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AN ACTIVITY BASED ON PREDICTION-OBSERVATION-
EXPLANATION STRATEGY USED FOR TEACHING THE
PARTICULATE NATURE OF MATTER

Ekrem Cengiz*

ABSTRACT

This study aims to determine the effects of activities based on the Prediction-Observation-Explanation
[POE] strategy on sixth grade students’ understanding of the particulate nature of matter. The study
was carried out with a sixth grade group consisting of 41 students from a middle school in an eastern
city. Three activities were carried out based on the POE strategy for teaching the particulate nature of
matter: Movement of the Syringe, What Happened to lodine? What Happened to Sugar Cube? While
the students initially gave answers that were not related to the particulate nature of matter and were far
from being scientific, after participating in the activities using the POE strategy, the answers of the
students were at a scientifically acceptable level. The results of the study indicate that different
activities based on the POE strategy may be useful in teaching abstract subjects such as the particulate
nature of matter.

Keywords: particulate nature of matter, poe strategy, middle school students, science education.

MADDENIN TANECIKLI YAPISININ OGRETIMI iCiN KULLANILAN
TAHMIN-GOZLEM-ACIKLAMA STRATEJISINE DAYALI BIR

ETKINLIK
0z
Bu caligmanin amaci Tahmin-Gozlem-Agiklama [TGA] stratejisine dayali etkinliklerin altinci sinif
ogrencilerinin maddenin tanecikli yapisin1 anlamalar tizerine etkisini ortaya koymaktir. Calisma bir
dogu ili sehir merkezi ortaokulunda yer alan 41 6grenciden olusan bir altinct sinif ile yapilmustir.
Calisma kapsaminda maddenin tanecikli yapisinin anlagilmasi igin TGA stratejisine dayali olarak ii¢
etkinlik yapilmistir. Bu etkinlikler; Siringanin Hareketi, Iyoda Ne Oldu?, Kilp Sekere Ne Oldu?
etkinlikleridir. Bu etkinliklerde TGA stratejisinin basinda, 6grenciler tanecikli yapiyla iligkili olmayan
ve bilimsellikten uzak cevaplar verirken, TGA stratejisiyle islenen dersin tamamlanmasi sonrasinda
Ogrenci cevaplarinin bilimsel olarak kabul edilebilecek diizeye yiikseldigi tespit edilmistir. Caligma
sonucunda maddenin tanecikli yapis1 gibi soyut bir konunun &gretiminde TGA stratejisine dayali

olarak farkli etkinliklerin yapilmasinin faydali olabilecegi ifade edilmistir.
Anahtar kelimeler: maddenin tanecikli yapisi, tga stratejisi, ortaokul 6grencileri, fen bilgisi egitimi.
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INTRODUCTION

Students’ embracement of science culture
which is essential at every stage of life is
directly proportional to the effectiveness of the
teaching of the concepts in science lessons
(Yagbasan & Gilgigek, 2003). Learning the
concepts correctly and establishing hierarchical
relationships among the concepts that have
been learned in a proper way also lead to a
reliable knowledge structure (Canpolat &
Pinarbagi, 2012). It is very important that the
basic science concepts are fully and correctly
taught in the primary and secondary education
processes for an adequate science education
(Bayram, Sékmen, & Savci, 1997).

Science education in Turkey begins from the
third grade of the elementary schools.
According to the science curriculum which
was updated by the Ministry of National
Education [MoNE] in 2018, one of the units in
the curriculum of the third grade science class
in primary school is "Let’s Learn Matters’’
unit. Within the scope of this unit, students are
expected to explain the features which
characterize matters with their sensory organs
and to classify the matters which they see in
their surroundings according to the states of
the matters. Therefore, this unit aims to
provide students with basic information about
the nature of the matter. On the other hand, in
the fourth grade of primary schools and in the
fifth grade of middle schools, the students are
prepared for learning the concept of
“particulate nature of matter’” without using its
title in accordance with the unit and learning
outcomes related to the structure of matter.
Therefore, students indirectly encounter with
the concept of particulate nature of matter from
the third year onwards in primary schools.

It is known that the concept of particulate
nature of matter (Ozmen, Ayas, & Costu,
2002), which is one of the most basic concepts
of science and chemistry, forms the basis for
teaching many other concepts (Ayas, 2002).
This shows the significance of the concept of
"particulate nature of matter." According to the
curriculum of the science course which is
being implemented in this academic year, one
of the learning outcomes regarding the
particulate nature of matter in the sixth grade is
“Students comprehend that the matters have
particulate, hollow, and moving structure.”

52

E. Cengiz

Therefore, students first meet the concept of
particulate structure of matter in the sixth
grade of middle school when this learning
outcome is taken into consideration. For this
reason, it is very important for the students to
understand this concept correctly and precisely
in a scientific sense.

When the relevant literature is reviewed, it
could be stated that the concept of particulate
nature of matter is the most important and
fundamental theme of science both in
international science curricula and national
secondary school chemistry curricula (Adadan,
2014). It is simply because the concept of
particulate nature of matter is a microscopic
and abstract concept which is used to explain
many events in everyday life (Kenan &
Ozmen, 2012). This concept is included in the
sixth, seventh, and eighth grade science
curriculum, chemistry curriculum of the
secondary schools, and higher education
science curriculum. Therefore, it is of utmost
importance that this concept is taught
accurately and precisely in the sixth grade
where students encounter with this concept for
the first time. However, students may have
difficulty in understanding the concept of
particulate structure since it is a microscopic
and abstract concept (Ozmen et al., 2002). In
the related literature, it is stated that students of
all ages have learning difficulties or
misconceptions in understanding and using the
scientific model which is expressed as all
matter is made of moving particles between
which there are spaces (Ozmen et al., 2002).
Therefore, while the subject is taught or
discussed, especially starting from the middle
school level, the subject should be explained
by emphasizing the microscopic dimension
rather than the macroscopic dimension
(Saydam, 2013).

Many learning theories have been put forward
to explain the nature of the learning-teaching
process, but constructivist learning theory is
the most popular one in recent years (Ozmen,
2004). For this reason, strategies that are
compatible with the constructivist approach
should be preferred in teaching science
concepts. According to constructivist theory,
the information that the individual receives
from his/her environment is structured by
associating it with the information that already
exists (Hand, Treagust, & Vance, 1997). As
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students are responsible for their own learning
according to this approach, it is appropriate to
use student-centered strategies in this
approach. A strategy that is used in accordance
with the constructivist approach is the
Prediction-Observation-Explanation [POE]
strategy. This strategy is suitable for science
courses because it allows students to structure
their knowledge by making a connection with
the new knowledge based on their previous
knowledge and express it in a meaningful way
(Bilen, 2009; Bulunuz & Bulunuz, 2016). The
POE strategy is seen as a constructivist-
focused learning strategy in order to encourage
the conceptual learning of the students (White
& Gunstone, 1992). The POE strategy helps
students be active in the class and understand
the abstract chemistry concepts
(Karamustafaoglu & Mamlok-Naaman, 2015).
The POE strategy involves a three-step
procedure in which students are expected to
make a prediction related to a demonstration,
an experiment, or a topic that will be presented
together with the reasons of this prediction,
then observe the phenomenon, and lastly
explain the previously made prediction along
with the observation together (White &
Gunstone, 1992).

This study aimed to enable the sixth grade
students, who have encountered with the
concept of particulate nature of matter for the
first time directly, understand this concept
correctly and precisely through using POE
strategy. Since the concept of particulate
nature of matter is an abstract concept, it is not
possible for the students to make an
observation directly (Ayas & Ozmen, 2002). In
order for students to learn the information
permanently and in a meaningful way, learning
environments in classroom/school and out of
school need to be designed in accordance with
the  research-investigation-based  learning
strategy (MoNE, 2018). In this study, students
are expected to reach the idea of particulate
nature of matter on their own with the
prediction-observation-explanation phases
included in the experiments carried out by
students. In this respect, it is believed that this
study will be much more effective compared to
a lesson taught in a traditional way as this
lesson is based on the "learning strategy in
which students are responsible for their own
learning in general, actively involved in the
learning process based on research-
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investigation and transfer of knowledge"
(MoNE, 2018, p. 10). The reason is that when
students are asked questions such as "Why?",
"How?", "How do we explain this event?" in
laboratory studies, they are generally not
interested in the questions and try not to take
the responsibility for finding answers to these
questions (Tekin, 2008). However, since it is
necessary for students to make a written
prediction and explain the reason of this
prediction in an activity based on POE, this
strategy requires students to participate in the
lesson mentally and actively (Glngdr &
Ozkan, 2017). The effectiveness of the POE
strategy which has been applied in this study
will also be observed. This study and the
results obtained from it will also contribute to
the teachers and prospective teachers who
work in this field.

ACTIVITY IMPLEMENTATION

“Movement of the Syringe” which is one of the
activities to create the idea that the materials
have a particulate nature rather than a holistic
form, is included in the course book which is
taught in this academic year (Gokce & Isik,
2017), while the other two activities are
recommended in the course book which was
taught in the previous years (MoNE, 2009).
The three activities used in this study are:

1- Movement of the Syringe,
2- What Happened to lodine?
3- What Happened to Sugar Cube?

These activities were carried out by
implementing the  Prediction-Observation-
Explanation strategy which is used in science
education studies as mentioned above.

The study was carried out with 41 sixth grade
students attending to a state middle school in
an eastern city in Turkey. The necessary
permissions for the study were obtained. At the
beginning of the lesson, the students were
divided into eight separate groups, which
would be homogeneous in terms of academic
achievement. Experiment equipment and
worksheets prepared by the researcher (the
teacher and the author) were distributed to
each group member.

The steps to be followed in the activities can
be described as follows: At the beginning of
the lesson, students sit with their group
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members. Then the lesson materials and the
worksheets are distributed by the teacher
(Appendix 1). Students are given instructions
regarding what to do at "Prediction-
Observation and Explanation” phases for
"Movement of the Syringe" which is the first
activity. After that students begin to work. As
part of the activity, students are first asked to
make a prediction before the experiment as
stated in the worksheet and write the reasons
for this prediction. They are then asked to
make observations by making the experiment
and finally make an explanation by comparing
the results obtained from this experiment with
their predictions. Students take notes regarding
all of these steps on the worksheets.
Afterwards, a classroom discussion is carried
out with all students. Finally, some conclusions
are reached about the experiment with the
whole class. After the first experiment, the
same stages are followed for the second and
third experiments.

Each experiment took 1 lesson hour. When the
experiments were conducted, the teacher
distributed the necessary materials and
worksheets and checked whether the students
had written the specified steps. No intervention
was made to the students regarding what to
observe and conclude at any stage of the POE
strategy. Only class discussions were made
about the results of the experiments with the
students after the explanation stage of the
experiment. During these class discussions, the
teacher asked open-ended questions to guide
the students in explaining their thoughts and
making connections about the concept.

The experiments were completed within a total
of 3 class hours. Then a worksheet (Appendix
2) was distributed to the students to write the
results obtained from these three experiments
separately which took another class hour.
Therefore, the study was completed in total of
4 lesson hours. Experiments which have been
conducted within the scope of this study and
the answers given by the students at the POE
stages related to these experiments are as
follows.

“Movement of the Syringe” Experiment and
Obtained Findings

Students were asked the question in Figure 1
related to the movement of syringe experiment
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during the "prediction" phase. The answers
given by the students to this question at this
stage and the number of students giving these
answers are shown in Table 1 below.

What can you say about the movement of
the piston when there is air in the syringes
shown above and you push the piston of
the syringe putting your finger to the tip of
the syringe and then release the piston?

Figure 1. Prediction Question of the

“Movement of the Syringe” Experiment

Table 1. Students’ Predictions in the First

Experiment

Predictions Number of
Students

The piston moves backwards. 22

The piston does not move.

Air goes out if we push the piston.

The piston moves forward. 1

The piston closes itself. 1

No answer. 10

At the “observation” stage in the first

experiment, the students were asked to write
their observations that they obtained by
making the experiment. The answers given by
the students are shown in Table 2.

Table 2. Students’ Observations in the First
Experiment

. Number of
Observations Students
The piston has returned to its original 35
state.

No answer related to the movement of 6

the piston.

At the “explanation” stage in the first
experiment, the students were asked to
compare their observations with their

predictions and explain the reasons of this
observation. The answers given by the students
to the first question at the explanation stage are
shown in Table 3.
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Table 3. Students’ ldeas Related to the
Explanation Stage in the First Experiment

Prediction-Observation Number of
Comparisons Students
My prediction is correct. 31

My prediction is wrong. 10

In the second question of the explanation stage,
students were asked to explain the reason for
this observation. Answers given by the
students to this question and the number of
students giving these answers are shown in
Table 4 below.

Table 4. Students’ Explanations Related to the
First Experiment

. Number of

Reason of the Observations Students
Compression and expansion of air. 7
Compression and expansion of air. 2

It was compressed because of pressure 2

and went back.

Air entered into the syringe. 2

Air and piston pushed each other. 2

[y

Air is trapped and cannot find a place to
discharge and piston goes back.

A force had an impact on the air and 25
another force prevented it.

When the student explanations given above are
analyzed, it can be seen that there is no direct
explanation of the particulate nature of the
matter. Following this stage, the teacher started
a class discussion based on the answers given
by the students and student answers were
examined in a scientific sense. For example,
some students stated that the air pushed the
piston back. By asking about how the air is
structured, the teacher helped students to reach
the idea that there are particles that are too
small to be seen in the air that pushed the
piston. After the classroom discussion, the first
lesson was completed and the second lesson
began.

“What Happened to lodine?” Experiment
and Obtained Findings

In this part of the study, the second
experiment, “What happened to lodine?” was
conducted. In this activity, the students were
given alcohol and a sum of iodine in the beaker
and the question in Figure 2 was asked.
Students were asked to write their predictions

55

E. Cengiz

for this question and these predictions are
given in Table 5.

-, =

A
There is some ethyl alcohol in the glass
container and iodine particles in the small
container. What kind of changes do you
expect in iodine and ethyl alcohol when the
iodine particles are put into the glass
container?

Figure 2. Prediction Question of the “What
Happened to lodine?” Experiment

Table 5. Students’ Predictions in the Second
Experiment

Number of
Students

The color of ethyl alcohol changes. 19

Predictions

lodine begins to melt. 4
lodine evaporates.

lodine melts and color of alcohol

changes.

Particles dissolve and changes color of 2
the alcohol.

lodine evaporates and changes the color 1
of ethyl alcohol.

lodine dissolves and disperses.

Ethyl alcohol freezes.

The iodine particles disappear and the
color of the alcohol changes.

lodine foams ethyl alcohol and changes 1
its color.

Because alcohol is inflammable, iodine 1
burns and disappears.

lodine pales and burns.

lodine burns until alcohol runs out.
Acid comes out, particles melt and the
color turns into yellow.

Bubbles come up and the color turns 1
into yellow.
No answer. 2
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At the “observation” stage in the second
experiment, the students were asked to write
their observations that they obtained by
making the experiment and the answers given
by the students are shown in Table 6 below.

Table 6. Students’ Observations in the Second
Experiment

. Number of
Observations Students
The iodine particles were dissolved, 15
the color of ethyl alcohol changed.
lodine particles got smaller, yellowish 4
orange color came up.

The color of the ethyl alcohol changed, 4
it turned red.

lodine did not completely dissolve, 3
yellow color occurred.

The particles dissolved and began to 3
give color.

The iodine particles dissolved, the 2
ethyl alcohol became dark orange.

The iodine particles dissolved, a color 1
darker than yellow occurred.

lodine dissolved, the color of the ethyl 1
alcohol darkened.

The color of the iodine came out, ethyl 1
alcohol first became yellow then red

and finally black.

lodine was green, its color darkened 1
when it was poured into ethyl alcohol.

Some of the iodine gave color did not 1
dissolve completely and the ethyl

alcohol had a red-orange color.

The iodine particles were chemically 1
altered and an orange color occurred.

Ethyl alcohol became red, iodine 1
disappeared.

The iodine was evaporated and the 1
ethyl alcohol became red.

No observations. 2

At the “explanation” stage in the second
experiment, the students were asked to
compare their observations with their
predictions and explain the reasons of this
observation. The answers given by the students
to the first question at the explanation stage are
shown in Table 7.

Table 7. Students’ Ideas Related to the
Explanation Stage in the Second Experiment

Prediction-Observation Number of
Comparisons Students
My prediction is correct. 24

My prediction is wrong. 17
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In the second question of the explanation stage,
students were asked to explain the reason for
this observation. Answers given by the
students to this question and the number of
students giving these answers are shown in
Table 8 below.

Table 8. Students’ Explanations Related to the
Second Experiment

. Number of
Reason of the Observations Students
The acid in alcohol melted the iodine 6
and color changed.
Since ethyl alcohol is a chemical 6
substance, iodine dissolved.
Since ethyl alcohol is flammable, 4
iodine gave color to ethyl alcohol.
lodine particles melted and gave color. 3
Ethyl alcohol burned iodine. 2
lodine gave color with ethyl alcohol. 2
lodine particles and ethyl alcohol 1

reacted physically.

The color changes because alcohol is 1
additive free.

Ethyl alcohol absorbs iodine particles 1
and slowly disappears.

The colored particles in the iodine 1
colored ethyl alcohol.

The red dye in the iodine colored. 1
No answer. 13

At the end of this experiment, the teacher
engaged the students in a class discussion and
posed open-ended questions. For example,
students were asked why the iodine particles
were large at the beginning of the experiment
and then decreased. Based on the shared
reponses, the students were able to conclude
that the particles which are too small to be seen
by the eyes were separated and therefore the
iodine was reduced and the alcohol changed
color.

“What Happened to Sugar Cube?”
Experiment and Obtained Findings

In this part of the study, the third experiment,
“What Happened to Sugar Cube?” was
conducted. In this experiment, students were
asked the question in Figure 3. Students were
asked to write their predictions for this
question and these predictions are given in
Table 9 below.
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What do you expect when you put the
sugar cube on your desk into the water in
the glass container?

Figure 3. Prediction Question of the “What
Happened to Sugar Cube?” Experiment

Table 9. Students’ Predictions in the Third
Experiment

. Number of
Predictions Students
Sugar melts. 10
The sugar melts in water and divides 5
into its particles.

In the water, it divides into its particles 4
and gives its own taste.

Sugar melts and the taste of water 3
changes.

Sugar cube melts and splits into 2
particles.

It melts in time, the foam comes out 2
and the color does not change.

Sugar has a particulate nature, 2
dissolves and melts.

Small particles which are too small to 2
be seen in the sugar mix with the water

and taste of the water changes.

Water becomes sweet. 1
Bubbles occur in water, the color of 1
the water comes out the same.

The particles are dispersed and mixed 1
with water.

Sugar absorbs water. 1
Sugar dissolves in water and splits into 1
particles.

Sugar dissolves in water. 1
Sugar cube becomes granular. 1
Sugar melts and mixes with water. 1
Sugar particles are scattered and 1
spread everywhere.

Sugar begins to shrink and disappear, 1
the water becomes sweet.

No answer. 1
At the “observation” stage in the third

experiment, the students were asked to write
their observations that they obtained by
making the experiment and the answers given
by the students are shown in Table 10.
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Table 10. Students’ Observations in the Third
Experiment

. Number of
Observations Students
Sugar melted, mixed with water and 6
water became sugary.

Sugar cube melted, particles 4
disappeared.

Sugar melted in water and dissolved. 3
The particles in the sugar cube were 3
dispersed and mixed with water.

The sugar completely disappeared. 3
Sugar cube separated into pieces. 3
Sugar melted in water. 3
Sugar dissolved and melted. 2
Sugar cube is a melting material and 2
does not give color.

Sugar dissolved and taste of the water 1
changed.

Sugar divided into particles in water. 1
Sugar particles rise to the surface. 1
The sugar particles are dispersed into 1
the air, the sugar disappears and the

water became sugary.

Sugar cube particles started to fly in 1
water.

Sugar divided into particles that could 1
not be seen in water.

Sugar disappeared, dissolved. 1
Sugar melted and divided into too small 1
particles to be seen.

Small pieces of sugar are scattered 1
around, sugar cube melted.

The particles of sugar and water mixed 1
together and the sugar melted.

The bubbles came out of sugar, the 1
water was sweet.

Small particles in the sugar began to 1
melt thanks to the invisible particles in

the water.

At the “explanation” stage in the third

experiment, the students were asked to
compare their observations with their
predictions and explain the reasons of this
observation. The answers given by the students
to the first question at the explanation stage are
shown in Table 11 below.

Table 11. Students’ Ideas Related to the
Explanation Stage in the Third Experiment

Prediction-Observation Number of
Comparisons Students
My prediction is correct. 40

My prediction is wrong. 1

In the second question of the explanation stage,
students were asked to explain the reason for
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this observation. Answers given by the
students to this question and the number of
students giving these answers are shown in
Table 12 below.

Table 12. Students’ Explanations Related to
the Third Experiment

Reason of the Observations Number of
Students

Melting of sugar in water and giving 9

its taste to water.

Dissolution of sugar in water and 6

giving its taste to water.

Melting of sugar. 5
Melting of sugar and mixing of the 3
particles of sugar which make it

sweet with water.

Mixing of sugar with water and 2
disappearing.

Since sugar cube is sweet, the taste of 2
the water is sweetened.

The sugar particles are dispersed in 2

water, the sugar is dissolved and the
water is mixed with the sugar

particles.

Mixing of sugar particles with water 2
and changing the taste of water.

Mixing of sugar particles with water 1
and taste of sugar is mixed with

water.

Sugar dissolves in water and sugar 1
and water combine.

Sugar melts, sugar particles stay in 1
the water and we get the taste of it.

Sugar cube particles mixed with 1
water and the taste changed.

Water mixed with substance in sugar. 1
Sugar divided into particles, the water 1
was sweet because sugar particles

were sweet.

Some materials give taste and color to 1
water.

Sugar dissolved in water, water 1
became sweet.

No answer. 2

At the end of the third experiment, a class
discussion was made and the students were
asked about what happened to the sugar. It was
also asked if sugar did actually disappear and
how it would be explained if it did not
disappear. This discussion supported students
to conclude that the sugar divided into too
small particles to be seen by the naked eye.

Up until this point, findings obtained from
experimental stages which were carried out
based on the POE strategy have been
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presented. In the following part, results which
the students obtained from these experiments
conducted within the scope of the study after
the classroom discussions are presented. The
purpose of presenting these data is to enable
students evaluate their explanations through
classroom discussions after the explanation
stage and reveal to the extent to which students
reached the expected conceptual meanings. For
these reasons, the results expressed by the
students belonging to each experiment are
again presented in tables.

The results obtained by the students from the
first experiment of this study, “Movement of
the Syringe”, are presented in Table 13 below.

Table 13. Results of the “Movements of the
Syringe” Experiment

. Number of
Results of the Experiment Students
Air particles pushed the piston. 10
The air was compressed and spread. 6
Air and all gases can be compressed. 5
Air has particles and these particles can 4
be compressed.
The air has an invisible granular 4
structure.
There are matters in the air that we 1
cannot see.
Particles were compressed and pushed 1
the piston when released.
The gases can be compressed and 1
particles occur that are too small to be
seen.
No answer. 9

When Table 13 is analyzed, the answers given
by the students in this section indicate that
particulate nature of matter is understood better
by the students compared to the answers given
in the explanation stage of POE (Table 4). The
fact that students mentioned “particulate nature
of the matter” while explaining the results of
the experiment in Table 13 shows that the
classroom discussions were useful during the
implementation of the POE strategy. In
addition, the finding that the students
mentioned to a large extent particles in the
answers that they gave shows that they reached
the desired outcomes.

The results obtained by the students from the
second experiment of this study, “What
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Happened to lodine”, are presented in Table
14.

Table 14. Results of the “What Happened to
Todine” Experiment

) Number of
Results of the Experiment Students
lodine underwent chemical change. 4

The particles in the iodine dispersed and 4
gave its color to the alcohol.

There are particles in iodine. 4
There are particles too small to be seen 4
in the iodine.

lodine did not disappear, the color of 4
ethyl alcohol changed.

lodine particles dissolved. 3
lodine particles are coloring agents. 3
lodine particles mixed with ethyl 2
alcohol.

The iodine particles gave color to ethyl 2
alcohol and dissolved.

lodine in ethyl alcohol was separated. 1
lodine has a granular structure. 1
lodine and ethyl alcohol had a physical 1
reaction.

Solid iodine has small particles. 1
lodine divided into particles and 1
changed color through melting.

lodine particles were mixed with ethyl 1
alcohol.

Color changed with material change. 1
Ethyl alcohol was colored by chemical 1
change.

No answer. 2

When Table 14 is analyzed, it is seen that
number of the answers given by the students
increased and they gave answers more
correctly compared to the answers given at the
explanation stage of POE (Table 8). During the
classroom discussions conducted with the
students, questions were asked to them about
the answers that they gave and students were
given an opportunity to find missing parts and
errors in their answer on their own. From this
moment on, students have thought about how
consistent the answers are in scientific terms,
and by the end of the class discussion they
have arrived at the appropriate answers
themselves. The fact that the idea of particulate
nature of matter is expressed at the end of this
experiment can be considered as an
achievement of this work.

The results obtained by the students from the
third experiment, “What Happened to Sugar
Cube?” are presented in Table 15.
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Table 15. Results of the “What Happened to
Sugar Cube” Experiment

. Number of
Results of the Experiment Students
Sugar cube melted. 5
Sugar melted and particles were mixed 4
in water.
Sugar cube melted and the taste of the 4
water changed.
Sugar cube has a particulate nature. 3
Sugar cube separated into invisible 3
particles.
Sugar underwent physical change and 2
dissolved, particles separated.
Sugar particles mixed with water and we 2
could not see them.
Sugar cube particles mixed into the 2
water and changed its taste.
Sugar cube separated into particles and 2
mixed with water.
Solid materials and liquids have 1
particles which are too small to be seen.
Sugar cube was separated into particles 1
like iodine.
Sugar dissolved and separated into 1
particles.
Small particles which we cannot see 1
constitute the matter.
Solid materials have particles which are 1
too small to be seen.
There are particles in sugar cube which 1
are too small to be seen.
The substance gives color or taste when 1
chemically altered.
There are particles forming solids, 1
liquids and gases.
Sugar matter dissolved as particulate 1
granular.
Color of the water did not change. 1
Melting of sugars in water with air 1
particles.
No answer. 3

When Table 15 is analyzed, it is seen that the
number of the answers given by the students
which involve particulate nature of matter
increased compared to the answers given at the
explanation stage of POE (Table 12). When the
answers given by the students are examined, it
is seen that not all students were able to answer
the questions at the desired level; however, the
idea that the matter has a particulate nature is
expressed in the given answers which can be
considered as a sign of the conceptual
understanding. This suggests that the
conducted study enabled students to form the
idea of particulate nature of matter.
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CONCLUSIONS and SUGGESTIONS

The purpose of this study is to help the sixth
grade students understand that matters have a
particulate, hollow, and moving structure
through POE strategy. When the related
literature is examined, it has been determined
that there is a misconception that the material
is composed of continuous structure rather than
particulate structure among the students from
different age groups (Ayas, Ozmen, & Calik,
2010). At the end of this study, in general the
students got the idea of particulate structure of
matter. It is really important for the students to
acquire scientific thinking about the particulate
nature of the matter after the relevant units
have been taught and this suggests that the goal
has been achieved (Ayas & Ozmen, 2002).
From this point of view, the fact that the idea
of particulate nature of matter is expressed by
the students can be considered as an advantage
for the teaching of the following subjects. In
the following sections of this topic, the
particulate nature of matter can be emphasized
constantly and the other students can reach the
idea of particulate structure. Therefore, with
these activities, an awareness related to this
issue has been established and the idea of
particulate nature of matter can be
conceptually  simplified by using these
activities in later topics and classes.

As mentioned above, this activity was
completed in four class hours. It is of vital
importance for the students who will be
learning a significant subject for the first time
to carry out these or similar activities
themselves with respect to understanding the
subject. The teacher himself observed that
almost all the students in the class were
interested in the conducted activity looking for
answers to the questions in the worksheets.
When the experiments are made according to
the POE strategy, the level of conceptual
understanding of the students is increased.
These kinds of activities encourage the
students who are inclined to prefer only to
observe the conducted experiment to be more
careful and interested (Giingor & Ozkan,
2017). These kinds of activities contribute to
the students’ reaching the idea of particles
more easily.

In this study, rubrics (Appendix 4) developed
by the researcher based on the related literature
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were used for each experiment in order to
understand the extent to which the students
reached the particulate structure idea. While
none of the students mentioned the idea of
particle at the explanation stage of the first
experiment, 20 students formed sentences
expressing the idea of particles at the end of
the classroom discussion. At the explanation
stage of the second experiment, only six
students expressed the idea of particle but after
the class discussion, this number increased to
26. In the last experiment, nine students
formed a sentence expressing the idea of
particles while at the end of the class
discussion, this number increased to 25. In this
case, it can be said that at the end of the class
discussion, the particle idea was more
frequently expressed among the students.
During the class discussions, the course
teacher did not express the idea of particles
directly but the teacher asked open-ended
questions to students about the experiments
that they were doing. Students have reached
their own conceptual explanations using their
observations in the experiments and their
existing knowledge. Therefore, it can be said
that this kind of practice is compatible with
constructivist approach. Increasing the number
of these types of activities, both in secondary
school and high school, might contribute
greatly to the understanding of the subject.

The number of students in the classroom in this
study was 41 and a total of eight groups were
formed for the experiments. The crowded
classroom may have prevented the teacher
from fully providing the necessary guidance. It
is recommended that such an activity should be
carried out with fewer students. Another
suggestion is that POE strategy can also be
used for teaching the subject of the “change of
state” based on the data obtained from this
study.

While this study was carried out, some
materials were placed on student worksheets.
Especially during the “What Happened to
lodine?” activity, the fact that solid iodine
particles were placed on students’ worksheets
and the change of color seen on the paper at
the same time may have influenced the
opinions that the students actually wanted to
express. For this reason, it would be more
appropriate to put such materials in glass
containers.
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Appendix 1

Activity Worksheets
ACTIVITY NAME: MOVEMENT OF THE SYRINGE
PREDICTION PHASE:

If there is air in the syringes shown on the side, when we close the tip
of the syringe with a finger and push the piston of the syringe and
then release the piston, what can we say about the movement of the
piston? Please write down your prediction and the reason why you
predicted that way.

OBSERVATION PHASE: Now do the experiment and write down what you have observed along
with an explanation.

MY OBSERVATIONS AND WHY::

EXPLANATION PHASE:
v" Now compare your prediction with your observation Write a reason for why it is right or

wrong.
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ACTIVITY NAME: WHAT HAPPENED TO IODINE?
PREDICTION PHASE:

There is some ethyl alcohol in the glass container and iodine particles
in the small container. What change would you expect in iodine and
. - ethyl alcohol when the iodine particles are thrown into the glass
g container? Please write down your prediction and the reason why you
predicted that way.

MY PRED I CT ION . L e

OBSERVATION PHASE: At this stage, take a few particles of iodine and put them on ethyl
alcohol in the glass container. Then, write down your observations together with the reasons why there
is a change in both ethyl alcohol and iodine.

EXPLANATION PHASE:

v Now compare your prediction with your observation. Is your guess the same as your

observation or is it different? Write a reason for why it is same or different.

v" How do you explain the color change you see during the observation phase and the shrinking

of iodine particles? Write down an explanation.
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ACTIVITY NAME: WHAT HAPPENED TO THE SUGAR CUBE?

PREDICTION PHASE: What do you expect when you throw a sugar cube
into water in the glass container on your desk? Please write down your
prediction and the reason why you predicted that way.

| W B—

OBSERVATION PHASE: Now throw some sugar cubes into the water in the glass container and

observe. How would you explain the cause of this situation?

EXPLANATION PHASE:

v' Now compare your prediction with your observation. Is your guess the same as your

observation or is it different? Write a reason for why it is same or different.

v" How do you explain the disappearance of the sugar that you see during the observation phase

and the change of water taste? Explain in writing.
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Appendix 2

Activity Result Analysis

ACTIVITY NO: 1
ACTIVITY NAME: MOVEMENT OF THE SYRINGE

ACTIVITY NO: 2
ACTIVITY NAME: WHAT HAPPENED TO IODINE?

E. Cengiz

THE PROCEDURES OF THE ACTIVITY it

ACTIVITY NO: 3
ACTIVITY NAME:WHAT HAPPENED TO THE SUGAR CUBE?
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Appendix 3
Examples from Student Worksheets
ETKINLIK ADI: KUP $SEKERE NE OLDU? s
: S g pAHMIN ASAMASE: Masanizin Gzerinde bulunan kilp sekeri
| ‘ ¥ J cam kaptaki su igerisine atarsamz nc olmasinmi  beklersiniz?

l——&——! Asagiya yazinmz.

TAHMINIM: Siasve.. iGine.. kao..Seken. batanSale .. Seker enitus....
el O T 0 AN LS SR LTI e U S L U

NEDENIM: CGunks. Suswn. tadnwn.de Simesinm... Nedeoi. Selen eniuif.. Suys. tadinivenio.
Sekenin... e0imeSnin..nedin. iSe. Suyw..iSi.0.de.. SO2AMEST oo

GOZLEM ASAMASI: Simdi cam kap icerisinde yer alan suya bir adet kiip seker atip bir miktar

kansgtirarak nasil bir durum gézlemlediginizi ve bu durumun nedenini yaziniz,

NEDENLERIM: .Qlinka..s@ken . enivinse... suya. dudimr. verndi Ve . Sw. deth, ofdy.

ACIKLAMA ASAMASI:
Simdi ise yaptigimz goézlem ile tahmininizi karsilastinmz. Yapugimz tahmin gozleminizle ayni mu

v
yoksa farkli m1? Ayniysa ya da farkliysa bunu nedeniyle beraber agagiya yazimz. i
wn...Qunki... Seker. e0igin Ce. yainde.. i Sndeki. dad). slmas. sedlswan
FaneGklen .. Suna .. Ko OIS oot e et s

v Gozlem asamasinda gordiigiiniiz gekerin tamamen gdzden kaybolmasimi ve suyun tadinm

degismesini nasil agiklarsimz? Asagiya yazimz.

ETKINLIK ADI: SIRINGANIN HAREKETI l a2

TAHMIN ASAMASI:

Yanda gosterilen sinngalann igerisinde hava varken parmagimizi girnnganin
ug¢ kismuna kapatip siringanin pistonunu itip, daha sonra pistonu serbest
brrakirsamz pistonun hareketi hakkinda ne sdyleyebilir? Nedeni ile birlikte

asagiya yazimz.

TAEMINIM VE NEDENIM:. Bonce... ... pistao..... hocakdt ... doea. Caoki. ...
.heuqm./.\ ...... cldﬂ.,qqg.. .......... 8&6: .......... L‘._P@tt.§.m»a.o\o‘m.......:\q.\.,c. ........
< _\{_MQ ....... N0 s p.i@"om ....... igr@.(.‘: ........ 4 o'c—,'ﬁ.: .......... harkof.... aToen...

GOZLEM ASAMASI: Bir 6nceki asamada tahmin ettiginiz olay: simdi kendiniz gergeklestirerek ne
gézlemlediginizi nedeniyle birlikte asagiya yaziniz.

5'6zu-:MLERiM_ VE NEDENLERIM:
B

5&13-“ ...... ohﬁ. ...... s fh'(o.lig.’m&. ...... :L_(l ...... 8 I‘H?!' ..... b.g_(ﬂkt jdlmdq ..... R sl

fhs‘tmaan‘dk ........... o\cé(u ........ bacekeT....... edip......... SACingan. L0
.hquu&l ...... be§n‘ma¢‘l.-..€ﬁh‘c‘: ......... ‘oie.........hauM\.n.......g.\ch°§.-. .........
3@5: ......... Lqp.cﬁ.hé.sm\a,do{.\ ..... b.: ...... 0.1. ........ ‘o.thL..'h’&s.m).ac\q ..... havanin
Icery oloam sirﬁ-es:g\o_ Lsb, haline 3.‘00_ geti Jgnma§f‘;

ACIKLAMA ASAMASI:

¥ Simdi ise yaptigimz gozlem ile tahmininizi kargilastiriniz ve tahmininiz dogrumu? Dogruysa ya da

yanligsa nedeniyle yaziniz. (\\
.aon .\,n.sl. i C,CnL';. ....... ben... pk&‘l‘m el 8;(‘%34:, a%’i.g\ YA .so-jle. 2 aa
31(%@1{.\'& ...... pi.s T S ;ﬁa.d ....... 910’9 ....... [,rakhg:.mzc!a ...... |5,a.as\:.t'

v Yapu@imz bu gézlemin nedenini agiklar misiniz?
A.)x‘)ﬂ.:)anl.......f.!i\.anq ........ \qo,.(‘.i ba. ....... 6;5‘2..(.014 ........ bl.(ﬁkt*il.ml. Aol
puston... .. R lkatmb. el bhaua.... QWAL o
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ETKINLIK NO: |

ETKINLIK ADI: SIRINGANIN HAREKET]

ETKINLIKTE YAPILANLAR: SuPANS0N oy oo S - P..m‘tbm..glq ..... kapad. =
..\.E.m...m.....$.m.53»}......(¥oos{.3.m.qa? ....... P:alonmmanr .....
. h.l.a_..“:n:........,8[‘4«&..‘.3@; ..... Poxloon.....haraked ... @A ...
.;‘qr.: ...... B e et L - [ au; ..........................................................
ETKINLIKTE ELDE EDILEN SONUC:

...... Pisloan . kEde ... M.....mna:.m:......gm,\awq......rc.;mk:
POy - PR Ao N R Domunde ensnty..... Senglak). ... bl
Aakarar . Ae s bW Skl k. PISAOOW o mprd AT My > o
B SR YU, TP PP ERRTCSIPOTC, S € pRuqurgy s PSURRIIRY S+ ™ =S S\ oy - -
Qaktel. . ol we.. g e \c.,\gr:nde, ...... :.t..;-.\.m\ub:lrf.‘....
.9[&.5%.....83&\1(, .......................................................................................

ETKINLIK NO: 2

ETKINLIK ADI: [YODA NE OLDU?

ETKINLIKTE YAPILANLAR:.?&OAM ...... hadnesin...... el &A1) . sltale..

.w-\An....yg._.-....laaha......ﬁk\.\\m‘......i'&.....u.l:l ....... aloldsy ... . :m%: ........

Aﬁ:.,.\'..; ...............................................................................................................

ETKINLIKTE ELDE EDILEN SONUC:

B 8 5 VS VO WO SRR PP % TR PP U ¥ IR ~GR-SU Ve U ¥V S

korge DoV .3 . J.Q&WWQ-?Q; ....... o\ oedt . MadIR. .

SeRig ey oM g Teriedaled. el b Syl -

Siame ginl bl ikl iy R S N

ETKINLIK NO: 3
ETKINLIK ADI: KUP SEKERE NE OLDU?

ETKINLIKTE YAPILANLAR:. AG..... Jelesgh....... hma ey ... ISGAda ... 5,
SN CV) SR S S WS K SRTY ;.us.a....a.&.laé.m ...... Q&gg\gg:,

ETKINLIKTE ELDE EDILEN SONUC:

o e T T e T LD = N
; ’ & LR Moadala \aha.. ..
Sorwele\sring [0 .M ..... b‘a*wdk\r&ﬁq ..... hu:,‘.:.\.' .......
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Appendix 4

Rubrics

Rubric for Experiment 1

Scientific Understanding: The air in the syringe is compressed by pushing the piston. After the air is
compressed, when the piston is released, the backward movement of the piston reveals that particles
that are too small to be seen by the naked eye in the air come in, hit the piston and push it. Therefore,
the air that is in the form of gas is made up of small particles that are too small to be seen.

Not Understanding: Explaining the experiment without expressing the particulate nature of matter
can be evaluated as not understanding category.

Rubric for Experiment 2
Scientific Understanding: Particles which constitutes alcohol surround the particles forming iodine
and cause iodine to disperse in alcohol. During the dissolution of iodine in alcohol, iodine is separated

into its particles and spread in the alcohol, thus alcohol is colored.

Partly Scientific Understanding: The alcohol is colored because very small particles forming iodine
are dispersed in alcohol.

Not Understanding: Explaining the experiment without expressing the particulate nature of matter
can be evaluated as not understanding category.

Rubric for Experiment 3

Scientific Understanding: The particles forming water surround the sugar and separate the particles
forming sugar. Thus, the particles forming the sugar enter between the particles forming the water.

Partly Scientific Understanding: Expressing that only sugar or water consists of particles and trying
to explain the experiment based on idea that only one matter has particulate nature.

Not Understanding: Explaining the experiment without expressing the particulate nature of matter
can be evaluated as not understanding category.
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