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Abstract

In this study, the effect of group work and traditional method on 9th grade students’ misconceptions about Newton Laws
was investigated. The study was conducted in three classes in an Anatolian Vocational High School in Ankara/Turkey in
the second term of the 2014-2015 academic year. Two of these classes were chosen as the experimental group and one
as the control group. The groups in the experimental group were formed on a voluntary basis with two students in each
of them. These experimental groups were given activities which included methods such as concept maps, worksheets,
concept cartoons, doing experiments, preparing a project homework and doing case studies. In the control group, the
activities which were done in the experimental groups were converted into questions and solved by the students and the
teacher. As the assessment tool, ‘Force Motion Misconception Test’ was used, whose validity and reliability studies had
been performed by carrying out pilot studies. This test was administered to both the experimental groups and the control
group as pre-test before the teaching and post-test after the teaching. The data obtained showed that there was no
significant difference in post-tests between the experimental and control group students in terms of misconceptions
(p>,05). However, according to the averages, the students in the experimental groups were observed to have fewer
misconceptions than those in the control group.
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1. Introduction

In 2007, the physics education program in Turkey was modernized for all grades, and huge changes were made.
Misconceptions about physics in the scientific literature were also given a place in the program, besides general
objectives, basic skills aimed to be achieved, attainments, affective features, assessment and evaluation approaches. The
fact that teachers’ attention is drawn to these misconceptions is a positive development. However, it is not enough
because it is also necessary to form learning environments aimed at removing the misconceptions that students have, to
supply teachers with materials and equipment aimed at application (Cepni, Akdeniz & Keser, 2000; Kurt, 2002) and to
arrange curriculum workload and class hours as well.

Educational studies on misconceptions started to increase during 1980s and they are still continuing. When analyzed, it
seems that studies on misconceptions are grouped under three topics. The first topic includes studies which aim to
determine students’ misconceptions. Studies conducted in this topic suggest that students have misconceptions about
almost all the subjects in physics. The most common misconceptions found in physics are about subjects related to
energy, motion, impulse, electricity, heat and temperature and force (Aydm, 2007; Ergin & Atasoy, 2013; Goldring &
Osborne, 1994; Hestenes, Wells & Swackhamer, 1992; Kurt & Akdeniz, 2004; Kuru & Giines, 2005). These studies
have also shown that not only students at primary, secondary, high school and university levels have such
misconceptions but also pre-service and even in-service teachers hold similar misconceptions (Cepni, Akdeniz & Keser,
2000; Geng 2008; Gurel & Girdal, 2002; Hestenes, Wells & Swackhamer, 1992; Kurt & Akdeniz, 2004). Considering
the results of these studies, the fact that similar misconceptions are held at every level of education may be regarded as
a proof of that misconceptions are hard to remove.

The second topic in studies on misconceptions focuses on the reasons why misconceptions take place. It is thought that
misconceptions of students result from wrong uses of physical concepts students experience in their daily lives (Duit &
Treagust, 1995), coursebooks (Demircioglu, 2003), teachers who do not have enough information on the subject (Duit
& Treagust, 1995) and instruction which is memorization-based and result-oriented (Geban, Ertepinar, Yayla & Isik,
1999). If misconceptions of students occur due to the aforementioned reasons, these misconceptions are very hard to
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change. Students’ misconceptions become permanent and persistent if students can solve problems they face with the
concept they already have, if they do not face any problems or cases they can not solve, and if teaching is superficial
(Giines, 2005).

Studies under the third topic consist of using various methods and techniques to replace misconceptions students have
with scientifically correct information or reduce them. Concept cartoons (Hand & Treagust, 1991), worksheets (Atasoy,
2008), concept maps (Aydin, 2007), conceptual change texts (Giilgigek, 2004; Yilmaz, 2010), teaching based on
learning styles (Ergin & Atasoy, 2013), usage of analogies (Ugur, 2009), teaching based on SE model (Y1ldiz, 2010) and
computer-aided teaching (Kose, Ayas & Tasg, 2003) aimed at removing students’ misconceptions may be given as
examples of such studies. Results from these studies suggest that these methods and techniques have a positive effect.
Replacing misconceptions that students have with scientifically correct information requires a process. During this
process, students, first of all, have to face their misconceptions. In other words, students need to be made feel that they
fall short in explaining events with the help of their current knowledge. After that, the new concept which is
scientifically correct has to be presented to the student. In this way, a contradiction will occur in the student’s mind. The
fact that the new concept presented to the student is comprehensible, easy, clear, reasonable and convincing will make it
easy for the student to adopt. Also, when the student notices that the new concept given helps him/her solve other
problems, conceptual change will take place as a result (Hewson & Hewson, 1984; Posner, Strike, Hewson & Gertzog,
1982).

According to Riche (2000), instead of using a single method, keeping students' differences in mind, it will be more
effective to use various methods to remove misconceptions. In this study, several different methods and techniques were
carried out by forming groups of two so that students could work with their peers. As far as group work is concerned,
several different methods can be found in the literature. Most of the studies conducted in this area focus on students'
achievement and attitude (Akay, 2011; Bilgin & Geban, 2001; Savas, 2011; Sekercioglu, 2011; Tokatli, 2010). The
number of studies conducted on the effect of group work on students' misconceptions is quite small (Snyder & Sullivan,
1995; Tarhan & Sesen, 2012; Unlisoy, 2006). That is why, in this study, the effect of group work method on
misconceptions about Newton's laws of motion was investigated in comparison with individual work.

2. Method
2.1 Model and the Sample of the Study

The sample of the study consisted of students attending three 9th grade classes in an Anatolian Vocational High School
in Ankara in the second term of the 2014-2015 academic year. Two of these classes were selected as the experimental
group and the other one as the control group. Students' ages range from 15 to 17. The numbers of students belonging to
the experimental group and the control group are summarized in Table 1.

Table 1. Student numbers of experimental and control groups

Class Girls Boys Total
9-A (control) 8 24 32
9-B (experimental) 11 14 25
9-C (experimental) 12 12 24
Control group total 8 24 32
Experimental group total 23 26 49

As seen in Table 1, the experimental groups consisted of 49 students and the control group consisted of 32 students in
total.

2.2 Data Collecting Tools and Data Analysis

In this study, "Force Motion Misconceptions Test" was used, which was developed in order to determine students'
misconceptions identified in the literature. This misconception test consisted of two steps. In the first step, students were
given the questions and told to tick one of the five multiple choice answers which they thought correct. In the second
step, they were asked to explain the reason for the answer they had given in the first step. In other words, the first step
of each question consisted of five multiple-choice questions, and the second step of the same questions consisted of
open ended questions. The test had 13 questions. The questions numbered 1, 2, 3, 6, 8, 9, 10, 11, 12 and 13 of the test
were taken from the test developed by Atasoy (2008). The cases taken by Atasoy (2008) from various sources and used
as interview cards and concept cartoons were converted into questions and used as questions numbered 4, 5 and 7 in the
test. A pilot study was carried out with 200 students to determine the validity and reliability of the test. As a result of the
analyses, the reliability value of the test according to the misconceptions for the first step was calculated as 0,69
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according to Cronbach o, and as 0,65 for the first two steps. This reliability value can be accepted as good for a
misconceptions test (DeVellis, 1991). The misconceptions which were aimed to be identified in the test and their item
numbers are summarized in Table 2.

Table 2. Misconceptions and item no

Misconception Item no

1. If there is no force, there is no motion. 1a, 1d, 2e, 3d, 7d, 13b

2. Constant velocity requires a constant force. le, 2b, 2d, 7d

3. The force which starts the motion continues to affect throughout the motion.  5a, 5c, 6a, 6¢, 6e, 13a, 13d, 13e
4. Action and reaction forces cancel each other out. 8c, 8d, 10e, 11a, 12c

5. The heavier object exerts a greater force. 8a, 93, 12a

6. The object which has higher velocity exerts a greater force. 1a, 10d,

7. Velocity is directly proportional to the exerted force. 4a, 4b

As seen in Table 2, seven misconceptions were measured with 30 choices in 13 questions. Because the numbers of
students in the experimental groups and the control group were not equal, the comparison was made by giving the
percentage of students who have a misconception instead of the number of students. The test was administered to the
experimental groups and the control group as pre-test before the teaching, and as post-test after the teaching.

2.3 Teaching the Lesson in the Groups

In this study, the teaching was carried out in the experimental groups and the control group by the writer of the paper
during the 2014-2015 academic year. At the time the study was performed, the writer had a teaching experience of 13
years, and was teaching physics at the school where the study was conducted. Also, the classes in the sample group
were the classes the writer taught routinely. That is why there was no need to make additional explanations to the
students about the study. In the experimental groups and the control group, the units of " nature of physics", "waves",
"matter and its qualities”, "force and motion" were taught respectively. The first three units were taught with the
traditional methods including lectures, question-answer, problem-solving and in-class discussion. In the control group,
teaching of the unit "force and motion" continued with the traditional method. In the experimental groups, group work
was done in this unit. In the group work, which was aimed at enabling students to work with their peers and learn from
each other, the groups were presented with various activities and given time to accomplish them. The group work in this
study was planned in the way that the students worked in groups of two. The students in the experimental groups were
given information about the method before the start of the teaching with the group work method. Also, the belief was
expressed to the students that the group work method would contribute to their success. In addition, it was emphasized
that each student might be more successful in other lessons. Achievement tests were applied after the first three units
had been taught to the experimental groups. These achievement tests were developed by Ergin, Sen & Atasoy (2015)
and their validity and realiability studies were conducted. Students' answers were converted into points on a 100-point
grading scale, and their arithmetic mean was calculated. For each class in the experimental groups, the students were
put in order according to their average scores starting from the highest. Those calasses were divided into two as
successful and less successful according to the average scores they got in the previous 3 units. The students were then
asked to form groups of two one from the successful group and the other from less successful group on a voluntary
basis. Except for a few ones, the students chose their groups on their own.

The teaching in the experimental groups and the control group was carried out in 22 class hours for the unit "Force and
Motion". Before the teaching, "Force and Motion Misconception Test" was applied as pre-test in order to identify
students' misconceptions about the force and motion subject. The teaching in the control group was carried out, as
explained above, with the traditional method. On the other hand, in the experimental groups, the teacher first
summarized the subject, solved problems about the subject, and then gave activities to the groups. The activities
presented to the groups were worksheets, concept cartoons, case studies, writing a story, dramatization, debates between
groups, performance homework and experiments. After the groups completion of the activities, if more than 50 percent
of the groups completed them successfully, one group or a few groups were given the chance to present their activities.
If the groups had difficulty in doing the activity, the teacher made explanations. While the activities were being done,
the teacher just observed the groups and provided guidance when necessary. In order to determine the effect of group
work method on students' misconceptions about the subject, "Force and Motion Misconception Test" was given as
post-test after the teaching.
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3. Findings

In this part, analyses of the data obtained through "Force and Motion Misconception Test" are given. Because the
number of students in the experimental groups and the control group were not equal, instead of the numbers of students
who had misconceptions about force and motion, the percentages of students for the first step and the first two steps are
summarized in the graphs below. In Graph 1, the data obtained for the misconception "If there is no force, there is no
motion" is shown.
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Graph 1. The percentage of students who have the misconception "If there is no force, there is no motion"

As seen in Graph 1, the percentages of the experimental and the control group students having the misconception in the
pre-tests and post-tests, according to only the first step, are higher than their percentages according to the first two steps.
According to the pre-tests, the percentage of the experimental group students having this misconception (26.59%) is
higher than that of the control group students (18.57%). According to the first two steps, when the post-tests are
analyzed, the percentage of the experimental group students having the misconception for the pre-tests decreases to
26.17% and the control group students increases to 19.28% .The percentages of students who have the misconception
"Constant velocity requires a constant force" are given in Graph 2.
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Graph 2. The percentage of students who have the misconception "Constant velocity requires a constant force"

As seen in Graph 2, according to the pre-tests, the percentage of students who have this misconception is higher in the
control group. According to the first two steps, from the pre-test to the post-test, the percentage of students who have
this misconception decreases from 18.92% to 17.85% in the control group while it increases from 14.89% to 17.02% in
the experimental group.

The percentages of students who have the misconception "The force which starts the motion continues to affect
throughout the motion™ are given in Graph 3.
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Graph 3. The percentage of students who have the misconception "The force which starts the motion continues to affect
throughout the motion"

When Graph 3 is analyzed, it becomes conspicuous that the percentage of experimental group students who have this
misconception only in the first step is very high 77%, according to the pre-test. This percentage is reduced almost by
half and falls to 47% when it is estimated for the first two steps. According to the pre-test, the percentage of having this
misconception among control group students is 51% for the first step, and 41% for the first two steps. In the post-tests,
the percentage of having this misconception for the first two steps is 34% in the experimental group and 36% in the
control group.

The data for the misconception "Action and reaction forces cancel each other out" is summarized in Graph 4.
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Graph 4. The percentage of students who have the misconception "Action and reaction forces cancel each other out".

According to the Graph 4, the percentage of having this misconception is higher for the first two steps in the control
group (17.85%) than in the experimental group (10.63%) in the pre-tests. In the post-tests, the percentage of the control
group is 16.07% while that of the experimental group is 7.04%.

The percentages of having the misconception " The heavier object exerts a greater force" for interacting objects are
summarized for the groups in Graph 5.
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Graph 5. The percentage of students who have the misconception " The heavier object exerts a greater force".
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According to Graph 5, the percentage of students who have this misconception in the pre-tests for the first two steps is
40.42% for the experimental group, and 30.35% for the control group. The percentage of students who have this
misconception is quite high in both groups. According to the post-tests, for the first two steps, the number of students
having the misconception increases in the experimental group and becomes 41.48% while it decreases in the control
group and becomes 27.14%.

The data for the misconception " The object which has higher velocity exerts a greater force" for interacting objects is
summarized in Graph 6.
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Graph 6. The percentage of students who have the misconception "The object which has higher velocity exerts a greater
force".

According to Graph 6, for the pre-tests first two steps, the percentage of having this misconception is 58.08% for the
experimental group, and 60.71% for the control group. These percentages indicate that students in both groups have this
misconception to a very large extent. According to the post-tests, this rate does not change in the control group.
However, in the experimental group, it falls to 45.32%.

The data about the last misconception "Velocity is directly proportional to the exerted force" is summarized in Graph 7.
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Graph 7. The percentage of students who have the misconception "Velocity is directly proportional to the exerted force".

In Graph 7, for the first two steps, the percentage of having this misconception for the pre-tests is 51.06% for the
experimental group, and 28.57% for the control group. The percentage of the experimental group students having this
misconception is almost double the percentage of the control group students. According to the post-tests, the rate of the
experimental group students having this misconception falls to 42.55%. However, the same rate rises to 53.57% for the
control group. It is remarkable that the rate for this misconception almost doubles in the control group while it decreases
in the experimental group.

The comparison of the experimental group and the control group students according to the pre-tests was made with
independent samples t-test, and it is summarized in Table 3.
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Table 3. The results of the independent samples t-test of the pre-test data of the experimental and the control group

Group N Mean S sd t p
Experimental 32 7,41 1,65 80 0,638 0,526
Control 49 7,14 1,71

According to Table 3, there is no significant difference between the pre-test scores of the experimental group students
and the control group students (p>,05). The correlation between the experimental group students' pre-test and post-test
scores for misconceptions was assessed using the paired sample t-test and it is summarized in Table 4.

Table 4. The results of the paired sample t-test of the experimental group students' pre-test and post-test scores

Test N Mean S sd t p
Pre-test 32 7,14 1,71 31 22,037 0,000
Post-test 32 5,30 2,37

According to Table 4, there is a significant difference between the experimental group students' pre-test and post-test
scores when the data is analyzed (p<,05). When the means are examined, it can be observed that the difference is in
favor of the pre-test. So, the experimental group students have more misconceptions in the pre-test. The correlation
between the control group students' pre-test and post-test scores for misconceptions was assessed using the paired
sample t-test and it is summarized in Table 5.

Table 5. The results of the paired sample t-test of the control group students' pre-test and post-test scores

Test N Mean S sd t p
Pre-test 49 7,41 1,47 48 36,291 0,000
Post-test 49 6,36 2,44

According to Table 5, the data obtained regarding the control group students' misconception indicates that there is a
significant difference between the pre-test and post-test scores (p<,000). When the means are examined, the difference
is in favor of the pre-test. So, the misconceptions students have in the post-test are fewer than the misconceptions they
have in the pre-test.

The scores from the experimental and the control group students' answers for misconceptions were compared according
to the independent samples t-test and the results are summarized in Table 6.

Table 6. The results of the independent samples t-test of the experimental group and the control group students' post-test
scores

Group N Mean S sd t p
Experimental 49 5,30 2,20 80 1,97 0,052
Control 32 6,36 2,37

According to Table 6, there is no significant difference between the post-test scores of the experimental group and the
control group students regarding their answers with misconceptions (p>,05). When the means are examined, it can be
observed that the control group students' scores are higher. So, the experimental group students' answers with
misconceptions are fewer than those of the control group students while there is not a significant difference between
them.

4. Conclusion and Discussion

In this study, the effect of studying in groups of two and the effect of the traditional method on removing students'
misconceptions about Newton's laws of motion are investigated according to the data obtained from the experimental
group and the control group. The studies that have been carried out suggest that conceptual teaching should be given
importance in order to remove students' misconceptions (Naylor & Keogh, 1999). That is why conceptual teaching was
given importance in both groups during the study. According to the data obtained at the end of the teaching, there is a
decrease in the misconceptions "The force which starts the motion continues to affect throughout the motion" and
"Action and reaction forces cancel each other out" in the post-tests, in comparison with the pre-tests, in both the
experimental group and the control group. In the experimental group, there is an increase in the misconceptions
"Constant velocity requires a constant force" and "The heavier object exerts a greater force" in the post-tests, in
comparison with the pre-tests. In the control group, there is an increase in the misconceptions "If there is no force, there
is no motion" and "Velocity is directly proportional to the exerted force" in the post-tests, in comparison with the
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pre-tests. However, there is no change in the misconception "The object which has higher velocity exerts a greater
force" in the post-test, in comparison with the pre-tests. Not many studies have been reported on the effects of group
work methods, which have various applications, on removing misconceptions. Different results have been obtained
from the studies that have been carried out. While Tarhan and Sesen (2012), Unlsoy (2006) found that group work had
a significant effect on removing misconceptions, Snyder and Sullivan (1995) found that it had no significant effect.

According to the data obtained, it is apparent that the lowest rate in the post-tests for both groups belongs to the
misconception "Action and reaction forces cancel each other out". However, the high rate of the misconceptions "The
heavier object exerts a greater force" and "The object which has higher velocity exerts a greater force" for interacting
objects, which are connected to the aforementioned misconception, in both groups indicates that this misconception is,
in fact, not removed and it shows up through different questions. According to Stinner (1994), the misconceptions that
students have about Newton's laws occur because students explain events in their daily lives intuitively.The
interpretations that students make based on their limited observations are in parallel with the history of science and
mostly in conflict with Newton's laws. The same situation was observed during the teaching. For example, it was seen
that the students had difficulty in explaining the relation between the fact that the action and reaction forces are equal
during a collision for two cars that crash and the fact that the smaller car suffers greater damage. A similar situation was
also observed in collisions between fast and slower objects. Another observation was that the students considered
"force" directly connected with motion because "force" is an abstract concept which can be perceived through the effect
it exerts.

According to Table 3, there is no difference between the experimental group and the control group students' pre-test
scores. According to Table 4 and Table 5, a significant difference in favor of the pre-tests is observed between the
experimental group and the control group students' post-tests and pre-tests. In parallel with these results, it can be stated
that the teaching was effective, for both groups, in removing the misconceptions the students had at the beginning.
When the post-test results of the experimental group and the control group students were compared, it was found that
there was not a significant difference according to Table 6 (p>.05). When the average scores of the groups are examined,
it is observed that the experimental group students have a lower average of having misconceptions. In other words, the
group work method, in comparison with the traditional method, brought about a reduction in misconceptions although
this reduction is not significant. While the teaching was being performed in the experimental group, conceptual teaching
was tried to be carried out through giving the groups activities including conceptual cartoons, worksheets, case studies,
doing experiments, asking open ended questions, and preparing/presenting performance homework. As regards the
control group, these activities were converted into questions, and solved in the class with the teacher and in the way that
the students were given the opportunity to study individually without group work. It is thought that some of the
decrease in the misconceptions in the control group is due to the fact that the questions containing misconceptions about
Newton's laws were answered by the teacher clearly and briefly, and the students accepted these explanations without
much questioning. In addition, the questions given on the basis of conceptual teaching may have reduced students'
misconceptions. As regards the experimental group, the same misconceptions were studied with different activities, and
by enabling students to have discussions with their peer in the same group. According to Lucas (2009), although group
work ensures that passive students participate in the lesson, it is disadvantageous while solving detailed questions due to
time limitations. So, it is possible that the students in the experimental group did not have the chance to discuss and
analyze adequately because they had to finish the activities within a certain amount of time. After the time given for the
activities finished, the answers were taken from the groups, and if the majority's answer was correct, the students were
allowed to solve the activity. If the answer from more than half of the class was incorrect, necessary explanations were
made by the teacher. During the teaching in the experimental group, the successful students were observed to be more
active while the groups were doing the activities. It is possible that if the successful student had a misconception about
the concept, he/she may have explained the case accordingly. If the other student in the group found that explanation
plausible or both students had the same misconception and they explained the case with it and they were convinced, this
may have caused the misconception to become permanent. Even though the answers to the activities were given later,
the explanations students made to each other in their groups may have remained better in students' minds and they may
have held onto their ideas because misconceptions are quite resistant to changes (Giines, 2005).

According to the results obtained from the study, in order to reduce students' misconceptions, it is necessary to give
students the opportunity to make analyses in the activities in more detail while teaching is performed within groups of two.
Especially, after activities related to misconceptions are done, it may be useful to present not only the correct answer but
also ideas with misconceptions in the form of class discussion. It is recommended to teachers who want to apply this
method that they give weight and priority to conceptual teaching while preparing activities, and then they pass to examples
which contain numerical operations. It is also recommended that researchers take into account different circumstances
while setting up groups during the application of group work method and study their effects on misconceptions.
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