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Turkish primary students' conceptions about
the particulate nature of matter
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This study was conducted to determine 4th, 5th, and 6th grade primary students’
conceptions about the particulate nature of matter in daily-life events. Five questions were
asked of students and interviews were used to collect data. The interviews were conducted
with 12 students, four students from each grade, after they finished the formal courses
related to the particulate nature of matter. The results show that the understanding level of
students in all grades about the microscopic properties of matter was quite low. They have
little knowledge of or alternative conceptions about the microscopic properties of the
particles such as the order of the particles, spaces between particles, the number of particles
in different phases, the size of particles and the movement of the particles. And also,
progression of students’ conceptions on the particulate nature of matter is multifaceted. In
addition, it was also determined that students have trouble connecting science knowledge to
their daily-life experiences.
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Introduction

Science, especially chemistry, has been regarded as a difficult subject for young students by
teachers, researchers and educators. Although the reasons for this vary from the abstract nature of
many concepts to the difficulty of the language of science, there are three major reasons for stu-
dents having difficulties in these areas. One is that topics are very abstract (Ben-Zvi, Eylon, &
Silberstein, 1988). Another is that words from everyday language are used but with different
meanings (Bergquist & Heikkinen, 1990), and the third is students’ lack of formal operational
development and poor visualization ability (Gabel, Samuel, & Hunn, 1987). Literature also indi-
cates another source of difficulty. This is that chemistry is described at three levels, only one of
which can be readily observed (Johnstone, 1991, Tsaparlis, 1997). These levels are macroscopic,
submicroscopic and symbolic and conceptual understanding in chemistry including the ability to
represent and translate chemical problems between these levels (Harrison & Treagust, 2000;
Johnstone, 1991; 1993; Raviola, 2001). According to Sirhan (2007), the interactions and distinc-
tions between the levels are important characteristics of chemistry learning and necessary for
comprehending chemical concepts. Moreover, Hinton and Nakhleh (1999) report that students
must use representations characteristic of the macroscopic level, the microscopic level, and the
symbolic level for a full understanding chemistry.
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The concept of matter is essential to chemistry since chemistry is a science of matter and its
transformations. Educators would agree that the particulate nature of matter is part of the heart of
theoretical chemistry and the particle theory of matter is a key component in several science edu-
cation curricula from as early as upper primary school years to various stages of secondary
school (Snir, Smith, & Raz, 2003; Treagust et al., 2010). Appropriate understanding of particle
theory is essential to learning of chemical concepts (Snir et al., 2003). Although the majority of
the students would have heard from different sources the scientifically accepted idea that matter
is made of discrete particles that are in constant motion and have empty space between them,
they have difficulties applying this concept to actual situations and this causes many problems in
the process of learning science (Tsai, 1999). Also, the particulate nature of matter underpins stu-
dent understanding of many chemistry concepts such as the structure of matter and phase changes
(Osborne & Cosgrove, 1983; Bar, 1989; Gabel et al., 1987; de Vos & Verdonk, 1996), diffusion,
the dissolution process, solution chemistry (Lee et al., 1993; de Vos & Verdonk, 1996), chemical
reactions, and the effect of pressure, volume, and temperature on gases (Nakhleh, 1992).

Because of this importance, there have been made numerous studies related to the
particulate nature of matter in the last three decades. In fact, Talanquer (2009) states that the
structure of matter and its changes may be one of the topics in which the description of students’
ideas at different levels may be best characterized. While some of these studies investigated the
student understanding and alternative conceptions (Adbo & Taber, 2009; Ayas & Ozmen, 2002;
Ayas, Ozmen, & Calik, 2010; Boz, 2006; Bouwma-Gearhart, Stewart, & Brown, 2009; de Vos &
Verdonk, 1996; Flores-Camacho et al., 2007; Gabel et al., 1987; Garcia Franco & Taber, 2009;
Hatzinikita, Koulaidis, & Hatzinikitas, 2005; Jimenez Gomez, Benarroch, & Marin, 2006;
Johnson & Papageorgiou, 2010; Liu & Lesniak, 2005; 2006; Lofgren & Hellden, 2008; Margel,
Eylon, & Scherz, 2008; Nakhleh, Samarapungavan, & Saglam, 2005; Othman, Treagust, &
Chandrasegaran, 2008; Ozmen & Kenan, 2007; Papageorgiou & Johnson, 2005; Pozo & Gomez,
Crespo, 2005; Talanquer, 2009; Treagust et al., 2010; Wu, Krajcik, & Soloway, 2001; Yilmaz &
Alp, 2006), others chose to examine the effect of different teaching approaches on students’
learning of particulate nature of matter (Adadan, Irving, & Trundle, 2009; Bunce & Gabel, 2002;
Johnson & Papageorgiou, 2010; Kokkotas, Viachos, & Koulaidis, 1998; Meheut, 2004; Noh &
Scharmann, 1997; Papageorgiou, Johnson, & Fotiades, 2008; Pierri, Karatrantou, &
Panagiotakopoulos, 2008; Snir, Smith & Raz, 2003; Stern, Barnea, & Shauli, 2008; Tsai, 1999).
Studies of students’ understanding of the particulate nature of matter have indicated that students
may have a primitive continuous-matter outlook on the physical world, as opposed to the
scientifically-accepted particulate model. These studies revealed students’ alternative conceptions
concerning the following major aspects of matter concept: composition and structure (Benson,
Wittrock & Baur, 1993; Krnel, Glazar, & Watson, 2003; Krnel, Watson, & Glazar, 1998),
physical properties and change (Krnel, Watson, & Glazar, 1998; Lee et al., 1993), and chemical
properties and change (Boo & Watson, 2001; Johnson, 2000; Solomonidou & Stavridou, 2000).
In addition, research findings from the literature indicate that issues such as meaning of the term
particles, the nature and characteristics of particles, the nature of space between particles,
behavior of particles in different states of matter, the size of molecules, and change in the
arrangement of the particles during the phase change and chemical processes are the main
problematic ones for the students to understand (Boz & Boz, 2008; de Vos & Verdonk, 1996;
Griffiths & Preston, 1992; Harrison & Treagust, 1996; Tsai, 1999; Harrison & Treagust, 2002).
Difficulty in applying science knowledge learned in schools to daily-life situations is another
problematic issue determined from the studies although this is an important issue in science
education (Gallagher, 2000). The results of the studies indicate that students have a tendency to
use their perceptions of macroscopic changes of a substance to infer its phase change occurring at
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the microscopic level and the presence of the particles in three states of matter is counter-intuitive
to their knowledge.

Purpose of the Study

Although the age level at which the particulate nature of matter should be introduced to students
is somewhat questionable, if science and technology textbooks are examined, atoms, molecules
and the particulate nature of matter are depicted even in primary grades (Gabel, Samuel & Hunn,
1987). It is well-known that the particulate nature of matter is a difficult concept and students
have many problems while learning this concept. It also seems difficult for students to apply the
particle model consistently across different substances (Nakhleh, Samarapungavan, & Saglam,
2005). Although many international studies about students’ understanding of the particulate na-
ture of matter have been carried out by using paper-pencil tests, open-ended questions and/or
interviews so far, research related to this concept is very limited in Turkey (Ayas & Ozmen,
2002; Ayas, Ozmen, & Calik, 2010; Boz, 2006; Ozmen, Ayas, & Costu, 2002; Ozmen & Kenan,
2007; Yilmaz & Alp, 2006) perhaps because science education is a newly developing research
area starting from 2000s. Also, although there have been numerous international studies investi-
gating progression in children’s understanding of the matter concept from elementary to high
school (Holgersson & Léfgren, 2004; Jimenez Gomez, Benarroch, & Marin, 2006; Liu & Les-
niak, 2005, 2006; Lofgren & Hellden, 2008; Margel, Eylon, & Scherz, 2008; Nakhleh & Samara-
pungavan, 1999; Nakhleh et al., 2005), there are only few cross-age studies at the primary level
in Turkey (Boz, 2006; Ozmen & Kenan, 2007). With this in mind, this study may be a starting
point for other researchers to make cross-age studies in Turkey. Such data may give teachers,
researchers and educators valuable feedback related to students’ background and alternative con-
ceptions as well as the effectiveness of their instruction. Within the domain, the study aims to
synthesize students’ views about the particulate nature of matter within the context of daily life
events.

Methodology
Study Context

The unit of “Matter and Change” is included in the Science and Technology curriculum between
grades 4 and 8 in Turkey (ages 10-14) and the content of the unit changes from grade to grade
because the spiral curriculum approach is implemented. In grades 4 and 5, general concepts, such
as basic, common and distinctive properties of matter, heat-matter interaction, pure matter,
solution and mixture, melting point and freezing point, density, evaporation, condensation and
boiling are introduced to students. The content of the grade 6 curriculum consists of building
blocks of matter, elements, compounds, molecules, physical and chemical change, states of
matter and particulate nature of matter, and the particulate nature of matter and heat. Concepts
such as elements and their symbols, compounds and their formulas, structure of atoms, electronic
configurations, chemical bonding, periodic system, chemical reactions, acids and bases are
introduced in grades 7 and 8. As seen from the content, general properties about matter such as
particulate nature of it, states of matter and transformations, etc. are given in grades 4, 5, and 6.
For this reason, this study was conducted with these grades of students.
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Table 1. The categories for the classification of the students’ responses

Categories Criteria for the classification
Understanding Responses that included partially and totally correct explanations
Alternative conception Responses that included illogical or incorrect student answers which
could not be accepted as reliable or not related to scientific
knowledge
No understanding Repeated the question, contained irrelevant information or an unclear

response; responses such as “I do not know” or no response

Sample

Twelve students from grades 4, 5, and 6 were chosen for this study to interview. Four students
from each grade levels, who finished their formal course in school related to the particulate
nature of matter, were chosen from the ones who had self-confidence and high ability in self
expression from each grade based on their teachers’ recommendation.

Instrumentation and Analysis

Semi-structured interviews were used to collect data for in-depth investigation of students’
conceptions. During the interviews, students were usually asked about daily life situations. The
interviews were individually carried out in a laboratory and lasted about 30-35 minutes. Five
main open-ended questions were asked and some new questions were added based on the student
answers (Abraham, Williamson, & Westbrook, 1994; Boz, 2006). The questions were related to
the effect of heat on the gas particles, condensation and evaporation, and dispersion of liquids in
each other and adapted from the literature with minor revisions (e.g., Ayas & Ozmen, 2002;
Ayas, Ozmen & Calik, 2010; Ozmen, Ayas & Costu, 2002). The content validity of the questions
was achieved by asking experts and science and chemistry teachers to evaluate them. In the data
analysis process, students’ responses were examined thematically and classified into three
categories: understanding, alternative conception, no understanding (Abraham et al., 1994; Ayas
& Ozmen, 2002; Ayas, Ozmen & Calik, 2010; Costu, 2008). The categories are described in
detail in Table 1.

To assure validity of the classification, the students’ responses were classified by two
researchers. In each of the five questions, the two researchers agreed in about 90% or more of the
classifications. If there was a disagreement in classification, it was discussed in detail and an
agreement was reached.

Results and Discussion

The findings of the study are presented below. The following abbreviations were used to identify
the sources of the excerpts.

S Student | The first student
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R Researcher I The second student
4 Grade 4 Il The third student

5 Grade 5 v The fourth student
6 Grade 6

Findings Related to the Effect of Heat on the Gas Particles

The first question of the interview is related to the effect of heat on gas particles, and students
were asked to draw a figure and explain their reason for such a drawing.

Question 1. Imagine a balloon that has 5 air molecules. The balloon is heated and it expands.
How do you expect the particles to be in the heated balloon? Draw the particles in below figure
and explain why you draw such a picture.

O
OO OO

While one of the students from grade 5 gave an explanation in the understanding category,
other students’ explanations in all grades were placed into the alternative conception category.
The student from the grade 5, who gave a correct answer, drew the particles far from each other
after the heating and the number of the particles did not change. When he was asked to explain
the drawing, he said that the space between the particles in the heated balloon increased,
therefore the balloon has expanded. On the other hand, this student drew the particles with a
larger size after heating. When asked, he said that the particle size did not change and this was a
drawing mistake. Some of the explanations are below:

R . Why did you draw such dispersion?

SHI- . The space between the air particles in heated balloon is increase after
5 heating and the balloon expands for this reason.

R . Are there any changes in the size of particles?

SlI- : Do not take notice of my drawing, particle size does not change, they
5 are all the same. | did not think that my drawing would cause such a

thought that the particle size has increased. But | know that the
particle size does not change during the heating or cooling.

Students in all grades have two alternative conceptions in common. These are related to
particle size and the number of the particles in different phases. Most of the students think that
the particle size will increase after the heating and they show such a thought on their drawings.
When asked, they also state this view. Most of the studies in international literature report such
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an alternative conception (Boz, 2006; Griffiths & Preston, 1992; Lee et al., 1993; Ozmen, Ayas
& Costu, 2002; Ozmen & Kenan, 2007; Pereira & Pestana, 1991; Valanides, 2000). For example,
Griffiths and Preston (1992) reported similar results that high school students believed that the
particle size of a substance would increase as it changes from liquid state to gaseous state or
when heated. And also, according to the studies of Ozmen, Ayas and Costu (2002), Ozmen and
Kenan (2007) and Pereira and Pestana (1991), most of the students who have this view think that
the size of particles will increase during heating and decrease during cooling. On the other hand,
Gabel et al. (1987) and Valanides (2000) found that not only students in low grades but also
many of the prospective elementary teachers did not conserve the number of the particles and
also they believe that the atoms get larger as the matter changes from the liquid to the gas state.
This view shows that students attribute the macroscopic properties of matter to its sub-
microscopic particles. This is also a commonly reported situation in the literature (Albanese &
Vicentini, 1997; Ben-Zvi, Eylon & Silberstein, 1988; Griffiths & Preston, 1992; Harrison &
Treagust, 2002; Johnson, 1998; Kokkotas, Vlachos & Koulaidis, 1998; Lee et al., 1993; Nakhleh,
1992). From the students’ point of view, it is logical to say that particles expand based on the heat
because they know that heated matter expands in daily life. For this reason, it is very common to
say that if we heat the particles, they expand.

The other alternative conception was related to the number of the particles and all of the
students believed that the number of the particles would increase after heating. When the students
were asked how the number of particles increased, one of the grade 4 students based her view on
her understanding of evaporation stating that when particles were heated they expand and this
causes an increase in the particle number. Another grade 4 student stated that air went into the
balloon from outside and this causes an increase in the particle number. Two of the grade 5
students and one of the grade 6 students pointed out that the number of the particles increased by
division. The following excerpts illustrate this point:

R . What kinds of changes happen in the particles of the heated balloon?
SHI-5 . Particles get larger when they are heated and their numbers increase.
R : How do the particles get larger?

SHI-5 . By expanding

R : How do their numbers increase?

SHI-5 . The particles appeared to grow large and then they began to increase
R : How do the particles increase?

SIHI-5 . Bydivision

A similar alternative conception is reported in the literature. Studies show that a large num-
ber of students hold the beliefs those the atoms get larger as matter changes from the liquid to the
gaseous state and the numbers of the particles decrease from the solid to liquid and to gas (Gabel,
Hunn & Samuel, 1987; Ozmen & Kenan, 2007). Probably, there are two macroscopic views that
heated matter gets larger and/or cooled matter gets smaller on the basis of this idea. These results
indicate that students have a tendency to use their perceptions on macroscopic changes of a sub-
stance to infer its phase change occurring at the microscopic level.
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Question 2. A balloon is blown up and fastened with a string, tightly (Figure 1). The balloon is
put into a freezer for a short time and after that figure 2 was obtained. How do you explain this
event although balloon does not leak air out?

A

Figure 1 Figure 2

The second question of the interview is also related to the effect of heat on gas particles, and
students were asked to explain the phenomena seen in the figures. One of the grade 5 students
explained the question in the understanding category while most of them in all grades have the
alternative conception. A part of the interview with this student is given in below. Looking at the
students’ responses, we can understand that this student scientifically explains the effect of
cooling on particles.

R : What is the reason for the pucker of the balloon?

SIV-5 . Itexpands in hot weather and puckers in cold weather. The volume
of the balloon becomes small when it puckers up. Therefore, it
becomes a deflated balloon.

R : What is the thing which puckers in the balloon?

SIV-5 . The air particles

R : How do the air particles pucker?

SIV-5 . Its molecules become closer to one another and the volume of the

balloon becomes small.

Alternative conceptions related to particle size and numbers of the particles are also seen in
this question. For example, grade 4 students believed that particles would freeze, they would get
smaller, there would be no air in the balloon and the particles would disappear because of cold.
Similar alternative conceptions are also reported in related literature (Gabel, Samuel & Hunn,
1987; Griffiths & Preston, 1992; Ozmen, Ayas & Costu, 2002; Ozmen & Kenan, 2007; Pereira &
Pestana, 1991; Valanides, 2000). In these studies, most of the students thought that size of
particles decreases during cooling. Some quotations from the students’ explain are presented
below:

R . Why does the balloon left in the cold get smaller?

SI-4 . Because there is no air in the balloon when it is cooled.
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Sli-4 . The particles have become frozen and so it becomes smaller

Sli-4 . The particles become smaller because it is cold.

While the grade 5 and grade 6 students have similar alternative conceptions such as the
numbers of particles decrease when the balloon is cooled, the particles get smaller when they are
cooled and the particles combine with each other and their numbers decrease, one of the grade 6
students pointed out that the reason for the pucker of the balloon is the pressure difference
between inside and outside the balloon. This student’s explanation is presented below:

R : Why does the balloon become smaller?

SI-6 . Because the pressure of the cold air outside the balloon is greater
than the hot air inside the balloon, when the balloon is left the cold
air, the pressure shrink the balloon.

R . Could you explain it more clearly?

SI-6 . For example, we have the blood pressure inside our vessels, and
there is air pressure outside. These balance each other. It is also like
this. The pressure of the cold air is much more than the gas in the
balloon. Therefore, the balloon has puckered.

R :You mean that the pressure of the cold air outside the balloon is
greater than the pressure inside the balloon.
SI-6 © Yes.

Although this student had some ideas related to pressure and behavior of the particles in cold
air, he erroneously tried to explain the phenomena air pressure inside and outside the balloon
without considering the energy and movement of the particles decreasing inside the balloon.

The findings show that the students had some alternative conceptions about the effects of
heat on the gas particles. In general, students think that particle size and number of particles
would increase during heating and decrease during cooling. This shows that students do not make
the distinction between macroscopic and microscopic properties of matter and attribute the
observable changes to microscopic phenomena.

Findings Related to Condensation and Evaporation

The students were asked two questions in order to get their ideas about condensation and
evaporation. They were asked the reason of humidity on the bottle taken out from the fridge in
one of the questions. This question was related to condensation and the expected reason for this
was that the water vapor in the air condensed due to the effect of the cold surface of the bottle.

Question 3. A tightly capped clear bottle filled with a small amount of water is kept in a freezer
for a few hours. Many tiny water droplets appeared on the outer surface of the bottle when it is
taken out the freezer. How does this phenomenon take place? Please make an explanation.

None of the students could give an acceptable response to this question and most of the
responses were placed in alternative conception category. They gave different responses to this
guestion. For example, one student pointed out that the air condensed on the bottle whereas the
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other one specified that the air included liquid molecules and the humidity resulted from that. The
other students think that cold water inside the bottle evaporated when encountering heat. Some
student explanations are given below.

R : What is the reason for humidity on the bottle?

SHI-5 . The bottle is cold and the hot air outside condense on it. Droplets
come into existence.

R . Where does this water come from?

SHI-5 . Water? That is, the air condenses on the bottle and it turns into
water, namely, air turns into water.

R . Air turns into water?

SHI-5 . Yes, air turns into air because of the cold. Then, it condenses on the

bottle. The air condenses outer surface of the bottle with the effect of
cold water inside the bottle.

R :You mean that the condensed material on the bottle is air.

SHI-5 :Yes. Air condenses. The condensed material on the bottle is air.

R : What is the reason for humidity on the bottle?

SIV-6 . Something like steam happens when we take the bottle out.

R : Where does this steam come from?

SIV-6 . There is cold air, cold gas in the fridge. It creates steam on the bottle

becoming frozen. When we take the bottle out, droplets begin to
flow on the bottle after a certain temperature. This shows that there
are liquid molecules in the gas.

When the students’ responses are examined, it is seen that none of the students understand
the condensation of water vapor found in the air. Actually, we generally say to the students that
the air consists of oxygen, nitrogen, carbon dioxide, etc. without mentioning the water vapor.
Therefore, students do not think that there is water vapor in air and that it can condense. As a
result, they think that air condenses or air turns into water when it comes in contact with a cold
surface. Although condensation is a daily-life related concept, a number of studies report
alternative conceptions on condensation on cool surfaces (Ayas & Ozmen, 2002; Bar & Travis,
1991; Chang, 1999; Costu, 2006; Costu, 2008; Gopal et al., 2004; Osborne & Cosgrove, 1983;
Paik et al., 2004). These studies show that students have several alternative conceptions and
difficulties about this topic despite science teachers’ extensive efforts in teaching. Literature
suggests that connecting science to students’ daily-life experiences has been an important issue in
science education and this should be included in science lessons (Ogborn et al, 1996). Also,
Costu (2008) reports that using suitable teaching strategies either helps students in making sense
of everyday situations or achieve better conceptual understanding of the concept of condensation.
Unfortunately, connecting science knowledge to daily-life events cannot be made effectively in
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traditional science classrooms and students do not gain better understanding related to these
concepts.

The other question which was asked to get students’ ideas about evaporation was related to
the reason of decreasing water in a glass in front of the window. The expected response for the
guestion is that water particles found in liquid vaporizes when they collect required energy from
the environment and other particles. As the glass is open, water vaporizes and run out as time
passed.

Question 4. A clear plastic glass filled with a small amount of water is left in front of a window
for several days. After the several days, the level gradually diminishes. How do you explain this
event by using the particulate nature of matter?

One of the grade 5 and two of the grade 6 students correctly responded to this question.
These students called this phenomenon evaporation and explained the reason behind the
evaporation correctly. On the other hand, the majority of the students pointed out that it was
evaporation and the amount of water in glass decreased because evaporation occurs at all
temperatures. Although students knew generally the classical phrase that evaporation occurs at all
temperatures, they could not explain this phenomenon at the particulate level. Not using of
particle ideas to explain the phenomenon of evaporation in macroscopic terms is also reported in
the literature (Ozmen, Ayas & Costu, 2002; Costu, 2006; Costu, Ayas & Niaz, 2010). Such
students’ responses were placed in the no understanding category. This is evident from the
following interview dialog:

R : Why does the water in glass decrease?

SllI- : The water in glass vaporizes, therefore it decreases.

4

R : How do you explain this situation by using the particulate nature
of matter?

SlI- :Liquid molecules evaporate. Evaporation becomes in all

4 temperatures.

R : Why evaporation does become in all temperatures?

SlI- . Idon’t know.

4

Evaporation may be one of the topics in which the description of students’ ideas at different
levels may be best characterized (Canpolat, 2006; Chang, 1999; Costu, 2006; Costu & Ayas,
2005; Gopal et al., 2004; Henriques, 2000; Papageorgiou & Johnson, 2005; Prain, Tytler &
Peterson, 2009; Tytler, 2000; Tytler & Peterson, 2001, 2004, 2005; Tytler, Prain & Peterson,
2007). In these studies, results show that students at all levels have learning difficulties and
alternative conceptions of evaporation and related concepts. The results of this study are parallel
to the literature for this topic.

Two of the grade 6 students called the phenomena as evaporation but their responses related
to reason were illogical, irrelevant and not acceptable. As follows, one of these students
mentioned the formation of rain without giving the expected explanation; the other believed that
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hot particles coming from the sun combine the water molecules and water decreases as a result.
Two sample dialogs are given below.

R
SI-6

Why does the water in glass decrease?

Water vaporizes. It becomes a cloud in the sky. Then it turns into
rain once more and rains.

How can you explain this situation related to particles?

I don’t know

Why does the water in glass decrease?
Because it vaporizes.
How does water vaporize?

There are particles in the air. They are hot particles, because it comes
from the sun. When the sun touches the water, it heats the particles.

Do hot particles come from the sun?

Yes, then it combines with water, and then it becomes steam
gradually. So, the water in the glass decreases.

In an interesting response, one of the grade 5 students believed that sun light melts the water
and water vaporizes. This student is confused in using the words “melt” and “vaporize”. A part of
the dialog is presented below.

R
SHI-5
R
SHI-5
R
SHI-5
R
SHI-5
R
SHI-5

Why does the water in glass decrease?

When the sun lights touch the water, this causes to melt.
Do the sun lights melt the water?

Yes, sun melts the water and it vaporizes.

Do the liquids melt?

Yes.

How is transformation of a liquid into a gas called?
Melting

Does the water melt here?

Yes.

Generally, the students confused the concepts of evaporation and condensation which they
often heard in their daily life. Therefore, they could not explain the situation on the sub-
microscopic level, scientifically correct. But, the results of this study show that students are more
successful in explaining evaporation related phenomena than the condensation related ones. The
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reason for this may be that students are more familiar with the evaporation concept than the
condensation because they encounter it more in their daily life.

Findings Related to Diffusion of Liquid Particles

The last interview question was related to the dispersion of liquid particles in each other. In this
question, the students were asked why ink did not get into the wood when it was dripped on it
drop by drop although it got into every part of the water?

Question 5. A big glass is full of water. A few drops of blue ink are dripped into the water. After a
while, the color of the water turns into the blue. If the ink is dripped into the wood, does the
whole wood turn blue? What is the difference between water and wood?

Two grade 5 and 3 grade 6 students gave explanations which were placed in understanding
category. An example of these explanations is given below.

R . Is the ink diffused totally when it is dripped on a piece of wood drop
by drop as in water?

SIV-5 . No, itisn’t.

R . Why?

SIV-5 . Because the molecules of the wood are too close each other and they

make vibrational motion without displacement. So, ink particles
diffuse partially.

R : What is the difference between wood and water?

SIV-5 : Wood is solid and ink is liquid. Solid particles are motionless while
the liquid particles make translational motion.

R : Is the ink diffused totally when it is dripped on a piece of wood drop
by drop as in water?

Sli-6 No, it isn’t.

R : Why?

Sli-6 Because water and wood are different substances. One is liquid and

the other one is solid. Solid particles are motionless and closer than
liquids particles. So, ink particles are not easily diffused among the
wood particles while they are diffused among the water particles.

Explanations of one of the grade 6 students showed that this student did not have an ade-
quate understanding about the particulate and spaced nature of the solids. She thought that diffu-
sion of the liquid particles was based on the space between the particles. Some student explana-
tions are given below.
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Is the ink diffused totally when it is dripped on a piece of wood drop
by drop as in water?
No, it isn’t.

Why the ink is not diffused when we drip it onto the piece of wood
as in water?

Because, wood is thick. And also, wood is solid, water is liquid.

Could you please explain your reason in detail? How can you
explain this event regarding that matter consists of particles?

The distance among the particles of water is more than solid ones.
Ink spread into the water particles and paints them. On the contrary,
there is no space between solid particles. So, ink cannot diffuse
between solid particles and cannot paint them.

111

One of the grade 4 students stated that wood, like the other solids, did not have particles.
This student does not have the scientific knowledge that all matter consists of particles. The
explanation of this student is below:

R
Slii-4
R
Slii-4
R
Slii-4
R
Slii-4
R
Slii-4
R
Slii-4
R

Sli-4

Does the ink spread when it is dripped onto a piece of wood drop by
drop as in water?

No, because it is solid. Water is liquid, wood is solid, so it does not
spread

What is the difference between solid and liquid?

Liquid always takes the shape of the container in which it founds,
but the wood does not.

How can you explain this event regarding that matters consist of
particles?

Wood is solid and thick. When you drip the ink, the wood absorbs it.
Water is liquid. When it mixes with the ink, it takes a specific color.

Does the wood have particles?

No. Because the wood does not have the particles, the ink does not
diffuse in it.

Do not solids have particles?

There is in ice. If you put a glass of water in a fridge, you can see
small particles during freezing. But, wood dos not have.

Does the stone have particles?
No, it does not.

Iron?

No.
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This is an interesting and original alternative conception and the reason why students think
that solids do not have particles while liquids consist of particles is not clear. Based on students’
responses, another alternative conception was determined specifically that ink particles paint the
water particles. A part of dialog is an evidence for this alternative conception.

R . How can you explain the diffusion of the ink all over the water?

Sl-4 . Both ink and water are liquid, so they are mixed. Water takes the
color of the ink.

R : How can you explain this event regarding that matters consist of
particles?

Sl-4 : Water particles and ink particles are mixed.

R : How does this event occur?

Sl-4 . Ink particles have color, water particles do not. When they are

mixed, ink particles paint the water particles

R : How can you explain the diffusion of the ink all over the
water?

SlI-5 : Particles in matter move. So, the ink particles are diffused
more rapidly

R : How does the color of water turn into the blue?

SlI-5 : Blue ink particle is blue. It influences the water particles and
turns their color blue. Like this, ink is diffused all over the
water.

Student responses indicate that students did not have and adequate understanding about dif-
fusion but rather have alternative conceptions such as solids do not have particles, there is no
space between solid particles and ink particles paint water particles blue. Some of these alterna-
tive conceptions are also reported in the literature (Demircioglu, Akdeniz & Demircioglu, 2004;
Griffiths & Preston, 1992; Harrison, 2001; Nakhleh & Samarapungavan, 1999). For example,
according to Griffiths and Preston (1992), students believe that particles are in contact and there
is no empty space between them. Similarly, Harrison (2001) reported that students view solid
particles are in contact, liquid particles about one particle apart and gas particles have 3-4 par-
ticles spaces in-between. Also, Pereira and Pestana (1991) found that many high school students
have the alternative conception about the relative distance between the particles for the three
states. In the literature, Boz (2006) also found that students think that particles in a solid do not
have any movement at all because there is no space to go and she explains that this is based on
the thought of particles are very close to each other and tightly packed in a solid substance. Based
on this explanation, students believe that solid particles are in contact.
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Table 2. Students’ responses to questions in three grades

Understanding Alternative Conception No understanding
Questions Grade4 Grade5 Grade6 Grade4 Grade5 Grade6 Grade4 Grade5 Grade6
Q. 1 - 1 - 4 3 4 - - -
Q. 2. - 1 - 3 3 3 1 - 1
Q.3. - - - 3 4 4 1 - -
Q. 4. - 1 2 1 1 1 3 2 1
Q.5. - 2 3 2 1 1 2 1 -

In conclusion, results of this study show that student responses were often categorized in

the alternative conception and no understanding categories. Although a few grade 5 and grade 6
student responses to different questions were categorized in the understanding category, none of
the grade 4 students could give responses in this category. Results of the findings are presented in
Table 2.

Table 2 means that all of the students in all three grades do not have an adequate understand-
ing of the particulate nature of matter in daily-life events. The first striking thing is that students’
understanding levels and alternative conceptions do not change as the grades increase.

Conclusion

Results of this study show that the understanding levels of the students about the microscopic
properties of matter are quite low and they have a number of alternative conceptions such as the
order, the number, the size, the movement of the particles and spaces between them. Similar
alternative views are reported in literature (Boz, 2006; Ozmen, Ayas & Costu, 2002; Ozmen &
Kenan, 2007; Valanides, 2000). Two other problematic issues are evaporation and condensation
and literature has also several alternative conceptions related to these concepts (Canpolat, 2006;
Chang, 1999; Costu & Ayas, 2005; Papageorgiou & Johnson, 2005; Prain, Tytler & Peterson,
2009; Tytler & Peterson, 2001; Tytler, Prain & Peterson, 2007). Several studies in the literature
on the particulate nature of matter report insufficient understanding of students at all levels
(Ayas, Ozmen & Calik, 2010; Boz, 2006; Bouwma-Gearhart, Stewart & Brown, 2009;
Hatzinikita, Koulaidis & Hatzinikitas, 2005; Liu & Lesniak, 2005; Lofgren & Hellden, 2008;
Nakhleh et al., 2005; Othman, Treagust & Chandrasegaran, 2008). These results show that at
least some of the students at every grade fail to understand conceptually the particulate nature of
matter even following formal science instruction. Although students are generally familiar with
atoms, molecules and generally particles concepts from both popular media and schools and they
know that matter is made up of discrete particles, they are reluctant to use the particulate nature
of matter to explain observable phenomena and attribute the macroscopic properties of matter to
the microscopic level. This has also been documented by previous studies (Abraham et al., 1994;
Albanese & Vicentini, 1997; Gabel et al., 1987; Griffiths & Preston, 1992; Harrison & Treagust,
2002; Johnson, 1998; Kokkotas, Vlachos & Koulaidis, 1998). According to Adadan, Irving and
Trundle (2009), this may be because the particulate nature of matter competes with what students
observe in daily-life. For example, students have difficulty in accepting the notion that a drop of
water consists of a large number of particles, that they are in constant motion, and they are
attached to each other because they perceive a piece of water as smooth and continuous (Pozo &
Gomez Crespo, 2005; Snir, Smith & Raz, 2003).
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Another conclusion of this study is that students of all grades in this study are reluctant to
use the particulate theory to explain daily-life events. Even when they had some correct ideas,
they have difficulties in transferring their theoretical knowledge about the particulate nature of
matter to explain daily-life events. Collected data shows that even though most of the students
had the classical knowledge that all matter is made of particles; they failed to associate this
scientific idea with daily-life events and to use it for explaining observed phenomena. Similar
results were obtained from the studies of Ayas and Ozmen (2002), Briggs, Brook and Driver
(1984), Lofgren and Hellden (2009) and Ozmen, Ayas and Costu (2002). For example, Lofgren
and Hellden (2009) investigated how students use a molecule concept when explaining everyday
situations in a longitudinal study and they found that most students did not connect the
knowledge they gain in school about the particulate nature of matter to these everyday situations.
This shows that students’ knowledge related to particulate theory is simple and dysfunctional.
Although connecting science to students’ daily-life experiences has been an important issue in
science education (Ogborn et al., 1996) and daily-life experiences are a way to make science
meaningful to students (Campbell & Lubben, 2000), most of students could not apply their
science knowledge learned in schools to daily-life events (Gallagher, 2000). According to Harlen
(2002), daily-life theme related to science is necessary to educate students as scientifically literate
citizens, but they do not have opportunity to do so in schools (Gallagher, 2000). Based on this,
students cannot make the sicence concepts related to daily-life themes meaningful in their minds.
This causes the insufficient construction of the scientific knowledge.

All of these results indicate that students’ knowledge related to the particulate nature of
matter remains as discrete pieces of information in their mind resulting in rote learning. Boz
(2006) suggests that teachers in science classrooms should encourage the students to use the
particulate nature of matter in explaning daily-life related events to prevent rote learning and to
facilitate conceptual understanding of the particle theory.

Interpretation Differences Between Grades

In this study, findings from three grades show that the students are not at the desired level. The
majority of the students exhibited very limited understanding of the concept and had difficulties
to relate the observable macroscopic changes to the invisible molecular events. They did not
develop an understanding on how macroscopic observations might be related to microscopic
explanations. It is expected that the levels of conceptions of 4", 5™ and 6™ grade students have to
increase gradually. Because the concepts related to the particulate nature of matter are taken up
more detail with increasing grade, students are expected to explain some daily life events more
correctly and successfully in higher grades. The results show that there is not a great conceptual
understanding difference between the grades in favor of higher level and progression of students’
conceptions on the particulate nature of matter is multifaceted. For example, while grade 4
students did not give responses in the understanding category, grade 5 and grade 6 students’
responses were close to each other. On the other hand, it is interesting that in all grades, students’
responses in the alternative conception category were similar to each other. This means that
although students at each level take several science classes during their schooling, they have
alternative conceptions even after learning the correct concepts in the classrooms. In fact, in
question 3, it was seen that the alternative conceptions of the students increased as long as their
grades increased. This may be because the students want to use the newly learned knowledge
without assimilating it completely for explaining events.

In the literature, Liu and Lesniak (2006) state that there is no clear conceptual leap between
different grade levels in conceptual progression, that is, there is tremendous overlap in
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conceptions among students of different grades. And also, according to Liu and Lesniak (2005),
matter concept development in children from elementary to high school undergoes five
overlapping waves. The first wave involves developing informal ideas on matter such as
properties and changes involving water and air and may occur by grade 3 or 4. The second wave
occurs by grade 7 when students develop understanding of the aspect on matter conservation. The
third wave is indicated by understanding physical and chemical properties and changes by grade
8 and 12 general students. The fourth wave involves structural and composition aspect of the
matter. And the last wave involves explaining and predicting matter and changes using bonding
theories. Treagust, Chittleborough and Mamiala (2003) state that only at the last level are
students fluent in representing and coordinating matter and changes at the macroscopic,
symbolic, and microscopic levels. For this reason, it may be unreasonable to expect conceptual
leap between the 4™, 5™ and 6" grade in this study. Gabel, Samuel and Hunn (1987) state that
alternative conceptions and lack of understanding of the particulate nature of matter on the part of
chemistry students may be related to their lack of formal operational development or to their poor
visualization ability. They also think that it is more likely due to their lack of differentiation of
concepts such as solids, liquids, gases elements, compounds, substances, mixtures, solutions, and
to the lack of instruction in which these terms are related to the particulate nature of matter.

Implications for Teaching

It is also known that at the present time most chemistry courses are taught at the symbolic level
with little emphasis on the microscopic and the macroscopic levels and insufficient connections
are made between the three levels and the information remains compartmentalized in the long-
term memories of students (Gabel, 1993). This causes insufficient understanding of concepts by
the students. Therefore, teachers need to emphasize the transitions between the symbolic,
macroscopic, and microscopic world so that students will develop their own mental models of the
particulate nature of matter on these three levels. This may be only possible by using different
ways of teaching of the particulate nature of matter. Computer animations and computerized
models may be effective tools to teach the particulate nature of matter because these help
students in forming the changes which occur in microscopic level in their minds. Literature also
suggests that particle level animations not only help to reconstruct students’ primitive mental
particle models, but also provided an explanation for macroscopic behavior (Yezierski, 2003). In
addition, Tsai (1999) suggests a role-playing and student-centered analogy activity for
meaningful learning.

Although the majority of the students have heard from different sources the scientifically
accepted idea that matter is made of discrete particles that are in constant motion and have empty
space between them, it is known that they have difficulties applying this concept to actual
situations and this causes many problems in the process of learning science and therefore creates
alternative conceptions (Tsai, 1999). Because the alternative conceptions appear to be resistant to
attempts to change them over time despite increased science education, students pass from grade
to grade without fully grasping the underlying concepts. For this reason, teachers should also be
equipped with the necessary capabilities of continuously identifying their own students’
conceptions and implementing teaching approaches that promote conceptual understanding
among their students. On the other hand, studies related to alternative conceptions have shown
that isolating school science from students’ daily-life could make students develop two
unconnected knowledge systems related to science; one is used to solve science problems in
schools, and the other is used for their daily-lives (Osborn & Freyberg, 1985). Therefore, teachers
should consider important students’ applying scientific knowledge learned in schools to daily-life
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events, which has been accepted an important issue in science education and in making science
meaningful to students.
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Tiirk ilkogretim 6grencilerinin maddenin tanecikli yapisi ile ilgili kavramalari

Bu caligma ilkdgretim 4., 5. ve 6. sinif 6grencilerinin giinliik olaylarda maddenin tanecikli
yapsi ile ilgili kavramalarim belirlemek iizere gerceklestirildi. Ogrencilere bes soru soruldu
ve veriler miilakatlar kullanilarak toplandi. Miilakatlar, her seviyeden dort 6grenci olmak
tizere on iki 6grenci ile, bu grenciler maddenin tanecikli yapisi ile ilgili boliimii bitirdikten
sonra gerceklestirildi. Elde edilen sonuglar, her seviyedeki Ogrencilerin maddenin
mikroskobik oOzellikleri ile ilgili anlama seviyelerinin oldukca diisiik oldugunu
gostermektedir. Ogrenciler, taneciklerin diizenlenmesi, tanecikler arasi bosluklar, tanecik
sayilari, tanecik biyiikligii ve taneciklerin hareketi gibi mikroskobik oOzelliklerle ilgili
smirlt bilgiye veya alternatif kavramalara sahiptirler. Ayrica, Ogrencilerin maddenin
tanecikli yapisi ile ilgili kavramalarindaki ilerleme degiskendir. Ogrencilerin fenle ilgili
bilgilerini glinlik yasamdaki tecriibeleriyle iliskilendirmekte sorun yasadiklar1 da
belirlenmistir.

Anahtar Kelimeler: Fen egitimi, ilkdgretim 6grencileri, maddenin tanecikli yapisi, kavrama



