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Abstract

The main focus of the current study was to determine what kind of laboratory approaches will be designed how this process
will be evaluated by pre-service teachers. The study was carried out on the basis of a qualitative paradigm. The study group
of the research consisted of 40 pre-service science teachers. In the current study, the application was conducted within the
Laboratory Applications in Science I-Il courses at two stages. The per stage was conducted in 14 weeks (four hours per
weeks). The first stage of the process (14 weeks) started with a theoretical presentation introducing laboratory approaches
and was conducted with the guidance of five experiment manuals designed on the basis of different laboratory approaches
ranging from a confirmatory laboratory approach to an inquiry-based learning by the researcher. In the second stage, the
pre-service teachers were asked to examine the units and objectives of the Science Curriculum Program and then were asked
to select a laboratory approach and set the objectives to design an activity manual. The pre-service teachers worked for five
weeks to determine the objectives, find the appropriate approach and design an experiment manual in line with the selected
approach. Then, each group conducted the laboratory class under the guidance of their experiment manual that they had
developed for each week. The data of the study was collected within two periods through the difficulties experienced, skills
attained through the process, reflective texts presenting course-related suggestions and semi-structured interviews. It was
determined that the students experienced some difficulties in the selection of the laboratory approach for the given topic
and the design of experiment manuals; they preferred inquiry-based learning laboratory activities as they were believed to
be more effective and administration of experiment manuals to peers were believed to be conducive to professional
development.
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1. Introduction

The most important feature differentiating natural sciences from other sciences is that they are
based on experiments and observations and they improve students’ research skills by allowing them
to discover and inculcate the skills of hypothesis construction and data interpretation in students
(Balagun & Odubunni, 1991). As natural sciences attach great importance to observation and
experiment, laboratory activities are of great importance in imparting many skills and competencies to
students (Donelly, 1998). Laboratory applications make important contributions to students’
construction of their own knowledge in their minds, to the development of their problem solving and
psychomotor skills and they can positively affect their attitudes towards the natural sciences (Azizoglu
& Uzuntiryaki, 2006; Domin, 1999a; Hofstein, 2004; Singer, Hilton & Schweingruber, 2005). In addition,
laboratory activities provide opportunities for students to be involved in the process to enhance their
cooperation and communication skills (Domin, 1999b; Hofstein & Lunetta, 2004). Given that
laboratory activities are not conducted properly, adequately and effectively in various researches
(Akar, 2006; Alpaut, 1993; Akdeniz et al., 1995; Akgun, 1995; Ayas et al., 1994; Ekici, 1996; Erten,
1991; Gurdal, 1991), implementation of laboratory activities that serve the intended purposes depend
on the training of teachers who are qualified enough to conduct these activities (Gunes, Gunes &
Hoplan, 2012). However, the attainment of the desired objectives through laboratory activities (critical
thinking, problem solving, development of scientific process skills, etc.) is closely associated with the
activity types, which are preferred and the laboratory approaches that are adopted by teachers.

In this respect, the laboratory experiences gained by teachers during their pre-service education
and opportunities to be offered to them to develop their questioning, problem solving, critical thinking
(Lawson, 1995; Serin, 2002) and a series of scientific process skills, may contribute to their
performance in laboratory settings during their professional career (Bybee, 2000; Hofstein, Levi-
Nahum & Shore, 2001). While laboratory activities are carried out to prove the accuracy of the
previously learned scientific information, in recent years, laboratory settings have been considered to
be environments in which students can discover information and more inquiry-based learning occurs
(Hofstein & Lunetta, 1982). In laboratory environments, the student’s management of the process and
investment of efforts to understand the phenomenon under investigation are believed to contribute
to the realization of meaningful learning (Hofstein, 2004), which will help enable students to develop
positive attitudes towards the laboratory and to strengthen their social relationships by developing
their communication skills (Lazarowitz & Tamir, 1994). In addition to this, laboratory environments
play an important role in terms of students’ participating in the process, being active in many skilled
areas, such as researching, questioning, data collection and interpretation and feeling involved in the
process at each stage (Jenkins, 1999). In this context, the main focus of the current study was to
determine what kind of process will be designed, which approaches will be adopted and how this
process will be evaluated by pre-service teachers who have been involved in applications, based on
various laboratory approaches, while planning a laboratory process for themselves. In this regard, it
was important to conduct this as a student-centered process to collect the pre-service teachers’
opinions about the process and to reveal the efficiency of the application through their reflections on
their experiences.

2. Method

In this study aimed to evaluate the process in which the pre-service teachers, who were involved in
laboratory activities, drew on various laboratory approaches (deductive approach, inquiry based
learning, design based learning) and plans and conducted the application process by selecting a
laboratory approach on the basis of their perceptions, experiences and opinions. The current study
was conducted qualitative paradigm.
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2.1. Study Group

The study group of the current study consisted of 40 pre-service teachers (10 male, 30 female)
attending the department of science education of a state university. In this program, students take
Laboratory Applications in Science I-Il courses in the fifth and sixth terms.

2.2. Context of the Study

In the current study, the implementation was conducted within the Laboratory Applications in
Science I-1l courses at two stages. The per stage was conducted in 14 weeks (four hours per weeks).

The first stage (Laboratory Applications in Science 1) was initiated with a theoretical presentation to
introduce laboratory approaches. According to Leach (1999) and Ryder, Leach and Driver (1999),
individuals, including undergraduate students, might not conceptualize what the role of experiments
in natural sciences was, how they were conducted and what their importance was. Therefore, there
was a need for preparation before starting the experimental process to inform the pre-service
teachers about the concepts and procedures involved. In the theoretical presentation, the laboratory
was taken as a context and the laboratory approaches were introduced to the participants. Suitable
examples for each approach were presented to the students and the content of the course was
explained. The course was conducted under the guidance of five experiment document prepared by
the researchers, who were also teaching the course, on the basis of different approaches ranging from
a confirmatory approach to an inquiry-based learning approach. The pre-service teachers examined
each file in relation to the related approach in groups of four and thus the first stage ended.

In the second stage (Laboratory Applications in Science 1l), the participants were first asked to
investigate the units and objectives stated in the Science Curriculum Program and to determine the
objectives to be used in the preparation of an activity file, by selecting a laboratory approach. This
again was held in groups of four. Meanwhile, each group was provided with access to the Internet and
suitable resources. The pre-service teachers conducted tasks to set their objectives, to determine the
suitable approach and to develop the experiment files, according to their selected approach. In the
first week, they examined the units and objectives of the science curriculum program to determine
the scope of the experiment files. Thus, they acquired some prior information. In the second week,
they determined a laboratory approach and objectives to prepare the experiment files. The remaining
three weeks were spent on the design of activity files and the determination of their content by
considering their visual quality and compliance with the selected approach. Following the stages of
theoretical presentation and pre-planning, the application stage, in which each group would conduct
laboratory courses of the week in line with the experiment files they had developed, was initiated. In
this application stage, the groups took the role of the conductor of the class and carried out the
process in line with the approach they had selected. The group members assumed different
responsibilities, such as directing the groups, making contact with them, supplying necessary
equipment and tools and presenting the required conceptual information. Meanwhile, the researchers
did not intervene with the process, which was carried out by the conductors of the class.

2.3. Data Resources and Analysis

The data of the current study was collected through writing texts (including the suggestions of the
participants regarding the course) and semi-structured interviews conducted at the end of the
implementation The pre-service teachers’ reasons for selecting their preferred approach, the
differences between their instructional process design and its actual application and the extent to
which they were content with the feedback given by their peers were investigated by means of semi-
structured interviews. In addition to this, the written and oral evaluations of the other groups
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regarding the performance of the group conducting the experimental process (group management,
selecting the appropriate approach, the interruptions, if any, in the process and positive aspects of the
process, etc.) were also used a source of data.

The data of the study was qualitatively analyzed. During the analysis process, a comparative
evaluation of the concepts and expressions repeated in the answer of each individual was conducted
and, thus, a coding system was established. For each participant, a code name was given (e.g., OA1) in
their reflective texts and interviews and a code-theme list was prepared.

The coding was performed sometimes in the form of words, sometimes in the form of sentences
and sometimes in the form of phrases. By reviewing the first coding, it was simplified by renaming the
similar codes and a shorter list of codes was attained (Bogdan & Biklen, 2007; Gay, Mills & Airasian,
2006). After that, the participants’ responses were revised and their frequencies were determined. In
the last stage, the codes were classified and combined under certain categories (Creswell, 2005;
Maxwell, 2005; Strauss & Corbin, 1998).

One category was obtained during the data analysis process and the codes, which were gathered
under this category, are presented in Table 1.

Table 1. Sample Category and Codes
Category Code

Lack of information
Preparation of the file
Experiences difficulties Laboratory approach
Topic selection
The number of people in the group

How the codes were constructed as a result of the pre-service teachers’ responses and presented in
Table 1 is exemplified below:

Sample category: Difficulties experienced
Sample code: Laboratory approach

Student response:
“...First, we had great difficulty in deciding which approach to select because
we had to determine its content according to the approach we would select.

Though it was difficult to select the approach and prepare an activity file
according to it, the following stages were relatively easier .... (PS8)”

3. Findings

The themes obtained as a result of the analysis of the pre-service teachers’ evaluations and the
categories subsumed under these themes are presented in Table 2.
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Table 2. The Pre-service Teachers’ Opinions about the Process
Categories Themes

Topic selection

Laboratory approach

Preparation of the file

Lack of information
Experiences difficulties Classroom management

Setting objectives

Time

Group work

Creative thinking skill

Critical thinking skill
Skills imparted by the Problem solving skill

process Communication skill
Continuity of the application

Suggestions  for  the Smaller groups

classes

As can be seen in Table 2, the pre-service teachers’ opinions about the process were collected
under three categories. First, it was determined that most of them experienced some difficulty in topic
selection (f=18) and determination of the laboratory approach (f=14). In a similar manner, the
researchers’ observations confirmed that the pre-service teachers experienced the greatest difficulty
in topic selection and determination of the laboratory approach. Moreover, a considerable number of
pre-service teachers (f=10) stated that they experienced difficulty while preparing the activity file. The
participants stated that within the framework of the Laboratory Applications in Science | course, they
used the already-prepared file of the course, which was given by the teacher and, thus, they did not
know how to prepare an activity file. As a result, they experienced problems in the determination of
the suitability of the activity files for the selected approach. The other reasons stated by the pre-
service teachers for the difficulties experienced ranged from a lack of information about the selected
topics to group work. The participants also stated that at the root of the difficulties they experienced
was the fact that they had never been involved in such a process before and because they had to
conduct all the phases of the application, they felt great responsibility. The opinions of a few pre-
service teachers about the difficulties experienced are as follows:

“We talked and discussed with my group members during the topic and
approach selection processes. As we did not have enough information about
these processes, we experienced great difficulties. We had much theoretical
information but we were not much experienced about application ...” (PT21)

“I had some difficulties in this process as | did not have enough experience
and practice. | experienced particular difficulty in deciding which topic and
approach to select. | enjoyed the file preparation process. Another thing |
found difficult was the classroom management ...”(PT12)

Though the pre-service teachers experienced many problems during the process, they believed that
through this process, they gained many skills. A considerable number of the pre-service teachers
(f=22) believed that their communication skills had improved and some of them (f=14) thought that
their creative thinking skills had improved during the process. The continuous communication of the
pre-service teachers within their groups, their becoming active in every stage of the application, the
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obligation they felt to be involved in every situation they faced, their attempts to find solutions in
cooperation and within-group discussions may have provided some opportunities for the participants
to acquire some new skills. This assumption seems to be supported by the researchers’ observation of
each group during the process. Related opinions of one pre-service teacher are given below:

“During the application, we continuously discussed about how to generate
new ideas because we wanted our activity file to be different. We spent
many hours thinking about the problem statement of the activity...”(PT23)

The pre-service teachers made some suggestions about this process conducted in the laboratory
course. A considerable number of the pre-service teachers (f=28) proposed that, in the future, they
should be the conductors of the laboratory applications and some of them (f=14) proposed that
decreasing the number of group members would be good. The participants also thought that their
active involvement in the process should be continued. Though the pre-service teachers indicated that
the process of the application was difficult, they may have made these suggestions as a result of the
skills attained during the process. In this connection, the researcher observed some clues indicating
that the pre-service teachers felt more comfortable when they were the conductors of the process;
unlike in a traditional laboratory. Based on the suggestions made by the pre-service teachers for
decreasing the number of members in the group, it might be concluded that the participants thought
that classroom management by four students is difficult to handle and that they experienced some
problems in preparing activity files and distribution of the tasks between the group members. In a
similar way, the researchers also observed that some groups were confronted with problems due to
the number of group members. A related opinion of one student is given below:

“...while preparing the activity file, we did not face any problems, but when
it came to the application phase, we experienced some problems in the
classroom management. If the number of the students in the group was
lower, we would be able to conduct our activity more comfortably...”(PT17)

The semi-structured interviews conducted with the pre-service teachers revealed that while the
students were determining the approach, which complied with their selected topic, they created
connections with the topic to identify the approach. Six groups of ten were observed to have adopted
the inquiry-based learning approach. These groups explained the reasons for their selection as follows:
the most suitable approach for the topic they selected was the inquiry-based learning approach. With
this approach, students could be engaged in an inquiry process from the beginning to the end of the
application and starting the activity with a problem statement kept the students active. The pre-
service teachers also stated that the design of the process was not easy; however, their involvement in
the process contributed to their self-confidence. The participants, who were the conductors of the
activity files they had designed, stated that their management of the whole process resulted in their
acquiring many skills and they were engaged in an application, which was quite distant from rote
learning. When they compared the classes conducted on the basis of activity files externally imposed
on them and the classes conducted on the basis of the activity files they themselves had developed,
they stated that they should be the conductors of the classes with their own activity files. After
implementing their activity files, each group collected feedback from the other groups in relation to
the suitability of the approach, the management of the process, the information conveyed and the
planning of the process in compliance with the approach. During the interviews, the pre-service
teachers stated that as well as positive feedback, they also received negative feedback from their
peers. They also believed that their peers’ feedback provided some clues for them to notice the points
that they had missed during the process. The participants stated that, as a result of this peer
evaluation process, they were able to conduct self-evaluation within the group and made some
suggestions for their group members.
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4, Discussion and Results

The findings revealed that the pre-service teachers demonstrated positive attitudes towards the
process, due to the skills they had attained, in spite of the difficulties they had experienced during the
process. Turgut et al. (2012) found that though the pre-service teachers encountered some difficulties
in the implementation of the laboratory model during the process, they evaluated the model
positively. The pre-service teachers, trying to create connections between theory and practice while
managing the process, stated that an applied learning environment was useful for both themselves
and their peers. For an effective laboratory application to occur students need to establish links
between theory and practice and, thus, their cognitive development can be promoted (Jalil, 2006).
During the process, the pre-service teachers were determined to have experienced some problems in
terms of the selection of a suitable approach, lack of information, classroom management, setting of
objectives, time and the number of group members. On the other hand, they maintained that they
had developed some new skills (creative thinking, critical thinking, problem solving and
communication). Parallel to this finding, Turgut et al. (2012) reported the development of similar skills.
The pre-service teachers made suggestions for the continuation of this application in the future and to
decrease the number of group members. It was also determined that, while selecting a suitable
laboratory approach, the participants created connections with the topic they had determined and
managed the process as required by the respective laboratory approach. It was concluded that the
pre-service teachers thought that the teaching process included a lot of information, skills and
advantages for them. Finally, they stated that they felt content with the feedback given by their peers
and, thus, they could also conduct self-evaluations.
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