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High School Students’ Conceptions about Energy
in Chemical Reactions

Eylem Yalcinkaya', Ozgecan Tastan?, Yezdan Boz?

Oz

Bu calismanin amaci 6grencilerin isi ve sicaklik, endotermik-ekzotermik tepkimeler,
yanma tepkimeleri, bag enerjisi, entalpi, kimyasal tepkimelerde kararlilik ve kalorimetre konu-
larini kapsayan kimyasal tepkimelerde enerji Gnitesiyle ilgili kavram yanilgilarini arastirmak-
tir.Orneklem 222, 10.sinif grencisinden olusmaktadir. Bu calismada hem nitel hem de nicel
yontembilim kullanilmistir. Ogrencilerin konuyla ilgili kavramalarini 6lcmek icin her biri 5 se-
¢cenekli olmak lizere 20 sorudan olusan ¢oktan secmeli bir test gelistirilmistir. Bu kavram testi
ogrencilerin literattirde kimyasal tepkimelerde enerji konusuyla ilgili kavram yanilgilari ve 6g-
renme zorluklari g6z 6niinde bulunarak gelistirilmistir. Ek olarak, 6grencilerin konuyu anlama-
lanyla ilgili daha derin bilgi elde etmek amaciyla yari yapilandirilmis milakatlar yapilmistir. So-
nuglar gostermistir ki kimyasal tepkimelerde enerji konusu, pek ¢ok bolimiinde 6grencilerin
zorlandigi ve bircok kavram yanilgisina sahip oldugu bir tnitedir. Bulunan bazi kavram yanil-
gilan literaturdeki bulgularla benzerlik gosterirken, bazilari da ¢elismektedir. Ayrica, konuyla
ilgili yeni kavram yanilgilari da tespit edilmistir.

Anahtar Sozciikler: Kavram yanilgisi, kimyasal tepkimelerde enerji.

Lise Ogrencilerinin Kimyasal Tepkimelerde Enerji Konusundaki Kavramalari

Abstract

The aim of this study is to investigate students’understanding of the energy conceptin
chemical reactions including heat and temperature, endothermic-exothermic reactions, com-
bustion reactions, bond energy, enthalpy, stability in chemical reactions and calorimeter. The
sample consisted of 222, 10™ grade students. Both qualitative and quantitative methodology
was used for this investigation. A twenty-item multiple choice test was developed about the
topic to measure the students’ understandings. This concept test was prepared based on stu-
dents’ conceptual difficulties and misconceptions related to the energy in chemical reactions
found in the literature. In addition, semi structured interviews were conducted to get deep
knowledge about students’ perceptions. Results showed that for most parts, energy in chemi-
cal reactions is a difficult topic for high school students and they had various misconceptions.
While some of the misconceptions were parallel to the literature findings, some of them con-
tradicted with it. Also, some novel misconceptions were detected.
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Introduction

Students may develop some concep-
tions, different from the scientifically ac-
cepted view, based on their daily life experi-
ences, teachers’ instruction, and textbooks.
These conceptions are called misconcep-
tions, which influence students’ learning
negatively. Therefore, it is important to iden-
tify these conceptions and develop teaching
strategies to overcome them (Driver, Squires,
Rushworth, & Wood-Robinson, 1994; Gilbert,
Osborne & Fensham, 1982). Research stud-
ies showed that students, even at university
level, were found to have misconceptions
about energy in chemical reactions (Barker &
Millar, 2000; Boo, 1998; BouJaoude, 1991; De
Vos & Verdonk, 1986; Greenbowe & Meltzer,
2003; Johnstone, MacDonald & Webb, 1977;
Niaz, 2000; Paik, Cho & Go, 2007). The pur-
pose of this study is to find out Turkish high
school students’ conceptions about energy
in chemical reactions. Literature related to
students’ misconceptions about energy in
chemical reactions was reviewed under five
major headings; heat and temperature, endo-
thermic and exothermic reactions, combustion
reactions, bond energy, and calorimeter.

Several research studies revealed some
common misconceptions of students about
heat and temperature. It was found that
many students couldn’t distinguish between
heat and temperature (Erickson, 1979; Er-
ickson, 1980; Harrison, Grayson & Treagust,
1999; Kesidou & Duit, 1993; Niaz, 2000; Niaz,
2006; Paik et.al., 2007; Yeo & Zadnik, 2001).
In addition, some studies showed that most
students thought heat as a substance rather
than energy whereas they described tem-
perature as intensity of heat. Similarly, most
students were found to think that tempera-
ture of objects can be determined by skin
and materials like wool have the ability to
warm things (Yeo & Zadnik, 2001).

Research studies illustrated that stu-
dents had difficulties in identifying chemical
reactions as endothermic or exothermic. For
example, students thought burning of can-
dle as an endothermic reaction since heat
was needed to initiate the reaction. They
also classified burning of copper as an endo-
thermic reaction since only heating of cop-
per caused formation of copper oxide (Boo,

1998; De Vos & Verdonk, 1986). Studies of
Thomas and Schwenz (1999) and Johnstone
etal., (1977) stated that students had a mis-
conception that endothermic reactions can-
not be spontaneous. In addition, students
thought that all reactions occurring naturally
without application of heat are exothermic
(Johnstone et.al., 1977).

Bond energy is another concept about
which students were found to have miscon-
ceptions. In terms of overall energy change,
Boo (1998) reported that 12 grade students
in his research considered bond breaking
as an energy release process whereas they
thought that energy is required for bond
making. Similarly, the notion that both pro-
cesses of bond breaking and bond making
require input of energy was common among
12 grade students. Barker and Millar (2000)
also confirmed students’ misconceptions
about bond energy since they found that half
of the students considered bond making as
endothermic even after science instruction.

In terms of combustion concept, BouJaoude
(1991) detected several misconceptions.
For example, some students thought that
combustion always involves fire or flame. In
addition, students’ explanations about com-
bustion were inconsistent, for example, they
considered burning of alcohol as evapora-
tion, however, burning of wood as change
into ashes.

Recently, Greenbowe and Meltzer (2003)
investigated students’ conceptions about
energy in chemical reactions in the context
of calorimeter. This study showed that many
students couldn’t identify system and sur-
rounding. Similarly, students couldn't use
the equation, g= m.c.At in a meaningful way
since they couldn’t understand the relation-
ship between heat flow, specific heat, and
temperature change. Cohen and Ben-Zvi
(1982) also reported students’ lack of under-
standing in using the equation, g= m.c.At.

As mentioned above, research studies
indicated that students had some miscon-
ceptions in the context of energy in chemi-
cal reactions. In the light of these findings,
research question for this study is:

* What are Turkish high school students’
conceptions about energy in chemical re-
actions after instruction?
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Methodology
Sampling

222 Turkish high school students from
different high schools participated in this
study. 103 of them were female whereas
there were 119 male students. These were
10™ grade students, who had already learnt
energy in chemical reactions concept.

Data collection tools

In this study, two instruments were
used; Energy in Chemical Reactions Concept
Test (ECT) and semi-structured interviews, in
order to collect data. Test items and the in-
terviews were in Turkish.

ECT consisted of 20 multiple-choice
questions. Each question had five alterna-
tives. The test was designed according to
misconceptions found in the literature (Boo,
1998; BouJaoude, 1991; Ceylan, 2004; Cohen
&Ben-Zvi, 1982; De Vos & Verdonk, 1986; Kes-
idou & Duit, 1993; Thomas & Schwenz, 1999;
Yeo & Zadnik, 2001). In addition, interviews
with chemistry teachers helped us deter-
mine possible difficulties of students during
the instruction of this topic. Therefore, mis-
conceptions in the literature as well as stu-
dents’ difficulties determined the distracters
of this test. The test measured students’ un-
derstanding of different concepts about en-
ergy in chemical reactions; heat and temper-
ature, exothermic and endothermic reactions,
bond energy, combustion reactions, enthalpy,
and calorimeter. Two of the questions about
heat and temperature were adapted from
the study of Niaz (2000). On the other hand,
five questions related to enthalpy, combus-
tion reactions and calorimeter concepts
were adapted from Ceylan (2004).

For the content validity of the test, five
chemistry teachers and one chemistry edu-
cator evaluated the appropriateness of test
items. The test was administered to all par-
ticipants at once. The Cronbach alpha value
was found as 0.70 indicating adequate reli-
ability.

ECT was applied to 222 10" grade high
school students. Based on the frequencies of
students’ responses, seven students were in-
terviewed. Semi-structured interviews were

used to supplement the analysis of test re-
sults. The interviews were carried out with
seven students, who completed the test.
The purpose of the interviews was to obtain
deeper information about students’ reason-
ing in energy in chemical reactions concepts.
To select interviewees, firstly, frequencies of
students’ responses for each question in the
test were determined. Based on frequency
analysis, students with different misconcep-
tions were selected. Before the interviews, a
semi-structured interview schedule was pre-
pared considering students’ responses in the
test. Each interview lasted about 30 minutes.
They were all audio-taped and transcribed.

Data Analysis

For the data analysis, SPSS 11.5 was used
to determine the reliability of the concept
test and frequencies of students’ responses
to each alternative. Moreover, semi-struc-
tured interviews were conducted and tran-
scribed by the researchers to obtain more
information about students’understandings.

Findings

Descriptive statistics was used to find
out frequencies of students’ responses for
each question in the multiple choice test.
Table | shows percentage of students’ re-
sponses for alternatives of each question in
ECT. Results are reported under five sections,
heat and temperature, exothermic and endo-
thermic reactions, bond energy, combustion
reactions, enthalpy and calorimeter.

Heat and Temperature

Three questions (2, 9, 20) were asked to as-
sess students’ understanding of heat and
temperature concepts. It was found that
about 30% of the students had the miscon-
ception that temperature could be trans-
ferred from one object to another (Question
2). Interviews with some of these students
also indicated that they couldn't differenti-
ate between heat and temperature. They
tried to explain the difference with the help
of the formula, Q = m.c.At, and the units
“kkal”and “°C". However, they couldn’t define

these terms and their differences.



Table 1. Percentage of students’ responses to alternatives of each question
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Questions Alternatives
A B C D E
1 76.9 11.3 2.7 4.5 4.5
2 144 7.0 52.6 214 4.7
3 32 50 16.2 0.5 75.2
4 7.1 1.9 20.0 21.0 50.0
5 6.1 48.1 6.6 35.8 33
6 1.9 19.2 33.8 2.8 423
7 314 8.6 23.8 9.5 26.7
8 55.7 33 2.8 52 33.0
9 75 76.1 52 3.8 7.5
10 4.6 7.9 704 4.6 12.5
11 824 1.8 1.8 50 9.0
12 2.3 232 2.3 623 10.0
13 1.8 11.8 78.2 50 32
14 62.2 11.1 6.0 17.5 32
15 8.5 80.2 33 24 5.7
16 6.6 44.7 8.1 234 17.3
17 144 3.8 26.0 9.1 46.6
18 24 7.1 10.5 79.0 1.0
19 09 259 16.5 41.5 15.1
20 230 679 53 24 14

R (Researcher): What is the difference
between heat and temperature?

S (Student): The units of heat and
temperature are Calorie and Degree Cen-
tigrade respectively.

R: Yes. You are right. Then, what is the
difference between them?

S: The formula; Q = m.c.At, gives us
heat.

R: Can you define heat?

S:No, | cant. | can only give you this
formula.

R: Can temperature pass through
one substance to another?

S: Yes. When we make a hot iron
touch to a cold one, temperature flows
from hot to cold.

76% of students gave correct response
when asked the reason for feeling cold when
we touch the bottle of milk taken from a
refrigerator compared to the milk at room
temperature (Question 9). In addition, most
students (68 %) didn’t have any problems

in understanding the relationship between
mass of an object and the heat emitted when
asked to compare the heat taken by two con-
tainers with different amount of water be-
ing heated by the same heaters at the same
conditions until being boiled. On the other
hand, 23% of students reflected that they
take the same amount of heat regardless of
their masses because mass only affects time
passing until boiling (Question 20).

Exothermic and Endothermic Reactions

Four questions (1, 3, 7, 19) were related
to exothermic and endothermic reactions.
Analysis of responses for question 1 one of
the related questions revealed that 76, 9 %
of students didn’t have any difficulties in
identifying burning of candle, copper and
darkening of silver as exothermic reactions.
However, about 60% of students consid-
ered all reactions occurring spontaneously
as exothermic. In addition, approximately
30% of the students thought that heat was
always needed for chemical reactions to oc-
cur (Question 7). They couldn’t imagine the
possibility of chemical reactions to be spon-
taneous.
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Analysis of multiple choice responses
yielded another common misconception
about exothermic and endothermic reac-
tions, which is the stability concept. In the
interview, it was understood that some stu-
dents associated stability with power:

R: Are products more stable in exo-
thermic reactions at lower temperatures?

S: Yes, heat is in the product side in
exothermic reactions so it is correct.

R: Why did you say that product side
is the more stable side? Did you learn like
that?

S: It is more reasonable, isn’t it?
Since, there is something to protect the
products, which is the heat.

R: But why is it stable?

S: Since, it is powerful due to heat.
This makes it stable.

These students thought that heat makes
something more powerful, thereby more
stable. They believed that if heat is on the
products’ side, it makes the products more
powerful and vice versa. So if a reaction is
exothermic, products are more stable than
reactants because they have more power
due to heat. In addition, during the inter-
view, some students associated stability in
endothermic and exothermic reactions with
inert gases without any further explanations.

Bond Energy

Three items (4, 11 and 13) were about
the classification of bond breaking and for-
mation reactions as exothermic and en-
dothermic. It was found that students had
some misconceptions about energy change
of bond breaking and bond formation pro-
cesses. Related dialogues are given below:

R: Is bond formation an endothermic
or exothermic reaction?

S: Endothermic because bond for-
mation process cannot occur spontane-
ously; we should intervene or give heat
to form a bond.

R: What about the bond breaking?
S: It is exothermic.

R: Can you explain us why it is exo-
thermic?

S: Atoms preserve energy inside
them, when we break a bond, this energy
is released.

Students generally have a misconcep-
tion that bond formation is endothermic and
bond breaking is exothermic. They believed
that to form something, we must make an
effort and so energy should be used up. In
addition, because atoms keep energy in
themselves, during bond breaking process,
energy comes out.

In the multiple choice test, bond energy
concept was measured both verbally and
visually. When the question was verbally
stated, about half of the students said that
bond breaking releases energy; bond for-
mation requires energy consumption. Con-
versely, when the question involved only
bond breaking and formation equations,
e.g. H+H®H,, without giving any explanation
about the kind of reaction as bond breaking
and formation, most of the students gave
the correct response to these questions
(Questions 11 and 13). This may be because
of the fact that students are used to solving
multiple choice questions where chemical
reactions are given.

Combustion Reactions

Two questions (8, 12) were asked in or-
der to obtain students’ understanding of the
combustion. In question 8, one of the ques-
tions, some enthalpy change values of equa-
tions for combustion reactions were given
and students were asked to find out the best
fuel considering equal masses of each. 45%
of the students couldn’t answer this ques-
tion correctly. When asked to expand their
reasons for their choice during the interview,
some of the students preferred the one with
the highest combustion enthalpy while de-
ciding the best fuel:

R: Why did you choose CH, for the
answer of question 8?

S: All of them are exothermic but
C,H, has more AH with respect to others.

However, some students decided the
best fuel by looking only at molecular weight
of fuels:

R: Did you consider equal amounts of
each?
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S:No, | didn't.

R: Now, if you consider equal
amounts of each fuel, which one do you
choose?

S: | take the one with the biggest
molecular weight.

R: Why? Do you think the more mo-
lecular weighted one gives more heat?

S:Yes, it does.

As understood from the above tran-
scripts, most students had difficulties in de-
ciding the best fuel by both considering en-
thalpy change and equal amounts of each.
On the other hand, test results showed that
most students didn’t have any problems to
understand that combustion reactions didn’t
always involve fire or flame. However, some
students thought that all combustion reac-
tions always occur spontaneously (Question
12). In the interview, they explained that all
combustion reactions are exothermic and
all exothermic reactions are spontaneous.
During the interview, it was understood that
some students always expected to see CO,
gas and H,0 as products in a combustion re-
action.

Calorimeter

Four questions (14, 16, 17, 18) were
about the calorimeter concept. Most stu-
dents appeared to understand that exo-
thermic reactions would cause an increase
in temperature whereas endothermic re-
actions would cause a decrease in it in the
calorimeter (Questions 14, 18). However, in-
terviews with these students showed that
they didn't know calorimeter system; how it
looks like and works. Therefore, since these
students didn’t actually know how reactions
occur inside a calorimeter, they just memo-
rized that exothermic reactions would cause
an increase whereas endothermic reactions
would cause a decrease in temperature as a
rule. For example, one of the students gave
the following explanations in the interview:

R: Can you draw a calorimeter?

S: Yes. (He drew the figure below
R: Where does the reaction occur?
S:In the water.

R: How can we decide that a reaction isexo-

thermic or endothermic in the calorimeter?

S: If temperature of water increases,
reaction is exothermic. Heat is given di-
rectly to the water.

According to this student, reaction occurs
in water. The above explanations indicate
the lack of conceptual understanding of stu-
dents about the calorimeter. One of the rea-
son might be that calorimeter concept is not
emphasized conceptually in chemistry les-
sons. Only some of problems related to calo-
rimeter are solved. Similarly, most students
could not identify system and surrounding
in the context of calorimeter (Question 16).
They just tried to guess that surrounding is
outside of the calorimeter and system is ev-
erything inside the calorimeter.

Enthalpy

Questions related to enthalpy assessed
students’ conceptions of enthalpy of forma-
tion, Hess Law and molar enthalpy of com-
bustion (Questions 5, 6, 10, 15). Analysis of
students’ responses showed that many stu-
dents didn't have a sound understanding of
enthalpy of formation (Question 5) though
they didn’t have any problems with the en-
thalpy of combustion (Questions 10,15). In-
terviews showed that they didn't know the
meaning of enthalpy of formation.

R: What is enthalpy of formation?

S: It is the minimum energy to form
a product.

R: In the below reactions, which of
the energy change is the enthalpy of for-
mation? And why?

C(S) + 1/202(9) e C02(9)+ heat
CaO(S) + 1/202@ e CaCO3(S) + heat

S: Both of them. Because, in both re-
actions, something forms.

Like the above student, some students
thought that if something is formed in a re-
action, AH of that reaction equals to enthalpy
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of formation. Students believe that enthalpy
of formation and AH are always the same
thing. Moreover, as seen in the dialogue
above, this student could not distinguish be-
tween enthalpy and activation energy.

Besides, some students had difficulty in
understanding that enthalpy of a reaction
depends on the phases of the reactants and
products. For example,

HZ(g) +1 /202(9) HZO(g)
Hz(g) +1/202(g) —> HZO(D

These students said that AH's of both
reactions are equal though these values are
different.

Interviews with students denoted that
some of the students relate the sign of AH
to the amount of products compared to re-
actants:

R: What did you understand from “+"
and “-"value of AH?

S: AH = Product - Reactive. So, if it is
‘" ZAHp >3AH_. | mean we obtain more
products.

R: Do we get more products when
AH_ >AH?

S: Yes.

So this student believes that if AH is
positive (+), the amount of products is big-
ger than that of reactants. This indicates that
he didn’t understand the concept of AH. He
considered AH as change in the amount
of products and reactants not as energy
change.

Discussion

This study aimed to determine Turkish
high school students’ conceptions of energy
in chemical reactions. It was found that most
students in this study could not distinguish
between heat and temperature. Although
they knew that they are different, they could
not define these terms and their differences.
Specifically, common misconceptions about
heat and temperature found in this study are
listed below:

. Temperature can flow from an object

to another.

* There is no relationship between
mass and heat given or taken.

Studies of Niaz (2000) and Yeo and Zad-
nik (2001) also confirmed the above miscon-
ceptions.

This studyV also revealed that most stu-
dents believed that all exothermic reactions
are spontaneous. On the other hand, some
students concluded that if all exothermic
reactions are spontaneous, endothermic re-
actions will not be spontaneous. Also these
students could not give examples to spon-
taneous-endothermic reactions. One of the
reasons for this misconception may be the
lack of the number of spontaneous - endo-
thermic reactions compared to the sponta-
neous — exothermic reactions. In addition,
some students could not imagine the pos-
sibility of formation of chemical reactions
spontaneously; they thought that heat or
any other agent was always necessary in or-
der to initiate chemical reactions to occur.
These misconceptions were also found in
the studies of Thomas and Schwenz (1999)
and Johnstone et.al., (1977).

Another common misconception, which
is not encountered in the related literature,
is the stability concept. Some of the stu-
dents associated stability with power. They
thought that if a reaction is exothermic, the
products are more stable than the reactants
because they have more power due to heat
released. Moreover, during the interview,
when asked to define the stability conceptin
endothermic and exothermic reactions, we
faced that some students gave inert gases
as an example of stable substances but they
could not give any further explanations. One
of the reasons for these thoughts may be
that stability concept remained as a discrete
knowledge in students’ minds without link-
ing it with the stability in exothermic and en-
dothermic reactions.

Consistent with studies of Boo (1998)
and Barker and Millar (2000), this study also
indicated that students generally thought
bond formation as endothermic and bond
breaking as exothermic since they believed
that some amount of energy must be used
up to form something and stored energy in
bonds is released during bond breaking pro-
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cess. Measuring bond energy concept both
verbally and visually showed us more than
half of the students gave incorrect answers
when the statements about bond energy are
given verbally whereas these students gave
correct responses when the question in-
volved visual elements, in which bond break-
ing and formation equations are seen clearly.
One of the reasons may be that students are
accustomed to solving problems in which
bond breaking and formation equations
are given directly. This shows that students
could not learn this concept meaningfully.

On the other, this study showed some of
the findings, which were inconsistent with
the related literature. For example, in the
present study, most of the students did not
have any difficulties in identifying burning
of candle, copper and darkening of silver as
exothermic reactions. This finding contra-
dicts with the study of De Vos and Verdonk
(1986) who found that students in their
study thought burning of candle as an endo-
thermic reaction. This contradiction may be
because of the fact that burning of candle
was given as a common example of exother-
mic reactions in chemistry classes of Turkey.

Similarly, in terms of combustion reac-
tions, as opposed to BouJaoude (1991), most
students did not have any trouble in under-
standing that combustion reactions do not
always involve fire or flame. However, some
students considered the spontaneity of all
combustion reactions. Another novel find-
ing of this study is that CO2 gas and H20 are
expected as products in a combustion reac-
tion by some students. This may be because
of the fact that in chemistry lessons, gener-
ally, combustion of hydrocarbons is given as
a combustion reaction example.

As for the calorimeter concept, analysis
of interviews showed that most students
could not explain the principle behind the
calorimeter. These students did not know
the mechanism of a calorimeter so does en-
ergy exchange of a reaction in calorimeter.
Additionally, identification of system and
surrounding in the context of calorimeter is
another problematic point.

Another aspect of the energy in chemi-
cal reactions scarcely mentioned in the lit-
erature is the enthalpy concept. This study
added some new misconceptions to the lit-
erature related to enthalpy:

« Enthalpy of formation and AH are al-
ways the same thing.

« Enthalpy of a reaction does not de-
pend on the phases of the reactants and
products.

« If AH is positive (+), amount of prod-
ucts is bigger than that of reactants.

This study has some implications for
chemistry instruction. Firstly, teachers
should design teaching strategies according
to students’ misconceptions and their exist-
ing knowledge. For example, difference be-
tween heat and temperature can be empha-
sized by using concrete examples, demon-
strations or analogies since it is among the
topics that most of the students had diffi-
culty in. In addition, lessons can be enriched
by experiments related to spontaneous and
non-spontaneous reactions. Calorimeter
concept can be taught by using calorim-
eter demonstrations instead of drawing on
board. Generally, students can be encour-
aged to construct their own knowledge by
using teaching methods including concep-
tual change texts, demonstrations, coopera-
tive group activities and simulations.

We believe that this study contributes
to the chemistry education research since
it revealed students’ misconceptions about
some aspects of the energy in chemical re-
actions topic such as enthalpy, stability in
endothermic and exothermic reactions,
which were not investigated in the literature.
Bearing these misconceptions in mind, as a
future study, effectiveness of different teach-
ing strategies can be evaluated. Further-
more, the same study could be conducted
with pre-service chemistry teachers in order
to obtain their conceptions about energy in
chemical reactions because the teachers are
among the sources of misconceptions (Ja-
cobs, 1989).



High School Students’ Conceptions about Energy in Chemical Reactions

References

Barker, V., & Millar, R. (2000). Students’ reason-
ing about basic chemical thermodynamics
and chemical bonding: what changes occur
during a context-based post-16 chemistry
course? International Journal of Science Edu-
cation, 22, 1171-1200.

Boo, H. (1998). Students’ understandings of
chemical bonds and the energetics of chem-
ical reactions. Journal of Research in Science
Teaching, 35(5), 569-581.

BouJaoude, S.B. (1991). A study of the nature of
students’ understandings about the concept
of burning. Journal of Research in Science
Teaching, 28 (8), 689 - 704.

Ceylan, E. (2004). Effect of instruction using con-
ceptual change strategies on students concep-
tions of chemical reactions and energy. Un-
published Master Thesis, Middle East Techni-
cal University, Ankara, Turkey.

Cohen, I., & Ben-Zvi, R. (1982). Chemical energy: a
learning package. Journal of Chemical Educa-
tion, 59, 655-658.

De Vos, W., & Verdonk, A. (1986). A new road to
reactions. Part 3: Teaching the heat effect of
reactions. Journal of Chemical Education, 63,
972-974.

Driver, R., Squires, A., Rushworth, P,, & Wood-Rob-
inson, V. (1994). Making sense of secondary
science: Research into children’s ideas, London
and New York: Routledge.

Erickson, G. L. (1979). Children’s conceptions of
heat and temperature. Science Education, 63,
221-230.

Erickson, G. L. (1980). Children’s viewpoints of
heat: A second look. Science Education 64,
323-336.

Gilbert, J.K., Osborne, R. J., & Fensham, P. J. (1982).
Children’s science and its consequences for
teaching. Science Education, 66 (4), 623-633.

Greenbowe, T. J., & Meltzer, D. E. (2003). Student
learning of thermochemical concepts in the
context of solution calorimetry. International
Journal of Science Education, 25, 779-800.

Harrison A.G., Grayson, D. J., & Treagust, D. F.
(1999). Investigating a grade 11 student’s
evolving conceptions of heat and tempera-
ture. Journal of Research in Science Teaching,
36 (1), 55-87.

Jacobs, G. (1989). Word usage misconceptions
among first-year university physics students.
International Journal of Science Education, 117,
395-399.

Johnstone, A. H., Macdonald, J. J.,, & Webb, G.
(1977). Misconceptions in school thermody-
namic. Physics Education, 12, 248-251.

Kesidou, S., & Duit, R. (1993). Students’ concep-
tions of the second law of thermodynam-
ics—An interpretative study. Journal of Re-
search in Science Teaching, 30, 85-106.

Niaz, M. (2000). A framework to understand stu-
dents’ differentiation between heat energy
and temperature and its educational impli-
cations. Interchange 31, 1-20.

Niaz, M. (2006). Can the study of thermochem-
istry facilitate students’ differentiation be-
tween heat energy and temperature? Jour-
nal of Science Education and Technology, 15
(3), 269-276.

Paik, S. H., Cho, B. K., & Go, Y. M. (2007). Korean 4-
to 11-year-old student conceptions of heat
and temperature. Journal of Research in Sci-
ence Teaching, 44 (2), 284-302.

Thomas PL., & Schwenz, RW. (1999). College
physical chemistry students’ conceptions
of equilibrium and fundamental thermody-
namics. Journal of Research in Science Teach-
ing, 35, 1151-1160.

Yeo, S., & Zadnik, M. (2001). Introductory thermal
concept evaluation: Assessing students’ un-
derstanding. The Physics Teacher, 39, 496-50.



E.Yalcinkaya, O.Tastan ve Y.Boz

Appendix: Sample Questions
from ECT

2. |. Temperature can be transmitted
from an object to another.

Il. Heat absorption of an object that
is heated depends on the mass of the object.

lll. Energy written in reactants side is
the activation energy.

IV. Total potential energy of reactants
is greater than that of products in an exo-
thermic reaction.

Which of the above statement(s) is/are
true?

A)OnlylV  B)landll Q)lland IV
D)l lland IV E) I, lland I

7- 1. At constant temperature, heat giv-
en to the system increases potential
energy of system.

Il. Heat is always needed for a chemi-
cal reaction to occur.

[ll. All reactions occurring spontane-
ously are exothermic reactions

Which of the statement(s) above is/are
always true?
A)Onlyl B)Onlyll  C)Onlylll

D) land IlI E) I, lland I

8- Considering equal amounts of below
fuels (H,, CO, C, CH,,CH)), which one of the
following is the best fuel? (H:1, C:12, 0:16)

H,+1/20,—H,0  AH=-58Kkal
CO+1/20,—CO,  AH =-68 kkal
C+0,—CO, AH = -94 kkal

CH,+20,—CO,+2H0 AH=-210kkal
C,H, +7/20,—2C0, +3H,0 AH =-340 kkal
AH, BCO OC
D) CH, E) CH,

16. Imagine that a reaction occurs in a
test tube in the laboratory.

I. The place where the reaction occurs is
qualified as surrounding

II. Test tube is the boundary seperating
the system from surrounding.
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lll. Laboratory is the system for the reac-
tion.

Which of the statement(s) is/are true?
A)Onlyl B)Onlyll  C)Onlylil
D) lland lll E) land Il

Ozet

Girig: Enerji konusu biyoloji, fizik ve kim-
ya bilim dallarini ilgilendiren 6nemli bir ko-
nudur. Literatlirde lise seviyesinde, 6grenci-
lerin kimyasal tepkimelerle ilgili olarak enerji
konusunda genel hatlariyla isi-sicaklik ve en-
dotermik ekzotermik tepkimeler konularin-
daki kavramalariyla ilgili calismalar vardir. Fa-
kat, enerji kavramiyla ilgili olarak entalpi, ka-
lorimetre ve kimyasal tepkimelerde kararlilik
gibi 6nemli konularda calisma yoktur. Bu ¢a-
lismanin amaci 10.sinif 6grencilerinin kimya-
sal tepkimelerde enerji konusunu bir biitlin
olarak ele alip, konunun isi-sicaklk, endoter-
mik ekzotermik tepkimeler, yanma tepkime-
leri, bag enerjisi ve kalorimetre gibi tim alt
basliklariyla ilgili kavram yanilgilarini tespit
etmektir. Olusmasinda glnlik hayat, kitap-
lar ve kimi zaman da 6gretmenin rol aldigi ve
cogunlukla bilimsellikten uzak olan, degis-
meye direncli bu kavram yanilgilari, 6grenci-
lerin yeni kavramlari 6grenmelerini olumsuz
bir sekilde etkiler. Ogrencilerin fen bilimleriy-
le tanismalarinin ilkdgretim yillarina dayan-
digi ve 10.sinif seviyesine gelene kadar fen
kavramlarini yapilandirdigi distnildiugin-
de, kavram yanilgilarini tespit etmek ve orta-
dan kaldirmak icin yapilan calismalar olduk-
¢a 6nemlidir ve konuyla ilgili yapilacak diger
calismalara da 1sik tutacaktir.

Yontem: Orneklem Tirkiye'deki cesitli
okullardan 222 (103 kiz, 119 erkek), 10.sinif
ogrencilerinden olusmaktadir. Calismaya ka-
tilan 6grencilerin tamami kimyasal tepkime-
lerde enerji konusunu daha 6nceden 6gren-
mislerdir. Bu ¢alisma icin hem nitel hem de
nicel yéntembilim kullanilmistir. Ogrencile-
rin kimyasal tepkimelerde enerji konusuyla
ilgili kavramalarini 6lgmek icin her biri 5 se-
¢cenekli olmak Gizere 20 sorudan olusan ¢ok-
tan se¢meli bir test gelistirilmistir. Bu test 6g-
rencilerin literatirde kimyasal tepkimeler-
de enerji konusuyla ilgili kavram yanilgilari
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ve 6grenme zorluklari g6z 6niinde buluna-
rak hazirlanmistir. Testin icerik gtvenilirligi
5 kimya 6gretmeni ve 1 kimya egitimci tara-
findan degerlendirilmistir ve gecerlilik dege-
ri (Cronbach alpha) 0.70 olarak bulunmustur.
Ek olarak, 6grencilerin konuyu anlamalariyla
ilgili daha derin bilgi elde edinmek amaciy-
la yari yapilandirilmig mulakatlar yapilmistir.
Gorusme yapilacak 6grencileri se¢mek icin
onlarin testteki her bir soruya verdikleri ce-
vaplarin frekansi belirlenmistir ve bu sonuc-
lara dayanarak iclerinden farkli kavram yanil-
gilarina sahip olanlar secilmeye calisiimistir.

Bulgular:

Sonuclar bazi kavram yanilgilarinin lite-
ratirdeki bulgulara benzer oldugunu gos-
terirken, bazilan da onlarla celismektedir.
Ek olarak, bazi yeni kavram yanilgilar tespit
edilmistir. Sonuglara gore, 6grencilerin yak-
lasik % 30'u “sicaklik bir cisimden digerine
aktarilabilir” kavram yanilgisina sahip oldu-
Ju belirlenmistir. Ogrencilerle yapilan miila-
katlar da, onlarin 1s1 ve sicakhgi birbirinden
ayirt edemedigini gostermistir. Cogu 6gren-
cinin (68 %) bir cismin kitlesi ile yaydidi isi
enerjisi arasindaki iliskiyi anlamasi konusun-
da bir problem olmadigi tespit edilmistir. Ay-
rica, 6grencilerin yaklasik % 60" kendiligin-
den gerceklesen biitiin tepkimeleri ekzo-
termik tepkime olarak distinmstiir. Bunun
yani sira, bu 6grenciler eger butiin ekzoter-
mik tepkimeler kendiliginden oluyorsa, en-
dotermik tepkimeler kendiliginden gercek-
lesemez yargisina sahiptirler ve dolayisiyla
bu tepkimelere 6rnek de verememektedirler.

Mdlakatta bazi 6grencilerin kararlilik ve
glc¢ kavramlarini arasinda baglanti kurdugu
anlasilmistir. ilgili kavram yanilgisi ise “isi bir
seyi daha gliclu yapar, boylece daha kararli
hale getirir". Dolayisiyla, 6grencilerin “eger
bir tepkime ekzotermik ise Urtinler girenler-
den daha kararhdir ¢iinki onlarin yaydikla-
r i1sidan kaynaklanan gleri vardir” seklin-
de bir kavram yanilgisina da sahip oldukla-
ri tespit edilmistir. Bag enerjisiyle ilgili olarak,
katihmcilar genellikle, bag olusumunun en-
dotermik, bag kirilmasinin ekzotermik oldu-
gunu iddia etmislerdir. Bag olusumunu en-
dotermik bir tepkime olarak siniflandirma-
larinin nedeni glinlik hayatla baglantili ola-
rak bir seyi olusturmak icin enerji harcanmasi
gerektigini distinmeleridir. Baglarda depola-

nan enerjinin bag kirilmasi sirasinda acida ¢i-
kacagini distindiklerinden dolayr da, bag
kirilmasini ekzotermik bir tepkime olarak ni-
telendirmislerdir. Literatiirde belirtilenin ter-
sine 6grencilerin yanma entalpisini anlama-
lanyla ilgili bir zorluga rastlanmamistir. Fa-
kat bazi 6grenciler tim yanma tepkimeleri
sonucunda her zaman CO, ve H,O olusma-
sini beklemektedir. Bunun bir nedeni kimya
derslerinde genellikle hidrokarbonlarin yan-
ma tepkimelerinin sik¢a kullanilmasi olabilir.
Dolayisiyla 6grenciler tiim yanma tepkimele-
rini genellemekte ve bu tepkimelerin sonu-
cunda bu Urlinlerin olusmasini beklemekte-
dirler. Veri analizi ve milakatlar 6grencilerin
bircogunun kalorimetre kabinin nasil calisti-
gini, mekanizmasinin ne oldugunu bilmedi-
gini gostermistir. Ayrica, kalorimetre kabiyla
ilgili olarak sistem ve cevre kavramlarinin 6g-
renciler tarafindan bilinmedigi de milakat-
larla desteklenmistir. Kimyasal tepkimelerde
enerji konusunda az calisiimis bir diger kav-
ram da entalpi konusudur. Bu c¢alisma, 6g-
rencilerin yanma entalpisini anlamalariyla il-
gili zorluklari olmamasina ragmen, olusum
entalpisi hakkinda derin bilgiye sahip olma-
diklarini géstermistir. Ogrencilerin bircogu
olusum entalpisi ile tepkime Isisinin her za-
man ayni oldugunu belirtmislerdir. Ayni za-
manda, 6grenciler bir tepkimenin entalpi-
sinin tepkimeye giren maddelerin ve tepki-
meden c¢ikan Urlinlerin hallerine bagh oldu-
gunun farkinda degildirler. Bunlara ek ola-
rak, tepkimenin enerji degisiminin (AH) po-
zitif oldugu durumlarda daha ¢ok Uriin elde
edildigine dair bir fikre sahip olduklar anla-
silmistir.

Tartisma:

Bu calisma literatiirde kimyasal tepkime-
lerde enerji konusuyla ilgili yapilan ¢alisma-
larla karsilastinldiginda, elde edilen sonug-
larin bir kisminin onlari destekledigi bir kis-
minin ise onlarla celistigi gortilmektedir. Ay-
rica, konuyla ilgili olarak yeni kavram yanil-
gilari da bulunmustur. Bu ¢alismanin sonug-
lari g6z 6nlnde bulundurarak, 6gretmenler
ogrencilerin kavram yanilgilarina gore 6gre-
tim stratejileri tasarlayabilirler. Genel olarak,
kavramsal degisim modeline dayanan kav-
ramsal degisim metinleri, isbirlik¢i grup calis-
malari, gosteri ve simulasyonlar gibi 6gretim
yontemleri kullanarak 6grenciler kendi bilgi-
lerini yapilandirmak icin desteklenmelidirler.
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