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Abstract

Teachers play a great role in how students understand and learn the concepts taught in class. Studies show that
teachers reflect their already-existing conceptual constructs and their problem-solving processes on students.
This is also true of the misconceptions reflected in chemistry classes, especially when abstract concepts are being
taught. The purpose of this study is to see the degree of understanding of chemistry teachers concerning the
chemical reaction rate concept. A case study research method was used in the study whose sample consisted of
70 chemistry teachers from forty different cities in Turkey. The data were collected through a chemical reaction
rate comprehension test comprising five open-ended questions. The results have indicated that teachers have
some misconceptions concerning chemical reaction rate.
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Introduction

Chemistry is the science of matter and the changes it undergoes. It also attempts to
explain chemical phenomena of everyday life. The objectives of chemistry education in
schools cover the fundamental concepts of chemistry that students should comprehend and the
chemical processes that lie behind everyday phenomena. It is suggested that school education
should enable students to understand their life (MNE, 2008). From this point of view, more
comprehensive studies should be done regarding chemistry education looking for ways of
making it easier for students to grasp concepts of chemistry. Over the last years, there have
been studies focusing on the difficulties that student have learning and understanding
concepts of chemistry. They indicate that students have a lot of misconceptions in field of
chemistry (Osborne & Cosgrove, 1983; Abraham, Grzybowski, Renner, & Marek, 1992;
Staver & Lumpe, 1995; Ayas, Ozmen & Costu, 2002; Costu, 2007; Ozmen, 2007). Over the
recent years in science education specifically, chemistry education, there has been a
prevailing learning theory; namely, constructivism. Students are not passive learners; on the
contrary, they actively construct their knowledge on their mind (Fensham, 1992; Matthews,
2002; Duit, 2009). The constructivist learning theory argues that individuals generate
knowledge and meaning by interacting with the environment. It is against passive learners
(Duit & Treagust, 1995; Brooks & Brooks, 1999; Vermette, Foote, Bird, Mesibov, Harris-
Ewing & Battaglia, 2001).
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Teachers offer students a variety of learning opportunities so that their students can
construct knowledge properly during the learning process. They help the students construct
their knowledge actively by encouraging those to participate in various learning activities or
making use of different teaching materials. Problem-solving processes and explanations
teachers used set an example of learning and presenting knowledge for students. In learning
process students can construct knowledge correctly when their teachers help them. Otherwise,
these may lead to misconceptions as chemistry classes include such processes as problem-
solving, explaining or relating concepts. Teachers’ lack of content knowledge causes the
unawareness of students’ misconceptions, alternative conceptions and learning difficulties
Students’ conceptions which are different from those generally accepted by the scientific
community have been called misconceptions, preconceptions, alternative frameworks or
alternative conceptions (Osborne & Cosgrove, 1983; Bar & Travis, 1991; Pardhan & Bano,
2001; Halim & Meerah, 2002; Ozmen, 2007; Taber & Tan, 2011). In recent years,
misconceptions have a significant place in the studies related to chemistry teaching and
learning. Many researchers have investigated degree of understanding and misconceptions
about diverse chemistry concepts: acid and bases (e.g. Lin & Chiu, 2007; Ross & Munby,
1991; Schmidt, 1995), mole concept (e.g. Staver & Lumpe, 1995), chemical equilibrium (e.g.
Hackling & Garnett, 1985; Yarroch, 1985; Gussarsky & Gorodetsky, 1988; Camacho &
Good, 1989; Hines, 1990; Pardo & Solaz-Patolez, 1995; Voska & Heikkinen, 2000), solutions
(e.g. Abraham, Williamson & Westbrook, 1994; Ebenezer & Ericson, 1996; Calik, Ayas &
Roll, 2007), electrochemistry (e.g. Garnett, 1992), the structure of matter (e.g. Gabel, Samuel
& Hunn, 1987; Haidar & Abraham, 1991), and chemical changes (e.g. Hesse & Anderson,
1992).

In literature, there have also been many studies concerning chemical reaction rate
(Cakmake1, 2005; Cakmake1, Leach & Donnely, 2006; Tastan Kirik, Yal¢imnkaya & Boz,
2010; Cakmake1, Donnely & Leach, 2005; Tastan Kirik & Boz, 2010; Nakipoglu, Benlikaya
& Kalin, 2002; Akkaya, 2003; Balci, 2006; Bozkoyun, 2004; Van Driel, 2002; Tezcan &
Yilmaz, 2003). There are two main idea dominated with those: one is to find the alternative
conceptions of students (Cakmakei, 2005; Cakmake1, Leach & Donnely, 2006; Nakipoglu,
Benlikaya & Kalin, 2002), and two is to overcome identified alternative conceptions (Akkaya,
2003; Balci, 2006; Bozkoyun, 2004; Van Driel, 2002; Tezcan & Yilmaz, 2003; Ozmen,
Demircioglu & Demircioglu, 2009). In order to overcome misconceptions and replace them
with the scientific ones, viz., conceptual change, a variety of methods have been used:
laboratory activities (e.g. Akkaya, 2003; Ozmen, Demircioglu & Demircioglu, 2009),
analogy-assissted change texts (e.g. Bozkoyun, 2004), group discussions (e.g. Bilgin, 2006),
use of basic material (e.g.Van Driel, 2002), use of package software for computer-assisted
teaching (e.g. Tezcan & Yilmaz, 2003). Tastan Kirik, Yal¢cinkaya & Boz (2010) investigated
prospective chemistry teachers’ misconceptions. They revealed that students had some
misconceptions. This paper is intended to fill a gap in literature as few studies have been
observed about chemistry teachers’ misconceptions of chemical reaction rate.

The unit on “Chemical Reaction Rate” covers lots of fundamental chemistry concepts.
The topics in the unit are the rate of reaction, activation energy, factors affecting the rate of
reaction, collision theory, catalysts, enthalpy, and reaction mechanism, just a few to mention.
These concepts are of utmost importance in order to understand the relations between
chemical change and energy, the types of chemical reactions, and the chemical change
processes. It is important for students of chemistry to understand chemical phenomena of
everyday life and explain them from a chemical point of view as they happen. Cakmakgi,
Donnelly J. & Leach (2005) observed that high school or university students had various
misconceptions of chemical reaction rate. Tastan Kirik and his collegueus (2010) detected
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prospective chemistry teachers’ misconceptions. It is very likely that these misconceptions
can be passed onto students. It is a known fact that misconceptions resist to change. Taken a
look into the reasons for these misconceptions, some of them are known to result from
teachers (Kwen, 2005; Taber & Tan, 2011). In this respect, studies will be important if they
include these misconceptions of working teachers because the misconceptions can possibly be
reflected onto students. This paper also aims to identify misconceptions that teachers may
have of chemical reaction rate.

Methodology

A case study research method was used in the study since it is appropriate for in-depth
particular research. It is also effective to attain a desired goal in a short time (Cepni, 2003).

Sample

The sample consisted of 70 volunteer teachers with a work experience of 15-25 years.
The research implemented on the In-service Education Centers of the Ministry of Education
in Canakkale, Erzurum, Yalova, and Mugla/Turkey. In these centers, in-service education
courses were organized for chemistry teachers to introduce New Secondary School Chemistry
Programs at different dates. They attended the in-service courses from 40 different cities in
Turkey. One of the researchers carried out Chemical Reactions Rate Comprehension Test
(CRRCT) to the sample while they were attending this course program.

Instrumentation and Analysis

Chemical Reactions Rate Comprehension Test (CRRCT): The data were collected
through CRRCT which was developed by Cakmake1 (2005). The test was prepared to
determine the degree of understanding the nine sub-concepts in the topic. The questions were
asked to receive answers suitable for the open-ended question in the test. The test of concepts
on the reaction rate of the teachers consisted of 9 questions which aggregated 19 with its sub-
stages. In this study, only five questions from CRRCT were used to determine teachers’
misconceptions about reaction rate concept (Appendix 1). The questions in CRRCT and the
concepts measured through the questions are given Table 1.

The answers in the achievement test of concepts were broken down into the following
comprehension categories (Table 2): Full Comprehension (FC), Partial Comprehension (PC),
Partial Comprehension with a Specific Alternative Concept (PC-ASAC), Alternative
Concepts (AC), and Lack of Comprehension (LC) (Abraham et al., 1992; Ayas, Ozmen &
Costu, 2002). The terms of alternative conceptions and misconceptions are the same meaning
that can be used to refer to students’conceptions that are different from scientifically accepted
ones (Ozmen, 2007; Taber & Tan, 2011).
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Table 1. The questions in the CRRCT and the concepts investigated.

Question Headings

Concepts Investigated

Q l.a.Define the ‘Rate of Reaction’ concept.
1.b. Explain the change in the rate of reaction
from start to finish.

Q 2. Investigating the rate of reaction-time
graph.

2.a. What should the rate of reaction-time
graph look like?
2.b. Explain the rate of reaction-time graph.

Q 3. Investigating the reaction mechanism.

3.a. As of the graph in the test of concepts;
How many stages do you think the reaction
consists of? Explain the stages if the reaction is
on a mechanism.
3.b. If you think that the reaction consists of
more than one stage, explain which stage is
faster and which stage determines the rate of
reaction.

Q 4. Investigating the rate of reaction -
Enthalpy relationship.

Q 5.a. Explain the concept ‘Activation Energy’.
5.b. Explain the relationship between
activation energy and the rate of reaction.

Defining the ‘Rate of Reaction’.
Explaining how the rate of reaction
changes from start to finish.
Explaining the rate of reaction-time
graphs.

Explaining the relationship between
the rate of reaction and time.
Explaining the rate of reaction-time
graph.

Writing down the rate equation for
reactions on a mechanism.

Explaining how the rate is determined
in reactions on a mechanism.

Explaining how the rate is written
down 1n reactions on a mechanism.

The relationship between enthalpy and
the rate of reaction.

Explaining the activation energy.
Explaining the relationship between
the activation energy and the rate of
reaction

Table 2. Categories of comprehension used to analyse the answers in the comprehension test

Degrees of Comprehension

Rating Criteria

Full Comprehension(FC)

Partial Comprehension(PC)

correct answer

Partial Comprehension with a Specific
Alternative Concept (PC-ASAC)
Alternative Concepts(AC)

Lack of Comprehension(LC)

Answers covering all aspects of correct answer

Answers covering one aspect, but not all aspects of

Answers showing partial comprehension, but covering
an alternative concept at the same time
Scientifically incorrect answers

Answers left blank, Question repetition, Irrelevant or

unclear answers, I don’t know, I don’t understand.
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The reason why these questions were selected was to determine teachers’ misconceptions
about reaction rate concept, and to find out more about their command of the concepts in the
unit. The questions were asked to receive answers suitable for the open-ended question in the
test.

Findings
In Table 3 below are the answers given by the teachers to the test of concepts and the

percentages there of.

Table 3. Answers given by the teachers to the test of concepts and the percentages

Questions FC PC (PC-ASAC) AC LC
f % f % f % f % f %
l-a 50 72 - - 11 14 11 14 - -
1-b 51 73 - - 14 20 5 7 - -
2-a 39 55 9 13 9 13 13 19 - -
2-b 40 57 - - 17 24 - - 13 19
3-a 40 57 - - 14 20 - - 16 23
3-b 29 41 - - 15 21 - - 26 32
4 24 34 - - 21 30 9 13 16 23
5-a 60 86 5 7 - - - - 5 7
5-b 60 86 4 5 - - - -

Below are the details of the answers given by the teachers to the questions in CRRCT.

Question 1: 72% of all the teachers answered question 1.a in the FC category correctly (Table
3). The rate of reaction was defined as “It is the amount of reactant that takes part in a
chemical reaction in a given time” or “It is the amount of reactant formed in a given time.”

14% of all the answers were in the PC-ASAC category. The answers given were as
below: “In single-step reactions, the rate of reaction is equal to the multiplication of the
reactants that take part in the chemical reaction”, “The rate of reaction can be expressed by A,
B, C substances.”, “It shows how long the reaction took place.” and “In multi-step reactions,

the rate of reaction is the slowest step.”, “The reactants in the reaction to complete the
reaction can be expressed as the rate of reaction.”

14% of all the answers were in the AC category. Below were the misconceptions
provided by the teachers: “It is the collision of A and B in a given time.”, “The rate of
reaction is the transformation of mass in a given time.” and “The rate can change depending
on the type due to the fact that the reactant is in dust particles and the surface area is large?”

73% of the teachers answered question 1.b correctly. The following answer was in the
FC category: “The rate of reaction is faster at the beginning and then slows down as the
particles to be collide in the reaction decrease in quantities.”

20% of the teachers answered the questions in the PC-ASAC category. There were
statements such as “The rate of reaction remains stable from start to finish.”, “Some chemical
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reactions proceed at an increasing rate, and some at a decreasing rate.”, “The rate of reaction
slows down over time, but the average is used in calculations.” and “The rate may increase or
decrease. However, it remains stable at the end.” 7% of all the answers were in the AC
category: The statements below can be regarded as alternative concepts: “The rate of reaction
is/isn’t affected by the concentration of reactant that take part in the reaction.” and “The rate
of reaction is explained trough the change in pressure, conductivity and colour.”

Question 2: The answers and the percentages to the question 2.a investigating the change of
rate of reaction-time graph can be seen in Table 3. Below in Figure 1 are the graphs drawn
and the explanations made by the teachers. The Turkish terms in the graph read as Reaksiyon
Hi1zi=The Rate of Reaction, Zaman=Time.
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Figure 1: The reaction rate-time graphs drawn by the teachers

55% of the graphs drawn by the teachers were in the FC category. 13% of them were in
the PC category. 13% of them were in the PC-ASAC category. 19% of them were in the AC
category. As of the explanations of the graphs, 57% were in the FC category. The statements
were like the following: “as drawn by Pelin, the rate of reaction won’t be stable”. “When
taken in millimeters, the rate of reaction appears to be slowing down.” “Since the amount of
the reactant is a lot at the beginning, the rate of reaction is fast. As the amount gets lesser, the
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rate of reaction gets stable”, “The rate of reaction depends on whether it is endothermic or
exothermic or not”, “The rate decreases as the rate of reaction decreases in time”, “Because
the concentration of A decreases, the rate of reaction increases”, ‘“There is no rate of reaction
at the beginning. It increases in time and decreases at the end”, “As soon as the reaction
begins, the rate of reaction reaches the maximum level, and then slows down” and “The rate
of reaction increases for a time and then slows down”.

24% of the answers were in the PC-ASAC category. The statements were like the
following: “the rate of reaction didn’t remain stable because there were no substances
affecting the reaction”, “The substances lose their characteristics since the concentrations
decrease over time”, “The reaction is realised and the rate of reaction gets faster and faster”
and “The rate of reaction increases as the concentration of a decreases”.

Question 3: The answers and the percentages to the question 3.a investigating the reaction
mechanism can be seen in Table 3. In those in the FC category, the reaction consists of two
steps and the mechanism was as follows:

Xenmmen >i (Fast) J-momm- >Q (Slow)

57% of all the answers were in the FC category. 20% of the answers were in the PC-
ASAC category. The statements were like the following: “The reaction is a single-step one.”,
“The rate of reaction may not be stable.”, “The reaction happened in a single step and J is an
activated complex.” 23% of the answers were in the LC category. There were such statements
as “I am sorry, but I am not sure.” and “The reaction consists of three steps.”

The answers and the percentages to the question 3.b investigating the reaction
mechanism can be seen in Table 3. In those in the FC category, the reaction consists of two
steps and the mechanism was as follows:

Xenmmen >i (Fast) J-momm- >Q (Slow)

“The amount of J was formed and used. J] was a bye-product. The second step was
slower. We can see that the first step was faster by looking at the number of particles
exceeding the complex that got active.” 41% of the answers were in the FC category. 21% of
the answers were in the PC-ASAC category. The statements were as follows: “There is no
information about the activation energies. Therefore, we can’t determine the slow step.”, “The
reaction occurs two steps and the rate of reaction is determined by the first reaction, i.e. the
slow one.”, “The reaction is a single-step one”. 38% of the answers were in the AC category.

29 ¢c

There were statements like “It can not be found due to insufficient information.”,“no answer”.

Question 4: The answers and the percentages to the question 4 investigating the relationship
between the rate of and enthalpy in chemical reactions can be seen in Table 3. 34% of the
answers were in the FC category. The statements below can be exemplary: “The rate of
reaction can not be compared to the information. The activation energy determines the rate of
reaction. As the activation energy is unknown, there is no knowing which one is faster.”

30% of the answers were in the PC-ASAC category. There was such a statement as
“The first reaction (exothermic reaction) is faster, I agree with Serap — one of the teachers”.
13% of the answers were in the AC category. The statements were as follows: “Exothermic
reactions are faster than endothermic reactions.”, “The rates of exothermic and endothermic
reactions are equal as the temperatures are the same.”, “Exothermic reactions are faster
because there is a need for heat so that reactions can take place.”, “Exothermal reactions are
faster since their activation energies are lower.” and “The first reaction is faster because the
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temperature gets high over time”. 23% of the answers were in the LC category. The
statements were as follows: “Even if the temperature is the same, AH; and AH,, the sum of
the inner energies of the reactants and the products can be different.” and “If the temperatures
are equal, the rates of the reactions are the same.”

Question 5: The answers and the percentages to the question 5.a explaining the concept of
activation energy can be seen in Table 3. 86% of the answers were in the FC category. There
were statements such as “activation energy is the minimum amount of energy that the
particles undergoing a reaction must have in order to form a reaction when they collide”. 7%
of the answers were in the PC category. The statements were like “It is the energy of particles
colliding.”, “It is the required amount of energy for the particles in a reaction to collide in the
right direction.” and “Temperature enables the rate of reaction to increase by lowering the
activation energy”. 7% of the answers were in the LC category. There were statements like “I
haven’t got an answer.”

The answers and the percentages to the question 5.b explaining which reaction was
faster by activation energy can be seen in Table 3. 86% of the answers were in the FC
category. There were such statements as “The lesser the activation energy, the higher the
reaction takes place. It takes shorter to get over the obstacle of energy. Therefore, the
activation energy of the first reaction is lower then the second one and the first reaction is
faster”. 5% of the answers were in the PC category. There were such statements as “Reactions
between ions are usually quite fast.” or “Even if it is given the value of Ea, the rate of reaction
depends on whether the particles are single-atom or multi-atom.”, “Nothing is said for sure.”
and “In reactions with high activation energies, the probability that molecules may collide
gets less”. 9% of the answers were in the LC category. There were statements like “I haven’t
got an answer.”

Results and Discussion

The identified misconceptions by the CRRCT are presented in Table 4. When Table 4 is
examined, it can be seen in many misconceptions that teachers have.

In Question 1, the comprehension levels of chemistry teachers concerning the concept
of chemical reaction rate were investigated. Even though most of the teachers explained the
concept of chemical reaction rate correctly, some misconceptions were observed (Table 4).
There were such misconceptions that the teachers have about the rate of reaction as “The
period of time in which reactant undergoes a reaction or products are formed in a reaction”,
“The period of time from when at least two reactants undergo a reaction to when a product is
formed”, “The period of time needed for new elements to undergo a reaction”, “That reactants
in a reaction bring the reaction to an end” or “The amount of matter that undergoes a change
in a reaction”.

These misconceptions resemble those observed in the studies carried out by Nakipoglu,
Benlikaya & Kalin (2002), Cakmakei1 (2005), Kolomug (2009), Calik, Kolomug¢ & Karagélge
(2010), and Cakmake1 (2010). They may result from the fact that the teachers confuse the rate
of reaction with the time in which a reaction is completed or they may not distinguish
between them. This can be due to the fact that the teachers were preparing students for the
University Entrance Exam by making use of multiple-choice questions instead of open-ended
ones.
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Tablo 4. Determined misconceptions about the unit of reaction rate in this study

Concept

Determined misconceptions about concepts

Defining and
explaining of the Rate
of Reaction

1. In single-step reactions, the rate of reaction is equal to the
multiplication of the reactants that take part in the chemical reaction
2. It shows how long the reaction took place

3. In multi-step reactions, the rate of reaction is the slowest step.

4. It is the collision of A and B in a given time

5. The rate of reaction is the transformation of mass in a given time.

Explaining how the rate
of reaction changes
from start to finish

1. The rate of reaction remains stable from start to finish.

2. Some chemical reactions proceed at an increasing rate, and some at
a decreasing rate.

3. The rate may increase or decrease. However, it remains stable at
the end.

4. The rate of reaction is/isn’t affected by the concentration of
reactant that take part in the reaction.

5. The rate of reaction is explained trough the change in pressure,
conductivity and colour.

Explaining the reaction
rate- time graphs

1. The rate of reaction didn’t remain stable because there were no
substances affecting the reaction.

2. The substances lose their characteristics since the concentrations
decrease over time.

3. The reaction is realised and the rate of reaction gets faster and
faster.

4. The rate of reaction increases as the concentration of A decreases.

Explaining how the rate
is determined in

1. The rate of reaction may not be stable.
2. The reaction happened in a single step and J is an activated

reactions on a complex.
mechanism
Explaining the 1. Exothermic reactions are faster than endothermic reactions.

relationship between

2. The rates of exothermic and endothermic reactions are equal as the

enthalpy and the rate of temperatures are the same.
reaction 3. Exothermic reactions are faster because there is a need for heat so
that reactions can take place.
4. Endothermic reactions increases solubility and the reaction is
faster.
5. Even if the temperature is the same, AH; and AH,, the sum of the
inner energies of the reactants and the products can be different.
Explaining the 1. Reactions between ions occur usually faster.

relationship between
the activation energy
and the rate of reaction

2. Even if it is given the value of Ea, the rate of reaction depends on
whether the particles are single-atom or multi-atom.

3. In reactions with high activation energies, the probability that
molecules may collide gets less.

4. As temperature decreases the activation energy, it enables the
reaction to increase its rate
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In Question 2, the teachers were required to draw and explain the rate of reaction-time
graph. The graphs show that most of the teachers couldn’t draw the rate of reaction-time
graph by reactants and products. Some of the teachers drew the graph by assuming the rate of
reaction to be fixed and stated that the rate of reaction could change with only temperature
and a catalyst. Some of the explanations made indicated misconceptions: “the rate of reaction
didn’t remain stable because there were no substances affecting the reaction”, “The reaction is
realised and the rate of reaction gets faster and faster” These misconceptions observed
similarly in the studies carried out by Cakmake1 2005; Kolomug¢ 2009; Calik, Kolomug¢ &
Karagolge 2010.

In Question 3, determining the reaction mechanism was investigated. The percentage of
the correct answers to this question is relatively very low. This may have stemmed from the
fact that the teachers had an insufficient command of comprehending graphs (Johnstone 1991;
Kozma 2003; Costu 2007; Kolomug¢ 2009). There were such statements as “the reaction
consists of 3 steps”, “L is a catalyst”, “the first step determines the rate of reaction”, and “the
reaction doesn’t consist of a mechanism. There must be products, reactants and a catalyst”.
These statements showed that teachers had difficulties in understanding the reaction
mechanism and determining the reaction mechanism by analysing a time-concentration graph.

In Question 4, comparisons of the rates of endothermic and exothermic reaction were
investigated. Such alternative concepts were detected (Table 4): “Exothermic reactions are
faster”, “Endothermic reactions increase solubility, and the reaction is faster”, “In exothermic
reactions, heat from outside is needed and the reaction is faster”, “The rate of reaction is the
same in endothermic and exothermic reactions”, and “Even if the temperature of the reaction
is the same in endothermic and exothermic reactions, AH; and AH,, the sum of the inner
energies of the reactants and the products can be different”. This result coincides with
Cakmake1 (2005), Kolomug (2009), Calik, Kolomug¢ & Karagdlge (2010). As a result, we can
say that teachers had some difficulties in explaining the relationship between enthalpy and
rate of reaction.

In Question 5, the concept of activation energy, and the relationship between the
activation energy and the rate of reaction were investigated. Most of teachers explained the
concept of activation energy correctly. However, there were some misconceptions such as
“As temperature decreases the activation energy, it enables the reaction to increase its rate”,
“Activation energy is the energy required for the particles in the reaction to collide in the
appropriate direction”, and “It is the energy of particles colliding”. The findings indicate that
the teachers confuse the activation energy with the collision theory. With respect to the
relationship between the activation energy and the rate of reaction, there was an alternative
concept like “Reactions between ions occur usually faster.”

The results showed that teachers have some misconceptions about reaction rate concept.
The results clearly indicated that the basic concepts about reaction rate are hardly understood
by some teachers that participated in this study, though all have taught chemistry in their
classes for years. Some teachers have difficulty in explaining how the reaction rate changes
from start to finish. In light of these results, it should be said that teachers should be supported
with professional development. Therefore, in-service education activities should be designed
so that these identified misconceptions can be removed. In this respect, they can be informed
of the misconceptions and be encouraged to revise what they know.

The research conclusions showed that chemistry teachers and students have similar
misconceptions about reaction rate. This is rather surprising, since we would expect that
teachers’ understanding would be better than students’ understanding. One reason for this
may be that teachers constructed on this topic inadequately or superficially in their mind.
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Therefore, as teachers may develop a simple understanding of the reaction rate meaning, then
they can go on and use their mental model in everyday teaching practices. Research has
shown that misconceptions among pupils are resistant to change, and that persist even with
formal instruction. Misconceptions among teachers may be resistant to change, too. Kwen
(2005) examined primary school teachers’ misconceptions concerning some key biyology
science concepts in the areas of plant and animal morphology, function and genetics. Some of
teachers’ misconceptions were similar to students’ misconceptions. Pardhan & Bano (2010)
found similar difficulties on teachers’ understanding of electrical current. They asked a
question that “What are the possible reasons of this situation?” They had summarized some
possible reasons: the way teachers were taught, textbooks, intuitive/direct observations of
events from daily life, use of terms/words/metaphors in everyday language, lack of contextual
hand-on and minds-on “doing science” experiences to link with abstractions to construct
schemas and superficial as opposed to in-depth and breadth of subject matter knowledge.
These reasons we can add into the central university entrance examination that teachers are
tent to problem-solving activities to prepare their students for this exam in their classes.

The general conclusion was that teachers should be informed about what
misconceptions are resistant to change and the most effective barrier for students to
understand chemistry and science. This study has also helped these teachers realize what they
already know on the reaction rate concept. Other studies can be designed to identify
misconceptions about other chemical concepts.
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Appendix 1. CHEMICAL REACTION RATE COMPREHENSION TEST

Reaction Rate:

Question 1. Consider a reaction where chemicals ‘A’ and ‘B’ react to form ‘C’
A+B—> C

Halil, a student in the class, says: “The reaction rate is the rate of formation of ‘C’ and it
increasing during time”

His friend Sabri disagrees: “No, the rate of reaction shows the period of time that is required
for a reaction to occur”

The students are having some problems! Answer question (a) and (b) to help the boys to
understand!

a)Explain in your own words what you understand by the term “rate of reaction”

b) How does the rate of reaction change from the beginning until the end of the reaction?
Please explain your answer as fully as you can!

Reaction rate-time

Question 2. Consider a reaction where two chemicals ‘A’ and ‘B’ react form ‘C’
A @) t Bag—=> Cao

The teacher drew a graph showing how the concentration of A changes with time.

FAL moddf

P Time, min

The teacher asks Pelin and yeliz to use the graph to draw a graph for the reaction rate against
time.
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Pelin says: *The rate of reaction is constant’ Yeliz says: “The rate of reaction increases’

F ) b

— Reaction raie
— Reaction rate

—» Time —_—  lime

a) What is your opinion? Make a drawing to show the rate of reaction against time.

b) What would you say to convince the girl(s) that your answer is correct? Give as much
detail as you can!

— Reaction rate

— » Time

Question 3. Reaction mechanisms:

Some scientists did an experiment to discover the mechanism of the decomposition of
element X to element Q: X = Q

They measured the concentration of the substances involved in the reaction and created the
graph below.

aent
.....
-----
.t
ar
.
il
o

Concentration

L J

—  Time

Four students are analysing this graph and trying to find out the mechanisms of the reaction.
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Ahmet says: “The reaction occurs in one step, and ‘J’ is the activated complex. X — Q”
Erhan says: “No, the reaction occurs in two steps and the reaction mechanism is:

Step 1: X — J (slow)

Step 2: J — Q (fast), and the first step is the rate determining step”

Cem says: “Yes, I do agree with Erhan about the mechanism of the reaction, however the rate
determining step is the second step” J

Tarik says: “No, the reaction occurs in one step and ‘J’ is a catalyst. X ——> Q”

The students have some problems! Answer question (a) and (b) to help the boys to
understand!

a) On how many steps do you think the reaction occurs? Please write down the possible
reaction mechanisms and give reasons for your answer.

b) If you think the reaction occurs in more than one step, which step has highest rate and
which step is rate determining step? Explain your answer as fully as you can.

Enthalpy:

Question 4. Consider these two reactions, occurring at the same temperature;

Reaction1: C ) +P @ — B A H<O0 (Exothermic)

Reaction2: G (o) + V(g > Q@ A H> 0 (Endothermic)

On the basis of this information some students are comparing the rates of these two reactions.

Serap says:”Reaction 1 is faster, because exothermic reactions occur faster than endothermic
reactions.”

Mine says: “The rates of these reactions are the same, because they occur at the same
temperature”

Burcu disagrees: “No, it is not possible to compare the rates of these reactions, because there
is not enough information given in the question”

The students are having some problems! Answer the question below to help the girls to
understand!

What is your opinion about the rates of these two reactions? Please explain your answer as
fully as you can.
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Question 5. Activation Energy: Consider these two reactions that have different activation
energies (Ea) occuring at the same temperature:

Reaction 1: Y 4 + Pag — C@g Ea=92KkJ]

Reaction2: T aq) + V(@ — Z g Ea=480Kk]

Some students are discussing the meaning of activation energy and the relationship between
activation energy and the rates of the reactions.

Zeynep says: “Activation energy is the kinetic energy of the reactant molecules. Thus the
second reaction occurs faster than the first one”

Belma says:”No, activation energy is the total amount of energy released in a reaction. Thus
there is not enough information for comparing the rates of these reactions”

The students are having some problems!

a) Explain in your own words what you understand by the term “activation energy”.

b) Which reaction do you think is likely to be faster? Please explain your answer as fully as
you can.
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