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Secondary Students’ Reference to Properties of Matter to Chemical
Bonds: Is the Onus on the Ontological Mismatch Only?

Ortadgretim Ogrencilerinin Maddeye iliskin Ozellikleri Kimyasal
Baglara Atfetmesi: Tek Sorumlu Ontolojik Yanhs Esleme mi?

Filiz KABAPINAR 1"

ABSTRACT: Grounded in the constructivist view of knowledge, the present study aimed to find out whether
Turkish students have a good grasp of properties of chemical bonds after receiving the conventional teaching. A
questionnaire consisted of open ended questions was used as an assessment tool. It was distributed to 11™ grade
chemistry students (n= 404). Questions presented mass and energy properties in relation to chemical bonding and asked
students to explain what they think and why they think in that way. A small group of students were also interviewed in
relation to their written responses for further probing. Findings indicated that students possess alternative ideas. Despite
the conventional instruction students believe that chemical bonds have mass and volume by giving the impression that
they assign the concept to the matter category. A similar ontological mismatch was also detected regarding the energy
concept. Findings also showed that matter-like feature of energy conception is common among Turkish students. This
misconception played an important role in the context of chemical bonding as students depend upon this faulty idea in
deciding mass change during bond formation.
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OZ: Yorumlamaci paradigma temelinde tasarlanan bu arastirma miifredatin 6ngordiigii 6gretim sonrasinda
Tiirk 6grencilerinin kimyasal baga iliskin kavramalarini incelemeyi amaglamistir. Agik uglu kavramsal sorulardan
olusan anket arastirmanin veri toplama araci olarak islev gormiisgtiir. Anket 404 onbirinci sinif OGgrencisine
uygulanmustir. Ankette yer alan sorular ile 6grencilerin kimyasal bagin 6zellikleri konusundaki diisiince bigimleri ve
nedenlerinin saptanmasi hedeflenmistir. Ogrencilerin kimyasal bagin 6zellikleri konusundaki yanilgilarimin altinda
yatan nedenleri agiga ¢ikarabilmek iizere, baz1 6grencilerle goriismeler gergeklestirilmistir. Aragtirmadan elde edilen
bulgular, konu ile ilgili 6gretimi almis olmalarina ragmen arastirmaya katilan dgrencilerin kimyasal bag kavramina
iliskin yanilgilar1 oldugunu gostermektedir. Bulgular, kimyasal bagin kiitlesi ve hacmi oldugunu diigiinen dgrencilerin
varligimi ortaya koyarken, ontolojik acidan siire¢ kategorisinde yer almasi gereken kimyasal bag kavramimi madde
kategorisine yerlestirdiklerini isaret etmektedir. Ontolojik acidan benzer yanlis esleme enerji kavramina iligskin de
yapilmistir. Bulgular ayrica, dgrenciler arasinda enerjinin bir madde oldugu ve kiitlesinin bulundugu yanilgisimnin
yaygin oldugu ve bu yanilginmn kimyasal bagin kiitlesinin bulunacagi konusunda 6grencileri yonlendirdigini ortaya
koymaktadir.

Anahtar sozciikler: Kavram yanilgisi, Yapilandirmacilik, Kimyasal bag, Madde, Enerji, Ontoloji

1. INTRODUCTION

Chemical bonding is the key concept in understanding the behavior of matter as well as
physical and chemical changes in scientific terms. It is an explanatory tool for observable and
aperceptual chemical phenomena happening around us. Thus, it is crucial that students have a
good grasp of chemical bonding. However, studies indicated that they have difficulty in
understanding the types and formation of chemical bonds (Goh, Khoo & Chia, 1993; Levy
Nahum, Hofstein, Mamlok-Naaman & Bar-Dov, 2004; Peterson, 1993; Peterson, Treagust &
Garnett, 1989), in differentiating between inter and intra molecular bonds (Barker, 1995; Birk &
Kurtz, 1999; Butts & Smith, 1987; Levy Nahum, Hofstein, Mamlok-Naaman & Bar-Dov, 2004;
Taber, 1993; 1995; 1998) and in explaining the change in matter via the change in its chemical
bonds (Barker, 1995; Taber, 1993). These studies are few of the bulk which documented students’
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ideas regarding the concept of chemical bonding. Nearly all aspects of chemical bonding have
been concern to research including those which documented students’ mental representations of
atomic models (Tsaparlis & Papaphotis, 2002; Nakiboglu & Benlikaya, 2001; Harrison &
Treagust, 1996) and of chemical bonding (Nicoll, 2001; Pereira & Pestana, 1991; Taber 2001;
Coll & Treagust, 2001). Some researchers studied anthropomorphic and animistic language used
by students in explaining the formation of chemical bonding (Taber & Watts, 1996; Taber, 1998;
Nicoll, 2001). Only a few researchers have touched upon students’ misconceptions related to
properties of chemical bonds. They are mainly focused upon the thermodynamic features of
chemical bonds (Ross, 1993; Barker & Millar, 2000; Boo & Watson, 2001). However, these
studies do not provide information about students’ reasoning behind their ideas concerning
thermodynamic features of chemical bonds. Also, they appear not to provide information about
students’ reasoning on the nature of chemical bonds and whether they attribute matter-like
features to them on ontological basis. Therefore, the present study aimed to find out how Turkish
students who received conventional teaching on chemical bonding describe chemical bonds and
to uncover the underlying reasons behind. In this way, students’ incorrect ideas concerning the
nature of chemical bonds which are a result of science education can be pinpointed. This might
help science teachers become aware of students’ incorrect ways of thinking resulting instruction.

Followed by Chi and her colleagues, a number of researchers have focused their effort on
ontology with an attempt to understand the source of misconceptions. Ontology assumes that
entities in the world essentially belong to different ontological categories (Chi & Hausmann,
2003). In her earlier paper Chi (1997) proposed three ontological categories as fundamental.
These are; matter, processes and intangibles. Each category also possesses subcategories. The
concepts that are named as the members of an ontological category possess features of that
category (Chi, 1997, Chi & Slotta, 1993; Chi & Hausmann, 2003). If a concept is assigned to a
different ontological category or subcategory rather than it scientifically belongs, a misconception
is likely to emerge (Chi & Roscoe, 2002). Thus, misconceptions are considered to be closely
related with ontological categories. This connection has been supported and ontological
categories have been benefitted in designing and analysing students’ misconceptions by various
researchers (Johnston & Southerland, 2000; Kahveci & Ozalp, 2009; Ozalp & Kahveci, 2011).
These studies revealed that ontology could be depended upon as a theoretical framework in
understanding the nature of misconceptions. Following from this, the present study, which aimed
to investigate Turkish students’ ways of thinking about the chemical bonds, designed so as to
benefit ontology as a framework in explaining the source of students’ misconceptions. It therefore
differs from the existing misconceptions studies focusing on chemical bonding. The study might
produce an explanation for the existence of students’ misconceptions concerning chemical
bonding ontologically. It might also highlight the limitations of the ontology as a theoretical
framework by spotting the misconceptions occurring not as a result of the ontological mismatch.
The results of the study might be helpful for educators in depending on the ontological
categorisations and for instructors in designing their teaching scheme.

2. METHOD

The present study is designed as a survey research. Grounded in the constructivist view of
knowledge, a questionnaire consisted of three questions were designed and used as an assessment
tool. Questions presented mass and energy issues in relation to the properties of chemical bonds
and then asked them to explain what they think. In question 1, students were asked to predict the
mass of reaction vessel after covalent bonds are formed. Question 2 required explanation whether
chemical bonds have mass. In question 3, students were asked to explain the source of energy that
drives a chemical reaction. All question targeted to uncover students ideas concerning the
thermodynamic properties of chemical bonds. The questions were mainly in the form of multiple
choices with an open-ended question. The open-ended part of the questions allows students to be
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free to answer the questions in their own way and in their own language. Questions used in the
study can be seen below.

SORU 1. In a reaction vessel there are Cl and F atoms. After a while covalent bonds are
formed between the two atoms and they form CIF molecules. The reaction vessel is weighed
both before the CIF molecules are formed and after they are formed.

® @ ®

Before covalent bonds are After covalent bonds are formed
formed

What do you think about the mass of the reaction vessel before and after covalent bonds are

formed? Indicate your answer by putting v" into the box you choose.

O The weight of the reaction vessel is more before covalent bonds are formed.

O The weight of the reaction vessel is more after covalent bonds are formed.

O The weight of the reaction vessel is the same before and after covalent bonds are formed.
Please say why you chose this answer.

SORU 2. Does chemical bond have mass? Indicate your answer by putting v* into the box you
choose. Please tick (v') one box.
O Yes O No

Please say why you chose this answer.

SORU 3. Where do you think energy necessary for chemical reactions is obtained?

The questionnaire was distributed to 11" grade science students (n= 404) aged 17-18.
Students were attending upper level chemistry courses in different state schools (n= 9). They
completed the questionnaire right after their conventional teaching on chemical bonding. The
term conventional teaching needs to be taken as constructivist in nature as there has been
renovation on educational philosophy from transmission towards the constructivist one in 2004.
This philosophy has been adopted gradually starting from the elementary level to secondary level.
At the time of the present study, the instruction is assumed to be conducted in the line of the
constructivist view. Yet, classroom observations concerning teaching of the chemical bonding
and examination of students’ notebooks highlight that teaching involves mainly teaching the
terminology (definition) regarding types of chemical bonds and their examples. Notebooks
indicated that the teacher gave definitions first and then explained the terminology by providing
examples rather than encouraging students to work on examples and construct their own
definitions regarding chemical bonding.
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After students responded to the questions, the researcher examined their responses so as to
determine students whom to be interviewed. In other words, they were selected to represent
different reasoning related to properties of chemical bonds. Interviews were carried out with 30
students so as to find out the reasoning behind their responses. All interviews were audio taped
and fully transcribed. Students’ responses to both written and oral questions were analysed by
ideographic ways (Driver ve Erickson, 1983) where responses were analysed in their own terms
rather than categorising them into pre-determined sets of categories. Thus, the categories develop
throughout the data analysis.

Investigator triangulation was benefited during the data analysis of open-ended questions
by carrying out the reliability of coding procedures (i.e. inter-coder reliability) since students’
written responses were independently coded by a second coder. An overall agreement 90% was
reached with a minimum of 85% and with a maximum of 100%.

Table 1 shows students’ predictions about the change in mass of reaction vessel before and
after covalent bonds are formed. Majority of students (% 70) gave scientifically acceptable
responses to the question. These students think that formation of covalent bonds do not affect the
mass of the container. Common reasoning seems to be the conservation of mass during chemical
reactions. This reasoning was aided by % 26.7 of the students. Other reasons provided were
related to the abstract nature of chemical bonds. These students thought that bonds are
interactions/attraction forces between particles and therefore do not possess mass.

Table 1: Students’ predictions about the change in mass upon chemical bond formation

Number of students

(per cent)
Uncodable / No response 21 (5.2)
No reasoning 7(1.7)
«»  Mass decreases Energy is released during bonds formation 14 (3.5)
s during bond  Upon chemical reaction mass decreases 6 (1.5)
1S formation
8 No reasoning 34 (8.4)
8  Massincreases Chemical bonds have mass 34 (8.4)
'§ during bond  Energy is taken in during bonds formation 5(1.3)
formation
Misconceptions total 100 (24.8)
@ No reasoning 62 (15.3)
3 Chemical bonds do not have mass 67 (16.6)
o Massstays the Number of atoms do not change 40 (9.9)
% same during  Mass is conserved during chemical reactions 108 (26.7)
2 bond formation Chemical bonds are interactions/forces 6 (1.5)
n Scientific ideas total 283 (70)

Even though majority of students aired the scientific ideas, this finding is not as promising
as it seems. These students received instruction on chemical bonding. Yet one third of them (%
30) presented misconceptions by expected either an increase (% 18.1) or decrease (% 11.9) in
mass after the formation of covalent bonds. On examining students’ written responses which
expected an increase in mass during bond formation, two main reasoning come to the fore. The
favorite one is the matter-like nature of bonds. These students (% 8.4) believed that bonds have
mass. The second line of reasoning was related to thermodynamic properties of chemical bonds.
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A group of students (% 1.3), albeit small proportion, based their ideas on this reasoning. They
think that energy is necessary/taken for the formation of chemical bonds.

Ontologically, the concept of chemical bond belongs to the processes category. Students
participated in this study thought that chemical bond has mass. These students seem to assign the
concept to the Matter category as these ontological features belongs to the matter catogory. This
categorical mismatch appear to be the reason for the related misconception.

Thermodynamic properties of chemical bonds were also depended upon by students who
expected a decrease in mass during bond formation. These students (n= 14) thought that energy is
released on formation of bonds. It seems that these students attributed properties of matter to
energy. Accordingly, they expect changes in mass of the substances when energy is taken or
released. When probed further during the interviews, they stated that energy has mass by giving
heat as an example. In ontological terms, the concept of energy (and heat) belongs to the
processes category like chemical bonding. However, students participated in this study thought
that energy has mass. These students seem to assign the concept to the Matter category. This
mismatch seems to grow into a “energy has mass” misconception.

Second question helped to uncover the reasons behind the misconception concerning
matter-like properties of chemical bonds. Table 2 indicates students’ responses to the second
guestion.

Table 2: Students’ ideas concerning the mass of chemical bonds

Number of
students
(per cent)
Uncodable / No response 5(1.2)
. No reasoning 34 (8.4)
S They are matter/substance 34 (8.4)
*é‘_ They have energy 23 (5.7)
o Chemical bonds They have volume and shape 10 (2.5)
3 have mass The mass of chemical bonds is too small and can 35 (8.7)
'§ be negligible
Misconceptions total 136 (33.7)
No reasoning 67 (16.6)
" They are interactions/attraction forces not matter 146 (36.1)
3 They have energy, not matter, do not possess 17 (4.2)
2 Chemical bonds volume and mass
:§ donothave  They are composed of atoms and atoms have 26 (6.4)
S mass mass
S When the number of bonds changes mass do not 7(1.8)
change
Scientific ideas total 263 (65)

As it can be seen from Table 2, one third of the students (% 33.7) stated that chemical
bonds have mass. They seem to come to this idea with different reasons. Majority (% 8.4)
claimed that chemical bonds are matter/substance. It is apparent that these students assigned the
concept of chemical bonding to the matter category rather than the process category
ontologically. Thus, it is expected that these students attribute the ontological features of matter to
chemical bonding. Among those features mass, volume and shape were stated mostly since some
students (% 2.5) backed up their mass idea by indicating the shape and volume of the chemical
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bonds. Here again, an ontological mismatch is obvious between the matter and processes
categories.

When probed further by asking “how they know if a chemical bond has mass” during
interviews, this group of students either gave explanations like “chemical bonds are broken so
they must have mass” or “so as to hold the atoms together they should exist/ be solid so they must
have mass”. To some on the other hand, everything on earth has mass. It seems that these students
viewed matter in their mind as “breakable” and “be able to hold or bind things”. These features
do not appear on ontological categorization since matter is not necessarily breakable and does not
necessarily have property of holding things. Yet, these misconceptions exist and their existence
could not be explained on ontological grounds.

In a similar manner, the ontological framework appears to be failed in explaining the
source of some misconceptions aired by the students. These students referred to the mass
calculations carried out in bonding to support their idea that chemical bonds are matter. It seems
that they interpret energy calculations carried out in chemical bonds as mass calculations rather
than possessing a mismatch in ontological categorization.

Some of the students (% 5.7) did not define chemical bonds as matter. They rather
underlined the thermodynamic properties of chemical bonds and stated that bonds involve energy.
Energy appears to have mass according to these students, by highlighting a mismatch in
ontological categorization as previously stated. This time, not the chemical bonding but the
energy is assigned to the matter category; and its ontological feature (mass) was attributed to it.

According to Table 2, some students (% 8.7) who believe that chemical bonds have mass
seem to think that this mass is too small and therefore can be negligible. Interviews indicated that
these students either referred to their feelings about the mass of chemical bonds or the mass of
electrons. According to the latter, chemical bonds are made up of electrons and the mass of
electrons are too small to be worked out in mass calculations.

As in the case of Table 1, Table 2 also indicates that majority of students (%65) think that
chemical bonds do not have mass and backed up their responses with scientifically acceptable
ideas such as “chemical bonds are attractive forces” (n= 146), “they are composed of atoms and
atoms have mass” (n= 26) and “They have energy, not matter, do not possess volume and mass”
(n=17). The idea that “bonds involve energy” was not clear till interviews were conducted with
some of these students (7 out of 17). Interview transcripts indicated that most of the students
interviewed (n= 5) imagined bonds as energy stores while some meant energy taken or released
during formation of chemical bonds.

So as to find out students’ ideas concerning the relationship between chemical bonds and
energy the third probing question was used. The results of analysis of students’ responses to this
guestion were presented in Table 3. On examination of the Table 3, it becomes clear that majority
of students (64.3 %) have misconceptions regarding the thermodynamic properties of chemical
bonds. It seems that these students divided themselves into three different misconceptions. The
favorite one (58.9 %) was the idea that “energy is released when bonds are broken”. The rest was
either thought that we provide the energy necessary for chemical reactions or it is released both
during bond breakage and formation. These two groups of students did not provide further
explanation whereas the former one backed up their idea with four different reasoning. The
common reasoning used by 83 students was the idea that chemical bonds are energy stores. These
students believed that bonds hold energy and upon breakage it is given off. On examination of
these students it became clear that they were those who assigned the energy concept to the matter
category. Thus, it is possible that these students imagine “energy” something that can be stored in
chemical bonding.
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Table 3: Students’ ideas concerning the thermodynamic properties of chemical bonds

Number of
students (per cent)

Uncodable / No response 9(2.2)
Energy is not released from bonds, we give the energy necessary 7(1.7)
for chemical reactions
Energy is released both during bond breakage and bond formation 15 (3.7)
No further explanation 97 (24)
2 Chemical bonds are energy stores 86 (21.3)
S Energy is necessary for bringing atoms together, 39 (9.7)
g; Energy is this energy is released when bonds are broken
S released when  Energy is released when compounds are broken 7(1.7)
@ bonds are broken into their atoms
= Energy is necessary for breaking the bonds but 9(2.2)
when bonds are broken more energy is released
than we give at the beginning
total 238 (58.9)
Misconceptions total 260 (64.3)
" No further explanation 34 (8.4)
S Energy is Energy/heat is given off when atoms give or 23 (5.7)
% released when  take electrons
&  bonds are formed Atoms make bonds so as to be stable and to 40 (10)
§ have lower energy
S Energy is necessary for breaking bonds 38 (9.4)
Scientific ideas total 135 (33.5)

The second reasoning involves the comparison the energy provided at the beginning of a
chemical reaction with that of released. According to this group (n= 9) energy is necessary for
breaking the bonds but when bonds are broken more energy is released than those given at the
outset. The rest two reasoning focused on the energy used during formation of compounds. Some
students (n= 39) explained that energy which was used for bringing atoms together was released
at the end. The rest (n= 7) could not explain the source of energy, only stated that energy released
when compounds are broken.

Students were expected to explain that energy is obtained during formation of bonds and
this energy was source for breakage of bonds and during the chemical reactions. According to
Table 3, none of the students provided such a detailed explanation. Some (33.5 %) tended to point
out “energy release during bond formation”. Among this group majority (10 %) underlined the
need of atoms for being stable and have less energy. A small amount of students (5.7 %)
explained that energy is released when atoms give or take electrons. The rest either point out the
necessity of energy for breaking bonds or could not provide further reasoning.

4. DISCUSSION and RESULTS

This study investigated Turkish secondary students’ ideas related to properties of chemical
bonds following from the conventional teaching and uncovered a range of misconceptions.
Findings of the study indicated that students possess alternative ideas in three different areas
concerning properties of chemical bonds. The first of these is the “matter-like feature of chemical
bonds”. Within this group several alternative ideas, which were not included in the misconception
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literature, were detected. “Chemical bonds have shape, volume and mass and thus they are
matter” is one of those ideas. The rest was focused upon the mass concept only. The reasoning
behind this misconception was differed by producing new alternative ideas. Bonds have mass
because “electrons have mass”, “bonds have energy”, “bonds bind atoms”, “bonds are broken”,
“everything has mass” and “we make mass calculations related to bonds” are some other
examples.

According to the findings of the study, the second area where students possess alternative
ideas is “matter-like feature of energy”. In other words, students imagined energy as matter and
hence it has mass. This seems to be supported by previous research findings even thought the
concept seems to be “heat” rather than “energy” (Schmidt, 1997). The findings of the present
study indicated that the last area where students’ alternative ideas focused was “thermodynamic
properties of chemical bonds”. This misconception is also supported by the previous research
findings. According to the research, students tend to think that chemical bonds are energy stores
(Ross, 1993; Barker, 1995; Boo, 1998; Barker & Millar, 2000; Boo & Watson, 2001; Ebenezer &
Fraser, 2001). They imagine that energy is released when bonds are broken and that this energy
drives chemical reactions. In parallel with the research findings, Turkish students also appear to
describe chemical bonds as energy stores and this energy is released when they are broken.
However, in this study a second line of reasoning that accompanies students towards the “energy
store” misconception was uncovered. According to this line of reasoning, energy is needed/taken
for the formation of chemical bonds and this previously taken energy is released when they are
broken.

When considering possible implications of this study, it is important to note that it
highlights the importance of uncovering students’ underlying reasoning behind their ideas. In this
way, it becomes possible to describe student’s conceptual network that is viewed as personal in
constructivist terms. For instance, examination of students’ responses which expected either an
increase or decrease in mass during bond formation indicated that both misconception groups,
albeit contrary to each other, based their reasoning on the same misconception (“energy has
mass”). Starting from the same misconception, however, they ended up with different mass
predictions. One of the groups imagined energy is taken during bond formation. Thus, they
expected an increase in mass during bond formation. In other words, this group based their
prediction onto two existing as it is shown in Figure 1.

m@ During bond
formation

Figure 1. Some of the students’ reasoning concerning the relation of energy and mass
concepts with the chemical bond formation (Model A)

On the contrary, the other group thought that “energy is released during bond formation”
which is a scientifically acceptable idea. However, they predicted a decrease in mass during bond
formation since they imagined “energy has mass”. Thus, this group’s predictions were leaded by
a misconception and scientifically acceptable idea. Yet, this scientifically acceptable idea does
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not guaranteed the construction of the necessary scientific idea as it is represented in Figure 2
below.

- During bond
decreases s
formation

Figure 2. Some of the students’ reasoning concerning the relation of energy and mass
concepts with the chemical bond formation (Model B)

On the other hand, when a student think that energy does not have mass, then his
conception that “energy is released or taken in during bond formation” does not affect his/her line
of reasoning. S/he ends up with the idea mass does not change during bond formation (see Figure
3). It is important to note that “energy has mass” misconception is very influential in forming
students reasoning. It seems that it is more influential than the misconception concerning
thermodynamic properties of chemical bonds.

[ iooroichare - GUEINE BORG
does not change .
formation

Figure 3. Expected reasoning concerning the relation of energy and mass concepts with the
chemical bond formation

It is apparent that “energy has mass” misconception has a leading role in students’
reasoning as compared to the one that occurs concerning the relationship between bond formation
and energy. This might stem from the nature of ontological mismatch. The energy-mass
misconception results from a mismatch in the main ontological categories (the processes and
matter concept categories) whereas the later one (energy-bond formation) is caused by a
mismatch in ontological sub categories.

The example mentioned above supported a range of ideas that has put forward by
researchers. In the first place it supports the constructivist view of learning where learner is
believed to construct meanings based on his/her existing ideas (Driver, 1985; 1989; Osborne &
Freyberg, 1985; Gilbert & Watts, 1983). It also supports the contention that science learning is
developing personal understanding of the scientific ideas put forward by the scientific community
(Driver et al. 1994). Additionally, it is possible to say that meanings are born within the
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interrelationship of individual ideas and that personal reasoning come to the fore as a result.
Figure 1 and 2 show that misconceptions/ faulty ideas have a leading role in meaning making as
compared to the scientifically acceptable ones. The strength of this leading role seems to vary
depending on the nature of misconception. Finally, it shows the necessity of studying alternative
ideas in a digging the root fashion by examining the interrelated ideas, even if they appear to be
unrelated with the alternative idea at the first sight.

The constructivist view of learning and the contention that meanings are constructed as a
result of interrelations of students existing ideas was also supported by a second example which
examines relationships of chemical bonds, mass, energy and matter concepts. We expect students
to relate these concepts as shown in Figure 4.

Chemical
bonds

aney 10U 0p

Figure 4. Expected reasoning concerning the relation of matter, mass, energy concepts
with chemical bond concept

Regardless of speaking ontologically or not, students are expected to think that chemical
bonds are attractive force/energy, they are not matter. They also need to think that matter has
mass but attractive force/energy does not possess mass. As a result, they are expected to come to
know that chemical bonds do not have mass. Interviews with students indicated that some of them
came to this conclusion either through the line of reasoning that involves chemical bonds, matter
and mass concepts. Or alternatively, they based their reasoning on the relationship between
chemical bonds, energy and mass.

Unfortunately, the expectation aforementioned did not come true for all students
interviewed. Some of the students thought that chemical bonds have mass. Upon examination of
their ideas, three different reasoning was emerged as shown in Figure 5.The first of these was
chemical bonds have mass because they are matter and matter has mass. The second line of
reasoning seems to be chemical bonds have mass because they are energy/force and energy has
mass. The third line of reasoning was not related to matter or energy ontologically. This appears
to be related to other properties of chemical bonds such as formation process and their function.
According to this group of students, chemical bonds have mass “because they involve electrons
and electrons have mass” or “chemical bonds bind atoms and they can be broken thus they must
have mass”.
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Chemical

Figure 5. Students’ reasoning concerning the relation of matter, mass, energy concepts
with chemical bond concept

Following from the two examples examined it can be concluded that learning process need
to be viewed as personally meaning making. This meaning making is a result of interactions of
individual ideas, either valid or invalid. By being aware that concepts are viewed individual
constructs made by the interactions of previously existing ideas, teachers need to monitor
students’ reasoning behind their conceptions. Teachers also need to be aware of the leading role
of the misconceptions in concept formation. Thereby, they need to be alarmed of uncovering
students reasoning, pinpoint misconceptions and remedy them as soon as possible. Within this
model of learning, it is also important to help students to construct personal understanding of the
ideas presented during teaching.

Science educators suggested different teaching strategies that teachers can adopt (Scott,
Asoko & Driver, 1992; Leach & Scott 2003, Ogborn, Kress, Martins & McGillicuddy, 1996;
Osborne, Erduran & Simon, 2004). Regardless of the teaching strategy adopted, accepting that
learning is personally meaning making, teachers need to design teaching intervention on the base
of their students’ individual ideas. Teachers need to find out their students personal thinking as a
first step. Only then, teaching activities to develop students’ ideas towards the scientifically
acceptable one could be designed. In other words, the nature of teaching interventions designed
depends on the type and nature of the reasoning uncovered. As an example, the teacher of the
class in this study needs to design two specific teaching interventions. In the first of these,
students are provided opportunities to discuss what matter is and what the properties are those
make something as matter. They then need to debate whether chemical bonds are matter or not by
providing evidence for their arguments. Similarly, students need to compare the properties of
matter and energy. They need to decide whether energy is matter and justify their thinking by
examining the properties of matter. In the second intervention, teacher design learning activities
where students become aware of the reasons for chemical reactions and energy changes occurring
during chemical reactions. Then, students are involved in teaching activities by which they relate
the energy changes in chemical reaction with the energy released or taken in the process of
chemical bonding.

The present study attempted to produce an explanation for the existence of students’
misconceptions concerning chemical bonding ontologically. It reveals that some of the
misconceptions can be considered closely related with ontological categories and their source is
likely the ontological mismatch. Yet, the existence of some misconceptions determined in this
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study could not be explained in ontological terms. Thus, studies are needed to be conducted so as
to examine the relationships between misconceptions and ontological categorisation. Such studies
might both enrich the literature lacking and render to widening the scope of the ontology as a
theoretical framework in understanding the nature of misconceptions.
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248 Filiz Kabapinar

Uzun Ozet

Maddenin gozlenebilir davraniglarin1 anlamada, fiziksel ve kimyasal degisimi ayirt etmede kimyasal
bag kavramu Kkilit rol oynamaktadir. Kimyasal bag kavrami ¢evremizde gerceklesen olaylari agiklamada
kullanabilecegimiz kavramsal bir modeldir. Bu ¢ergevede, dgrencilerden kimyasal baglar1 ve 6zelliklerini
kavramis olmalar1 beklenir. Ancak arastirma sonuglari, 6grencilerin kimyasal baglarin tiir ve olusum
bicimlerini anlamakta giicliik cektiklerini (Goh, Khoo & Chia, 1993; Levy Nahum, Hofstein, Mamlok-
Naaman & Bar-Dov, 2004; Peterson, 1993; Peterson, Treagust & Garnett, 1989), molekiil i¢i ve molekiiller
arasi baglar ayirt edemediklerini (Barker, 1995; Birk & Kurtz, 1999; Butts & Smith, 1987; Levy Nahum,
Hofstein, Mamlok-Naaman & Bar-Dov, 2004; Taber, 1993; 1995; 1998) ve maddedeki degisimi kimyasal
baglardaki degisim ile agiklayamadiklarini (Barker, 1995; Taber, 1993) ortaya koymaktadir. Ogrencilerin
kimyasal baglara iliskin zihinsel modellerini (Nicoll, 2001; Pereira & Pestana, 1991; Taber 2001; Coll &
Treagust, 2001) ve kimyasal bag olusumunu agiklarken dgrencilerin kullandigi dili inceleyen (Taber &
Watts, 1996; Taber, 1998; Nicoll, 2001) aragtirmalar da mevcuttur. Buna karsin, kimyasal bagin
ozelliklerine iliskin &grenci diisiince bigimlerini arastiran calismalarin sayis1 sinirhdir. Ustelik bu
caligmalarda kimyasal baglarin sadece termodinamik 6zellikleri konusundaki alternatif fikirler incelenmistir
(Ross, 1993; Barker & Millar, 2000; Boo & Watson, 2001). Mevcut arastirmalarin, kimyasal baglarin
yapisina iligkin, 6grencilerin sahip oldugu kavram yanilgilarinin altinda yatan nedenleri agiga ¢ikarmay1
hedeflemedikleri, maddeye ait 6zellikleri kimyasal baglara atfetme durumlarin1 ontoloji temelinde analiz
etmedikleri anlasilmaktadir.

Ontoloji her seyin temel olarak farkli kategorilere ait oldugunu farzeder (Chi ve Hausmann 2003).
Buna gore, diinyadaki tiim varliklar ii¢ temel ontolojik kategori i¢inde diigiiniilebilir (Chi, 1997). Bu
kategoriler, madde, siirecler ve zihinsel durumlar seklindedir (Chi vd, 1994; Johnston ve Southerland,
2000). Bir ontolojik kategorinin {iyesi olan bir kavram o ontolojik kategorinin 6zelliklerine sahiptir ve bu
ontolojik ozellikler ile tamimlanir (Chi, 1997; Chi & Slotta, 1993; Chi ve Hausmann, 2003). Kavram
yanilgisi, bir kavram bulunmasi gereken ontolojik kategoriden farkli bir kategoriye ya da alt kategoriye
atandiginda olugabilir (Chi & Roscoe, 2002). Bu goriisten yola ¢ikan bazi arastirmalar 6grencilerin sahip
oldugu kavram yanilgilarint ontoloji temelinde analiz etmistir (Johnston & Southerland, 2000; Kahveci &
Ozalp, 2009; Ozalp & Kahveci, 2011). Bu caligmalar kavram yanilgilarmin olusum nedeni ve yapisini
anlamada ontolojinin teorik bir ¢at1 olarak kullanilabilecegini ortaya koymustur.

Bu gergevede, mevcut arastirmada miifredatin dngdrdiigii 6gretim sonrasinda 6grencilerin kimyasal
baglarin 6zelliklerine iliskin disiince bigimlerinin incelenmesi amaglanmistir. Caligmanin diger bir amaci
ise, Ogrencilerin sahip oldugu kavram yanilgilarinin nedenleri ve kavramlar arasi iligkilerin ontoloji
temelinde analizini yapmaktir. Yorumlamaci paradigma temelinde tasarlanan ¢alismada veri toplama aract
olarak, agik uglu sorulardan olusan bir anket kullanmilmustir.. Anket 404 lise 11. simf Ogrencisine
uygulanmigtir. Ankette yer alan sorular ile kimyasal bagin 6zellikleri konusunda &grencilerin diisiince
bigimleri ve nedenlerinin saptanmasi hedeflenmistir. Ogrencilerin kimyasal bagin 6zellikleri konusundaki
yanilgilarimin altinda yatan nedenleri agiga ¢ikarabilmek igin, bazi Ogrencilerle bireysel yiizyiize
goriismeler de gergeklestirilmistir. Bu goriismelerde 6grencilerden yazili olarak sundugu yanitini bir kez de
sozel olarak agiklamasi istenmistir. Gorligmelerde ayrica, aciklamasi sirasinda anlagilamayan ya da
kodlama sirasinda ikileme neden olabilecek durumlara iliskin 6rnek vermeleri de istenmistir.

Arastirmadan elde edilen bulgular, konu ile ilgili 6gretimi almig olmalarina karsin arastirmaya
katilan &grencilerin kimyasal bag kavramina iliskin gesitli yanilgilar1 oldugunu gostermektedir. Ogrenciler
arasinda (%25) kimyasal bag olusumu sirasinda kiitlenin artacagini ya da azalacagii diisiinenler
bulunmaktadir. Yaptiklar1 sozli ve yazili agiklamalarindan bu 6grencilerin kimyasal bagin kiitlesi, hacmi
ve sekli (n=10) oldugunu diisiindiikleri anlagilmaktadir. Diger bir deyisle, 6grenciler ontolojik agidan siireg
kategorisinde yer almasi gereken kimyasal bag kavramimi madde kategorisine yerlestirmis gibi
goriinmektedirler. Yazili yanitlarinda kimyasal baglar1 madde olarak tanimlayan gerekge olarak da atomlari
bir arada tutan seylerin somut olmasi gerektigi fikrini benimseyen 6grenciler bulunmaktadir.

Ontolojik agidan benzer yanlis esleme enerji kavramina iliskin de yapilmistir. Bulgular, dgrenciler
arasinda enerjinin bir madde oldugu, kiitlesinin bulundugu yanilgisinin yaygin oldugunu ve bu yanilginin
kimyasal bagmn kiitlesinin bulunacagi konusunda 6grencileri yonlendirdigini ortaya koymaktadir. Yine
bulgular 6grencilerin kimyasal baglar1 enerji depolar1 (n=86) olarak hayal ettiklerini de ortaya koymustur.
Bu diisiince bigimi “kimyasal baglar kirilirken enerji agi8a ¢ikar” tahminini de beraberinde siiriiklemistir
(%21). Bulgulara gore, kimyasal baglarin termodinamik 6zelliklerine iligkin bu diislince bigimi 6grenci
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zihninde “enerjinin kiitlesi vardir” yanilgisi ile bulusmadig siirece 6grenciyi alternatif fikre yoneltmemistir.
Ote yandan, ister kimyasal baglari enerji deposu olarak diisiinsiin isterse diisiinmesin 6grencinin zihninde
enerji bir madde ise kimyasal bag olusumuna kiitle degisimi eslik etmistir.

Bulgular ayrica, 6grencilerde tespit edilen bazi kavram yanilgilarinin nedenlerinin ontoloji temelinde
aciklanamadigim da ortaya koymaktadir. Ogrencilerin bir boliimii kimyasal bagi madde olarak tanimlarken
kiitlesi olduguna deginmemistir. Bu 6grenciler kimyasal bagin “kirilabilir olusuna” ve “atomlar bir arada
tutuyor olmasina” vurgu yapmustir. Sozii edilen bu 6zellikler madde ontolojik kategorisine ait degildir.
Nitekim, madde kirilgan 6zellikte olmadig: gibi ayrica her zaman iki seyi bir arada tutan ontolojik bir varlik
da degildir. Benzer sekilde, kimyasal bagin madde oldugunu diisiinen diger bir grup O6grenci ise,
diisiincelerini aciklarken kimyasal baglarla ilgili olarak kiitle hesaplamalar1 yaptiklarini (aslinda enerji
hesaplamalar1) gerek¢e gostermistir. Bu ¢ercevede, sozii edilen diigiince bicimlerinin kaynaginin
ogrencilerin kimyasal bag olusumunun ifadesi olan enerji hesaplamalarini kiitle hesaplamalar1 seklindeki
yorumlamalart oldugunu, ontolojik agidan yanlis eslemeden kaynaklanmadigini séylemek olanaklidir.
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