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Abstract The main aim of the present study is to
determine the influence of a Jigsaw method based on
cooperative learning and a confirmatory laboratory method
on prospective science teachers’ achievements of physics in
science teaching laboratory practice courses. The sample of
this study consisted of 33 female and 15 male third-grade
prospective science teachers (6th term) who attended science
teaching laboratory practices course in the 2014-2015
academic year. In the research, science teaching laboratory
practices course was carried out in accordance with a Jigsaw
method based on cooperative learning in an experimental
group and a confirmatory laboratory method in a control
group. Following the treatment, Science Laboratory Physic
Achievement Test (SLPAT) was administered as the
post-test. The data obtained with the instruments were
evaluated using descriptive statistics, independent samples
t-test, and ANCOVA. The results indicated that the student
teachers had higher levels of achievement in physics topics
which were taught through the Jigsaw method based on
cooperative learning than through a confirmatory laboratory
method. In addition, according to the SLPAT results,
students’ high levels of misunderstanding revealed that there
were problems in the teaching process of physics concepts. It
was determined that the student teachers in the research
groups had conceptual misunderstandings about sound,
electricity, magnetism, light and optics issues. Based on the
applications performed in this study, the original Jigsaw was
adapted to science laboratory applications as an alternative to
the existing Jigsaw techniques in the literature. With similar
efforts, the experiences of prospective science teachers can
be enhanced for implementing modern teaching methods in
their respective areas in the pre-service period. Thus, the
provision of professional development of the pre-service
science teachers can be supported.

Keywords Science Laboratory, Cooperative Learning,
Jigsaw Method, Physics Topics

1. Introduction

Science, particularly the knowledge of physics topics, is
an important part of the development of science and
technology. Applications of physics have an important place
in our daily lives and these applications provide economical
and industrial developments in many countries of the world.
Improvements in science and technology depend on
scientific knowledge, skills and attitudes to be adopted as a
way of life. Despite the importance of general science, in
particular physics, the related literature shows that the
students at all the grades from elementary school to tertiary
level have difficulty in learning science and physics, develop
negative attitudes towards science and it affects adversely
their career choices related to science [1, 2].

Studies conducted in science education have shown that
students have difficulty in learning physics topics such as
light, sound, optics, electricity, and magnetism, and there are
many conceptual misunderstandings on these issues. Optics
and light are the topics that students encounter very often in
their daily lives. However, the related research has shown
that he students at all levels from elementary school to
university level have many problems in optics and light
topics such as image formation, reflection, refraction,
concave and convex lenses and the conceptual understanding
level of students is also low. Besides, it was expressed that
the role of the observer is ignored during the observation of
image formation in the textbooks; students have
misconceptions about the correlation between the position of
the observer and image, the location of the image on a plane
mirror, the correlation between the image and object, and the
characteristics of the image [3-10]. Another important issue
of physics is electricity and magnetism. Research has shown
that students have a lot more difficulty in magnetism despite
they encounter with the examples of magnetism issues more
than those of the electricity in daily life. It is stated that using
complex mathematical operations for determination of
magnetic quantities and teaching subjects notionally through
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verbal symbols make it difficult for students to learn these
issues. Furthermore, it is found out in the related studies that
students have misconceptions about the issues of the changes
of brightness of the lamps with the change of resistance,
current, series and the parallel connection of resistance,
ohm's law and circuit theory [11-16].

This and other similar learning difficulties revealed in the
previous studies may occur based on various factors such as
learning environments, teacher qualifications, textbooks and
like. Science education researchers suggest designing new
learning materials and an active learning environment in
order to overcome these learning difficulties. Yet, the
research shows that traditional science teaching practices are
not effective in developing students’ high level cognitive
skills. The construction of knowledge and effective learning
require a student-centered learning environment so that
students can actively participate in the experiential learning
activities [5, 14, 17]. Across the world, science teaching
research continually focuses on learning conditions, teaching
methods and techniques which will provide us with the best
learning outcomes in science education. Researchers have a
consensus on that traditional teaching methods, which make
the teacher active and the students passive in the process of
teaching, fail to enable students with the desired achievement
levels [18]. The research conducted especially in the field of
physics teaching has shown that it is quite difficult to learn
physics with traditional education methods. Therefore, it was
stated there is a need to employ methods which make the
students participate actively in the process by investigating,
questioning and learning by doing [2, 19-21].

The laboratory method is considered one of the leading
teaching methods to realize effective and meaningful
learning in science education which is the basis of scientific
and technological developments. The laboratory method,
which is based on the students’ active participation in the
process of the analysis of the actual events and data
collection, provides opportunities for students to understand
the core and method of science, to develop problem-solving
abilities, to investigate and make generalizations, to gain
scientific knowledge and to develop positive attitudes
[22-24]. An important part of science education is to test the
theories and hypotheses in laboratory practices. Teacher
training programs involve theoretical physics, chemistry and
biology courses, laboratory courses including experimental
applications of the topics in these lessons and methodology

courses including teaching of science topics in the laboratory.

In these courses, while the prospective teachers are aimed to
learn the theoretical and application aspects of science
subjects, they are also taught how to teach these subjects.
Although laboratories are an important part of science
education, research has revealed that all lab activities do not
provide significant contributions for teaching-learning
process. The main reason for this is regarded the use of
traditional confirmatory activities in laboratories. Since the
students attending traditional confirmatory laboratory
activities carry out an experiment by following the
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instructions given to them step by step, they do not fully
understand the test process. Consequently, traditional
laboratories usually become ineffective in teaching science
concepts. For this reason, the necessity of implementing new
approaches in laboratory practices as well as in theoretical
courses has been the focus of attention for researchers [1, 2,
19, 21, 25-29].

Adeoye [19] stated that cooperative learning is one of the
most appropriate methods for physics teaching. It is
emphasized that the methodology courses in teacher training
programs are needed to be organized in a way that will allow
the integration of cooperative learning into teaching. It is
indicated that in order to achieve the objectives of physics
education, the methods including problem detection,
problem solving, decision making, experiential learning and
discovery learning should be centered in physics teaching
strategies. In the studies of Tanel and Erol [20], a jigsaw
technique was used during theoretical and laboratory
teaching of magnetism. While a traditional narration method
was used for teaching theoretical subjects in the control
group and deductive method was employed for laboratory
practices in the experimental group. The results of the study
show that cooperative learning in teaching magnetism is
more effective than traditional methods in terms of
increasing academic achievements and ensuring the retention
of knowledge at tertiary level. At this point, it will be
important to determine which laboratory approach will be
effective on developing student behaviors in cognitive,
affective and psychomotor domains. The current study
investigates the use of cooperative learning, one of the active
learning methods in science teaching, in laboratory practices.

Cooperative learning is a teaching model that helps
students to learn from each other in small heterogeneous
groups in terms of various variables. Cooperative learning
model has application practices in different cultures,
different geographies and at all educational levels from
elementary school to university and in many areas [30-33].
In general, cooperative learning is considered to have
positive effects on the academic achievement of learners, the
development of social skills, the personality traits and
psychological variables. In addition, it is stated that there are
important contributions of cooperative learning to the
development of personal and professional skills. Research
has mostly focused on which applications of cooperative
learning are effective on variables and to what extent, and in
which circumstances these effects are valid. Thus, different
in-class applications of cooperative learning have emerged.
Today there are different cooperative learning methods and
techniques which are applied at various levels of education
all over the world and in different subject areas. The studies
still seek for the ways to enhance the effects of these methods
and to develop more effective in-class practices [31, 34-36].
Jigsaw, one of the techniques which is used in the
implementation of cooperative learning, brings the
cooperation to the forefront by providing support to students’
working together and removing competition in the classroom.



422

The Effects of Using Jigsaw Method Based on Cooperative Learning

Model in the Undergraduate Science Laboratory Practices

The technique of jigsaw based on cooperative learning is also
seen as an alternative to traditional teaching methods in
terms of this aspect [32].

The technique of jigsaw based on cooperative learning is a
kind of technique which has applications in different areas of
science, language teaching, foreign language teaching, social
sciences and medical science and has emerging examples of
different in-class practices based on the developments in the
course of time. The properties of the domain and the subject
area have undergone various modifications in terms of the
duration of the group work (a unit or a single topic), teaching
materials used, activities, assessment processes, the
organization of the groups, the approaches of creating
dependency, giving responsibility, providing motivation
approaches, and reward structures. This variability has
revealed different types of the original Jigsaw. In the
literature, there are six different jigsaw techniques along with
the original Jigsaw, Jigsaw II-III-IV, reverse Jigsaw and
subject Jigsaw [37-43]. Some of the reasons for Jigsaw
technique to be prominent for educators are searching for
many answers in one question for the group work conducted
through this technique, equal opportunities in learning and
allowing communication between students with different
learning histories. However, in other techniques, it is stated
that only one correct answer is usually searched for one
question, that is, a group is in a struggle to arrive at a single
correct answer [38, 41, 43, 44].

Individuals need to cooperate with others in order to
accomplish the learning tasks which are based on no
predetermined answers and solutions. In this way,
cooperative learning becomes meaningful (logical) for
individuals. Students show different learning efforts and
social behaviors while searching for possible solutions to the
questions, and collecting information. In this process,
students change their ideas on the topic, expand their
understanding of the subject matter and discuss how to
combine the data they compiled and their plans to perform a
task. It is recommended that working with a Jigsaw
technique is one of the best ways to actualize this learning
and social behaviors [45]. Each team member is responsible
for a part of the subject in the Jigsaw method based on
cooperative learning applications, and this is the main
difference between the jigsaw and other cooperative learning
methods. Thus, everyone has to take part in the activities
within the group. As a result of this active participation, each
group member is enabled to learn the concepts in focus [31,
37, 41, 46].

The studies revealed that teaching science topics,
especially physics, needs to be implemented in learning
circumstances in which students can reflect their ideas and
discuss their learning with their friends and teachers instead
of well-planned lecturing methods [1, 20, 47, 48]. Since
cooperative learning is not widely used to facilitate
interaction and students’ learning in an educational
environment by teachers, teacher education plays an
important role at this point. A teacher who has no experience

with cooperative learning is not expected to apply this
method in his/her class. Research emphasizes that in order to
support teachers to implement cooperative learning in their
classes, teachers in-service need to be provided with training
for their continuing professional development, and learning
environments need to be created for prospective teachers to
develop their cooperative learning experiences [19, 48, 49].
In this regard, it is considered important for teaching physics
to use Jigsaw technique based on cooperative learning which
makes students help each other’s learning in small mixed
groups and provides learning opportunities for searching,
discussing and investigating. In addition, Jigsaw technique
can easily be used for both teaching theoretical subjects and
carrying out laboratory experiments in terms of its structure
in the implementation process. However, this study is
regarded important in terms of providing cooperative
learning experiences for the participating tertiary level
students attending a science teaching program.

1.1. Research Goal and Questions

The main objective of this research is to determine the
influence of a Jigsaw based on cooperative learning method
and a confirmatory laboratory method on prospective science
teachers’ achievements of physics in science teaching
laboratory practice lesson. The following sub-problems of
the current research seek for answers.

1. Does teaching physics in science teaching laboratory
practice course with a Jigsaw method based on cooperative
learning and a confirmatory laboratory method make
differences between the achievements of groups?

2. What are the misconceptions of the student groups
getting training with a Jigsaw method based on cooperative
learning and a confirmatory laboratory method regarding
physics in science teaching laboratory practice course?

2. Methods

The present research was carried out by using a
quasi-experimental post-test-only control group design. In
the research, science teaching laboratory practice course
was conducted in accordance with a Jigsaw method based
on cooperative learning in the experimental group and the
confirmatory laboratory method in control group. Following
the treatment, Science Laboratory Physic Achievement Test
(SLPAT) was administered as a post-test.

2.1. Sample

The sampling of this study consisted of 33 female and 15
male third-grade prospective science teachers (6th term)
who attended science teaching laboratory practice course in
the 2014-2015 academic year. The mean for ages of the
participating students was computed as 21.38. The group
having practices through Jigsaw method was named as
Cooperative Learning Group (JCLG) (n=23), and the other
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group using the confirmatory method was called as the
control group (CG). The participating student teachers
attended the courses of basic and advanced physics,
chemistry, and biology in the first five semesters, and most
of them have completed these courses successfully. The
student teachers were evaluated according to their prior
knowledge levels and the Grade Point Average (GPA). The
data related to overall GPA were obtained from the lists of
every class which were taken from the student
administration office. GPA is calculated by the following
process: beginning from the first semester a student started
the program and including the semester which has been just
completed, the credit hour of each lesson enrolled is
multiplied with a predetermined coefficient unit (0,00-4,00)
of these lesson’s grade. Then, all these are summed up and
the summary is divided into total credit hours, and finally
divided and rounded upward to 2 decimal places.

2.2. Instruments

In order to determine the prospective science teachers’
understanding of physics topics in a science teaching
laboratory practice course, the Science Laboratory Physics
Achievement Test (SLPAT) was prepared by the researcher.
The SLPAT included basic topics of sound, light, heat and
temperature, electricity and magnetism in the scope of the
laboratory practices. Theoretical and practical aspects of the
lesson were taken into consideration while preparing the
questions relevant to these issues. The specified sub-topics
have been chosen taking into account the experiments
carried out. SLPAT was formed in ten (10) open-ended
questions in order to determine students’ understanding
regarding sound characteristics, image formation and image
characteristics in mirrors and lenses, simple electric circuits,
circuit elements and their tasks in electric circuit, the impact
of the heat on materials, magnetic fields, magnetic objects,
magnetization and magnetization features. Learning
objectives of the questions in the SLPAT are as follows: (1)
to determine the relation between the length of a metal strip
used as the sound source and the intensity of the sound that
occurs, (2) to design the experimental setup that shows the
relation between the voice amplitude and its intensity, (3) to
explain the reasons of the ways of connecting ampermeter
and voltmeter to a simple electric circuit, (4) to explain the
reasons of series and parallel connections of identical
batteries used as the generator in an electric circuit, (5) to
compare the brightness (intensity of light) of the identical
lamps connected in series and parallel in an electric circuit,
(6) to write the properties of an object’s image on a plane
mirror and to explain the reasons of an image being virtual,
(7) to draw the actual image of an object in the concave
mirror and the convex lens (two questions), (8) to write the
types of magnetization, and to determine the poles of the
temporary magnet that are formed through friction and
magnetization, and (9) to write and define the expansion
types and expansion coefficient. Moreover, two experts in
the field of physics teaching and science teaching were
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consulted in order to ensure the construct validity of the
SLPAT. The experts were given a form that included the
questions and the learning objective intended to be
measured by each question, and they were asked to evaluate
whether the questions in the test measure the intended
meaning. Based on the necessary analysis, it was concluded
that the experts achieved a consensus on the questions’
appropriateness for the intended learning objectives. The
questions in SLPAT involved the tasks of writing properties
in steps, making statements, designing the experimental
setup and drawing. Questions for all the basic issues were
included, but more questions were involved on some issues
considering the sub-topics in SLPAT. Thus, the content
validity of SLPAT was tried to be ensured. The prepared
questions were evaluated by two experts on the field of
physics education and science education and two science
teachers, and the test was finalized. The answers of student
teachers in the research groups for the SLPAT were scored
according to the prepared analytical answer key. By making
independently partial scoring for all questions, the score is
given for each question among 0-10. Cronbach Alpha
reliability coefficient was calculated for SLPAT as 0.66.
The maximum score students can take from SLPAT is 100
points. In addition, misunderstandings that were detected in
the answers given to the questions in the SLPAT by student
teachers were identified, and frequency values of these
misunderstandings were calculated. Thus, it was aimed to
evaluate both conceptual understandings and the success of
the research groups.

2.3. Procedure

This research was carried out in accordance with a
quasi-experimental post-test-only control group design. In
this section, experimental applications carried out during
the treatment are presented. The Science Teaching
Laboratory Practice (STLP) course was conducted through
a Jigsaw method based on cooperative learning in the
Jigsaw Cooperative Learning Group (JCLG) and a
confirmatory laboratory method in the control group (CG).
In the treatment process, the same experiments performed in
both research groups were selected from the same source
books. In addition, the topics discussed in the theoretical
lessons were the same for both groups. In both groups,
along with two assistants, the researcher participated in the
laboratory practice. Theoretical lessons were conducted by
the researcher.

2.3.1. Teaching through Jigsaw Method Based on
Cooperative Learning

The students in the JCLG were divided into five
heterogeneous “Jigsaw Groups™ consisting of five members
since physics topics in the STLP course is divided into five
subtopics. Jigsaw Groups were encoded with a "JG" icon
and letters according to the alphabet and shown in figure 1.
While composing the groups, students in JCLG were ranked
according to their GPA. It was considered that each group
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was heterogeneous in itself and homogeneous among
themselves in terms of achievement. The groups were given
forms including the personal information of the group
members, member codes and a color to represent the group.
In addition, these forms included the contents of the topics
that would be taught during the course and numbers of the
experiments in the textbooks which would be conducted in
the course. Students in the JGs were given information
about their duties and responsibilities in the lesson, the

activities they would carry out and the implementation of
the Jigsaw technique. Then, the JGs were asked to bring
information about the topics in the course content until the
next lesson. In the next lesson, they came together in their
JGs, and each member of the group was assigned a subtopic
of the course content to learn it as an ‘expert’. The JGs then
broke apart, and the student teachers assigned the same
topics moved into the Expert Groups consisting of members
from each JG.

STLFII
Main Toples
1. Sound

2. Electricity

oA a 3 A
@2 2@ @ =2 @2
€. I N 4 * 2 e
o < S & &°4&
JGA JGC JGD JGE
(Jigsaw Groups)
2 ? 2
- a\a 2 %s o4, :@/a 7y ® 9 5
“*/A‘q(;‘-.l‘" “ A,B, (:,‘-“"l & A, B, c,-l“ & ,ug( “ AB, C ,f"‘
. DE | f D E, /_.- c‘- I E, /- D t‘ L,/'
Sivg givg ity gitg gitg
EXP-G1 m EXP-G3 EXP-G5
e s \ ‘
(Expert Groups)

Figure 1.

The work order formed for jigsaw method
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Expert Groups were composed by gathering the student
teachers taking the same subtopics together. Five Expert
Groups consisting of 5 members were formed. The expert
groups represented by the symbol "EXPG" and a code
number were shown in figure 1. The EXPGs were given the
tasks of searching for their subtopics in a detailed way,
learning the subtopic and teaching their area of expertise to
other friends when they returned to their JGs which were
composed at the beginning of the course. The EXPGs
conducted their research and learning activities in and out of
the class. Four class hours were allocated for these activities,
and other studies were performed outside the class. The
work of the EXPG was followed by the teacher during the
lessons, they were given support when necessary, and they
were guided. In this way, students were enabled to be
experts of their subtopics. After the theoretical part of the
EXPG work was completed, each EXPG carried out the
experiments in the textbooks which were selected for the
lessons related to their topics of expertise. Experiments
were completed within a period of two hours. All the
EXPGs prepared their own reports including both
theoretical information related to the issues of expertise and
the implementation processes of the experiments which
were carried out, and each member of the group took a
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sample of this report. After completing the studies in the
EXPG, each student returned to their own JG. Thus, it was
ensured that each group member got specialized in both the
theoretical and implementation aspects.

Each member of the JGs taught the subtopics in their
areas of expertise to other group members through activities
carried out in an out of the class. Furthermore, they shared
the application process of their experiments which were
carried out in the EXPGs with the group members. Thus,
group members learnt theoretical information about the
topics in the scope of the course and got ready for the
experiments which were carried out by making similar
studies in all JG. Later, JGs performed the experiments
related to the five main topics of the course in turns in
two-hour periods. JGs prepared their reports of the
experiments in all the subtopics using data from the
experiments and observations findings. The
implementations, which were performed by Jigsaw method
based on cooperative learning, were completed in 5 weeks
(20 lessons). In all the lessons of the course, it was allocated
a two-hour period on the work in the first JGs, a 4-hour
period on the EXPGs, a 4-hour period on the work in the
second JGs and a 10-hour period on the experimental
applications.

Table 1. Breakdown of the expert group for STLP course content
Expert d . .
X?\Zair?fl?olgzsan Sub-Topics Experiments
Sound formation from vibrated ruler
EXP-Gl Formation of Sound Obtain various sounds from the test tubes
Characteristics of Sound The intensity of the sound (in the tuning fork)
Sound
Spread of Sound Resonance
Xylophone
Basic Concepts about Light
Light Sources Transparent and non-transparent materials
Spread of Light How does the Shadow occur?
EXP-G2 Transparent and Non-transparent How does the image occur?
Light Materials Image formation in plane mirrors
Seeing Event Image formation of pits and convex mirror
Reflection of Light Image formation of concave and convex lens
Refraction of Light
Basic concepts Do different solids transmit the heat at the same speed?
Heat conduction Examination of heated water movement
EXP-G3 . S
Heat State Changing The heated air rises
Heat Spreading Why does not the heated coin pass through between metal nails?
Expansion Examination of volume expansion
. The ammeter connecting to the circuit and measuring the current
Basic Concepts . . . .
. RS The voltmeter connecting to the circuit and measuring the potential
Simple Electric Circuit difference
EXP-G4 Serial, Parallel and Mixed Circuits L S . . . .
. . .. . Investigation of light intensity by connecting lamps in series and parallel
Electricity Electrical Conductivity of Different .
. What does the resistance of a conductor depend on?
Materials Serial and parallel connection of batteries
Factors Affecting th tivi . . .. .
actors Affecting the Conductivity Comparison of the electrical conductivity of the fluid
Magnetic Field and Magnetism Occurring Magne;ll(; \tz]e(li((i) :Sr(élér(lid tchli:nvevilrte Otilcrl(;;l?gh passing current
EXP-G5 Magnetic Field of Wire Through Passing Y ’
. Electromagnets
Magnetism Current . .
Magnetism Property and Maenetic Poles Examination of the magnetic field of a magnet
£n perty n Magnetization by influence and friction
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2.3.2. Teaching through Confirmatory Laboratory Method

In the CG where confirmatory laboratory method was
applied, STLP course was conducted in two stages. In the
first stage, the presentation of theoretical course content was
performed while in the second stage, or the application
stage, the experiments were conducted. In the first phase of
the lesson, the topics were presented by the teacher using
the lecturing method according to the pre-prepared lecture
notes. During the presentation, examples were given,
students were asked to give examples, questions were asked
and answers were taken from students. In the teaching
process, formulas related to the subject, the digital process
and drawings were transferred to the student teachers on the
blackboard. The students asked questions to the teacher
regarding the subjects and concepts which they did not
understand or they were curious in the teaching process, and
the teacher informed the students by answering the
questions, going over the topics, and through different
viewpoints. The lecturing was completed in a ten-hour
period. After completing the lecturing, page numbers of the
experiments in the practice textbook were given to students,
and the teacher asked them to get prepared for the
experiments which would be carried out every week. The
tools that were used in the experiments related to five key
issues (see Table 1) including course content were placed
on five separate experiment tables. In order to carry out the
experiments, five groups were composed in the control
group (N = 23), in which two of them consisted of 4
members and three of them involved 5 members. Group
members worked together until all the experiments were
completed. All the groups completed the experiments on
each table in a two-hour period. Each group carried out an
experiment on a different table at the same time. In the next
lesson, experiment tables were changed in accordance with
a sequence of the subject, and all the experiments on five
tables were carried out. After completing the experiments,
groups prepared individual reports related to this
experiment until the next lesson. Received reports were
compiled in the student files for evaluation.

2.4. Analysis of the Data

Descriptive statistics belonging to the grade point average
(GPA) of the student teachers in research groups which
were obtained from the student affairs were calculated, and
independent groups were analyzed via t-test. In addition,
descriptive statistics were also calculated for the scores
students received from the Science Laboratory Physics
Achievement Test (SLPAT), and analysis of covariance
(ANCOVA) was performed for the SLPAT points based on
GPA as a covariate. Furthermore, frequency values of

common wrong answers of the students to questions in
SLPAT were calculated.

3. Results

The findings of the data gathered through the data
collection tool used in the study are presented in two
categories. The prospective science teachers’ achievement
levels of physics topics in the science teaching laboratory
practice course were evaluated according to the scores
obtained from the SLPAT. For the SLPAT, the students’
written responses were analyzed, and their conceptual
misunderstandings of physics topics were determined.

3.1. Findings Regarding the Achievements of the
Students in Research Groups on the Physics Topics

Descriptive statistics regarding the GPA and SLPAT
scores of the students in the research groups were calculated,
and shown in Table 2.

Table 2. Descriptive statistics regarding the GPA and SLPAT scores

Variable Group N Mean Deviii(ilc;n
GPA JCLG 25 2.13 577
CG 23 1.83 544

SLPAT JCLG 25 61.08 13.613
CG 23 51.87 9.577

According to Table 2, it is clear that the student teachers
in the JCLG have higher SLPAT average scores and GPA
than those of the CG. Independent samples t-test was
performed to determine whether there is a difference among
GPA statistics of the research groups. Analysis results
showed no statistically significant difference between the
GPA of JCLG and CG (t=1.861; p=0.069). In this study,
GPA was taken as an indicator of the students' prior
knowledge levels. The correlation between the GPA and
SLPAT scores of students who participated in the research
was examined considering the effect on subsequent learning.
The results of the Pearson correlation analysis showed a
high level significant positive correlation between the
SLPAT scores and the GPA of the students (r=0.774;
p<0.01; N=48).

To investigate the effects of the jigsaw method based on
cooperative learning and the confirmatory laboratory
method on students’ achievements in terms of physics
topics, analysis of covariance (ANCOVA) for the SLPAT
scores was conducted by taking the GPA scores as the
covariates, and the analysis results are shown in Table 3.
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Table 3. ANCOVA results for the SLPAT scores

Source Type 111 Sum of Squares df Mean Square F P ng]ttisrf;a
Corrected Model 1027.434° 2 513.717 3.582 .036 137
Intercept 10300.436 1 10300.436 71.822 .000 615
EcAT pretest 11.216 1 11.216 .078 781 .002
Groups 891.325 1 891.325 6.215 .016 121
Error 6453.733 45 143.416
Total 161614.500 48
Corrected Total 7481.167 47
a. R Squared =.137 (Adjusted R Squared = .099)
Table 4. Conceptual misunderstandings of the students in the research groups about sound topic
Statements of the students CG () JCLG (f)
If stress increases, amount of the wavelength increases, so intensity of the sound increases as well.
Since the number of vibrations is a lot, violence of the sound is a lot as well.
If stress increases the amount, frequency increases and intensity of the sound increases accordingly.
When the amount of stress increases, sound thickens. 10 9
‘When the amount of stress increases, molecules move more freely up and vibrates more severely.
If stress increases, frequency increases and sound gets shrill; however, the sound intensity decreases.
When stress increases, the wavelength of sound increases and intensity of the sound decreases
accordingly.
Table 5. Wrong answers for the reasons of connecting a voltmeter to circuit in parallel
Statements made by students CG () JCLG (f)
If it was connected in parallel, total potential would be wrong because it measures the potential of a
single source.
If it was connected in a series, it would cause a short circuit. 9 7
It is connected in parallel because of the shape of the circuit mechanism.
It is connected in parallel for measuring the potential of all circuits.

The results of the analysis in Table 3 showed a
significant difference among the SLPAT corrected average
scores of the students in JCLG and CG (F(1,45)=6.215;
p=0.016; p<0.05). When SLPAT adjusted average scores of
the research group were examined, it is seen that the
detected differences were in the favor of the experimental
group (XJCLG = 60.953; XCG= 52.008). That is to say,
teaching physics topics in "The Science Teaching
Laboratory Practice" course via the Jigsaw method based on
cooperative learning has revealed a higher level of
achievement than teaching through the confirmatory
laboratory method.

3.2. Findings Related to the Students’ Conceptual
Misunderstandings of Physics Topics

Table 4 presents the expressions of conceptual
misunderstandings of the student teachers gathered through
the question of how the intensity of a sound changes when
increasing the distance of a metal strip, which is stuck to a
fixed support, from a surface without changing its length.

When the statements are examined in Table 4, it was

found that students who participated in the research
(CG %43, JCLG %36) had misunderstandings about the
sound subject in the way that there is a positive or negative
correlation between the intensity of sound and wavelength,
and when amplitude increases, frequency increases and the
intensity of sound increases accordingly. It was also seen
that the students had conceptual misunderstandings in the
way that sound intensity and loudness are (high-pitched,
low-pitched sound) the same property, and when the
amplitude increases, the molecules compose a more severe
tone by moving more freely.

In another question, the student teachers were asked to
explain the reasons of the connection of an ammeter and a
voltmeter to a circuit. It was seen that students mostly had
difficulty in explaining the reasons for connecting a
voltmeter to a circuit in parallel. Frequently encountered
answers of the students in research groups related to the
reason of connecting a voltmeter to a circuit in parallel are
given in Table 5.

When the responses in Table 5 were examined, it was
understood that students had misunderstandings in the way
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that a voltmeter is connected to a circuit in parallel for
measuring the total potential of a circuit, and if a voltmeter
is connected to a circuit in series, it would cause a short
circuit. Students also stated that a voltmeter should connect
to a circuit in parallel in order to complete only a simple

electric circuit as formally.

The wrong answers mostly given by the students in the
research groups related to the reasons of connecting the
identical batteries used in a circuit as the generator to a
circuit in parallel and series are given in Table 6.

Table 6. The wrong answers of the reasons related to connecting batteries to a circuit in parallel and series

Way of Connection Statements made by students

CG (H

JCLG (f)

When batteries are connected in a series, the current passing in all ways will be the
same.

Batteries are connected in parallel using the energy of only one.

The reasons of connecting

the batteries in series Batteries are connected in a series in order that a current can pass in one branch.

Because connecting to a circuit in series is a suitable connecting series.

When it is connected series, the total stress is equal to the stress of one battery.

11

10

When batteries are connecting in parallel, the currents passing in all branches are
different. The current is divided into branches.

In order to use the energy of only one battery, the batteries are connected parallel.

Providing the current in a circuit divided into branches the batteries are connected
parallel.

The reasons of connecting
the batteries in parallel Because connecting to a circuit in parallel is a suitable connecting parallel.

When we connect in parallel we can pass the power wherever we want.

In order to get a high voltage, the batteries are connected parallel. Because total
stresses of the batteries show the total stresses of the circuit.

In order to give more current to the circuit, the batteries are connected parallel.

12

Table 7. The misconceptions concerning how brightness of the lamps will change according to connection way of identical lamps

Statements made by students

CG (D

JCLG ()

As current passes through one way (same current will pass) with a connection in a series, the light intensity of the
lamps are the same. It would be different in the parallel connection, it varies.

If series connected lamps are connected in parallel, the potential difference between the ends of each lamp reduces in
the ratio of 1/3.

The light intensity of the lamps connected in parallel is less than a series, but they are equal to each other. But the
brightness of the series connected lamps is more.

If the lamps connected in series are connected in parallel, light intensity of the lamp reduces because flow is divided
in three branches.

If the lamps connected in a series are connected in parallel, the equivalent resistance decreases, the current increases,
but light intensity of lamps decreases as the current is divided into branches.

If the lamps connected in a series are connected in parallel, the brightness does not change.

As Current is divided into branches through the parallel circuit, the same current flows through each lamp and their
brightness is the same. The light intensity of the lamps connected in a series is different. Because the current is
gradually reduced.

12

10

Table 8. The wrong answers about the causes of the image to be virtual in plane mirror

Statements made by students

CG (H

JCLG (f)

The image is virtual because it is a reflection of the body.

The image is virtual because after they are reflected in the mirror, incoming light rays create a virtual image by
intersecting in front of the mirror.

The image is virtual because the light rays cut each other.

The image is virtual because it does not fall on any curtain-screen.

The image is virtual because the image is behind the mirror.

The image is virtual because the angles of incoming light rays are equal with their angles of the reflections.

The image is virtual because the image is the same with the body.

The image is virtual because an exactly clear image doesn’t occur.

The image is virtual because light rays coming on a plane mirror reflect with the same angle.

Image of a plane mirror is virtual because it is symmetrical with the object.

16
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The statements in Table 6 indicated that the student
teachers who participated in the research had
misunderstandings in the way that for utilizing power of all
batteries, they should be connected in series, and for
utilizing the power of only one battery, they should be
connected in parallel. In addition, it was found out that the
students had misconceptions in the way that when batteries
are connected to a circuit in series, current passes in one
branch, and while it is connected in parallel, the current
would be divided into branches. However, some student
teachers stated their opinions on this issue without
explaining any reasons. At the same time, contrary to the
fact scientifically accepted by al, students gave the answers
that batteries should be connected to a circuit in parallel for
obtaining a high voltage or providing a high current.

Table 7 presents the most common misconceptions of the
students in the research group for the question of how the
brightness of the lamps changes when identical lamps in a
series are converted into parallel without replacing the
generators.

Statements in Table 7 show that students had
misunderstandings in the way that when the identical lamps
connected in a series were converted to the parallel
connection, potential difference between the ends of each
lamp reduces in the ratio of the number of lamps, or the
current in a circuit is divided into branches as much as the
number of lamps, and the current in the circuit will not
change and so the brightness of the lamps will reduce. In
addition, it was seen that students had misunderstandings in
the way that if the identical lamps connected in a series are
converted to parallel connection, the brightness of the lamps
will not change. Besides, it was seen that students had
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correct information about if the identical lamps connected
in a series are converted to parallel connection, the
equivalent resistance will reduce. However, it was found out
that there were misunderstandings in the issue that the
current for each lamp will decrease by disregarding the fact
that the current in the circuit will increase and the potential
difference between the ends of each lamp is equal to the
potential difference of the generator, and thus the brightness
of the lamps will decrease.

In another question, the student teachers were asked to
write the properties of an object image formed in a plane
mirror and to explain the causes of the image to be virtual.
When the written answers to the question were examined, it
was seen that students gave the wrong answers about the
causes of the image to be virtual in a plane mirror.
Frequently encountered wrong answers of students in the
research group are presented in Table 8.

Given the data in Table 8, it was seen that contrary to
scientific facts, the student teachers answered the question
about the causes of the image to be virtual in a plane mirror
in the way that after the incoming light rays are reflected in
the plane mirror, they create a virtual image by intersecting
in front of the mirror. It was also seen that some of the
student teachers had correct information about the issues
that the image cannot fall on any screen because the image
of a plane mirror is virtual, the image is inside the mirror,
and the image and the object are simultaneously
symmetrical to each other. Yet, these situations are the
result of a virtual image. Student teachers who indicated
these explanations as the reasons for the image to be virtual
had conceptual misunderstandings. Students tried to explain
the virtual image with the features of the image.

Table 9. The wrong answers regarding the examination of the actual image on the concave mirror

Description of the drawings by students CG () JCLG (f)
The object is outside the center, the image is behind the mirror between F and 2F.
The location of the The object is in front of the mirror, (the position is undefined) the image is behind the mirror.
object and the image The object is in focus, the image is behind the mirror at infinity. 7 ’
The object is at the center, the image is behind the mirror at the center.
Screen Display The screen was not used to observe the image. 9 12
The location of the The observer is behind the objects and looking toward the object-mirror line. . "
observer The observer is looking on the side where the mirror is not located (behind the mirror).
Table 10. The wrong answers regarding the examination of the actual image on the convex lenses
Description of the drawings by students CG () JCLG (f)
The location of the The location was not specified, the image is in the lens.
object and the The object is in focus, the image is in the other side between the lens and focus. 7 8
image The location was not specified, the image is on the side where the object was located.
Screen Display The screen was not used to observe the image. 8 10
The location of the The observer is looking toward the lens on the side where the object was located.
observer The observer is looking toward the direction of lens-object on the other side where the 5 7
object was not located.
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In the two different questions of the data collection tool
used for the research, the students were asked to draw the
experimental setups which examined the real image of the
body in the concave mirror and convex lens without
showing the rays but covering the position of the observer.
The responses of the student teachers were elaborately
examined in terms of the representation of a concave mirror
and a convex lens, the location of the body and the image,
the usage of a screen for showing the real image and the
location of the observer. Frequently encountered
misunderstandings by the students are shown in Table 9 and
Table 10 by converting them to written statements.

According to Table 9, it can be seen that the student
teachers had conceptual misunderstandings in the way that
the real image of an object on the concave mirror occurs
behind the mirror. Furthermore, not using a curtain or
screen for examining the real image emerged as a
significant factor. However, in the experimental setups, the
representation of the observer who examined the real image
and located on the side of the mirror where the object did
not exist, indicated the misunderstandings of the students.

Given the data in Table 10, it can be seen that students
had conceptual misunderstandings in the way that the real
image of an object on the convex lens occurs in front of the
mirror, in other words, on the side where the object is
located. Furthermore, not using the curtain or screen for
examining the real image emerged as a significant factor.
However, in the experimental setup, the representation of
the observer who examined the real image and located on
the back of the lens where the object was not located,
indicated a significant misunderstanding of the student
teachers. At this point, they thought that the real image of
the convex lens was formed on the side where the object
was located.

In the question about the magnetization in the SLPAT,
the student teachers were asked to write the magnetization
types step by step and to figure out the pole of the
temporary magnet which is obtained by rubbing the magnet
constantly in an iron of the same direction as in Figure 2. In
their responses to this question, it was found that students
often had difficulty in understanding the temporary magnet
poles which were formed by frictional magnetization, and
drawing samples of this misunderstanding are presented in
Figure 2.

The descriptions of the student teachers in the Figure 2:
“They attract each other because of the different poles
(Figure 2a), Magnetism caused by touch (Figure 2b). As the
S pole touches the N pole, the other side is an S pole
(Figure 2c). It is a frictional magnetization. When a magnet
is rubbed to iron for 5-10 minutes, the iron gets the
characteristics of a magnet. Since the S pole of the magnet
is rubbed in the figure, the iron bar becomes the opposite
pole. It means the N pole (Figure 2d)”.

It was revealed that the student teachers who made
drawings similar to the sample drawings in the Figure 2
mostly have a misunderstanding in the way that the tip of

the iron bar which was firstly touched by a magnet will be
polarized in the opposite direction with the friction part of
the magnet (CG 74% and JCLG 56%). When the students in
the research groups identified the temporary magnet poles
composed by frictional magnetization, it was seen that they
showed poles composed by magnetism with frequent touch.
These answers showed that students had conceptual
misunderstandings about the processes occurring in
magnetization despite knowing the type of temporary
magnetization.
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Figure 2. The drawing samples regarding the wrong representation of
student teachers about the frictional magnetization

4. Discussion and Conclusion

This section of the study presents the results based upon
the research findings regarding the influence of a Jigsaw
method based on cooperative learning and a confirmatory
laboratory method on the prospective science teachers’
achievements of physics in a science teaching laboratory
practice course. Also, the misunderstandings of the student
teachers on the physics topics in science teaching laboratory
practice course were identified.

Although the grade point average (GPA) of the
participating student teachers until the sixth semester
differed slightly, the findings from the statistical analysis
indicated that they had similar characteristics in terms of
prior knowledge and overall readiness level. Students’ prior
knowledge is one of the most important variables that affect
their learning. In this regard, having the same prior
knowledge level is important in terms of revealing the
impacts of the independent variables on dependent variables
examined in the current study. For this purpose, following
the treatment process in the research groups, the effect of
the GPA, which is an indicator of prior knowledge, was
controlled in the analysis of the data obtained from the
SLPAT that was administered as the post-test.
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According to the findings from analysis, teaching physics
in accordance with a Jigsaw method based on cooperative
learning revealed a higher level of success than teaching
through a confirmatory laboratory method. A confirmatory
laboratory approach is known as a traditional method
widely used in the laboratory applications of science
courses. The results of the studies in the field of science
education have proved that Jigsaw method provides a
higher performance than traditional methods on students’
both the theoretical and experimental learning. The results
of this study are in line with the literature [20, 22, 24]. The
results of this study regarding the significant effects of
Jigsaw method based on cooperative learning on increasing
the students’ achievements in physics stem from enhancing
the cooperative learning efforts of each student by making
them responsible for teaching the material to the group
members. In addition, students’ gathering information in an
autonomously and self-adjusted way and making
explanations to each other contributed to the positive results
of the study. In this way, it could ensure a meaningful set of
information through the pieces of information by utilizing
what individuals learn from others [43, 46]. Berger and
Hanze [46] stated that oral language is mostly used in the
student-student interactions of cooperative learning groups,
and this issue affects the process of learning from each
other in a negative way. In our study, despite the use of
verbal communication in theoretical lessons, experiments
were carried out through experiential learning under the
guidance of an expert student in each experiment in
laboratory practices and in cooperative learning groups. The
related literature shows that effective learning occurs in a
student-centered learning environment in which students
actively participate in the activities conducted through
experiential learning [5, 14, 17]. However, a cooperative
learning method is not exactly effective in every respect and
circumstances for the desired achievements. The research in
science education has revealed that cooperative learning is
not sufficient to understand especially the topics at
microscopic level. In addition, the studies have indicated
that if the numbers of topics which are studied in
cooperative learning groups are too many, cooperative
learning groups will have the same effect as in the
traditional methods on learning outputs [38, 40, 46].

As a result of investigating the wrong answers given by
the student teachers to the questions, including writing,
explaining, drawing and designing the experimental setup, it
was determined that the student teachers had some

conceptual misunderstandings (see Table 4-10 and Figure 2).

It was found out that the student teachers in the research
groups had conceptual misunderstandings about sound
issues, regarding the sound features and the relationship of
these features with each other; concerning the electricity
issue, regarding a parallel connection of an electrical circuit
to the voltmeter and the causes of the series and the parallel
connection of identical batteries used as a generator in an
electrical circuit. Furthermore, it was determined that the

431

student teachers had conceptual misunderstandings about
the electricity issue on the issue how the brightness of the
lamps (the light intensity) will change in an electrical circuit
when identical lamps in a series are converted into parallel
without replacing the generators. It was seen that students
had conceptual misunderstandings in the way that in
converting the series connected identical lamps to parallel
connection, a lower current will pass through the lamp than
series connection as a result of dividing the current into
branches although the current in the electrical circuit
increases with the decrease of equivalent resistance as the
generators are not changed. In addition, it was also
ascertained that the student teachers in the research groups
had difficulty in determining temporary magnet poles
formed in frictional magnetization, and had conceptual
misunderstandings. The results of this research revealed that
the misunderstandings identified in electricity and
magnetism show similarities with those of studies in
physics education [11-16]. It was seen that the participating
student teachers had conceptual misunderstandings about
the causes of the image to be virtual in a plane mirror on the
basic light topic. The students tried to explain the fact of the
virtual image with reference to the characteristics of a
virtual image. However, it was identified that students had
misunderstandings in terms of showing the real image of the
object on a concave mirror and a convex lens, and the
position of the observer and using a screen in order to show
the real image. It was found out that the students had similar
misunderstandings with those revealed in the previous
research on light and optics [3-10].

The related literature emphasizes that traditional
confirmatory approach was mostly used for the laboratory
applications of science courses. Students work in groups in
the applications of the confirmatory laboratory method as it
is in the Jigsaw method. However, a special effort is not
made for the heterogeneity of the groups in terms of various
properties (such as academic achievement) as in the Jigsaw
technique. In the experiments performed according to the
confirmatory laboratory approach, all the groups conduct
the experiments about the same topic at the same time, or
each group completes the work by starting from an
experiment about a different topic and performing the other
experiments one by one throughout the term. In both
situations, the students who come to the laboratory for
doing experiments experience these experiments almost for
the first time. They come to the laboratory with the
knowledge gained from the theoretical lessons and the
textbooks that describe how these experiments need to be
performed. Thus, the students are expected to conduct the
experiments in due time, to reach at intended results and to
discuss about them [23, 26, 29]. However, it becomes
difficult for students to have higher levels of attainment as
they do not have enough experiences about these
experiments and background information about the
theoretical knowledge. In the activities which were carried
out through the jigsaw method based on cooperative
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learning and presented in details in the method section of
the current study, the students were prepared as the experts
of the theoretical knowledge about the experiments and the
experiment process. In other words, each group had an
expert for all the experiments that would be performed.
Each experiment was done under the guidance of an expert
(a member of the group). What distinguishes this study
from the previous research is that group members provided
the expert support for their unexperienced peers in the
process of experiments. The findings of the study indicated
that the students gained higher levels of achievements in the
experiments carried out through the jigsaw method than
those done through the confirmatory laboratory method.

It can be difficult for many students to learn physics.
Students can develop negative attitudes toward physics and
can have various misconceptions. Considering that students
become the part of an educational environment with all their
prior knowledge and experiences, and new information is
built on this prior knowledge, teachers need to have an idea
about whether this prior knowledge is compatible with the
scientific knowledge or not. In this regard, conceptual
misunderstandings identified in this study can provide
valuable information for teachers, curriculum developers
and textbook authors.

Conducting the current study with prospective science
teachers contributed to enhancing their experiences related
to the contemporary teaching methods that can be used in
the future practices. It will be useful to perform similar
studies on different fields and topics of the science
curriculum for the pre-service science teachers. With
similar efforts, the experiences of prospective science
teachers can be enhanced for implementing modern
teaching methods in their subject areas during pre-service
education. Thus, the continuing professional development
of the pre-service science teachers can be supported. In the
practices of the present study, the adaptation of the original
Jigsaw to science laboratory applications as an alternative to
the existing technical literature was enabled. In the case of
supporting the results of this study with the similar studies
in the future, it can be contributed to create the technique of
the "Jigsaw Laboratory".
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