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Abstract

This research aims to investigate the effects of inquiry practices with discrepant events on pre-
service science teachers’ conceptual understanding, inquiry skills, and views on scientific
knowledge. The study used a single group pre-test-post-test trial design. The participants of the
study were comprised of third year science teacher candidates and the application lasted for 11
weeks. In the research, worksheets based on the Predict-Observe-Explain (POE) strategy, a
type of inquiry-based learning, were used in the study group’s Science Laboratory Applications
I course. Data collection instruments included an inquiry skills scale, scientific knowledge
scale, conceptual change assessment form, semi-structured interview, and activity assessment
form. While the content analysis was used for the analysis of qualitative data, the paired samples
t-test was used for the analysis of quantitative data. The results showed that there was no
statistically significant difference in the views of prospective teachers on scientific knowledge
and their inquiry skills, while there was a significant difference between their conceptual
changes. Implications are presented regarding the results of this research.
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In Europe throughout the late 1950s and early 1960s, inquiry became a central
concept in science education, and concepts like discussing the value of knowledge,
problem-solving skills, and questioning became integrated into the vision of science
teaching (Chiappetta, 1997). Inquiry-based science education helps students
conceptualize a question and then search for plausible explanations that address that
issue (National Research Council, 2000). According to this viewpoint, science courses
attempt to teach students by challenging both the methods by which scientists examine
the natural world and propose explanations based on evidence from their studies, as
well as methods for students to improve their knowledge and understanding of
scientific facts (National Research Council [NRC], 1996). The goal of inquiry-based
teaching processes is to enable students to develop skills related to the process of
acquiring knowledge and to transfer them to new situations by using their thinking
skills. The goal of inquiry-based teaching procedures is to enable students to develop
abilities connected to the process of learning knowledge and to transfer them to
different contexts by applying their thinking skills (Duban, 2008). Inquiry-based
learning focuses on students’ information collection rather than generating a product
or an appropriate answer to a problem (Limon, 2001). In a study conducted by
Bredderman (1983), it was observed that students studying in inquiry-based
classrooms improved their scientific process skills, creativity, attitudes, logical
reasoning, and content knowledge at all grade levels. In Next Generation Science
Standards, which is created by the National Research Council (NRC, 1996), it is seen
that the inquiry process functions and includes it as a content area in science teaching
(Lynch & Zenchak, 2002). In our country, inquiry took its place as a teaching-learning
dimension in science curricula in 2013 and it has maintained its place in science
curricula updated in 2017 and 2018 (Basar & Demiral, 2019).

Inquiry is closely linked to scientific questions. The expected goals of the inquiry
process are that students question new situations they encounter using their prior
knowledge and use the knowledge and skills they have acquired because of
questioning in their subsequent learning experiences (National Research Council,
2000). Novak (1964) stated that students’ curiosity and interest led them to question.
Inquiry activities carried out to satisfy curiosity lead people to learn scientific
concepts and skills, as well as to search for unusual elements in the environment
(Haury, 1993; Maw & Maw, 1965). Practices that cause the individual to experience
an imbalance and inadequacy in the relevant subject by causing him to encounter an
unexpected result in the learning process, and which are referred to as discrepant
events in the international literature, also lead the person to question (Bulunuz, 2015;
Koseoglu & Tiimay, 2010; Longfield, 2009; Sokoloff & Thornton, 1997). When the
literature is examined, it is seen that the events that bring students into cognitive
conflict, result in different than expected by contradicting their existing knowledge
structures and experiences, and aim to increase their level of curiosity and interest in
learning in this way are called discrepant events (Chin, 1992; Fried, 1986; Longfield,
2009). To overcome the process of imbalance and deficiency in the field knowledge
to which the experiment belongs, the individual begins examining the scenario he
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encounters by being curious and engaged in the subject. Individuals with increased
affective awareness take action to address problems (Yakar & Duman, 2017), which
allows them to build a positive attitude toward the subject they wish to learn and
integrate the information (Fleming, 1993; igmez, 2009).

The usage of discrepant events in scientific applications is based on Festinger’s
and Piaget’s Cognitive Conflict-Imbalance Theory (1971). According to this theory,
cognitive conflict and inconsistency create psychological discomfort in the person,
push the person to seek mental balance, and enable students to be involved in the
questioning process (Chin, 1992). The inconsistent events encountered in discrepant
experiments occur in discrepancies between what is physically observed to occur and
what is expected to happen. Since the individual cannot physically change what is
observed, he will begin seeking information that logically explains the situation he
encounters (Liem, 1991). Science educators state that the use of discrepant
experiments with unexpected results is a powerful and useful method of activating a
thought (Longfield, 2009). One of the most important reasons why this application is
a good method in the questioning process is that inconsistencies attract students’
attention and lead them to solve the mystery they encounter. In this way, a favorable
environment is prepared in the learning process for students whose motivation is
increased (Chin, 1992).

In conducted studies that focus on inquiry, students learn scientific concepts and
phenomena by actively participating in learning activities under the guidance of their
teachers and by doing, living, researching, and searching for evidence for their data
(Aydogdu & Sener, 2016). In laboratory practices, students are involved in inquiry
activities in the processes of experimenting, observing, and making inferences
(Aydogdu, 1999). For this reason, laboratory practices in science lessons have an
important place in inquiry-based learning, as they lead students to seek evidence for
scientific facts and activate different thinking skills at various stages (Aydogdu &
Sener, 2016). The fact that laboratory practices were primarily addressed in the
research and inquiry-based teaching approach in a study conducted by Tas et al.,
(2019) proved once again that experiments are vital and important for inquiry in
science courses.

According to the literature, experimental activities can transform abstract
knowledge into concrete (Ayvaci & Bebek, 2018; Sontay & Karamustafaoglu, 2018),
facilitate understanding of lessons (Ayvacit & Bebek, 2018; Bayrak, 2012), attract
students’ attention (Gallagher, 2007; Karakolcu Yazic1 & Ozmen, 2015; Sontay &
Karamustafaoglu, 2018; Tereci & Karamustafaoglu, 2013), increasing student success
(Hofstein & Lunetta, 1982; Sontay & Karamustafaoglu, 2018), better knowledge by
the student (Ceyhun & Karagdol, 2001), providing effective and permanent learning
(Ayvact & Bebek, 2018; Bayrak, 2012; Karakolcu Yazict & Ozmen, 2015)
understanding information (Hofstein & Lunetta, 1982; Tereci & Karamustafaoglu,
2013), comprehension, application (Ayvact & Bebek, 2018; Bayrak, 2012),
motivating (Bayrak, 2012; Ceyhun & Karagdlge, 2001; Sontay & Karamustafaoglu,



334 Serifenur Dogan et al.

2018). In addition to these, Armstrong (1973 cited (Gallagher, 2007) stated that
theoretical knowledge would be more valuable when one knew how to use it, and
Ceyhun and Blackgolge (2001) draw attention to a Confucian saying “I hear and 1
forget. I see and I remember. I do and I understand.” that supports the importance and
necessity of experimental activities in science education. Goksu and Giines (2019)
reported the positive effects of activities supported by inquiry and confirmatory
laboratory methods on variables such as achievement, epistemological belief, and
conceptual change. Considering the benefits of doing laboratory activities on an
exploratory and questioning basis (Cepni et al., 2005), unexpected experiments are
one of the finest techniques for teaching science concepts and questioning practices
(Appleton, 1995).

According to Huber and Moore (2001), many conventionally conducted popular
scientific activities do not encourage science teaching with inquiry, but rather lead
teachers to complete classes early. Therefore, within the scope of their research, they
propose a model to transform traditional science experiments with limited
applications into questionable ones. This presented model includes teaching methods,
techniques, and strategies such as the use of discrepant events, brainstorming,
research, presentation, and discussion to encourage students to question directly
(Huber & Moore, 2001). Muhammed (1998) evaluated the usage process, benefits,
and drawbacks of science applications, including surprise experiments, in another
study conducted in Pakistan. The study findings showed that the curriculum followed
by the teachers led students to memorize because they blindly followed the procedures
given by the teachers. It has been shown that lectures involving discrepant
experiments have a favorable influence on students’ self-confidence since they allow
pupils to work independently. Furthermore, students’ practice of various process skills
in science classes, as well as their participation in discussion environments, allow
them to reflect on their learning. Discrepancies in science lectures are useful in
developing countries because they improve cognitive growth (Muhammed, 1998).

Studies have shown that students may have alternative concepts for various
reasons while learning content knowledge. The discrepant experiments that induce
cognitive conflict are one of the most widely used teaching tactics in the conceptual
shift process to transform alternative concepts into scientific ones (Limon, 2001).
Discrepant experiments capture students’ attention with cognitive dissonance caused
by scenarios encountered in the process with previous knowledge and urge them to
investigate a concept to learn more about the subject. It also influences the variables
and choices in research questions for their research and directs them to think more
deeply and learn (Mancuso, 2010). For example, using discrepant experiments to
teach the notion of density produced cognitive conflict in pupils, which led to the
realization of a conceptual shift (Kang et al., 2004).

There are also studies showing that surprising experiments provide a good
quality learning experience by stimulating individuals emotionally (Bellocchi et al.,
2014). Similarly, Predict-Observe-Explain (POE) activities are found to have a
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favorable impact on students’ participation and learning (Milne & Otieno, 2007).
According to Mancuso (2010), inquiry-based scientific research techniques that use
the POE methodology allow students to participate in the class cognitively as well as
be alert, focus, and direct attention to the lesson. The study found that predicting
increased the student’s focus and attention to detail. For a better understanding, we
changed the sentence as Furthermore, he discovered that the research improved
students’ enthusiasm for scientific research, their interest and curiosity in the course.
This beneficial influence enriched their learning experiences in the course. Another
finding by Mancuso (2010) is that students participate in classrooms where different
teaching models are used in different ways and that the students’ learning outcomes
differ. Considering these results, teachers, and teacher candidates, who are
practitioners of new teaching methods and techniques in classroom environments,
have great responsibilities.

Teacher candidates should have the questioning abilities suggested by the
curriculum, in addition to identifying and addressing misconceptions. In this context,
this research aims to examine the effects of discrepant experiments and inquiry
practices on pre-service science teachers’ conceptual understanding, inquiry skills,
and views on scientific knowledge. It is possible to find research that contains
discrepant experiments in science education in the international literature review
undertaken for this purpose (Fensham & Kass, 1988; Gonzalez-Espada et al., 2010).
Studies in the Turkish literature that contain discrepant events in inquiry-based
activities (Cin & Tiirkouz, 2017; Késeoglu & Tiimay, 2010; Onder & Onder, 2018;
Ozkarabacak, 2019) and a study analyzing science teachers’ opinions and thoughts
concerning surprise experiments (Giill & Ates, 2017) were discovered. However, the
outcomes of this study are expected to contribute to the literature because no
experimental study has been undertaken focused on inquiry practices with discrepant
experiments.

According to the findings of a study conducted to examine the opinions and
thoughts of secondary school science teachers about surprising experiments, science
teachers are familiar with surprising experiments but lack sufficient knowledge and
skills on how and at what grade levels to apply them (Giil & Ates, 2017). Similarly,
while the samples analyzed in the studies on experimental activities agree that using
experimental activities in lessons is important and provides numerous benefits, they
do not integrate these applications in lessons for a variety of reasons (lack of
equipment in schools, limited time in the program, lack of equipment, etc.) said that
they conducted tests in the style of demonstration experiments (Cumaoglu & Ozdemir
Simsek, 2020; Demir et al., 2011; Karaca et al., 2006; Karakolcu Yazici & Ozmen,
2015; Kilig & Aydin, 2018; Sogukpinar & Giindogdu, 2020). Hanger et al., (2003),
on the other hand, claimed that it is critical to do experimental activities because
otherwise students will go to memorize the new knowledge supplied to them and may
have logical but non-scientific conceptions in their way. Considering the results and
suggestions of the researchers, the contents of the experiment were determined so that
the participants in the study would not encounter similar problems in the in-service
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process. In this context, emphasis has been placed on the fact that the experiments
conducted in the study may be completed in a short time and that the materials used
in the experiments are basic, inexpensive, and readily available. Thus, the time left
over from the quick experiments was shifted to the intellectual process (thinking about
the experiment), as Kdseoglu and Tiimay (2013) also found. Furthermore, the ease of
access to resources and the simplicity of the experiments enabled the pre-service
teachers to feel competent in viewing the science course as a part of daily lives, using
and interpreting scientific information and devising new experiments (Anilan et al.,
2020; Comek, 2011; Ko¢ & Boyiik, 2012; Nasirlt et al., 2019; Sari, 2013; Sontay &
Karamustafaoglu, 2018; Uzal et al., 2010). In addition to these, it is thought that the
experimental application based on thinking will have positive effects on the skills such
as scientific thinking, planning scientific studies, and creative thinking, which was
also obtained by Demirci and Yiice (2018). According to the findings of the studies,
discrepant experiments can be used in the training of science-literate teacher
candidates who have the skills of questioning, research, and discussion specified in
the Science Curriculum and can actively use these skills in experimental activities in
their professional life. This application is expected to contribute to the development
of pre-service teachers’ questioning skills, raise awareness about discrepant
experiments and scientific information, and contribute to the development of
conceptual understanding and the removal of current misconceptions. In summary,
the current study reveals the effects of inquiry practices with discrepant experiments
on the conceptual understanding of pre-service science teachers, their inquiry skills,
and their views on scientific knowledge. The research problem and sub-problems are
provided below following this determined purpose:

What are the effects of inquiry practices with discrepant events on pre-service
science teachers’ conceptual understanding, inquiry skills, and views on scientific
knowledge?

Sub-problems:

1. What is the effect of inquiry practices with discrepant events on pre-service
science teachers’ conceptual understanding?

2. What is the effect of inquiry practices with discrepant events on the
questioning skills of pre-service science teachers?

3. What is the effect of discrepant inquiry practices with discrepant events on
science teacher candidates’ views on scientific knowledge?

Method

This section contains information about the research model and data collection
tools.
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Research Model

In this study, a pre-test-post-test single-group quasi-experimental design was
used. The research was conducted with 49 third-year PSSTs studying at Dokuz Eyliil
University Buca Faculty of Education in the fall term of 2019-2020. As a result, the
research results are limited to 49 science teacher candidates in their third year. In the
pre-test-post-test single group quasi-experimental design model, the effect of the
experimental procedure is tested on a single group by making measurements before
and after the application. The application’s effect is evident in the difference between
measurements taken before and after the experimental method. Since this model does
not have the feature of comparison of at least two or more groups which is one of the
main features of experimental research, it contains problems with internal validity
(Biiyiikoztiirk et al., 2012; Ozmen & Karamustafaoglu, 2019). Within the scope of the
research model used in the study, discrepant experiments prepared based on the
Predict-Observe-Explain (POE) technique, one of the inquiry-based learning
approaches, were applied to the study group as an independent variable. The
conceptual understanding, inquiry skills, views on scientific knowledge, and
evaluations of the activities of pre-service teachers were collected and evaluated using
quantitative and qualitative data collection tools. The research was carried out in 11
weeks within the scope of the “Science Teaching Laboratory Applications 1 course.
For this reason, the research was limited to the activities developed within the scope
of the study, the teaching methods applied, and the data collection tools used.

Participants

This research’s study group consists of science teacher candidates who are
enrolled in the Science Laboratory Applications I course at Dokuz Eyliil University
Buca Education Faculty in the fall semester of the 2019-2020 academic year and are
in their third year. One of the purposive sampling strategies utilized in the selection
of teacher candidates was criterion sampling. Biiyiikoztiirk (2009) employed criterion
sampling, which is described as the selection of a sample from people, events, objects,
or circumstances that possess the traits desired for a problem. In a study, it is the
sample selection that is rich in information and enlightening, helps to comprehend the
phenomena, and cannot be empirically generalized from the sample to the universe
(Patton, 2001). Students who can participate in inquiry practices with surprising
experiments, who can actively participate in discussion processes, who declare that
they are interested in the contents of the Science Laboratory Practices | course, and
who will participate in the research process voluntarily were included in the scope of
this research. There are 49 teacher candidates in the study group, 40 (81.6%) females
and 9 (18.4%) males. One of the two classes at the third-year level was randomly
selected to perform the applications.

Experimental Process

This research was carried out within the scope of TUBITAK 2209 University
Students Research Projects. In this context, the Ethics Committee granted the required
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rights to use in the project, as well as usage permits from the researchers who designed
the data collection tools and voluntary consent forms from the study group that will
engage in the research. The study process began after the permits were received.
Within the scope of this study, which was conducted with a single group, inquiry skills
and views on scientific knowledge were used before and after the application, and
conceptual understanding questions about the experiment were used before and after
each experiment. After the completion of the application, semi-structured interviews
were conducted with the pre-service teachers, and they were asked to complete the
activity evaluation form. The experimental process of the research is presented in
Table 1.

Table 1
The Experimental Process of the Research
Pre-Tests Application Post-Tests
e Inquiry Skills Scale Pre e Inquiry Skills Scale
e Views on Scientific Experiment CU!, CcU? cusd, e Views on Scientific
Knowledge CU%, CUS, CUs, Knowledge
e Semi-Structured CU7, cus,cuU® e Semi-Structured
Interview Form Interview Form

Experiment  pw? Ewz ©® Activity  Evaluation
Worksheets EW3: DCY“: Form
DCY®, DCY ¢,
DCY 7, DCY 8,
DCY?®
Post CUY, CU?, CU3,
Experiment ~ CU#, CUS, CUE,
CU7, CU8 CcU®
*CU1: First conceptual understanding question, EW1: First experiment worksheet. Before and after each

experiment, conceptual understanding questions concerning the experiment were asked. For example,
before and after the application of EW1, the question of CU1 was asked.

The worksheets used during the application were prepared based on the Predict-
Observe-Explain (POE) technique. During the 11-week application, which included
pre- and post-measurements, 1 worksheet was completed each week for a total of 90
minutes of class time.

In the Predict section of the worksheets, discrepant experiments were used to
make the teacher candidates curious about the subject. A guided inquiry was
conducted to complete the worksheet. The pre-service teachers were asked to
complete the experiment as a group, and the data they got in the experiment were
offered to interpret using scientific facts and concepts through the questions led by the
guide. The discrepant experiments were discovered because the research included
various subject knowledge and there were common misconceptions in these
disciplines. In this context, the worksheets are based on pre-service teachers’
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knowledge of “heat conduction (experiment 1), heat-temperature and combustion
reactions (experiment 2), Bernoulli’s principle (experiment 3), combustion reactions
(experiment 4), external pressure-boiling point relationship (experiment 5), elastic
limit-pressure relationship (experiment 6), lifting force (experiment 7), refraction and
full reflection (experiment 8), the center of mass (experiment 9)”. An example
worksheet is presented in Appendix. Science Laboratory Applications | course
includes planning, conducting, and reporting various experiments in the subjects of
physics, chemistry, biology, environment, and earth science, conducting experiments
with simple and inexpensive materials, and evaluating student performance in
experiments in terms of knowledge, skills, attitude and value.As a result, the
worksheets included subjects from diverse areas within this sector. The names of the
studies reflect the topic matter, although worksheets based on the POE approach were
used in all of the experiments. Predictions of the results of the pre-experimental
experiment for the discrepant experiments presented in the predict section of these
worksheets were taken. The discrepant events used in the worksheets to (I) compare
the person with a different result than expected (I1) cause cognitive conflict (111)
cannot explain the situation with the preliminary information they have (IV) arouse
curiosity and interest in understanding (Espada et al., 2010). They attempted to
describe the new circumstances they faced during the training process, which was
directed by questions. The worksheets were reviewed for structure and content
validity by two experts who are professionals in the field of science before use.
Because of the suggestions of the experts, the relationship of the Predict section of the
worksheets with the discrepant experiments and the scientific knowledge equivalents
of the discrepant experiment were evaluated. The worksheets that were unthought to
be related to the scope of the subject were eliminated, the instructions were clarified,
and the worksheets were corrected considering alternative material suggestions for
the experiments, and a pilot study was conducted in the laboratory with 4 pre-service
teachers studying in their third year, apart from the study group. It was applied to the
teacher candidates in the research study group once the required changes were
completed.

To conduct the activities in line with the laboratory conditions, groups of no
more than four students were established, and they experimented together with the
experimental items provided. They were instructed to complete the worksheets that
were supplied to them separately. In this context, the pre-service teachers were
provided an image, explanation, or video of the experiment and asked to make
predictions about how the experiment would conclude. The Predict stage of the POE
technique used in the worksheets determined pre-service teachers’ knowledge and, if
any, misunderstandings at this point. After this part, which lasted for about 15-20
minutes, the pre-service teachers were asked to present their observations by
experimenting with a group in the Observe stage. The pre-service teachers who
completed their experiments and/or observations in approximately 35-45 minutes
were asked to individually explain their observations and give examples from their
daily lives in the Explain stage, which was the final part of the activity, and they were
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allowed to share their results with the entire group. The final part of the experiment
took between 25 and 40 minutes to complete. In summary, pre-service teachers
completed the experimental portion of the activities in groups of no more than four
persons and individually wrote their predictions, observations, and experimental
outcomes on their worksheets.

Data Collection Tools
Conceptual Change Evaluation Form

Open-ended conceptual understanding questions developed by the researchers
before and after the application were used in the experiment worksheets to evaluate
the effect of inquiry practices with discrepant experiments on the conceptual
understanding of pre-service science teachers. While evaluating the data collected
from the students, considering the level of the answers to the scientific concept, they
were scored according to Table 2, as alternative comprehension, partial
comprehension, and full comprehension (Unal, 2005).

Table 2

Conceptual Understanding Assessment Rubric
Level of Understanding and Point VValue  Evaluation Criteria
No response

No Response (NR = 0) He does not know
Irrelevant or unclear response

Alternative Understanding (AU = 1) The answer does not meet the scientific
understanding.

Partial Understanding (PU = 2) The answer meets a few of the components of
the scientific concept.

Complete Understanding (CU = 3) The answer fully satisfies the scientific concept.

The first and second authors of the research examined the data individually, and
the results for the first ten students were compared. The percentage of agreement was
obtained by multiplying the common data by the total data ratio by one hundred. The
percentage of agreement derived due to this examination was 77%. The overall score
was produced by taking the average of the writers’ scores, and the data were
examined.

Inquiry Skills Scale and the Views on Scientific Knowledge Scale

In this study, the “Inquiry Skills Scale” developed by Aldan Karademir and
Saracaloglu (2013) was used to determine the development of inquiry skills. This 14-
question scale contains the categories of gaining information, managing information
and self-confidence. Cronbach’s Alpha reliability values were .76 for Acquiring
Knowledge .66 for Controlling Knowledge and .82 for Self-Confidence with a total
of. 82 for the scale. The scale was administered to 119 teacher candidates who were
not part of the study to determine its current reliability, and Cronbach’s Alpha
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reliability coefficient was found to be. 86. To determine the development of the
working group’s views on scientific knowledge, the “Views on Scientific Knowledge”
scale developed by Unal Coban (2009) was used. The purpose of this scale is to
disclose students’ implicit beliefs-opinions regarding scientific knowledge. The scale
consists of three dimensions: Scientific knowledge is closed, Scientific knowledge
justifies, and Scientific knowledge can change and the total reliability of the scale is
.83. Ozenoglu et al. (2022) and Coskun (2021) used the same measurement tool and
found the total reliability of the scale to be above .70. To determine the current
reliability of the scale, the current Cronbach’s Alpha coefficient was found to be .64
by applying the scale to 119 different teacher candidates who were outside the scope
of the study but who had similar characteristics with the participants. This value
obtained can be accepted as the medium reliability of the measurement performed
with this scale (Kilig, 2016).

Semi-Structured Interview Form

To increase the validity of the data obtained from the answers given by the pre-
service teachers to the inquiry skills scale and the views on the scientific knowledge
scale, face-to-face semi-structured interviews were conducted with five teacher
candidates determined before and after the application. Unal Coban (2009) prepared
the semi-structured interview questions addressing the sub-dimensions of views on
the scientific knowledge scale. Questions for the sub-dimensions of the inquiry skills
scale were prepared by the researchers and presented to two experts working in the
field of science in terms of scope and face validity. A pilot study was conducted with
4 pre-service teachers studying in their third year. After checking the clarity of the
questions, interviews were conducted with five of the pre-service teachers in the
experimental group. In the selection of the pre-service teacher to be interviewed, the
misconceptions identified in the first experimental application (heat conduction
experiment) were taken into consideration. The pre-service teachers to be interviewed
were ranked according to the content of their answers to the questions in the
experiment worksheet, from the most misconceptions to the least misconceptions
indicated by their conceptual understanding levels. Interviews were conducted with a
total of five people at different levels of misconception (high (1 PSST), medium (3
PSSTs), and low (1 PSST)). The analysis process of the data obtained from the
interview questions consists of content analysis based on the coding of the data,
creating the categories, calculating the frequencies and percentages, and interpreting
the findings. After the coding process was performed separately by the first author
and the second author, the percentage of agreement was calculated by taking the ratio
of the common codes to the total codes and multiplying by one hundred, and the
results were presented in the findings section.

Activity Evaluation Form

An open-ended question form consisting of 7 questions was prepared for the
working group to evaluate the activities they carried out during the project
implementation. The prepared questions were examined by two experts working in
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the field of science in terms of face and content validity. In line with the suggestions
of the experts, various arrangements were made to increase the clarity of the questions
and to combine or remove similar questions for the same goal. Content analysis was
used to examine the data acquired from the final form. Here, the data were transmitted
to the computer system on paper before the coding process began. Then,
classifications were constructed based on data sample phrases.

Ethical Committee Approval

Ethical consent was obtained from Dokuz Eyliil University, Institute of
Educational Sciences Ethical Committee (No: 03, Date: 14.03.2019).

Data Analysis

A conceptual change evaluation form was used to determine the effect of
surprising experiments and inquiry practices on the conceptual understanding of pre-
service science teachers. With this form, a change in the conceptual understanding of
pre-service teachers was tried to be observed. In this context, the conceptual
understanding assessment rubric (Table 2) was used to evaluate the answers of the
pre-service teachers to the questions asked in the worksheets to determine their
conceptual understanding. The results of the normality test regarding the conceptual
understanding scores of the pre-service teachers are presented in Table 3.

Table 3
Conceptual Understanding Scores Normality Test Results
Kolmogorov- Smirnov Shapiro-Wilk Kurtosis Skewness
Sd p sd p
Pre-test .148 49 .008 973 49 293 374 .383
Post-test .136 49 022 942 49 016 .056 -.608

The results of the Shapiro-Wilk test were evaluated because the number of data
belonging to the pre-service teachers in the study group was less than 50 (Biiylikoztiirk
et al., 2012). When the results of the normality test for conceptual understanding are
examined, the test results are less than 0.05 means that the dataset is significant. The
dataset does not show a normal distribution, while the test results are greater than 0.05,
which means that the dataset has a normal distribution (Cokluk et al., 2012). Kurtosis
and skewness values are also frequently used to determine the normal distribution.
Tabachnick et al. (2007) stated that when these values are between -1.5 and +1.5, the
dataset shows a normal distribution. Since the skewness and kurtosis values of the
conceptual understanding pre-test and post-test data were between -1.5 and +1.5, it
was determined that the data were following the normal distribution, and therefore
parametric analyses were carried out to make the relevant comparisons. The inquiry
skills scale and the views on the scientific knowledge scale were used to assess the
impact of Discrepant events on the inquiry skills and views on scientific knowledge
of science teacher candidates. To increase the validity of the data, questions covering
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the sub-dimensions of the questioning skills scale and the view scale for scientific
knowledge were prepared and data were obtained through semi-structured interviews.
The normality test was conducted to examine whether the data obtained from the
inquiry skills and views on scientific knowledge scales meet the normality
assumptions, and the analysis results are presented in Table 4.

Table 4

Normality Test Results of Inquiry Skills and Views on Scientific Knowledge Scales
Inquiry Skills Scale  Views on Scientific Knowledge Scale

Pre-test Post-test Pre-test Post-test

Kolmogorov- .099 .073 .108 .090
Smirnov sd 49 49 49 49
p .200 .200 .200 .200

.963 979 974 961

Shapiro- Wilk _sd 49 49 49 49
p 131 .535 .337 107

To determine the type of test (parametric or nonparametric) to be used in the data
analysis, the data were first checked for compliance with the normal distribution.
Since the number of data obtained from the study group was less than 50, the result
of the Shapiro-Wilk test was examined (Biiyiikoztirk et al., 2012). Since the
significance values of the tests were greater than .05, it was found that the data were
in accordance with the normal distribution. From this perspective, it is seen that the
inquiry skills scale, a pre-test (p = .131 > .05), and a post-test (p = .535 > .05) are
following the normal distribution. Considering the scale of views on scientific
knowledge, it is seen that the pre-test (p = .337 > .05) and post-test (p = .107>.05) are
in accordance with the normal distribution. Since the data showed normal distribution,
a t-test was used for related samples from parametric tests in the analysis of the data
obtained from the scales. According to the literature, data with a normal distribution
must meet two additional assumptions to be used with the t-test (Biiyiikoztiirk, 2009).
The dependent variable’s scores must be at least on the interval scale, and the
difference scores of the two linked measurement sets must have a normal distribution.
This test was chosen because the data received from the measurement tools utilized
in the investigation met these three assumptions.

Results

The findings from the conceptual understanding, inquiry skills scale, scientific
knowledge t-test results, semi-structured interviews, and activity evaluation forms
analysis are reported in this section.
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Findings from Conceptual Understanding Questions, Inquiry Skills Scale, and
Views on the Scientific Knowledge Scale

The paired samples t-test was conducted to determine the development of pre-
service teachers’ conceptual understanding (CU), inquiry skills (1S), and views on the
scientific knowledge (VoSK). The results obtained from the collected data are
presented in Table 5.

Table 5
Paired Samples t-test Results of CU-1S-VoSK Pre-Test and Post-Test Scores
Measurement N X SS Sd t p
CuU Pre-test 49 9.58 2.59584 48 -28.364 .00
Post-test 49 20.78 2.67483
IS Pre-test 49  53.3469 5.81503 48 -1.851 .07
Post-test 49  55.6735 6.39462
BBYG  Pre-test 49  60.2041 5.56769 48 -1.117 27

Post-test 49  61.4898 5.42802

There was a statistically significant increase in the conceptual understanding
scores of the pre-service teachers at the end of the application (tue) = -28.364, p <
.001). Although there was an increase in the average scores of inquiry skills, this
increase was not statistically significant (tug) = -1.851, p > .05). There was no
statistically significant increase in the scores obtained from the views on scientific
knowledge scale in the posttest (tug9) =-1.117, p > .05).

Findings from the Semi-Structured Interview Form

In this section, the findings obtained from the semi-structured interview form
were analyzed separately following the sub-dimensions of the inquiry skills scale and
the views on scientific knowledge scale.

Findings from the Semi-Structured Interview for the Inquiry Skills Scale

The table below presents the content analysis of the data received due to the
application of the questions prepared for the sub-dimensions of inquiry skills with 5
selected teacher candidates. The percentage of agreement between the codes
developed independently by the first and second authors was calculated to be 86.1%.
The results of the interviews are provided in Table 6.
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Table 6
Distribution of PSSTs’ Responses Before and After the Implementation

Findings from the Preliminary Interview Findings from the Last Interview on ISS

on ISS
Category Codes f Category Codes f
Research 5 Research *
Get opinion 4 Experiment 5*
Experiment 3 Observe 4*
Observe 2 Get opinion 2 #
Controlling  Scientific 1 Controlling Level of 1
1 knowledge references knowledge  meeting
f=17 f=21 information
needs
To be proved 1 Acceptance 1
by all
Must be reasonable 1 Decide at will 1
Addressing the lack 4 Addressing 4
of information the lack of
information
Re-evaluate  the 3 Re-evaluate 4*
responses the responses
Evaluate the prior 2 Evaluate the 3
knowledge prior
knowledge
Acquiring Not controlling the 2 Acquiring Use in the 2*
2 knowledge ansSwers knowledge ~future
=15 Arefa _of |r_1terest =19 Get opinion 2
Positive impact on Area of 1
future life interest
Update information 1 Curiosity 1
Use in the future 1 Reliability of 1
knowledge
Not 1*
controlling

the answers

(continued)
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Table 6 (continued)
Findings from the Preliminary Interview Findings from the Last Interview on 1SS
on ISS

Category  Codes f Category Codes f
" Produce solution 3 " Use prior knowledge 4%
3 Problem detection 2 g Problem detection 3*
£ Try different 2 = Research 3*
€ solutions 1S
S Research 2 5 Encountering  the 1
3 s %: . 89 problem
Sd Use prior 1 =R Hypothesize 1
& knowledge &
E Observe 1 fz’ Produce solution 1
E g Application 1
3 3 Try different solution 1
Conclude 1
Self- Comfortable 3 Self- Comfortable 3
4 confidenc  Diffidence 2 confidence  Diffidence 2
ef=5 f=5

ISS = Inquiry Skills Scale, (*) shows the increase in the number, the positive changes, (#) shows the
decrease in the number, the negative changes.

According to the table above, the category of controlling knowledge was stated
17 times, the category of acquiring knowledge 15 times, and the category of scientific
application techniques 11 times in the interviews done with PSSTs before the
application. They stated the category of controlling information 21 times, the category
of acquiring knowledge 19 times, and the category of scientific application techniques
16 times in the interview after the application.

Statements Were Taken From the Interview Before the Application. S48;
“If it makes sense, | won’t evaluate it, you know, | have it ready, let it stay that way,
I won’t mess with it. But if it seems illogical, of course, | have to reevaluate.”
(Acquiring knowledge category)

Depends on who said it and where it was written, that is, it depends on what
source | read it. ... One source should not be enough, but it may be enough for
me, so it depends on the book. Of course, | pay attention to what are the sources
of the book and where it was used, of course, | look at who said it. (S7,
Controlling the knowledge category)

S49; “by trying, that is, | do not try the same solution for every problem, it
changes from problem to problem. To find a more reliable (solution) by trying”
(Scientific application methods category)
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Statements Were Taken From the Interview After the Application.

Yes, | am considering it. It seems like a bit of an obsession, but I like to recheck,
that is, over and over, sometimes on the line. People around me say 1’m a little
obsessed with it. I mean, | like to ensure it’s. (S48, Acquiring knowledge
category)

I looked at another source, but | was not satisfied with the third source, | looked
at four or five more because I looked at five or six sources to see if they might
be different, then I got the right one. I trust whatever the majority is... Observing,
experimenting, in addition, reading theoretical information (S7, Controlling the
knowledge category)

S49; “In a problem that | have never encountered before, | either proceed by
getting help or think about whether there is a relationship between my prior
knowledge or | try solving that problem by researching. By acquiring new knowledge”
(Scientific application methods category)

When the PSSTs’ opinions about the inquiry process before and after the
application were compared, it was concluded that different dimensions could be used
to obtain information, the answers could be re-evaluated, and it provided pre-service
teachers with awareness about the methods used to obtain information. The change in
the frequency of the methods used in acquiring knowledge has been interpreted as
result-oriented thinking giving way to process-oriented thinking.

Findings from the Semi-Structured Interview related to Views on Scientific
Knowledge Scale

The content analysis of the data obtained as a result of the application of the
questions taken from the written article with 5 pre-service teachers is presented in
Table 7. The percentage of agreement between the codes created separately by the
first author and the second author was calculated as 81.2%.
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Table 7

Distribution of PSSTs’ Responses Before and After the Implementation

Findings from the Preliminary Interview Findings from the Preliminary Interview

on VoSKS on VoSKS
Category  Codes f Category  Codes f
Experiment Research 5*
Change of responses 7 Change of knowledge 5*
over time
Inability to  find 5 Inability to  find 5
answers to  every answers to  every
question question
The incompleteness of 5 Answers are not 5%*
the answers always correct
Research 4 The incompletenessof 5
the answers
Observe 4 Experiment 4#
Change of knowledge 3 Improvement in 4
@ over time @ technology
2 Answers are not 3 2 Change of responses 3#
S always correct S
1 E o Find solutions for the 2 . Observe 2#
z2% problems 2y
" Hypothesize 2 e Evaluate the results 2%
5 Tenghenpoteds 1 B Avewerscontalws 2
O O
n » change
Data collection 1 Testing the hypothesis 1
Identifying variables 1 Identifying variables 1
Need 1 Use prior knowledge 1#
Evaluate findings 1 Extrapolate 1
Make an invent 1
Scientific law-making 1
Use the right method 1
Evaluating knowledge 1
according to when it
was created
Having sufficient 1
knowledge
Answers don’t always 1

change

(continued)
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Table 7 (continue)
Findings from the Preliminary Interview on Findings from the Preliminary Interview on

Being scientific law

VoSKS V0oSKS
Category  Codes f Category Codes f
® Experiment 12 ° Research 8#
2 Research 11 2 Experiment S#
% Find solution 6 i;’ Extrapolate 5*
e Observe 5 = Identify the problem 4
> Identify the problem 4 Hypothesize 4%
5‘% . Hypothesize 3 “é o  Testing the hypothesis ~ 4*
2 L J“l" Extrapolate 3 2 J“i’ Observe 1#
2 Testing the hypothesis 2 2 Data Collection 1
2 Reporting the findings 2 2 Using prior knowledge 1
2 Data collection 1 2 Scientific law-making 1
g Evaluation of the 1 g Using different methods 1
S findings S
Controlling the data 1 Identifying variables 1
- Experiment 8 Extrapolate 5*
s Observe 6 9 Research 5%
] Solve the problems 4 8 Experiment 5
’g ® Data collection 4 ’é ® Curiosity 4*
3 2 § & Research 3 o § &5 ldentify the problem 4*
= L Identify the problem 2 25 L Solve the problems 4
§ Extrapolate 2 § Observe 4#
2 Curiosity 1 2 Hypothesize 3
£ Predict 1 b Testing the hypothesis 2
Identify the variables 1
Proven knowledge 13 Proven knowledge S5#
Right knowledge 3*
Reliable knowledge Knowledge accepted 3*
by all
Reliable knowledge 2
N Right knowledge g The knowledge that 2*
3 3 meets human needs
3 Reported knowledge 3 Reasonable 1
g8 g knowledge
ol Reasonable od The knowledge 1
"é knowledge "é produced by experts
2 The knowledge that 2 Reliable source 1
n makes life easier ”
Knowledge accepted Universal knowledge 1
by all
Real knowledge Knowledge from 1
research

(continued)
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Table 7 (continue)

Category  Codes f Category  Codes f
Identify the problem 6 Be curious 5*
Finding a solution to the 5 Identify the problem 44

problem
Asking questions in line 4
with the research

Asking questions in line 3
with the research

knowledge

Need 2 Finding asolutiontothe  2#
problems
> > Research 2
E Be passionate 1 = Asking questions about 1
o o
5 S w £ &  Whatthey lack
29  Becurious 1 29 Need 1#
E " Doubt 1 E “ Observe 1
'S Use prior knowledge 1 ‘S Imagination 1
@ Experiment 1 @ Asking questions to 1
determine the
knowledge
Observe 1 Asking questions to 1
increase the accuracy
of knowledge
Asking refuting 1
guestions
Making human life 5 Finding the right 6*
easier knowledge
Finding the right 4 Learning what you 5
knowledge don’t know
Define 3 Making human life 3#
easier
@ Theoretically prove 3 8 Exploring nature 3
S Reach the truth 2 S Detailed interpretation 1
89 33 of the subject
5 d Formulate 1 sd Produce new things 1
E Produce new ideas 1 E Share knowledge 1
< < Control the 1
knowledge
Adapting knowledge 1
to life
Quench the curiosity 1
Obtaining reliable 1

VoSKS: Views on Scientific Knowledge Scale, (*) shows positive changes, (#) shows negative changes

When the table above is examined, while PSSTs refer to the category of
achieving the purpose of science 31 times and the category of the purpose of science
19 times; in the interview held after the application, they mentioned the category of
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achieving the purpose of science 37 times and the category of the purpose of science
24 times. The following are some sample phrases and categories obtained from the
interview about views on the scientific knowledge scale:

Statements From the Interview Before the Application

S4; “For example, they experiment or formulate something, if the formula is
correct, it will be correct, or they do it to make human life easier. For example, they
make cars, when they produce cars, they achieve their goals.” (Aim of science
category)

S49; “by being aware of the problem, that is, by identifying a problem. I think it
stems from need” (Scientific inquiry category)

S7; “Scientists are trying to find a solution to a problem by trial and error,
experimenting and searching for a solution to that problem” (Scientific knowledge
category)

Statements From the Interview After the Application

They do research. They experiment because of their research, try to produce a
solution for this purpose or a problem, they form hypotheses. In this way, they
follow a path. They share information. That’s how they try getting correct
information. (S4, Aim of science category)

S49; “by wondering or starting from a problem.” (Scientific inquiry category)

S7; “Scientific knowledge can also be knowledge whose accuracy is accepted
by everyone.” (Scientific knowledge category)

Findings from the Activity Evaluation Form

Seven open-ended questions were asked of the study group for them to evaluate
the activities they carried out during the research, followed by a content analysis of
the data. Discrepant events aim to attract people’s attention and motivate them by
causing them to fall into cognitive conflict with their inconsistencies, and to activate
them to explain the unexpected situation. PSSTs’ opinions about the experiments
(Table 8 and Table 9) give an idea of how effective the inconsistencies pointed out in
the experiments are in attracting students’ attention. Discrepant events, in addition to
the qualities that should be present in other studies, place students at the heart of the
conflict process, where they experience cognitive awareness of their own knowledge
frameworks. Table 8 displays the replies collected from the content analysis.
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Table 8

The First Three Experiments That Teacher Candidates Found Effective
Student Experiment

Selection Orders Total
Frequency

Arrangement  Experiments

First Second Third

Bernoulli’s principle

1 - 6 2 4 12
(experiment 3),

2 Exte_rnal pressure-t_)onlng point 6 8 3 17
relationship (experiment 5)

3 Combgstlon reactions 5 0 4 9
(experiment 4)
Refraction and full reflection

4 (experiment 8) 5 2 2 9
Elastic limit-pressure

5 relationship (experiment 6) 3 5 6 14

6 Lifting force (experiment 7) 3 2 3 8
Heat-temperature and

7 combustion reactions 2 7 5 14
(experiment 2),

8 ?)eat conduction (experiment 1 3 7 11

9 Center of mass (experiment 9) 1 3 2 6

In the activity evaluation form, the PSSTs were asked to number the experiments
from the most liked to the least liked (the most liked 1st, the least liked 9th). When
the data were analyzed, it was seen that the most liked experiments were Bernoulli’s
principle and External pressure-boiling point relationship (Table 8). Considering the
total frequency, it was observed that the External pressure-boiling point relationship
experiment was in the first place, but it was seen that the Bernoulli’s principle
experiment could not even enter the top three.

The pre-service teachers were asked what reasons they had while listing the
activities. The reasons for the teachers to find the first three activities useful are
presented in Table 9.
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Table 9

Benefit Reasons for the Top 3 Ranking Activities

Benefit Reason  Frequency  Sample Statements
I discovered that my guesses were surprisingly wrong during
To be - ] .
. 22 the experiment. | was very impressed with the result | saw.
surprising (522)
The pressure test has been very useful to me as someone who
uses the railway (light rail system used for public
transportation in {zmir). Because with this experiment, we
Usable in daily have scientifically explained why we should uncross the
life 19 yellow line. We also understood why airplanes and some cars
are shaped like that. In other words, it was an experiment that
| associated with daily life, and | was surprised when | saw
the result. (S14)
All the activities are equally beneficial to me. | took care
Tobe 13 to write the experiments that caught my attention the most
interesting at the beginning. (S10)
The reason | find these beneficial is that they turned out in
Making ways we never expected. When this happens, your
permanent 6 knowledge and questioning skills change completely and
learning my learning becomes very permanent. (S33)
To be more The results were clearly stated in the experiments and |
understandable 4 fully understood the logic. (S39)
I thought that by burning the sponge in Experiment 4, its
To be practical 3 vo_Iume would decrease, but its mass increased_. | thqught
this was wrong, but I learned the truth by experimenting. |
learned useful new information by experimenting. (S6)
To be fun 3 It intrigued me as well. The experiments were both fun and
updated my knowledge. (S35)
The experiments in the first three ranks were the ones that
Acquiring new I encountered in daily life and wondered about the answers
knowledge 3 or the reasons for. Because he observes these experiments
and provides me with theoretical knowledge. (S23)
Easy/simple I chose them because they are both simple and instructive.
experiments 2 (519)
Because there are experiments that do not require any
Not dangerous 1 extra conditions for observation and do not have
dangerous consequences. (S43)
To think from Experiments that surprise you and make you think, and
different 1 arouse curiosity. (S9)

perspectives

When Table 9 is analyzed, the reasons why pre-service teachers liked and found
the activities useful emanated from the fact that the activities were unexpected (f =
22). Furthermore, the fact that the activities may be applied in everyday life (f = 19)
and are interesting (f = 13) placed high in the appreciation criterion of pre-service
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teachers. Table 10 shows the reasons for the activities of the teachers in the last three

rows.

Table 10

Evaluation of the Last 3 Ranking Activities

Reason Frequency Sample Statements
Hard to I.ca_n’t say that _I don’t like it, I just think that there are more
understand 11 difficult experiments to understand compared to other
experiments. (S43)
Uninterestin I have listed the last three rows because they_didn’t in_terest me.
9 10 But the experiments are all very useful and informative. (S38)
Time- This made it difficult for us to reach the result, as it was a bit
consuming 10 tedious and long. (S31)
. Because these experiments contain more formulae and
To be difficult 9 generally involve a difficult subject. (S12)
Little surprising 8 Stehc;arl;se(zstrg) experiments are not surprising compared to the
There was no experiment | didn’t like. | think every experiment
Previously 6 improved my knowledge. However, they were in last place
known issue because they did not attract my attention. Because it was
something | already knew. (T1)
. 4 It was very challenging. | was bored while
To be boring experimenting...(S18)
Not t0o 3 I(Bse:g)use the results of the experiments are not very memorable.
permanent
] ) ...I find all of them useful if they are not on the top, just
Using less in 3 because | am very surprised and encounter them more because
daily life I will use them more in daily life. (S5)
To be easy 2 It was a simpler level compared to other experiments... (S15)
Lack of 1 In my opinion, I think it is due to the lack of prior knowledge.
information (827)
Experiments in the last 3 rows were the experiments that | had
Inability to use 1 difficulty doing, and I could not like these experiments because
information I could not fully reflect the preliminary information | needed
to use while experimenting. (S4)
Experiments that are a little more challenging, less thought-
Less th_ought- 1 provoking, and require less logic and imagination to reach the
provoking right result due to possible errors. (S9)
High probability 1
of error
Use of 1 did not Iike_the experiment of boiling water with ice because
hazardous 1 we used a spirit stove. (S8)

materials
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When the pre-service teachers studied Table 10, they determined that the
activities were difficult to grasp (f = 11), time-consuming (f = 10), uninteresting (f =
10), the experiment was tough (f = 9), and less surprising (f = 8). It was preferred to
be placed last for various reasons, including Table 11 shows the pre-service teachers’
suggestions for developing the experiments, which they placed in the last row.

Table 11

Suggestions for Improving Activities
Suggestions Frequency
In some experiments, the time should be extended

Make it fun and interesting

Experiment steps should be written more clearly

Modeling should be explained before drawing a model for an experiment.
A hint should be given between guessing and observation.

Experiments should be made easy

The materials used must be different.

Must be hard-to-predict experiments

Experiments should be gamified

It should be made more surprising

It should be made more thought-provoking (questioning)

Less space should be given to physics experiments

PRRPRRPRPRPRPERPEPLPNDWA

PSSTs suggested at most extending the duration of some experiments (f = 4).
They also stated that improvements could be made in terms of making it fun and
interesting (f = 3) and writing the experimental steps more clearly (f = 2).

In response to another question about whether the trials were valuable for teacher
candidates, 98.79% of the teachers said they were, while 1.21% said they were just
slightly useful. Table 12 shows the reasons why teachers think the activities are useful
or partially useful.

Table 12

Opinions on the Benefits of Experiments

Category Opinions Frequency
Providing permanent learning 12
Contributing to life 12

. Ensuring the increase of affective (curiosity, surprise, 10

Yes, it was interest, fun, enjoyment) skills toward science

beneficial.
Developing the ability to think differently 9
Raising awareness of true and false information 7
Recall and reinforce prior knowledge 6

(continued)
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Table 12 (continued)
Category Opinions Frequency
Enabling making theoretical knowledge meaningful

Enabling learning by living

New knowledge acquisition

Gaining a different perspective
Yes, it was Enabling to develop inquiry skills
beneficial Making learning simpler
Ensuring to develop conceptual understanding skills
Developing manual skills
Increase in speaking skills

P P PP N®W WD DO

Raising awareness of deficiencies in prior knowledge

It was partially . . . .
beneficial. Inability to reconcile the result with prior knowledge

[y

According to Table 12, among the reasons for finding the activities in the
application valuable, PSSTs stressed contributing to life (f = 12) and providing
permanent learning (f = 12). Furthermore, they discovered that, in terms of the benefits
of the applied activities, PSSTs demonstrated an increase in affective skills toward
science (f = 10) and the ability to think differently (f = 9). PSSTs who rated the
activities as moderately beneficial, on the other hand, generally cited the inability to
reconcile the result with prior knowledge (f = 1) as the explanation.

Table 13

Preferences and Reasons for Implementing Activities in Science Classrooms
Choice  Reason Frequency
Associated with daily life 14
Provide permanent learning 12
Easy to use in the classroom 10
Being instructive experiments 10
To surprise students 8
to be interesting 7
Easy access to the material and being economical 5
to be intriguing 4
have fun 4
Providing learning by understanding 4
3
3
3
2

Yes

Learning by doing

Being an effective method

Easy to explain

Have thought-provoking experiments

(continued)
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Table 13 (continue)

Choice Reason

Frequency

Experiments to reinforce knowledge

Having experiments that can make the subject well understood
Provide brainstorming

Helping to develop a positive attitude toward the lesson
Helping in the formation of mental schema

Developing observation skills

Ensuring the use of science process skills

Revealing prior knowledge through experiments
Developing different perspectives

to be out of touch

Provides easy acquisition of information

RPRRRPRPRPERPENONN

According to Table 13, PSSTs who would prefer to implement the activities in
their classrooms offered reasons such as being associated with daily life (f = 14), being
easily implemented in the classroom environment (f = 10), and performing instructive

experiments (f = 10).

Another question to be answered is the general appraisal of the applied activities
by pre-service teachers. Table 14 shows the data collected from pre-service instructors
within the scope of this topic, along with codes and sample expressions for the codes.

Table 14

General Evaluation of the Activities

Codes

Frequency

Sample statements

Surprising

17

Generally, although we had preliminary knowledge of the
experiments, we were surprised at the result of the
experiment. In other words, they were experiments that we
knew but did not know exactly where and how they took
place, and by supporting what | know personally, they
increased memorability and allowed me to solve the
problems | encountered in my daily life more easily. (S38)

Enjoyable

Generally, as the name suggests, we learned by surprise
while performing the experiments. | also think that learning
while having fun is a more permanent method. He said that
the purpose of the experiments reached us and it progressed
regularly. (S15)

Learning on
hands

Experimental activities helped us a lot about learning by
doing and seeing. When we read with these activities, we
learned things that we did not understand by doing and
living. (S7)

Reconciliation
with daily life

I think some activities aim to learn by thinking. I think that
what we learn with examples from daily life, we achieve
more permanent results. (S8)

(continued)



358

Serifenur Dogan et al.

Table 14 (continue)

Codes Frequency  Sample statements
Memorable 5 I think that experimental activities contain more permanent
information than theoretical information. Giving examples
Interrogative/ from daily life allowed us to change our perspective a little
interrogative 2 and to question some simple events in our lives. | think that
experiment applying experimental activities to all students provides
more permanent learning. (S12)
The experiments were very easy. However, it was generally
Easy to apply 8 the opposite of what we thought. (S13)
Assist the Some experiments surprised me. | think the fact that we
learnin 3 predicted the results of the experiment had a lot of influence
rocessg on us. Because while I thought that, other results were more
P effective in my learning. (S14)
Thought- It is an effective way of learning to learn about the events
provoking 3 . . .
- that we have more or less theoretical knowledge of in daily
experiment - L - -
- life or by doing simple but thought-provoking experiments.
Effective
. 2 (S9)
learning
I think experimental activities are useful. Because we see
Interestin 2 how the events, we experience in our daily life happen. We
g find unexpected results, thus attracting our attention more.
(s17)
I think that the experiments are instructive and intriguing
Intriguing 2 since they are not experiments that specify which results we
will reach in the beginning. (S43)
. | always guessed the opposite and most of the time the
Learning new - S ,
2 opposite of my prediction turned out to be correct. I’m sure
knowledge
| learned a lot. (T5)
G_alnlng a Seeing different thoughts and trying to think as them gives
different 2 . -
- us different perspectives. (S10)
perspective
Internalize 2 The experimental activities we did were very useful in terms
knowledge of comprehending scientific knowledge (S11)
Correcting Based on the experiments, our daily life, observations, and
wrong 2 predictions have changed. We predicted what would happen
information in the experiment and observed what happened by
Encounters in experimenting. In short, experimental activities contributed
daily life 1 to us. We learned about its contribution to the wrong, we
y encountered similar ones in daily life. (S6)
... In these activities, we learned by doing and experiencing
Pleasant 1 things that we did not understand when we read, it was very

enjoyable and beautiful. (S7)

(continued)
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Table 14 (continue)

Codes Frequency  Sample statements

We have seen many different events in experimental
activities. Every experiment was exciting. In each

Exciting 1 experiment, different events emerged than we thought,
which surprised us. (S32)
Experimental activities were generally enjoyable and
Relaxing 1 entertqining. I can say _that it is an im_portant source of
breathing for us, especially after continuous theoretical
lessons. (S47)
Knowledge Overall they were good activities. Theoretically,_they didn’t
reinforcement 1 add anything to us, but they helped us reinforce the
knowledge we learned before ... (S36)
Brainstorming 1 ...sharing and discussing our pre-experimental ideas with
Arguments 1 the class is also informative for us... (S10)

PSSTs said that the activities surprised them (f = 17), entertained them (f = 7),
provided learning via experimentation (f = 7), were catchy (f = 5), and were related to
daily life (f = 5).

Discussion, Conclusion and Suggestions

When pre-service teachers’ pre- and post-application conceptual understanding
data were evaluated, it was discovered that questioning techniques with surprise
experiments had a substantial influence on boosting their conceptual knowledge
(Table 5). Most of the studies conducted in the literature show similar results (Bezen,
2019; Goksu & Giines, 2019; Kayacan & Selvi, 2017). According to Goksu and Giines
(2019), inquiry-inquiry and confirmatory laboratory procedures increased the
conceptual knowledge of third-year science teacher candidates. Similarly, Kayacan
and Selvi (2017) discovered that inquiry-based learning reinforced with self-
regulation exercises improved the conceptual comprehension of third-year science
teacher candidates. Bezen (2019) also stated that science subjects supported by
inquiry-based learning prepared according to the 5E teaching model have a positive
effect on the conceptual understanding of 10th-grade students. Similarly, Uysal
(2020) stated the positive effects of technology-integrated inquiry-based learning on
6th-grade students’ conceptual understanding; Gedik (2019) stated the positive effects
of inquiry-based learning on 6th-grade students’ conceptual understanding; Kirici
(2019) stated that STEM supported inquiry-based learning positively affected 7th-
grade students’ conceptual understanding, and Cin and Tiirkoguz (2017) stated that
inquiry-based learning with innovative science experiments positively affected 7th-
grade students’ conceptual understanding. Rouwenhorst (2017) determined that the 7-
week application designed following the 5E learning cycle in the 10th-grade biology
lesson and containing surprising events positively affected the students’
comprehension levels in the biology lesson. In this respect, it can be said that the
results obtained from the research are consistent with the relevant literature.
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There was no significant difference in pre-service teachers’ inquiry skills before
and after the application (Table 5). It is believed that pre-service teachers’ high scores
in inquiry skills before the application reduce the score difference between the pre-
test and post-test. Some research findings in the literature point in this direction. For
example, Yilmaz and Karamustafaoglu (2015) investigated the inquiry skills of first,
second, third, and fourth-year teacher candidates from the classroom, social studies,
and science teaching departments and determined that the teacher candidates’ inquiry
skills were adequate. Karapinar (2016) examined the development of inquiry-based
learning in the inquiry skills of first-year science teacher candidates and did not
observe a significant difference in the change at the end of the process. Similarly,
Kaplan Parsa (2016) investigated the development of 8th-grade students’ inquiry
skills in collaborative inquiry-based learning environments, and while the
experimental group had higher scores than the control group at the end of the process,
no significant difference was obtained. Karamustafaoglu and Celep Havuz (2016), on
the other hand, discovered that research and inquiry-supported laboratory practices
made a significant difference in pre-service science teachers’ inquiry skills. In the
study conducted by Varli and Uluginar Sagir (2019), they stated that the inquiry-based
learning approach they applied to 5th-grade students had a significant effect on their
inquiry skills. Acar Sesen et al.’s (2020) study examines the relationship of first-year
science teacher candidates’ inquiry skills with EEG (study of the brain’s bioelectrical
activity, electroencephalography) and Taskoyan’s (2008) study in which inquiry-
based learning revealed a substantial difference in the development of inquiry abilities
in 7th-grade students differ from the findings of this research.

At the end of the application, no significant change was observed in the views
on the scientific knowledge of pre-service teachers (Table 5). Since the large sample
size in the applications carried out for the current reliability of the scale will also mean
a statistically sound decision (Erkus, 2007), keeping the number low may have caused
this value to be obtained. However, the lack of a statistically significant difference
between the pre-test and post-test in this study, in which views on scientific
knowledge were collected with the scale, may be because the scale remained
superficial in determining opinions or did not provide in-depth information. In
addition, as Meyling (1997) and Khishfe and Khalick (2002) stated in their studies,
long-term applications may be required to change the views on scientific knowledge,
so more decisive results can be obtained by increasing the application time. Although
there was no statistically significant difference in the views on scientific knowledge,
in the semi-structured interviews, it was stated that the pre-service teachers were
curious about scientific inquiry; It has been concluded that forming a hypothesis for
the formation of scientific knowledge, testing the hypothesis and concluding and that
scientific knowledge can change over time, raise awareness (Table 7). It is seen in the
results of the analysis of the activity evaluation form that awareness raising of pre-
service teachers about discrepant events is ensured by the implementation of activities
for discrepant events (Table 12, Table 13, Table 14). However, the fact that the
participants’ views on scientific knowledge did not improve in the practices carried
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out also reveals that the content of the practice has limited content in terms of the
basic epistemological issues (structuring of scientific knowledge, diversity of
scientific methods, types of scientific knowledge, and uncertainty of scientific
knowledge) that Sandoval (2005) specified. For this reason, it is seen that the views
on scientific knowledge should be emphasized clearly and directly throughout the
application, just like the nature of science, etc. This situation can be evaluated among
the limitations of the study.

The findings reveal that the content (or concept) and inquiry skills of the subjects
can be developed more quickly than views on scientific knowledge (Table 6). Paulsen
and Feldman (1999) state that there is a direct relationship between students’
perspectives on learning, their motivation and interest, and their views on scientific
knowledge. From this perspective, it is possible to predict that participants will be
able to develop their views on scientific knowledge when circumstances that raise
their motivation and interest levels are supplied. In this study, the fact that the pre-
service teachers had activities that did not interest them in the experiments, that they
found less surprising and boring (Table 10), may have caused the practice to be
ineffective in improving their views on scientific knowledge.

When the results were combined, it was determined that a significant increase in
conceptual understanding of the participants was because of the application, which
lasted approximately nine weeks and each session took approximately 90 min, while
a positive but not significant improvement in their questioning skills and no
improvement in their views on scientific knowledge were observed (Table 5).

While inquiry activities with Discrepant events improve science teacher
candidates’ conceptual understanding, they do not have a statistically significant
influence on their inquiry abilities or attitudes toward scientific knowledge. According
to Bloom’s taxonomy, conceptual understanding is positioned in the cognitive
component of learning, right above the knowledge level (Bloom, 1956). Therefore,
the effects of this application, which lasted for about 9 weeks, could have been easily
observed in this dimension. However, contrary to conceptual understanding, it can be
thought that inquiry and thinking about scientific knowledge correspond to cognitive
actions and activities in higher dimensions. In this respect, it is recommended that
longer-term studies be conducted to examine how inquiry skills and views on
scientific knowledge are affected by discrepant events.

Furthermore, the literature surveys conducted reveal a scarcity of research on
scientific knowledge. For this reason, it is recommended to conduct studies to evaluate
the effects of different teaching methods and techniques on the views on scientific
knowledge and the views of different sample groups on scientific knowledge.
Teachers and teacher candidates can be informed about discrepant events by
conducting studies. Thus, it can be ensured that teachers and teacher candidates gain
the qualifications required for new teaching models. Furthermore, it is recommended
to incorporate discrepant events with various teaching models (for example, the 5E
model in the deepening phase) and to research their impacts. Within the experimental
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activities, applications should be carried out openly and directly giving place to the
subjects of inquiry skills and scientific knowledge, which are among the variables
discussed within the scope of the study.

In addition, the single-group pre-test-post-test design, which was methodically
taken from only one group and did not allow comparison, is one of the important
limitations of the study. Conducting the study in a quasi-experimental design with at
least two groups instead of a single group in terms of variables such as motivation,
interest level, etc. will allow the determinations to be clearly expressed.



Ankara Universitesi Egitim Bilimleri Fakiiltesi Dergisi
Yil: 2023, Cilt: 56, Say:: 1, 331-408
“ DOI: 10.30964/auebfd.1009277, E-ISSN: 2458-8342, P-ISSN: 1301-3718

Sasirtan Deneyler ile Sorgulama Uygulamalarinin Fen
Bilimleri Ogretmen Adaylarinin Kavramsal Anlama,
Sorgulama Becerileri ve Bilimsel Bilgiye Yonelik
Goriislerine Etkisi!

MAKALE TURU Basvuru Tarihi Kabul Tarihi Yayim Tarihi
Arastirma Makalesi 13.10.2021 20.02.2023 16.03.2023

Serifenur Dogan (:) 2 ve Burak A. Akter (2} 3
Milli Egitim Bakanlig1

Ayse Biiber (%) 4

Gazi Universitesi

Giil Unal Coban (°)°
Dokuz Eyliil Universitesi
Oz

Bu arastirmada, sasirtan deneyler (discrepant events) ile sorgulama uygulamalarinin fen
bilimleri 6gretmen adaylarinin kavramsal anlama, sorgulama becerileri ve bilimsel bilgiye
yonelik goriisleri tizerine etkisi aragtirilmistir. Tek grup on test-son test deneme modelinin
benimsendigi bu aragtirmanin ¢aligma grubunu 3. simif fen bilimleri 6gretmen adaylar
olusturmug ve aragtirma 11 hafta siirmiistiir. Arastirmada, ¢alisma grubuna Fen Bilgisi
Laboratuvar Uygulamalar1 I dersinde sorgulamaya dayali 6gretim yaklasimindan Tahmin-
Gozle-Agikla (TGA) teknigi temel alinarak hazirlanmis deney c¢alisma yapraklar
kullanilmistir. Veri toplama araci olarak sorgulama becerileri dlgegi, bilimsel bilgiye yonelik
goriis 6lcegi, kavramsal degisim degerlendirme formu, yar1 yapilandirilmis gériisme ve etkinlik
degerlendirme formu uygulanmustir. Nitel verilerin analizi i¢in igerik analizi, nicel verilerin
analizi i¢in ise iliskili gruplar t-testi kullanilmistir. Veri analizinden elde edilen sonuglara gore
ogretmen adaylarinin bilimsel bilgiye yonelik goriislerinde ve sorgulama becerilerinde
istatistiksel olarak anlamli bir farklilik goriilmezken, kavramsal degisimleri arasinda anlaml
diizeyde bir farklilik oldugu sonucuna ulasilmistir. Bu sonuglara dayanarak arasgtirmanin iki
gruplu deneysel desende giidillenme (motivasyon), ilgi diizeyi gibi duyussal degiskenler dahil
edilip kontrollii olarak gergeklestirilmesi 6nerilmektedir.

Anahtar sozciikler: Sasirtan deneyler (discrepant events), sorgulama, kavramsal anlama,
sorgulama becerileri, bilimsel bilgiye yonelik goriis

Bu aragtirma TUBITAK 2209-A Universite Ogrencileri Arastirma Projeleri destegi ile gerceklestirilmis
ve Eyliil 2020 tarihinde sonuglanmustir.
2Sorumlu  Yazar: Ogretmen, Ayvalidere Ortaokulu, Milli Egitim Bakanligi, E-posta:
serifenur.dogann@gmail.com, https://orcid.org/0000-0001-7110-8332
3C’)gretmen, Milli Egitim Bakanlig1, E-posta: burakakt51@gmail.com, https://orcid.org/0000-0003-4838-8027
4Dr., Egitim Fakdiltesi, Matematik ve Fen Bilimleri Egitimi, Fen Bilgisi Egitimi, E-posta:
buberayse@gmail.com, https://orcid.org/0000-0002-1366-8208
Sprof. Dr., Egitim Fakiiltesi, Matematik ve Fen Bilimleri Egitimi, Fen Bilgisi Egitimi, E-posta:
gul.unal@deu.edu.tr, https://orcid.org/0000-0002-0143-0382


https://orcid.org/0000-0002-1366-8208
https://orcid.org/0000-0001-7110-8332
https://orcid.org/0000-0003-4838-8027
https://orcid.org/0000-0002-0143-0382

364 Serifenur Dogan ve dig.

Fen egitiminde sorgulama 1950’lerin sonu ve 1960°larin baginda Avrupa’da 6n plana
¢ikmis ve sorgulamanin yani sira sorgulama ile yakindan iliskili olan bilgiyi tartigma,
problemleri ¢6zme gibi kavramlar zaman igerisinde de fen egitimi programlarinda
siklikla vurgulanan kavramlar olarak yerlerini almistir (Chiappetta, 1997). Sorgulama
yoluyla fen 6gretimi, 6grencilerin bir soruyu kavramsallastirmasina ve ardindan bu
soruya yanit veren olasi acgiklamalar aramasma olanak tanir (National Research
Council, 2000). Bu agidan bakildiginda fen dersleri, hem bilim insanlarinin dogal
diinyay: inceledigi ve c¢alismalarindan elde ettikleri kanitlara dayali agiklamalar
onerdigi yollar1 hem de bilimsel gergeklerin bilgisini ve anlayigint gelistirmenin
yollarini sorgulama ile 6grencilere kazandirmaya ¢aligir (National Research Council
[NRC], 1996). Sorgulama ile gergeklestirilen 6gretme siireglerinde amag, 6grencilerin
bilgi edinme siirecine iliskin beceriler gelistirmesi ve diistinme becerilerini kullanarak
yeni durumlara bunlan transfer edebilmesidir (Duban, 2008). Sorgulamaya dayal
Ogretim ortaya bir iriin ¢ikarmak ya da duruma uygun ¢6ziim iretmekten ¢ok,
Ogrencilerin bilgiyi toplama siirecine odaklanmigtir (Limon, 2001). Bredderman
(1983) tarafindan yiiriitiilen bir calismada sorgulamaya dayali 6gretim goren
smiflarda 6grenim goren Ogrencilerin bilimsel siire¢ becerileri, yaraticiliklari,
tutumlari, mantiksal akil yiiriitmeleri ve alan bilgilerinin tim sinif diizeylerinde
gelistigi goriilmiistiir. Bu aragtirma ile birlikte Ulusal Arastirma Konseyi (National
Research Council [NRC], 1996) tarafindan olusturulan Ulusal Bilim Egitim
Standartlari’nda (Next Generation Science Standards) sorgulama siirecinin fen bilgisi
Ogretimine icerik alani olarak isledigi ve dahil ettigi goriilmektedir (Lynch &
Zenchak, 2002). Ulkemizde ise Fen Bilimleri Ogretim Programlarinda sorgulama
2013 yilinda 6gretme-6grenme boyutu olarak yerini almisg ve 2017, 2018 yillarinda
giincellenen Fen Bilimleri Ogretim Programlarinda da yerini korumustur (Basar ve
Demiral, 2019).

Sorgulama, bilimsel sorularla yakindan baglantilidir. Ogrencilerin énbilgilerini
kullanarak karsilagtiklar1 yeni durumlari sorgulamalari ve sorgulama sonucunda
edindigi bilgi ve becerileri sonraki 6grenme deneyimlerinde kullanmalar1 sorgulama
stirecinin beklenen hedefleridir (National Research Council, 2000). Novak (1964),
Ogrencilerin sahip olduklart merak ve ilginin onlar1 sorgulamaya yonlendirdigini
belirtmigtir. Merakin giderilmesini saglamak i¢in gergeklestirilen sorgulama
etkinlikleri kisilere bilimsel kavramlari ve becerileri kazandirmanin yani sira
cevredeki olagan dis1 etkenleri da arastirmaya yoOnlendirir (Haury, 1993; Maw ve
Maw, 1965). Bireyin 6grenme siirecinde beklemedigi bir sonugla karsilasmasini
saglayarak ilgili konuda bir dengesizlik ve yetersizlik siireci yasamasina neden olan
ve uluslararasi alanyazinda (literatiirde) discrepant events (sasirtan deneyler) olarak
gecen uygulamalar da kisiyi sorgulamaya yoneltmektedir (Koseoglu ve Tiimay, 2010;
Longfield, 2009; Sokoloff ve Thornton, 1997).

Alanyazin incelendiginde 6grencileri biligsel catigmaya diisiiren, varolan bilgi
yapilar1 ve deneyimleri ile geliserek beklenenden farkl sekilde sonuglanan ve bu yolla
O0grenmeye yonelik merak ve ilgi diizeylerini arttirmayi amaglayan olaylarin
discrepant events olarak adlandirildigi goriilmektedir (Chin, 1992; Fried, 1986;
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Longfield, 2009). Ulkemizde sdzkonusu olaylari konu edinen ¢aligmalarda ise bu
durum sagirtict olaylar (Késeoglu ve Tumay, 2010) ve yeni, siradisi ve beklenmedik
seyleri iceren gosteri deneyleri (Bulunuz, 2015) olarak adlandirildigi goriilmektedir.
Bu calisma kapsaminda ise Sasirtan Deneyler kullanilmasi tercih edilmistir. Birey
deneyin ait oldugu alan bilgisine yonelik kiside bir dengesizlik ve yetersizlik siirecinin
iistesinden gelmek icin konuya iligkin merak etmeye ve ilgi duymaya baslayarak
karsilagtigi durumu sorgulamaya baglar. Duyussal farkindalik diizeyi uyarilan birey,
karsilagtig1 sorunu ¢6zmek icin harekete gecerek (Yakar ve Duman, 2017) 6grenmek
istedigi konuya iligkin olumlu tutum gelistirmesini saglar ve bilgiyi igsellestirir
(Fleming, 1993; igmez, 2009).

Sagirtan deneyler olarak belirtilen discrepant events’in bilimsel uygulamalarda
kullaniminin temeli Festinger’in (1962) ve Piaget’in (1971) belirttigi Biligsel
Catisma-Dengesizlik Kuramina dayanir. Bu teoriye gore, biligsel g¢atisma ve
tutarsizlik kiside psikolojik rahatsizlik yaratip kisiyi zihinsel denge arayisina iter ve
Ogrencilerin sorgulama siirecine dahil olmasii saglar (Chin, 1992). Sasirtan
deneylerde karsilasilan tutarsiz olaylar, fiziksel olarak meydana geldigi gozlenen ile
gerceklesmesi beklenen seyler arasinda uyumsuzluklarda ortaya cikar. Birey fiziksel
olarak gozlemlenen seyi degistiremeyecegi i¢in karsilagtigi durumu mantiksal olarak
aciklayan bilgiyi aramaya baglayacaktir (Liem, 1991). Fen egitmenleri, beklenmedik
sonuglara sahip sasirtan deneylerin kullanimmin bir diisiinceyi harekete gecirmede
giiclii ve ise yarar bir yontem oldugunu belirtirler (Longfield, 2009). Bu uygulamanin
sorgulama siirecinde iyi bir yontem olmasmin en Onemli nedenlerinden biri
tutarsizliklarin 6grencilerin ilgisini ¢gekmesi ve onlar1 karsilastiklari gizemi ¢6zmeye
yoneltmesidir. Bu sekilde giidiilenmesi artan 6grenciler i¢in dgrenme siirecinde
elverisli bir ortam hazirlanmis olunur (Chin, 1992).

Sorgulamay1 merkeze alarak yiiriitiilen ¢alismalarda 6grenciler, 6gretmenlerinin
rehberliginde 6grenme etkinliklerine etkin olarak katildiklar1 ve yaparak, yasayarak,
arastirarak ve elde ettikleri veriler i¢in kanitlar arayarak bilimsel kavramlari, olgulari
(fenomenleri) 6grenirler (Aydogdu ve Sener, 2016). Laboratuvar uygulamalarinda
ogrenciler deney yapma, gézlemleme ve ¢ikarimda bulunma siireglerinde sorgulama
etkinliklerine dahil olurlar (Aydogdu, 1999). Bu nedenle fen derslerinde laboratuvar
uygulamalar1 6grencileri bilimsel gergekler igin kanit aramaya yonlendirdigi ve gesitli
asamalarinda farkli diisinme becerilerini etkin kildigi i¢in sorgulamaya dayali
6grenmede 6nemli bir yer tutmaktadir (Aydogdu ve Sener, 2016). Tas ve digerleri
(2019) tarafindan yiiriitiilen bir ¢aligmada arastirma ve sorgulamaya dayali 6gretme
yaklagiminda laboratuvar uygulamalarmin agirlikli olarak ele alindigimni belirtmeleri
de fen bilimleri dersinde deneylerin sorgulama i¢in gerekli ve dnemli oldugunu tekrar
ortaya ¢ikarmistir.

Alanyazm incelendiginde deneysel etkinliklerin soyut olan bilgiyi somuta
doniistirme (Ayvaci ve Bebek, 2018; Sontay ve Karamustafaoglu, 2018), dersleri
anlamada kolaylik saglama (Ayvact ve Bebek, 2018; Bayrak, 2012), 6grencinin
ilgisini gekme (Gallagher, 2007; Karakolcu Yazici ve Ozmen, 2015; Sontay ve
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Karamustafaoglu, 2018; Tereci ve Karamustafaoglu, 2013), 6grenci basarisini
arttirma (Hofstein ve Lunetta, 1982; Sontay ve Karamustafaoglu, 2018), bilginin
Ogrenci tarafindan daha iyi (Ceyhun ve Karagélge, 2001), etkili ve kalict
Ogrenilmesini saglama (Ayvaci ve Bebek, 2018; Bayrak, 2012; Karakolcu Yazici ve
Ozmen, 2015), bilgiyi anlama (Hofstein ve Lunetta, 1982; Tereci ve
Karamustafaoglu, 2013), kavrama, uygulama (Ayvact ve Bebek, 2018; Bayrak,
2012), motive etme (Bayrak, 2012; Ceyhun ve Karagélge, 2001; Sontay ve
Karamustafaoglu, 2018) gibi bir¢ok konuda olumlu etki gosterdigi goriilmektedir.
Bunlarin yani sira Armstrong’un (1973’ten akt. Gallagher, 2007), kuramsal bilginin
nasil kullanilacagi bilindigi zaman daha degerli olacagini belirtmesi ve Ceyhun ve
Karagolge’nin (2001) ¢alismalarinda bir Konfiigyiis’e ait bir deyis olan “isitirsem
unuturum, goriirsem hatirlarim, yaparsam bilirim” sozlerine ¢ektikleri dikkat ile
deneysel etkinliklerin fen egitiminde 6nemini ve gerekliligini desteklemektedir.
Goksu ve Giines (2019) arastirma-sorgulama ve dogrulayici laboratuvar
yontemleriyle desteklenmis etkinliklerin basari, epistemolojik inang, kavramsal
degisim gibi degiskenler {izerindeki olumlu etkilerini raporlamislardir. Laboratuvar
etkinliklerinin kesfedici ve sorgulayici temelde yiiriitiilmesinin olumlu etkileri (Cepni
ve dig., 2005) dikkate alindiginda fen kavramlarinin Ggretilmesi ve sorgulama
uygulamalarinin yiiriitiilebilecegi en iyi uygulamalardan birinin sasirtan deneyler
oldugu goriilmektedir (Appleton, 1995).

Huber ve Moore (2001) geleneksel olarak uygulanan bir¢ok popiiler fen
etkinliginin, sorgulama ile fen 6gretimini desteklemedigini, tam aksine etkinliklerin
Ogretmenleri dersleri erken bitirmeye yonlendirdigini belirtmislerdir. Bu yiizden
yiiriittiikleri arastirma kapsaminda sinirli uygulamalara sahip geleneksel fen
deneylerini sorgulamali bigime doniistiirmek i¢in bir model 6nerirler. Sunulan bu
model Ogrencileri dogrudan sorgulamaya &zendirmek igin tutarsiz olaylarin
kullanimi, beyin firtinasi, arastirma, sunum ve tartisma gibi 6gretim yontem, teknik
ve stratejileri de igine alarak Ulusal Bilim Egitim Standartlari’nin amaglarina uygun
bir forma doniistiiriir (Huber ve Moore, 2001). Pakistan’da Muhammed (1998)
tarafindan yiiriitilen bir bagka caligmada ise devlet okullarinda yiiriitillen sasirtan
deneyleri igeren bilim uygulamalarinin kullanim siireci, tistiinliikleri ve sinirliliklar:
incelenmistir. Caligma bulgulari, &gretmenlerin izledikleri 6gretim programinin
Ogrencileri 6gretmenler tarafindan verilen prosediirleri korii koriine izlediklerinden
dolay1 ezberlemeye yonelttigini gostermistir. Sasirtan deneylerle yiiriitiilen dersler
6grencilerin bireysel ¢aligmasina olanak tanidigi i¢in 6zgiivenlerini de olumlu yonde
etkiledigi goriilmiistiir. Ayrica fen derslerinde dgrencilerin ¢esitli siireg becerilerini
uygulamasi (pratik etmesi) ve tartigma ortamlarinda yer almasi kendi 6grenmeleri
iizerine derinlemesine diisinmeleri igin firsat saglamaktadir. Fen derslerinde
kullanilan tutarsizliklar biligsel gelisimi de 6nemli 6l¢iide gelistirdigi i¢in gelismekte
olan tilkelerde 6nemli bir yere sahiptir (Muhammed, 1998).

Ogrencilerin igerik alan bilgisini &grenirken ¢esitli nedenlerle secenek
(alternatif) kavramlara sahip olabilecegini gosteren c¢alismalar bulunmaktadir.
Secenek kavramlari bilimsel kavramlara doniistiirmek igin gerceklestirilen kavramsal
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degisim siirecinde en yaygin kullanilan 6gretim stratejilerinden biri biligsel gatigsmaya
neden olan sagirtan deneylerdir (Limon, 2001). Sasirtan deneyler siire¢ igerisinde
karsilagilan durumlarin var olan bilgiyle yarattig1 biligsel uyumsuzluk ile 6grencilerin
ilgisini ¢eker ve konuyla ilgili daha fazla bilgi edinmek i¢in bir kavram1 aragtirmaya
karst ilgi duymalarini ve giidiilenmelerini saglar. Ayrica arastirmalari igin
degiskenleri ve arastirma sorularindaki segimlerini etkileyip daha derinlemesine
diisinmeye ve ogrenmeye yonlendirir (Mancuso, 2010). Ornegin; yogunluk
kavrammin O6gretilmesinde sasirtan deneylerin kullanilmasi 6grencilerde bilissel
catismaya neden olmus ve bu catigma kavramsal degisimin gerceklesmesini
saglamistir (Kang ve dig., 2004).

Sagirtan deneylerin bireylerin duyussal olarak uyarilmasi ile iyi nitelikli bir
6grenme deneyimi sagladigini gosteren arastirmalar da bulunmaktadir (Bellocchi ve
dig., 2014). Benzer sekilde Tahmin et-Gozle-Agikla (TGA) etkinliklerinin de
duyussal olarak 6grencilerin derse katilimi ve 6grenmeleri tizerine olumlu etkileri
oldugu goriilmektedir (Milne ve Otieno, 2007). Mancuso (2010) tarafindan yiiriitiilen
bir ¢aligmada TGA tekniginin kullanildig1 sorgulamaya dayali bilimsel arastirma
uygulamalarinin dgrencilerin derse biligsel katilim gosterme ve derste dikkatli olma,
odaklanma ve dikkati yonlendirme olanaklari sagladigini gostermektedir. Calismada,
tahmin etmenin Ogrencinin odagim1 ve ayrintilara olan ilgisini giiclendirdigi
gozlemlenmistir. Ayrica bu siiregte dgrencilerin bilimsel aragtirmalara liderlik etme
giidiilenmeleri artarken ayni zamanda derse yonelik ilgilerinin ve meraklarmin da
arttig1 ve bu olumlu etkinin dersteki 6grenme deneyimlerini zenginlestirdigi sonucuna
ulagilmistir.  Mancuso’nun (2010) elde ettigi diger bir sonug ise farkli 6gretim
modellerinin uygulandig1 derslere dgrencilerin farkli sekillerde katilim sagladigi ve
ogrencilerin 6grenme sonuglariin birbirinden farkli olduguna yoneliktir. Elde edilen
bu sonuglar dikkate alindiginda smif ortamlarinda yeni Ogretim ydntem ve
tekniklerinin uygulayicilart olan 6gretmenlere ve Ogretmen adaylarma biiytlik
sorumluluklar diismektedir.

Ogretmen adaylarinin kavram yanilgilarinin saptanmasi ve giderilmesinin
yaninda, 6gretim programinin isaret ettigi sorgulama becerilerine de sahip olmalari
gerekmektedir. Bu kapsamda bu arastirmanin amaci, sagirtan deneylerle sorgulama
uygulamalarinin fen bilimleri 6gretmen adaylarinin kavramsal anlamalari, sorgulama
becerileri ve bilimsel bilgiye yonelik goriislerine etkisini incelemektir. Bu amag
dogrultusunda yapilan uluslararasi alanyazin taramasinda, fen egitiminde sasirtan
deneylerin yer aldig1 aragtirmalara rastlamak olanaklidir (Fensham ve Kass, 1988;
Gonzalez-Espada ve dig., 2010). Ulusal alanyazin tarandiginda sorgulama temelli
etkinliklerde tutarsiz olaylara yer veren gesitli ¢aligmalara (Cin ve Tirkoguz, 2017,
Késeoglu ve Tiimay, 2010; Onder ve Onder, 2018; Ozkarabacak, 2019) ve fen
bilimleri 6gretmenlerinin sasirtan deneylere yonelik goriis ve diisiincelerini inceleyen
bir ¢aligmaya (Giil ve Ates, 2017) rastlanilmistir. Ancak ulusal ¢apta sasirtan
deneylerle sorgulama uygulamalarinit merkeze alarak yiiriitiilen herhangi bir deneysel
calismaya rastlanilmadigindan, bu c¢alismanin sonuglarinin alanyazina katki
saglayacagi diigiiniilmektedir.
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Ortaokul fen bilimleri 6gretmenlerinin sasirtan deneyler hakkindaki goriis ve
disiincelerini incelemeye yonelik yiiriitiilen bir calismada; fen bilgisi 6gretmenlerinin
sasirtan deneylere asina olduklari fakat bunu nasil ve hangi smif diizeylerinde
uygulayacaklar1 konusunda yeterli bilgi ve beceriye sahip olmadiklar1 sonucuna
ulasilmistir (Giil ve Ates, 2017). Benzer sekilde deneysel etkinliklerle ilgili yapilan
aragtirmalarda iizerinde c¢aligilan kitlelerin, deneysel etkinliklerin derslerde
kullanmasmin énemli oldugu ve bir¢ok yarar sagladigini belirtmelerine karsin gesitli
nedenlerden (okullardaki donanim yetersizligi, programda belirtilen siirenin
smurliligi, arag gere¢ yetersizligi, vb.) dolayr derslerde bu uygulamalara yer
vermedikleri ya da deneysel etkinlikleri gosteri deneyleri seklinde
gerceklestirdiklerini belirtmislerdir (Cumaoglu ve Ozdemir Simsek, 2020; Demir ve
dig., 2011; Karaca ve dig., 2006; Karakolcu Yazic1 ve Ozmen, 2015; Kili¢ ve Aydin,
2018; Sogukpinar ve Giindogdu, 2020). Bunlara kargin Hanger ve dig. (2003) ise
deneysel etkinliklerin yapilmasinin 6nemli oldugunu, aksi takdirde Ogrencilerin
kendilerine sunulan yeni bilgileri ezberleme yoluna gidecekleri ve kendilerine gore
mantikli fakat bilimsel olmayan kavramlara sahip olabileceklerini belirtmiglerdir.
Aragtirmacilarin elde ettikleri sonuglar ve onerileri dikkate alinarak caligmada yer
alan katilimcilarin hizmet i¢i siiregte benzer sorunlarla karsilasmamasi i¢in deney
icerikleri belirlenmistir. Bu kapsamda calismada gergeklestirilen deneylerin kisa
stirede yapilabilir olmasina ve deneylerde kullanilan malzemelerin basit, ucuz ve
kolay bulunabilir olmasina dikkat edilmistir. Boylelikle kisa siirede gerceklestirilen
deneylerden arta kalan vakit, Késeoglu ve Timay’in (2013) da 6nemini belirttigi
distinsel siirece (deney iizerinde diisiinmeye) aktarilmistir. Ayrica deneylerin basit
olmasi1 ve malzemelerin kolaylikla bulunabilmesi, 6gretmen adaylarinin fen bilimleri
dersini giinliik yagamin bir pargasi olarak gormesi, bilimsel bilgiyi kullanmas1 ve
yorumlamasi ve yeni deneyler tasarlamasi konularinda yeterlilik hissetmesini
saglamistir (Anilan ve dig., 2020; Comek, 2011; Kog ve Boyiik, 2012; Nasirh ve dig.,
2019; Sar1, 2013; Sontay ve Karamustafaoglu, 2018; Uzal ve dig., 2010). Bunlarin
yaninda gergeklestirilen diisiinmeye dayali deneysel uygulamanin Demirci ve Yiice
(2018) tarafindan da benzer sonuglari elde edilen bilimsel diisiinme, bilimsel
caligmalar1 planlama, yaratict diislinme gibi becerilerin {izerinde olumlu etkileri
olacagi diisiiniilmektedir. Caligmalardan elde edilen sonuglar dogrultusunda, Fen
Bilimleri Ogretim Programinda belirtilen sorgulama, arastirma, tartigma becerilerine
sahip olan ve bu becerileri mesleki yasantisinda deneysel etkinliklerde etkin olarak
kullanabilecek fen okuryazari 6gretmen adaylarinin yetistirilmesinde sasirtan deney
uygulamalarinin kullanilabilecegi o6ngoriilmektedir. Bu uygulamayla 6gretmen
adaylarmin sorgulama becerilerinin gelismesine, sasirtan deneylere ve bilimsel
bilgiye yonelik bakis agilarinda farkindalik olusturmalarina katki saglayacagi
diistiniilmekte; kavramsal bilgilerinin gelistirilmesi ve var olan kavram yanilgilarinin
giderilmesine de katkida bulunmasi beklenmektedir. Ozetle, bu calismanin amaci
sasirtan deneylerle sorgulama uygulamalarinin fen bilgisi 6gretmen adaylarinin
kavramsal anlamalarina, sorgulama becerilerine ve bilimsel bilgiye yodnelik
goriislerine etkisini ortaya koymaktir. Belirlenen bu amag dogrultusunda arastirmanin
problemi ve alt problemleri agagida sunulmustur:



Sasirtan Deneyler ile Sorgulama Uvgulamalarinin Fen Bilimleri Ogretmen Adaylarinin Kavramsal ...369

Sagirtan deneyler (discrepant events) ile sorgulama uygulamalari, fen bilimleri
Ogretmen adaylarinin kavramsal anlamalarma, sorgulama becerilerine ve bilimsel
bilgiye yonelik goriislerine etkisi nedir?

Alt problemler:

1. Sasirtan deneyler (discrepant events) ile sorgulama uygulamalar1 fen
bilimleri 6gretmen adaylarinin kavramsal anlamalarmna etkisi nedir?

2. Sagirtan deneyler (discrepant events) ile sorgulama uygulamalari fen
bilimleri 6gretmen adaylarinin sorgulama becerilerine etkisi nedir?

3. Sagirtan deneyler (discrepant events) ile sorgulama uygulamalari fen
bilimleri 6gretmen adaylarinin bilimsel bilgiye bakis acilarina etkisi nedir?

Yontem

Bu boliimde arastirma modeli ve veri toplama araglarina iliskin bilgiler ele
almmugtr.

Arastirma Modeli

Tek gruplu 6n test-son test zayif deneysel desenin kullanildig: bu ¢alisma, Izmir
ilinde bir devlet iiniversitesinin 3. sinifinda 6grenim gérmekte olan 49 fen bilimleri
O6gretmen adayinin katilimiyla gercgeklestirilmistir. Dolayisiyla arastirmadan elde
edilen sonuglar 3. simifta 6grenim goren 49 fen bilimleri 6gretmen adayi ile sinirhidir.
Tek gruplu 6n test-son test modelinde, deneysel islemin etkisi, uygulama 6ncesinde
ve sonrasinda Olglimler yapilarak tek bir grup iistiinde test edilir. Deneysel islemin
oncesinde ve sonrasinda yapilan Ol¢iimlerin arasinda bulunan degigim, yapilan
uygulamanin etkisi olarak goriiliir. Bu model deneysel arastirmanin temel
ozelliklerinden biri olan en az iki veya daha fazla grubun karsilastirilmasi 6zelligini
tagimadigi i¢in i¢ gegerlikle ilgili sorunlar igermektedir (Biiyiikoztiirk ve dig., 2012;
Ozmen ve Karamustafaoglu, 2019). Calismada kullanilan arastirma modeli
kapsaminda ¢alisma grubuna bagimsiz degisken olarak sorgulamaya dayali 6grenme
yaklagimlarindan Tahmin-Gozle-Agikla (TGA) teknigi temel alinarak hazirlanan
sasirtan deneyler uygulanmistir. Ogretmen adaylarinin kavramsal anlama, sorgulama
becerileri, bilimsel bilgiye yonelik gorisleri ve yapilan etkinliklere iliskin
degerlendirmeleri nicel ve nitel veri toplama araglar1 ile toplanarak
degerlendirilmistir. Arastirma, “Fen Ogretimi Laboratuvar Uygulamalar1 1" dersi
kapsaminda 11 haftalik bir siirede gerceklestirilmistir. Bu nedenle arastirma, ¢alisma
kapsaminda gelistirilen etkinlikler, uygulanan 6gretim yontemleri ve kullanilan veri
toplama araglari ile sinirlandirilmastir.

Arastirma Grubu

Bu aragtirmanin ¢aligma grubunu, 2019-2020 dgretim yili giiz ddneminde Dokuz
Eyliil Universitesi Buca Egitim Fakiiltesi’nin Fen Bilgisi Laboratuvar Uygulamalar1 I
dersini alan ve 3. sinifta 6grenim gormekte olan fen bilimleri 6gretmen adaylari
olusturmaktadir. Ogretmen adaylarmin segiminde amach 6rnekleme yontemlerinden
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olgiit 6rnekleme kullanilmistir. Biiytlikoztiirk (2009) dlgiit 6rneklemeyi; drneklemin
bir soruna yonelik olarak belirlenen niteliklere sahip kisiler, olaylar, nesneler ya da
durumlardan olusturulmasi seklinde tanimlamistir. Bir calismada bilgi agisindan
zengin ve aydinlatici, olgularin (fenomenlerin) kavranmasina yardimci ve
orneklemden evrene gorgiil (ampirik) genelleme yapilamayan orneklem se¢imidir
(Patton, 2001). Bu arastirma kapsaminda sasirtan deneylerle sorgulama
uygulamalarina dahil olabilecek, tartisma siireclerine etkin katilim saglayabilecek,
Fen Bilgisi Laboratuvar Uygulamalari I dersi igeriklerine ilgisi oldugunu bildiren ve
aragtirma siirecine goniillii katilacak &grenciler dikkate alinarak arastirmaya dahil
edilmistir. Calisma grubunda 40 (%81.6) kadin, 9 (%18.4) erkek olmak iizere toplam
49 dgretmen aday1 yer almaktadir. Uciincii sinif diizeyinde yer alan iki smiftan biri
uygulamalari gergeklestirmek tizere rastgele olarak secilmistir.

Deneysel islem

Bu arastirma TUBITAK 2209 Universite Ogrencileri Arastirma Projeleri
kapsaminda gerceklestirilmistir. Bu kapsamda projede kullanilmak tizere gerekli Etik
Kurul izinleri, veri toplama araglarini gelistiren arastirmacilardan kullanim izinleri ve
aragtirmaya katilacak c¢aligma grubundan goniillii onam formlart alimmistir. Bu
izinlerin alinmasinin ardindan arastirma siireci baglatilmistir.

Tek grupla yiiriitiilen bu ¢aligma kapsaminda uygulama 6ncesi ve sonrasinda
sorgulama becerileri ve bilimsel bilgiye yonelik goriis 6l¢ekleri, her deney dncesinde
ve sonrasinda deneyle ilgili kavramsal anlama sorulari kullanilmistir. Uygulama
Oncesi ve sonrast Ogretmen adaylariyla yar1 yapilandirilmig = goériismeler
gergeklestirilmis  ayrica uygulama sonunda Ogretmen adaylarindan etkinlik
degerlendirme formunu tamamlamalari istenmistir. Arastirmanin denel iglem siireci
Tablo 1’de sunulmustur.

Tablo 1
Aragtirmanin Denel Islem Siireci
On Testler Uygulama Son Testler

KA!, KA? KAS3 e Sorgulama Becerileri

e Sorgulama Becerileri  Deney KAY  KAS KA Olegi

Olgegi Oncesi

KA7, KA8, KA?
Deney DCY?Y, DCY? e Bilimsel _Bilgiye
e Bilimsel Bilgiye Calisma DCY?, DCY*, Yonelik Goriis Olgegi
Yonelik Goris Olgegi <, faklan DCYS, DCYS,
P DCY’, DCY8, DCY?®
KA!, KA? KA3 e Yarnn  Yapilandirilmis
e Yari Yapilandirilmis Deney KA%, KAS, KAS, Goériisme Formu
Goériisme Formu Sonrast KA7, KA8, KA? e Etkinlik Degerlendirme

Formu
Not. KA1: Birinci kavramsal anlama sorusu, DCY1: Birinci deney ¢aligma yapragi. Aragtirma boyunca her
deney oOncesi ve sonrasi deneyle ilgili kavramsal anlama sorulari sorulmustur. Ornegin DCY1’in uygulama
oncesinde ve sonrasinda KA1 sorusu sorulmustur.




Sasirtan Deneyler ile Sorgulama Uvgulamalarinin Fen Bilimleri Ogretmen Adaylarinin Kavramsal ...371

Uygulama sirasinda kullanilan g¢alisma yapraklarinda Tahmin-Go6zle-Agikla
(TGA) teknigi temel alinarak hazirlanmistir. Toplamda 6n ve son dlglimlerle birlikte
11 hafta siiren uygulamada, her hafta toplam 90 dakikalik ders boyunca 1 ¢aligma
yaprag1 tamamlanmistir.

Calisma yapraklarmin tahmin bdliimiinde 6gretmen adaylarinin konuya merak
duymalarini saglamak amactyla sasirtan deneyler kullanilmigtir. Caligma yapraginin
tamamlanmas1 igin rehberli sorgulama gerceklestirilmistir. Ogretmen adaylarina
deneyle ilgili gerekli malzemeler verilerek deneyi grupga gerceklestirmeleri
istenmistir ve deneyde elde ettikleri veriler rehberin kendilerine yonlendirdigi sorular
araciligl ile bilimsel olgu ve kavramlari kullanarak yorumlamalar1 saglanmustir.
Yapilan aragtirmalar sonucu bulunan sasirtan deneylerin farkli konu alan bilgisi
icermesine ve bu konularda sik¢a rastlanilan kavram yanilgilarinin bulunmasina
dikkat edilmistir. Bu baglamda ¢alisma yapraklari, 6gretmen adaylarimin temel alan
bilgilerine dayali “1s1 iletimi (deney 1), 1s1-sicaklik ve yanma tepkimeleri (deney 2),
Bernoulli prensibi (deney 3), yanma tepkimeleri (deney 4), dis basing-kaynama
noktasi arasindaki iliski (deney 5), esneklik siniri-basing iliskisi (deney 6), kaldirma
kuvveti (deney 7), kirllma ve tam yansima (deney 8), kiitle merkezi (deney 9)” gibi
farkli konular1 icermektedir. Ornek bir ¢alisma yapragi Ek 1’de sunulmustur. Fen
Bilgisi Laboratuvar Uygulamalar1 I dersinde Fen Bilimleri igerisinde yer alan fizik,
kimya, biyoloji, cevre, yer bilimi konularinda ¢esitli deneylerin planlanmasi,
yiiriitilmesi ve raporlanmasi, basit ve ucuz malzemelerle deney yapma, deneylerde
6grenci edimlerini (performanslarini) bilgi, beceri, tutum-deger acisindan
degerlendirilmesi bulunmaktadir. Bu nedenle ¢alisma yapraklarinda bu alan igindeki
cesitli disiplinlerdeki konulardan yararlanilmigtir. Deney isimleri konu alan
iceriklerini yansitmaktadir ancak deneylerin tamaminda TGA tekniginin temel
alindigr ¢alisma yapraklart kullanilmigtir. Bu ¢alisma yapraklarmin tahmin
boliimiinde sunulan sasirtan deneylere yonelik deney Oncesi deneyin nasil
sonuglanacagina iliskin tahminleri alinmistir. Caligma yapraklarinda kullanilan
sasirtan deneylerin, kisiyi (I) beklenenden farkli bir sonugla karsilastirmasina (II)
biligsel c¢atismaya disiirmesine (III) sahip oldugu o6n bilgiler ile durumu
aciklayamamasma (IV) anlama konusunda merak ve ilgi uyandirmasma dikkat
edilmistir (Espada ve dig., 2010). Egitmenin sorularla rehberlik ettigi siirecte
karsilagilan yeni durumu agiklamaya c¢alismiglardir. Uygulama Oncesinde ¢alisma
yapraklar1 yapt ve kapsam gegerligi i¢in fen bilimleri alaninda uzmanlig1 olan 2
Ogretim {iyesi tarafindan incelenmistir. Uzmanlarin Onerileri sonucunda g¢alisma
yapraklarinin Tahmin boliimiiniin sasirtan deneylerle iligkisi ve sunulan sasirtan
deneyin konu alan bilgisi karsiliklar1 degerlendirilmistir. Konu kapsamiyla ilgili
olmadig1 diisliniilen ¢alisma yapraklar1 elenmis, yonergeler daha agik duruma
getirilmis ve deneylerle ilgili segenek (alternatif) malzeme 6nerileri dikkate alinarak
calisma yapraklarinda diizeltmeler yapilip ¢alisma grubu disinda 3. smifta 6grenim
gormekte olan 4 6gretmen adayiyla laboratuvarda pilot ¢alismasi yapilmistir. Gerekli
diizeltmelerin yapilmasinin ardindan arastirmanin ¢alisma grubunda yer alan
Ogretmen adaylarina uygulanmistir.
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Etkinliklerin laboratuvar kosullarina uygun olarak yiiriitiilebilmesi i¢in en fazla
4 ogrencinin yer aldigi gruplar olusturulmus, bdylelikle kendilerine verilen deney
malzemeleri ile grupga deney yapmuslardir. Kendilerine verilen ¢alisma yapraklarini
ise bireysel olarak doldurmalari istenmistir. Bu kapsamda oncelikle deneyle ilgili bir
resim, acgiklama ya da video gosterilerek Ogretmen adaylarmin deneyin nasil
sonuglanacagina iliskin Tahminlerde bulunmalari istenmistir. Bu asamada dgretmen
adaylarmin konuya yonelik bilgileri ve varsa kavram yanilgilari caligma yapraklarinda
kullanilan TGA tekniginin Tahmin agamasi ile saptanmustir. Yaklasik 15-20 dakika
sliren bu boliimiin ardindan, G6zle asamasinda 6gretmen adaylarindan grup olarak
deneyi gergeklestirerek gozlemlerini sunmalart istenmistir. Yaklagik olarak 35-45
dakika siirede deneylerini ve/veya gozlemlerini tamamlayan 6gretmen adaylarindan,
etkinligin son boliimii olan Agciklama agamasinda bireysel olarak gdzlemlerine
yonelik agiklamalar ve giinliik yasantilarindan Ornekler vermeleri istenmis ve
sonuglarini tiim grupla paylasmalari saglanmistir. Etkinligin son bolimiiniin
tamamlanma siiresi 25-40 dakika arasinda degismistir. Ozetle, 6gretmen adaylar1 en
fazla 4 kisiden olusan gruplar halinde etkinliklerin deneysel bolimiini
gerceklestirmis olup, tahminlerini, gdzlemlerini ve deney sonuglarini bireysel olarak
kendi ¢aligma yapraklarina not almislardir.

Veri Toplama Araglar:
Kavramsal Degisim Degerlendirme Formu

Sagirtan deneylerle sorgulama uygulamalarmm fen bilimleri 6gretmen
adaylarinin kavramsal anlamalari tizerine etkisini degerlendirmek amaciyla deney
calisma yapraklarinda uygulama Oncesi ve sonrasi arastirmacilar tarafindan
gelistirilen acik uclu kavramsal anlama sorulari kullanilmistir. Ogrencilerden
toplanan bu veriler degerlendirilirken yanitlarin bilimsel kavrami karsilama diizeyleri
dikkate alinarak segenek (alternatif) kavrama, kismen kavrama ve tam kavrama olmak
tizere Tablo 2’ye gdre puanlanmistir (Unal, 2005).

Tablo 2
Kavramsal Anlama Degerlendirme Rubrigi
Anlama Derecesi ve Puan Degeri Degerlendirme Olgitii
Bos
Yanit Yok (YY =0) Bilmiyor
ilgisiz ya da net olmayan yanit
Alternatif Kavrama (AK = 1) Verilen yanit bilimsel kavramay1 kargilamiyor.

Verilen yanit bilimsel kavramin bilesenlerinden
azin1 karsiliyor.
Tam Kavrama (TK = 3) Verilen yanit bilimsel kavrami tamamen karsiliyor.

Kismen Kavrama (KK = 2)

Calismanin birinci ve ikinci yazari tarafindan ayr1 ayr1 degerlendirilen veriler ilk
10 6grenci i¢in karsilastirilmig, ortak olan verilerin toplam verilere oranini yiiz ile
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carparak uyusum yilizdesi hesaplanmistir. Yapilan bu degerlendirme ile uyusum
yiizdesi %77 olarak bulunmustur. Yazarlar tarafindan verilen puanlarin ortalamasi ile
toplam puan hesaplanmis ve verilerin analizi gergeklestirilmistir.

Sorgulama Becerileri Olgegi ve Bilimsel Bilgiye Yonelik Goriis Olcegi

Calismada, sorgulama becerilerindeki gelisimi belirlemek i¢in Aldan Karademir
ve Saracaloglu (2013) tarafindan gelistirilmis olan “Sorgulama Becerileri Olcegi”
kullanilmustir. 14 sorudan olusan bu olgek bilgi edinme, bilgiyi kontrol etme ve
Ozgiiven boyutlarmi kapsamaktadir. Cronbach Alfa giivenirlik katsayilari Bilgi
Edinme icin .76; Bilgiyi Kontrol Etme icin .66 ve Ozgiiven igin .82 iken &lgegin
toplamu igin ise .82’dir. Olgegin giincel giivenirligini saptamak igin Slgek ¢aligma
kapsami diginda yer alan 119 6gretmen adayma uygulanmis ve Cronbach Alfa
giivenirlik katsayisi .86 bulunmustur.

Calisma grubunun bilimsel bilgiye yonelik goriislerindeki gelisimi belirlemek
i¢in ise Unal Coban (2009) tarafindan gelistirilmis olan “Bilimsel Bilgiye Yonelik
Goriis” olgegi kullanilmustir. Bu 6lgek ile 6grencilerde dogal olarak var olan bilimsel
bilgiye yonelik ortiik inanglarin-goriislerin ortaya c¢ikarilmasi amaglanmistir. Olgek
Bilimsel bilgi kapalidir, Bilimsel bilgi gerek¢elendirir ve Bilimsel bilgi degisebilir
boyutlar1 olmak iizere 3 boyuttan olugmaktadir ve 6lgegin toplam gilivenirligi .83 tiir.
Ozenoglu ve dig. (2022) ve Coskun (2021) ayn1 dlgme araci ile calismis ve dlgegin
toplam giivenirligi .70 iizerinde bulmuslardir. Olcegin giincel giivenirligini belirlemek
lizere galigma kapsami diginda ancak katilimeilarla benzer 6zellige sahip 119 farkli
Ogretmen adayina Olgek uygulanarak gilincel Cronbach Alfa katsayisi .64
bulunmustur. Elde edilen bu deger bu oOlgekle gergeklestirilen Glgmenin orta
giivenirlikte oldugu kabul edilebilir (Kilig, 2016).

Yar1 Yapilandiridmis Goriisme Formu

Ogretmen adaylarinin sorgulama becerileri 6lgegi ve bilimsel bilgiye yonelik
goriis 6lgegine verdikleri yanitlardan elde edilen verilerin gecerligini arttirmak igin
belirlenen bes kisi ile uygulama Oncesi ve uygulama sonrasinda yiiz ylize yari-
yapilandirilmig goriismeler gerceklestirilmistir.  Yari yapilandirilmis  goriisme
sorulari, bilimsel bilgiye yonelik goriis dlgeginin alt boyutlarini1 kapsayan nitelikte
Unal Coban (2009) tarafindan hazirlanmistir. Sorgulama becerileri 6lgeginin alt
boyutlarina yonelik sorular ise aragtirmacilar tarafindan hazirlanmig, kapsam ve
goriiniis gecerligi agisindan fen bilimleri alaninda g¢alisgan iki 6gretim iyesine
sunulmus, uzmanlarin onerileri dogrultusunda sorularin daha anlagilir olmasi igin
ifade edilis sekillerinde diizenlemeler ve Olgme araglarinda yer alan beceri ve
anlayislar1 kapsayacak eklemeler yapildiktan sonra 3. sinifta 6grenim gérmekte olan
4 ogretmen adayi ile pilot bir ¢alisma yapilmistir. Sorularin anlagilirhgi kontrol
edildikten sonra deney grubunda yer alan &gretmen adaylarindan bes kisi ile
goriismeler gergeklestirilmistir. Goriisme yapilacak 6gretmen adayinin segiminde, ilk
deneysel uygulamada (1s1 iletimi deneyi) saptanan kavram yanilgilar1 dikkate
alinmigtir. Goriigiilecek 6gretmen adaylari, deney ¢aligma yapragindaki sorulara
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verdikleri yanitlarin igerigine gore kavramsal anlama diizeylerinin isaret ettigi kavram
yanilgist ¢ok olandan az olana dogru siralanmis ve farkl diizeyde kavram yanilgi
diizeylerinde (yiiksek, 1 kisi; orta, 3 kisi ve az, 1 kisi) toplam bes kisiden olusturularak
goriigmeler gergeklestirilmistir. Goriisme sorularindan elde edilen veriler
coziimlenirken; verilerin kodlanmasina dayanan icerik analizi, kategorilerin
olusturulmasi, frekans ve yiizdeliklerin hesaplanmasi ve bulgularin yorumlanmasi
asamalar1 izlenmistir. Birinci yazar ve ikinci yazar tarafindan ayri ayri yapilan
kodlama iglemi sonrasinda, ortak kodlarin toplam kodlara oranin1 alip yiiz ile ¢arparak
uyusum yizdesi hesaplanmig ve elde edilen sonuglar bulgular bolimiinde
sunulmustur.

Etkinlik Degerlendirme Formu

Calisma grubunun proje uygulamasinda gergeklestirmis olduklar1 etkinlikleri
degerlendirebilmeleri amaciyla 7 sorudan olusan agik uglu soru formu hazirlanmistir.
Hazirlanan sorular goriiniis ve kapsam gecerligi agisindan fen bilimleri alaninda
calisan iki 6gretim iiyesi tarafindan incelenmis ve onerileri dogrultusunda sorularin
anlagilirhiint arttiracak, ayni1 hedefe yonelik benzer sorularin birlestirilmesi ya da
¢ikarilmasi yoniinde diizenlemeler yapilmistir. Son bigimi verilen formdan elde edilen
veriler igerik analizi ile incelenmigtir. Bu kapsamda veriler kagit tizerinden bilgisayar
ortamina aktarilmis ve kodlama islemi gergeklestirilmistir. Ardindan verilerdeki
ornek ifadelerden yola ¢ikilarak kategoriler olusturulmustur.

Etik Kurul Karari

Dokuz Eyliil Universitesi Egitim Bilimleri Enstitiisii Etik Kurulu’ndan etik onay
alindi (No: 03, Tarih: 14.03.2019).

Verilerin Analizi

Sagirtan  deneylerle sorgulama uygulamalarinm fen bilimleri 6gretmen
adaylarmin kavramsal anlamalari lizerine etkisini belirlemek i¢in kavramsal degisim
degerlendirme formu kullanilmistir. Bu formla &gretmen adaylarinin kavramsal
anlamalarindaki degisim gozlenmeye c¢alisilmigtir. Bu kapsamda &gretmen
adaylarmin ¢aligma yapraklarinda kavramsal anlamalarini saptamaya yonelik sorulan
sorulara yanitlarini1 degerlendirmede kavramsal anlama degerlendirme rubrigi (Tablo
2) kullanilmistir. Ogretmen adaylarinin  kavramsal anlama puanlarina iliskin
normallik testi sonug¢lar1 Tablo 3’te sunulmustur.

Tablo 3
Kavramsal Anlama Puanlart Normallik Testi Sonuglar
Kolmogorov- Smirnov Shapiro-Wilk Kurtosis Skewness
sd p sd p  (Basiklik)  (Carpiklik)
On test .148 49 .008 973 49 .293 374 .383

Son test 136 49 022 942 49 .016 .056 -.608
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Calisma grubunda yer alan dgretmen adaylarina ait veri sayist 50’den az oldugu
i¢in Shapiro-Wilk testinin sonuglart degerlendirilmistir (Biiyiikoztiirk ve dig., 2012).
Kavramsal anlamaya yonelik normallik testi sonuglari incelendiginde ise test
sonuglarinin .05’ten kiigiik ¢ikmasi, yani anlamli olmasi veri setinin normal dagilim
gostermedigi anlamini tasirken, test sonuglarinin .05’ten biiytik ¢ikmasi veri setinin
normal dagilim gosterdigi anlamini tasimaktadir (Cokluk ve dig., 2012). Basiklik
(kurtosis) ve carpiklik (skewness) degerleri de siklikla normal dagilim belirlemek i¢in
kullanilmaktadir. Tabachnick ve dig. (2007) bu degerlerin -1.5 ile +1.5 arasinda
olmasinin veri setinin normal dagilim gosterdigini belirtmistir. Kavramsal anlama 6n
test ve son test verilerinin ¢arpiklik ve basiklik degerleri -1.5 ile +1.5 arasinda
oldugundan verilerin normal dagilima uygun oldugu belirlenmis ve bu nedenle ilgili
kargilastirmalarin yapilmasinda parametrik analizler yiirtitiilmistiir.

Sasirtan deneyler (discrepant events) fen bilimleri &gretmen adaylarinin
sorgulama becerileri ve bilimsel bilgiye bakis acilar iizerine etkisini belirlemek icin
sorgulama becerileri 6l¢egi ve bilimsel bilgiye yonelik goriis dlgegi kullanilmustir.
Verilerin gegerligini arttirmak icin sorgulama becerileri 6lgegi ve bilimsel bilgiye
yonelik goriis Olgegi alt boyutlarii kapsayan sorular hazirlanmis ve yari
yapilandirilmig goriisme ile veriler elde edilmistir.

Sorgulama becerileri ve bilimsel bilgiye yonelik goriis 6lgeklerinden elde edilen
verilerin normallik varsayimlarini karsilama durumlarini incelemek igin normallik
testi yiiriitiilmiis ve analiz sonuglar1 Tablo 4’te sunulmustur.

Tablo 4

Sorgulama Becerileri ve Bilimse! Bilgiye Yonelik Goriis Olgekleri Normallik Testi
Sonuclart

Sorgulama Becerileri Olgegi Bilimsel Bilgiye Yonelik Goriis

Olcegi
On Test Son Test On Test Son Test
Kolmogorov- .099 .073 .108 .090
Smirnov sd 49 49 49 49
p .200 .200 .200 .200
.963 .979 974 961
Shapiro- Wilk _sd 49 49 49 49
p 131 .535 .337 .107

Verilerin analizinde kullanilacak test tiirinii (parametrik-nonparametrik)
belirlemek tizere 6ncelikle verilerin normal dagilima uygunluklar: kontrol edilmistir.
Calisma grubundan elde edilen veri sayis1 50°den az oldugu i¢in Shapiro-Wilk testi
sonucu incelenmistir (Bliylikoztiirk ve dig., 2012). Testin anlamlilik degerinin .05°ten
biiyiik olmas1 verilerin normal dagilima uygun oldugu seklinde yorumlanir. Buradan
hareketle sorgulama becerileri 6l¢egi, on test (p = .131 > .05) ve son testin (p = .535
> .05) normal dagilima uygun oldugu goriilmektedir. Bilimsel bilgiye yonelik goriis
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oOlgegine bakildiginda da on test (p = .337 > .05) ve son testin (p =.107 > .05) normal
dagilima uygun oldugu goriilmektedir. Veriler normal dagilim gosterdiginden dolay1
Olgeklerden elde edilen verilerin analizinde parametrik testlerden iliskili rneklemler
icin t-testi kullanilmistir. Alanyazinda t testinin kullanilmasi i¢in ii¢ varsayimi
kargilamas1 gerektigi belirtilmistir (Biiytikoztiirk, 2009). Bunlardan birincisi bagimli
degiskene ait puanlar en az aralik dl¢egindedir ve digeri iliskili iki 6l¢iim setine ait
fark puanlar1 normal bir dagilim gdsterir. Aragtirmada kullanilan 6l¢me araglarindan
elde edilen veriler bu ii¢ varsayimi karsiladigi icin bu testin kullanilmasina karar
verilmigtir.

Bulgular

Bu boliimde kavramsal anlama, sorgulama becerileri 6lgegi ve bilimsel bilgiye
yonelik t-testi sonuglari, yart yapilandirilmis gorisme formu analizi ve etkinlik
degerlendirme formundan elde edilen bulgular sunulmustur.

Kavramsal Anlama Sorular, Sorgulama Becerileri Olcegi ve Bilimsel Bilgiye
Yonelik Goriis Ol¢eginden Elde Edilen Bulgular

Ogretmen adaylarmin kavramsal anlamalar1 (KA), sorgulama becerileri (SB) ve
bilimsel bilgiye yonelik goriislerindeki (BBYG) gelisimi belirlemek igin iligkili
orneklem t-testi yapilmigtir. Toplanan verilerden elde edilen sonuglar Tablo 5°te
sunulmustur.

Tablo 5
KA-SB-BBYG On Test ve Son Test Puanlarimn Iliskili Orneklem t-Testi Sonuclar:
Olgiim N X ss sd t p
KA On test 49 9.58 2.59584 48 -28.364 .00
Son test 49 20.78 2.67483
SB On test 49 53.3469 5.81503 48 -1.851 .07
Son test 49 55.6735 6.39462
BBYG On test 49 60.2041 5.56769 48 -1.117 27
Son test 49 61.4898 5.42802

Ogretmen adaylarmin uygulama sonunda kavramsal anlama puanlarinda
istatistiksel olarak yiiksek derecede anlamli bir artis gdzlenmektedir (tug) = -28,364, p
< .001). Sorgulama becerilerinde ise ortalama puanlarinda bir artis olmasina karsin
elde edilen bu artis istatistiksel olarak anlamli degildir (twe) = -1.851, p > .05).
Bilimsel bilgiye yonelik goriis Olgeklerinden elde edilen puanlarda ise son testte
istatistiksel olarak anlamli bir artig gostermemistir (tag) = -1.117, p > .05).

Yar1 Yapilandirilmis Goriisme Formundan Elde Edilen Bulgular

Bu bolimde yar1 yapilandirilmis goriisme formundan elde edilen bulgular
sorgulama becerileri dl¢egi ve bilimsel bilgiye yonelik goriis 6lgegi alt boyutlarina
uygun olacak sekilde ayr1 ayri ¢oziimlenmistir.
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Sorgulama Becerileri Olgegine Yonelik Yart Yapilandirilmis Goriismeden Elde
Edilen Bulgular

Sorgulama becerilerinin alt boyutlarina yonelik olusturulan sorularin, segilen 5
ogretmen aday1 ile uygulanmasi sonucu elde edilen verilerin igerik analizi Tablo 6’da
sunulmustur. Birinci yazar ve ikinci yazar tarafindan ayri ayri olusturulan kodlarin
uyusum yiizdesi %86.1 olarak hesaplanmistir.

Tablo 6

Uygulama Oncesi ve Sonrasi Ogretmen Adaylarimn Verdikleri Yanitlarin Dagilimi
SBO Yoénelik On Goriismeden Elde Edilen SBO  Yonelik Son Goriismeden Elde
Bulgular Edilen Bulgular

Kategori  Kod f Kategori Kod f
Arastirma yapma 5 Arastirma yapma *
® Fikir alma 4 o Deney yapma 5%
% Deney yapma 3 % Gozlem yapma 4*
g - Go6zlem yapma 2 Tg » Fikir alma 2#
1 é J“l' Bilimsel kaynak olmali 1 é JNl Bilgi  gereksinimini 1
S, 3, karsilama diizeyi
= Ispatlanmis olmali 1 = Herkes tarafindan 1
@ @ kabul gérme
Mantiga uygun olmali 1 Iradeyle karar verme 1
Bilgi eksikligini 4 Bilgi eksikligini 4
giderme giderme
Yanitlari tekrar 3 Yanuitlari tekrar 4*
degerlendirme degerlendirme
On bilgilerini 2 On bilgileri 3
° degerlendirme ° degerlendirme
g Yanitlart kontrol 2 g Gelecek yasamda 2*
o 3 ? etmeme . S % kl_JII_anma
= Ilgi alanina grime 1 ©% Fikir alma 2
[ Gelecek yasantiy1 1 [ Ilgi alanina girme 1
olumlu etkileme
Bilgiyi tazeleme 1 Merak 1
Gelecek yasamda 1 Bilginin giivenirligi 1
kullanma Yanitlari kontrol 1*
etmeme

(devam ediyor)
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Tablo 6 (devam)
SBO Yénelik On Gériismeden Elde Edilen SBO Yonelik Son Gériismeden Elde Edilen

Bulgular Bulgular
Kategori  Kod f Kategori Kod f
Coziim iiretme 3 On bilgiyi kullanma 4%
5 Problem tespiti 2 5 Problem tespiti 3*
E) Farkli yollar deneme 2 g Arastirma yapma 3*
= =
E* Aragtirma yapma 2 % Problemle karsilasma 1
3 . £ES
3 = 1 Onbilgiyi kullanma 1 =1  Hipotez kurma 1
5 3
= Gozlem yapma 1 = Cozlim tiretme 1
£ & Uygulama 1
= 5 Farkli yollar deneme 1
Sonuca ulagsma 1
4 Ozgiiven  Rahat 3 Ozgiiven Rahat 3
f=5 Cekinme 2 f=5 Cekinme 2

(*) sayidaki artis seklinde olumlu degismeleri, (#) sayidaki azalis seklinde olumsuz degismeleri
gostermektedir.

Tablo 6 incelendiginde uygulama 6ncesi 6gretmen adaylari ile gergeklestirilen
goriismelerde bilgiyi kontrol etme kategorisine 17, bilgi edinme kategorisine 15,
bilimsel uygulama yontemleri kategorisine 11 kez deginirlerken; uygulama sonrasi
yapilan goriismede ise bilgiyi kontrol etme kategorisine 21, bilgi edinme kategorisine
19, bilimsel uygulama yontemleri kategorisine 16 kez deginmislerdir.

Sorgulama becerilerine yonelik goriismeden elde edilen bazi 6rnek ifadeler ve
kategorileri asagida belirtilmistir.

On Goriismeden Elde Edilen Ornek ifadeler. 048; “Eger mantikl1 geliyorsa
degerlendirmem, hani hazir ¢6zdiim, Oyle kalsin, kurcalamam. Ama mantiksiz
geliyorsa mecburen tabi ki tekrar degerlendirmem gerekiyor.” (Bilgi edinme
kategorisi)

Kimin soyledigine ve nerede yazdigina bagl, yani hangi kaynaktan okuduguma
bagl. ... Tek kaynagin yeterli olmamasi gerekiyor ama benim igin yeterli
olabilir, yani birazda kitaba bagli. Kitap nerelerden kaynak almis, nerelerden
faydalanmis onlara dikkat ederim tabi ki, kim sdylemis onlara bakarim. (O7;
Bilgiyi kontrol etme kategorisi)
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049; “Deneyerek, yani her problem karsisinda ayni yolu denemiyorum,
problemden probleme degisiyor. Deneyerek daha dogrusu” (Bilimsel uygulama
yontemleri kategorisi)

Son Goriismeden Elde Edilen Ornek ifadeler. 48; “Evet,
degerlendiriyorum. Biraz obsesyon gibi goziikiiyor ama severim tekrar kontrol etmeyi
yani defalarca kez bazen hatta. Cevremdekiler de bu konuda biraz takimtili oldugumu
soylityor. Yani hosuma gidiyor garantiye almak onu.” (Bilgi edinme kategorisi)

Bagka bir kaynaga baktim ama iiciincii kaynakla yetinmedim, dort-bes tane daha
baktim ki, ¢iinkii hani o da farkli olabilir diye bes-alt1 tane yere bakmistim o
zaman dogru olani almigtim. Cogunluk neyse ona giiveniyorum yani. ... Gézlem
yapmak, deney yapmak onun diginda yani teorik bilgiler okumak. ( O7; Bilgiyi
kontrol etme kategorisi)

049; “Daha 6nce hig karsilasmadigim bir problemde ya yardim alarak ilerlerim
ya da eski bilgilerimle arasinda bir iliski olup olmadigint diisiiniirim ya da yani
aragtirarak yani o problemi ¢ézmeye calisirm. Yeni bilgiler edinerek.” (Bilimsel
uygulama yontemleri kategorisi)

Arastirmanin uygulama dncesi ve sonrasindaki 6gretmen adaylariin sorgulama
stireci hakkindaki goriisleri karsilastirildiginda bilgi edinirken farkli boyutlarin da
kullanilabilecegi, yanitlarin tekrar degerlendirilebilecegi ve bilgi edinmede kullanilan
yontemler konusunda Ogretmen adaylarinda farkindalik sagladigi sonucuna
ulasilmigtir. Bilgi edinmede kullanilan yontemlerin sikligindaki degisme ile sonug
odakli diistinme yerini siire¢ odakli diisinmeye birakmasi seklinde yorumlanmustir.

Bilimsel Bilgiye Yonelik Goriis Olgegine Yonelik Yari Yapilandirilmis
Goriismeden Elde Edilen Bulgular

Yazili olan makaleden hazir olarak alinan sorularm 5 Ogretmen adayi ile
uygulanmasi sonucunda elde edilen verilerin igerik analizi Tablo 7’de sunulmustur.
Birinci yazar ve ikinci yazar tarafindan ayr1 ayri olusturulan kodlarin uyusum yiizdesi
ise %81.2 olarak hesaplanmustir.
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Tablo 7

Uygulama Oncesi ve Sonrasi Ogretmen Adaylarinin Verdikleri Yanitlarin Dagilim:
BBYGO Yonelik On Goriismeden Elde BBYGO Yonelik Son Goriismeden Elde
Edilen Bulgular Edilen Bulgular

degismemesi

Kategori Kod f Kategori Kod f
Deney yapmak 7 Aragtirma yapmak 5*
Elde edilen yanitlarin 7 Bilginin zamanla 5*
degismesi degismesi
Her soruya yamit 5 Her soruya  yanit 5
bulamama bulamama
Elde edilen yanitlarin 5 Elde edilen yanitlarm 5*
eksiksiz olmamasi her zaman dogru
olmamasi
Aragtirma yapmak 4 Elde edilen yanitlarin 5
eksiksiz olmamasi
Gozlem yapmak 4 Deney yapmak 44
Bilginin zamanla 3 Teknolojinin gelisimi 4
degismesi
Elde edilen yanitlarin 3 Elde edilen yanitlarin  3#
her zaman dogru degismesi
olmamasi
5 Sorunlara ¢cozim 2 5 Gozlem yapmak 2#
E bulmak E
Z 6 Hipotez kurma 2 Z o Sonuglart 2*
510 &5 degerlendirme
2T Onbilgiyi kullanma 2 2% Hipotez kurma 2
E Hipotezi test etme 1 E- Yanitlarin her zaman 2*
9 o degismemesi
Veri toplama 1 Hipotezi test etme 1
Degiskenleri belirleme 1 Degiskenleri belirleme 1
Ihtiyag duyma 1 On bilgiyi kullanma 1#
Sonuglari 1 Sonuca ulagma 1
degerlendirme
Icat yapma 1
Kanun olusturma 1
Dogru yontemi 1
kullanma
Bilgiyi olustugu 1
zamana gore
degerlendirme
Yeterli birikime sahip 1
olma
Yanitlarin her zaman 1

(devam ediyor)
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Tablo 7 (devam)

BBYGO Yonelik On Goriismeden Elde BBYGO Yoénelik Son Gériismeden Elde
Edilen Bulgular

Edilen Bulgular

Kategori Kod f Kategori Kod f
Deney yapmak 12 Arastirma yapmak 8#
Aragtirma yapmak 11 Deney yapmak 5#

a Coziim bulmak 6 é’ Sonuca ulagma 5*
2 Gozlem yapmak 5 - Problemi belirleme 4
% Problemi belirleme 4 % Hipotez kurmak 4*
g - Hipotez kurmak 3 g © Hipotezi stnama 4*
2 B} Sonuca ulagma 3 &  Gozlem yapmak 1#
B Hipotezi sinama 2 B Veritoplamak 1
e Sonuglari raporlastirma 2 e On bilgileri kullanma 1
;é Veri toplamak 1 E Kanun olugturma 1
@ Sonuglar1 degerlendirme 1 a4 Farkli yontemler 1
deneme
Verileri kontrol etmek 1 Degiskenleri belirleme 1
Deney yapmak 8 Sonuca ulagmak 5*
E Gozlem yapmak 6 § Arastirma yapmak 5*
—‘f Problemleri ¢6zmek 4 § Deney yapmak 5#
s Veri toplamak 4 s Merak etmek 4*
3 S&  Arastirma yapmak 3 g5 Problemi belirlemek 4*
g J Problemi belirlemek 2 c% i Problemleri ¢6zmek 4
R= Sonuca ulagmak 2 R= Gozlem yapmak 4#
g Merak etmek 1 g Hipotez kurma 3
= Tahminde bulunmak 1 F Hipotezi stnama 2
Degiskenleri belirleme 1
Dogrulugu  kanitlanmig 6 Dogrulugu kanitlanmig 4#
bilgi bilgi
Kanitlanmis bilgi 5 Dogru bilgi 3*
Giivenilir bilgi 2 Herkes tarafindan kabul —3*
goren bilgi
Gergekligi ispatlanmig 2 Giivenilir bilgi 2
bilgi
=3 Dogru bilgi 2 5 Insan ihtiyacin1 2%
s S o kargilayan bilgi
4 3 Q' Raporlastirlmig bilgi 1 2 Q'  Mantikh bilgi 1
E h Mantikl bilgi 1 E hn Uzman kisilerce 1
@ [ yapilma
Insan hayatini 1 Saglam kaynak 1
kolaylastiran bilgi
Herkes tarafindan kabul 1 Evrensel bilgi 1
goren bilgi
Gergek bilgi 1 Arastirmalar sonucu 1
olusan bilgi
Teorik yasa olmast 1 Kanitlanmis bilgi 1#

(devam ediyor)
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Tablo 7 (devam)

BBYGO Yoénelik On Goriismeden Elde BBYGO Yoénelik Son Gériismeden Elde
Edilen Bulgular

Edilen Bulgular

Kategori Kod f Kategori Kod f
Problem belirlemek Merak etmek 5*
Soruna ¢6ziim bulmak Problem belirlemek 44
Arastirma dogrultusunda Aragtirma 2
soru sormak dogrultusunda soru
sormak
Ihtiya¢ duymak Soruna ¢6ziim bulmak ~ 2#
Konuyla ilgili Aragtirma yapma 2
bilmediklerini sormak
g Gilinlik hayattak.i g Konuyla ilgili soru 1
‘_; problemler {izerinden ‘_; sormak
©,  sorusorma 2.,
o o .
5 o ¢ Tutkulu olmak o §  Yetersiz olduklart 1
e 2" konuda soru sorma
£ Merak etmek £ ihtiyac duymak 1#
[ Siiphe etmek [ Gozlem yapmak 1
On bilgiyi kullanmak Hayal kurma/ hayal 1
glici
Deney yapmak Bilgiyi belirleyici soru 1
sormak
Gozlem yapmak Bilginin dogrulugunu 1
arttirict soru sormak
Bilgiyi ciiriitiicii soru 1
sormak
Insan hayatini Dogru bilgiyi bulmak 6*
kolaylastirmak
Dogru bilgiyi bulmak Bilmediklerini 6grenme 5
Bir seyi tanimlamak Insan hayatini 3#
kolaylagtirmak
3 Teorik olarak kanitlamak 3 Dogay1 kesfetmek 3
E o  Gergege ulasmak € .  Konuyuayrmtili 1
6 E=Rn £ 9§ anlamlandirma
g h Formiilize etmek ,g hn Olmayan seyleri bulmak 1
a Yeni fikir ortaya atmak a Bilgiyi paylagmak 1
Bilgiyi kontrol etme 1
Hayata uygulama 1
Merak giderme 1
Giivenilir bilgiyi elde 1

etmek

(*) olumlu degisimleri, (#) ise olumsuz degisimeleri gostermektedir.

Tablo 7 incelendiginde uygulama 6ncesi dgretmen adaylari ile yapilmis olan
goriismelerde bilimin amacina ulagsma kategorisine 31, bilimin amac1 kategorisine 19
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kez deginirlerken; uygulama sonrasi yapilan goriismede ise bilimin amacina ulagsma
kategorisine 37, bilimin amaci kategorisine 24 kez deginmislerdir.

Bilimsel bilgiye yonelik goriis 6lgegine yonelik goriismeden elde edilen bazi
ornek ifadeler ve kategorileri asagida belirtilmistir.

On Goriismeden Elde Edilen ifadeler

04; “Mesela deney yaparlar veya bir seyi formiilize ederler, formiil dogruysa
dogru olmus olur veya insan hayatini kolaylastirmak i¢in yaparlar. Mesela araba
yaparlar, araba iirettikleri zaman amaglarina ulagmis olurlar.” (Bilimin amacina
ulasma kategorisi)

049; “Problemin farkinda olarak yani bir problemi tespit ederek. Ihtiyagtan
kaynakli oldugunu diisiiniiyorum.” (Bilimsel sorgulama kategorisi)

07; “Bilim insanlarinin bir soruna ¢oziim bulabilmek i¢in deneme yanilma
yoluyla, deneyler yaparak o probleme ¢6ziim aramasidir.” (Bilimsel bilgi kategorisi)

Son Goriismeden Elde Edilen Ifadeler

0O4; “Arastirma yaparlar. Arastirmalar1 sonucu deney yapabilirler bu amag
dogrultusunda veya bir problem i¢in ¢6ziim iiretmeye ¢alisirlar, hipotez olustururlar.
Bu sekilde bir yol izlerler. Birbirleriyle paylasirlar bilgilerini. O sekilde dogru bilgi
edinmeye c¢aligirlar.” (Bilimin amacina ulagma kategorisi)

049; “Merak ederek ya da bir problemden yola ¢ikarak.” (Bilimsel sorgulama
kategorisi)

07; “Bilimsel bilgi de dogrulugu herkesce kabul edilmis bilgi olabilir.”
(Bilimsel bilgi kategorisi)

Etkinlik Degerlendirme Formundan Elde Edilen Bulgular

Caligma grubunun proje uygulamasinda gerceklestirmis olduklart etkinlikleri
degerlendirebilmeleri amaciyla 7 sorudan olusan agik uglu sorular yoneltilmis ve
toplanan verilerin igerik analizi yapilmistir. Sasirtan deneyler, sahip olduklar
tutarsizliklarla bireyleri biligsel gatigmaya diisiirerek ilgisini ¢ekmeyi, giidillemeyi
saglayarak beklenmedik durumun agiklanmasina yonelik harekete gecirmeyi hedefler.
Ogretmen adaylarmin deneyleri begenmeye ve yararli bulmaya yénelik goriisleri
(Tablo 8 ve 9) deneylerde igaret edilen tutarsizliklarin 6grencilerin ilgisini ¢ekmede
ne denli etkili oldugu konusunda fikir vermektedir. Sasirtan deneyler, diger
deneylerde olmasi gereken ozelliklerin yani sira, 6grencilerin kendi bilgi yapilarina
yonelik biligsel farkindaligi yasattigi catisma siireci ile deneylerin merkezine
almaktadir. Icerik analizinden elde edilen yanitlar Tablo 8’de sunulmustur.
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Tablo 8
Ogretmen Adaylarimin Etkili Bulduklar: [lk Ug Deney

Ogrenci Deney Segim Siralari  Toplam
Birinci  Ikinci  Uciincii ~ Frekans

Siralama  Deneyler

1 Basing deneyi (Deney 3) 6 2 4 12
2 Buzla su kaynatma (Deney 5) 6 8 3 17
3 Yanma deneyi (Deney 4) 5 0 4 9
4 Kirilma ve tam yansima (Deney 8) 5 2 2 9
5 Havali balon deneyi (Deney 6) 3 5 6 14
6 Dalgig deneyi (Deney 7) 3 2 3 8
7 Mum deneyi (Deney 2) 2 7 5 14
8 Is1 iletimi deneyi (Deney 1) 1 3 7 11
9 Kiitle merkezi (Deney 9) 1 3 2 6

Etkinlik degerlendirme formunda 6grencilerden deneyleri en ¢cok begenilenden
en az begenilene dogru numaralandirmalart (en ¢ok begenilen 1. sirada en az
begenilen 9. sirada) istenmistir. Ogrencilerden elde edilen veriler analiz edildiginde
en ¢ok begenilen deneylerin basing deneyi ve buzla su kaynatma deneyi oldugu
goriilmiistiir (Tablo 8). Toplam frekans g6z dniine alindiginda ise buzla su kaynatma
deneyinin birinci sirada oldugu gozlenmis fakat basing deneyinin ilk lige dahi
giremedigi goriilmiistiir.

Ogretmen adaylarina etkinlikleri begenme ve onlardan yararlanma durumlarina
gore gerceklestirdikleri siralamaya yonelik gerekceleri sorulmustur. Ogretmenlerin
ilk ti¢ sirada yer verdikleri etkinlikleri yararli bulma gerekgeleri Tablo 9’da
sunulmustur.

Tablo 9

1lk U¢ Sirada Yer Alan Etkinliklerin Yarar Gerekceleri
Yarar Gerekgesi  Frekans  Ornek ifadeler
Tahminlerimin deney sirasinda sasirtici derecede yanlis
Sagirtict olmast 22 oldugunu gordiim. Gordiigim sonugtan ¢ok etkilendim.
(022)
Basing deneyi, IZBAN’1 (izmir’de toplu tagima icin
kullanilan hafif rayli sistem) kullanan birisi olarak bana ¢ok
yararli oldu. Ciinkii neden sar1 ¢izgiyi gecmememiz
Giinliik hayatta gerektigini bilimsel olarak aciklamig olduk bu deneyle.
Ayrica ugaklarin ve bazi arabalarin seklinin neden &yle
oldugunu anlamis olduk. Yani giinliik hayatla cok
bagdastirdigim ve sonucunu goriince sasirdigim bir deney
oldu... (014)

kullanilabilmesi

(devam ediyor)
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Tablo 9 (devam)

Yarar Gerekcesi  Frekans  Ornek Ifadeler
. . Aslinda tiim etkinlikler benim ig¢in esit 6lglide yararli. En ¢ok
Ilgi gekici 13 ilgimi ¢eken deneyleri en basa yazmaya 6zen gdsterdim.
olmasi =
(010)
Bunlari yararli bulmamin sebebi hi¢ beklemedigimiz sekilde
Ogrenmeyi 6 sonuglanmasi. Boyle oldugunda bilgilerin ve sorgulama
kalici kilmast becerilerin tamamen degisiyor ve 6grenmem ¢ok kalict
oluyor. (033)
Daha anlagilir 4 Deneylerde sonuglar ¢ok ag:lkn bir sekilde belirtilmisti ve
olmast mantigim tam olarak anladim.(O39)
. Deney 4’teki siingeri yakarak hacminin azalacagini
diisiindiim fakat kiitlesi artti. Yanls diistindiim ama deney
Uygulamali 3 yaparak gercegi Ogrendim. Yararli yeni bilgileri deney
olmasi yaparak 6grendim. (O6)
Eglenceli 3 Hem ilgi{ni cekti hem eglenceli hem de bilgilerimi tazelemis
olmast oldu... (0O35)
Ilk ii¢ swadaki deneylerim giinliik hayatta karsilasip
Yeni bilgiler 3 cevaplarini ya da nedenlerini merak ettigim deneylerdi. Bu
kazandirmasi deneylerle gozlemlemis ve teorik olarak bilgi edinmemi
sagladig1 igin. (023)
Kolay/basit 2 Hem basit hem de 6gretici oldugu igin onlar1 segtim... (019)
deneyler olmasi
- ...gozlem yapmak i¢in hicbir ekstra kosula gerek
Tehlikeli 1 duyulmayan, tehlikeli sonuglart olmayan deneyler oldugu
olmamasi icin. (043)
Farkli Ters kose yapan ve diisiindiiren, ayrica merak uyandiran
diisiincelere 1 deneyler... (09)
sevk etmesi

Tablo 9 incelendiginde 6gretmen adaylarinin etkinlikleri en fazla begenme ve
onlart yararli bulma nedenleri etkinliklerin sasirtici olmasindan (f = 22)
kaynaklanmisgtir. Ayrica etkinliklerin giinliik yasamda kullanilabilmesi (f = 19) ve ilgi
¢ekici olmasi (f = 13) da 6gretmen adaylarin begeni Olgiitlerinde iist siralarda yer
almistir. Ogretmenlerin son ii¢ sirada yer verdikleri etkinliklere yonelik gerekgeleri
ise Tablo 10’da sunulmustur.
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Tablo 10
Son Ug Sirada Yer Alan Etkinliklere Yonelik Degerlendirmeler

Gerekge Frekans  Ornek ifadeler

Anlamas1 zor 11 Aslinda begenmedigim sdylenemez, sadece diger deneylere
kiyasla anlasilmast daha zor deneyler oldugunu
diisiiniiyorum. (043)

Ilgi ¢ekici 10 Ilgimi cekmedigi icin son {i¢ swada belirttim. Ama

olmamasi deneylerin hepsi ¢ok yararl ve bilgilendiriciydi. (038)

Zaman alici 10 Biraz ugrastirict ve uzun siirdiigii i¢in sonuca ulagsmamizi

olmasi zorlastird1. (031)

Zor olmasi 9 Ciinkii bu deneylerde daha ¢ok formiil oldugu i¢in ve genel
olarak zor bir konuyu icerdikleri icin. (012)

Az sasirtict 8 Deneyler digerlerine gore sasirtmadig1 i¢in. (O16)

olmast

Onceden bilinen 6 Begenmedigim deney yoktu. Her deneyin bana bircok sey

konu olmasi kattigini diisiiniiyorum. Ancak ilgimi ¢ok ¢ekmedikleri i¢in
son siralarda yer aldilar. Ciinkii Onceden bilgi sahibi
oldugum konulardi. (O1)

Sikici olmast 4 Cok ugrastirictydi. Deneyi yaparken sikildim. (O18)

Fazla kalict 3 Deneylerin sonucu ¢ok fazla akilda kalmadig1 i¢in. (046)

olmamasi

Giinliik hayatta 3 Sadece iisttekilere ¢ok sasirdigim ve giinliik yasamda daha

daha az ¢ok kullanacagim i¢in daha ¢ok karsilastigim i¢in onlar iistte

kullanma yoksa hepsini yararl buluyorum. (05)

Kolay olmasi 2 Diger deneylere gore daha basit diizeydi. (015)

Bilgi eksikligi 1 Benim i¢in 06n bilgi eksikliginden kaynaklandigim
diisiiniiyorum. (027)

Bilgiyi 1 Yaparken zorlandigim deneylerdi son ii¢ siradaki deneyler

kullanamama ve deneyi yaparken kullanmam gereken On bilgileri
deneylere tam olarak yansitamadigim i¢in bu deneyleri
begenemedim. (04)

Daha az 1 Olusabilecek hatalardan dolayr dogru sonuca ulasmak

disiindiiriicii digerlerine gore biraz daha ugrastirici, daha az diisiindiiren

Hata olasiliginin 1 ve daha az mantik, hayal giicii kullanilmas:1 gereken

fazla olmasi deneyler. (09)

Tehlikeli madde 1 Buzla su kaynatma deneyini ispirto ocagi kullandigimiz igin

kullanimi

begenmedim. (08)

Tablo 10 incelendiginde 6gretmen adaylari etkinliklerin anlagilmasinin zor
olmasi (f = 11), etkinliklerin zaman alic1 olmasi (f = 10), ilgi ¢ekici olmamasi (f = 10),
deneyin zor olmasi (f = 9) ve az sasirtict olmasi (f = 8) gibi nedenlerle son siraya
almay1 tercih etmiglerdir. Ogretmen adaylarinin son siralarda yer verdikleri deneyleri
gelistirmeye yonelik onerileri Tablo 11°de sunulmustur.
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Tablo 11

Etkinlikleri Iyilestirme Onerileri
Oneriler Frekans
Bazi deneylerde zaman uzatilmali
Eglenceli ve ilgi ¢ekici hale getirilmeli
Deney adimlart daha anlasilir yazilmali
Deneye yonelik model ¢izmeden 6nce modelleme anlatilmali
Tahmin ve gozlem arasinda ipucu verilmeli
Deneyler kolaylastiriimali
Kullanilan materyaller farkli olmali
Tahmin edilebilirligi zor deneyler olmali
Deneyler oyunlastirilmali
Daha sasirtict hale getirilmeli
Daha diisiindiiriicii (sorgulayici) hale getirilmeli
Fizik deneylerine daha az yer verilmeli

PR RRPRPRRPRPRPRPD®A

Ogretmen adaylar1 en fazla baz1 deneylerin siiresinin uzatilmas (f = 4) yéniinde
oneride bulunmuglardir. Ayrica eglenceli ve ilgi ¢ekici hale getirilmesi (f = 3) ve
deney adimlarinin daha anlagilir yazilmasi (f = 2) konusunda da iyilestirmeler
yapilabilecegini belirtmislerdir.

Uygulanan deneylerin 6gretmen adaylar1 agisindan yararli olup olmadigin
belirlemeye yonelik yoneltilen diger bir soruya Ogretmenlerin %98.79°u yararh
oldugunu, %1.21°i ise kismen yararli oldugunu belirtmislerdir. Ogretmenlerin
etkinlikleri yararli bulma ve kismen yararli bulma gerekceleri Tablo 12’de
sunulmustur.

Tablo 12
Deneylerin Yararlari Hakkindaki Goriisler
Kategori Goriigler Frekans
Kalic1 6grenmeyi saglama 12
Hayata katk1 saglama 12
Bilime karsi duyugsal (merak, sasirma, ilgi cekme, 10

eglenceli, zevk alma) becerilerin artigini saglama

Farkl1 diisiinme yetenegi kazandirma

Dogru-yanlis bilginin farkindaligin1 saglama

On bilgiyi hatirlama ve pekistirmeyi saglama

Teorik bilgiyi anlamli hale getirmeyi saglama

Yasayarak 6grenmeyi saglama

Yeni bilgi kazanimi

Farkli bakis a¢is1 kazandirma 3
(devam ediyor)

Evet, yararl
oldu.

A~ b OO N O©
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Tablo 12 (devam)

Kategori Goriisler Frekans

Sorgulama becerilerini gelistirmeyi saglama

Bilgi 6grenimini basit hale getirme

Kavramsal anlama becerisini gelistirmeyi saglama
El becerilerini gelistirmeyi saglama

Anlatma becerilerinde artis

On bilgideki eksikliklerin farkindaligini saglama

Evet, yararl1 oldu.

RlRrRrRPRRPRND®

Kismen yararli oldu.  Sonug ile 6n bilgiyi bagdastiramama

Tablo 12’ye gore uygulamada yer alan etkinlikleri yararli bulma gerekgeleri
arasinda, hayata katki saglama (f = 12) ve kalict 6grenmeyi saglamanmn (f = 12)
Ogretmen adaylari tarafindan daha fazla vurgulandigi goriilmektedir. Ayrica 6gretmen
adaylarmin uygulanan etkinliklerin yarar1 baglaminda onlarin bilime kars1 duyussal
artig saglama (f = 10) ve farkl diisiinme yetenegi kazandirdigini (f = 9) bildirmislerdir.
Bununla birlikte etkinlikleri kismen yararl olarak degerlendiren 6gretmen adaylar1 en
fazla etkinliklerde sonug ile 6n bilgiyi bagdastiramamay1 (f = 1) gerekge olarak
gostermislerdir.

Bir diger soruda o&gretmen adaylarmin etkinlikleri uygulama siirecinde
deneyimledikleri etkinlikleri 6grencilerine uygulama tercihleri ve gerekgeleri
sorulmustur. Bu baglamda o6gretmen adaylarinin hepsi etkinlikleri simiflarinda
uygulayabileceklerini belirtmislerdir. Ogretmen adaylarmin verdikleri yanitlara
iliskin sunduklar1 gerekgeler Tablo 13°te verilmistir.

Tablo 13
Etkinlikleri Stnif Ortanminda Uygulama Tercihleri ve Gerekgeleri
Tercih Gerekge Frekans
Glinliik hayatla bagdastirilmis olmast 14
Kalic1 6grenmeyi saglamasi 12
Sinifta kolaylikla uygulanabilir olmasi 10
Qgretici deneyler olmasi 10

Ogrencileri sasirtacak olmasi

flgi gekici olmast

Malzemeye kolay ulagilabilirlik ve ekonomik olmasi
Evet Merak uyandirici olmasi

Eglenceli olmas1

Anlayarak 6grenmeyi saglamasi

Yaparak yasayarak 6grenme

Etkili bir yontem olmast

Kolaylikla anlatma

Diisiindiiriicii deneyler olmasi

Bilgiyi pekistirici deneyler olmasi

NNWWWAPADMOO N

(devam ediyor)
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Tablo 13 (devam)

Tercih Gerekge

Frekans

Evet Konuyu iyi kavratabilecek deneyler olmasi
Beyin firtinasini saglamasi
Derse kars1 olumlu tutum gelistirmeyi saglamasi
Zihinsel semanin olugmasinda yardimci olmasi
Gozlem yeteneginin gelismesini saglama
Bilimsel siire¢ becerilerinin kullanilmasini saglama
Deneylerle 6n bilgiyi agiga ¢ikarmast
Farkli bakis agilar1 gelistirmesi
Ezberden uzak olmasi
Bilginin kolay kazanilmasini saglamasi

RPRRRPRRPRPRRPERNON

Tablo 13’e gore etkinlikleri siniflarinda uygulamayi tercih edecek olan 6gretmen
adaylari, giinliik hayatla bagdastirilmis olmasi (f = 14), simif ortaminda kolaylikla
uygulanmasi (f = 10) ve dgretici deneyler olmasi (f = 10) gibi gerek¢eler sunmuglardir.

Ogretmen adaylarmin uygulanan etkinlikleri genel olarak degerlendirmeleri
yanitlanmasi istenilen bir diger sorudur. Bu soru kapsaminda &gretmen adaylarindan
toplanan veriler kodlar ve kodlara yonelik 6rnek ifadelerle Tablo 14’te sunulmustur.

Tablo 14
Etkinliklerin Genel Degerlendirilmesi
Kodlar Frekans  Ornek Ifadeler
Genel olarak baktigimda deneylerde on bilgiye sahip olsak da
deneyin sonucunda sasgirdik. Yani aslinda bildigimiz fakat tam
Sasirtict 17 olarak nerde nasil gergeklestigini bilmedigimiz deneylerdi ve
kisisel olarak bana bildiklerimi destekleyerek akilda kaliciligi
arttird1 ve giinliik hayatimda karsilastigim problemleri daha kolay
cozmemi sagladi. (038)
Genel olarak bakarsak adindan anlasildigi iizere deneyleri
Eglenceli/ 7 yaparken sasirarak Ogrendik. Hem eglenerek 6grenmek daha
Zevkli kalic1 bir yontem oldugunu diisiiniiyorum. Deneylerin amacinin
bizlere ulastigim ve diizenli bir sekilde ilerledi. (015)
Deneyerek Deneysel etkinlikler bize yaparak, gorerek denememiz gérmemiz
Sirenme 7 hakkinda bize ¢ok yardimer oldu. Biz bu etkinliklerle okuyunca
anlamadigimiz seyleri yaparak yasayarak dgrenmis olduk. (O7)
Giinliik Diisiindiirerek 6grenmeyi hedefleyen etkinlikler oldugunu
hayatla 5 diistiniiyorum. Giinliik hayattan 6rneklerle 6grendiklerimiz de
bagdastirma daha kalic1 sonuglar elde ettigimizi diisiiniiyorum. (O8)

(devam ediyor)
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Tablo 14 (devam)

Kodlar

Frekans Ornek Ifadeler

Akilda kalici 5 Deneysel etkinliklerin teorik bilgilerden daha kalici bilgiler
icerdigini diisiiniiyorum. Giinliik hayattan 6rnekler verilmesi
bakig agimizi biraz da olsa degistirmeye ve hayatimizdaki bazi

Sorgulayicy 2 basit olaylar1 sorgulamamizi sagladi. Deneysel etkinliklerin

Sorgulatict deney astt 0 ay'arl & £ adl. ysel etanicen
tim Ogrencilere uygulanmasi daha kalici bir 6grenimin
saglandigini diisiiniiyorum. (012)

Deneyler ¢ok kolay yapiliyordu. Fakat genelde bizim

Uygulamas: kolay 3 diisiindiigiimiiz seyin tam tersi ¢ikiyordu. (013)

Cok sasirdigim deneyler oldu. Deney sonuglarini énceden

Ogrenmeye 3 tahmin etmemizin bize ¢ok etkisi oldugunu diisiiniiyorum.

yardimci Ciinkii Oyle zannederken bagka sonuglarin ¢ikmasi
dgrenmemde daha etkili oldu. (014)

Diigiindiiriicii deney 3 Teorikte az ¢ok birikime sahip oldugumuz olaylarin giinliik
yasantida veya hangi olaym neye sebep oldugunu basit ama

Etkili 6grenme 2 bir o kadar da diigiindiiriicii deneyler yaparak 6grenmek
saglikli bir grenim seklidir. (09)

Deneysel etkinliklerin yararh oldugunu diisiiniiyorum. Ciinkii
flgi cekici 2 giinlik hayatta yasadigimiz olaylarin aslinda hangi yolla

oldugunu goriiyoruz. Hi¢ beklemedigimiz sonuglar buluyoruz

bu sayede daha ¢ok dikkatimizi ¢ekiyor. (017)

Deneyler, basta hangi sonuca ulasacagimizi kesin olarak

Merak uyandirici 2 belirten deneyler olmadig: icin 6gretici ve merak uyandirict
deneyler oldugunu diisiiniiyorum. (043)

Yeni bilgi grenme 2 Daha ¢ok hep tersini tahmin ettim ve ¢ogu zaman tahminimin
zitt1 dogru ¢ikti. Cok fazla sey dgrendigime eminim. (O5)

Farkl1 bakis agis1 2 Farkli diigiinceleri gérmek ve onlar gibi dﬁsi'{nmek igin

kazandirma cabalamak bize farkli bakis agilar1 kazandiriyor. (O10)

o . Yaptigimiz deneysel etkinlikler teorik bilgiyi kavramak

Bilgiyi igsellegtirme 2 acisindan oldukea faydaliyd:. (O11)

Yanlis bilgiyi 2 Deneylerden yola ¢ikarak gilinliikk hayatta karsilastigimiz,

diizeltme gbzlemledigimiz, tahminlerimiz, disiincelerimiz degisti.
Deneyde ne olmasini tahmin ettik ne oldugunu deney yaparak

Giinliik hayatta 1 gozlemledik. Kisacasi deneysel etkinlikler bize katki sagladi.

karsilagma Katkis1 yanlisi 6grendik, giinlik hayatta benzerleri ile
karsilastik. (O6)

Keyifli 1 Biz bu etkinliklerle okuyunca anlamadigumiz geyleri yaparak
yasayarak 0grenmis olduk, ¢ok keyifli ve giizeldi. (O7)
Deneysel etkinliklerde bir¢ok farkli olay gordiik. Her deney

Heyecan verici 1 heyecanliydi. Her deneyde diisiindiiklerimizden farkli olaylar

ortaya cikti, bu da bizleri sagirtt1. (032)

(devam ediyor)
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Tablo 14 (devam)

Kodlar Frekans  Ornek ifadeler
Deneysel etkinlikler genel olarak keyifli ve eglenceliydi.
Rahatlatici 1 Ozellikle siirekli teorik derslerden sonra bizler i¢in 6nemli bir

nefes alma kaynagi diyebilirim. (047)

Genel olarak giizel etkinliklerdi. Teorik olarak bize bir sey

Bé{gl)tlilrici katmad: fakat daha dnce 6grendigimiz bilgileri pekistirmemizi
peK1y hatta daha saglam temeller olusturmamiz1 sagladilar. (036)
Eft)lllllr:lSl 1 Deney oncesi fikirlerimizi sinif ile paylagmak, tartismak bizim
Tartisma 1 i¢in de bilgilendirici oluyor. (010)

Tablo 14’e gore 6gretmen adaylari, uygulanan etkinliklerin sasirttigini (f = 17),
eglendirdigini (f = 7), deneyerek 6grenmeyi sagladigini (f = 7), akilda kalici oldugunu
(f = 5) ve giinliikk hayatla bagdastirilmig (f = 5) oldugunu belirtmislerdir.

Tartisma, Sonu¢ ve Oneriler

Ogretmen adaylarinin uygulama oncesi ve sonrasi kavramsal anlama verileri
incelendiginde sasirtan deneylerle sorgulama uygulamalarmin  kavramsal
anlamalarini arttirmada 6nemli bir etkiye sahip oldugu sonucuna ulasilmistir (Tablo
5). Alanyazinda gergeklestirilen arastirmalarin ¢ogu benzer sonuglar gostermektedir
(Bezen, 2019; Goksu ve Giines, 2019; Kayacan ve Selvi, 2017). Goksu ve Gilines
(2019) tarafindan yiiriitiilen bir calismada, arastirma-sorgulama ve dogrulayici
laboratuvar yontemlerinin 3. smif fen bilgisi 6gretmen adaylarinin kavramsal
anlamalarmi gelistirdigi, Kayacan ve Selvi (2017) tarafindan yapilan bir diger
caligmada ise 6z diizenleme etkinlikleri ile zenginlestirilmis arastirma-sorgulamaya
dayali 6grenmenin 3. sinif fen bilgisi 6gretmen adaylarmin kavramsal anlamalarina
katki sagladigi sonuglarma ulagilmistir. Bezen (2019) de SE 6gretim modeline gore
hazirlanan sorgulamaya dayali 6grenme ile desteklenen fen bilimleri konularinin 10.
smif Ogrencilerinin kavramsal anlamalarinda olumlu bir etkiye sahip oldugunu
belirtmistir. Benzer sekilde Uysal (2020), teknoloji entegrasyonlu sorgulamaya dayali
O0grenmenin 6. smif Ogrencilerinin kavramsal anlamalarmi; Gedik (2019),
sorgulamaya dayali 6grenmenin 6. sinif 6grencilerinin kavramsal anlamalarini; Kiric
(2019), FeTeMM destekli sorgulamaya dayali 6grenmenin 7. sinif 6grencilerinin
kavramsal anlamalarin1 ve Cin ve Tiirkoguz (2017), yenilik¢i fen deneyleriyle
sorgulamaya dayali 6grenmenin 7. sinif 6grencilerinin kavramsal anlamalarini olumlu
yonde etkiledigini belirtmislerdir. Rouwenhorst (2017), 10. Smif biyoloji dersinde SE
6grenme dongiisiine uygun olarak tasarladigi ve sasirtict olaylar igeren 7 haftalik
uygulamasinin 6grencilerinin biyoloji dersindeki kavrama diizeylerini olumlu sekilde
etkiledigini saptamistir. Bu agidan arastirmadan elde edilen sonuglarin ilgili alanyazin
ile tutarli oldugu soylenebilir.

Ogretmen adaylarinin uygulama dncesi ve sonras1 sorgulama becerileri arasinda
anlamli bir farklilik bulunmamistir (Tablo 5). Ogretmen adaylarmin sorgulama
becerileri puanlarinin uygulama 6ncesinde de yiiksek olmasinin, dn test ve son test
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arasindaki puan farkini azaltict yonde etkiledigi disiiniilmektedir. Alanda yapilan
aragtirmalardan elde edilen bazi sonuclar da bu yondedir. Ornegin; Yilmaz ve
Karamustafaoglu (2015) smuf, sosyal bilgiler ve fen bilgisi 0gretmenligi
boliimlerinden birinci, ikinci, iiciincii ve dordiincii smif 6gretmen adaylarinin
sorgulama becerilerini incelemisler ve 6gretmen adaylarinin sorgulama becerilerinin
iyi diizeyde oldugu sonucuna ulagsmislardir. Karapinar (2016) da sorgulamaya dayali
O6grenmenin, fen bilgisi 6gretmenligi birinci sinif 6gretmen adaylarinin sorgulama
becerilerindeki gelisimi incelemis ve slire¢ sonundaki degisimde anlamli bir farklilik
gozlemleyememistir. Benzer sekilde Kaplan Parsa (2016) isbirlikli sorgulamaya
dayali olusturulan 6grenme ortamlarinda 8. Smuf 6grencilerin  sorgulama
becerilerindeki gelisimi incelemis ve siire¢ sonunda deney grubunun kontrol grubuna
gbre puanlarmnin yiiksek olmasina ragmen anlamli bir farklilik elde edememistir. Ote
yandan Karamustafaoglu ve Celep Havuz (2016) yaptiklari ¢alismada, aragtirma ve
sorgulama destekli laboratuvar uygulamalarinin, fen bilgisi 6gretmen adaylarinin
sorgulama becerileri algisinda anlamli bir farklilik olusturdugunu gézlemlemislerdir.
Varli ve Ulugmar Sagir (2019) tarafindan yapilan ¢alismada 5. Smuf &grencilerine
uyguladiklar1 arastirma sorgulamaya dayali 6grenme yaklasiminin sorgulama
becerileri iizerine anlamli etkisi oldugunu belirtmislerdir. Acar Sesen ve digerlerinin
(2020) fen bilgisi Ogretmenligi birinci sinif Ogretmen adaylarinin sorgulama
becerilerini, EEG (beynin biyoelektrik aktivitesinin incelenmesi,
elektroensefalografi) ile iliskilendirilmesinde ve Taskoyan’in (2008) sorgulamaya
dayali 6grenmenin 7. Siif 6grencilerinin sorgulama becerileri gelisiminde anlamli bir
farklilik ortaya koymalari bu arastirma sonuglarindan farklilik gostermektedir.

Uygulama sonunda, 6gretmen adaylarinin bilimsel bilgiye yonelik goriislerinde
anlamli bir degisiklik gézlenmemistir (Tablo 5). Olgegin gerek giincel giivenirligi igin
gergeklestirilen uygulamalarda orneklem sayisinin biiyiikk olmasi da istatistiksel
olarak saglam karar anlami tasiyacagindan (Erkus, 2007), sayinin az tutulmasi bu
degerin elde edilmesine neden olmus olabilir. Ote yandan, bilimsel bilgiye yonelik
goriislerin 6lcekle toplandigi bu ¢aligmada 6n test ve son test arasinda istatistiksel
olarak anlamli bir fark ¢ikmamasi 6lgegin goriisleri belirlemede yiizeysel kalmasi ya
da derinlemesine bilgi saglamamasindan kaynaklanabilir. Ayrica, Meyling (1997) ve
Khishfe ve Khalick’in (2002) ¢alismalarinda belirttigi gibi, bilimsel bilgiye yonelik
goriislerin degisimi igin uzun siireli uygulamalar gerekebilir, bu nedenle uygulama
sliresinin arttirilmasi ile daha belirleyici sonuglar da elde edilebilir. Bilimsel bilgiye
yonelik goriislerde istatistiksel olarak anlamli bir farklilik ¢ikmamasina karsin yapilan
yart yapilandirilmig goériismelerde 6gretmen adaylarma, bilimsel sorgulamanin
temelinde merak etmenin yer aldigi; bilimsel bilginin olusumu i¢in hipotez kurma,
hipotezi smmama ve sonuca ulagsmanin da oldugu ve bilimsel bilginin zamanla
degisebilecegi gibi konularda farkindalik kazandirdigi sonuglarina ulasilmistir (Tablo
7). Sasirtan deneylere yonelik etkinliklerin uygulanmasiyla, dgretmen adaylarinda
sasirtan deneyler konusunda farkindalik olusturmanin  saglandigi etkinlik
degerlendirme formu analiz sonuglarinda goriilmektedir (Tablo 12, Tablo 13, Tablo
14). Ancak, gergeklestirilen uygulamalarda, 6zellikle katilimcilarin bilimsel bilgiye
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yonelik goriislerinin gelisme gostermemesi, uygulama igeriklerinin Sandoval’in
(2005) isaret ettigi 6gretmen adaylarinin bilmesi gereken temel epistemolojik konular
acisindan (bilimsel bilginin yapilandirilmasi, bilimsel yontemlerin farkliligi, bilimsel
bilgi tiirleri ve bilimsel bilginin kesin olmayisi) sinirl icerige sahip oldugunu ortaya
koymaktadir. Bu nedenle, bilimsel bilgiye yonelik goriiglerin tipki bilimin dogasi vb
konularda oldugu gibi a¢ik ve dogrudan uygulama boyunca iizerinde durulmasi
gerekligi goriilmektedir. Saptanan bu durum calismanin smirliklar1 arasinda
degerlendirilebilir.

Elde edilen bulgular konularin igerik (ya da kavram) ve sorgulama becerilerinin
bilimsel bilgiye gore daha ¢abuk gelistirilebildigini ortaya koymaktadir (Tablo 6).
Paulsen ve Feldman (1999), 6grencilerin 6grenmeye bakis acilari, giidiilenme ve
ilgileri ile bilimsel bilgiye yonelik goriisleri arasinda dogru yonde bir iliski oldugunu
belirtmektedirler. Buradan yola ¢ikarak, katilimcilarin giidiilenme ve ilgi diizeylerini
arttirict  ortamlar  saglandiginda, bilimsel bilgiye yonelik  goriislerini
gelistirebilecekleri 6ngoriilebilir. Bu ¢aligmada, gretmen adaylarinin deneylerde
ilgilerini ¢cekmeyen, az sasirtict ve sikict bulduklari etkinliklerin olmasi (Tablo 10),
uygulamanin bilimsel bilgiye yonelik goriiglerini gelistirmede etkisiz olmasina yol
agmis olabilir.

Elde edilen sonuclar bir arada degerlendirildiginde, yaklasik dokuz hafta ve her
bir oturumu yaklagik 90 dakika siiren uygulama sonucunda katilimeilarin kavramsal
anlamalarinda anlamli bir artis gozlenirken, sorgulama becerilerinde anlamli olmasa
da olumlu bir gelisme ve bilimsel bilgiye yonelik goriislerinde ise gelisme
gozlenmedigi saptanmistir (Tablo 5).

Sagirtan deneylerle sorgulama etkinlikleri fen bilimleri 6gretmen adaylarinin
kavramsal anlamalarini gelistirirken sorgulama becerileri ve bilimsel bilgiye yonelik
goriislerinde istatistiksel olarak anlamli bir etkiye sahip olmadigi saptanmistir. Bloom
taksonomisi gdz oniinde bulunduruldugunda kavramsal anlama, 6grenmenin bilissel
boyutunda ve bilgi basamaginin hemen {iistiinde temel diizeyde yer almaktadir
(Bloom, 1956). Bu nedenle yaklasik 9 haftalik siiren bu uygulama etkileri kolaylikla
bu boyutta izlenmis olabilir. Oysa, kavramsal anlamanm aksine, sorgulamanin ve
bilimsel bilgi iizerine diisinmenin, daha {ist boyutlarda biligsel eylemlere ve
etkinliklere karsilik geldigi disiinilebilir. Bu agidan, o6zellikle sorgulama
becerilerinin ve bilimsel bilgiye yoOnelik goriislerin sasirtan deneylerden nasil
etkilendigini incelemek lizere daha uzun siireli arastirmalarin gergeklestirilmesi
Onerilmektedir.

Ayrica gerceklestirilen alanyazin taramalar1  bilimsel bilgiye yonelik
arastirmalarin azligini ortaya koymaktadir. Bu nedenle aragtirmacilarin farkli 6gretim
yontem ve tekniklerinin bilimsel bilgiye yonelik gortisler lizerindeki etkilerine ve
farkli 6rneklem gruplarinin bilimsel bilgiye yonelik goriislerinin degerlendirilecegi
arastirmalarin yapilmasi dnerilmektedir.
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Sasirtan deneyler (discrepant events) konusunda ogretmenlere ve Ogretmen
adaylarina yonelik ¢aligmalar yapilarak bu konuda bilgilendirilmeleri saglanabilir.
Boylelikle yeni 6gretim modelleri igin gerekli olan niteligin 6gretmenlere ve
Ogretmen adaylarma kazandirilmasi saglanabilir. Ayrica sasirtan deneylerin farkli
O0gretim modelleri ile entegre edilmesi (6rnegin 5E modelinin derinlestirme
asamasinda kullanilmasi) ve etkilerine yonelik arastirmalarin  yapilmasi
Onerilmektedir.

Calisma kapsaminda ele alinan degiskenlerden olan sorgulama becerileri ve
bilimsel bilgiye yonelik konulara deneysel etkinlikler i¢inde agik ve dogrudan yer
verilerek uygulamalar gerceklestirilmelidir.

Ayrica ¢alismanin yontemsel olarak sadece tek gruptan alinan ve karsilagtirma
yapmaya olanak vermeyen tek gruplu 6n test-son test deseni ¢alismanin Gnemli
siirliliklarindandir. Calismanin tek grup yerine en az iki gruplu yart deneysel desende
gidillenme, ilgi diizeyi vb degiskenler agisindan kontrollii olarak gergeklestirilmesi
saptamalarin net ifade edilmesine olanak taniyacaktir.
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Appendix
Relationship Between External Pressure-Boiling Point Worksheet

BEFORE BEGINNING THE EXPERIMENT, PLEASE ANSWER THE
FOLLOWING QUESTIONS:

The water in the flask is boiling
due to the heat from the burner flame.
What happens to the water in the beaker
if the syringe linked to the flask is
pushed in the direction of the arrow, as
illustrated in the figure? Write down
your ideas and explain why you have
them.

Boil the water in the flask and close
the mouth with a stopper after the bubbles
come to an end. What do you think will
happen when you turn the flask upside
down and put ice on it? Write your
thoughts and reasons in the “My
prediction” section below.

My prediction:

Tools and Equipment: ice, water, flask, stopper, spirit, alcohol stove, lighter,
tripod

Experimental Procedure:
* Pour 50 ml of water into the Erlene and boil the water with spirit.
¢ Take the flask over the spirit 2 minutes after the water starts to boil.

* When the bubbles are finished, cover the mouth of the flask with a
stopper and turn it upside down.

* Attach the inverted flask to the tripod and put ice on it.
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* Draw the event you think happened in the experiment in the “My
Observations™ section.

x WARNING !! NISESURENESIOEEERIeE
THE ERLEN IS CLOSED TIGHTLY.

MY OBSERVATIONS:

MY EXPLAINATIONS:

1. Are there any differences or similarities between your predictions and
observations in the experiment?

a) If there is a difference, what/what could be the reason for this?

b) If there is a similarity, how did your experiment support your prediction?

2. How would you explain the results in the experiment?

3. What are the environments and situations where you can benefit from this
situation? Can you give examples of this situation from your daily life?

4. Answer the question you answered before starting the experiment, using
what you learned in the experiment.

» Have you changed your initial thoughts?
> If not, how did your experiment support your idea?
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(Please explain your answer with reasons.)

Ekler
Ek 1. Dis Basing-Kaynama Noktas1 Arasindaki Iliski Calisma Yaprag
DENEYE BASLAMADAN ONCE ASAGIDAKI SORULARI YANITLAYINIZ:

¢ | termometre

Bek alevi ile 1sitilan erlen i¢indeki
su kaynar durumdadir. Sekilde
goruldiigii gibi erlene baglh durumda

! bulunan siringa ok yoniinde hareket
. ettirilirse beher igindeki suda ne tiir bir
—% degisme olmasini beklersiniz?
| Diisiincelerinizi gerekeelerinizle

birlikte agiklayarak yaziniz.

Erlen iginde suyu kaynatip, kabarcik
cikist sonlandiktan sonra tipa ile agzim
kapatiniz. Erleni ters gevirip iizerine buz
koydugunuzda neler olacagini
distiniiyorsunuz? Diisiincelerinizi
nedenleriyle birlikte asagidaki
“Tahminim” bolimiine yaziniz.

TAHMINIM:

Arac¢-Gerecler: Buz, su, erlen, tipa, ispirto, ispirto ocagi, ¢cakmak, tigayak

Deneyin Yapilisi:

e Erlene 50 ml su koyunuz ve suyu ispirto ocagi ile kaynatiniz.

o Su kaynamaya bagladiktan 2 dakika sonra erleni ispirto ocag iizerinden aliniz.
e Kabarciklarin ¢ikisi bittiginde erlenin agzini tipa ile kapatiniz ve ters ¢eviriniz.
e Ters ¢cevrilmis erleni ligayaga tutturunuz ve iizerine buz koyunuz.

e Deneyde gerceklestigini diisiindiigiiniiz olay1 “Goézlemlerim” boliimiine ¢iziniz.

g UYARI! r
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GOZLEMLERIM:

ACIKLAMALARIM:

1. Deneyde tahminleriniz ve gozlemleriniz arasinda farklilik ya da benzerlik
bulunuyor mu?

a) Eger farklilik bulunuyorsa bunun sebebi ne/neler olabilir?

b) Eger benzerlik bulunuyorsa yaptiginiz deney tahmininizi nasil desteklemistir?

2. Deneyde elde ettiginiz sonuglari nasil agiklarsiniz?

3. Bu durumdan yararlanabileceginiz ortamlar ve durumlar neler olabilir? Bu
duruma giinliik yagantinizdan 6rnekler verebilir misiniz?

5. Deneye baglamadan O6nce yanitladiginiz soruyu, deneyde ogrendiklerinizi
kullanarak tekrar yanitlayiniz.

Bek _alevi_ile isitilan_erlen
icindeki su kaynar durumdadir.
Sekilde goriildiigii _gibi _erlene
bagl durumda bulunan siringa ok
voniinde _hareket ettirilirse beher
icindeki suda ne tiir bir degisme
olmasini beklersiniz?
i Diisiincelerinizi gerekcelerinizle
birlikte aciklayarak yaziniz.

> Baslangictaki diisiincelerinizde bir degisiklik oldu mu?
> Eger olmadiysa yaptigimz deney diisiincenizi nasil desteklemistir?
(Litfen yanitiniz1 gerekgeleriyle beraber agiklayiniz.)




