent.
Matters such as cotton, felt, and styrofoam don’t transmit cold. 18 17.14
Thermal insulation materials (cotton, felt) heat the environment they are
’ 21 20.00
Matter and Heat Thermal insulation ' . . .
materials Aluminum and steel are insulating matters. 17 16.19
Plastic reflects heat. * 13 12.38
Plastics don’t heat. 12 1143
Thermal conductivity Metals absorb heat/cold. 30 28.57
Metals are always hot/cold. 24 22.86
Fuels/ Human-Environment Non-renewable energy sources don’t harm human health or inanimate 21 20.00
Interaction Energy sources matter. '
Natural gas is a renewable energy source and doesn’t harm human health. 24 22.86

*Represents misconceptions not encountered in national and international literature.
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In addition, the study examined students’ misconceptions
through the analysis of responses in the open-ended section.
Content analysis revealed a total of 39 misconceptions related
to the structure of matter. This situation shows that the
developed test is effective in determining students’
misconceptions (Tiysiiz, 2009). The reason for reaching a
large number of misconceptions may be that students are asked
to explain why they chose that option after each multiple-
choice test item (Toman, Karatas, & Cimer, 2013). In addition,
this may be attributed to the fact that the answer choices were
developed based on both students’ written responses to the
open-ended questions and misconceptions previously reported
in the literature (Alwan, 2011; Griffiths & Preston, 1992;
Kenan, Ozmen, & Giiney, 2007; Kilig, 2017; Kiray & Simsek,
2021; Lee, 2014; Schnittka, 2009; Tamkavas, Kiray, Kocak, &
Kogak, 2016). 4 of the misconceptions identified were not
found in the national and international literature. The
identification of new misconceptions may be attributed to the
opportunity provided by the second tier of the diagnostic test,
which allowed students to articulate their thoughts in greater
detail.

When the misconceptions obtained regarding the
“particulate structure of matter” are evaluated holistically, it is
seen that students hold misconceptions concerning the
submicroscopic properties of matter and tend to interpret
submicroscopic concepts using macroscopic-level reasoning.
The literature frequently emphasizes that students encounter
difficulties when dealing with concepts presented across
different representational levels (Chittleborough & Treagust,
2008; Wu, Krajcik, & Soloway, 2001). For example, Ozmen
(2011) reported that students in grades 4 through 6
demonstrated a low level of understanding regarding the
submicroscopic  properties of matter. Nakhleh and
Samarapungavan (1999) found that students had an idea of
macroscopic structure rather than submicroscopic structure.
Chandrasegaran, Treagust, and Mocerino (2007) found that
students had difficulties with macroscopic and submicroscopic
representations.

Misconceptions determined regarding the “particulate
structure of matter” are as follows: “When matter changes
state, there is a change in the number of particles”, “When a
matter changes state, particles freeze, melt, or evaporate”,
“When a matter changes state, changes are observed in the size
of particles”, “When particles receive heat, they can combine
or break apart”, “Gas particles are light, liquid particles are
medium light, and solid particles are heavy”, “There is no
space between the particles forming the solid”, “The hollow
structure is air/air bubble”, “The particles that form the solid
are motionless”, “The speeds of the particles that form a solid,
liquid, and gas are equal” and “When a matter is heated, the
vibration in its particles decreases” This situation doesn’t
come as a surprise to students who are just starting to move
into the abstract operations period. An analysis of the literature
revealed the presence of similar misconceptions (Demircioglu,
Vural & Demircioglu, 2013; Griffiths & Preston, 1992; Kapici
& Akgay, 2016; Kusake¢i-Ekim, 2007; Ormanci & Balim,
2014; Ozmen, 2011). Kusakg1-Ekim (2007) reported that some
students held the misconception that “The particles in a solid
state remain entirely stationary”, Demircioglu, Vural and
Demircioglu (2013) found the misconception that “The
number of particles of the same amount of matters in different
states is different”, and Griffiths and Preston (1992) found the
misconception that “Heat causes the particles (molecules) to
expand during melting and the particles to separate or break

apart” and “The mass of water particles varies with state, being
greatest in the solid phase and least in the gaseous phase”.

In this study, two misconceptions that are not encountered
in national and international literature regarding the
“particulate structure of matter” were identified. The first of
these is, “When the space between particles increases, the
particles accelerate.” In fact, when the mobility of particles
increases, the space between them increases. This
misconception indicates that students struggle to establish
cause-and-effect relationships and fail to comprehend how
heat influences particle behavior. Although this identified
misconception superficially resembles those reported by
Cavdar, Okumus, and Doymus (2016) as “Solids are immobile
because there is little intermolecular space,” by Ozalp and
Kahveci (2015) as “When iron is in the solid phase its atoms
do not move because there is not any space between atoms of
solids.” and by Tsitsipis, Stamovlasis, and Papageorgiou
(2012) as “There is no intrinsic motion of molecules especially
in the solid state where no motion of the substance is visible.”
it reveals a different cognitive structure. While previous
studies addressed particle motion and the hollow structure
through a dualistic view of presence or absence, the
misconception identified in this study involves a more
dynamic cause-and-effect model that attempts to explain the
speed of motion. Therefore, this misconception expands upon
the "hollow and immobility" relationship frequently reported
in the literature, pointing to a more complex mental model
established between hollow and speed. A possible explanation
for this misconception may be that teachers have taught the
change of the porous and mobile structure during the phase
change of particles as separate pieces of information,
independent of each other. In addition, since the visuals in the
textbooks are stationary, the cause-and-effect relationship
between the mobile and porous structure may not have been
established. Another possible situation is that the visuals in the
textbooks may reflect the text incompletely or incorrectly. In
these cases, students may be asked to explain the visuals and
have an in-class discussion about the visuals (Kapict &
Savasci-Agikalin, 2015).

Another misconception that was not encountered in the
national and international literature regarding the “particulate
structure of matter” in this study is “Since solids are hard, their
particles are slower than liquids.” In fact, the reason why the
particles that make up a solid are slower than the particles that
make up a liquid is that they have less heat. As matters receive
heat, the mobility of the particles increases. With this
misconception, it can be said that students cannot comprehend
the particulate structure of matter and heat interaction (Kaplan
& Boyacioglu, 2013) and try to explain a submicroscopic
property of matter by looking at its macroscopic property
(Chandrasegaran et al., 2007). Previous studies aimed at
identifying misconceptions have reported, independently of
each other, the misconceptions that "solid particles are hard"
(Ayyildiz & Tarhan, 2013; Tatar, 2011) and "solid particles are
immobile" (Adadan, Irving, & Trundle, 2009; Cavdar et al.,
2016). The misconception obtained in this study shows that
students directly transfer the hardness of solids at the
macroscopic level to the microscopic level and consider it as a
factor affecting the mobility of the particles. Therefore, this
misconception reveals that the misconceptions regarding the
hardness and mobility of solid particles exhibit a more
intertwined and causal structure than those discussed in the
literature.
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When the misconceptions obtained regarding “density” are
evaluated holistically, it has been observed that students often
conflate the concept of density with mass or volume, assuming
that density can be determined based solely on one of these
properties. This situation is frequently encountered in the
literature (Dawkins et.al., 2008; Harrell & Subramaniam,
2014; Tasdere & Ercan, 2011; Yin, Tomita, & Shavelson,
2008). Harrell and Subramaniam (2014) highlighted that many
students focus on only one aspect of density and experience
difficulties in applying relational reasoning, which requires the
integrated consideration of both variables. They attributed this
issue largely to a rote-learning approach to conceptual
understanding.

Misconceptions determined regarding the Density are as
follows: “When matters freeze, their mass increases”, “As a
matter gets smaller, its mass increases”, “When a matter is
changed by applying force to its shape, its mass also changes”,
“Heavy matters sink; light matters float”, “The floating-
sinking-suspending states of matters are only related to mass”,
“Matters with large mass and volume are the densest”, “The
floating-sinking-suspending states of matters are only related
to volume”, “Hard matters sink, soft matters float”, “The
positions of immiscible liquids with different densities are
related to their masses”, “The one with the higher density of
two immiscible liquids remains on top”, “For a matter to float
in water, its density must be greater than the density of water”,
“The positions of liquids with different densities that don’t mix
with each other are related to their volumes”, “The way a
matter is thrown (vertical/horizontal) affects whether it floats
or sinks”, “The smaller the volume of a matter, the heavier it
becomes” and “All pure solids sink in their own liquids”.
Density is often regarded as a complex concept, as it represents
a ratio between mass and volume rather than a directly
measurable quantity (Dawkins, Dickerson, McKinney, &
Butler, 2008). Students' inadequate conceptual knowledge
about the concepts of mass and volume, their inability to grasp
the particulate structure of matter, and their weak learning
about ratio and proportion in mathematics may have caused
these misconceptions. An analysis of the literature revealed the
presence of similar misconceptions (Griffiths & Preston, 1992;
Harrell & Subramaniam, 2014; Kilig, 2017; Kiray et al., 2015;
Kiray & Simsek, 2021; Ultay & Akpinar, 2008; Yin, Tomita,
& Shavelson, 2008). Ultay and Akpinar (2008) reached the
misconception that “The density of objects with large volumes
is also high”, Kiray and Simsek (2021) reached the
misconception that “Phase change doesn’t affect the density of
matters”, Tasdere and Ercan (2011) reached the
misconceptions that “The density of an object floating in a
liquid is equal to the density of the liquid”, Kilig (2017)
reached the misconception that “For an object to float in water;
its total density must be greater than the density of water”, and
Harrell and Subramaniam (2014) reached the misconception
that “Density is the same as mass and weight”

In this study, a misconception that isn’t encountered in the
national and international literature on density was reached.
This misconception is as follows: “When a matter is given
different shapes (such as a boat and a ball), its volume doesn’t
change”. In fact, when a matter is given different shapes, its
volume can change. With this misconception, it can be said
that students cannot grasp the concept of volume. The reason
for this situation may be that students cannot visualize volume
change, lack of knowledge, or have memorized the concept
definition (Guerra-Reyes, Guerra-Davila, Naranjo-Toro,
Basantes-Andrade, & Guevara-Betancourt, 2024; Wiyantara,
Widodo, & Prima, 2021). Another reason might be the

confusion between the properties of mass and volume, which
are discussed in relation to density. Students may have
incorrectly applied the concept of volume to their previous
lesson's understanding of "mass is conserved". This situation
shows that even accurate information can pave the way for
new misconceptions if the contextual boundaries of concepts
are not sufficiently emphasized. Therefore, the misconception
revealed in this study may stem not only from a
misunderstanding of the concept of volume, but also from
students' tendency to overgeneralize relationships between
different physical quantities. Previous studies have shown that
students develop misconceptions through overgeneralizations
(Karaagac & Kose, 2015). This result from the study highlights
the importance of addressing the relationships between mass,
volume, and density in a clear and comparative manner when
teaching the concept of density. The volume-related
misconception identified in this study differs significantly
from commonly reported misconceptions in the literature.
Previous studies have addressed misunderstandings regarding
volume, particularly in the context of phase transitions. For
example, Stojanovska, Soptrajanov, and Petrusevski (2012)
reported the misconception that “In a process of ice melting,
the volume of the system (mixture of ice and liquid water)
increases” and Ozalp and Kahveci (2015) reported the
misconception that “Since iron heats during it melts, its atoms
also heat, so atoms melt and their volume increases” in their
studies. The misconception identified in this study deals with
the relationship between shape change and volume. From this
perspective, the identified misconception enriches the
literature on misconceptions about volume with a new
example.

When the misconceptions obtained regarding “matter and
heat” in the study are evaluated holistically, it is observed that
students can’t understand the events of heat conduction and
thermal insulation. When the literature is examined, Uzoglu
and Yildiz (2011) also determined that students' level of
understanding of the concepts of heat, heat conduction, and
thermal insulation is weak. For heat conduction and thermal
insulation events to be understandable, it is necessary to have
a complete and accurate understanding of the particulate
structure of matter (Sopandi et.al., 2018). Because heat
conduction is the transfer of energy of particles by colliding
with each other.

The misconceptions determined regarding “matter and
heat” are as follows: “Thermally insulated houses are always
warm”, “Thermal insulation doesn’t contribute to the family
economy because it causes more money to be spent”, “Matters
such as cotton, felt, and styrofoam don’t transmit cold”,
“Thermal insulation materials (cotton, felt) heat the
environment they are in”, “Aluminum and steel are insulating
matters”, “Plastics don’t heat”, “Metals absorb heat/cold” and
“Metals are always hot/cold”. The reason for these
misconceptions may be the meanings that students attribute to
their daily experiences (Luera, Otto, & Zitzewit, 2005). For
example, the student’s feeling of warmth after wearing a
sweater made of wool yarn may have led him to think that this
insulation material has a heating feature. The fact that families
living in a region with a low annual average temperature want
to have thermal insulation done only to maintain the heat in
their homes during the winter months may have created the
misconception in students that houses with thermal insulation
are always warm. Similarly, a family who wants to have
thermal insulation done in their home may have expressed the
necessary expenses and not mentioned the long-term gain. An
analysis of the literature revealed the presence of similar
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misconceptions (Akpmar & Cite, 2015; Alwan, 2011; Celik,
2024; Bager & Cataloglu, 2005; Duman & Avcti, 2016). Alwan
(2011) reached the misconceptions “Metal can attract, retain,
concentrate or absorb heat and cold” and “Materials such as
wool have the ability to heat things”. Celik (2024) reached the
misconception  “Wool clothes warm people”. The
misconception of Akpmar and Cite (2015) and Baser and
Cataloglu (2005), and “Aluminum foil provides more thermal
insulation than wool” was reached.

In this study, a misconception that is not encountered in the
national and international literature on matter and heat was
reached. This misconception is “Plastic reflects heat”. In fact,
shiny and light-colored surfaces reflect heat. The reason why
students have this misconception may be the temperature
measurement they make with their hands by touching plastic
in daily life. The students may have thought that they felt cool
because plastic reflects heat, not because it is a thermal
insulator. The development of misconceptions from everyday
experiences is a common occurrence in the literature (Schmidt,
2000; Treagust, 1988). In previous studies, students have
attributed properties such as "absorption", "confinement", or
"retention" to heat (Lewis & Linn, 2003; Schnittka, 2009;
Tamkavas et al., 2016). The misconception identified in this
study, unlike those in the literature, is that heat is "reflected".
This misconception suggests that students are transferring
previously learned physical processes, such as the reflection of
light, to the concept of heat and confusing concepts related to
different types of energy. Therefore, this finding indicates that
it is not merely an inference based on experience, but also the
product of a more complex mental model resulting from
interdisciplinary conceptual transfer.

When the misconceptions obtained regarding “fuels and
human-environment interaction” in the study are evaluated
holistically, it is seen that the students can’t make sense of the
concepts of renewable and non-renewable energy, confuse
them with each other, and have a lack of knowledge about their
effects on humans and the environment. Benzer et al. (2014),
as noted in the literature, reported that students demonstrated
limited understanding of energy sources. Boylan (2008) also
found that students had misconceptions about renewable and
non-renewable energy sources and that their understanding
was low. It is also noteworthy that students had fewer
misconceptions than those on other topics covered in the study.
The reason for this may be that the concepts in this topic (e.g.,
oil, natural gas, fossil fuel, solar energy, etc.) are concrete
concepts used in daily life and heard in the media.

The misconceptions determined regarding “fuels and
human-environment interaction” are as follows: ‘“Non-
renewable energy sources don’t harm human health or
inanimate matter” and “Natural gas is a renewable energy
source and doesn’t harm human health”. The misconception
that natural gas is a renewable energy source and is harmless
may have arisen from the word “Natural”. Students may have
interpreted the word ‘“Natural” as meaning that natural gas
must be renewable (Boylan, 2008). The misconception that
non-renewable energy sources don’t harm human health and
inanimate matter may have arisen from a lack of knowledge.
An analysis of the literature revealed the presence of similar
misconceptions (Boylan, 2008; Cirit, 2017; Tortop, 2012;
Yaman, 2018). Boylan (2008), Cirit (2017), and Tortop (2012)
reported the misconception that “Natural gas is a renewable
energy source”, and Yaman (2018) reported the misconception
that “Fossil fuels do not cause the greenhouse effect” in their
studies.
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Recommendations

Two separate data sets can be obtained by considering
only the first multiple-choice tier of the developed
SMDT, namely, academic achievement, and
conceptual understanding by considering both tiers.
SMDT can be used to determine misconceptions by
using it before teaching and to adapt teaching strategies
accordingly.

SMDT can be used to provide diagnostic assessment by
using it before teaching, and it can also be used for
formative assessments by applying it at the beginning,
middle, and end of the teaching process to measure
conceptual change.

The test can be applied on digital platforms such as
Google Forms, and thus, student responses can be
accessed quickly.

Considering the 39 misconceptions identified, it’s
recommended to reconsider the ways of teaching
concepts and to adopt student-centered education
methods.

It’s recommended that studies be conducted with a
larger number of participants to increase the
generalizability of the test.

Furthermore, applying the test to students from
different grade levels may allow researchers to perform
Cross-comparisons.
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