IJETSAR (International Journal of Education Technology and Scientific Researches) (ISSN: 2587-0238)

Cilt / Vol: 5 Sayi / Issue: 12 Yil / Year: 2020

Article Type: Research Article

THE INVESTIGATION OF PRE-SERVICE ELEMENTARY TEACHERS’ EXPERIMENTAL SELF-
EFFICACY AND THEIR OPINIONS ON THE EXPERIMENTS: A MIXED METHOD STUDY

Ali Derya ATIK
Asst. Prof. Dr., Kilis 7 Aralik University, Turkey, alideryaatik@gmail.com,
ORCID: 0000-0002-5841-6004

Yakup DOGAN
Assoc. Prof. Dr., Kilis 7 Aralik University, Turkey, yakupdogan06@gmail.com,
ORCID: 0000-0003-0721-1268

Received: 17.03.2020 Accepted: 28.07.2020 Published: 24.08.2020

ABSTRACT

This study aims to understand and explain how the pre-service elementary teachers manage the
experimentation process. The mixed research model was used in the study. A single group pre-
test / post-test pattern (weak experimental pattern) was initially used to guide the research,
followed by document review, written opinions of pre-service teachers (questionnaire) and focus
group interviews, respectively. The number of participants varied at different stages of the
research according to the variety of assessment tools used in the research. According to the
findings, laboratory practices were effective in increasing participants' self-efficacy beliefs. It has
been determined that pre-service teachers experienced difficulties in experiment knowledge,
material knowledge, lack of theoretical knowledge and not doing experiments before,
experiment planning, implementation, evaluation and reporting processes. The experimental
reports revealed that pre-service teachers did not manage the application process well, did not
observe carefully, attentively and regularly, could not use standard measurement tools and units,
did not record the measurements regularly, and could not present their data in an appropriate
and effective manner. Participants emphasised on learning by doing and experiencing definitions
than other codes. The emphasis on learning by doing and experiencing is observed in the
descriptions since scientific truth is reached through experimenting in the laboratory courses.
The positive experiences that pre-service teachers will gain by conducting experiments on their
own in the faculties of education will make the most important contribution to their self-efficacy
beliefs. The fact that teachers who have high self-efficacy beliefs and experience in doing
experiments perform experiments in science lessons will provide students with considerable
acquisitions. Early science education is very important for students to acquire scientific process
skills in the short term, to learn to think like a scientist, and to prefer to study science-related
fields in the long term.
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INTRODUCTION

Many science educators admit that the main goal of science education in childhood is to teach children to think
and act like a scientist (URL-1). However, for many years, children in Turkey have been expected to memorize
scientific facts and concepts and be successful in tests rather measuring theoretical knowledge to assess them.
As science lessons are not much fun due to the methods applied, students do not prefer to study in the fields of
science in later years unless they are obliged to do so (Jarrett, 2017). It is stated that although the demand for
university education has increased (URL-2), the number of students who prefer to study and graduate from the
basic sciences program (physics, chemistry, biology and mathematics) and other science-related programs in
higher education institutions has been much lower than expected (Broman & Simon, 2015; Shapiro & Sax 2011;

URL-2).

According to the level of importance, the school-related factors that are effective in drawing students’
attention to the fields of science include the content of science curriculum as well as interest and motivation
towards the course (Shirazi, 2017). The inclusion of socio-scientific subjects into the science education
programs has increased the positive attitude of students towards science. Yet, it is still not very effective for
students to become interested in the fields of science in the future (Homer & Ryder, 2015). It is stated that the
strong predictor of students' interest towards basic sciences and related programs is their success in
mathematics and science (Wang, 2013). However, the fact that students consider these fields of science as
difficult causes them not to focus on such fields (Barmby, Kind & Hones, 2008; Bennett & Hogarth, 2009;
Christensen, Knezek & Tyler-Wood, 2015; DeWitt, Archer, & Moote, 2018; Shirazi, 2017; Tripney et al., 2010;
Tytler & Osborne, 2012). The perception that science is difficult is closely related to students' self-efficacy
beliefs, but the probability of making science-related choices in their future life will increase if students have
high expectations of success in science classes (Webb-Williams, 2018; Quinn & Lyons, 2011). Other external
factors are students' science experience and teachers' influence. When the students who chose science-related
fields in their further education and those who did not were compared, it was found that the students who
chose science-related fields had more positive experiences in science lessons during their previous schooling
(Shirazi, 2017). Likewise, one of the most important factors affecting young people's perceptions of science are
highly qualified teachers (Bevins, Brodie & Thompson, 2008; Hattie, 2003; Rowe, 2003; Wai Yung, Zhu, Wong,
Cheng & Lo, 2011). Bearing this factor in mind, teachers can make their lessons enjoyable with the methods
and materials they use in their lessons, ensuring that students are constantly involved in the lesson (Osborne &
Collins, 2001). Similarly, Maltese and Tai (2010) state that activities in which students can interact with each
other are much more important than the subject content knowledge in making students interested in science

in the early period.

One of the factors affecting the quality of education provided in schools is the self-efficacy beliefs of teachers.
Self-efficacy is defined as the judgment of an individual about oneself, which is effective in the formation of the
behaviour of individuals and their capacity to perform a job successfully (Bandura, 1982). Bandura proposed
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four basic sources of self-efficacy beliefs, namely, performance accomplishment, vicarious learning, verbal
encouragement (persuasion), and emotional states (physiological and emotional states). The most influential
source of self-efficacy beliefs is believed to be the knowledge that individuals gain directly from their own
experience (Usher & Pajares, 2009). The concept of self-efficacy related to experimenting is the belief of
students to be able to do scientific experiments and conduct a well-organized one in the laboratory even under
difficult conditions (Yilmaz, 2018). To this end, individuals should be able to use scientific process skills when
experimenting. Therefore, there should be a close relationship between pre-service teachers' self-efficacy
beliefs about experimenting and scientific process skills. With science experiments, it is possible to enable
students to structure information by actively participating in the learning process, recognizing scientific
methods, and using the scientific process skills (observing, measuring, predicting, recording data, interpreting,

drawing conclusions etc.).

The content of teacher training and how it should be done are important in bringing pre-service teachers the
confidence in competence. The importance of field experience and extra-curricular activities, as well as further
experience and having a reliable and convenient class atmosphere in order to be able to gain experiences from
others are thought to be necessary in the process of teacher training (Cantrell, Young & Moore, 2003).
Experimental studies are very suitable for teaching many skills (such as problem solving, creativity,
collaboration, decision making, critical and scientific thinking) in teacher training. One of the skills that should
be gained throughout teacher training is scientific process skills. If teachers are not able to acquire scientific
process skills, it will be difficult for them to make students acquire such skills. Education faculties are among
the leading institutions that play an important role in initiating knowledge, skills, attitudes, and behaviours
related to the teaching profession. The acquisition of scientific process skills by doing and experiencing in
person in education faculties will also positively affect the self-efficacy beliefs of pre-service teachers. The
reason why pre-service elementary teachers were selected as the study group is that they will be the future
teachers and will perform early science teaching. It is only possible for the pre-service elementary teachers to
enable students to gain scientific process skills in the future by understanding how they comprehend and
interpret this process, and the way they perceive the task of experimenting. It is thought that identifying the
level of knowledge and self-efficacy beliefs, or prejudices, if any, of pre-service teachers about experiments,
and revealing their perspectives on experimenting will be an important predictor of whether they will include
such activities in their classes in the future. In this regard, it is essential to identify the pre-service teachers'
self-efficacy beliefs about experimenting, determine the extent of their knowledge of designing and performing
experiments, as well as their opinions about the experiment. This study is important in terms of finding out why
teachers do not prefer experimental methods and how these thoughts can be substituted with positive

thoughts.

The capability of individuals to perform experiments depends on their self-efficacy beliefs about

experimenting, scientific process skills, and ability to use them. This study aims to understand and explain how
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the pre-service elementary teachers manage the experimentation process. Thus, this study tries to reveal the
pre-service teachers' perspectives on experimenting and scientific methods. Depending on the purpose of the

research, answers were sought to the following questions:

1. What is the effect of laboratory experiences on the experimental self-efficacy levels of pre-service
elementary teachers?

2. What is the level of knowledge of pre-service elementary teachers about experimental planning,
implementation and evaluation?

3. How do pre-service elementary teachers perceive experiments and experimenting process?

METHOD

Research Design

This study employed the mixed-method sequential explanatory design (combines quantitative and qualitative
research techniques into a single study) (Teddlie & Tashakkori, 2015). As a quantitative method, a weak
experimental design was used to test whether laboratory experiences have an effect on pre-service elementary
teachers' experimental self-efficacy (hypothesis). Since it was tried to reach a conclusion that cannot be
accessed with the quantitative approach, the qualitative dominant mixed-method that trying to explain the
events that are assumed to be causal was preferred. As a qualitative method, a single case-holistic design was
used to involve an up-close, in-depth, and detailed examination of pre-service elementary teachers' laboratory
experiences. A single group pre-test / post-test pattern (weak experimental pattern) was initially used to guide
the research, followed by document review, written opinions of pre-service teachers (questionnaire) and focus
group interviews, respectively. In the study, methodological triangulation that involves using more than one
method to gather data with experiment-related self-efficacy scale, documents (experimental reports and
structured opinion forms), semi-structured interviews were performed. Using more than one method to gather

data was increased the reliability and validity of the results (Denzin, 2006).
Data Collection Tools
The data collection tools used to collect quantitative and qualitative data are presented below.

(1) Experiment-Related Perceived Self-Efficacy Scale: Originally written in German (Damerau, 2013), the scale
was adapted into Turkish by Yilmaz (2018). It consists of 18 items with the sub-dimensions of planning,
implementation, and evaluation. The adapted self-efficacy beliefs scale was found suitable for pre-service
teachers. Confirmatory factor analysis (CFA) was used to check the structural validity of the scale. Confirmatory
factor analysis results: X2 / df = 195.181 / 132 = 1.479; RMSEA = 0.083, CFl = 0.945; TLI = 0.936, WRMR = 0.881.
It was determined that the adaptation values of the Experiment-Related Perceived Self-Efficacy Scale were at
acceptable values according to the standard goodness of fit measures (Schermelleh-Engel, Moosbrugger &
Muller, 2003). Standardized correlation values were statistically significant (p <.01). Correlation values between
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planning and implementation factors were calculated as .838, between planning and evaluation factors as .806,
and between implementation and evaluation factors as .751. In addition, the Cronbach Alpha internal
consistency coefficient was calculated to test the reliability of the Experimental Self-Efficacy Scale data. The
reliability coefficients of the test scores indicated that the data were reliable (Cronbach Alpha apre-test = .88;
apost-test = .83). According to these data, it was found that the experiment-related self-efficacy scale provides
structural validity.

(2) Experimental Reports: Experimental reports related to the experiment designed by pre-service teachers
constitute the second data collection tool. It was tried to determine the pre-service teachers' experimental
planning, implementation and evaluation knowledge and skills with their reports. The reports did not involve a
ready format and were prepared by the participants as were the experiments.

(3) Structured Opinion Form: Based on the experiences of pre-service teachers, a questionnaire consisting of
eight questions was prepared in order to determine the participants’ opinions and suggestions regarding their
experimental and scientific process skills. For the validity of the research questions, the opinions of two field
experts and one assessment and evaluation expert were obtained. The draft form was consisting of nine
qguestions at the beginning. In line with the experts' suggestions that the two questions are very similar in
content, one question was removed from the draft form.

(4) Semi-structured Interview Form: Consisting of seven questions, the form was prepared to determine the
pre-service teachers' opinions and feelings about the experimental studies and scientific process skills carried
out in laboratory lessons. For the validity of the questions, the opinions of two field experts and a

measurement and evaluation expert were taken.
The Study Group

The study group consists of 44 pre-service teachers studying in the primary teaching education program at a
state university in the South-eastern Anatolia Region. The number of participants varied at different stages of
the research according to the variety of assessment tools used in the research: 44 pre-service teachers were
asked for their opinions for the Self-efficacy Beliefs Scale for experiments and the experimental reports, 34
volunteer pre-service teachers were asked for their opinions in the opinion form, and 14 pre-service teachers
were asked for the focus group interviews. In selecting individuals who will participate in focus group
interviews, deviant or extreme case sampling (in such a way that there are equal number of pre-service
teachers who have prepared and have not prepared the best report according to the experimental reports and

observations made in the classroom) was used from among purposive sampling methods.
Data Collection Process

The data collection process of the study is shown briefly on the figure below:
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Implementation of focus group interviews L
group consisting seven students.
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Reporting the results

Figure 1. Data Collection Process in the Study

The scale was applied at the beginning of the semester in order to measure the self-efficacy beliefs of the pre-
service teachers in regards to experimenting. In laboratory lessons, the pre-service teachers were divided into
groups of 4-5 people, and experiments in the cookbook were performed together with the pre-service teachers
accompanied by lecturers and assistants. In order to test whether the pre-service teachers were able to design
experiments independently in the last two weeks of the first semester, they were asked to design an
experiment to identify the factors affecting the seed germination process, to provide the necessary materials
for the experiment, to note the results of the observation, to evaluate the results and to report the process.
The participants were given a period of 15 days to conduct the experiment and were asked to submit their test
reports to the lecturer of the course at the end of this period. Then the experimental reports were examined
and delivered to the pre-service teachers for review after deficiencies and errors were specified. At the end of
the first semester, the experiment-related self-efficacy scale was applied as a post-test in order to identify
whether there was a change in the experiment-related self-efficacy levels of pre-service teachers in comparison
to the beginning of the semester. In the second semester, however, the experiments were carried out on the
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basis of questioning: The pre-service teachers were given a basic problem sentence and asked to solve it using
scientific process skills just as a scientist would do. The problem statement and the process were structured by
the lecturer, and then questions were asked to guide the pre-service teachers to solve the problem. At the last
stage, pre-service teachers decided to solve the problem according to the given situations and tried to solve it.
At the end of the second semester, the pre-service teachers were given an opinion form for them to write their
opinions about the experiment. It took them 30 minutes on average to complete the procedure. Finally, two
focus group interviews were held with each group consisting of seven people. The first focus group interview

lasted 1 hour 22 minutes and the second focus interview took 56 minutes.
Data Analysis

(1) Experiment-Related Perceived Self-Efficacy Scale: The results of normality tests were examined in order to
decide on the comparison tests to be used in the analysis of the data. Normality test results: In the pre-test, the
Skewness value was .-247 (z score = .67), the Kurtosis value was .859 (z score = 1.19) and the Shapiro-Wilk
value was p = .51, while in the post-test, the Skewness value was .-492 (z score = -1.33), the Kurtosis value was
1.002 (z score = 1.38) and Shapiro-Wilk value was p = .08). If the Skewness and Kurtosis z-values be somewhere
in the span of -1.96 to +1.96 and Shapiro-Wilk test p-value be above .05, showed that the scores are
approximately normally distributed (Razali & Wah, 2011). These results show that the pre-test and post-test
scores show a normal distribution, and the assumption is met for the t-test of the dependent groups as a
parametric test. Since the assumption of normality was met for using parametric tests, dependent groups t-test

was used for comparisons (Cramer & Howitt, 2004).

(2) Experimental Reports: Descriptive analysis technique was used in the analysis. The sub-dimensions of the
Experiment-Related Perceived Self-Efficacy Scale were used as the main theme (planning, implementation, and
evaluation) in the examination of the experimental reports, and the code list was determined accordingly. The
theme of planning was evaluated according to the categories of expressing the problem sentence clearly,
expressing the purpose of the experiment, determining the variables, designing the experimental setup and
forming a hypothesis. The theme of implementation was evaluated according to categories of developing

experiments, writing the observations in the experiments, and explaining them.

The theme of evaluation was analysed according to the categories of evaluating the measurement data,
evaluating the results of the experiment, determining the possible errors in the experiment, and presenting the
results of the experiment in tables/charts etc. According to the themes mentioned, the experimental reports
were agreed by two faculty members and the results were simultaneously examined and recorded in an excel
file. The categories included in each theme are coded as no- (0), poor- (1), acceptable- (2), good- (3), and the

data is digitized by calculating frequencies for each category.

(3) Structured Opinion Form: The analysis was conducted for (1) determining the conceptual framework for the

descriptive analysis of the research, (2) organizing the data according to the conceptual framework (3)
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demonstrating the understandability of the data besides identifying them in a meaningful and logical manner
(4) explaining, associating and interpreting the findings (Yildirnm & Simsek, 2016). From time to time, direct

quotations were included to reflect the opinions of the participants on open-ended questions.

(4) Focus Group Interviews: The analysis included (1) transcribing the records in a Word document for analysis,
(2) content analysis: (a) coding; dividing data into meaningful sections, conceptualizing and associating (b)
creating themes; classification of the codes (concepts) under certain themes (c) editing of codes and themes (d)
organizing themes under research questions, and (e) reaching and interpreting the findings (Yildirnm & Simsek,
2016). The content analysis of the data obtained from the focus group interviews was carried out by two
different field experts using the Miles-Huberman model. In the first stage, two different field experts executed
a systematic arrangement of the same data at different times. The process of data reduction and arrangement
continued throughout the analysis. The reliability of the coded data set was calculated after the analyses made
by the two researchers were brought together and the codes, categories and themes were checked. The
reliability of the study was calculated as 91 / (91 + 11) = 0.89 by the formula of [Reliability = Number of
Agreements / (Total Number of Agreements + Disagreements)] developed by Miles and Huberman (1994) by
considering the agreements and disagreements among the coders. When the coders have a compatibility

percentage close to or above 90%, it means that reliability is provided (Miles & Huberman, 1994).

RESULTS

1. Results of the Effect of Laboratory Experiences on the Experimental-related Self-efficacy Levels of Pre-

service Elementary Teachers.

Table 1. The t-test Results of the Dependent Groups in the Pre-Test and Post-Test.

N X Sd S.E t df p
Self-efficacy Pre-test 3.17 A4 .07 47.26
44 43 .00
Scale Post-test 3.82 44 .07 55.04
PI i Pre- 12 4 .07 44.94
anning re-test a4 3 6 0 9 43 00
8 Post-test 3.79 .55 .09 44.23
S Implementation Pre-test 3.21 .59 .09 35.88
& Post-test 4 386 58 09 4293 B 00
>
v Evaluation Pre-test 3.19 .51 .09 40.80
Post-test a4 3.80 43 .07 56.37 43 00

Table 1 shows that the experiment-related self-efficacy levels of the pre-service teachers are moderate
(X=3.17) before the first semester laboratory lessons, and high (X=3.82) after the first semester laboratory
lessons [1.00-1.80 = very low / 1.81-2.60 = low / 2.61 —3.40 = medium / 3.41-4.20 = high / 4.21-5.00 = very
high]. Laboratory practices positively affected the experiment-related self-efficacy levels of pre-service
teachers and contributed to their increase. A statistically significant difference (p = .00) was observed between
experiment-related self-efficacy scores of the pre-service teachers obtained from the pre-test and post-test,
and the average of the post-test scores was found higher than that of the pre-test scores. In other words,

laboratory practices were observed to significantly increase the experiment-related self-efficacy levels of the

796 Atik, A. D. & Dogan, Y. (2020). The Investigation of Pre-Service Elementary Teachers’ Experimental Self-
Efficacy and Their Opinions on The Experiments: A Mixed Method Study, International Journal of Education
Technology and Scientific Researches, Vol: 5, Issue: 12, pp. (789-844).



IJETSAR (International Journal of Education Technology and Scientific Researches) (ISSN: 2587-0238)

Cilt / Vol: 5 Sayi / Issue: 12 Yil / Year: 2020

pre-service teachers. Similarly, the self-efficacy levels of the participants in regards to experimental planning,
implementation and evaluation were at medium level (X pianning = 3.12, X application = 3.21, X assessment = 3.19)
before the laboratory practices, while they rose to higher levels (X pianning = 3.79, X application = 3.86, X assessment =
3.80) after the laboratory practices. A statistically significant difference was observed between the pre-test
self-efficacy scores for experimental planning, implementation and evaluation, and post-test scores, along with

significantly increasing differences in favour of the post-test in all dimensions (p = .00) (Table 1).

2. Results of the Level of Knowledge of Pre-service Elementary Teachers About Experimental Planning,

Implementation and Evaluation (Experimental Reports)

The evaluation results of the experimental reports designed by pre-service teachers according to the

experimental planning, implementation and evaluation processes are presented in the charts below.

40 III [ a ] 3 1 3 1
36 9 16 g
32 13 16
5 28 14
Q 24 19
TR
19
12 25
8 17 19
a 12 6
0 2
f f f f f
to express the to write the to determine the to design the to express the
problem sentences purpose of the variables experimental setup hypothesis

clearly experiment

None Poor Acceptable EGood
Chart 1. Evaluation of Experimental Reports According to the Experimental Planning Process (N=44)

Chart 1 shows that a considerable part of the pre-service teachers could not express the problem sentences
clearly in experimental reports and did not include any hypotheses. It was determined that pre-service teachers
could neither write the purpose of the experiment well nor determine the variables (dependent and
independent), and they did not have sufficient knowledge in designing the experimental setup in order to
conduct the experiment. In a limited number of experimental reports, the problem sentence and the purpose
of the experiment were expressed, and the variables were identified. This situation shows that pre-service

teachers have difficulties about the scientific process steps required in the experimental planning process.
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44  E—" —  E—" s—
40 [ 4 | 10
36
32 = 12
c 28
z %
8 16 25 22 27
12
8
4
0 2 6 .
f f f
manage the experimental recording measurement results explain the observation results
process

None Poor Acceptable EGood

Chart 2. Evaluation of the Experimental Reports According to the Experimental Implementation Process (N=44)

The chart 2 shows that pre-service teachers could not manage the experimental process well (i.e. observing the
variables regularly, working diligently, being careful, detecting possible errors etc.), did not carry out
observations regularly (using standard measurement tools for measurements, making measurements at regular
intervals, recording measurement results, making repeated measurements), and did not explain the

observation results or measurements they obtained (Chart 2).

40 5
36 12
32 13
c 28 26
Q 24
5 20 44
216 31
12 25
8 17
4
0
f f f f
interpreted the interpreted the results to detect possible present the
measurement results to come to a conclusion errors in the experimental data in
experiment the form of a

table/chart

None Poor Acceptable EGood
Chart 3. Evaluation of the Experimental reports According to the Experimental Evaluation Process (N=44)

As shown in Chart 3, the participants could not present the experimental data in the form of a table/chart
correctly during the evaluation process. The participants who presented the data in the form of tables/charts
did not have a table/chart title (the number of charts is quite low) in their reports, did not use row and column
titles in their tables, did not write measurement units, nor did they draw on technologies such as computers to

make tables/charts. The number of pre-service teachers who interpreted the measurement results in the
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experimental reports to come to a conclusion was rather low. None of the participants expressed that the
results of the experiment could be erroneous, nor did they mention about the possible reasons why such

mistakes occurred during the experiment.

3. Results of Pre-service Elementary Teachers Perceive Experiments and Experimenting Process

a. Results Obtained from the Opinion Forms

The figure below demonstrates the descriptions related to the themes and data obtained from the opinion
forms given to the pre-service teachers to determine the causes of the deficiencies or errors in the

experimental reports, in other words, the descriptive frame of the results obtained from the opinion forms.

Process Product

Planning, implementation, evaluation Preparing an experiment report
Planning Titles to be included in the

- Determining variables | experiment report

Implementation Reasons for not preparing an
- Observing and measuring experiment report
( Evaluation )
- Presentation of data with tools Suggestions
such as tables / charts

Figure 2. Descriptive Framework of the Results from the Opinion Forms

During the planning of the experiment, the participants were observed to have the most difficulty in finding the
materials to be used in the experiments. The participants stated that they had difficulty finding the test
materials in the laboratory (11 people) and identifying what materials to use as they did not know much about
the materials (3 people).

P-22: Since we did not check the materials and their places in the laboratory before performing the experiment,

we had difficulty locating the materials on the day we conducted the experiment.

Other challenges include determining the variables (3 people), choosing the appropriate method (3 people),
establishing a hypothesis (2 people), and setting goals (2 people). The participants stated the reasons why they
had experienced such difficulties in this process as lack of preparation (4 people), lack of knowledge about the
subject (4 people), not having designed an experiment before (3 people) and lack of self-confidence (2 people).
Some of the participants, on the other hand, stated that they did not have difficulty in the process of designing
an experiment (7 people).
P-5: | have no difficulty designing an experiment. | can easily find the materials. In the laboratory
environment | can have access to the materials that | have difficulty finding. | try to figure out the
method suitable for the purpose of the experiment from books, or the internet as well as the
solutions | come up with.
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The participants stated that the reason for failing to determine the variables when designing an experiment
was not having sufficient information and not understanding it.
P-10: We used to think that the experiment we had done with only one variable before was
correct, and so far, | have not done any experiment other than the bean experiment in my school
life, and | realized that I did not learn it completely. We used to go to the lab, though not very
often, but we did not use to do any experiments. Our teacher would only take us there when he
wanted to teach us about systems of the body, organs, etc. Perhaps the difficulty is because we
did not learn that we should prepare a complete experiment with multiple variables with an

experimental and a control group.

During the implementation process, the participants expressed that while they were performing the
experiments, they experienced a number of difficulties with charts and tables (4 people), expressing the results
(3 people), using the measurement tools (4 people) and measurement units (4 people), and the time required
for the experiment (2 people).

P-32: While writing the results of the experiment and observation, | write randomly without creating a specific

table or layout. | am not able to draw a table that is exactly suitable for the experiment.

The reasons for the difficulties experienced during the measurements and observations related to
experimenting are: receiving incorrect results (2 people), lack of experience with enough number of
experiments (3 people), making inaccurate or incomplete measurements (7 people), lack of knowledge about
using the measurement units (2 people), lack of knowledge about using the measurement tools (4 people), lack
of self-confident (5 people), failing to be careful enough (6 people), failing to record the measurements and
observations on time (during the experiment) (2 people), and lack of enough experience (1 person). Four of the
participants stated that they had no difficulty in this process.

P-11: Whether we are measuring or experimenting, we stick to a single experiment, and so the measurements
can be erroneous.

P-33: Sometimes | get confused when | am doing the experiments more than once, and when these experiments
do not match with each other while writing in the report.

P-25: When | write observations and measurements, | forget to write units like kg, I, m, and then it causes
confusion. We get negative results when we miss something in the experiment and not take notes. The
experiment goes wrong and incomplete.

P-19: When writing observations and measurements about the experiment, thinking to myself "Did | manage to

determine the correct data?" makes my job difficult.

The evaluation process of the participants reveals that they have difficulty in data assessment and coming to
conclusions especially in regards to expressing the results appropriately (creating tables/charts) (18 people)
and establishing a cause-effect relationship (6 people). According to the participants, the reasons for the
difficulties included errors in measurement (11 people), obtaining measurement results different from other
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groups (6 people), obtaining different results in repeated experiments (10 people), lack of theoretical
information about the subject (6 people), lack of knowledge about how to evaluate the data (6 people), failing
to conduct the experiment as planned (5 people), lack of knowledge about how to present the data (1 person),
being unsure of the results (1 person), and lack of knowledge about how the results will be expressed (2

people).

Eight of the participants stated that they generally use tables, but not many charts, to present the results of the
experiment. The number of participants stating that they use them occasionally is five.

P-20: Both the chart and the table are enough to summarize the whole experiment.

Among the participants, those who did not use tables and charts while presenting the results of the experiment
expressed that they did not have enough information (8 people), had difficulty in making tables and charts (13
people), forgot while writing reports (1 person), feared to make mistakes (2 people), did not consider it
necessary to include tables and charts as they had already expressed the data verbally (2 people), and were not

accustomed to making use of them (3 people).

The majority of the participants stated that the name of the experiment (33 people), the purpose of the
experiment (30 people), the materials used (32 people), the processes in the experiment (34 people), and the
results of the experiment (34 people) should be included in an experiment report. Some participants stated
that other items related to scientific process skills such as hypotheses (11 people), observations (8 people),
findings (16  people), problem statements (4 people), predictions (5 people) and
comments/discussions/suggestions (2 people) should also be included. In addition, two participants stated that
there should be a bibliography. Only two participants who wrote the bibliography were sensitive about
scientific ethics. Consequently, this situation can be interpreted as pre-service teachers' lack of enough
knowledge in scientific ethics. In addition, very few participants stated that they should include a cover page (2
people), the date (1 person), the names of the experimenters (1 person) and the name of the trainer (1

person).

The issues that the participants had difficulty in preparing an experiment report were making tables and charts
(8 people), writing the purpose of the experiment (2 people), writing the results of the experiment (4 people),
writing about the processes of the experiment (5 people), self-expression (5 people) and prejudice ( 1 person).
P- 14: | have difficulty using a scientific language and choosing the appropriate words that | should use while
writing a report.

P-21: First of all, when preparing an experiment report, | think that | will discover my deficiencies or | have made

a mistake somewhere.

The most important reason for the participants failing to prepare experimental reports is the lack of knowledge

and inexperience (23 people).
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P-27: We do not have enough information about how the report should be written, and without
any research we try to write reports based on missing information and we do not even check if we
really follow the rules while writing the reports. We want to write a lot and fill the page. However,
we do not pay attention to the accuracy, style, and quality of what we write.
P-20: In my opinion, the reason we could not prepare an accurate report is that we never
prepared a report before. This lesson was the first time that | prepared a report. Since | prepared
a report for the first time, | had a hard time preparing it, and | could not prepare a correct,
complete report.
P-15: | have not prepared any experimental reports throughout my education.
Below are sample statements showing that the participants 'experience in preparing experimental reports is
important and that their self-confidence increases as they do experiments and prepare reports.
P-11: / learned how to do an experiment. | am not having any difficulty anymore.
P-20: This lack of knowledge gradually decreased as | wrote experimental reports. | benefited from writing
reports.
P-5: If it was at the beginning of the period, | would find myself incompetent, but at the moment, | do not
consider myself incompetent while preparing a report.
P-1: When you get efficient results from the experiment and actively work in the experiment, you have no

problems in writing reports.

In addition, the participants stated the reasons for not being able to prepare an experiment report as
negligence/disinterest (11 people), carelessness (7 people), and lack of sufficient theoretical knowledge about

the experiment (4 people).

The suggestions of the participants in order to be successful in the experiment process are as follows:
Theoretical knowledge should be obtained on the subject (15 people), measurements and observations should
be noted during the experiment (13 people), report writing should be done with utmost care and attention (11
people), students should be shown a sample report by their teachers to prepare reports together (11 people),
charts and tables should be used in presenting data (11 people), test materials should not be incomplete (7
people), the experiment should be performed with utmost care and attention while performing the experiment
(6 people), and one must be insistent (5 people), and reach results (interpretation and discussion) (4 people),
and students should perform the experiment themselves (6 people).
P-3: | suggest that they do not give up and say “l cannot do it”, when they have difficulty in writing an
experiment report.
P-18: If necessary, the teacher should prepare a report with the students. After preparing this
report with the participation of the whole class by paying attention to everything, the student will

be able to prepare his/her own report by learning how to do and what to pay attention to.
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b. Results from the Focus Group Interviews.

Table 2. Content Analysis of the Description of the Experiment

Theme Categories Codes

Learning by doing and experiencing
Wondering
Observing
Researching
Process-oriented Achieving the goal
Trial and error
Analyzing
Measuring
Repeating the measurements
Authenticating/proving
Concretizing abstract information
Result-oriented Reaching a conclusion
Understanding the formulas
Understanding its logic

The Description of the Experiment
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The participants included process and result-oriented statements in their descriptions. They included the
concepts of learning by doing and experiencing in regards to process-based experiment descriptions as well as
wondering, observing, researching, analyzing, measuring, repeating the measurements, which are related to
scientific process skills (Table 2). They also used the concepts of authenticating/proving, concretizing abstract
information, reaching a conclusion, and understanding the formulas and understanding its logic in the results-

oriented experiment descriptions.

Table 3. Content Analysis on the Theme of Experimenting and Its Causes

Theme Category Sub-categories Codes f
Influential in making the information 11
” permanent
qu Cognitive Learning by doing and experiencing 6
8 Active learning 3
2 Concretizing abstract concepts 3
2 I will use Curiosity 6
o experimental Initiating research skills 3
é technique Gaining experimental experience 2
SEJ Affective motives Enjoying science lessons 1
s (interest, skill, motivation) Learning to overcome the fear of making 1
153 mistakes
= Learning through trial and error 1
Initiating scientific thinking skills 1

All of the participants stated that they would use the experimental technique when they became teachers.
They tried to explain the reasons for using the experimental technique with cognitive and affective motives.
According to the codes in the learning sub-category, the participants thought that experimenting is influential
in making the information permanent, in active learning, in learning by doing and experiencing, and in
concretizing abstract concepts. Particularly, the effect of the experimental technique was emphasized by the

participants more than other codes in keeping the learned information permanent. The participants expressed
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the reasons for doing experiments in the sub-category of interest / skill / motivation as curiosity, initiating
research skills, gaining experimental experience, enjoying science lessons, learning to overcome the fear of

making mistakes, learning through trial and error, and initiating scientific thinking skills.

Table 4. Content Analysis of the Theme of Essential Features to Possess in order to Experiment.

Theme Categories Codes

Theoretical knowledge about the subject
Knowledge of experimental materials and how to use them
Cognitive Knowledge of experimenting
Knowledge of scientific process
Knowledge of tables/charts
Curiosity
Patience
Willingness
Persistence/not giving up
Tidiness
Discipline
Sense of responsibility
Self-confidence
Critical thinking and questioning
Decision making and achievement
Dexterity
Skills Researching
Asking questions
Group working
Discussion

Personal

science classes

The characteristics that teachers who will experiment in
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According to the participants, the characteristics that teachers who will experiment in science classes should
possess are grouped into three categories as cognitive characteristics, personal characteristics, and skills.
Cognitive characteristics include theoretical knowledge about the subject, knowledge of experimental
materials and how to use them, knowledge of experimenting and scientific process as well as tables/charts.
Personal traits include curiosity, patience, willingness, persistence/not giving up, tidiness, discipline, sense of
responsibility and self-confidence. Skills include critical thinking and questioning, decision making and

achievement, dexterity, researching, asking questions, group working and discussion (Table 4).

Table 5. Content Analysis on the Theme of Things to Do Prior to the Experiment.

Theme Categories Codes f
o Obtaining the tools and equipment 12
< . Using alternative materials for non-available materials 5
p Tools, equipment, and . .
2 . . The knowledge of using the tools and equipment 5
C physical environment . .
o i Arranging the test environment 4
Col g Ensuring safety 3
'g = Theoretical knowledge 7
=g . Identifying the variables 2
) Experiment and knowledge . .
2 © P & Experimenting beforehand 1
s Suitability for a student’s level of knowledge 1
()
< . Planning of the experiment 7
= Planning . § P
Planning of the group work 1
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According to the participants, the things to do prior to the experiment were gathered in three categories as
tools, equipment, and physical environment, experiment and knowledge, and planning. Issues to be considered
in the category of tools, equipment, and physical environment are related to the knowledge of obtaining and
using the test equipment, using alternative materials for non-available materials, arranging the test
environment, and ensuring safety. Matters to be considered in the category of experiment and knowledge
include theoretical knowledge, suitability for a student’s level of knowledge, identifying the variables and
experimenting beforehand. Issues to be considered in the planning category are the planning of the

experiment and the planning of the group work.

Table 6. Content Analysis on the Theme of Things to Do During the Experiment.

Theme Categories Codes f
To be careful 4
o To use the materials correctly 2
< Safety .
g To keep unnecessary materials off the table 1
s Not to go beyond the aim of the experiment 1
< To record the measurement results correctly 8
[J]
To make repeated/multiple measurements 7
2 Measurement P / P
- To note the measurements 5
£ To take/ draw pictures about the process 2
= To distribute tasks 5
S To work diligently 2
Participation and collaboration . S
8 P To ensure active participation of students 1
(%) .
8o To make good observations 1
< To question the results of the experiment/experimental )
2 . errors
= Achievement
To compare the results 2
To discuss and decide, and to insist / not to give up. 1

According to the participants, the things to do during the experiment were gathered under the categories of
safety, measurement, participation and collaboration and achievement. The things to do about safety are to be
careful, to use the materials correctly, to keep unnecessary materials off the table and not to go beyond the
aim of the experiment. What to do about the measurement is to record the measurement results correctly,
make repeated/multiple measurements, note the measurements and take/ draw pictures about the process.
The things to do about participation and collaboration is to distribute tasks, work diligently, ensure active
participation of students, and make good observations. What needs to be done to achieve results is to question
the results of the experiment/experimental errors, compare the results, discuss, and decide, and to insist / not

to give up.
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Table 7. Content Analysis on the Theme of Self-efficacy Beliefs in Regards to Experimenting and Reporting and
Its Causes

Theme Categories Sub-categories Codes

Lack of knowledge of the subject area
Lack of experience in doing experiments
Being unfamiliar with the subject field
Lack of knowledge about how to write a report
Lack of knowledge about how to do an
experiment
Lack of knowledge about the experimental
materials
Being unprepared for the experiment
Failing to identify the variables
Lack of knowledge about tables/charts
Failing to use the measurement units correctly
Fear
Sense of incompetency/lack of self-confidence
Psychological Prejudice
Anxiety
Clumsiness
Indifference
Acting hastily
Lack of time management
Lack of manual skills
Haste
Coming to class prepared
Preparation Being unfamiliar with the subject field
Insufficient prior knowledge
Having a prior experience
Doing more experiments
Having done insufficient number of
experiments
Increased self-confidence by consistently doing
more experiments
Self-efficacy Increased belief in competency (self-efficacy)
Patience
Overcoming the fear of experimenting
Experience Prior experiences in experimenting

w b OO

N

Cognitive

N

Incompetent (7)

Personal
characteristics

Partially competent

(5)
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Self-efficacy beliefs in regard to experimenting and reporting

Experience

[ERN

Competent (2)

RlRPr RPN W

The participants were categorized into three categories of self-efficacy beliefs, namely competent, partially
competent and incompetent in regards to experimenting and reporting. The reasons of those who consider
themselves incompetent in terms of self-efficacy in regards to experimenting and reporting are divided into
sub-categories as cognitive, psychological and personal characteristics. The sub-category of cognitive causes
include the lack of knowledge of the subject area, lack of experience in doing experiments, being unfamiliar
with the subject field, lack of knowledge about how to write a report, lack of knowledge about how to do an
experiment, lack of knowledge about the experimental materials, being unprepared for the experiment, failing
to identify the variables, lack of knowledge about tables/charts, and failing to use the measurement units
correctly. The sub-category of psychological causes include fear, the sense of incompetency/lack of self-
confidence, prejudice, anxiety, and clumsiness. The sub-category of personal reasons include indifference,
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acting hastily, lack of time management, lack of manual skills, and haste. The reasons of the participants for
considering themselves partly competent in regards to self-efficacy for conducting experiments and reporting
are divided into sub-categories of preparation and experience. In the sub-category of preparation, coming to
class prepared had a positive impact, whereas being unfamiliar with the subject field and insufficient prior
knowledge affected negatively. In the sub-category of experience, having a prior experience of doing
experiments and doing more experiments had a positive impact, while having done insufficient number of
experiments had a negative impact on self-efficacy beliefs. The reasons of the participants for considering
themselves competent in regards to self-efficacy for experimenting and reporting are divided into sub-
categories of self-efficacy and experience. The sub-category of self-efficacy included increased self-confidence
by consistently doing more experiments, increased belief in competency (self-efficacy), patience, and
overcoming the fear of experimenting. The sub-category of experience included prior experiences in

experimenting.
CONCLUSION and DISCUSSION

This study is based on the experiences of the second-year pre-service primary school teachers in science lab
classes for two semesters, aiming to identify their self-efficacy beliefs about experimenting, their opinions
about experimenting and scientific process skills, how they describe an experiment, how they conduct the
experiment process, their opinions about planning, implementation and evaluation processes of an
experiment, the difficulties experienced in experimenting and reporting processes, and pertinent reasons by
using different measurement tools and research methods. In this section, the findings are correlated with each

other and discussed with the related literature.

Laboratory practices were effective in increasing participants' self-efficacy beliefs. The information gained by
the participants from their own experiences during the first semester provided a statistically significant
increase in the self-efficacy scores for the planning, implementation, and evaluation of experiments. Similarly,
in the information obtained from the opinion form, the participants stated that their experience and self-
confidence increased as they experimented and prepared an experiment report. Participants considering
themselves competent to conduct experiments during focus group interviews stated that the more they
experimented, the more their self-confidence and belief in what they could do (experimenting-related self-
efficacy) increased. All these data support each other. The most important reasons of the participants who
found themselves incompetent to conduct experiments in focus group interviews are the lack of knowledge of
the subject area and the lack of experimental knowledge as they had not done any experiments before (lack of
a positive experience). Similarly, as stated by the participants in the opinion form, the lack of knowledge of
experimenting, of the materials, and of the theoretical knowledge as well as not having done any experiments
before influenced the processes of planning, implementation, evaluation and reporting of experiments.
According to Bandura, the most influential sources of self-efficacy beliefs are the information that individuals

obtain directly from their own experience (Usher & Pajares, 2009). Similar results were collected from the
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studies in the literature showing that laboratory practices increase students' levels of self-efficacy beliefs
(Bautista, 2011; Brand & Wilkins, 2007; Eymur, 2018; Husnaini & Chen, 2019; Jeffery, Nomme, Deane, Pollock &
Birol, 2016; Lekhu, 2016; Menon & Sadler, 2018; Palmer, Dixon & Archer, 2015; Sen & Sezen Vekli, 2016; Ural,
2016; Webb-Williams, 2018). Additionally, the findings obtained from the focus group interviews revealed
examples of indirect experiences such as being unfamiliar with the subject field or not having done any
experiments, and examples of psychological conditions that negatively affect self-efficacy beliefs such as fear,
prejudice, anxiety, and a sense of incompetence. As in Bandura's self-efficacy theory, our study determined
that the information that individuals gain directly from their own experiences is more important than other
factors of self-efficacy beliefs. In order to make students enjoy science lessons, to initiate a positive attitude
towards science, to ensure that students' knowledge about science and science concepts become permanent,
to make students think like a scientist starting from a young age, we must first teach these skills to teachers.
The studies showing the positive relationship between the pre-service teachers' high self-efficacy beliefs and
their future careers, attitudes towards science teaching and beliefs also support this view (Avery & Meyer,
2012; Bergman & Morphew, 2015; Bautista, 2011; Kazempour & Sadler, 2015; Knaggs & Sondergeld, 2015). The
only way to achieve this should be to have pre-service teachers acquire this knowledge directly from their own
experiences. Studies show that pre-service teachers' positive experiences affect their self-efficacy beliefs during
science education (Husnaini & Chen, 2019; Lekhu, 2016; Menon & Sadler, 2017; Palmer, 2006; Webb-Williams,
2018).

Experiments carried out in association with application lecturers and assistants did not contribute to students'
ability to solve a problem by working independently or in groups. The data obtained from the experimental
reports show that the participants in all three dimensions were unable to use the scientific process steps and
did not have enough of these skills. The fact that the average of the scores from the sub-dimensions of
planning, implementation and evaluation in the self-efficacy scale in regards to experimenting is medium also
supports the data obtained from the experimental reports. In a similar way, the theoretical knowledge and
verification experiments [experiments in which the knowledge acquired is verified, and students read from the
cookbook and are told what they are going to do in the experiment (Lord & Orkwiszewski, 2006)] previously
known by the students make the laboratory applications boring and do not provide the students with scientific
process and high level thinking skills (Ural & Basaran Ugur, 2018; Ural, 2016). However, query-based science
teaching makes pre-service teachers acquire scientific process skills, makes lessons more enjoyable, increases
their self-efficacy beliefs and makes them understand science subjects well (Arnold, Kremer & Mayer, 2014;

Brand & Wilkins, 2007; Palmer et al., 2015; Toth, Ludvico & Morrow, 2012).

In the opinion form, the participants stated that they had difficulty in the provision of materials to be used in
the experimental planning stage and learning about the materials. In addition, among the items with the lowest
average in the self-efficacy scale, there are statements such as “/ am good at using laboratory equipment” (X=

2.77) and “l am good at determining which tools/materials are required for an experiment” (X= 3.07), indicating
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that the results support each other. In the focus interviews, the participants stated that it is necessary to know
the experimental materials and how to use them- the features that must be obtained in order to conduct
experiments. One of the reasons for the participants who find themselves incompetent in conducting
experiments in focus interviews is to not recognize the experimental materials. According to the participants, it
is important to know how to provide and use the equipment before the experiment. All of the data reveal that
the knowledge of materials for the experiment and the supply of the necessary materials before the
experiment are very important. In addition, in the focus interviews, the participants stated that alternative
materials could be used if they were unable to provide the necessary materials for the experiment or had
difficulty in providing them. Especially in rural areas, where laboratory and experimental materials are limited,
using alternative materials can be regarded as a solution that can significantly eliminate the excuses of pre-
service teachers such as "we cannot do experiments because we cannot find materials". Indeed, although the
use of alternative materials does not apply to all experiments, it will eliminate an important excuse not to
experiment. However, pre-service teachers should be psychologically persuaded that experiments could be
carried out with alternative materials even if the necessary materials are not available, that they will learn by
doing and experiencing this, and understand the importance of experimental studies. It is especially important
that pre-service teachers be convinced that they are able to conduct experiments. Otherwise, teachers may not
have the opportunity to experiment, and they will produce different excuses instead, in order not to
experiment. Empirical studies should, therefore, be given importance in undergraduate studies in order to
demonstrate that experiments can be done with alternative materials and to increase the self-efficacy beliefs
of pre-service teachers. When the lack of knowledge of pre-service teachers to experiment is eliminated, the
rate of experimentation in the future will probably increase. One of the prerequisites for experimenting in
science classes is undoubtedly the preparation process for the experiment. As stated by the participants in the
opinion forms, one of the reasons for the difficulties experienced in the process of experimental planning is
coming to class unprepared. In the focus group interviews, the participants who found themselves incompetent

in regards to experimenting stated, as a reason, that they were unprepared for the lesson.

The experimental reports revealed that pre-service teachers did not manage the application process well, did
not observe carefully, attentively and regularly, could not use standard measurement tools and units, did not
record the measurements regularly, and could not present their data in an appropriate and effective manner.
In addition, the participants stated that they had difficulties in using and presenting tables and charts while
reflecting the data they obtained during the experimental implementation process. Difficulties experienced in
the process of implementing the experiment in the opinion forms are the presentation of the results, the use of
measurement tools and the measurement units. The reasons for the problems experienced during the
experiment implementation process as indicated in the opinion forms include the factors, namely, being
careless, failing to record the measurements on time, and, accordingly, making the measurements wrong and
incomplete, the results being wrong, lack of self-confidence, lack of knowledge about how to use the

measurement tools and failing to use the measurement units. The data obtained from the experimental
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reports and the opinion forms also support each other. The experiment-related self-efficacy scale
demonstrates the fact that the scores for self-efficacy beliefs is at a medium level during the implementation
stage, and the participants stated in the opinion form that they are not self-confident, showing that both
indications support each other. According to the focus group interviews, the participants were of the opinion
that the work should be done carefully and conscientiously, attention should be paid to the safety of the
experiment, data should be recorded accurately and carefully by making repeated measurements and the work
should be done in an insistent manner in order to carry out the experimental implementation process well. In
fact, the proposals are addressed to the exact problems identified, supporting the idea that participants
obtained accurate information about the experimental implementation process. It is also very important to
compare and discuss the results with other groups and make a decision at the end of the experiment. Thus,
critical thinking and attempts to find out the results and errors of the experiments can be considered as high-

level skills.

The data obtained from the experimental reports are supported by the data obtained from the opinion forms,
where the participants mentioned about the difficulties they experienced in reporting, presenting data, making
tables-charts, determining possible errors and interpreting the results in the experimental evaluation process.
The causes of the problems experienced in this process are expressed as lack of knowledge, inexperience,
careless work, and fear of making mistakes, as in other planning and implementation processes. The most
important reasons for the instability and fear experienced during the evaluation process are the participants’
perceptions about making wrong measurements (insecurity), obtaining measurement results which are
different from other groups, and getting results which are different at repeated measurements. The fact that
the participants mentioned very little about the scientific process steps in the titles, which should be included
in the test reports, supports that they did not have enough knowledge about the scientific process skills and
that they did not gain enough scientific process skills (such as hypothesizing, determining variables, observing
carefully and conscientiously, evaluating the results, identifying possible errors, etc.). Similarly, a study
conducted in the USA showed that 67% of the primary teachers did not feel ready for science teaching, while

only 17% felt themselves ready (Banilower, et al., 2013).

Based on the experiment-related descriptions made by the participants according to their own experiences, it
is understood that the participants put more emphasis on learning by doing and experiencing compared to
other codes. The emphasis on learning by doing and experiencing is observed in the descriptions since scientific
truth is reached through experimenting in the laboratory courses. The participants also included scientific
process skills in the descriptions, since it is generally aimed to initiate scientific process skills while conducting
experiments with students. Such descriptions show the necessity of creating an experience related to the
information learned by individuals in order to make it meaningful and permanent. Observations during the
lessons, interviews, and other data obtained from the research support the findings, since the participants who

had not had enough knowledge and skills about experimental and scientific process skills gained a lot of

810 Atik, A. D. & Dogan, Y. (2020). The Investigation of Pre-Service Elementary Teachers’ Experimental Self-
Efficacy and Their Opinions on The Experiments: A Mixed Method Study, International Journal of Education
Technology and Scientific Researches, Vol: 5, Issue: 12, pp. (789-844).



IJETSAR (International Journal of Education Technology and Scientific Researches) (ISSN: 2587-0238)

Cilt / Vol: 5 Sayi / Issue: 12 Yil / Year: 2020

relevant knowledge and skills through their own experience at the end of two semesters. Ensuring effective
and permanent learning in the process of acquiring scientific knowledge and making sense of the information
learned can be achieved by initiating individuals into scientific process skills. If people comprehend the process
of producing information, they can reach permanent and meaningful scientific information themselves.
Considering that the experiences in the laboratory lessons are effective, based on the responses of the
participants, the importance of experimenting in permanent learning is better understood. The studies
indicating the importance of experimenting in science teaching in the literature are similar to these data
obtained from our study (Boyuk, Demir & Erkol, 2010; Hofstein & Lunetta, 2004; Jeffery et al., 2016; Wolf &
Fraser, 2008).

All of the participants consider using the experimental technique in science classes when they become
teachers. One of the reasons for choosing to experiment is to ensure permanent learning and the other is
affective characteristics such as curiosity, interest, motivation, and attitude. With experimental studies,
individuals' curiosity, positive attitude towards science lessons (enjoying science), and research and scientific
thinking skills can be encouraged in such a way that pre-service teachers will overcome the fear of making
mistakes. The importance of affective features in increasing the level of knowledge and the permanence of the
information learned has been demonstrated in many studies (Cantrell et al., 2003; Menon & Sadler, 2017;
Yildiz-Duban & Gokgakan, 2012). Moreover, with experimental studies, while new information is taught
effectively and permanently, many affective features such as motivation, interest, curiosity, and attitude, which
are the prerequisites for learning, can be initiated. Similarly, it is stated that laboratory practices increase
students' interest in science, which is effective in their future career planning (Bge, Henrikson, Lyons &

Schreiner, 2011; Hampden-Thompson & Bennett, 2013; Hofstein & Lunetta, 2004; Toplis, 2012).

Teachers should know how to be a good role model, make good observations, question events, identify
problems, apply the process of obtaining scientific knowledge, and use teaching strategies to assist students in
obtaining, explaining and interpreting information at the end of this process so that science lessons can be
taught in accordance with the purpose (Bge et al., 2011; Karakolcu-Yazici, & Ozmen, 2015; Simon & Osborne,
2010). Enabling teachers to actively engage students in experimenting in order to encourage them to use
science in a more functional way in daily life is the most important issue (Broman, Ekborg & Johnels, 2011;
Seckin-Kapucu, 2016). Education faculties are at the top of the institutions which are necessary in order to

initiate these strategies.

The positive experiences that pre-service teachers will gain by conducting experiments on their own in the
faculties of education will make the most important contribution to their self-efficacy beliefs. The fact that
teachers who have high self-efficacy beliefs and experience in doing experiments perform experiments in
science lessons will provide students with considerable acquisitions. Early science education is very important
for students to acquire scientific process skills in the short term, to learn to think like a scientist, and to prefer

to study science-related fields in the long term. In addition, as stated in the Council of Higher Education report
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(2019), drawing students' interest to basic science programs that form the basis of knowledge-based
development of our country will contribute significantly to shaping the future of our country and its economic
development. It is, therefore, important to do experiments in science lessons to achieve the goals in the short
and long term. Thanks to experimental studies, it is possible to acquire scientific process skills (such as
observation, estimation, recording data, interpreting findings, drawing conclusions) and structure information
accordingly. Individuals with scientific process skills should be capable of such skills as making observations and
predictions, collecting data, drawing conclusions, and interpreting them. Experiment is an important and
necessary tool in acquiring these abilities. In addition, experimental studies allow individuals to gain 21%
century skills such as creativity, analytical and critical thinking, problem solving, individual and group work.

Experimenting plays an important role in acquiring such abilities.

RECOMMENDATIONS

Pre-service teachers should be taught that even the most complex and abstract concepts can be easily taught
with science experiments, and at the same time, scientific process skills of learners can be improved.
Therefore, first of all, it is necessary to increase the knowledge and skills of pre-service teachers in designing
and conducting experiments. In laboratory applications, besides teaching theoretical knowledge on a subject
matter, more specific information should be provided on experimenting (scientific process skill), measurement
tools and measurement units as well as creating tables and charts. Pre-service teachers need sufficient
information about standard measurement tools and measurement units in order to obtain more reliable data
during the experiments. In the experiments, it is absolutely necessary to teach how to measure, which
measurement tools are used, where and how they are used, what the units of measurement are and how they
are converted into each other. The necessity of making repeated measurements should be taught to increase

the reliability of the data they obtain.

Pre-service teachers' self-efficacy beliefs should be increased in regards to experimenting. To this end, doing
and experiencing based learning opportunities should be provided in the undergraduate education, positive
attitude towards the experiment should be developed, and the pre-service teachers should be encouraged to
do experiments by themselves. In addition, it should be noted that the experiments selected for pre-service

teachers should be qualified to improve their scientific process skills.

Provision of necessary information about experiment-related materials to be used and supplying them is
important. Pre-service teachers need sufficient information on this subject and should be taught how to

experiment with alternative (available) materials.

The lack of knowledge of the pre-service teachers about the evaluation and reporting of the results of
experiments should be eliminated. Especially in experimental studies, the margin of error and things be done

to minimize errors (repeated measurements, comparing the results with other groups) should be taught
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through personal experience. In the experiment reporting process, it is of great significance that the pre-service

teachers actively participate and be given sufficient and timely feedback about their mistakes.
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SINIF OGRETMENi ADAYLARININ DENEY OZ-YETERLIKLERi VE DENEYE iLiSKiN
GORUSLERININ iNCELENMESi: BiR KARMA YONTEM CALISMASI

0z

Arastirmanin amaci sinif 6gretmeni adaylarinin deney yapma sirecini nasil yonettiklerini anlamak
ve agiklamaktir. Calismada karma arastirma modeli kullanilmistir. Arastirmaya yon vermesi igin
tek gruplu 6n test-son test desen (zayif deneysel desen) ile baslanmis ve dokiiman incelenmesi,
O0gretmen adaylarinin gorislerinin yazili alinmasi (soru formu) ve odak grup goriismeleri siral
olarak gergeklestirilmistir. Arastirmada kullanilan 6lgme araglarinin gesitliligine gore katilimci
sayisi arastirmanin farkhh asamalarinda degisiklik gostermistir. Elde edilen bulgulara gore,
laboratuvar uygulamalari katilimcilarin deney 0z-yeterliklerinin artmasinda etkili olmustur.
Ogretmen adaylarinin deney bilgisi, malzeme bilgisi, teorik bilgi eksikligi ve daha dnce deney
yapmama, deney planlama, uygulama, degerlendirme ve raporlama sireglerinde zorluklar
yasadiklari belirlenmistir. Ogretmen adaylarinin deney raporlarina gére uygulama siirecini iyi
sekilde yonetemedikleri, 6zenli, dikkatli ve diizenli sekilde gézlem yapmadiklari, standart 6lgme
araglari ve birimlerini kullanamadiklari, 6l¢imleri diizenli sekilde kayit altina almadiklari, verilerini
uygun ve etkili sekilde sunamadiklari belirlenmistir. Katilimcilar, diger kodlara gore deney
tanimlarinda yasayarak 6grenmeyi vurgulamistir. Ayrica deneyler yapilirken bilimsel siireg
becerileri kazandirilmaya calisildigindan tanimlarda bilimsel sire¢ becerilerine de vyer
vermislerdir. Ogretmen adaylarinin egitim fakiiltelerinde bizzat deney yaparak gecirecekleri
olumlu tecribeler onlarin 6z-yeterlik algilari Gizerinde en 6nemli katkiya neden olacaktir. Deney
yapma konusunda 6z-yeterligi yliksek, bu konuda tecriibe sahibi 6gretmenlerin fen derslerinde
deney yapmalari 8grenciler (izerinde de ¢ok 6nemli kazanimlara neden olacaktir. Ogrencilerin kisa
vadede bilimsel slre¢ becerilerini kazanmasinda, bilim insani gibi diisiinebilmeyi 6grenmesinde,
uzunu vadede ise fen alanlarina yonelmesinde erken donemde verilecek fen egitimi oldukca
onemlidir.

Anahtar Kelimeler: Deney, 6z-yeterlik, sinif 6gretmeni adaylari

818 Atik, A. D. & Dogan, Y. (2020). The Investigation of Pre-Service Elementary Teachers’ Experimental Self-
Efficacy and Their Opinions on The Experiments: A Mixed Method Study, International Journal of Education
Technology and Scientific Researches, Vol: 5, Issue: 12, pp. (789-844).



IJETSAR (International Journal of Education Technology and Scientific Researches) (ISSN: 2587-0238)

Cilt / Vol: 5 Sayi / Issue: 12 Yil / Year: 2020

GiRiS

Cocukluk doneminde fen derslerinin temel amacinin g¢ocuklara bilim insani gibi dislinmeyi ve davranmayi
ogretmek oldugu, fen egitimcisi bircok uzman tarafindan kabul edilmektedir (URL-1). Tirkiye’de uzun yillar fen
derslerinde ¢ocuklara bilimsel olgu ve kavramlari ezberlemeleri ve daha ¢ok teorik bilgi 6lgen test sinavlarinda
basarili olmalari beklenmistir. Uygulanan yéntemlerden dolayi fen derslerinin pek de eglenceli olmamasi
nedeniyle, ileriki yillarda 6grenciler zorunlu olmadikca fen alanlarini tercih etmemektedirler (Jarrett, 2017).
Universite egitimine yonelik talebin artmis olmasina ragmen (URL-2), yiiksekégretim kurumlarinda temel
bilimler programi (fizik, kimya, biyoloji ve matematik) alanlari ve bunlarla iliskili programlar tercih eden ve bu
programlardan mezun olan 6grenci sayisinin beklenenin olduk¢a altinda oldugu (Broman & Simon, 2015;

Shapiro & Sax, 2011; URL-2) ifade edilmektedir.

Ogrencilerin fen alanlarina ydnelmelerinde etkili olan okul ile ilgili faktérler 6nem sirasina gore; fen dersi
Ogretim programi igerigi, derse karsi ilgi ve motivasyondur (Shirazi, 2017). Fen programina sosyo-bilimsel
konularin eklenmesi 6grencilerin fene karsi olumlu yonde ilgilerinin artmasina neden olmustur. Ancak bu
durum 6grencilerin ileride fen alanlarina yénelmelerinde c¢ok da etkili olmamistir (Homer & Ryder, 2015).
Ogrencilerin temel bilimler ve iliskili oldugu programlara yénelmesinin giiclii yordayicisinin matematik ve fen
bilimleri basarisi oldugu ifade edilmektedir (Wang, 2013). Ogrencilerin bu alanlari zor olarak algilamalari bu
alana yonelmeme sebeplerindendir (Barmby, Kind & Hones, 2008; Bennett & Hogarth, 2009; Christensen,
Knezek & Tyler-Wood, 2015; DeWitt, Archer, & Moote, 2018; Shirazi, 2017; Tripney et al., 2010; Tytler &
Osborne, 2012). Fen bilimlerinin zor oldugu algisi, 68rencilerin 6z-yeterlik algilari ile yakindan iliskili olup, ancak
ogrencilerin fen derslerinde yiiksek basari beklentileri varsa fen ile ilgili secimler yapma olasiligi artmaktadir
(Webb-Williams, 2018; Quinn & Lyons, 2011). Bir diger dissal faktor 6grencilerin fen deneyimi ve 6gretmenlerin
etkisidir. ileriki 6grenimlerinde fen derslerini segen &grenciler ile fen dersini secmeyenler kiyaslandiginda, dersi
secen Ogrencilerin dnceki okul doneminde fen derslerinde daha olumlu deneyimler yasadiklari tespit edilmistir
(Shirazi, 2017). Genglerin bilim algilarini etkileyen en 6nemli faktérlerden biri 6gretme istegi yliksek ve nitelikli
o6gretmenlerdir (Bevins, Brodie & Thompson, 2008; Hattie, 2003; Rowe, 2003; Wai Yung, Zhu, Wong, Cheng &
Lo, 2011). Ogretmenler derslerinde kullandiklari ydntem ve materyaller ile derslerini eglenceli hale getirebilir ve
boylece 6grencilerin derse sirekli ilgili olmalarini saglayabilirler (Osborne & Collins, 2001). Benzer sekilde
Maltese ve Tai (2010), 6grencilerin erken dénemde bilimle ilgilenmesini saglamada konu igerigi bilgisinden daha

cok 6grencilerin birbirleriyle etkilesime girebildikleri etkinliklerin daha énemli oldugunu ifade etmektedirler.

Okullarda verilen egitimin niteligini etkileyen faktdrlerden biri de &gretmen 6z-yeterligidir. Oz-yeterlik,
bireylerin davranislarinin olusmasinda etkili olan ve bireyin bir isi basarili bir sekilde yapmak icin kapasitesi ile
ilgili kendisi hakkindaki yargisi olarak tanimlanmaktadir (Bandura, 1982). Bandura’ya gore 0z-yeterligin dort
temel kaynagi vardir: Bireyin kendi yasantilari, dolayl yasantilar, sdzle ikna ve bireyin kendisi ile ilgili beklentisi
(psikolojik durum). Oz-yeterlik kaynaklarindan en etkilisinin bireylerin dogrudan kendi deneyimlerinden

kazandigi bilgiler oldugu ifade edilmektedir (Usher & Pajares, 2009). Deneye iliskin 6z-yeterlik kavrami,
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ogrencilerin fen bilimlerinde deney yapabilme inanci olup, 6grencilerin laboratuvarda zor sartlar altinda dahi iyi
diizenlenmis bir deney yapabilme konusunda sahip olduklari inanglardir (Yilmaz, 2018). Bireyler deney yaparken
bilimsel siire¢ becerilerini kullanmalari gerekir. O halde, 6gretmen adaylarinin deney 6z-yeterlik inanglari ile
bilimsel sirec¢ becerilerine iliskin 6z-yeterlik inanglari arasinda yakin bir iliski olmaldir. Fen deneyleri ile
ogrencilerin 6grenme sirecine aktif katilarak, bilimsel yontemi taniyarak ve bilimsel siire¢ becerilerini
kullanarak (gézlem yapma, 6l¢lim yapma, tahmin etme, verileri kaydetme, yorumlama, sonug ¢ikarma vb.)

bilgiyi yapilandirmasi saglanabilir.

Ogretmen adaylarina yeterlik inancinin kazandiriimasinda 6gretmenlige hazirlik egitimin icerigi ve nasil
yapilmasi gerektigi dnemlidir. Ogretmenlik egitimi siirecinde alan deneyimlerinin 6nemli oldugu, miifredat disi
etkinliklere yer verilmesinin gerektigi, daha ¢ok deneyim saglanmasinin gerektigi ve baskalarindan edinilecek
deneyimler igin uygun, givenilir bir sinif iklimi yaratmanin gerekli oldugu ifade edilmektedir (Cantrell, Young &
Moore, 2003). Deneysel ¢alismalar, 6gretmenlik egitiminde pek ¢ok becerinin kazandirilmasi (problem ¢6zme,
yaraticilik, is birligi, karar verme, elestirel ve bilimsel disiinme gibi) icin oldukca uygundur. Ogretmenlik
egitiminde kazandirilmasi gereken becerilerden biri de bilimsel siire¢ becerileridir. Ogretmenler bilimsel siireg
becerilerini kazanamamis ise 6grencilerine de bu becerileri kazandirmasi giiclesecektir. Ogretmenlik meslegi ile
ilgili bilgi, beceri, tutum ve davranislarin kazandirilmasinda énemli rol alan kurumlarin basinda egitim fakilteleri
gelmektedir. Egitim fakiltelerinde bizzat yaparak-yasayarak bilimsel silire¢ becerilerinin kazandiriimasi,
O0gretmen adaylarinin 6z-yeterliklerini de olumlu yonde etkileyecektir. Sinif 6gretmeni adaylarinin gelecegin
O0gretmeni olmalari, erken donemde fen derslerini yiritecek olmalari arastirmanin ¢alisma grubu olarak
secilmelerine sebep olmustur. Sinif 6gretmeni adaylarinin ileride 6grencilere bilimsel siire¢ becerilerini
kazandirabilmeleri ancak onlarin bu siireci nasil anladiklari, yorumladiklari, deney yapmaya nasil baktiklarinin
anlasiimasi ile miimkiin olabilecektir. Ogretmen adaylarinin deney hakkindaki bilgilerinin ve 6z-yeterliklerinin,
varsa Onyargilarinin belirlenmesi, deney yapmaya olan bakis acilarinin ortaya ¢ikarilmasi gelecekte derslerinde
bu tir etkinliklere yer verip vermeyeceginin 6nemli yordayicisi oldugu distunilmektedir. Bu bakimdan
O0gretmen adaylarinin deney yapma 6z-yeterlik algilari, deney tasarlama ve yapma bilgilerinin tespiti, deney
hakkindaki goruslerinin belirlenmesi olduk¢a 6nemlidir. Bu galismada elde edilen bulgular ile 6gretmenlerin
neden deney yontemini tercih etmedikleri ve bu disincelerinin nasil degistirilebilecegi konusunda fikir vermesi

bakimindan 6nemlidir.

Bireylerin deney yapma becerisi onlarin deneye iliskin 6z-yeterliklerine, bilimsel siire¢ becerilerine sahip
olmalarina ve bunlar kullanma becerilerine baghdir. Arastirmanin amaci sinif 6gretmeni adaylarinin deney
yapma sirecini nasil yonettiklerini anlamak ve agiklamaktir. Boylece sinif 6gretmeni adaylarinin deney yapma
ve bilimsel yonteme bakis acilari ortaya cikarilmaya calisiimistir. Arastirmanin amacina bagh olarak asagidaki

sorulara yanitlar aranmistir?

1. Laboratuvar uygulamalarinin sinif 6gretmeni adaylarinin deney 6z-yeterliligine etkisi nedir?
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2. Sinif 6gretmeni adaylarinin deney planlama, uygulama ve degerlendirme konularinda bilgi dizeyleri
nasildir?

3. Sinif 6gretmeni adaylari deney ve deney sirecini nasil algilamaktadir?

YONTEM

Arastirmanin Modeli

GCalismada agimlayici sirali karma arastirma modeli (nicel ve nitel arastirma tekniklerinin tek bir ¢alismada
birlestirildigi) kullanilmistir (Teddlie & Tashakkori, 2015). Nicel yontem olarak, laboratuvar deneyimlerinin sinif
o6gretmeni adaylarinin deneysel 6z-yeterligi (izerinde bir etkisi olup olmadigini (hipotez) test etmek i¢in zayif
deneysel desen kullanilmistir. Arastirmada nicel yaklagimla ulagilamayacak verilere ulagiimaya galisildigindan ve
aralarinda nedensel baglanti oldugu varsayilan olaylari agiklamaya galisan nitel yaklagimin baskin oldugu karma
arastirma modeli tercih edilmistir. Nitel yontem olarak, 6gretmen adaylarinin laboratuvar deneyimlerinin
yakindan, derinlemesine ve detayli incelemesini iceren bitincil tek durum deseni kullanilmistir. Arastirmaya
ybn vermesi icin tek gruplu on-test/son-test desen (zayif deneysel desen) ile baslanmis ve dokiiman incelemesi,
O0gretmen adaylarinin gorislerinin yazili alinmasi (soru formu) ve odak grup gorismeleri sirali olarak
gerceklestirilmistir. Arastirmada, deneysel 6z-yeterlik 6lgegi, belgeler (deneysel raporlar ve yapilandiriimis
gorius formlan) ve yari yapilandiriimis gorismeler ile veri toplamak igin birden fazla yontem kullaniimasini
iceren metodolojik ¢esitlendirilme (triangulation) saglanmistir. Veri toplamak igin birden fazla yontem

kullanilmasi sonuglarin glvenilirligini ve gecerliligini arttirmistir (Denzin, 2006).
Veri Toplama Araglari
Nicel ve nitel verilerin toplanilmasinda kullanilan veri toplama araglari asagida sunulmustur.

(1) Deneye Yénelik Oz-yeterlik Olgedi: Orijinali (Damerau, 2013) Almanca olan “Deneye iliskin Oz-yeterlik
Olcegi” Yilmaz (2018) tarafindan Tiirkce’ye uyarlanmistir. Olcek, planlama, uygulama ve degerlendirme alt
boyutlarina sahip toplam 18 maddeden olugmaktadir. Uyarlanan 6z-yeterlik 6lgeginin 6gretmen adaylarina
uygun oldugu ifade edilmistir. Olgegin yapisal gecerligini kontrol etmek amaciyla dogrulayici faktor analizi (DFA)
kullanilmistir. Dogrulayici faktor analizi sonuglari: X2/df=195.181/132=1.479; RMSEA=0.083, CFI=0.945;
TLI=0.936, WRMR=0.881. Deney Oz-yeterlik Olcegi uyum degerlerinin standart uyum iyiligi 6lciilerine gére
(Schermelleh-Engel, Moosbrugger, & Miiller, 2003) kabul edilebilir degerlerde oldugu tespit edilmistir.
Standardize edilmis korelasyon degerleri istatistiksel olarak anlamli olup (p<.01); planlama ve uygulama
faktorleri arasinda korelasyon degerleri .838, planlama ve degerlendirme faktorleri arasinda .806, uygulama ve
degerlendirme faktorleri arasinda .751 olarak hesaplanmistir. Ayrica Deney Oz-yeterlik Olgegi verilerinin
glvenirligini test etmek amaciyla Cronbach Alpha i¢ tutarlik katsayisi hesaplanmistir. Test puanlarinin glvenirlik
katsayilari verilerin glivenirliginin iyi oldugunu géstermektedir (Cronbach Alpha adn-test=.88; ason-test=.83).

Bu verilere gore deney 6z-yeterlik 6lgeginin yapisal gegerliligi sagladigi tespit edilmistir.
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(2) Deney Raporlari: Ogretmen adaylari tarafindan tasarlanan deneye iliskin deney raporlari ikinci veri
toplama aracini olusturmaktadir. Ogretmen adaylarinin deney planlama, uygulama ve degerlendirme
sureglerine iligskin bilgi ve becerileri hazirladiklari deney raporlari ile belirlenmeye ¢alisilmistir. Deney raporlari
ile ilgili hazir bir format uygulanmamis, deneylerde oldugu gibi deney raporlari da katilimcilar tarafindan 6zgiin
hazirlanmustir.

(3) Yapilandirilmis Gériis Formu: Ogretmen adaylarinin deneyimlerinden yola ¢ikarak onlarin deney yapma ve
bilimsel siire¢ becerilerine yonelik goris ve onerilerini belirlemek amaciyla sekiz sorudan olusan soru formu
hazirlanmistir. Arastirma sorularinin kapsam gegerligi icin iki alan uzmani ve bir 6lgme-degerlendirme
uzmaninin gorlstine basvurulmustur. Baslangicta taslak form dokuz sorudan olusmaktadir. Uzmanlarin iki
sorunun igerik bakimindan c¢ok benzer oldugu yoniindeki onerileri dogrultusunda, bir soru taslak formdan
cikarilmistir.

(4) Yari-yapilandiriimis Gériisme Formu: Ogretmen adaylarinin laboratuvar derslerinde yiritiilen deneysel
calismalar ve bilimsel sire¢ becerileri hakkinda disiince ve hissettiklerini belirlemeye yonelik yedi sorudan
olusan yari yapilandiriimis bir gérisme formu hazirlanmistir. Hazirlanan sorularin gegerligi igin yine iki alan

uzmani ve bir 6lgme degerlendirme uzmaninin gorist alinmistir.
Calisma Grubu

Arastirmanin galisma grubunu, Giiney Dogu Anadolu Bolgesindeki bir devlet Universitesinde sinif 6gretmenligi
programinda ikinci siniftaki 44 6gretmen adayl olusturmaktadir. Arastirmada kullanilan 6lgme araglarinin
gesitliligine gore katilimcr sayisi arastirmanin farkl asamalarinda degisiklik gostermistir: Deney Oz-yeterlik
Olgegi ve deney raporlari igin 44 dgretmen adayinin, goriis formu icin 34 génilli dgretmen adayinin ve odak
grup goérismesi icin 14 6gretmen adayinin gorisleri alinmistir. Odak grup goériismelerine katilacak bireylerin
seciminde amach 6rnekleme yontemlerinden aykiri veya asirt durum oOrneklemesi (deney raporlari ve sinif
icinde yapilan gozlemlere goére en iyi rapor hazirlayan ve hazirlayamayan 6gretmen adaylarinin sayilari esit

olacak sekilde) yoluna gidilmistir.
Veri Toplama Siireci

Arastirmanin veri toplama siireci asagidaki sekil Gzerinde kisaca gosterilmistir.
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Arastirmanin amacinin belirlenmesi
4 . N\ )
Birinci donem ders dncesi Deney Oz-yeterlik = Arastirmacilarin gézetiminde ve goniilliik
Olgeginin uygulanmasi (6n test) esasina gore 10 dakikada gerceklesmistir.
. J J
4 N\ 4 N\
Birinci ddnem sonu Deney Oz-yeterlik = Arastirmacilarin gézetiminde ve gonillik
Olgeginin uygulanmasi (son test) esasina gore 10 dakikada gergeklesmistir.
\ J \_ J
4 ) 4 N\
Birinci dénem sonu deney raporlarinin => | Belirlenen kriterlere goére iki alan uzmani
incelenmesi tarafindan es zamanli incelenmistir.
. J \_ )
N
ikinci dénem sonu deneysel calismalar = Ogrenciler gorislerini ortalama 30 dakikada
hakkinda 6grenci gérislerinin tespiti yazili olarak ifade etmislerdir.
J
[ Odak grup gorismelerinin yapiimasi =4 Yediser kisiden olusan iki ayri odak grup
J goriasmesi yapilmistir.

J

[ Raporlastirma

Sekil 1. Arastirmanin Veri Toplama Siireci

Dénem basinda 6gretmen adaylarinin deney 6z-yeterliklerini lgmek amaciyla 6lgek uygulanmistir. Laboratuvar
uygulamalarinda 6gretmen adaylari 4-5 kisilik gruplara ayrilmis, 6gretim Uyesi ve asistanlar egliginde deney
féyiinde yer alan deneyler 6gretmen adaylariyla birlikte yapilmistir. Ogretmen adaylarinin bagimsiz olarak
deney tasarlayip tasarlayamayacagini test etmek amaciyla birinci donemin son iki haftasinda 6gretmen
adaylariyla tohumun ¢imlenmesine etki eden faktorleri belirlemeye yoénelik bir deney tasarlamalari, deney igin
gerekli malzemeleri temin etmeleri, uygulamalari, gozlem sonuglarini not etmeleri, sonuglarini
degerlendirmeleri ve siireci raporlastirmalari istenmistir. Deney yapmalari igcin 15 giinlik bir stre verilmis ve bu
siire sonunda deney raporlarini dersin 6gretim lyesine teslim etmeleri istenmistir. Deney raporlari incelenmis,
Uzerinde eksikler ve hatalar belirtildikten sonra, raporlar 6gretmen adaylarina incelemeleri igin teslim
edilmistir. Birinci dénem sonunda, donem baslangicina goére 6gretmen adaylarinin deney 0z-yeterlik
dizeylerinde degisiklik olup olmadigini test etmek amaciyla tekrar deney 06z-yeterlik 6lgegi son-test olarak
uygulanmistir. ikinci dénem ise deneyler sorgulama temelli islenmistir: Ogretmen adaylarina temel problem
climlesi verilmis, verilen problem climlesini bir bilim insani gibi bilimsel stire¢ becerilerini kullanarak ¢ézmeleri
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istenmistir. Problem climlesi ve siireg 6gretim gorevlisi tarafindan yapilandirilmis, daha sonra sorular sorularak
O6gretmen adaylarinin problemi nasil ¢dzebilecegine rehberlik edilmistir. Son asamada ise 6gretmen adaylari
verilen durumlara gére problemin ¢éziimiine karar vermisler ve problemi ¢ézmeye calismislardir. ikinci
dénemin sonunda 6gretmen adaylarina deney hakkinda gorislerini yazmalari icin goriis formu uygulanmis ve
uygulama siresi ortalama 30 dakika strmustir. Son olarak yediser kisilik iki odak grup goriismesi

gerceklestirilmistir. Birinci odak grup gorlismesi 1 saat 22 dakika, ikinci odak goriismesi 56 dakika stirmustar.
Verilerin Analizi

(1) Deneye Yénelik Oz-yeterlik Olgedi; verilerin analizinde kullanilacak karsilastirma testlerine karar verebilmek
icin normallik testi sonuclarina bakilmistir. Normallik testi sonuglar: On-test puanlari Skewness degeri .-247 (z
degeri=.67), Kurtosis degeri .859 (z degeri=1.19) ve Shapiro-Wilk degeri p=.51, son-test puanlarinin Skewness
degeri .-492 (z degeri=-1.33), Kurtosis degeri 1.002 (z degeri=1.38) ve Shapiro-Wilk degeri p=.08). Skewness ve
Kurtosis z degerleri -1.96 ile +1.96 araliginda bir deger alirsa ve Shapiro-Wilk testi p degeri .05'in lizerindeyse,
puanlarin yaklasik olarak normal olarak dagildigini gosterir (Razali & Wah, 2011). Bu sonuglar, 6n-test ve son-
test puanlarinin normal dagilim gosterdigi ve parametrik testlerden bagimli gruplar t-testi icin varsayimin
karsilandigini gostermektedir. Parametrik testlerin kullanilabilmesi icin normallik varsayimi saglandigindan

karsilastirmalar i¢in bagimli gruplar t-testi kullaniimistir (Cramer & Howitt, 2004).

(2) Deney Raporlari; analizinde betimsel analiz teknigi kullaniimistir. Deney raporlarinin incelenmesinde Deney
Oz-yeterlik 6lgeginin alt boyutlari ana tema (planlama, uygulama ve degerlendirme) olarak kullaniimis ve kod
listesi bu dogrultuda belirlenmistir. Planlama temasi; problem climlesini agikca ifade edebilme, deneyin amacini
ifade edebilme, degiskenleri belirleyebilme, deney diizenegi tasarlayabilme ve hipotez olusturma kategorilerine
gore degerlendirilmistir. Uygulama temasi; deney gelistirme, deney gozlemlerini yazma ve deney gozlemlerini
acitklama kategorilerine gore degerlendirilmistir. Degerlendirme temasi; 6lcim verilerini degerlendirme, deney
sonuglarini degerlendirme, deneyde olasi hatalari saptama ve deney sonuglarini tablo/grafik vs. ile sunma
kategorilerine gére degerlendirilmistir. ifade edilen temalara gére deney raporlari iki 6gretim lyesi tarafindan
fikir birligine varilarak, es zamanli olarak incelenmis sonuglar excel dosyasina kaydedilmistir. Her bir tema icinde
yer alan kategoriler yok-(0), yetersiz-(1), gelistirilmeli-(2), iyi-(3) seklinde kodlanmis ve her bir kategori icin

frekanslari hesaplanarak veriler sayisallastiriimaya gahsiimistir.

(3) Yapilandiriimis Gériis Formu; analizinde, (1) arastirmanin betimsel analizi igin kavramsal cergevesinin
belirlenmesi (2) kavramsal gerceveye gore verilerin dizenlenmesi (3) verilerin anlasilabilirligi ve anlamli,
mantikli sekilde tanimlanmasi (4) bulgularin agiklanmasi, iliskilendirilmesi ve anlamlandirilmasi asamalari
izlenmistir (Yildirrm & Simsek, 2016). Katilimcilarin agik ucglu sorulara verdikleri gorisleri yansitmak amaciyla

zaman zaman dogrudan alintilara yer verilmistir.

(4) Odak Grup Goériismesi; analizinde, (1) kayitlarin analiz yapiimak Gizere Word belgesinde yaziya dékilmesi, (2)

icerik analizi: (a) kodlama; verileri anlamli bolimlere ayirma, kavramlastirma ve iliskilendirme (b) tema
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olusturma; elde edilen kodlarin (kavramlarin) belirli temalar altinda siniflandiriimasi (c) kodlarin ve temalarin
diizenlenmesi (d) temalarin arastirma sorulari altinda organize edilmesi (e) bulgulara ulasilmasi ve yorumlama
(Yildirnm & Simsek, 2016) asamalari izlenmistir. Odak grup goérismelerinden elde edilen verilerin igerik analizi iki
farkh alan uzmani tarafindan Miles-Huberman modeli kullanilarak gercgeklestirilmistir. Birinci asamada ayni
verilerin sistematik bir dizenlemesi iki farkli alan uzmani tarafindan farkli zamanlarda gergeklestirilmistir.
Verilerin azaltimi ve diizenlenmesi siireci analiz boyunca devam etmistir. iki arastirmaci tarafindan yapilan
analizler daha sonra bir araya getirilerek, kodlar, kategoriler, temalar kontrol edildikten sonra kodlanan veri
setinin givenilirligi hesaplanmistir. Kodlayicilar arasindaki gorus birlikleri ve ayriliklari dikkate alinarak Miles ve
Huberman (1994)"in [Glvenirlik = Gorus birligi / (Goris birligi + Gorus ayriligr)] formali araciligiyla arastirmanin
glvenirligi 91 / (91+11)=0.89 olarak hesaplanmistir. Kodlayicilarin %90’a yakin veya Uzerinde bir uyumluluk

yuzdesine sahip olmasi giivenilirligin saglandigi anlamina gelmektedir (Miles & Huberman, 1994).
BULGULAR
1. Laboratuvar Uygulamalarinin Sinif Ggretmeni Adaylarinin Deney Oz-yeterligine Etkisine Ait Bulgular

Tablo 1. On-Test ile Son-Test Puanlarinin Bagimli Gruplar t-Testi Sonuglari

_ _ N X Sd S.E t df p
O omrest M asr a0y geos B 00
Planl On-test 3.12 .46 .07 44.94
c_:c e §<:n-$:st 44 379 .55 .09 44.23 43 00
e m B EEM e
< pebetendine e w m m RN s

Tablo 1 incelendiginde, 6gretmen adaylarinin deney 6z-yeterlik diizeylerinin birinci dénem laboratuvar dersleri
dncesinde orta diizeyde oldugu (X=3.17) ve birinci dénem laboratuvar derslerinden sonra yiiksek diizeyde
oldugu (X=3.82) goriilmektedir [1.00-1.80 = ¢ok diisiik / 1.81-2.60 = disiik / 2.61-3.40 = orta / 3.41-4.20 =
yuksek / 4.21-5.00 = c¢ok yiksek]. Laboratuvar uygulamalarn 6gretmen adaylarinin deney 6z-yeterliklerini
olumlu yénde etkilemis ve artmasina katki saglamistir. Ogretmen adaylarinin 6n-test ile son-test deney &z-
yeterlik puanlari arasinda istatistiksel olarak anlamli farklilik oldugu (p=.00) ve son-test puanlarinin
ortalamasinin 6n-test puanlarina gére daha yiliksek oldugu tespit edilmistir. Diger bir ifade ile laboratuvar
uygulamalari 6gretmen adaylarinin deney 6z-yeterligini anlamli sekilde artirdigi belirlenmistir. Benzer sekilde
uygulama oncesinde deney planlama, uygulama ve degerlendirme 06z-yeterlik diizeylerinin orta dizeyden
(Xptantama=3.12,  Xuyguiama=3.21, Xdegerlendirme=3.19) uygulama sonrasinda yiiksek dizeye (Xpianiama=3.79,
Xuyguiama=3.86, Xgegerlendirme=3.80) ¢iktigi tespit edilmistir. Ogretmen adaylarinin 6n-test deney planlama,
uygulama ve degerlendirme 06z-yeterlik puanlari ile son-test puanlari arasinda istatistiksel olarak anlamli

farkhhklar oldugu ve bu farkhklarin tim boyutlarda son-test lehine anlamh sekilde arttigi tespit edilmistir

(p=.00) (Tablo 1).
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2. Sinif Bgretmeni Adaylarinin Deney Planlama, Uygulama ve Degerlendirme Konularinda Bilgi Diizeylerine

Ait Bulgular (Deney Raporlari)

Ogretmen adaylarinin tasarladiklari deney raporlarinin deney planlama, uygulama ve degerlendirme siireglerine

gore degerlendirme sonuglari asagidaki grafiklerde sunulmustur.
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Grafik 1. Deney Raporlarinin Deney Planlama Siirecine Gore Degerlendirilmesi (N=44)

Grafik 1 incelendiginde, 6gretmen adaylarinin énemli bir kisminin deney raporlarinda, problem ciimlelerini
acikca ifade etmedikleri ve hipotez ifadelerine yer vermedikleri gériilmektedir. Ogretmen adaylarinin deneyin
amacini iyi sekilde yazamadiklari ve degiskenleri (bagimli ve bagimsiz) belirleyemedikleri ve deneyin
yapilabilmesi igin deney diizenegi tasarlama konusunda yeterli olmadiklari tespit edilmistir. Sinirli sayida deney
raporunda problem ciimlesinin, deneyin amacinin ifade edildigi, degiskenlerin belirlenebildigi belirlenmistir. Bu
durum Ogretmen adaylarinin deney planlama sirecinde gerekli olan bilimsel stire¢ basamaklari hakkinda

sikintilar yasadiklarini géstermektedir.
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Grafik 2. Deney Raporlarinin Deney Uygulama Siirecine Gore Degerlendirilmesi (N=44)
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Ogretmen adaylarinin deney siirecini iyi sekilde yénetemedikleri (diizenli bir sekilde degiskenleri takip etme,
ozenli galisma, dikkatli olma, olasi hatalari tespit etme gibi), diizenli sekilde gézlem yapmadiklari (6l¢timler igin
standart 6lgme araglari kullanma, olgtimleri diizenli araliklarla yapma, 6lgiim sonuglarini kayit altina alma,
tekrarli 6lglimler yapma gibi) ve elde ettikleri gozlem sonuglarini veya 6l¢timlerini agiklamadiklari belirlenmistir

(Grafik 2).
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Grafik 3. Deney Raporlarinin Deney Degerlendirme Siirecine Gore Degerlendirilmesi (N=44)

Grafik 3 incelendiginde, degerlendirme siirecinde 6gretmen adaylarinin deney verilerini tablo/grafik seklinde
dogru sekilde sunamadiklari goérilmektedir. Verilerin tablo/grafik seklinde sunan 6gretmen adaylarinin
raporlarinda (grafik sayisi olduk¢a az) tablo/grafik basligi olmadigi, tablolarinda satir ve sttun basliklarinin
kullanilmadigi, 6lcim birimlerinin yazilmadigi, tablo/grafik yapmak icin bilgisayar gibi teknolojilerden
yararlanmadiklari tespit edilmistir. Deney raporlarinda 6lgim sonuglarini yorumlayip bir sonuca ulasan
dgretmen adaylarinin sayisi da oldukga azdir. Ogretmen adaylarinin tamami deney sonuglarinin hatali
olabilecegi, deney sirasinda yapilan bazi hatalarin nelerden kaynaklanabilecegi konusunda fikir beyan

etmedikleri tespit edilmistir.

3. Sinif Ggretmeni Adaylarinin Deney ve Deney Siireci Algilarina Ait Bulgular

a. Yapilandirilmis Gériis Formundan Elde Edilen Bulgular

Ogretmen adaylarinin deney raporlarinda belirlenen eksikler veya hatalarin nedenlerini tespit etmek amaciyla
uygulanan goriis formundan elde edilen verilere ait olusturulan temalar ve temalara iliskin betimlemeler, diger

bir ifade ile goris formu sonuglarinin betimsel cercevesi asagida sunulmustur.
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Sekil 2. Goruis Formu Sonuglarinin Betimsel Cergevesi

Deneyin planlamasi siirecinde katilimcilarin en fazla deneyde kullanilacak malzemeler konusunda zorlandiklari
belirlenmistir. Katihmcilar, 6zellikle laboratuvarda deney malzemelerini bulmakta (11 kisi), malzemeler
hakkinda bilgi sahibi olmadiklari icin deney icin gerekli malzemeleri belirlemekte (3 kisi) zorlandiklarini ifade
etmigslerdir.

K-22: Deneyi yapmadan énce laboratuvardaki esyalari ve yerlerini kontrol etmedigimiz igin deneyi yaptigimiz

giin esyalarin yerini bulmada zorlaniyoruz.

Degiskenleri belirleme (3 kisi), uygun yontemi se¢me (3 kisi), hipotez kurma (2 kisi), amag belirleme (2 kisi)
zorlanilan diger konulardir. Katihmcilar bu slregte zorluklar yasamalarinin sebeplerini; hazirlik yapmamak (4
kisi), konu hakkinda bilgi sahibi olmamak (4 kisi), daha 6nce deney tasarlamamis olmak (3 kisi) ve kedine
glvensizlik (2 kisi) olarak ifade edilmistir. Katilimcilarin bir kismi ise deney tasarlama sirecinde
zorlanmadiklarini ifade etmistir (7 kisi).

K-5: Deney tasarlama slirecinde zorluk ¢cekmiyorum. Malzemeleri kolaylikla bulabiliyorum.

Bulmakta zorlandigim malzemeleri laboratuvar ortaminda temin edebiliyorum. Deneyin amacina

uygun yéntemi kitaptan, internetten ve kendi buldugum ¢6zim yollariyla halletmeye ¢calistyorum.
Katihmcilar deney tasarlarken degiskenleri belirleyememe sebebi olarak; yeterli bilgiye sahip olamamak ve
anlamamak oldugunu ifade etmislerdir.

K-10: Daha dénce sadece tek bir dediskenle yaptigimiz deneyin dogru olugunu saniyorduk ki bu

zamana kadar okul hayatimda fasulye deneyinden baska deney yapmadim, onu da eksik

dgrenmisim zaten. Laboratuvara az da olsa giderdik ama deney yapmazdik. Odretmenimiz sadece

sistemler, organlar vb. konulari anlatacagi zamanlarda gétiiriirdi. Belki de eksiksiz bir deneyin

birden ¢ok degiskenle deney ve kontrol grubu olarak hazirlamamiz  gerektigini

6grenmedigimizdendir.

Katilmcilar uygulama siirecinde deneyle ilgili 6lcim ve goézlemleri yaparken yasadiklari zorluklari, grafik ve
tablo yapma (4 kisi), sonuglari ifade etme (3 kisi), 6lgme araglarini kullanma (4 kisi), 6lgiim birimleri (4 kisi) ve
deney icin gerekli stire (2 kisi) olarak ifade etmislerdir.
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K-32: Deney ve gdzlem sonuglarini yazarken belirli bir tablo, diizen olusturmadan gelisigiizel yaziyorum. Tam

olarak deneye uygun bir tablo ¢izmeyi beceremiyorum.

Deneyle ilgili 6lgim ve gdzlemler esnasinda yasanilan zorluklarin sebepleri ise, sonuglarin hatal ¢ikmasi (2 kisi),
yeterince deneme yapmamak (3 kisi), 6lgimleri hatali veya eksik yapmak (7 kisi), 6l¢im birimleri kullanmamak
(2 kisi), 6lgme araglarini kullanmayi bilmemek (4 kisi), kendine giivenmemek (5 kisi), dikkatli olmamak (6 kisi),
Olciim ve gozlemleri zamaninda (deney esnasina) kayit altina almamak (2 kisi) ve yeterince tecriibe sahibi
olmamak (1 kisi) olarak ifade edilmistir. Katihmcilardan 4 kisi ise bu siir¢te bir zorluk yasamadigini ifade etmistir.
K-11: Yaptigimiz élgiimleri de deneyi yaparken de tek bir denemeye badl kaliyoruz ve bu yiizden élgiimler hatali
cikabiliyor.

K-33: Bazen deneyleri birden ¢ok defa deneme yapinca ve bu denemeler birbirini tutmayinca raporda yazarken
kafam karisabiliyor.

K-25: Gézlem ve 6lglimleri yazarken kg, |, m gibi birimleri yazmay! unutmam daha sonra karisikliga sebep
oluyor. Deneyde bazi seyleri gézden kagirip not almayinca olumsuz sonuglar elde ediyoruz. Deney yanlis ve eksik
oluyor.

K-19: Deneyle ilgili gézlem ve élgiimlerini yazarken "acaba dogru veriler tespit edebildim mi?" diisiincesi isimi

zorlastiriyor.

Katilimcilarin degerlendirme slirecinde verileri degerlendirme ve sonuca ulasmada yasadiklari zorluklar;
sonuglari uygun sekilde ifade edilmesinde (tablo/grafik olusturma) (18 kisi), sebep-sonug iliskisi kurmada (6 kisi)
zorluklar yasamaktadirlar. Yasanilan zorluklarin sebepleri ise, 6lcimde hata yapilmasi (11 kisi), 6lgim
sonuglarinin diger gruplardan farkli olmasi (6 kisi), tekrarli deneyler yapildiginda sonuglarin birbirinden farkli
¢tkmasi (10 kisi), konu ile ilgili teorik bilgi eksikligi (6 kisi), verilerin nasil degerlendirileceginin bilinmemesi (6
kisi), deneyin planlanan sekilde yapilamamasi (5 kisi) verilerin nasil sunulacaginin bilinmemesi (1 kisi),
sonuclardan emin olamama (1 kisi), sonuglarin nasil ifade edileceginin bilinmemesi (2 kisi) olarak ifade

edilmistir.

Katilimcilardan 8 kisi deney sonuglarini sunmada genellikle tablo kullandigini ancak ¢ok fazla grafik
kullanmadigini ifade etmistir. Ara-sira kullandigini ifade eden katilimci sayisi bes kisidir.

K-20: Tablo da grafik de tiim deneyi bize 6zetlemeye yetiyor.

Katilimcilardan deney sonuglarini sunarken tablo ve grafik kullanmayanlar bu durumun sebebi olarak; yeterli
bilgisi olmadigini (8 kisi), tablo ve grafik yaparken zorlandigini (13 kisi), rapor yazarken unuttugunu (1 kisi), hata
yapmaktan korktugunu (2 kisi), verileri sozel olarak ifade ettigi icin gerek goérmedigini (2 kisi) ve aliskin

olmadigini (3 kisi) ifade etmistir.

Katihmcilarin biyuk bir cogunlugu bir deney raporunda deneyin adi (33 kisi), deneyin amaci (30 kisi), kullanilan
malzemeler (32 kisi), yapilisi (34 kisi) ve deneyin sonucunun (34 kisi) bulunmasi gerektigini ifade etmistir.

Bilimsel siire¢ becerileri ile kazandirilmasi gereken hipotez (11 kisi), gbzlem (8 kisi) bulgular (16 kisi), problem
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cumlesi (4 kisi), tahminler (5 kisi) ve yorum/tartisma/6neri (2 kisi) ifadelerine bazi katilimcilar yer vermistir.
Ayrica iki 6grenci kaynakca olmasi gerektigini ifade etmistir. Kaynakga yazan sadece iki katilimci bilimsel etik
konusunda hassas davranmiglardir. Bu durum 6gretmen adaylarinin bilimsel etik konusunda da eksikleri oldugu
seklinde yorumlanabilir. Ayrica deney raporunda sekil yoniinden kapak (2 kisi), tarih (1 kisi), deneyi yapan

kisilerin isimleri (1 kisi) ve egitmenin ismi (1 kisi) olmasi gerektigi ifade edenler oldukca azdir.

Katihmcilarin deney raporu hazirlarken zorlandiklar konular ise; tablo ve grafik yapimi (8 kisi), deneyin amacini
yazmak (2 kisi), deney sonucunu yazmak (4 kisi), deneyin yapilisini yazma (5 kisi), kendimi ifade etme (5 kisi) ve
onyargidir (1 kisi).

K.-14: Bilimsel bir dil kullanmada ve rapor yazarken kullanmam gereken uygun kelimeleri se¢mede
zorlaniyorum.

K-21: Oncelikle bir deney raporu hazirlarken eksiklerimin mutlaka cikacadini veya bir yerde hata yaptigimi

diistiniiyorum.

Katihmcilarin deney raporu hazirlayamama nedenlerinin en énemli sebebi bilgi eksikligi ve tecribesizliktir (23

kisi).
K-27: Raporun nasil yazilmasi gerektigi hakkinda yeterli bilgi sahibi degiliz ve herhangi bir
arastirma yapmadan eksik bilgilere gére rapor yazmaya kalkiyoruz ve raporlari yazarken
gercekten kurallara uyup uymadigimiza bakmiyoruz bile. Cok sey yazip sayfayr doldurmak
istiyoruz. Fakat yazdigimiz seylerin dogruluguna, lslubuna ve yazi giizelligine dikkat etmiyoruz.
K-20: Benim gériisiime gére dogru bir rapor hazirlayamamisimizin sebebi, daha énce hi¢ rapor
hazirlamamizdir. Raporu ilk defa bu ders icin hazirladim. ik defa hazirladigim icin cok zorlandim
ve dogru, eksiksiz bir rapor hazirlayamadim.

K-15: Egitim hayatim boyunca hi¢ deney raporu hazirlamadim.

Katihmcilarin deney raporu hazirlama konusunda yasadiklari tecriibenin énemli oldugunu, deney yaptik¢a ve

rapor hazirladik¢a 6grencilerin 6zgiiveninin arttigini gosteren 6rnek ifadeler asagida sunulmustur.

K-11: Deney nasil yapilacagini 6grendim artik zorlanmiyorum.

K-20: Deney raporu yazdikga bu eksiklik gittikge azaldi. Rapor yazmanin faydasini gérdim.

K-5: Dénemin basinda olsa kendimi eksik gériirdiim ama su an rapor hazirlarken kendimi eksik gérmiiyorum.

K-1: Deneyden verimli sonug alip aktif olarak deneyde gérev yapinca rapor yazmada hig sikinti olmuyor.

Ayrica katihmcilar deney raporu hazirlayamama nedenleri olarak 6zensizlik/onemsememek (11 kisi), dikkatsizlik

(7 kisi), yapilan deney hakkinda yeterli teorik bilgiye sahip olmama (4 kisi) olarak ifade etmislerdir.

Katilimcilarin deney yapma siirecinde basarili olabilmesi icin dnerileri su sekildedir; konu hakkinda teorik bilgiye
sahip olunmali (15 kisi), deney sirasinda 6lgimleri ve goézlemleri not edilmeli (13 kisi), rapor yaziminda dikkatli
ve Ozenli olunmali (11 kisi), 6gretmenlerin 6grencilere rapor drnegi gosterilip beraber rapor hazirlamalar (11

kisi), verilerin sunumunda grafik ve tablo kullanilmali (11 kisi), deney malzemeleri eksik olmamali (7 kisi), deney
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yaparken dikkatli ve 6zenli davranilmal (6 kisi), 1srarci olunmali (5 kisi), deneyde sonuca ulasiimali (yorumlama
ve tartisma) (4 kisi), deneyi bizzat 6grencilerin yapmasi saglanmali (6 kisi).
K-3: Deney raporu yazmakta zorluk ¢cekerken pes etmemelerini, ben yapamam dememelerini éneririm.

K-18: Gerekirse 6gretmen dgrencileriyle birlikte bir rapor hazirlamal her seye dikkat ederek tim

sinifin katiimiyla hazirlandiktan sonra 6grenci nasil yapilacagini, neye dikkat edecedini égrenmis

olarak kendi raporunu hazirlayabilecektir.

b. Odak Grup Gériismelerinden Elde Edilen Bulgular

Tablo 2. Deneyin Tanimina Ait icerik Analizi

Tema Kategori Kod

Yaparak yasayarak 6grenme/tecriibe etme
Merak etme
Go6zlem yapma
Arastirma-gelistirme
Sureg Odakh Amaca ulagma sireci
Deneme yanilma
Analiz etme
Olgiim yapma
Tekrar
ispatlama/kanitlama
Soyut bilgileri somutlastirma
Sonug Odakli Sonuca ulagsmak
Formiiller
Mantigini kavrama

Deneyin Tanimi
P RPN WOOUOFRPRERPRPNMNNMNNWDS O

Katihmcilar tanimlarinda siire¢ ve sonu¢ odakh ifadelere yer vermislerdir. Katiimcilar siire¢ odakh deney
tanimlarinda, yaparak yasayarak 6grenme ve bilimsel slire¢ becerileri ile iliskili olan merak etme, gozlem
yapma, arastirma, analiz etme, 6l¢im yapma, Olciimleri tekrarlama kavramlarina yer vermislerdir (Tablo 2).
Katihmcilar sonug odakh deney tanimlarinda ispatlama/kanitlama, soyut bilgileri somutlastirma, sonuca ulasma,

formiller ve mantigini kavrama kavramlarini kullanmiglardir.

Tablo 3. Deney Yapma ve Nedenleri Temasina Ait icerik Analizi

—h

Tema Kategori Alt Kategori Kod

[uny
[EEN

Kalici 6grenme
Yaparak yasayarak 6grenme
Aktif 6grenme
Soyut kavramlarin somutlastiriimasi
Merak uyandirma
Arastirma becerisi
Deneysel tecriibe kazandirma
ilgi/Beceri/Motivasyon Fen dersini sevme
Hata yapmaktan korkmama
Deneme yanilma
Bilimsel diistinme becerisi

Ogrenme

Deney
Yaparim

Ogretmen Oldugumda Deney
Yapma ve Nedenleri

P PP FRPNWOOOWWD

Katihmcilarin tamami 6gretmen olduklarinda deney teknigini kullanacaklarini ifade etmislerdir. Katimcilar
deney teknigini kullanmak isteme nedenlerini bilissel ve duyussal gerekgelerle agiklamaya calismislardir.
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Katilimcilar, 6grenme alt kategorisinde yer alan kodlara gore ogrenilen bilgilerin kalici olmasinda, aktif
o0grenmede, yaparak yasayarak 6grenmede, soyut kavramlarin somutlastiriimasinda deney yapmanin etkili
oldugunu diisiinmektedirler. Ozellikle 6grenilen bilgilerin kalici olmasinda deney tekniginin etkisi katilimcilar
tarafindan diger kodlara gére daha fazla vurgulanmistir. Katihmcilar, ilgi/beceri/motivasyon alt kategorisinde
deney yapma nedenlerini merak uyandirma, arastirma becerisi kazandirma, deneysel tecriibe kazanma, fen
dersini sevme, hata yapmaktan korkmamayi 6grenme, deneme yanilma yoluyla 6grenme ve bilimsel dislinme

becerisi kazandirma olarak ifade etmislerdir.

Tablo 4. Deney Yapabilmek icin Sahip Olunmasi Gereken Ozellikler Temasina Ait icerik Analizi

Tema Kategori Kod
Teorik bilgi
Deney malzemeleri ve kullanim bilgisi
Bilissel Deney yapma bilgisi

Hipotez kurma bilgisi
Tablo ve grafik bilgisi
Merak
Sabirli olma
Arastirmaya istekli
Israrci olmak / pes etmeme
Duizenli / titiz olma
Disiplinli olma
Sorumluluk bilinci
Ozgiivenli
Elestirel diisinme ve sorgulama becerisi
Karar verme ve sonuca ulagsma becerisi
El becerisi
Beceriler Arastirma yapma becerisi
Soru sorma becerisi
Grupla galisabilme becerisi
Tartisabilme becerisi

Kisisel Ozellikler

Deney Yapabilmek icin Sahip Olunmasi Gereken Ozellikler

P PP RPNWPRPRPRPEPNNNNWENNOOWO|™

Katihmcilara gore fen derslerinde deney yapacak 6gretmenlerin sahip olmasi gereken ozellikler; bilissel
ozellikler, kisisel 6zellikler ve beceriler olarak ti¢ kategoride gruplandiriimistir. Bilissel beceriler; konu hakkinda
teorik bilgi, deney malzemesi bilgisi ve malzeme kullanma bilgisi, deney yapma ve bilimsel sure¢ hakkinda bilgi
ve tablo/grafik bilgisidir. Kisisel dzellikler; merakli olma, sabirli olma, istekli olma, israrci olma/pes etmeme,
dizenli ve titiz olma, disiplinli olma, sorumluluk sahibi olma ve 6zgliveni yliksek olmadir. Beceriler; elestirel
disiinme ve sorgulama, karar verme ve sonuca ulasma, el becerisi, arastirma yapma, soru sorma, grupla

¢alisma ve tartisabilme becerileridir (Tablo 4).
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Tablo 5. Deney Oncesinde Yapilmasi Gerekenler Temasina Ait icerik Analizi

Tema Kategori Kod f

Deney arag gereclerini temin etme 12
= r_E Alternatif malzemeler kullanma 5
= 3 Arac Gereg ve Ortam Arac-gereclerin kullanimini bilme 5
% Z Deney ortamini diizenleme 4
T 5 Glivenligi saglama 3
Fil Deneyle ilgili teorik bilgi 7
g & D Bilgi Degiskenleri belirleme 2
'5 2 eney ve Brel Onceden deneme 1
s E Ogrenci seviyesine uygunluk 1
R Planlama Deneyi planlama 7

Grup galismasi planlama 1

Katilimcilara gore deney dncesinde yapilmasi gerekenler arag, gereg ve fiziki ortam, deney ve bilgi ile planlama
olmak lzere Ug¢ kategoride toplanmistir. Arag, gereg ve ortam kategorisinde dikkat edilmesi gereken hususlar;
deney arag¢ gereclerini temin etme ve bunlarn kullanma bilgisi, bulunamayan malzemeler igin alternatif
malzemeler kullanma, deney ortaminin diizenlenmesi ve deney giivenligidir. Deney ve bilgi kategorisinde dikkat
edilmesi gereken hususlar; teorik bilgiye sahip olma, 6grenci seviyesine uygunluk, degiskenleri belirleme ve
onceden deneme yapmaktir. Planlama kategorisinde dikkat edilmesi gereken hususlar deneyin planlanmasi ve

grup calismasinin planlamasidir.

Tablo 6. Deney Esnasinda Yapilmasi Gerekenler Temasina Ait icerik Analizi

—
o
3
Q

Kategori Kod

Deney stiresince dikkatli olmak
Malzemeleri dogru kullanmak
Deney masasinda gereksiz malzeme bulundurmamak
Deneyde yapilacak seylerin disina gikmamak
Ol¢iim sonuglarini dogru kaydetmek
Tekrarh/coklu 6lgciimler yapmak
Rapor/not tutmak
Fotograf cekme / resim ¢izmek
Gorev dagilimi yapmak
Katihim ve is Ozenli galismak
bolimi Ogrencilerin aktif katilimini saglamak
lyi gdzlem yapmak
Deney sonuglarini/deneysel hatayi sorgulamak
Sonuca Ulagsma Sonuglari kiyaslamak, tartismak ve karar vermek
Israrci olmak / pes etmemek

Guvenlik

Olgiim

Deney Esnasinda Yapilmasi Gereken
Hususlar

R NNNRFRPERERPNONUUONOORFRERERNPR-H

Katimcilara gére deney esnasinda yapilmasi gerekenler givenlik, katilim, 6l¢ciim ve is bolimdi ile sonuca ulasma
kategorileri altinda toplanmistir. Guvenlik ile ilgili yapilmasi gerekenler; dikkatli olmak, malzemeleri dogru
kullanmak, masa iizerinde gereksiz malzeme bulundurmamak ve deneyin amaci disina ¢gikmamaktir. Olgiim ile
ilgili yapilmasi gerekenler; 6lcim sonuglarini dogru kaydetmek, tekrarli/coklu 6lgciimler yapmak, 6lgiimleri not
etmek ve siregle ilgili fotograf cekmek/resim gizmektir. Katilim ve is bolumi ile ilgili yapilmasi gerekenler; gérev

dagihmi yapmak, 6zenli galismak, 6grencilerin aktif katiimini saglamak ve iyi gozlem yapmaktir. Sonuca ulagsmak
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icin yapilmasi gerekenler; deney sonuglarini/deneysel hatalari sorgulamak, sonuglari kiyaslamak, tartismak ve

karar vermek ve i1srarci olmak/pes etmemektir.

Tablo 7. Deney Yapma ve Raporlama Oz-Yeterlikleri ve Nedenleri Temasina Ait icerik Analizi

Tema Kategori Alt Kategori Kod

Konu alan bilgisi eksik
Daha 6nce deney yapmamak
Alan disindan olmak
Rapor yazmayi bilmemek
Bilissel Deney yapmayi bilmemek
Sebepler Deney malzemelerini tanimamak
Derse hazirliksiz gelmek

ic) Degiskenleri belirlemekte zorlanma
'?'j Tablo/grafik bilgisi eksik

z Olgiim birimlerini dogru kullanamama
o Yetersiz (7) & &

= Korku

o Yetersizlik hissi / 6zgliven eksikligi
= Psikolojik " / 628 &
re Onyargi

9 Sebepler .

o Endise

('IS Beceriksizlik dusiincesi

2 Onemsememek

Ko . Aceleci davranmak

ru Kisisel

3 Zamani kullanamama

= Sebepler .

o El becerisinin olmamasi

g Telas

£ Derse hazirlikl gelmek

E Hazirhk Alan digindan olmasi

> On bilgilerin az olmas

e Kismen Yeterli (5) D |§| naz :

2 aha 6nce deneyler yapmak

Deneyim Daha fazla deney yapmak

Yapilan deneylerin yeterli olmamasi
Deney yaptikca 6zgiivenin artmasi
Yapabilecegine olan inancinin artmasi

RPIRPFRPNWRRNREPNWRRNNNRPRRNNWNNNMNNNNDWPDOOO O

. lik
Yeterli (2) Oz-yeterli Sabirli olmak
Korkmamak

Deneyim Daha 6nce deney yapmis olmak

Katihmcilar deney yapma ve raporlama 6z-yeterlikleri konusunda vyeterli, kismen yeterli ve vyetersiz
kategorilerine ayrilmislardir. Katilimcilardan deney yapma ve raporlama 6z-yeterlikleri konusunda kendilerini
yetersiz gorenlerin nedenleri biligsel, psikolojik ve kisisel 6zellikler olarak alt kategorilere ayrilmistir. Bilissel
nedenler alt kategorisinde; konu alan bilgisi eksik olma, daha 6nce deney yapmama, alan disindan olma, rapor
yazmayl bilmeme, deney yapmayi bilmeme, deney malzemelerini tanimama, deneye hazirliksiz gelme,
degiskenleri belirleyememe, tablo/grafik bilgisinin eksik olmasi, 6l¢lim birimlerini dogru kullanamama yer
almistir. Psikolojik nedenler alt kategorisinde; korku, yetersizlik hissi/6zgiven eksikligi, 6nyargi, endise ve
beceriksizlik dislincesi yer almistir. Kisisel sebepler alt kategorisinde; Gnemsememe, aceleci davranma, zamani
kullanamama, el becerisinin olmamasi ve telas yer almistir. Katilimcilardan deney yapma ve raporlama 0z-
yeterlikleri konusunda kendilerini kismen yeterli gérenlerin nedenleri hazirhk ve deneyim alt kategorilerine
ayrilmistir. Hazirlik alt kategorisinde; derse hazirlikh gelmek olumlu yonde etki ederken, alan disi olma ve 6n
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bilgilerin yetersiz olmasi olumsuz yonde etkilemistir. Deneyim alt kategorisinde; daha 6nce deneyler yapmak ve
daha fazla deney yapmak olumlu yonde etki ederken yapilan deneylerin yetersiz olmasi olumsuz etkilemistir.
Katilimcilardan deney yapma ve raporlama 6z-yeterlikleri konusunda kendilerini yeterli gérenlerin nedenleri 6z-
yeterlik ve deneyim alt kategorilerine ayrilmistir. Oz-yeterlik alt kategorisinde; deney yaptik¢a 6zgiivenin
artmasi, yapabilecegine olan inancin (6z-yeterlik) artmasi, sabirli olma ve korkmama yer almistir. Deneyim alt

kategorisinde; daha 6nce deney yapmis olmak yer almistir.

SONUC ve TARTISMA

Sinif 6gretmenligi ikinci sinif 6gretmen adaylarinin iki dénem siresince fen laboratuvari derslerinde
yasantilarindan yola ¢ikarak deney yapma 6z-yeterlikleri, deney yapma ve bilimsel siire¢ becerilerine iliskin
gorisleri, deneyi nasil tanimladiklari, deney siirecini nasil yurittikleri, deney planlama, uygulama ve
degerlendirme sureglerine iligkin gorlsleri, deney yaparken ve raporlastirma siireglerinde yasadiklari zorluklari
ve nedenleri farkli 6lgme araglari ve arastirma yontemleri kullanilarak belirlenmeye calisiimistir. Bu boélimde,

elde edilen bulgular birbirileri ile iliskilendirilmeye ve ilgili literatiirle tartisilmaya galisilmistir.

Laboratuvar uygulamalari katilimcilarin deney 6z-yeterliklerinin artmasinda etkili olmustur. Katiimcilarin birinci
doénem siresince kendi deneyimlerinden kazandiklari bilgiler, deney planlama, uygulama ve degerlendirme 6z-
yeterlik puanlarinin istatistiksel olarak anlamh sekilde artmasini saglamistir. Benzer sekilde goérus formundan
elde edilen bilgilerde de katiimcilar deney yaptik¢a, deney raporu hazirladik¢a tecriibelerinin ve 06z-
glvenlerinin arttigini ifade etmislerdir. Odak grup gorismelerinde deney yapma konusunda kendini yeterli
gorduguni ifade eden katilimcilar da deney yaptikga 6zgiivenlerinin ve yapabileceklerine iliskin inancin (deney
Oz-yeterlik) arttigini ifade etmislerdir. Elde edilen tim bu veriler birbirini desteklemektedir. Odak grup
gorismelerinde deney yapma konusunda kendini yetersiz géren katiimcilarin en énemli nedenleri, konu alan
bilgisi ve deney bilgisi yetersizligi ile daha 6énce deney yapmamalaridir (olumlu bir yasantiya sahip olmamasi).
Benzer sekilde katilimcilarin goriis formunda ifade ettigi gibi deney bilgisi, malzeme bilgisi, teorik bilgi eksikligi
ve daha oOnce deney yapmama, deney planlama, uygulama, degerlendirme ve raporlama sireglerinde
yasadiklari zorluklarin tamaminda yer almaktadir. Bandura’ya gore 6z-yeterlik kaynaklarindan en etkilisinin
bireylerin dogrudan kendi deneyimlerinden kazandigi bilgiler oldugu ifade edilmektedir (Usher & Pajares,
2009). Literatiurde laboratuvar uygulamalarinin 6grencilerin 6z-yeterlik dizeylerini arttirdigini gosteren
calismalarla elde ettigimiz sonuglar benzerlik géstermektedir (Bautista, 2011; Brand & Wilkins, 2007; Eymur,
2018; Husnaini & Chen, 2019; Jeffery, Nomme, Deane, Pollock & Birol, 2016; Lekhu, 2016; Menon & Sadler,
2018; Palmer, Dixon & Archer, 2015; Sen & Sezen Vekli, 2016; Ural, 2016; Webb-Williams, 2018). Ayrica odak
grup gorismelerinden elde edilen bulgularda, alan disi olmak, 6gretmenlerinin deney yapmamasi gibi dolayh
yasantilarin olusmadigi orneklere, korku, onyargi, endise, beceriksizlik dislincesi gibi 6z-yeterligi olumsuz
etkileyen psikolojik durumlara ait 6rneklere rastlanmistir. Bandura’nin 6z-yeterlik kuraminda oldugu gibi bizim
¢alismamizda da bireylerin dogrudan kendi deneyimlerinden kazandiklari bilgilerin diger 6z-yeterlik nedenlerine

gore daha 6nemli oldugu tespit edilmistir. Ogrencilere fen derslerini sevdirmek, fene karsi olumlu tutum
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kazandirmak, 6grencilerde fen kavramlarinin ve bilgilerinin kalici olmasini saglamak, 6grencilerin kuglik
yaslardan itibaren bir bilim insani gibi disiinmelerini saglamak istiyorsak dncelikle bu becerileri 6gretmenlere
kazandirmamiz gerekir. Ogretmen adaylarinin 6z-yeterliginin yiiksek olmasi ile gelecek kariyerleri, fen
O0gretimine yonelik tutumlari ve inanglari arasinda olumlu iliskiyi gosteren c¢alismalarda bu gorisimiizi
desteklemektedir (Avery & Meyer, 2012; Bergman & Morphew, 2015; Bautista, 2011; Kazempour & Sadler,
2015; Knaggs & Sondergeld, 2015). Bunu yapabilmenin tek yolu da 6gretmen adaylarinin bu bilgilere dogrudan
kendi yasantilari ile kazanmasini saglamak olmalidir. Calismalar, 6gretmen adaylarinin fen 6grenimi sirasinda
olumlu yasantilarin onlarin 6z-yeterliklerini etkiledigini gostermektedir (Husnaini & Chen, 2019; Lekhu, 2016;

Menon & Sadler, 2017; Palmer, 2006; Webb-Williams, 2018).

Uygulama 06gretim (yesi ve asistanlar esliginde yapilan deneyler 6grencilerin bagimsiz veya grup halinde
¢alisarak bir problemi ¢ozebilme becerilerine yiliksek dizeyde katki saglamamistir. Deney raporlarindan elde
edilen veriler, her ¢ boyutta da katimcilarin bilimsel siire¢ basamaklarini kullanamadiklarini ve bu becerilere
yeterince sahip olmadiklarini gostermektedir. Deney 0z-yeterlik Olgeginde de planlama, uygulama ve
degerlendirme alt boyutlarinin ortalamalarinin orta diizeyde olmasi, deney raporlarindan elde edilen verileri
desteklemektedir. Benzer sekilde deneyle elde edilmesi gereken kuramsal bilgi 6grenci tarafindan 6nceden
bilinen dogrulama deneyleri; [sahip olunan bilginin dogrulandigi, 6grencilerin deneyde ne yapacaginin féyden
(cookbook) okuduklari ve kendilerine ne yapilacaginin séylendigi deneyler (Lord & Orkwiszewski, 2006)]
laboratuvar uygulamalarini sikici hale getirmekte, 6grencilere bilimsel siire¢ ve Ust diizey diisiinme becerilerini
pek de kazandiramamaktadir (Ural & Basaran Ugur, 2018; Ural, 2016). Oysaki sorgu temelli fen 6gretimi
o6gretmen adaylarinin, bilimsel slre¢ becerileri kazanmasina, hem derslerin daha eglenceli hale gelmesine, 6z-
yeterliklerinin artmasina, fen konularinin anlasilmasina neden olmaktadir (Arnold, Kremer & Mayer, 2014;

Brand & Wilkins, 2007; Palmer et al., 2015; Toth, Ludvico & Morrow, 2012).

Gorus formunda katilimcilar, deney planlama asamasinda kullanilacak malzemelerin temini ve malzeme bilgisi
konusunda zorluklar yasadiklarini ifade etmislerdir. Ayrica deney 6z-yeterlik 6lceginde ortalamasi en az olan
maddelerin basinda “Laboratuvar arac-geregleri kullaniminda iyiyimdir’ (X= 2.77) ve “Bir deney icin hangi
araclarin/malzemelerin gerekli oldudunu saptamakta iyiyimdir’ (X= 3.07) ifadeleri yer almaktadir ki, bu
sonuglar birbirini desteklemektedir. Odak goriismelerinde de katilimcilar deney yapabilmek igin sahip olunmasi
gereken Ozellikler arasinda deney malzemelerini tanima ve bunlari kullanim bilgisinin gerekli oldugunu ifade
etmislerdir. Odak goriismelerinde deney yapma konusunda kendini vyetersiz goéren katilimcilarinin
nedenlerinden biri de deney malzemelerini tanimamaktir. Katilimcilara gére deney 6ncesinde dikkat edilmesi
gereken hususlar arasinda da deney arag-gereglerini temin etme ve arag gere¢ kullanimi bilme 6nemlidir. Bu
verilerin tamami deney icin malzeme bilgisi ve gerekli malzemelerin deney 6ncesinde temininin ¢ok 6nemli
oldugunu ortaya koymaktadir. Bunun yaninda, odak goriismelerinde katilimcilar deney icin gerekli malzemeleri
temin edemez veya etmekte zorlanirsa alternatif malzemelerin kullanilabilecegini ifade etmisledir. Ozellikle

kirsal alanda, laboratuvar ve deney malzemelerinin kisith oldugu boélgelerde, gorev yapacak 6gretmen
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adaylarinin malzeme bulamadigimiz igin deney yapamiyoruz gibi bir gerekgelerini énemli derecede ortadan
kaldirabilecek bir bulgu olarak kabul edilebilir. Elbette alternatif malzemelerin kullanimi tim deneyler igin
gecerli olmasa da deney yapmamak icin 6énemli bir mazereti ortadan kaldiracagl ifade edilebilir. Ancak
o0gretmen adaylarinin gerekli malzemeleri bulamasa da psikolojik olarak alternatif malzemelerle yapilacagina
ikna edilmesi, bizzat kendisinin bunu yaparak yasayarak 6grenmesi, deneysel ¢calismalarin 6nemini anlamasi ve
oncelikle deney yapabilecegi konusunda ikna edilmesi gerekir. Diger tiirli 6gretmenler deney yapmamak igin
tirld bahaneler Uretmekten deney yapmaya firsat bulamayabilir. Ancak alternatif malzemeler ile deney
yapilabileceginin gosterilmesi, 6gretmen adaylarinin deney 6z-yeterlik inanglarinin yikseltilmesi igin lisans
dgrenimlerinde deneysel calismalara nem verilmelidir. Ogretmen adaylarinin deney yapabilmeleri icin bilgi
eksiklerinin giderilmesi ileri de deney yapma oranlarini arttirabilir. Fen derslerinde deney yapabilmenin 6n
sartlarindan biri de kuskusuz deneye hazirlik slrecidir. Katilimcilar goris formunda belirttigi gibi deney
planlama sirecinde yasanilan zorluklarin gerekgelerinden biri de derse hazirliksiz gelmektir. Odak grup
gorismelerinde deney konusunda kendini yetersiz géren katilimcilar gerekce olarak derse hazirliksiz gelmek

oldugunu ifade etmigslerdir.

Ogretmen adaylarinin deney raporlarina gére uygulama siirecini iyi sekilde yénetemedikleri, 6zenli, dikkatli ve
dizenli sekilde gozlem yapmadiklari, standart 6lgme araglari ve birimlerini kullanamadiklari, élgiimleri diizenli
sekilde kayit altina almadiklari, verilerini uygun ve etkili sekilde sunamadiklari belirlenmistir Ayrica katilimcilar
deney uygulama siirecinde elde ettikleri verileri tablo ve grafikler kullanarak sunmakta da zorluklar yasadiklarini
ifade etmislerdir. Goriis formunda deney uygulama siirecinde yasanilan zorluklar sonuglarin sunumu, 6lgme
araglarinin kullanimi ve olgim birimleridir. Gorlis formunda deney uygulama siirecinde yasanilan sorunlarin
gerekceleri dikkatli olmamak, dlctimleri zamaninda kayit altina almamak ve bunlara bagl olarak dlgiimleri hatali
ve eksik yapmak, sonuglarin hatali ¢ikmasi, kendine giivenmemek, délgme araglarini kullanmayi bilmemek ve
Olciim birimlerini kullanmamak seklidedir. Deney raporlarindan ve goriis formundan elde edilen veriler de
birbirini destekler niteliktedir. Deney 6z-yeterlik 6lgeginin uygulama boyutuna gére 6z-yeterliklerinin orta
dizeyde olmasi ve goriis formunda katilimcilarin kendine glvenmediklerini ifade etmeleri birbirini
desteklemektedir. Odak grup goriismelerinde deney uygulama siirecini iyi bir sekilde yiritebilmek icin dikkatli
ve 6zenli ¢alisiimasi gerektigi, deney glvenligine dikkat edilmesi gerektigi, tekrarh dlcimler yapilarak verilerin
dogru ve dikkatli sekilde kayit altina alinmasi gerektigi ve israrci olunmasi gerektigi ifade edilmistir. Aslinda
sunulan 6nerilerin tam da tespit edilen problemlere yonelik olmasi katilimcilarin deney uygulama siireci ile ilgili
dogru bilgiler edindiklerini destekler niteliktedir. Ayrica sonuglarin diger gruplarla kiyaslanmasi, tartisiimasi ve
deney uygulamasinin sonunda bir karar verilmesi gerektigi de oldukca 6nemlidir. Boylece elestirel disiinme ile

deney sonuglarini ve deneysel hatayi bulmaya ¢alismalari da Ust diizey beceriler olarak diistiinulebilir.

Katimcilarin deney degerlendirme silirecinde deney raporlarindan elde edilen verilere gore raporlama, verileri
sunma, tablo-grafik yapma, deneyde olasi hatalari belirleme ve sonuglari yorumlama konusunda sikintilar

yasadiklari goris formundan elde edilen verilerle de desteklenmektedir. Bu siirecte yasanilan sorunlarin
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sebepleri, diger planlama ve uygulama sireglerinde oldugu gibi bilgi eksikligi, tecriibesizlik, ézensiz ¢alisma,
hata yapmaktan korkmak olarak ifade edilmistir. Degerlendirme siirecinde yasanilan karasizligin ve korkunun
en o6nemli sebepleri, dlgimlerin hatali yapilmasi yoniindeki algilari (glivensizlik), 6lgim sonuglarinin diger
gruplardan farkl olmasi, tekrarli 6lgiimlerin birbirinden farkli olmasidir. Katilimcilarin goris formunda deney
raporunda bulunmasi gereken basliklarda bilimsel slire¢ basamaklarina az yer vermeleri bilimsel slre¢ becerileri
hakkinda yeterli bilgi sahibi olmadiklarini ve bilimsel sire¢ becerilerini (hipotez kurma, degiskenleri belirleme,
dikkatli ve ozenli goézlem yapma, sonuglari degerlendirme, olasi hatalar belirleme gibi) yeterince
kazanamadiklarini destekler niteliktedir. Benzer sekilde Amerika’da yapilan arastirmada sinif 6gretmenlerinin
%67’sinin kendilerini fen 6gretimine hazir hissetmedikleri, sadece %17’sinin kendilerini hazir hissettikleri ifade

edilmektedir (Banilower, et al., 2013).

Katilmcilarin tecriibelerinden yola g¢ikarak yapilan deney tanimlarinda yaparak yasayarak égrenmeyi diger
kodlara gore daha fazla yer vermislerdir. Laboratuvar derslerinde bilgiye deney yaparak ulasilmaya
calisildigindan, yaparak yasayarak 6grenmenin vurgusu tanimlarda da gorilmektedir. Ayrica deneyler yapilirken
bilimsel stire¢ becerileri kazandirilmaya ¢alsildigindan tanimlarda bilimsel siire¢ becerilerine de vyer
vermislerdir. Katiimcilarin deney tanimlari, 6grenilen bilginin anlamh ve kalici olmasinda bireylerin 6grendigi
bilgiler ile ilgili yasanti olusturmasinin 6nemini gostermektedir. Ders siiresince yapilan goézlemler, goriismeler,
arastirmadan elde edilen diger veriler deney ve bilimsel slire¢ becerileri konusunda yeterince bilge ve beceri
sahibi olmayan katilimcilarin iki donem sonunda tecriibeleri, yasadiklari siiregle ilgili pek ¢ok bilgi ve beceri
kazanmis olmalar bu verileri desteklemektedir. Bilimsel bilginin elde edilmesinde, Ogrenilen bilgilerin
anlamlandiriimasinda, etkili ve kalicc 6grenmenin saglanmasi bireylere bilimsel sire¢ becerilerinin
kazandirilmasi ile mimkin olabilir. Kisiler bilgi iretme sirecinin nasil oldugunu kavrayacak olursa kalici,
anlamli, bilimsel bilgiye kendileri de ulasabilir. Katiimcilarin verdikleri yanitlarda laboratuvar derslerindeki
yasantilarin etkili oldugu diisiintlecek olursa, kalici 6grenmede deney yapmanin 6nemi daha iyi anlasilmaktadir.
Literatlirde fen 6gretiminde deney yapmanin énemini ifade eden arastirmalar ¢alismamizdan elde edilen bu
verilerle benzerlik géstermektedir (Boylik, Demir & Erkol, 2010; Hofstein & Lunetta, 2004; Jeffery et al., 2016;
Wolf & Fraser, 2008).

Katihmcilarin tamami 6gretmen olduklarinda fen derslerinde deney teknigini kullanmayi diisinmektedir. Deney
yapmayi tercih nedenlerinden biri kalici 6grenme bir digeri ise merak, ilgi, motivasyon, tutum gibi duyussal
ozelliklerdir. Deneysel ¢alismalar ile bireylerin merak duygulari, fen dersine karsi olumlu tutumlari (feni sevme),
hata yapmaktan korkmamalari, arastirma ve bilimsel disiinme becerileri arttirilabilir. Kisilerin konu hakkinda
bilgi diizeylerinin artmasinda, 6grenilen bilgilerin kalicihginda duyugsal 6zelliklerin 6nemi pek ¢ok arastirma ile
ortaya konmustur (Cantrell et al., 2003; Menon & Sadler, 2017; Yildiz-Duban & Goékgakan, 2012). Deneysel
calismalar ile hem yeni bilgiler etkili ve kalici sekilde ogretilirken ayni zamanda 6grenmenin 6n sarti olan
motivasyon, ilgi, merak, tutum gibi pek ¢ok duyussal 6zelliklerde kazandirilabilir. Benzer sekilde laboratuvar

uygulamalarinin 6grencilerin fene karsi ilgilerini arttirdigini bu durumun onlarin gelecek kariyer planlamalarinda
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etkili oldugu ifade edilmektedir (Bge, Henrikson, Lyons & Schreiner, 2011; Hampden-Thompson & Bennett,
2013; Hofstein & Lunetta, 2004; Toplis, 2012)

Fen derslerinin amacina uygun sekilde islenebilmesi i¢in 6gretmenlerin iyi bir rol model olabilme, iyi gozlem
yapma, olaylari sorgulama, problemleri belirleme, bilimsel bilgi elde etme sirecini uygulama, bu silire¢ sonunda
bilgi elde etme, agiklama ve yorumlana konusunda 6grencilerine yardimci olacak Ogretim stratejilerini
kullanmayi bilmelidir (Bge et al., 2011; Karakolcu-Yazici, & Ozmen, 2015; Simon & Osborne, 2010).
Ogretmenler, &grencilerin bilimi daha islevsel ve giinliik hayatta kullanabilmeleri igin 6grencilerin aktif bir
sekilde etkinlikler yapmalarina olanak saglanmasi ise en 6nemli konudur (Broman, Ekborg & Johnels, 2011;
Seckin-Kapucu, 2016). S6z konusu stratejilerin kazandiriimasi gereken kurumlarin basinda egitim fakulteleri yer

almaktadir.

Ogretmen adaylarinin egitim fakiiltelerinde bizzat deney yaparak gegirecekleri olumlu tecriibeler onlarin 6z-
yeterlik algilari Gzerinde en 6nemli katkiya neden olacaktir. Deney yapma konusunda 6z-yeterligi yiksek, bu
konuda tecriibe sahibi 6gretmenlerin fen derslerinde deney yapmalari 6grenciler lzerinde de ¢ok 6nemli
kazanimlara neden olacaktir. Ogrencilerin kisa vadede bilimsel siire¢ becerilerini kazanmasinda, bilim insani gibi
disinebilmeyi 6grenmesinde, uzunu vadede ise fen alanlarina yonelmesinde erken dénemde verilecek fen
egitimi oldukca dnemlidir. Ayrica, YOK raporunda da (2019) ifade edildigi gibi ilkemizin bilgi temelli gelisiminin
zemini olusturan temel bilim programlarina 6grencilerimizin ilgi gostermesi (lkemizin geleceginin
sekillenmesine ve iktisadi kalkinmasina énemli katkilar sunacaktir. S6zi edilen kisa ve uzun vadede hedeflere
ulasmak icin fen derslerinde deney yapmak oOnemlidir. Deneysel c¢alismalar sayesinde bilimsel siireg
becerilerinin kazandirilmasi (gozlem yapma, tahmin etme, verileri kaydetme, bulgulari yorumlama, sonug
cikarma gibi) ve bu yolla bilginin yapilandirilmasi mimkin olabilmektedir. Bilimsel siire¢ becerilerine sahip
bireylerin gozlem yapma, tahmin yiritme, veri toplama, sonuc¢ c¢ikarma, yorumlama gibi yeteneklere sahip
olmasi gerekir. Bu yeteneklerin kazandirilmasinda deney 6nemli ve gerekli bir aragtir. Ayrica, deneysel
calismalar bireylerin yaraticilik, analitik ve elestirel diisinme, problem ¢6zme, bireysel ve grupla ¢alisma gibi 21.
Yizyil becerilerinin de kazandirilmasina imkanlar saglamaktadir. Bu yeteneklerin kazandirilmasinda deney

gerekli ve 6nemli bir aragtir.

ONERILER

Ogretmen adaylarinin fen bilimleri deneyleri ile dgrenenlere karmasik ve soyut kavramlarin kolaylikla
Ogretilebilecegi ayni zamanda 6grenenlerin bilimsel siire¢ becerilerinin gelistirilebilecegi 6gretilmelidir. O
ylzden 6ncelikle 6gretmen adaylarinin deney kurgulama ve yapma konusunda bilgi ve becerilerinin arttirilmasi
gerekir. Laboratuvar uygulamalarinda konu teorik bilgisi yaninda deney bilgisi (bilimsel siire¢ becerisi), 6lgme
araclari ve 8lgiim birimleri bilgisi, tablo ve grafik bilgisi verilmelidir. Ogretmen adaylarinin deney esnasinda daha
glivenilir veriler elde edebilmesi i¢in standart Ol¢lim araglari ve oOlglim birimleri bilgisine ihtiyaglari vardir.

Deneylerde mutlaka 6lgim nasil yapilir, hangi 6lgme araglari nerelerde ve nasil kullanilir, élgim birimleri
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nelerdir ve birbirlerine nasil donistirilir 6gretilmesi gerekir. Elde ettikleri verilerin glivenirligini arttirmak igin

tekrarh olgiimler yapmanin gerekliligi 6gretilmelidir.

Ogretmen adaylarinin deney yapma 6z-yeterliklerinin arttirilmasi gerekmektedir. Bunun igin lisans egitiminde
bizzat yaparak yasayarak 6grenme firsatlari saglanmali, deneye karsi olumlu tutum gelistirilmeli, deneyleri
bizzat kendilerinin yapmalari saglanmalidir. Ayrica 6gretmen adaylari igin secilen deneylerin onlarin bilimsel

siireg becerilerini gelistirecek nitelikte olmasina dikkat edilmelidir.

Deney yapabilmek igin malzeme bilgisi ve malzeme temini énemlidir. Ogretmen adaylarinin bu konuda bilgiye

ve alternatif (eldeki) malzemelerle nasil deney yapilabileceginin 6gretilmesine ihtiyaglari vardir.

Ogretmen adaylarinin deney sonuglarini degerlendirme ve raporlama konusunda bilgi eksiklerinin giderilmesi
gerekir. Ozellikle deneysel calismalarda hata faktériiniin 6gretilmesi, hatalari en aza indirmek icin neler
yapilmasi gerektigi (tekrarli ol¢timler, sonuglari diger gruplarla karsilastirma gibi) bizzat yaparak yasayarak
ogretilmelidir. Deney raporlama sirecinde 6gretmen adaylarinin aktif katihmi, hatalari hakkinda kendilerine

zamaninda ve yeterli donitler verilmesi olduk¢a 6nemlidir.

Etik Beyan

“Bu makalede dergi yazim kurallarina, yayin ilkelerine, arastirma ve yayin etigi kurallarina, dergi etik kurallarina

uyulmustur. Makale ile ilgili dogabilecek her turli ihlallerde sorumluluk yazar(lar)a aittir.”
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