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Abstract: The aim of this research was to investigate the effect of computer
simulations enhanced with conceptual change texts (CS-CCT) on first year uni-
versity students’ understanding of chemical equilibrium. A quasi-experimental
design and one control group (CG, N = 60) as well as one experimental group
(EG, N = 65) were used in the study. While students in CG were taught with
traditional methods based on textbooks and blackboard, the EG studied the
same unit with CS-CCT. The chemical equilibrium concept test (CECT) was
administered as pre-test, post-test and delayed test to collect data. The results
indicated that the students’ scores in the EG were significantly higher than
those in the CG in both post-test and delayed test. It was concluded that CS-
-CCT may become a more effective way for students to picture in their minds
chemical equilibrium and improve their alternative interpretations. Also, such a
combination is useful for students to enhance their conceptual understanding.

Keywords: chemistry education; conceptual change; chemical equilibrium; stu-
dents’ learning.

INTRODUCTION

Chemical equilibrium is one of the most difficult concepts in chemistry'”
owing to its abstract character and its demand of the comprehension of a large
number of subordinate concepts.' The literature reports that students on different
levels do not understand chemical equilibrium effectively.** One of the main
reasons for this are the traditional teaching strategies that are ineffective to
develop a complete understanding of the abstract concepts, to build correct con-
ceptions, to alleviate alternative conceptions, and to promote conceptual change.’
And also, the results of the studies indicate that students in various grades do not
understand the particulate-level processes, which are necessary to explain the
observed phenomena adequately, even after receiving the traditional education.’®
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122 OZMEN and NASERIAZAR

Moreover, the students develop different alternative conceptions which are
persistent, stable and resistant to change at least by the traditional teaching
methods, and difficult to alter even by the specific instructions designed to
address them.”®

There are considerable amount of studies discovering students’ alternative
interpretations and the reasons why many students have great difficulty in suc-
cessfully developing a scientifically accepted understanding of chemical equilib-
rium for the last two decades.**’ But, it is well known that knowing learners’
alternative conceptions is not equivalent to having instructional methodology that
could promote their conceptual change.” Also, student’s intuitive beliefs influ-
ence how they learn new scientific knowledge and play an essential role in the
subsequent learning. Because of this, teachers may need to consider the alter-
native teaching approaches — particularly for difficult and abstract science con-
cepts. In the literature, a variety of successful teaching techniques have been
documented and computer simulations (CS) as well as conceptual change texts
(CCT) are two among them.” !

Based on the increasing availability of computers, CS have become an
integral part of many science curricula'? and have been used in science education
to promote the meaningful learning and to enhance the conceptual change."'*
Several researchers have argued that animations and CS are useful tools to show
particulate interactions, which are necessary to explain the observed chemical
phenomena,'>'® as well as to help students understand chemistry by increasing
their ability to visualize particle-level processes.'”'” Also, some studies have
suggested that students may develop better understanding of the concepts and
may be able to answer conceptual questions about the particulate phenomena in a
more scientifically accurate way by using the computer animations and/or
CS."*"*2% I the literature, there have been several studies related to the effect-
iveness of CS in science teaching and learning.”"** Recently, Smetana and Bell*!
and Rutten, van Joolingen and van der Veen'® reviewed the studies that were
related to the effects of CS on understanding and suggested that CS can be more
effective than traditional instructional practices in promoting science content
knowledge, developing the process skills and facilitating the conceptual change.

CCT are designed to change students’ alternative conceptions and focus on
strategies to promote the conceptual change by producing discontent, followed
by a correct explanation which is both understandable and plausible to the stu-
dents.” These texts are also used to teach chemistry concepts including chemical
equilibrium in the literature.”*

It is clear that CS can be powerful learning tools in science education and
their usage in the science classrooms has the potential to generate higher learning
outcomes in ways not previously possible.'**® But, Tversky and Morrison’ con-
cluded that some of the CS does not have a beneficial effect on understanding
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although they can convey more information about micro-steps. Also, they sug-
gested that a verbal explanation is required in addition to simulations. On the
other hand, CCT are effective tools in correcting alternative conceptions but
students do not see the microscopic nature of the chemistry by using CCT. In
another words, both methods have insufficiencies when they are used on their
own. In addition, Tiirk and Calik®® suggested that using a single teaching method
may in fact result in new learning difficulties because students may become
bored, reducing their motivation to learn. Similarly, some researchers, for
example Jacobson and Kozma,” suggested a need for including supplementary
material with CS. The idea that each method should be combined with some type
of supportive activities is well known in the literature.”®** This idea raises the
question of how we can increase the effectiveness of CS on students’ learning of
science.

We can easily say that there have been made several studies related to the
determination of effectiveness of CS on students’ understanding and learning
outcomes in science. In recent time, Rutten, van Joolingen and van der Veen'
listed these studies in a review in detail. But, studies that combine CS with other
instructional practices such as CCT, laboratory work, concept mapping, group
discussion, analogies, and so on are very limited. If it is necessary to give
examples, Carlen and Thomas®' used micro CS and CCT to overcome students’
preconceptions about electric circuits. Similarly, Nurmi and Jaakkola®® used CS,
laboratory equipments and conceptual change pedagogles t0 improve students’
understanding of the simple electricity. In chemistry, Ozmen™ tried to determine
the effect of animations enhanced with CCT on 6 grade students’ understanding
of the particulate nature of matter and the transformation during the phase
changes. Similarly, Ozmen, Demircioglu and Demircioglu®* used the CCT
enhanced with animation to overcome students’ alternative conceptions of chem-
ical bonding. In another study, Trey and Khan®® investigated the effect of CS that
included a dynamic analogy on students’ understanding of Le Chatelier’s Prin-
ciple and found that dynamic computer-based analogies can enhance students’
learning of unobservable phenomena in chemistry.

The results of these studies show that if computer-based technologies are
incorporated with other instructional practices, they can be more effective tools
in improving students’ conceptual understanding. Also, we can easily see from
the literature that the combination of CS and CCT has been studied by few
researchers, especially in chemistry. Starting from this perspective, we decided to
combine them to determine the effectiveness of this combination on the univer-
sity students’ understanding of chemical equilibrium. In an attempt to address
these issues, this study aims to identify how CS—CCT are effective on students’
understanding of the chemical equilibrium. Such a combination does not only
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124 OZMEN and NASERIAZAR

consider students’ alternative conceptions, but also helps students to see their
microscopic world via CS.

EXPERIMENTAL
Design

A quasi-experimental design utilized “a pre-test/post-test non-equivalent control group
design” and one control group (CG) and one experimental group (EG) were used in the study.
The groups were chosen randomly as CG and EG. Each group was given both a pre-test and a
post-test, measuring the dependent variable both before and after exposure to the independent
variable. In the study, a delayed-test was also implemented to both groups to determine the
retention of the knowledge.

Sample

The study was carried out in two different classes in the department of science in Fatih
Faculty of Education at Karadeniz Technical University in Turkey during the spring semester
of 2015-2016 academic years. Participants in the study were 125 university students who
enrolled in the general chemistry course, from the two classes of the same teacher. One class
was randomly assigned to the EG (N = 65) while the other was selected the CG (N = 60).

The chemical equilibrium concept test (CECT)

The CECT, including 20 two-tier multiple choice items, was used in the study to collect
the data. The first tier of test items consisted of a content question in multiple-choice format
with three choices. The second tier consisted of four possible reasons for a possible answer to
the first part: three erroneous reasons and one correct reason. While some of the questions in
the CECT were taken from the literature’, the others were prepared by the researchers.
Distracters for the questions were taken from the related literature.>® The CECT contains five
major conceptual areas. These areas were: a) approach to equilibrium, b) application of Le
Chatelier’s principle, ¢) constancy of equilibrium constant, d) heterogeneous equilibrium and
e) effect of a catalyst. The areas evaluated in the tests are given in Supplementary material to
this paper, as well as some of the test questions.

Table S-1 of the Supplementary material summarizes the characteristics of CECT. The
reliability of the test was estimated to be 0.71 using the Cronbach alpha formula.

The difficulty indices ranged from 0.25 to 0.86, providing a wide range of difficulty
items. The discrimination indices ranged from 0.34 to 0.78. A value of 0.30 was established as
a minimum, and those greater than 0.30 were considered acceptable without the need for
further revision of the test items. The content validity of the test was established by a commis-
sion consisting of three university chemistry educators and four chemistry teachers.

Computer simulations (CS)

Six CS, three of them were adapted from literature®™” and the others were designed by

the researchers, were used in the study. QuickTime Pro, Adobe Flash Player and Microsoft
Office Power Point were used to simulate a chemical equilibrium concept. The conceptual
areas covered by the CS were; the approach to equilibrium, the application of Le Chatelier’s
principle, the rate of forward and reverse reactions, the constancy of the equilibrium constant
and heterogeneous equilibrium. All of the CS was used to show students submicroscopic
nature of the chemical equilibrium and to correct alternative conceptions. For example, one of
the six CS taken from the literature’’ was used to challenge the alternative conceptions that
“forward reaction goes to completion before the reverse reaction starts”. This simulation
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showed a model of an equilibrium system for a unimolecular reaction. For this aim, blue and
red spheres that move within a box were used to represent the reactants and products. Blue
spheres represent the reactants while red spheres represent the products. The value for the
equilibrium constant K can be set to less than 1, equal to 1, or greater than 1. As the CS runs,
the number of blue and red spheres is indicated. In the CS, the progression of a reversible
reaction and the establishing of the chemical equilibrium were showed to students step by
step. It is possible to see that the reactant molecules (blue spheres) collide and form product
molecules (red spheres), so that the reactant concentrations drop as reaction proceeds. In this
process, the number of red spheres increases while the number of blue spheres decreases. At a
certain time, the concentration of the reactants and products become constant but the numbers
of blue and red spheres do not become equal. Based on this CS, students are able to see that
forward reaction does not go to completion before the reverse reaction starts in equilibrium
reactions.

All of the CS is related to chemical equilibrium concept and content validity of them was
presented by a commission including three university chemistry educators and four chemistry
teachers.

Conceptual change texts (CCT)

Five CCT, four of them were prepared by the researchers, while the fifth one was taken
from the literature,” were used in the study. The texts were prepared by taking into consider-
ation the students’ alternative conceptions determined with the CECT and gathered from the
literature. The conceptual areas covered by the CCT were: the approach to equilibrium, the
application of Le Chatelier’s principle, the rate of forward and reverse reactions, the cons-
tancy of the equilibrium constant and heterogeneous equilibrium. Each text aims to correct the
alternative conceptions identified previously, which were related to these conceptual areas. In
the texts, a question was presented to students at the top of the text and they were asked for
making an assumption. The purpose of this question was to activate students’ alternative con-
ceptions. Following the assumption phase, the students were presented the alternative con-
ceptions with their evidence and then discussed in the texts. In this way, students are expected
to be discontent with their present conceptions. Finally, the students were informed of the
correct scientific explanations supported by examples. A commission including three chem-
istry educators from university and four chemistry teachers were examined the CCT with res-
pect to scientific accuracy and suitability to students’ level. Based on their comments some
minor revisions were made in CCT. An example of the CCT designed to challenge the alter-
native conceptions that “the rate of forward reaction is greater than the reverse reaction one”
and “forward reaction goes to completion before the reverse reaction starts” is presented in
Supplementary material.

Procedure

The chemical equilibrium is one of the most important concepts in chemistry program in
Turkey. Students in secondary schools take eight semester chemistry courses before entering
the university. Students take four hours per week chemistry courses in grades 11 and 12.
Chemical equilibrium is given in 11 grade students in detail. Therefore, when students come
to the university, we expect that they have learned chemical equilibrium concepts in second-
ary education, have lots of prior knowledge on these concepts, and will give correct answers
to the questions. Based on this, if students have some alternative conceptions in pre-test, we
believe that these are rather not the results of the lack of knowledge, and the results of pre-test
indicate the existence of alternative conceptions. Based on this thought, we firstly imple-
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mented the pre-test both to comparison the initial level of the students and to diagnose stu-
dents’ alternative conceptions on chemical equilibrium. Secondly, we carried out implement-
ation in both groups. While students in CG were taught with traditional methods based on
textbooks and blackboard, the EG studied the same unit with CS-CCT. Six CS and five CCT
were used in EG. During a five-week period; each group received an equal amount of ins-
truction. Duration of the lesson was two 90-minute time periods in a week. In general, stu-
dents were given equal opportunities to perform the activities in each group. CG received the
traditional instruction which involved lessons using lecture methods to teach the concepts.
The teaching strategies relied on teacher explanation and textbooks, without taking the stu-
dents’ alternative conceptions into consideration. CS—CCT was used as instructional materials
for teaching EG. In this process, each pair of students shared a computer. During the instruct-
ion in EG, teacher firstly taught the concepts verbally and then he showed the related CS to
the students, to reinforce the effect of verbal explanations. After the students finished the CS,
CCT were used with the intention of further helping students to understand the scientific
concept and to realize the limitations of their own ideas. Thirdly, the CECT was applied to
both groups’ students as the post-test after the implementation. Also, the CECT was applied to
both groups’ students as the delayed-test eight weeks after the post-test.

Data analysis

In the analysis of the CECT, the total score of each student in both groups as well as the
mean score of each group were computed. It was used following criteria to analyze students'
responses: Correct choice with correct reason = 2 points, correct choice with incorrect reason
= 1 point, incorrect choice with correct reason = 1 point and incorrect choice with incorrect
reason = 0 point. If a student responded to all items correctly, a maximum of 40 points was
possible. The pre-test scores of the groups were compared by using independent #-test to det-
ermine whether a statistically significant difference in the means existed between CG and EG.
Because there was no statistically significant difference between the pre-test results, the post-
test results were also compared using the independent #test to see the effects of intervention
on students’ understanding of target concepts. In addition, the analysis of covariance (ANCOVA)
was run to compare the retention of students’ knowledge related to the underlying concepts
from post-test to delayed-test.

RESULTS AND DISCUSSION

As seen in Table I, while there is no statistically significant difference
between groups in pre-test (£ = 0.121, p = 0.904), there is a difference between
groups in post-test, which indicates the successful nature of the CS—-CCT com-
pared to the traditional instruction (¢ = 7.411, p = 0.000). The results of the
delayed-test reflected that mean score of EG was higher than CG and there was
significant differences between groups (z = 9.193, p = 0.000). This result showed
that teaching with CS—CCT caused a better retention of the concept than the
traditional instruction. The results of the studies in the related literature are harm-
onious with the current study with this manner.*

After the delayed-test was conducted to the both group students, the analysis
of covariance (ANCOVA) was used to compare the retention of the knowledge
acquired during the intervention. In this analysis, post-test scores were used as
covariate to control the group differences. The results of ANCOVA showed the
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significant main affects for treatments on students’ retain their knowledge (F
(1,122) = 84.507, p < 0.05). Although the students’ CECT scores in both groups
decreased from post-test to delayed-test, the decrease in EG students’ scores is
lower than in CG ones. Specifically, while the mean score of students in EG
decreased from 57.27 to 53.60, a drop of 3.67, the mean score of the students in
CG decreased from 36.07 to 30.27, a drop of 5.8. The adjusted mean score of EG
was 47.20 on delayed-test and that of CG was 25.40 (Table II).

TABLE I. Independent group #-test results for pre-, post- and delayed-test scores of the CECT

Pre-test Post-test Delayed-test

Parameter

EG CG EG CG EG CG
N 65 60 65 60 65 60
Mean (20 items) 18.00 17.80 57.27 36.07 53.60 30.27
Standard deviation 5.801 6.965 11.89 10.205 11.485 7.834
t 0.121 7411 9.193
p 0.904 0.000 0.000

TABLE II. Summary of ANCOVA on students’ delayed-test scores

Test Experimental group Control group
° Mean SD Adj. mean  Mean SD Adj. mean
Post-test 57.27 11.89 - 36.07 10.205 - 84.507

Delayed-test 53.60 11.485 47.20 30.27 7.834 2540 p<0.05

In the study, one of the main aims was to determine the effect of CS-CCT
instruction on students’ understanding of the chemical equilibrium. As seen in
Table III, the performance of both groups’ students increased from pre-test to
post-test and decreased to delayed-test. EG students’ performance is significantly
greater than CG ones in both post-test and delayed-test. This is an indicator of the
effectiveness of CS—CCT instruction on students’ understanding and retention
time of the knowledge.

As seen in Table S-II of the Supplementary material, the ranges of correct
answer for the first tier of the items were 23 to 35 % for CG and 26 to 29 % in
EG in pre-test. When both tiers were combined, the correct response was reduced
to a range of 10 to 15 % for CG and 12 to 20 % for EG. These results show that
students did not have a satisfactory understanding of chemical equilibrium before
the implementation. When post-test scores of both group students in CECT were
examined, it was seen that the performance of students in both groups increased
from pre-test to post-test. While the ratios of the correct answers for the first tiers
of the items in post-test were between 30 and 73 % for CG and 32 and 98 % in
EG (Table S-II). On the other hand, both tiers were combined; the correct
response was between 15-55 % for CG and 32-94 % for EG. These results are
not surprising for us because, although the techniques used with the EG were
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different from those used with the CG, both groups received instruction on the
chemical equilibrium during the implementation period. Therefore, improvement
in both group students’ understanding is a normal development. However, the
results clearly show that the EG students’ performances are greater than the CG
ones and this is an indication of the benefits of the CS—CCT instruction. Indeed,
while the mean scores of the EG is 57.27, the same score of the CG is 36.07 in
post-test.

TABLE III. Percentages of students’ correct responses in first tier and both tier of CECT in
pre-test, post-test and delayed-test; CQ: content question (the first tier of the question); C:
correct response combination (the both tier of the question)

I Control group (N = 60) Experimental group (N = 65)
I;[I(:)m Pre-test Post-test  Delayed-test  Pre-test Post-test  Delayed-test
' CcQ C CQ C CQ C CcQ C CQ C CcQ C
1 30 15 60 45 53 43 29 17 83 72 75 66
2 25 15 50 43 45 40 26 12 60 54 57 51
3 35 15 73 55 63 55 29 12 98 98 94 91
4 33 15 70 55 60 55 29 17 75 63 66 60
5 25 15 30 15 20 15 29 20 75 69 69 63
6 35 20 70 50 63 45 29 12 95 94 91 91
7 30 15 63 53 55 53 29 17 95 91 91 83
8 25 10 30 15 25 15 29 20 83 72 72 66
9 25 13 35 23 33 20 29 12 57 54 54 49
10 33 15 70 55 63 53 29 12 83 80 75 69
11 25 13 43 35 40 30 29 14 86 72 80 66
12 25 10 33 15 23 15 29 12 32 23 29 20
13 30 15 55 50 50 43 29 20 83 69 75 63
14 23 10 30 23 25 15 29 15 66 60 60 60
15 23 13 35 15 25 13 26 15 57 49 54 46
16 30 15 55 45 50 35 29 17 91 75 86 66
17 35 15 70 50 63 40 29 17 83 66 75 60
18 35 20 93 53 83 45 29 17 91 69 91 66
19 23 10 30 15 25 13 26 14 72 37 66 29
20 30 13 50 25 43 23 26 17 75 32 69 32

On the other hand, the performance of students in both groups decreased
from post-test to delayed-test with the passing of time. This is also normal
because the CECT was administered to both groups three months after the post-
test, students in both groups may have forgotten some of the material and as a
result, a reduction in the scores may be expected. Although the students’ achieve-
ment scores in both groups decreased from post-test to delayed-test, the decrease
in the EG students’ scores is lower than in the CG ones. Specifically, while the
mean score of students in the EG decreased from 57.27 to 53.60, a drop of 3.67,
the mean score of the students in the CG decreased from 36.07 to 30.27, a drop
of 5.8. The adjusted mean score of the EG was 47.20 on delayed test and that of
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the CG was 25.40. These scores also showed differences the between groups in
favour of EG students.

It is important to consider that the EG students’ scores are significantly
greater than the CG ones in both post-test and delayed-test and this may be inter-
preted as an indication of the effectiveness of CS—CCT instruction on students’
understanding and alternative conceptions. The reason for this is probably due to
the detailed explanations found in CCT and dynamic and interactive nature of
CS. While the CG students were taught with more traditional instruction, the EG
students received a different instruction which addresses students’ alternative
conceptions and used computer animations that show the microscopic behaviours
of the particles. Based on this, such a combination improved students’ learning
and understanding of chemical equilibrium concepts. Literature includes num-
erous studies indicating the effect of both CCT and CS on students’ under-
standing of different chemistry concepts.'®'**** The results of this study are in
agreement with the literature.

One of the other main aims of this study was to determine the effectiveness
of CS—CCT based instruction in changing students’ alternative conceptions.
Twenty four alternative conceptions were identified in the study and these were
grouped under the headings of approach to equilibrium, application of Le Chat-
elier’s principle, constancy of the equilibrium constant, heterogeneous equilib-
rium, effect of a catalyst and reversible and non-reversible reactions. The per-
centages of the alternative conceptions in pre-test, post-test and delayed-test were
given in Table S-11.

As can be seen from Table S-II, students in both groups held almost the
same alternative conceptions in pre-test and at about the similar percentages. In
the literature, several studies reported similar types and levels of student alter-
native conceptions.'”’ The percentages of EG students’ alternative conceptions
in pre-test ranged from 46 to 70 %, and those of the CG students’ ranged from 48
to 68 %. Table S-II of the Supplementary material shows that there is a signific-
ant difference between the percentages of holding alternative conceptions in both
groups in post-test and delayed-test. These results showed that CS and CCT
oriented instruction helped students to change their alternative conceptions for
scientifically accepted ones.

One of the most common alternative conceptions held by both groups’ stu-
dents was that “the forward reaction goes to completion before the reverse
reaction starts”. 70 % of EG and 68 % of CG held this alternative conception in
pre-test. A similar alternative conception had been reported in the litera-
ture.”**** In both groups, the percentages of this alternative conception dec-
reased in the post-test, but the EG did better than the CG. The CS and CCT
related to this alternative conception was probably the reason for the better scores
of the EG students. In the CS, students had the chance to see that the reverse
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reaction starts before the forward reaction complete and also both reactions pro-
ceed during the process. In addition, they read the CCT and learned that if the
forward reaction goes to completion, concentration of at least one of the reactants
becomes zero at the end of the reaction. This means that the equilibrium constant
will be unlimited and this is impossible. This explanation enabled the EG
students to be more successful than the CG ones in the post-test.

Another alternative conception was that “the rate of forward reaction is
greater than the reverse reaction one”. This was held by 66 % of the EG and 64
% of the CG students in the pre-test. In the literature, Hackling and Garnett®®
reported a similar alternative conception. Similarly, Niaz* reported an alternative
conception that after the reaction has started, the rate of forward reaction inc-
reases with time and that of the reverse reaction decreases, until equilibrium is
reached. These findings show that students do not have an appropriate under-
standing about the equality of the rate of forward and reverse reactions at equi-
librium. In the study, CS and CCT helped students to remove this alternative
conception. In the text, students read that as the forward reaction progresses,
reactants are being turned into products and product is being turned into reactants
at the same rate.”' Based on this, the forward reaction slows down, the reverse
reaction speeds up and eventually the two reaction rates become equal. They
were able to see that while the forward reaction rate decreases, the reverse
reaction rate increases during the reaction in CS. As seen in Table S-1I, in both
groups, the percentages of this alternative conception decreased on the post-test,
but the EG did better than the CG.

One another alternative conception was that “Le Chatelier’s principle can be
applied in the initial state before the reaction has reached equilibrium”. 66 % of
the EG students and 64 % of the CG students held this alternative conception in
pre-test. In the literature,™’ a similar alternative conception was reported. These
students do not consider that Le Chatelier’s principle can only be applied to the
systems which are at equilibrium. This show that students made overextended
use of the Le Chatelier’s law, as they applied it in predicting the evolution of a
system of initial substances before the system had reached the chemical equi-
librium. On the other hand, some of the students think that “when a substance is
added to equilibrium mixture, equilibrium will shift to the side of addition”. This
is also wrong and 56 % of the EG students and 64 % of the CG students hold this
alternative conception in pre-test. In the literature, a similar alternative concept-
ion had been reported.*” Moving from the Le Chatelier’s principle, we can say
that if we add more of one reactant, the reaction will proceed to the right side that
consumes this reactant, and vice versa. Especially in CS, the students were able
to see the application of the Le Chatelier’s principle by adding or extracting some
species on the reaction environment. This was also emphasized in CCT. With this
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way, we tried to remove both alternative conceptions and results show that EG
students are more successful than the CG ones with this manner.

The temperature change is another way to disturb the chemical equilibrium.
Three alternative conceptions related to the effects of temperature change on a
system at equilibrium were determined in the study. Firstly, “when the tempe-
rature is changed, the type of reaction (endothermic or exothermic) does not
affect the direction of the equilibrium shift”. This was held by 58 % of the
students in the EG and 65 % of the students in the CG in pre-test. A similar
alternative conception was also reported in the literature.” Secondly, “when the
temperature is increased, more products are formed”, an alternative conception
which was held by 62 % of the students in both EG and CG in pre-test. Ozmen®’
and Voska and Heikkinen** reported a similar alternative conception. Thirdly,
“increasing the temperature of an exothermic reaction would decrease the rate of
the forward reaction” was another alternative conception and 52 % of the EG
students and 58 % of the CG students held it in pre-test. All of the alternative
conceptions were considered in designing the CCT and CS. We know that when
the temperature is changed, the direction of an equilibrium shift cannot be pre-
dicted without knowing whether the reaction is endothermic or exothermic and
we can use the Le Chatelier’s principle to predict the direction of the shift. In CS,
students had the chance to see the effect of temperature change on endothermic
and exothermic reactions. They were able to see the shift by increasing and
decreasing the temperature in different types of reactions. Based on this, CCT
helped students to understand the temperature effect. For example, we asked for
students to consider the temperature as a reactant or a product in the reaction
mixture. If heat were a product, the addition of heat which must occur as the
temperature is raised, drives the equilibrium backward, while if heat were a
reactant then the addition of heat drives the equilibrium forward. Remembering
Le Chatelier’s principle, we can say that if the temperature is increased, the
equilibrium will shift to the products’ side in an endothermic reaction and if the
temperature is increased, the equilibrium will shift to the reactants’ side in an
exothermic reaction, contrarily. This way, we managed to reduce the percentages
of the alternative conceptions in post-test. The percentages of these alternative
conceptions in both groups of students decreased in post-test, but the EG did
better than the CG based on the CS—CCT instruction.

Another source of the alternative conceptions was the heading of constancy
of equilibrium constant. It is possible to collect the alternative conceptions in two
sub-heading: i) the effect of temperature change on the numerical value of K,
and ii) the effect of adding or extracting substance in the reaction mixture on the
numerical value of K., When the effect of the temperature change was con-
sidered, two alternative conceptions were determined. These were; “an increase
in temperature always increases the numerical value of K.,”, which is held by 59
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% of the students in EG and 57 % of the CG students in pre-test. The other
alternative conception is that “equilibrium constant, K4, will increase with inc-
reasing temperature in an exothermic reaction”, which is held by 65 % of the
students in EG and 61 % of the CG students in pre-test. Both alternative con-
ceptions were also reported in the literature.*®*? In CS, students were able to see
the effect of temperature change on the numerical value of the equilibrium cons-
tant. They saw the shifting in the reaction and changing the concentrations based
on the temperature change and the effect of these changes on equilibrium
constant. In addition to the CS, we explained to the students in CCT that the
change in the numerical value of the equilibrium constant with temperature
depends on whether the reaction is endothermic or exothermic. In post-test, per-
centages of the both alternative conceptions decreased in both groups, but the EG
did better than the CG, based on the CS—CCT instruction.

The effect of adding, or extracting the substance in the reaction mixture, on
the numerical value of K., is the other source of the alternative conceptions.
Three alternative conceptions were determined on this subject. There were;
“when more reactants are added to an equilibrium system, K., will change”,
“when more products are added to an equilibrium system at constant temperature,
K., will increase” and “the numerical value of K. changes with the amounts of
reactants or products”. Both groups of students held these alternative conceptions
in pre-test with different percentages. Similar alternative conceptions were rep-
orted in the literature.>*** These students think that the numerical value of equi-
librium constant depends on concentrations and changes with the amounts of
reactants or products. In both CS and CCT, students were explained that at a
given temperature, the value of the equilibrium constant is independent of the
initial conditions. This means that the numerical value of K., does not change
with the amounts of reactants or products. In addition, the students were also
explained that the value of the equilibrium constant only changes with tempera-
ture. Based on these explanations, EG students removed these alternative con-
ceptions in post-test.

The heterogeneous equilibrium and the effect of a catalyst were the other
sources of the alternative conceptions in the study. With this manner, we
encountered four alternative conceptions: i) Le Chatelier’s principle can be
applied in all systems, including heterogeneous equilibrium systems. This
alternative conception has been reported in the literature.>*>*** ji) When a solid
substance is added to an equilibrium system at constant temperature, K., will
change. Literature also reported such an alternative conception.” These students
believed that increasing the amount of a solid ionic substance, which is at equi-
librium, causes more dissolved ions to be produced. However, we know that
adding or removing a solid to the system at equilibrium does not change the
equilibrium state, if the solid is present originally when the system is in the
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equilibrium state*’. iif) The rate of the forward and reverse reactions could be
affected differently by the addition of a catalyst. Similar alternative conceptions
have been reported previously.”**** jv) The catalyst increases the value of
equilibrium constant. These alternative conceptions were considered and tried to
be removed by using CS and CCT. Results showed that CS—CCT instruction
became more effective on students’ understanding than the other way with a
degree.

In this study, a delayed-test was used to determine the perstistence of the
concept in students’ minds. When it is compared how students in both groups
retain the concepts in delayed-test, it is seen that students in EG (M = 53.60) are
better than the students in CG (M = 30.27, see Table II). These results show a
statistically significant difference between two groups towards the delayed-test
results. Although the ratios of the alternative conceptions increased from the
post-test to delayed-test, EG students are more successful than the CG ones in
delayed-test.

It is known that the traditional chemistry instruction use the similar methods
as it did in past and do not adequately integrate computer technology into the
classroom.*** This is also true for the approach employed in CG group in this
study. On the other hand, EG students took both CS—CCT instruction and the
results show that such a combination improves students’ learning and under-
standing. In the literature, there are some studies reporting the positive effect of
CCT enhanced with animations related to different chemistry concepts such as
chemical bonding and the particulate nature of matter.”*** The results of this
study are also in accordance with the literature for this manner.

CONCLUSIONS

In this study, we assumed that CS—CCT instructions not only consider the
students’ alternative conceptions, but also helps students to see the microscopic
world via CS. We tried to combine CCT, which predominantly consisted of
verbal explanations, with CS which included a series of visual interactive images
displayed in rapid succession on a computer screen. The combination of these
methods was used in the study and became effective for students’ understanding
of the chemical equilibrium. These results confirm previous studies in which
CCT and CS instruction can facilitate the learning of scientific concepts. We
suggest that the combining the methods of CS and CCT may be a useful way for
teaching the chemical equilibrium. In addition, in the literature, there are a few
convenient ways to describe chemical phenomena, especially chemical equilib-
rium. Animations, analogies, laboratory activities, and etc. are among these.
Researchers may also improve our approach by integrating new teaching
methods into this cooperation.
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In the present study, CS—CCT instruction was new for the EG students.
Although the students are familiar with the use of computers in lessons, teachers
generally use the computers for demonstration and/or power point presentation
tools. In this study, the students actively used the computers and made interactive
applications, a change which the students found exciting. In addition, the CCT
are also new tools for the students. Although the CCT are written texts, their
combination of figures, examples, and explanations increases their effect. In the
study, animations were also used to increase the effectiveness of the texts. The
use of novel instructional methodologies likely contributed to the students’
enthusiasm to learn.

On the other hand, although different teaching methods including CCT and
CS maybe effective in teaching of chemistry concepts and in changing students
alternative conceptions, it is undoubtedly true that chemistry is an experimental
science. Literature suggests that students find laboratory works enjoying, exiting
and motivating because they have a chance to engage in hands-on activities.”™'
Laboratory activities should also be used to teach some abstract concepts on
chemical equilibrium. For example, the experiment of chromate/dichromate equi-
librium may be used to teach the application of the Le Chatelier’s principle. So,
the experiments performed in the laboratories are vital and indivisible part of the
chemistry teaching.

Although there have been made several studies on chemical equilibrium,
Quilez-Pardo and Solaz-Portoles' state that results of these studies have little
effect on actual classroom practices, namely many of the chemistry teachers have
continued to teach chemistry without considering the result of these studies. This
is still an important problem for chemistry teaching. It may be suitable to say that
the aims of the studies on teaching and learning of chemistry are to improve the
students’ understanding, to correct the students’ alternative conceptions, to help
teachers in teaching of chemistry, and to develop the alternative teaching appro-
aches for teaching of chemistry. Because the chemistry teachers do not consider
or are not aware of these studies, they may not reflect the results of the studies
into in-class activities. In this situation, the studies remain hidden in researchers’
personal files or library shelves. For this reason, to inform teachers about the
results of the studies is as important as to make researches.

In future, researches, in collaboration with teachers and curriculum devel-
opers, should develop new teaching materials about the chemical equilibrium and
implement them in classrooms in an experimental setting, so that they may better
understand the effects of different teaching techniques and materials on alter-
native conceptions. The pre-test results show that students have several alter-
native conceptions on chemical equilibrium although they learned this concept in
secondary level. This means that in-class teaching activities may cause students
to develop alternative conceptions and these alternative conceptions are trans-
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ferred to the upper level. So, we cannot sit and wait for the alternative con-
ceptions to be turned into the scientific concepts without any effort.

Limitations of the study

The study has four limitations. The first of them is the number of the stu-
dents in the EG which consists of 65 students and this number is a bit more to
deal with all active students. In a smaller group, the teacher may have the chance
to deal with students more effectively. The second of them is number of the
computers. During the intervention, each pair of students used one computer
because of inadequate resources. Based on this, none of the students could not
study independently and the teacher could not control the students effectively. In
order to make more repeatable applications, each of the students should have one
computer, which would be more suitable. The third of them is data collection
tools. Although the two-tier multiple choice questions give an opportunity for
researchers to collect data related to the conceptual understanding, interviews and
open-ended questions may be more effective to acquire more comprehensive data
in this manner. Finally, the lack of laboratory activities and/or experiments is the
another limitation of the study. Besides of CCT and CS applications, the expe-
riments on chemical equilibrium should be made by the students.

SUPPLEMENTARY MATERIAL

The areas evaluated in the tests and some of the test questions are available electronically
at the pages of journal website: http://www.shd.org.rs/JSCS/, or from the corresponding
author on request.

U3BOJ
EQPEKAT CUMYJIALIMJE ITOBOJBITAH KOHIEIITYAJTHOM ITPOMEHOM TEKCTA HA
PA3YMEBAILE XEMHJCKE PABHOTEXE O CTPAHE YHUBEP3UTETCKHUX
CTYJEHATA

HALUK OZMEN' u AKBAR NASERIAZAR®

"Karadeniz Technical University, Fatih Faculty of Education, Trabzon, Turkey u 2Islamic Azad University,
Marand Branch-Marand, Iran

LInp ucTpakuBama je fa ce ucnura edexar KOMIyTePCKUX CHMYyJallja ca KOHILENTy-
anHom npomeHoM Tekcra (CS—CCT) Ha cTynmeHTe IpBe rOJWHE YHHUBEP3UTETCKUX CTynHja,
Kaja je y MUTamy pasymeBame XeMHjCke paBHOTeXe. Y UCTpaKHBamke Cy Ouie ykbydeHe jenHa
KOHTpOJIHA Ipyna of 60 cTyfeHarta U jefHa eKCIIepUMEHTaIHa rpyna off 65. JJok je KOHTpO/IHa
rpyna y4yusia Ha KjJacu4yaH Ha4yMH, Ha ekcriepuMmeHTanHy je npumemneH CS—CCT. ITokasano ce
na je CS—CCT edukacHUjU HAauUH [la Ce CTyIeHTUMa IpUKake U 00jacHU XeMHjcka paBHOTeXa
1 1o0oJbllIa BUXOB HAYMH pasyMeBamba KOHILIENTa y XEMU]jHU.

(ITpumspeno 22. nenemdpa 2016, peunupaHo 24. anpuia, npuxsaheno 5. maja 2017)
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