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Abstract

Misconceptions are the number one factor leading students to failure when studying
physics. To teach physics effectively, misconceptions must be spotted and
overcome. Conceptual change texts are of great use in identifying and dealing with
fallacies. Such texts can help physics teachers diagnose student misconceptions and
the reasons for these, and also assist the teacher in explaining the scientific truths
that should replace the misconceptions. However, the preparation process for this is
quite challenging. This study presents two examples of conceptual change texts that
physics teachers will benefit from throughout the teaching/learning process. The
texts were tried out on two groups—the first group with elementary school eighth
grade students (n=12) and the second with middle school ninth-graders (n=15).
Pilot studies have shown that these tools can be very helpful with eighth and ninth
grade students. A study concerning the use of conceptual change texts in the
teaching of “sound” in physics has not been found in any current literature. Hence,
it is believed that these texts about “sound,” an often misunderstood subject in
physics, are very useful class materials that can enable students to learn
meaningfully. Furthermore, the texts are also practical materials that can be used in
crowded classrooms.

Keywords: misconceptions, conceptual change text, physics, sound

Introduction

Concepts are very important in physics. Misconceptions obstruct the assimilation of
acquired knowledge. To avoid this, and for meaningful learning to take place,
incorrect information needs to be identified, revised, and replaced. This is called
the “Conceptual Change Process” (Smith, Blakeslee and Anderson, 1993).

The “Conceptual Change Approach” was set forth by Posner, Strike, Hewson and
Gertzog (1982). This approach represents a perspective that is grounded on Piaget
and Zeitgeist’s views yet it has been improved by Posner and his colleagues. The
purpose of this approach, which is an alternative strategy derived from Piaget’s
principles of assimilation, regulation and counterbalancing, is to encourage students
to remove misconceptions from their minds, and instead learn scientific knowledge
(Wang and Andre, 1991; Chambers and Andre, 1997). When assimilating, students
compare concepts with their old knowledge, adding more information to restructure
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it. Sometimes, however, their old knowledge may be incomplete or incorrect. This
is why existing concepts must be revised and redefined. When old knowledge does
not match scientific concepts, in other words, when misconceptions develop,
students cannot learn effectively. The conceptual change process must thus be
considered in order to counterbalance previous misconceptions.

The Conceptual Change Approach developed by Posner et al. (1982) is based on
four conditions:

o Dissatisfaction: The student must be dissatisfied with the concept he
knows; that is, he must realize that it is inadequate.

o Intelligibility: The new concept must be understandable enough for the
student.

e Plausibility: The student must find the new view/concept logical and be
able to picture it in his/her mind.

e  Fruitfulness: The new notion/concept must be efficient; in other words, the
student must be able to solve similar problems with this new concept.

Conceptual change texts, concept cartoons, concept mapping, mind maps and
analogies are some of the many conceptual change strategies used in physics
education. This study analyzes the strategy of using “conceptual change texts,”
which are believed to be very efficient (for example, Baser and Geban, 2007;
Dilber et al.,, 2009; Hirca, 2008; She, 2003; Okur, 2009) in identifying and
overcoming misconceptions.

Conceptual change texts specify students’ misconceptions, clarify their reasons,
and explain why they are incorrect by using concrete examples (Guzzetti et al,
1997). These texts always start with a question to activate the misconception in the
student’s mind. In the next step, the most commonly accepted misconceptions
concerning that topic are presented, and evidence is displayed to convince students
why they are wrong. Here, the purpose is to enable students to question the
concepts and see the inadequacy of what they think they know. When they are able
to do this, they are provided with new information, with examples that will replace
the misconception in their minds with the correct concept (Piarbasi and Canpolat,
2002).
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Using conceptual change texts is such an effective teaching strategy that it can be
used throughout the teaching-learning process mainly because of its practical
aspects. In the review of the literature, it has been observed that most of the studies
concerning the effects of conceptual change texts on learning and some affective
variables such as attitude, motives, and learning approaches are mostly about optics,
electricity, heat and temperature, and motion. These studies are at university level
(Altun, Turgut and Buyukkasap, 2007; Baser, 2006; Dilber, 2006), high school
level (Dilber et al, 2009; Hirca, 2008; She, 2003) and elementary school level
(Baser and Geban, 2007). All the findings in these studies have proved that
conceptual text changes are highly effective in teaching concepts.

A scan of the literature was carried out prior to the preparation of the conceptual
change texts in this study. A look into the research on sound reveals that students
are unaware of different characteristics of sound such as pitch and intensity (Hrepic,
2004; Merino, 1998), that they do not know that a medium is needed for sound to
travel, or that the speed sound travels changes according to the type of medium
(solid, liquid or gas) (Hrepic, 1998; Wittmann, Steinberg and Redish 2003; Viennot,
2001).

Linder (1992) has stated that students’ views concerning the nature of sound and
scientific truths show differences and that misconceptualization hinders students
from learning about sound meaningfully. The literature lacks conceptual change
texts about sound. Hence, this study was designed to fill that gap, and is geared
toward researching the efficiency of conceptual change texts in teaching sound.
The purpose of the study is to present an example of material (conceptual change
texts) that has been specifically prepared to overcome the misconceptions that
eighth- and ninth-grade students have about “sound.”

Methodology

This pilot study presents two examples of conceptual change texts that physics
teachers will benefit from throughout the teaching/learning process. In the first
conceptual change text that was prepared, the difference between the two
characteristics of sound, pitch and intensity was explained in order to remove
confusion. It was explained in the second text that molecules have to vibrate in the
medium in order for sound to travel. Students learn the concept of the distance
between molecules in the solid, liquid and gas states of matter in the first tier of
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elementary school. Since they already had this knowledge, an attempt was made in
the study to support the explanations with images in the text so that the students
could make the connection between the distance between molecules and the speed
of sound.

After the texts were drawn up, the expert opinions of three experienced
teachers--one of them a science teacher and the other two physics teachers--were
enlisted. The experts confirmed that the texts that had been drawn up were
appropriate to the academic level and readiness of the students in the two groups
(8th and 9th grades) and matched the students’ degree of knowledge. In accordance
with the educational program reforms implemented by the Turkish Ministry of
National Education in 2004, the Elementary School “Science and Technology
Course” syllabus was revised in the light of the spiral educational model approach
and subject loads were lightened. The students in both groups were familiar with
sound, wavelength, frequency, speed, amplitude, intensity and other related
concepts as well as with the animals (i.e., Parakeet and Eagle in “Part 3”)
mentioned in the conceptual change texts, having studied these previously in the
different levels (4th, 5th and 6th grades) of the course known in the elementary
school curriculum as “Science and Technology.”

To test the prepared texts (including five parts), a pilot study was conducted at two
separate schools—one a high school, the other a middle school—in the province of
[zmir, Turkey during the fall semester of the 2012-2013 academic year. The texts
were tried out on two groups—the first group with elementary school eighth grade
students (n=12) and the second with middle school ninth-graders (n=15).

During the pilot study, the students were asked whether there was anything in the
texts that they did not understand. No problem was encountered with regard to
either the texts or the implementation. It was observed that attendance in the pilot
study was high among the students.

In the section on Teaching Design below, an explanation is offered of how the
process of teaching and learning is executed in the context of the present study and
what factors must be taken into account.
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Teaching Design

The teacher starts the teaching-learning process by handing out worksheets that
include the first step of the conceptual change texts. Subsequently, the students are
told to follow the instructions carefully. Since the purpose of this exercise is to
diagnose and overcome the misconceptions the students have, it is of the utmost
importance that the teacher recommends that the students study individually, not in
pairs or in groups with their friends. After distributing the texts, the teacher may
ask a volunteer to read the text aloud. Part 4, where the students are required to
give examples, and Part 5, where they are encouraged to discuss the subject, will
definitely arouse their interest. Additionally, the students will hear what their
friends think about the subject matter, and they will all have a chance to correct
their friends’ mistakes if any are made. Throughout this period, the teacher must be
a guide. He/She must not correct students’ mistakes directly, but encourage them to
discover the reasons for their mistakes by offering clues. Finally, by the end of the
class, the worksheets must be collected from the students and examined one by one.

Instrument Design

The conceptual change text designed is made up of five parts and has been planned
in accordance with the conditions of dissatisfaction, intelligibility, plausibility and
fruitfulness in the conceptual change approach developed by Posner (1982) et al.

It is recommended that students be given those parts separately so that they cannot
read the answer in the next part and change their answers accordingly. This will
render the teaching more effective.

The texts to be handed out to students must have only texts and figures in boxes. To
increase the practical aspect of the exercise, the texts should be produced in two
versions, as a “teacher’s copy” and a “student’s copy.” The latter will be the
student’s guide. The former will only include the texts containing the knowledge
that the students will be taught. While the student’s copy has blank boxes, for
example, the blank boxes in the teacher’s copy may be filled with the correct
information. Some examples of the student copies of conceptual change texts are
presented below, along with information about the particular step of the conceptual
change process and what should be done at that stage.
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Part 1

The first part of the texts aims to identify any possible misconceptions students
may have. This allows a teacher to understand how a student pictures the concept in
his/her mind. The primary objective here is to make students aware that they are
lacking some of the knowledge required to answer the questions in that part. It is of
the utmost importance that the text in use relates to daily life in some way. This
helps students to more easily realize what they do not know. This is called
“drawing attention,” which is the first part of the dissatisfaction step.

Let's Learn About Sound

While listening to music on the radio,
Ayse turned up the volume to the
maximum when she heard her favorite
song. Just then, her mother told her to
turn it down because she was sleeping
next door and was disturbed by the
noise. So Ayse had to turn the volume
button back to its old position to turn
the volume down. What is this action
called in daily life? And, what change
in which characteristic of sound does
this action relate to?

Please answer the question by explaining your reasons.

Part 2

This part features common misconceptions and answers that are scientifically
untrue. In other words, this is the stage where disorder is created within the
dissatisfaction step. Students are encouraged to think more deeply about the subject.
In this step, students’ minds are caught up in confusion and uncertainty. When they
recognize any one of the stated misconceptions as their own, this arouses their
curiosity.
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The most common misconception about “sound” is that the concepts of “the level of sound”
and of “sound intensity” are the same. What about you? What do you think? Now, read the

next text very carefully.

Part 3

After students give the problem a second thought, the scientific truths concerning
the subject are explained. That explanation must be very clear and intelligible. It
must also be backed up with graphs, charts and images, if necessary, because
pictures are very effective visual tools that easily grab the student’s attention and
make knowledge permanent (Arnheim, 1997).

Let’s see if your answer is correct

When the music is turned down, the intensity of the sound changes. The intensity of sound
indicates whether that sound is loud or soft. Intensity is the force of energy flowing through a
unit area. Sound intensity is measured on the decibel scale. The further one moves away from
the source of sound, the lower the decibel. Intense sound is similar to the sound wave
produced by a parakeet, whereas sound at a low decibel is similar to that produced by an eagle
(Figure 1 and Figure 2). Sound at high amplitude is known as an “intense sound” whereas
sound at low amplitude is called a “dull sound”. “Sound pitch level,” on the other hand,

shows whether it is a chirp or a deep vocalization.

While a high level of sound is known as a “high-pitched” or a “high-frequency” sound, a
low-level sound is called a “low-pitched” or a “low-frequency” sound. The frequency of a
sound depends on the speed of vibration of the sound source. When the sound source vibrates
quickly, the pitch level of the sound increases, and so does its pitch. On the other hand, when
the sound source vibrates slowly, its frequency decreases, and so does its pitch. Figure 3

shows two sound waves with the same amplitude but different frequency.
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Figure 1. Parakeet Figure 2. Eagle
It has a high-pitch chirp It makes a deep sound
Its chirp has a high frequency Its sound has a low frequency
Its sound has a shorter wavelength Its sound has a longer wavelength
Its pitch level of sound is high Its pitch level of sound is low

In everyday life, sound instruments such as hearing aids and megaphones are used to increase

the intensity of sound.
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Figure 3. Two sound waves with the same amplitude but different frequency
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Part 4

When students perceive the difference between misconceptions and scientifically
true explanations, they are asked to express their own opinions. The aim in this part
IS to measure how much awareness has been raised among students and see if they
still have some question marks in their minds or not. The ultimate goal here is to
observe if the students have accepted the new knowledge.

Did you change your mind after reading the text? If you did, please express your views once

again considering the text now, and give an example. ........c.cooieiiiiie i

Part 5

In this part, the purpose is to understand whether or not the students have grasped
the text well. The teacher draws a conclusion on the basis of the text.

Now, let’s answer the following questions:

l. What is the “intensity of sound?”

1. What type of relation is there between the

“frequency of sound” and the “pitch level of

o sound?”
‘e
- e g s
- - IV.  Which characteristic of sound explains the
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fact that dogs can hear the sounds that human

S | |
& S @ beings cannot? Can you give other
Oﬁﬁ’,q? examples?
o
N 4
‘ﬁ% B e
‘iﬂ“ﬁﬁ
T B

V. Which characteristic of sound can be

changed by using a remote control device?

Below can be found another conceptual change text designed about sound. This one
can be offered to students right after the text above is used in class. These two
conceptual change texts can be used in two teaching hours (45 minutes each).

Now, let’s read the other text!!

Part 1

Speed of Sound

e

Mert joined a high school quiz show. He has to answer the last
" question right to win first place. Up to the last question, he has
performed excellently. However, when the last question is asked,
Mert hesitates. The question asked is whether sound travels the
fastest through liquids, solids or the atmosphere. What do you think

Mert should say?

Please JuStify YOUF @NSWEL. .......o.uieiieiie e e e e e e e

Part 2

The most common wrong answer to that question is that “Because sound does not meet with
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an obstacle when traveling through the atmosphere, it moves fastest in the air.” Okay, what is

your answer? Now, let’s read the following text.

Part 3

Let’s see if your answer is correct

Sound waves are known as mechanical waves. To transfer their energy, mechanical waves
need atmospheric molecules. That is why they cannot travel in space. Sound waves are made
up of objects’ vibration, and in suitable environments like air, water, etc., they travel from one
point to another by squeezing in and spreading out.

Due to the fact that solids are composed of molecules held together, sound travels through
solids much faster.

As molecules in liquids are farther away from each other in comparison to solids, sound
travels more slowly in liquids. In gases, on the other hand, molecules are the farthest from
each other. Therefore, the speed of travel of sound in gases when compared to liquids is even
slower (Figure 4).

To exemplify, sound travels much faster in a steel pot compared to how it travels through
water in a bucket. Furthermore, it travels much faster in water in a bucket than it does in the
atmosphere.

Sound is created in the atmosphere as air molecules crash into other air molecules in the
atmosphere. Some of the energy that creates sound transforms into heat energy when air
molecules crash into other air molecules. As a result, as sound moves away from its source, its

intensity decreases.
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O O O
O

solid liquid gas

Figure 4.

Part 4
Did you change your mind after reading the text? If you did, explain your views again in

the light of the text and give relevant examples.

Part 5
Now, let’s answer the questions below:

l. How do sound waves travel?

I Does sound travel at the same speed in solids,

liquids and gases? Why? Why not?

. Does sound intensity change as it moves away from

its source? Why? Why not?
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V.  Can planting trees in front of our houses contribute

to sound insulation? Explain your views please.

V. Is it possible to hear the sound of a ticking clock in
an airtight jar? Why? Why not?

Discussion and conclusion

In this study, the researchers presented two conceptual change texts that can be
used to overcome some common misconceptions regarding “sound intensity” and
“how fast sound travels.” The texts written by the researchers were designed in a
format that can be used both in middle school and in physics courses for high
school seniors. These materials were tested using two small groups of students, and
included qualitative data based on only the students’ statements. The first group
was comprised of eighth-grade students (n=12). In this group, the subject of “sound”
had been covered in the lower levels of the course to a limited extent but the
researchers began the application before reviewing the subject. A comprehensive
unit about “sound” is included in the eighth-grade syllabus. The other group
consisted of ninth-grade students (n=15). This group had already covered “sound”
in eighth grade. However, time had passed and it was assumed that students may
have forgotten the key concepts, or misconceptualized some of the terms. One of
the reasons why the pilot study was tested on two different groups was to see if
conceptual change texts are more effective in diagnosing misconceptions or in
overcoming them. Another reason was to see if the two groups held the same or
different misconceptions.
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When the students’ worksheets were studied carefully, it was observed that both
elementary school and secondary school pupils had similar misconceptions. For
instance, 24 students stated that sound travels much faster in the atmosphere than
anywhere else. One of the students made the comment, “If we scream inside water
we may not be heard well; yet if we scream in open air, then we can be heard much
better.” It was observed that most students thought that “sound intensity” and
“sound pitch level” are the same concepts. Although a few students wrote down the
correct answer, “sound intensity,” they were not able to exactly describe what
sound intensity is. This proved that students had a problem with fully
understanding the concepts.

In the pilot implementation, the worksheets distributed to the students were given
out not altogether but in parts. The reason for this was to prevent students from
producing offhand responses by only looking at the text without understanding the
concept. The worksheets have questions in the last section. The answers to some of
these questions are in the text but some are not. The objective here was to see if the
students had completely understood the concepts and could transfer this knowledge
to other situations. An attempt was thus made to reach a definitive judgement about
whether the students had been able to overcome their misconceptions. At this point,
it might be recommended to implementers that working with parts of the
worksheets instead of distributing them all at once would be a more effective
method. The attachments show the worksheets being given to a 9th grade student
(in the student’s native language of Turkish with English translations, see
Appendices A and B).

Finally, the researchers came to the conclusion that these texts, which were
designed in accordance with the researchers’ observations throughout the pilot
study and derived from the data collected from the students” worksheets, could be
used to identify misconceptions about sound in both groups, and they were useful
in overcoming fallacies.

Limitations and Recommendations

The main limitations of the study were that the sample was very small and no
quantitative comparison had been made between the group in which students used
the conceptual change texts and the group in which they did not. For this reason,
this study can only be regarded as advisory. To measure the effects of these texts
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on students’ success, further comparative research must be carried out with larger
samples. The following recommendations can be made with regard to the teaching
materials: researchers should comply with the four conditions stated by Posner et al.
(1982) in order to make these conceptual change texts effective teaching tools. In
addition, considering that there may be some students in class who have difficulty
understanding what they read, the use of the material should definitely accompany
classroom discussions.
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Appendix

A (Student responses for text 1)

Part 1

Liitfen yanitimzi gerekgesi ile yazimz.

oksek toaly. ses. decin. Bo.daellil.. sesiq.... deauaun. degisimiyle
1\%\ e e e ey

Please answer the question by explaining your reasons.

“We would call this a high-pitched sound. This characteristic has to do with the change in the

pitch level of the sound.”

Part 4

Metni okuduktan sonra fikrinizi degistirdiniz mi? Eger degistirdiyseniz metnin 1s18inda

diigiincelerinizi tekrar agiklaymiz ve sizde bir 6rnek veriniz.

oot .de?g.s....qmlé_..mdz 0. sasm.\...kié.’t... miad ".k@.@klﬁl...
d@..\\ sivdetinl... defistic s elduBominy. . g nddom«“n

Did you change your mind after reading the text? If you did, please express your views
once again considering the text now, and give an example.

“Yes, it changed it. | now believe that when we turn the music down, we’re changing not the

pitch level, but the intensity.”
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Part5

Simdi su sorular yanutlayalim:
I.  Sesin siddeti nedir?
Sesin. kowvetl ] yado... zayf..clmo
QUGIRE
II.  Sesin yiiksekligi nedir?
ssesia.doeg. yada. kalin dmasidhe

HOI.  Sesin frekans ile yiiksekligi arasindaki iliski nasildir?

e, Fekans. yikselese, ses tkseklgide fog

3 X Gals
V. In);a%]gng duyamadiklar1 sesleri kopeklerin duymasini sesin

-~ hangi 6zelligi ile agiklarsiniz? Siz bagska drnekler verebilir
3 misiniz?
x:g::" Fekans. e acblaan Meselar Jamasq
{3;':-\ S L
ay V. Uzaktan kumanda aleti ile sesin hangi ©zelligini
degistirebiliriz?

. Sesin...siddeXian .degisfn L.

Now, let’s answer the following questions:

I. What is the “intensity of sound?

I. “It’s the characteristic of the sound’s being loud or soft...”

I1. What is the “pitch level of sound?”

I1. “It’s the highness or lowness of the sound.”

I11. What type of relation is there between the “frequency of sound” and the “pitch level
of sound?

I1l. “There’s a direct relationship. If the frequency of the sound is high, the pitch of the sound
is high too.”

IV. What characteristic of sound explains the fact that dogs can hear the sounds that
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human beings cannot? Can you give other examples?
IV. “It can be explained by frequency. For instance, bats and human beings.”

V. Which characteristic of sound can be changed by using a remote control device?

V. “We can change the intensity of the sound.”

B (student responses for text 2)

Part 1

Liitfen yamitiniz gerekgesi ile yazimz.

Bes cgtmas.{?ecd.e...daha.hi,'ll.f...yg&mhc...qflak&...(")ai'nd.e ....................
..... Mlgblrengalo\qu

Please answer the question by explaining your reasons.

“Sound travels faster in the atmosphere. Because there’s nothing in its way.”

Part 4

Metni okuduktan sonra fikrinizi deg@istirdiniz mi? Eger degistirdiyseniz metnin 1515inda

Did you change your mind after reading the text? If you did, please express your views
once again considering the text now, and give an example.
“It changed because | learned that speed is related to the closeness of molecules. They are

faster in a table and slower in water, for example.”
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Part 5

Simdi su sorular: yanulayalim:

I.  Ses dalgalari nasil ilerlerler?

.;Si.ttma...m.genlegm& .........

\ dledeclee..
II.  Sesin kati, sivi ve gaz ortamlarinda yayilma hizi aym
| { midir? Neden? g
\ ~Ayar. deRildis,_ Moleldller. oz
N aoklklof. farkdidic.............

II.  Ses kaynagindan uzaklastik¢a sesin siddetinde bir

degisme olur mu? Neden?

.f[)e%‘é‘f‘s_.me......glu(.‘.-. Aaalic Vagidas

i mdoms......dQleL......_........

IV. Evlerimizin  Oniinii  agaglandirmamizin  ses
yalitimiyla bir iligkisinin oldugu séylenebilir mi?
Aciklayiniz.

.ﬁ?%ﬂ&lﬁf...@ﬂ el .olu;&.ucoc@igmdﬁm
Lsiddeti. el

V. Havasi bosaltilmis bir cam kavanoz igindeki saatin

sesini duyabilir miyiz? Neden?

Ha\_?r .dd\gom%tz...sﬁ...havosyz

o Tama ..@Q\.\jx.lmuz, ..............

Now, let’s answer the following questions:

I. How do sound waves travel?

I. “They move by squeezing and expanding.”

I1. Does sound travel at the same speed in solids, liquids and gases? Why? Why not?
I1. “They’re not the same. Distances between molecules are different.”

I11. Does sound intensity change as it moves away from its source? Why? Why not?
I11. “There would be a change. It would be less because it moves further away.”

IV. Can planting trees in front of our houses contribute to sound insulation? Explain
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your views please.
IV. “It would lessen because of the obstruction of the trees.”
V. Is it possible to hear the sound of a ticking clock in an airtight jar? Why? Why not?

V. “No, we can’t hear it. Sound doesn’t travel in an airless medium.”
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