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Abstract The aim of this study was to examine
pre-service science teachers’ views about laboratory
applications in science education and how their views
changed through laboratory applications that were carried
out for two semesters. 63 (52 females, 11 males) pre-service
teachers participated in the study. The study was carried out
by using pre-test and post-test design. Data was collected on
the differences between the views of pre-service science
teachers before and after laboratory courses. For data
collection, teachers were given forms including 3
open-ended questions. Data analysis was carried out through
qualitative content analysis. The results showed that
pre-service teachers defined laboratory as “a place of
application”, and after laboratory applications, they could
give more comprehensive definitions about laboratory. The
most popular answers pertaining to the aim of laboratory
applications included effective learning, permanent learning,
ending rote learning, and better understanding, faster
learning and learning with fun. Along with the quality of
learning, participants attached importance to the methods
and techniques to be utilized in lab setting to reach that
desired quality. Their focus was predominantly on
visualizing, experimental learning, materializing of the
theoretical information through application and observation.
Study showed that they mostly attributed the importance of
laboratories to the quality of learning and methods were
expressed as visualizing, materializing and application,
observation and experiment for the quality of learning.

Keywords Laboratory Practices, Science Education,
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1. Introduction

Scientific concepts may become concrete in students’

minds by means of experiments. It has been understood from
the studies carried out so far that conducting experiments and
directing students towards scientific studies give students a
chance to perceive and recognize the environment, to
observe and to build a cause and effect relationship, and to
learn by hands-on activities [1]. Besides, empirical science
education improves students' self-confidence and motivation;
helps them learn about themselves; develops their
problem-solving, psychomotor and mental skills; provides
meaningful learning; improves analytical thinking skills; and
supports the relationship between everyday life and science
[2]. In order to understand concepts related to science,
students need to be supported by experiments, be actively
involved, and establish a relationship between life,
themselves and the environment. Experiments not only help
students learn more meaningfully, which would provide
more permanent learning by contributing to their science
process skills, but also help them be productive and creative
individuals who are capable of applying theoretical
knowledge into practice [3].

Since laboratories constitute one of the basic places to
conduct experiments; the expression “/ heard, but I forgot. I
saw, and I remembered. 1 did and [ understood” by
Confucius emphasize the importance of laboratories in
science education [4]. Viewed from this perspective,
laboratory is an environment where students learn by
hands-on activities, living, and gaining first-hand concrete
experiences. In his earlier studies, Hodson [5] defined three
aims of laboratory applications in science education. The
first defined aim of laboratory was to support application of
science, thereby enabling students to acquire conceptual and
theoretical knowledge. The second one was to learn science
through nature and scientific methods. When it comes to the
third and last one, here the focus was on performance; in
other words to specialize in scientific inquiry. In the light of
all these, it can be said that even though the importance of
laboratory applications in science education has long been
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acknowledged, recent years witnessed a surging interest in
laboratory works and practical work. Literature has revealed
that laboratory practices are useful in terms of students’ both
cognitive and affective development [6]. In terms of
cognitive skills, laboratories are places where students learn
the concepts, principles, and laws by exploring with
experiments [7]. In the process of experimenting, students
are involved in observation, measurement, classification,
recording data, forming hypotheses and data creation
methods, changing and controlling variables. In addition,
laboratory practice not only fosters academic achievement [8]
but also contributes to meaningful learning by encouraging
interpretation of knowledge [2-9]. It has also been found that
the majority of students think that experiments are very
helpful in their courses and learning by hands-on activities is
the best and the most permanent way of learning for them
[10]. With respect to affective skills, when laboratory
applications were examined, it was seen that successful
laboratory practices influenced students' self-esteem, social
behavior and relationship with others [9]. In addition, studies
support that groups performing a study in the laboratory
demonstrate active participation and learning and success,
which makes group performance more effective than
working individually [11]. It is also known that laboratories
encourage students to learn better by motivating them [12].
Moreover, laboratories not only provide a platform for
learning by hands-on activities and gathering scientific
knowledge in different ways but also contribute to the
development of students’ psychomotor skills [13]. Therefore,
the activities carried out in the laboratory equip students with
cognitive, affective, and psychomotor skills such as
designing experiments, understanding how theories emerge
from experiments, analyzing data, preparing report,
discussion, presentation, induction and deduction techniques,
developing problem solving skills, team work, time
management skills, motivation and self-confidence [14].
Literature revealed that students viewed the laboratory
experience as an opportunity for problem-solving on
cognitive domains [15].

Practical activity have very important role in science
education. Experience and research, were known that
students like practical activities and prefer it to other
teaching activities.

e Practical activity is to help students extend their
knowledge of the natural World.

e Practical activity is to help students develop their
ideas and understandings. For students’
understanding of scientific ideas are developed, the
minds on aspects of practical activity are increased

e Practical activity is to help students develop
understandings about the scientific approach to
enquiry.

e Practical activity is to help students learn how to
use scientific devices.

e Practical activity is to help students follow some
standards scientific procedure (s) [52].

As laboratory practices encourage the improvement of

skills that are crucial to becoming a scientifically literate
individual, these applications are critical for science
education. According to Hofstein [16] and Nakhleh [17]
laboratory has a complex nature, and laboratory process is
affected by various factors. Science teachers have a crucial
role in education process [10-18]. In this regard, in order for
laboratory practices to continue efficiently, teacher's
approach, practice-oriented views and opinions are of
paramount importance. In addition, literature suggests that
pre-service  teachers  experience  problems  about
technological pedagogical content knowledge [19]. For this
reason, in laboratory—based science teaching, teachers are
required to have technological and pedagogical content
knowledge and skills in their fields to follow innovations, to
supplement their teaching in classrooms and to motivate
their students [10].

As suggested by the studies conducted on the laboratory
practices, prospective teachers are generally so closely
following the instructions in their textbooks and also they
tend to express the aim of laboratory applications in line with
the textbook [20]. With the promise that science practical
work holds, science teacher education has to encourage
prospective teachers to understand the nature of practical
work and develop strategic ways of conducting it in their
classroom teaching. However, practical work is still regarded
as one of the most challenging tasks for many elementary
science teachers and is practiced infrequently or inefficiently
in many science classrooms. Barriers for application inquiry
practices in science classes include teachers’ beliefs [53],
lack of equipment, laboratory safety issues, preparing
students for standardized test and official exams and
finishing mandated curriculum content within a set time limit
[54]. One of the major barriers for application inquiry
practices in science classes is teachers’ beliefs about teaching,
learning and classroom management. Despite that, research
about teachers’ knowledge and beliefs about inquiry and
their classroom practices are still few and inadequate [53].

Literature reviewed above present significant insights
into the pre-service science teachers’ views about the
concept of laboratory, purposes of laboratory practices in
science education, and the role and importance of
laboratories in science education in Turkey. No matter how
important the views of pre-service teachers, especially
pedagogically are, they are overvalued. So, the present study
seeks to answer following questions:

(1). How do pre-service science teachers define the concept
of laboratory? In what ways, does laboratory course
have an impact on pre-service science teachers’
definition of the concept of laboratory?

What are the opinions of pre-service teachers on the
main purposes of laboratory practices in science
education? In what ways do laboratory courses have an
impact on the views of pre-service science teachers
regarding the main purposes of laboratory practices in
science education?

(3). What are the opinions of pre-service science teachers’

).
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on the role and importance of laboratories in science
education? In what ways, do laboratory courses have an
impact on the views of pre-service science teachers
regarding the role and importance of laboratory in
science education?

2. Materials and Methods

Foregrounding science teachers’ perceptions in
elementary science laboratory work, this study add to the
current understanding of pre-service science teachers’ views
of laboratory in elementary science teaching. In this regard,
an understanding of pre-service teachers’ notions of science
laboratory work is established within a sociocultural context
of Turkey.

2.1. Context of the Study

Turkey has a centralized science curriculum. The vision of
recently revised National Science Curriculum is to educate
students as scientifically literate individuals [21]. In this
regard, what is stressed through the curriculum is the fact
that when learners manage to grasp the basics of science, the
barriers in daily life will be much more passable. The
curriculum states that learning should be achieved by
teaching scientific concepts to students with the help of
designing  experiments, experimenting, discovering,
observing, interpreting and discussing the results of the
experiments [21]. Instead of teaching science directly, it is
much more important to teach the students how to search for
and then reach the knowledge, a method which also
emphasizes the importance of student’s contemplating,
problem solving and reaching knowledge through practical
work. No matter how well-grounded the aims determined for
practical work seem, the presence of the gap between this
theoretical eulogiums and everyday realities is unignorable.
The curriculum drives forward inquiry-based teaching;

however teachers’ traditional approaches, their own
experiences and the present assessment systems build
barriers before the implementation of that intended
curriculum. As far as the nature of the centralized science
curriculum is concerned, it could easily be noticed that this
nature is shaped by the fact that one official textbook for both
primary and elementary level which runs the logical and
learning outcomes of the national curriculum prepared by a
group of science educators, scientist and researchers.
Depending on the official assignment the textbook has been
given and the interoperability between the curriculum and
the book, a great majority of the teachers can be said to be
strictly loyal to the textbook. These textbooks propose plenty
of practical experiments for students in order to lead them
into thinking and problem solving as well as learning the
science and its basics and require teachers to learn practical
work and to benefit from the book as effectively and
efficiently as possible.

In this regard, courses such as General Physics and
General Chemistry Laboratory Applications are critical for
learning basic concepts in laboratories. In teacher education
curricula at Education Faculties, these courses are offered for
the first year pre-service science teachers. The emphasis of
General Physics Laboratory I and II courses has been on
experiments regarding the basic concepts of mechanic and
electric for 2 hours a week. Participants attended 20 weeks
courses in total, in two semesters. General Chemistry
Laboratory I and II courses were focused on techniques for
laboratory work, safety rules, accidents and measures,
laboratory materials and patterns of use in addition to
laboratory activities provided in primary and elementary
science curriculum for 20 weeks.

63 pre-service science teachers were enrolled in both
general chemistry (20 weeks- for 2 hours a week) and
general physics laboratory (20 weeks- for 2 hours a week)
experiences concurrently in two semesters. Pre-service
science teachers did experiment in groups of two persons.
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Teaching Procedure

I Quiz

Answenng the questions in quiz with all ofthe students

Giving infonmation about

eXpenmert, purposs
experiment. squiptments that will be used in the experment,
zafety precautions, experimental procedurs

)

of the

Students did expenmentsin groups of two persons

| Collecting data |
I Accounting error I
| Saving data ]
| Creating graphs andtables of data |
I Expressing ofresults of the expeniment andinterpreting I
I Surnmarnizing the experimental activities I

Giving information about safety rules
Giving information about rules of work in
laboratory
Giving information about equipment that will
be used in the experiment

Experiments of the
General Chemistry
Laboratory I courses

Separation methods

Density of matter (solid, liquid, gas)

Preparation solution

Gas laws

Properties of the acid and base

Oxidation and reduction reactions

Giving information about safety rules

Experiments of the A . .
l Giving information about rules of work in

S
M Giving information about equipment that will
courses

be used in the experiment

15

Examining freezing point depression

The effect of concentration on rates of reaction

The effect of temperature on rates of reaction

Investigating chemical equilibrium

Examining of solubility and purification

The colors of the indicator in acidic and basic

Acid-base reactions

Hydrolysis of the salt

Acid-base titration and determination of acetic
acid in the grape vinegar
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Giving information about safety rules
Giving information about rules of
work in laboratory
Giving information about equipment
that will be used in the experiment

Experiments of the General
Physics Laboratory I courses

Newton’s laws of motion

Free-falling

Conservation of mechanical energy

Simple pendulum and physical
pendulum

Conservation of momentum

Calorimeter

Determination of density with bottle
method

Refractive index

Centripetal force

Moment of inertia

Giving information about safety rules
Giving information about rules of work
in laboratory
Giving information about equipment
that will be used in the experiment

Experiments of the General
Physics Laboratory 11
courses

Ohm’s law

Measurement of electromotive force and
resistance with graphics method

Capacitor

Kirchhoff’s law
Measuring of mechanical equivalent of
calories
Measuring of the frequency of
alternating current

Transformer

Magnetic field

2.2. The Participants

The study took place during 2013-2014 academic year in
an elementary teacher education program in Turkey. 63
pre-service science teachers participated in the General
Physics Laboratory I-II and General Chemistry Laboratory
I-II courses, 63 (52 females, 11 males) pre-service science
teachers administered the pre-test and post-test. As there was
no concern for generalization due to the nature of qualitative
research, participants were selected wusing purposive

sampling.

2.3. Research Method and Data-collection

Using open-ended questions, the participants reflected
their pre and post ideas with regard to practical work in
laboratory courses. In order to determine the questions to be
used in the instrument, four experts -a faculty member
working in related subjects, two research assistants working
in the laboratory and a chemistry teacher- were consulted for
their views on the subject of laboratory, the main objectives
of laboratory applications and the importance of laboratory
in science education in the light of the related literature. In
addition, in order to determine the clarity and the validity of
the terms included in the instrument, a pilot study was
administered on seven pre-service science teachers. The
instrument was finalized using the results of the pilot study
and the views of experts. Finally, pre-service science
teachers were asked to write their views on the concept of
laboratory, purpose of the laboratory, and the role and
importance of laboratory practices in science education
before and after the for all science laboratory sections as
General Physics (20 weeks) and General Chemistry (20
weeks) Laboratory Applications courses. Pre-service science
teachers took one pre-test and one post-test only (for all
science laboratory sections).

The focus of the first open-ended question was on
detecting the image of laboratory of the first year pre-service
science teachers before attending any courses on laboratory
application. The second open-ended question aimed to reveal
the pre-service science teachers’ perspectives on the purpose
of the laboratory practices. And lastly, the third question was
designed to uncover the ideas of first year pre-service
science teachers’ regarding the role and importance of
laboratory practice in science education. The same questions
were asked again to the same students after the laboratory
courses (General Physics-20 weeks and General
Chemistry-20 weeks) as posttests. At this time, it was
expected that pre-service science teachers’ views about
laboratory, ideas about purpose of laboratory application,
and their perception about the role and the importance of
laboratory work in science education would change, develop
or be reconstructed after attending General Physics and
General Chemistry Laboratory Applications.

Application Time for Laboratory Courses

General Chemistry Laboratory General Physics Laboratory General Chemistry Laboratory General Physics Laboratory
1 I 11 11
Semester First First Second Second
Week 10 10 10 10
Hour 10x2=20 10x2=20 10x2=20 10x2=20
Total 20 weeks (40 hours) 20 weeks (40 hours)
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General Chemistry Laboratory I-IT Courses
(20 weeks-40 hours)

Pretest .

. Posttest

General Physics Laboratory I-II Courses
(20 weeks-40 hours)

Application Scheme

2.4. Data Analysis: The Focus of Interpretation

Pre-service science teachers’ answers to the questions
were analyzed by using content analysis. To better
understand the resulting data, the data was organized and
interpreted. Content analysis of the data was conducted by:
(1) data coding, (2) creation of categories, (3) regulation of
the codes and categories, (4) identification and interpretation
of findings. Percentages and the response frequencies of the
placed categories were calculated. In addition, in order to
identify common categories of pre-service science teachers'
answers, they were constantly compared throughout the
analysis process. The response codes belonging to
pre-service teachers, common categories and frequencies
and percentages of these categories were created. Therefore
some pre-service teachers articulated more than one views
for the same questions, some tables contain greater number
of responses than the number of the participants.

There are three types of coding suggested by Strauss and
Corbin [22] when the process of data coding is the case: the
coding based on the concepts previously given, coding based
on the concepts derived from the data, and the coding within
a general framework. The present study will use the second
type of coding, which is also in use for the research
conducted on topics that lack a theoretical ground. Since
there is not a theoretical structure to serve as a guide in the
analysis of the data, the outcomes of the inductive analysis of
the data is presented by the researcher. In the inductive
analysis, the codes are directly derived from the data. In the
category creation, which is the second phase, in order to
determine the themes, the first step to be taken is to gather
the data and then work on them. For thematic coding, the
first step includes determining the similarities and
differences of the emerged codes and then determining the
themes that could gather the related codes. Attention was
paid to whether the data collected under the theme created
are logically linked or not. This was about ‘internal
consistency’. While all the themes are different from each
other, they should be creating a meaningful unit within
themselves and this is related to the ‘external consistency’. In
the last step, which is the regulation of the codes and
categories, the researcher builds a system through which
he/she could organize the data collected, then regulates the
data according to this system and thus, it might be possible to
interpret and identify the data according to certain facts. At
this step, researcher spares no place for his/her own views
and presents the data that he/she has collected and worked
on.

3. Findings

How do pre-service science teachers define the concept of
laboratory? In what ways, do laboratory courses have an
impact on the definition of pre-service science teachers
regarding the concept of laboratory?

Pre-service science teachers’ opinions on the concept of
laboratory have been analyzed and the comparative data is
displayed in Table 1.

Table 1. Pre - service science teachers’ opinions regarding the concept of
laboratory

Pre-test Post-test

Participants’ Responses N % N %
A place of application 62 98,4 63 100,0
Method used in the laboratory 47 74,6 48 76,2
Properties of laboratory 26 41,3 20 31,7
The aim of the laboratory 14 222 19 30,2

Other 2 32 - -

Defining the concept of laboratory, pre-service teachers
touched on the aspects including the methods used in the
laboratory, properties of laboratory, the aim of the laboratory,
and they also regarded laboratory as a place of application.
So, the points that pre-service teachers made as defining the
concept of laboratory were taken as separate categories to
put systematically forward the statements of the pre-service
teachers. What pre-service teachers most referred to were
those which can be included within the category of ‘the place
of application’. And, ‘the methods to be used’ came the
second. When compared to these two, the other categories
including the properties of the laboratory or the aim of the
laboratory were less touched by the pre-service teachers
while defining the concept of laboratory.

The results of the posttests and pre-tests showed that the
pre-service teachers defined laboratory as “a place of
application”, and thus this came out as the first category.
Teachers’ definitions were mostly application-related. For
instance, they defined laboratory as a place where
experiments or observations are carried out, a place that
enables turning theory into practice, a place where you can
observe the factuality of the daily life experiences and so on.
Analyzing the pre-test and posttest results, it was seen that
while 62 participants’ answers could be assigned to this
category before laboratory applications, after the instruction
the number of participants increased to 63. Both pre-test (31
participants) and posttest (26 participants) results showed
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that pre-service teachers tend to perceive application as
experiment. They described the laboratory as a place where
experiments are conducted. Even though it seems that this
definition turned out to be less popular after the laboratory
application, through a thorough analysis of the answers it
could be seen that 17 pre-service teachers phrased laboratory
as “the place where the theory turns into practice”, which, in
fact, was a more comprehensive one.

Another category regarding the definition of laboratory is
“the methods used in the laboratory”. While defining the
concept of laboratory, pre-service teachers mentioned such
methods as experiment, observation, discussion, Q/A,
searching and so on. As the 41 participants’ definitions in the
pretest included experiment and observation, the 6
participants’ definitions was consisted of items such as
visualizing, learning through experience, searching and
discussing. This was not different in the posttest results,
either. 42 participants’ definitions of the definitions included
experiment and observation while 6 participants’ definitions
did learning through experience, searching and Q/A. The fact
that the prospective teachers mentioned the student-centered
teaching methods used in the laboratory is important because
thus; students stress the role of the instructor as the guide.

Defining the laboratory, pre-service teachers also
mentioned the properties of laboratory. Thus, this was
determined as the third category. Pre-test results included
more results related to the properties of laboratory (26
participants) when compared to the posttest results (20
participants). An extensive analysis of the results indicated
that 20 participants’ answers given in the pretest were related
to hardware (materials, equipment) while this was 16
participants in the posttest. Moreover, 1 participant’s answer
given in pretests touched on the security concept and this rate
was seen to have climbed up to 3 participants in the posttest
results.

Lastly, pre-service teachers mentioned the aims of the
laboratory in their definitions of the concept of laboratory;
creating the last category as “the aim of the laboratory”.
What teachers believed to be the aims of laboratory were to
understand correctly the information taught, to get proper
results, to expand one’s knowledge, to prove or refute a
hypothesis, to acquire scientific process skills, to materialize
the theoretical information, to learn easily and so on. The
analyses pf pre-test and post-test results suggested that while
14 participants’ definitions given before laboratory
applications were relevant to this category, this figure
increased to 19 participants after laboratory applications.
Although there was an increase of 8% , that this category
was less addressed than all the others is regarded as negative
when the fact that the students explained the aim of every
single experiment they conducted in laboratory applications.
It is believed that students’ awareness of the aim of the
experiment, which they explained during the laboratory
application, is low.

What are the opinions of pre-service teachers’ on the main
purposes of laboratory practices in science education? In
what ways, do laboratory courses have an impact on the

views of pre-service science teachers regarding the main
purposes of laboratory practices in science education?

Pre-service science teachers’ opinions regarding the main
objective of laboratory practices have been analyzed and the
comparative data is displayed in Table 2.

Table 2. Pre-service science teachers’ views on the main purposes of
laboratory practices

Pre-test Post-test
Participant responses N % N %
. iti 254 30,2
Domains Cognitive 16 19
of Effective 4 6,3 12 19,0
Learning Psychomotor 3 4.8 15 23,8
Permanent learning 38 60,3 52 825
Fast learning 5 7,9 - -
Decrease in rote-learning 2 32 3 4.8
Effective learning 2 32 2 32
The Better understanding 2 32 2 32
Q“a“t,y of Learning with fun 1 1,6 - -
Learning
Materializing 13 20,6 21 333
By using
these Visualizing 11 17,5 9 14,3
methods
Expe'rlmental 5 7.9 3 48
learning
Scientific Process Skills 27 429 23 36,5
Proof 10 159 5 7,9
Other 4 6,3 1 1,6

The first category that was determined through the study is
“Domains of Learning”. It focuses on students’ cognitive,
affective and psychomotor learning domains. Upon
analyzing the answers given within the scope of cognitive
domain, it was seen that this sub-category embodied
practices such as to gain knowledge, learn the laboratory,
learn the materials of the laboratory or relate the knowledge
to daily life issues and so on. It was observed that the number
of pre-service teachers’ statements about cognitive domain
quietly closed each other in terms before (16 participants)
and after (19 participants) laboratory applications.
Pre-service teachers’ answers before the laboratory
application suggested that they generally focused on the
items such as to gain knowledge or to learn laboratory and
its materials (7 participants). For those given after the
laboratory application, this stress was found to have
decreased to a great extent (3 participants). On the other hand,
the number of the prospective teachers who associated the
purpose of laboratory applications with the daily life
practices increased after laboratory applications (4
participants) when compared with pre-test results (2
participants). In other words, these results indicated that
while pre-service teachers regarded the aim of laboratory
practices only as gaining knowledge before the laboratory
applications, their perception evolved to create a link
between knowledge and the daily life practices during the



Universal Journal of Educational Research 4(1): 12-25, 2016 19

laboratory applications. Most of the time pre-service
teachers gave a negative start to the experimental activity to
be performed in the laboratory as they were biased against it,
asking ‘what is the point of learning this?’, which might
inhibit their further learning. In terms of handling such
biases, creating a link between the lab applications and daily
life practices was seen to be flourishing in the test results.

Secondly, effective domain was examined and answers
such as to learn to work individually or in a group, to gain
experiences, to acquire the sense of curiosity, to develop one
self, to make the students realize their own capabilities and
so on were determined. Pre-service teachers’ answers
regarding the effective domain were found to have increased
from 4 participants to 12 participants after the laboratory
applications. The increase that emerged in the post-test
results are attributed to students’ carrying out experiments in
the laboratory within groups of two or three which enabled
them to interact with each other.

Pre-service teachers’ answers such as to gain skills, to
develop manual skills, to learn how to use the equipment, to
move fast in the laboratory were determined within the scope
of domains of learning and under the sub category of
psychomotor domain. Pre-service teachers’ psychomotor
domain gains increased from 3 participants to 15 participants
after the laboratory applications, which bring to minds that
the students had not previously carried out any hands-on
laboratory experiences or the experiments were only
performed by teachers as a demonstration. The increases in
the recent test results are important since they clearly show
the efficacy of technical skill approach, which is paid
attention throughout laboratory applications. Laboratory
applications help students to learn basic practical skills [23].
An overview of the category of domains of learning might
suggest that pre-service teachers’ opinions regarding the
purpose of laboratory practice were mostly concentrated on
the cognitive domain, followed by affective and
psychomotor domains.

Another aim of the laboratory application, according to
the pre-service teachers, was to enhance the quality of
learning. Within this scope, the other category determined in
the study is the quality of learning. In terms of this category,
pre-service teachers expressed their opinions regarding the
quality of learning in the laboratories and the methods to be
used to enhance quality. According to the answers of
pre-service teachers, both pre-test and posttest were
thoroughly examined, and it was found that the most
frequently specified aims of laboratory applications included
effective learning (2-2 participants), permanent learning
(38-52 participants), decrease in rote-learning (2-3
participants), better understanding (2-2 participants), fast
learning (5-0 participants) and learning with fun (1-0
participants). Along with the quality of learning, participants
attached importance to the methods and techniques to be
utilized in a lab setting to reach that desired quality. Their
focus was generally on visualizing (11-9 participants),
experimental learning (5-3 participants), materializing the
theoretical information through application and observation

(13-21 participants).

Another category that pre-service teachers regarded as the
aim of laboratory application is gaining science process
skills (SPS). The pre-test (27 participants) and posttest (23
participants) results of the participants showed that they were
generally of the opinion that through laboratory applications
their science process skills may develop. Pre-service
teachers were found to have focused more on observation
component of SPS, which is also related to the previous
category. According to pre-test results observation
component (10 participants) included the following
statements: to develop observation skills of the students, to
conclude through observation, to reach quantitative data
through qualitative observation, to explain the information
through observation, to observe the reality, to perceive
through observation and so on. Secondly, the scope of
experiment component (9 participants) included items such
as fo conduct an experiment, to examine and learn the
experiment, to explain the information through experiment
and to learn how to conduct an experiment. And the
deduction component (5 participants) included getting the
experiment’s outcomes, analyzing and determining these
outcomes, to concretely have these outcomes and assessment.
And the posttest results turned out to be more comprehensive,
including experiment, observation and conclusion steps, as
in the following: to understand and perceive the facts in the
theory with the help of qualitative and quantitative
observations, to understand where the information comes
from and how, to prove the hypothesis of the experiments, to
prove the correctness of the information that we learned in
our daily life practices, to envision the cognitive process.

The fourth and last category is the proof. Pre-service
teachers stated that proving is one of the main aims of
laboratory applications. When pre-test and posttest results
were compared, it was seen that the number of teachers who
believed before lab applications (10 participants) that proof
is one of the aims of lab applications significantly decreased
after the applications (5 participants). This decrease is
regarded as positive. Moreover, before lab applications,
pre-service teachers simply defined the aim of lab
application as to “prove”, yet it was stated that after the
applications some of the participants evolved their
statements to “prove the accuracy of the information we get
in our daily lives”. These results bring to minds that the
perspectives of pre-service teachers regarding the aims of lab
applications were relatively narrow before the laboratory
applications.

What are the opinions of pre-service teachers regarding the
role and the importance of the laboratory in science
education? In what ways, do laboratory courses have an
impact on the views of pre-service science teachers
regarding the role and importance of laboratory in science
education?

The views of pre-service science teachers on the
importance and place of laboratories in science education are
displayed in Table 3.
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Table 3. The views of pre-service teachers regarding the importance of
laboratories in science education

Pre-test Post-test
Participant Responses N % N %
Domains Cognitive 10 159 12 19,0
of Effective 3 48 6 9,5
Learning Psychomotor 1 1,6 1 1,6
Permanent learning 21 333 29 46,0
Meaningful learning 6 9,5 6 9,5
Decrease in rote-learning 5 7,9 - -
Learning science 4 6,3 - -
Teaching with fun 4 6,3 - -
Consolidate knowledge 3 4.8 - -
Effective learning 2 32 3 48
The Easy learning 1 1,6 2 3,2
Quality of | Learning with fun 1 1,6 1 1,6
Learning -
Experiment 12 190 16 254
Application 10 159 16 254
Observation 9 143 10 159
By using Visualizing 6 95 16 254
these
methods Materializing 2 32 7 11,1
Legrmng by 3 48 ) i
doing
Searching by ) 32 ) i
oneself
The Quality of Teaching 3 4,8 1 1,6
Scientific Process Skills 21 33,3 29 46,0
Proof 3 4.8 3 4,8
Other 2 32 3 4.8

As one of the categories determined throughout the study,
“Domains of Learning” focused on specifying the
attainments of students in cognitive, effective and
psychomotor domains within the scope of the importance of
laboratories in science education. Firstly, it was seen that
there was not a significant change when the answers of
pre-service teachers regarding the importance of laboratories
in science education were compared as before (10
participants) and after (12 participants) the laboratory
applications regarding cognitive domain. It was found out
that pre-test answers mostly included to have comprehensive
knowledge of the subject, logicalness, to understand life, to
apply the knowledge in life, to understand the scientific
process while posttest answers mostly wandered around the
axis of living creatures, nature and daily life and focused on
how to obtain the knowledge and how to apply knowledge in
daily life. It was seen that students’ answers covered the
definition of science and its characteristics. Students stated
that science is logical and seeks to identify the universe and
thus the nature and daily life. This is a highly important
finding for displaying students’ intermingled perception of
laboratory and science.

As for the second subcategory, which is effective skills,

here pre-service teachers listed the intended attainments in
pretest (3 participants) as fo increase curiosity, to focus on
the lesson, to enhance the self-confidence of the student and
in posttest (6 participants) as to draw students’ attention to
science, to be impressed, attention getting and
self-development. Even less in number, this is in fact a sign
that pre-service teachers did not deem laboratories as
completely academic environments; in other words, effective
skill acquisition which supports the structuring of knowledge
is also important in laboratory applications.

Lastly, when the psychomotor acquisitions of students are
analyzed, it was seen that one student, both before and after
the laboratory application, put skills and the use of
equipment into the psychomotor skills acquisition
subcategory, considering technical skills.

An overview of the answers in the category “Domains of
Learning” suggests that out of three acquisitions, cognitive
one was centered. However, for cognitive skills to be
acquired, both psychomotor and effective skills are necessary.
The popularity of cognitive skills was worthy of attention
since in fact, all the subcategories were expected to be valued
almost equally.

The study showed that the statements regarding the
importance of laboratories in science education accumulated
in the category of “to enhance the quality of learning”. This
category is also important for embodying the methods to be
used for such enhancing. When the pre and posttest results of
pre service teachers were analyzed, it was seen that they
mostly related the importance of laboratories to the quality of
learning. It was also found that pre-service teachers who
attached that much importance to this issue, proposed such
methods as visualizing, materializing and application,
observation and experiment both in pre and posttest answers
and in the pre-test proposed to learn with experiencing and
searching by oneself.

It was also found out that in “to enhance the quality of
teaching” category, expressing the importance of
laboratories in science education, pre service teachers also
touched on the quality of teaching for 3 participants gave
such answers as easy teaching, to be a good science teacher
in pretest and 1 participant as to be a helpful teacher for their
students.

As for another category, which is “to gain scientific
process skills”, it was detected that before (21 participants)
and after (29 participants) the laboratory applications,
pre-service teachers focused on basic process skills including
experiment and observation and that there was an increase in
the posttest. Also, it was found in the posttest results that
they mentioned experimental process skills such as causative
process skills and model creating.

In pre and posttest results, three students were found to
express that laboratories are important in science education
for proving, which then was determined as the last category.
At this point, the scarcity in this category is regarded as
positive when considering the fact that instead of completely
close-ended and only proof-based experiments, open-ended
applications which are based on hypothesis-testing and
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which enable students to discover; to make inventions,
observations and research will be beneficial in raising the
awareness of the important role that laboratories play in
science education.

4. Discussion, Conclusions and
Recommendations

4.1. The Definition of the Laboratory

It was found that while pre-service teachers were defining
the laboratories, they generally deemed it as a place hosting
the experiment or the observation, the place enabling to put
the theory into practice and confirm the daily life knowledge,
all of which were mostly related to application. Within the
scope of all these, also in literature laboratory is defined as
the place where students gained tangible outcomes by
experiencing [1] and where they understood the concepts,
principles and laws through the experiments they conducted
[24]. Pre-service teachers also touched on such methods as
experiment, observation, discussion, Q/A and searching
while defining the laboratory. The majority of the answers of
pre-service teachers given both before and after the
laboratory application included experiment and observation
as the analysis suggested. Students defined the methods used
in the laboratories as student-centered, which is highly
important because of the emphasis this statement places on
the active roles of students in the laboratory applications and
roles of teachers as guides. Supporting the claims of
pre-service teachers regarding student-centered activities,
literature also proposes that teachers should not be the sole
authority in the laboratory; but, the interactions between
student and teacher, student and student, student and activity,
student and equipment, student and laboratory are dearly
important and should be established [6]. Pre-service teachers
stated that making experiments, observations and
research-investigation was developed by laboratory methods
[25].

Pre-service teachers talked about the properties of the
laboratory as well. It was seen that the majority of the
answers given both before and after the laboratory
applications included hardware (materials, equipment). In
line with this fact, it was also stated that science lessons
should be conducted in laboratories so as to motivate
students into scientific studies and gain them research habits,
and thus the laboratories should be opened in schools and
developed [26-27-28-29]. However, the studies in the
literature claimed that, even schools had laboratories; they
did not have the necessary equipment for the intended
education. It is truly important for a laboratory to have
enough equipment for experiments to be conducted in the
related fields e.g. physics, chemistry and biology. So the
emphasis that pre-service teachers put on materials and
equipment while defining the laboratories is in line with the
literature. Moreover, it is also found out that after laboratory
applications, pre-service teachers thought about security, too.

Literature states that pre-service teachers experience
problems such as time, tools, curriculum and technological
and pedagogical content knowledge [19]. At this point it is
possible to say that in laboratories there should be posters,
show cards or signs pointing to the security measures during
the application. Pre-service teachers should be informed
about the equipment and chemical substances that they were
going to use before experiment and they should also explain
them to their students. It is also believed that to provide
pre-service teachers a guideline on security and security
measures as well as the laboratory worksheet might be
helpful.

4.2. The Aim of the Laboratory Applications

Pre-service teachers were found to focus on cognitive,
affective and psychomotor attainments in explaining the
aims of the laboratory applications. Analyzing the answers
related to the cognitive domain, it was seen that while before
laboratory applications pre-service teachers stated that the
aim of the laboratory is to get knowledge, after the
applications the opinions shifted to the interaction between
the knowledge and daily life practices. Besides, it was seen
in the latest test results that establishing such an interaction
aiming to prevent the prejudices of pre-service teachers since
they sometimes had such thoughts as ‘what is the point in
learning this?’ at the very beginning of an experimental
activity in the laboratory, which might possibly inhibit their
further attainments, worked well. In parallel with the
answers of the pre-service teachers, literature also confirms
the fact that experimental science education helps students
create a link between the daily life and science [30].
Literature also stresses that for those students who are of the
opinion that laboratory plays an important role in creating
the link with the daily life, laboratory experiments make it
easier for them to understand the lesson [10]. Pre-service
teachers expressed that knowledge was learned permanent
and easily, learning process was fun and effective with
laboratory method. In addition pre-service teachers
expressed that laboratory applications was effective on
hands-on activities, contact with daily life, making practice
and concretize [25]. Literature was expressed that students
found experiences in the laboratory exciting and interesting
[15]. Within the scope of affective attainments, an increase
was detected in the answers of pre-service teachers regarding
these attainments before and after the laboratory applications
and is attributed to the fact that students were conducting
experiments in groups of two or three, interacting with each
other. Although laboratories are often regarded as academic
environments, the social interactions supporting the
structuring of any kind of knowledge, is of great importance.
This interaction surfaces simultaneously as the students are
conducting their own duties [31]. Literature emphasizes that
laboratory activities provide opportunities for meaningful
and permanent learning in individual or in group work
[18-32-33] and concretizing abstract and complex issues [34].
Literature also brought forward that the social interaction is
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an important factor for students to become successful and
structure the knowledge [11]. Open-ended laboratory
practices based on cooperation provide high level of
motivation to the students and enable them to create their
own thoughts and methods during the laboratory
applications [13]. When it comes to the psychomotor domain,
the components were skills, to gain hand skill, to use
effectively the equipment, to learn to move fast and so on. An
increase was detected in the above-mentioned after the
laboratory applications. The increase detected in the latest
test results is important since it puts forward the efficacy of
technical skills approach which is valued during the
experimental activities performed in the laboratories. With
an overview of the domains of learning category, it can be
said that before the laboratory applications, pre-service
teachers’ opinions regarding the aim of laboratory were
mostly cognitive. In other words, based on learning; however,
after the application this mostly shifted to affective and
psychomotor attainments. Supporting the statements of the
pre-service  teachers, literature also  says  that
experiment-based science education develops psychomotor
skills [30-35] and hand skills [36]. Laboratory is considered
as the best place to learn manipulative skills that include
technical skills and functional aspects of performing
laboratory task [55-56-57]. In parallel with the cognitive,
affective and psychomotor skills mentioned by the
pre-service teachers, literature also says that the aim is to
develop students’ cognitive skills such as logically and
investigation-based thinking and affective skills such as
cooperation and communication and psychomotor skills [16].
When the studies conducted on laboratory applications and
yielding fruitful outcomes in terms of cognitive and affective
domains [37] are analyzed cognitively, it was seen that
laboratory activities enhanced academic success [2-3-38-39],
contributed to interpretation of knowledge and deeper
learning [40] and that experiments did contribute to the
knowledge of the students [41]. It is clear that education gets
better with laboratory activities [8-42]. When the successful
outcomes of laboratory applications were analyzed
affectively, it was seen that self-esteem and social behaviors
of the students were positively affected [9-43]. Literature
also suggests that in laboratory sessions which involve
plentiful research and inquiry practices, teachers function as
guides and students find the opportunity to improve their
higher mental processing [44] and affective skills [45]. It was
detected that some pre-service teachers expressed opinions
regarding the quality of learning and the methods needed to
be used to enhance that quality while they were talking about
the aims of laboratory applications. In parallel with these
findings, it is stated that laboratory encourages students for
qualified learning [12]. Learning with fun, which had its
place also in the statements of pre-service teachers, is
favored in the literature by regarding it as that; a
student-centered laboratory activity makes the learning
process fun by whipping up the willingness and curiosity of
the students towards the subject [46]. In the literature,
pre-service teachers expressed that laboratory activities

provide opportunities for making discovery, not memorizing
by understanding learning and better understanding of
theoretical course [47]. Another aim of the laboratory
applications that pre-service teachers determined is scientific
process skills. It was detected that pre-service teachers were
of the opinion that through laboratory applications, scientific
process skills can be developed, as their answers suggested.
It was also detected that, before the applications they dwelled
on observation, experiment and conclusion components of
scientific process skills. However, in posttest results, more
comprehensive  statements,  including  experiment,
observation and conclusion steps altogether, were found such
as perceiving the theory through qualitative and quantitative
observations, to understand how and where the knowledge
comes from, to prove the hypothesis of the experiments, to
confirm the knowledge gained through daily life, to envision
the scientific process in mind. Also in literature, laboratory
has been found to be contributing to the development of
scientific process skills [48-49]. Pre-service teachers
expressed that science and technology laboratory provides
permanent learning with hands-on activities [48]. Moreover
in the 2013 edition of science teaching program [21], it was
stated that observation, measuring, classification, data
recording, making hypothesis, all which belonged to skill
acquiring domain, required to gain students those scientific
process skills such as model creating, changing the variables,
controlling and conducting experiment.

4.3. The Importance of Laboratory in Science Education

Explaining the importance of laboratories in science
education, pre-service teachers used the definition of science
and its characteristics. An overview of the answers of
pre-service teachers in the “Domains of Learning” category
showed that the focus was on cognitive skills. However,
cognitive skills need to be supported with both psychomotor
and affective skills. Yet, more or less, pre-service teachers
touched on affective attainments, too, which suggest that
they did not perceive laboratories as completely academic
environments. Literature highlights the effective role of
laboratories in developing the self-confidence of students
[14].

The results showed that the majority of the pre-service
teachers explained laboratory applications’ importance as fo
enhance the quality of learning, as pretest and posttest results
suggested. It is also seen that they proposed some methods
crucial to such enhancement such as visualizing,
materializing, and application, observation and experiment.
Pre-service teachers talked not only about the learning
dimension of learning but also the teaching dimension. A
minority of teachers stated in the pre-test that thanks to the
laboratory applications they believed that they could teach
science easier to their students, that they could be successful
and more beneficial science teachers. Supporting these
statements regarding the good teacher model, literature also
emphasizes that teachers should be sufficiently informed in
their own field, following the scientific innovations,
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supporting their lessons with laboratory, well prepared for
their class and motivating their students in their laboratory
activities [10].

Another issue that pre-service teachers shed light on is
scientific process skills. Even though the answers given
within the scope of this domain increased after the laboratory
applications, it was seen that pre-service teachers were
mostly inclined to basic process skills such as experiment
and observation. Moreover they also were found to be
touching on causative process skills such as data evaluation
and experimental process skills such as creating models. It is
stated that with the help of research-based laboratory
approach, students can gain high level of scientific process
skills [50], can realize that, in fact, the scientific activities
they perform belong to reality and that they can develop their
abilities of scientific thinking [51]. In science teaching
programs revised in 2013, it is stated that laboratory
applications are necessary and beneficial for students to
acquire such skills as observation, measurement,
classification, data recording, making hypotheses, using the
data and to gain scientific process skills such as model
creating, changing and controlling the variables, conducting
experiments and so on [21].

Briefly, it can be said that pre-service teachers’ answers
given to the three questions regarding the definition, aims
and importance of the laboratories are found to be similar.
However, the answers given before the laboratory
applications were relatively more inclusive when compared
to those afterwards. In other words, laboratory applications
enabled pre-service teachers to regard the laboratories as a
place well-equipped in terms of hardware and security
measures, application-based for student-centered activities
and laboratory activities enabled pre-service teachers to
develop in three domains of learning; cognitive, affective
and psychomotor and to enhance the quality of learning with
student-centered methods, to gain scientific process skills
and to adopt the importance of these applications for their
future careers.
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