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Introduction

Constructivism is a theory of learning which has emerged out of Piaget’s studies on cognitive
development, and the way knowledge is generated (Yasar, 1998). In essence, constructivism is about an
individual’s constructing his/her knowledge, transferring it, and putting knowledge into use (Perkins,
1999). Based on the 18th-century dictum, “the one who can explain things is the one who knows them,”
constructivist theory was shaped around the nature of knowledge and learning (Yager, 1991, p. 54). In
this respect, constructivism is generated in learning environments by questioning and discussing
education, by defending an opinion, by hypothesizing, and by actively participating in classes.

Inquiry-based learning can be applied by different learning methods such as case-study-based
learning, project-based learning, and problem-based learning. All these methods contain within
themselves inquiry in various forms because the aim in inquiry-based learning is for students to be able
to develop skills for the acquisition of knowledge and to transfer this knowledge to new situations by
using their thinking skills. In inquiry-based learning, students should be encouraged to ask questions, to
do research, and to analyze their knowledge (Perry & Richardson, 2001). In such education where skills
are internalized and become a part of the structure of a student’s learning, students can generate
problem questions while looking for answers to their inquiries, and they initiate a process in which they
can successfully solve the problem at hand (Thier & Daviss, 2001; Wood, 2003). In a similar vein,
students try to explain what they have observed, just like scientists do, and examine things to get
information (Wenk, 2000). Inquiry-based learning can improve people’s advanced thinking skills because
it includes different teaching methods and models (Lin, 2001). In this respect, constructivist theory,
which should be employed in physics education, is one of the most powerful ways to ensure learning
because constructivism is based on how people learn rather than on actual teaching (Dagar & Yadav,
2016).

Both inquiry-based learning and inquiry-based teaching include such steps as “asking questions and
direction,” “hypothesizing,” “planning,” “research,” “data analysis and interpretation,” “searching for a
model and designing one,” “conclusion and assessment,” “communication,” and “prediction (guess).”
The in-class application of these steps can be made with the 5E learning model (Bell, Urhahne, Schanze,
& Ploetzner, 2010). The 5E learning model was developed by Roger Bybee and used in the application of
Biology Curriculum Studies in the 1970s (Bybee, 1993). This learning model was designed as a road map
to help arrange teaching by the constructivist theory by focusing on scientific process skills and by taking
into account scientific process skills. The aim was for students to focus on topics, explore their
knowledge, organize and apply them to new situations, and to make sense of them (Bybee, 1997). 5E
learning model takes its name from the five steps that constitute it; these steps are to engage, explore,
explain, elaborate, and evaluate. In other words, the 5E model is part of the constructivist theory, and
inquiry-based learning is used in learning environments (Wilder & Shuttleworth, 2005).

” u ” u
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Thanks to the 5E learning model, students are frequently asked questions so that their imagination,
as well as inquiry skills, develop. Likewise, it aims to make students use the learning and problem-solving
processes so that they improve their skills and attitudes by generalizing what they have learned and by
exploring new information (Wilder & Shuttleworth, 2005). Additionally, students are expected to be able
to solve problems by asking relevant questions and by creating discussion environments because the
method supports their knowledge construction by associating newly acquired information with their
already existing ones (Abell & Volkmann, 2006; Llewellyn, 2002). In other words, teaching is generated
by turning the questions asked by the teacher to a learning environment in which it is the students who
ask questions. In this environment, students are encouraged to think independently and solve problems.
They are asked to experience the process so that they can become the ones to ask questions. However,
in the present system, information is transmitted to students through books and the like, instead of
enabling them to reach information themselves. It can be argued that as such, students cannot
internalize knowledge (National Academy of Sciences [NAS], 1997). Indeed, students should acquire
experience themselves and therefore learn to research to be able to internalize any subject. In other
words, students are expected to construct their knowledge by using their skills because learning will be
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fast under the guidance of the constructivist theory (Chiappetta & Adams, 2004). However, inquiry-
based learning can take a long time because developing advanced thinking skills, ensuring class
participation, and creating solutions for problems are all time-consuming (Llewellyn, 2002).

Objective

This study focuses on students’ attitudes towards the subject of waves during its application
according to an inquiry-based learning method, and it aims to determine students’ views on the
teaching process of physics. 5E learning model was utilized during the in-class application of inquiry-
based learning, and the subject was selected as waves since this is not as frequently studied in physics
education as mechanics, electrical current or temperature, and heat (McDermott & Redish, 1999;
Ozdemir & Kocakulah, 2016). Indeed, studies on waves are rather limited in number compared to other
subjects in literature. Moreover, it is noteworthy that studies on waves have been carried out mostly
with university students to determine their misconceptions. For instance, Linder and Erickson (1989),
Barman and Miller (1996), and Hrepic (2002) conceptually examined sound waves; Maurines (1992) and
Wittman (2002) conceptually explored spring waves, and Yalcin (2008) focused on water waves. These
studies mainly focused on the conceptual difficulties faced by pre-service teachers. In literature, there
are no studies on the effect of a preferred teaching method or approach on students’ attitudes, nor are
there studies in which students’ views on the teaching process of the course are gathered. Only in a
study carried out by Ozturk (2014) can one find a reference to the positive effect of the use of modal
descriptions, inventories, and writing letters on academic success and attitude for waves. Similarly,
Ozdemir (2015) determined that teaching waves, according to the social constructivist theory, resulted
in a change in students’ conceptual understanding and increased their attitude and motivation. Finally,
in their study on sound waves in science and technology classes, Dilseker and Serin (2018) examined the
effect of project-based learning on success, attitude, and eliminating misconceptions. They discovered
that students’ misconceptions were reduced while their success and attitudes increased. Literature
reveals that the present system falls short when it comes to waves and that new teaching methods are
being employed (Harrison & Treagust, 2001; Hewson & Hewson, 2003; Tekbiyik, 2010). Different from
literature, this study aims to determine the effect of inquiry-based learning on the learning of waves,
because it is evident that inquiry-based learning contributes greatly to learning and there is minimal
research on this topic, especially in Turkey (Lederman, Lederman, Bartels, et al., 2019; Shih, Chuang, &
Huang, 2010; Thier & Daviss, 2001). In this respect, this study examined students’ attitudes towards
waves and took their views on the teaching process of physics with an inquiry-based learning approach.
In the study, the focus was on attitude because the development of their attitude towards waves could
be traced when they combine their new knowledge with their problem-solving skills (Krahenbuhl, 2016).
It is already known that students usually have a negative attitude towards physics classes (Adiyaman &
Sert, 2017; Reid & Skryabina, 2002; Taasoobshirazi & Carr, 2008; White & Tyler, 2015). This study
specifically investigates the teaching of waves with inquiry-based learning to lay bare possible changes
and improvements in students’ attitudes, because it is high time these prejudices were eliminated
(Ayvaci & Bebek, 2018; Djudin, 2018). It is also believed that useful information about the effects of
inquiry-based learning on the teaching process would be obtained after determining students’ views on
the existing physics classes (Ecevit & Kaplan, 2019). It will be useful because the effects of inquiry-based
learning on the teaching process would be ascertained according to students’ views and thus shed light
on studies and applications of physics education (Russo & Adorno, 2018). Applying different learning
approaches to certain topics are believed to guide physics educators as this would reveal whether these
approaches change students’ attitudes and views. Recent studies show that students’ interest in inquiry-
based learning has increased (Chairam, Klahan, & Coll, 2015; Hwang, Chiu, & Chen, 2015); this study is
expected to bring clarity to the qualitative scale of these results. This study aims to lay bare the effect of
an inquiry-based learning approach on physics education and the quality of learning through students’
views (Lederman, Lederman, & Antink, 2013; McConney, Oliver, Woods-McConney, et al., 2014). It is
believed that this would prevent both the negative attitudes towards subjects within physics classes and
the learning difficulties (White & Tyler, 2015; Stephen, 2015). One advantage of this study is that there
are few applied studies, especially on waves in literature, and this is the first time an inquiry-based
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learning approach is applied in class. The study is important because it will show the change in students’
attitudes and views in the process; this approach aims to enable students to acquire skills to reach
information rather than merely passively receive it (Pedaste et al., 2015). In other words, this study aims
to contribute to students’ views and attitudes as well as to increase the quality of teaching through
inquiry-based learning/teaching processes (Donohue, Buck, & Akerson, 2020). It also aims to develop
students’ attitudes and skills such as critical thinking, asking questions and problem-solving by adopting
an inquiry-based learning approach while teaching the waves (Uum, Verhoeff, & Peeters, 2016). As such,
with their improved attitudes on waves, students would participate in the process by discussing their
ideas with scientific explanations and experimental proofs (Thier & Daviss, 2001; Sabourin, Mott, &
Lester, 2013). Now that students’ sense of wonder has been poked, they can transform information into
significant knowledge, and develop a positive attitude for the waves by understanding its importance in
daily life (Kang & Keinonen, 2018). Finally, students’ positive views on the teaching of physics classes
would increase the use of this approach in physics education and thus increase the quality of education;
they would also encourage radical changes in education by keeping in step with the developments of
the time (Minner, Levy, & Century, 2010; Sagdic, 2018).

This study sought answers for the following problem sentences, keeping in mind that the research
was limited with the inquiry-based learning approach conducted on the subject of waves and with the
data obtained from 10" grade students of an Anatolian high school:

e  What is the effect of inquiry-based learning on students’ attitudes towards waves as a subject?

e How does teaching waves through inquiry-based learning change students’ views on teaching
process of physics course?

Method
Design

This study employed mixed research methods by using together both qualitative and quantitative
research methods (Johnson & Onwuegbuzie, 2004). By the mixed research method, qualitative and
quantitative data were collected, analyzed, and were interpreted by relating them to the research
findings (Creswell, 2003). The embedded experimental pattern was adopted in this study, which is part
of Creswell’s classification of mixed research methods. Embedded empirical models enabled the
researchers to collect participants’ views within an experimental intervention. Experimental results
were interpreted by integrating them into participants’ viewpoints. In this respect, separate problem
sentences were used for qualitative and quantitative findings in this study; data were collected
simultaneously, however, they were analyzed separately and were interpreted with the findings of the
study (Teddlie & Tashakkori, 2015). “Students’ attitudes towards the application of waves according to
inquiry-based learning approach” constituted the qualitative data. In contrast, “students’ views on the
teaching process of physics classes with the application of waves according to inquiry-based learning
approach” constituted the quantitative data. In the quantitative scales of the study, single group pre-
test-post-test design was used; a pre-test was done before doing any measuring of the dependent
variable, and a post-test was carried out after the application (Fraenkel & Wallen, 2006).

Study Group

The study group consisted of 10™ grade students of an Anatolian high school. Students were
included in the study voluntarily, and the research was conducted in the Spring semester of the 2017-
2018 academic year. The study group was determined by criterion sampling, which is one of the
purposeful sampling methods. Purposeful sampling aims to examine costly situations in detail (Yildirim
& Simsek, 2018). In this respect, the criterion for being a participant was determined as being a 10"
grade student. Quantitative data of the study was collected with the participation of 58 students who
were enrolled in classes in which the subject of waves was taught according to the inquiry-based
learning approach. Quantitative data was gathered from 13 students in these classes, whose class
participation and success levels were determined by their teacher to be low, intermediate, and high.
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Since the number of students in these classes was high, the focus group was established to represent 58
students based on specific criteria (Schofield, 1990). In other words, these 13 students were selected
purposefully because they provide enough information for this study (Patton, 1990). In this respect,
while the attitude scale was applied to all students, semi-structured interviews were carried out only
with the focus students.

Data Collection Tools
Attitude Scale on Waves

The attitude scale for physics developed by Tekbiyik (2010) was used to collect the quantitative data
of the study. This scale has four subscales, namely, importance, comprehension, need, and interest.
Cronbach Alpha internal consistency coefficients of the subscales were calculated to be 0.838, 0.795,
0.794, and 0.717, respectively; the internal consistency coefficient for the 30-item scale as a whole was
determined to be 0.873. Additionally, the application of this scale was made with 9t graders in 2010.
Since this study selected 10™ graders as its focus group, and since the secondary education physics
program was updated in 2013, the attitude scale for physics required several alterations. The
researchers made the range more specific for the subject of waves in line with the aim of this study. In
other words, a broad scale was turned into a more specific one. Thus, items were changed, added, or
taken out of the range, and finally, a 30-item attitude scale was designed for the waves. Then, 12 physics
educators were consulted for the size; these experts examined the content, comprehensibility, and
significance of the items. Each expert evaluated the scale on their own; necessary changes in the range
were done, taking into consideration their nonconflicting views; some things are taken out while some
of them were altered. Afterwards, items on the scale were examined by an expert on Turkish. Finally, a
26-item range was obtained after meeting the content validity. The newly designed scale was
administered to 346 11" grade students as a pilot study in which the students rate themselves on a 5-
point Likert scale from “‘strongly disagree (1) to ““strongly agree (5).” The pilot application was carried
out with the participation of 346 11" graders because these students had recently covered the subject
of waves in their physics classes. In light of all these, the scale was put through explanatory factor
analysis to determine the most appropriate number of factors for the size, to see whether the items are
relevant indicators of the determining factor, and to prove the scale’s construct validity (Brown, 2015).
In this respect, exploratory factor analysis was carried out with 346 students by using SPSS.

Skewness and kurtosis values of items were checked for the relation of the details of the scale to
attitude (Tezbasaran, 2008). It was seen that the kurtosis and skewness values of all items were
between -1 and +1. Z values of the questions were examined; items’ Z values were in the -3, +3 interval.
No detail was taken out of the scale after the data obtained from kurtosis, skewness, and Z values. After
examining the total item test correlation, question #3 was taken out of the scale because it had a low
relationship (0.161). It is indeed known that items whose item-total correlation value is 0.30 and higher
distinguish individuals well, items whose item-total correlation value is between 0.30-0.20 can be used if
necessary. Those with item-total correlation lower than 0.20 cannot be used (Buyukozturk, 2007). Then,
multi-variable outlier values were checked; 15 students who go over 52.620 by the number of items
were defined as outlier value, and data related to these students were taken out.

The Kaiser-Meyer-Olkin (KMO) coefficient and Barlett test were applied to see the construct validity
of the scale after its exploratory factor analysis. KMO coefficient is expected to be at least 0.60, and the
Barlett test is expected to be significant so that the appropriateness of data for factor analysis can be
seen (Buyukozturk, 2007; Kalayci, 2005). In this study, the KMO coefficient was found to be 0.902 and
Bartlett test value to be 2543.363 (p=0.000 significance level); hence, data were deemed appropriate for
factor analysis. Similarly, with the varimax rotation method, the common factor variance of items was
determined to be between 0.386-0.897. Moreover, after the rotation procedure, nine overlapping
issues, which gave a load of 0.30 or more to both factors, were removed from the scale (Worthington &
Whittaker, 2006). The remaining 16 items were seen to be gathered under two factors, eigenvalues of
which are 6.845 and 1.730, respectively. The final version of the scale accounted for 54% of the total
variance. The scree plot representing the eingenvalues is presented in Figure 1; interestingly, there is a
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fast drop from the first factor to the second. This plot indeed reveals that the scale is a two-factor one
(Bryman & Cramer, 1999; Buyukozturk, 2007).

Eigenvalue

Factor/Component Number

Figure 1. The Scree Plot Representing The Eingenvalues

Gathered under two factors, 11 positive and five negative items of the 16-item scale, which took its
final form with the data obtained from 331 students, were in harmony. Factors were thus named based
on item contents. Both elements were named accordingly. In the final phase, the internal consistency of
the scale was checked by calculating the Cronbach Alpha coefficient of each factor. The internal
consistency coefficient was 0.909; reliability was 0.891 for the first factor and 0.844 for the second.
Factor names, items under these factors, factor loads of things, and Cronbach Alpha coefficients of
elements can be seen in detail in Table 1.

Table 1.
Names of Factors, Factor Analysis Results and Cronbach Alpha Coefficients of Items of Scale
Factor Name Cronbach Alpha Items Factor Load
Factor 1 Factor 2

Learning 0.891 11 0.841
12 0.897
13 0.798
14 0.605
15 0.788
16 0.575
17 0.684
I8 0.668

Daily Life 0.844 19 0.837
110 0.671
111 0.773
112 0.832
113 0.386
114 0.563
115 0.661
116 0.476

Based on the obtained results, it was decided that the 5-point Likert-style “Attitude Scale for Waves”
is a valid and reliable measuring tool to determine students’ attitudes.

Semi-Structured Interview Questions

Interview questions designed by the researchers were used to gather the qualitative data of the
study. These semi-structured interview questions were asked to the students within a specific frame;
however, due to the nature of qualitative data, this frame was breached, and a more in-depth data were
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collected through students’ answers (Glesne, 2012). The aim here was to put forth students’ views more
clearly on the teaching process of physics classes. As such, the main questions posed to the students are
given below. The format also asked additional items to the students of semi-structured interviews:

e  What kind of activities do you do in a physics lesson: (Experiment, observation, project, etc.)

e How, in your opinion, should physics classes be conducted? What kind of activities should be
part of the courses?

e  What would you do to prepare for a never-before-seen subject in physics? Explain.

e How do you use the knowledge you obtained in physics classes in daily life? Where do you
make use of this knowledge? Explain.

e What are your favorite activities in physics classes? Explain.
e What are the most challenging activities in physics classes? Explain.

e What kind of a method should be followed when faced with a problem in the learning of a
subject in physics classes? Explain.

These semi-structured interviews were held pre and post application. During the use, students were
asked general questions about the teaching of physics classes so that they move from the general to the
specific. Students were not guided at this stage. Necessary inferences appropriate for the aim of the
study were made, and students’ views on the process of the teaching of physics were reflected. As
indicated by Yildirim (1999), data obtained from students should be organized so that they would reveal
the main themes related to the research problem, and they should have a meaningful structure. In
short, semi-structured interviews were carried out as such in detail. In this respect, the pre-interviews
aimed at revealing the achievements students already had and at determining how their views changed
post-interviews. Thus, the participants were asked the same questions pre and post-interviews.
Moreover, the interview questions used in the study were presented to 12 experts in physics education,
after which they took their final form; these experts were consulted to provide content and predictive
validity of the questions.

Application

The teaching that was done by inquiry-based learning was completed in 10 weeks. It included
various activities such as simulations, animations, videos, demonstration experiments, educative games,
study sheets, whisper groups, guess-observe-explain, concept maps, concept nets, and case study
applications. As such, students became active participants in the class. Five activities were designed,
keeping in mind the 2013 secondary education physics teaching program. These activities are “Let’s
jump rope, Superposition, Tsunami, Stroboscope, and Would Bogazici Bridge fall?” In-class applications
of these exercises were conducted through the 5E learning model. As an example, “Let’s jump rope”
activity has the following learning outcomes (Ministry of National Education [MNE], 2013):

“10.3.1.4. It creates spring and periodic waves and explains the difference between them.

a. Students are ensured to understand that pulse is not a basic physics concept but one that is
created to examine the wave’s qualities.

b. Students are provided to test pulses’ reflection from the fixed and free end by experimenting or
using simulations, etc.

c. Students can analyze the variables on which the pace of a pulse created on a strung bow depends.
d. Mathematical operations about the speed of vibration are left out.”

The activity was planned to be conducted in 80 minutes by employing demonstration experiments,
simulation, question and answer, video shows, animations, and discussion.
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In the “Engage” step of the activity, students have distributed the activity paper on the pulse and
periodic waves, which can be found in Appendix A. They were asked to answer the questions at different
phases, namely after the demonstration experiment, the animation, and at the end of the activity. Then,
three students were invited to the front of the class and given a rope. The demonstration experiment
was carried out with the participation of these students: two of them controlled the line while the third
one jumped. Assuming that the one jumping rope was called to the principal’s office, the other two
were asked to continue. One of them held the rope stable, and the other created the pulse by oscillating
the rope back and forth. In other words, students were made to develop periodic waves. Then, students
were asked several questions about the experiment. They were expected to interpret these situations
demonstrated by the research. They were given a couple of minutes to write down their views on the
activity paper. Consequently, the aim was to arouse curiosity, motivate them for the class, and to reveal
their previous knowledge on the topic by asking questions.

In the “Explore” step, students were shown animations so that they could think about and explore
the related concepts (Links:
https://www.vascak.cz/data/android/physicsatschool/template.php?s=kv_odraz_na_konci&l=tr&zoom=
0, https://www.edumedia-sciences.com/tr/media/520-yay-dalgalar-2). Then, they were asked to fill in
the activity paper, being warned that they should not make any alterations in their previous drawings
and explanations. Based on their pictures and descriptions, the reflection of periodic waves and the
pulse from the fixed and free end was discussed in class. Students were then told that the vibration was
divided into two as lateral and vertical; they were given time to think about “What could be the
difference between a lateral and vertical pulse?” Students were shown videos and animations so that
they can get together options to solve the problem (Links:
https://www.youtube.com/watch?v=yG2LNDIwSrg,
https://www.vascak.cz/data/android/physicsatschool/template.php?s=kv_pruzina&I=tr&zoom=0,
https://www.vascak.cz/data/android/physicsatschool/template.php?s=kv_vinostojate&|=tr&zoom=0).
After the video and the animations, they were asked the following questions to explore knowledge
within a discussion platform: “What type of wave has oscillation perpendicular to the movement of the
wave? What type of wave has oscillation parallel to the movement of the wave? What kind of wave
contains compression and relaxation? What kind of wave would you get if you vibrate a bow from its
tip? What type of wave has a wavelength?”.

In the “Explain” step, the teacher wrapped up the topic taking into account the students’ views and
explained the concepts of pulse, periodic waves, amplitude, and magnitude. Then, students were
encouraged to compare the teacher’s explanations with the result of their exploration. Afterwards,
students studied actively on a simulation to justify their thoughts on the concepts (Links:
https://phet.colorado.edu/sims/normal-modes/normal-modes_en.html,
https://phet.colorado.edu/sims/html/wave-on-a-string/latest/wave-on-a-string_tr.html). As such, the
students were expected to explain the concepts they explored with the help of their teachers. The
students were then asked the question, “Do you know what the distance between peaks or troughs of
two waves denotes?” They were ensured to arrive at the correct answer, which is a wavelength, and
they were helped with crystallizing their knowledge. Students learned the relationship between the
wavelength, the speed of a wave, and period by making deductions from the x=v.t after they were
introduced to the concepts of frequency and period. Then, they had a class discussion on these
concepts. Finally, students were shown a video of a sportsperson and were asked the following
question: “This rhythmic gymnast moves her ribbon as you can see. Examine the wave movement made
she makes with her ribbon and comment on the frequency of the wave, the wavelength, and the
amplitude of the wave that occur in the wave movement.” (Link:
https://www.youtube.com/watch?v=4EIzONj55c0). Their answers were also discussed in class. During
the discussion, they were asked to examine their classmates’ ideas critically and to prove their own.

In the “Elaborate” step, the aim was to deepen students’ knowledge using the demonstration
experiment. They were asked the question, “What else, in your opinion, can the speed of the pulse
depend on?” The demonstration experiment was carried out with the bows brought into class. Bows of
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different thicknesses were used; one end of the bow was plugged into the dynamometer, and a student
held the other. The student was asked to tighten the bow and read the length shown on the
dynamometer. Then, creating a pulse of the bow, the arrival time of the pulse was measured by a
chronometer. The measurement was repeated by changing the force of the tightening of the bow.
When the effect on the same bow changes, so does the speed of the pulse, which can be calculated by
using the formulae x=v.t It was also determined after measurements that the rate of the vibration on
different bows with the same force effect is different. Students were asked what the reason for this
difference could be. Students then understood that the speed of the pulse depends on the force that
tightens the bow as well as the mass of the bow. Then, in a class-discussion format, students were asked
to give examples from daily life about the related concepts, and they were encouraged to transfer their
knowledge into new situations.

In the “Evaluate” step, students were asked to fill in the activity papers in full, and the teacher
collected these papers. The collected articles were shuffled and distributed to students so that they can
evaluate each other. The final activity papers were taken back to be assessed by the teacher; students
were asked to do some research for the next activity and look at some sources. Then, the teacher
shared her opinion on the process with the students and completed the action “Let’s Jump Rope.”

Before and after the teaching of waves via the inquiry-based learning approach, students’ views and
attitudes were examined. Pre and post the application, an attitude scale was applied, and semi-
structured interviews were conducted about the teaching process of physics. The attitude scale on
waves was used to 58 students in approximately 20-25 minutes in class in one class hour pre and post-
test. The pre and post-test attitude scale data applied in the study showed the change in students’
attitudes. Interview questions designed by the researchers were also asked at pre and post-interviews
to 13 students in a week. These interviews were conducted face-to-face at school at a time agreed upon
with the students. The semi-structured interviews took approximately 20-25 minutes, and a voice
recorder recorded them.

Data Analysis
Analysis of Quantitative Data

SPSS was utilized in the analysis of the data obtained from the attitude scale. A Paired-samples t-test
was used to express the collected data procedurally. The t-test, parametric testing, is based on
comparing measurement results instead of comparing the results obtained from a sample with the
universe (Cepni, 2014). In this study, 58 students from two classes, who were matched to one another,
answered the attitude scale, which was applied as pre and post-test; their answers were analyzed. Their
responses were controlled, whether there is a significant difference (Ural & Kilic, 2005). The “t-test
determined this difference.” Moreover, the effect size as an indicator of practical significance was also
calculated (Cohen, 1994). Data obtained from the attitude scale were analyzed by descriptive statistical
methods (mean, percentage, frequency, standard deviation). To examine students’ attitudes, the mean
of all items in the scale was calculated, these means were determined to be attitude levels of students.
Finally, students’ attitude towards the teaching of the waves according to the inquiry-based learning
approach was evaluated by looking at the answers the students gave in the attitude scale for the waves.

Analysis of Qualitative Data

Students’ views on the teaching process of physics were analyzed by content analysis. In content
analysis, similar concepts are gathered under specific themes and categories and interpreted in such a
way that readers can understand them easily (Creswell, 2014). Moreover, it is a systematic and
repeatable technique which allows the words of a text to be summarised under specific categories using
codifications based on certain rules (Krippendorff, 2004; Neuendorf, 2002). A transcript of the student
interviews was transcribed into a word document, and the answers of each student were grouped under
the questions. These answers were analyzed one by one by the two researchers at different times.
Similar responses were grouped under specific categories. Students’ answers were put under a code
title under these categories. Then, the two researchers collaboratively worked on them. This analysis

563



BEZEN & BAYRAK — Cukurova Universitesi Egitim Fakiiltesi Dergisi, 49(2), 2020, 555-599

was visualized in the findings section in the form of tables. Differences that occurred between the pre
and post-interviews were visualized in the table. Expert opinion was consulted while forming the
categories and themes. Two experts on physics education separately read the transcripts, and they
examined the appropriateness of the codes under specific topics and categories. The experts had
consensus as well as differences of opinion. They came together and revised their differences; after
that, the reliability of the interviews was determined to be 90%. Miles and Huberman (1994) indicate
that any result that is 70% and higher would mean that the research is reliable.

For the validity and reliability of the qualitative data, several strategies such as plausibility,
transmissibility, consistency, and confirmability were checked. The plausibility of the study was achieved
when the authenticity of data, the relationship between the processes, data, and the findings were
presented objectively to the experts. Transmissibility of the study was proven when the data were
presented by direct quotations and without any comments. Yin (1994) and Merriam (1988) contend that
in semi-structured interviews, the participants’ views and thoughts should be directly narrated to the
reader using direct quotations without any subjective interference. Within the scope of transmissibility,
the study group was determined by purposeful sampling, and the defined criterion was laid out in detail.
For consistency, interviews were recorded while they were conducted face to face; the same experts
generated validity-reliability studies of data. Finally, for confirmability, data of the study were confirmed
by the obtained results, they were related to literature, and the findings were presented to the readers
(Yildirim & Simsek, 2018).

Ethical Procedures

Ethical principles and rules were followed during the planning of the research, data collection,
analysis, and reporting. The consent form was signed by the study participants. This research was found
ethically appropriate with the decision numbered 76000869/431-3807 at the meeting held by Hacettepe
University Senate Ethics Commission on 07 November 2017.

Findings
Quantitative Findings

It was examined whether there is a significant difference between the quantitative findings obtained
in the study and the students' attitude levels towards the subject of waves. The mean and standard
deviations of the pre and post-test attitude values were calculated to determine students’ attitude
levels concerning the waves. Then, the effect size was calculated according to the difference of group
mean to “standardize the difference between mean” (Kotrlik & Williams, 2003). Cohen’s d effect size
formula was employed, and the effect size of the attitude scale was found to be 1.17 (Cohen, 1988).
Since a value higher than 0.80 indicates a high effect size, it was accepted that the effect size of the
study is significant. Skewness and kurtosis values of the pre and post-test data were examined; it was
determined that they have a normal distribution since the result of the examination was between -1, +1.
After this procedure, a t-test was done to see whether the difference between the pre and post-test
concerning the subscales of the attitude scale is significant, and the results are presented in Table 2.

Table 2.
T-Test Results Concerning The Subscales of The Attitude Scale
N X sd df t p Cohen’s d
Pre-test 58 27.03 4.67 0.000
L i -5. .
earning Post-test 53 3143 a3a > % o5 0¥
Pre-test 58 23.32 4.68 0.000
Daily Li -6. 1.12
aily Life Post-test 53 2006 692 ° 09 (005

The learning subscale test results of the pre and post-test show that the mean of the post-test is
31.43, and the way of the pre-test is 27.03, which indicates that the arithmetic means of the post-test is
higher than that of the pre-test. T-test was applied to see whether the difference between the pre and
post-test scores is significant, and the t value was found to be -5.67. There was a significant difference
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between the post and pre-test scores (t=-5.67, p<.05). Moreover, Cohen’s d effect size was calculated to
be 0.97 in the learning subscale, which revealed that its effect size is large. After comparing the pre and
post-test scores in the daily life subscale, post and pre-test means were determined to be 29.96 and
23.32, respectively. Post-test ways were higher than the pre-test means, and the t value was -6.00. It
can be argued that the post-test scores significantly differ from the pre-test scores (t= -6.00, p<.05).
Finally, Cohen’s d effect size was calculated to be 1.12, which revealed that its effect size is large.

After the procedural analysis, data were also descriptively interpreted. Students’ answers were
expressed by calculating means, percentage, attitude level, and standard deviation of the pre and post-
test scores related to the subscales. For the negative items in the scale, reverse scoring was done (1->5,
2->4,4->2,5->1). Detailed information can be found in Table 3.

In the learning subscale, most students’ attitudes concerning the waves for items 1 and 2 in the pre-
test were at level 3 (39.7%, 37.9%). In the post-test, it was determined that students’ attitude levels
changed for these items: they were raised to levels 4 and 5 (67.2%, 77.6%). Before the application,
question 3 was rated as 4 and 5, indicating agreement by more than half of the students (58.6%). The
agreement rate for this item was increased through an inquiry-based learning application (79.3%).
Students whose attitude level was 3 for questions 5 and 8 (56.9%, 44.8%) were determined to agree at
levels 4 and 5 in the post-test (75.9%, 63.8%). For the negative expressions in the related subscale,
students’ attitude was determined to be at level 3 for items 4 and 6 in the pre-test (41.4%, 31%).
However, after the inquiry-based learning applications, students’ attitudes were seen to increase
significantly in the post-test to levels 1 and 2 for these items (82.7%, 58.7%). For question 7, students’
attitude, which was at level 2 in the pre-test (50%), improved and rose to level 1 in the post-test
(46.6%). Generally speaking, a comparison between the findings obtained from pre-test and post-test
indicated that students’ attitudes improved in most items; and the most significant improvement was in
question 6.

In the daily life subscale, students’ attitude, which was at level 3 for items 9 and 10 in the pre-test
(41.4%, 48.3%), increased to level 4 and 5 in the post-test (62%, 60.3%). Likewise, for items 12 and 16,
students’ attitude level increased from 3 to 4 and 5 in the post-test (62.1%, 55.2%). For question 13,
students’ attitude level was at 4 and 5 in the pre-test (50%), and it was determined that the number of
students’” who agree with the same attitude level increased in the post-test (62.1%). Also, it was seen
that students’ attitude level for item 14 was 1 in the pre-test (31%). After the inquiry-based learning
application, it was observed that this was increased to level 5 in the post-test (37.9%). As far as the
negative items were concerned, students’ attitude level was at 1 and 2 for questions 11 and 15 in the
pre-test (44.8%, 65.5%). However, it changed significantly in the post-test; the number of students who
agree with the same attitude level significantly increased (67.2%, 81.1%). Generally speaking, a
comparison between the findings obtained from pre-test and post-test indicated that students’
attitudes improved in most items; and the most significant improvement was in question 14.

Consequently, students’ answers on the scale were treated both procedurally and descriptively in
both subscales. It was determined that students’ attitudes change positively in the test of the subject of
waves according to the inquiry-based learning approach.
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Table 3.
Students’ Attitudes in Pre and Post-tests concerning the Learning and Daily Life Subscales
Subscales # Items Pre-test Post-test
Level of attitude** (%) X SD Level of attitude** (%) X SD
1 2 3 4 5 1 2 3 4 5
Learn 1 | can quickly solve problems on waves. 10.3 17.2 39.7 32.8 0 2.95 0.963 1.7 5.2 25.9 43.1 24.1 3.83 0.920
2 | find it easy to use formulas on waves. 5.17 17.2 37.9 34.4 5.17 3.28 0.874 0 1.7 20.7 58.6 19 3.95 0.686
3 | can easily understand the waves as a subject. 0 10.3 31 37.9 20.7 3.69 0.922 0 0 20.7 56.9 22.4 4.02 0.662
4 | find symbols related to waves complicated.* 10.3 27.6 414 13.8 6.9 3.21 1.039 24.1 58.6 13.8 1.7 1.7 4.02 0.783
5 | find it easy to use the symbols related to 1.7 155 569 224 34 3.10 0.765 34 0 20.7 569 19 3.88 0.839
waves.
6 | get bored in class when the subject is waves. * 189 275 31 13.8 86 3.33 1.176 32.8 259 275 86 5.2 3.78 1.109
7 Ihate waves as a subject. * 345 50 103 52 0 414 0805 46,6 362 103 34 34 419 0.999
8 | find waves as a subject interesting. 1.7 103 448 379 52 3.34 0.807 1.7 5.2 293 414 224 378 0918
D. Life 9 We see applications of the waves as a subjectin 6.9 155 414 276 86 3.16 1.023 3.4 8.6 259 379 241 3.71 1.043
daily life.
10 | believe everyone needs to learn about the 19 276 483 5.2 0 2.40 0.857 103 5.2 241 379 224 357 1.201

waves as a subject.

11 The knowledge | have on the waves has no use 10.3 345 29.3 17.2 86 3.21 1.120 224 448 207 6.9 5.2 3.72 1.056
for me in interpreting things around me. *

12  |think waves as a subject is directly related to 13.8 345 414 8.6 1.7 2.50 0.903 5.2 6.9 259 328 293 3.74 1.117

daily life.

13  |think expenses made on research on the waves 1.7 121 36.2 431 69 3.41 0.859 0 5.2 328 36.2 259 3.83 0.881
as a subject are well-spent.

14 Knowledge of waves is necessary for my 31 20.7 241 17.2 6.9 2.48 1.287 19 5.2 12.1 25.9 37.9 3.59 1.511
professional life.

15 Developments on waves as a subject do not 13.8 517 17.2 121 5.2 3.57 1.045 48.3 328 121 1.7 5.2 4.17 1.062
make our daily living conditions any better. *

16 |think professions need knowledge of waves. 19 24.1 37.9 15.5 3.4 2.60 1.075 5.2 8.6 31 20.7 34.5 3.64 1.165

*Negative items in the scale, **From 1 to 5, responses represent "strongly disagree" to "strongly agree."
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Qualitative Findings

Students’ views on the teaching process of physics classes were examined in the qualitative findings.
Students were asked seven questions, and these questions were gathered under six themes and 32

categories. The analysis of students’ answers is presented in detail in Table 4.

Table 4.

Students’ Views on the Teaching Process of Physics Course

Themes

Categories

Pre-interview

Post-interview

The Actual
Teaching

Solving problems
Experiment
Simulation

Video

Discussion

Group studies

‘l

The Desired
Teaching

Experiment

Simulation

Group studies

Visual material

Modeling

Relating the subject with daily life
Project

Video

2 <2 2 <2

Preparation

Nothing
Examining secondary sources
Exploring the internet

2. 2 2|2 2 2 2 2 2 2 2|2 2 2 2 2

Place of Physics in
Daily Life

Relating it to mechanics
Relating it to electrics
Relating it to optics
Relating it to waves

Challenges of
Physics

Electrics experiments
Teaching abstract concepts

Solutions to
Challenges in
Physics

Creating grounds for discussion
Referring to literature
Experimenting

Using visual material

Relating concepts with daily life
Simulation

Showing videos

Simplifying the topic by using
modeling

Solving problems

2.2 2 2 2 2 2|2 2 (2 2 2 2

2 2.2 2 2 2 2 2 (2 2 (2

2

It is interesting to note that students only mentioned solving problems in the pre-interview when we
look at the first theme — “Actual teaching” determined through the students’ responses. Students only
had solving problems activities while learning previous subjects. However, when they were asked the
same question post-interview, it was seen that they included experiments, simulations, videos,
discussion, and group activities in their answers. Students’ explanations about this theme can be seen
below (S: Student, #: Student Number):
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$3: We do not do any activities in physics. The teacher merely writes down a question on the board,
and we solve it.

S$8: In the post-application, we did several activities such as experiments, simulation, video,
discussion, and group study.

In the “Desired teaching” theme, it was seen that students mentioned experiments, simulations,
visual materials, and group activities in the pre-interview. In the post-interview, they added modelling,
relating the topic to daily life, project, and videos. One can say that activities that were conducted in the
applications set precedence for students. Students’ explanations about this theme are given below:

S1: I would like our knowledge to be supported by simulations. | would like abstract concepts to be
made concrete for clarity. Similarly, visual material can be used.

S4: We can discuss the place of physics subjects in daily life; items can be taught by relating them to
everyday life more. Even modelling can be done in classes.

In the pre-interview for the “Preparation” theme, students indicated that they usually do not
prepare for the subjects that are to be covered in class. However, it was determined in the post-
interview that students were more informed about preparation, and they looked up resources and
utilized the internet. Students’ expressions regarding this theme are given below:

S5:1do some online research before class, and | skim through the book.

When students were asked about the place of physics in daily life, they usually associate it with
mechanics, optics, electrics, and the waves. In the pre-interview under the “The place of physics in daily
life” theme, students mentioned four primary areas, and they gave examples related to the waves post-
interview, which was about the waves. Below can be found how students relate subjects to daily life:

S$12: 1 now know that the volume of our voice increases when we want to be heard.

In the “Challenges of physics” theme, it was seen that students mentioned learning about abstract
concepts and experiments on electricity. Students expressed the same things in the pre and post-
interview.

Finally, when students were asked how these challenges faced in physics can be overcome, in both
the pre and post-interview, they talked about various methods that can be used. Under the “Solutions
to challenges in physics” theme, students mentioned creating a discussion platform, consulting
literature, doing experiments, using visual materials, relating the concepts with daily life, using
simulations and videos in the pre-interview. In the post-interview, they added modelling, simplification,
and solving problems. Students supported these categories with the expressions given below:

510: | would prefer to do modelling in class. | would simplify the lecture. | think this can solve the
problem and ensure meaningful learning.

It can be inferred from the quantitative data that students’ views on the teaching of physics classes
changed in a positive direction after being taught via the inquiry-based learning method.

Discussion & Conclusion

Teaching the subject of waves via an inquiry-based learning method has a positive effect on
students’ attitudes because there was a significant difference between the students’ attitude scores in
the pre and post-test in both learning and daily life subscales. This enabled both subscales to be handled
together and expressed through attitude towards waves. Consequently, it was determined that
students’ attitudes changed positively. However, there are studies in the literature which argue that
changing the position in a short amount of time is difficult (Karamustafaoglu, 2003; Ozsevgec et al.,
2006). It is because change is related to perception, and belief requires time, and not only the process
but also encouraging students by guiding them is crucial. In other words, increasing the number of
students who are interested in a subject and who are keen on learning it through student-centred
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teaching depends on the time variable (Sheldrake, Mujtaba, & Reiss, 2019). This study, too, considers
the positive effect that having the application in about ten weeks has on attitude. Similarly, there are
studies in the literature which contend that students having more positive views and opinion increases
success because position and success are related; students’ learning styles and problem-solving skills
directly affect this relationship (Balta & Asikainen, 2019). In this respect, this study prioritized
conceptual learning instead of operational learning so that students thoroughly understand concepts.
Theoretical knowledge focuses on the meaning-making of a subject where the student is actively
engaged; it also focuses on improving their problem-solving skills (Pedaste et al., 2015). In other words,
if one can create learning environments where students learn by doing and experiencing things, then
their success will be inevitable (Fischer & Hanze, 2019). To this end, in this study, students indicated that
they were quickly able to understand the waves after the application and that they could comfortably
use the formulae and symbols related to this topic. Indeed, inquiry-based learning provides students a
different learning opportunity and hence contributes to the development of their inquiry skills (Wu &
Hsieh, 2006). Similarly, Katranci and Sengul (2020) contend that students with advanced inquiry skills
also have high reasoning skills as they try to make sense of a subject by asking “why” and “how.” Also, it
was determined that when students have interactive studies with their peers, do research on the
internet before lectures, and look up secondary sources, it makes learning more comfortable, and it
improves students’ communication skills (Akerson et al., 2009; Bao & Koenig, 2019; Laipply, 2004). Bao
and Koenig (2019) argue that improving communication skills is crucial, especially in 21%-century
learning. Students can deal with complex problems with their communication skills, and they can discuss
ideas stemming from different views. Similarly, they can explore multiple solutions — since their
observation and listening skills have also improved — so that they can find creative solutions to
problems. As such, the teaching method applied in this study can be said to change students’
perspective because the pre-application of the students tried to understand technical information
through presentations and felt responsible only to regurgitate it in the exams. However, they can now
see this subject in terms of a reflection of science on society as well as the solving of daily problems
(Cepni & Cil, 2009; Ormanci & Cepni, 2019). In this respect, the study contributed positively not only to
their attitude but also to their social development and mental skills (Boddy et al., 2003; Uum et al.,
2016; Windschitl, 2003). As Uum et al. (2016) contend, applied activities, discussion platforms, and
video shows need to be employed for students to develop socially and mentally so that they can focus
on learning conceptually. As students learned in a significant and conceptual way by participating in
class, their sense of confidence also improved (Saka & Akdeniz, 2006). They indicated that they can
quickly solve problems on waves and that such studies on waves have contributed to their learning
(Alouf & Bentley, 2003). When students have developed problem-solving skills, they can effortlessly
solve problems they face in daily life (Turnip, Wahyuni, & Tanjung, 2016; Wise, 2006). Students’
cognitive skills, as well as attitudes, improved (Sozbilir et al., 2007; Tatar, 2006; Whitelegg & Edwards,
2001).

It was discovered in this study that the application generated by the inquiry-based learning approach
positively changed students’ views on the teaching process of physics. Students supported applications
of such methods arguing that the existing system relies merely on problem-solving during teaching. At
the same time, the form showed how helpful as well as preferable it was to make use of experiments,
simulations, videos, visual materials, relating topics to daily life, discussion, and group studies to learn
the subject (Chairam et al., 2015; Cam, 2008; Park & Lee, 2004). At this point, students were able to
notice that the methods they wished they had in the teaching process were generated at the end of the
application; they were also able to see that this application was beneficial for their learning (Hwang et
al.,, 2015). In other words, it was evident that students expected to have a productive learning
environment so that there could be a lively communication between the teacher and the student
(Laipply, 2004). Students believe that teachers play a significant role in the effective running of courses
because teaching methods can become functional only when teachers take on a guiding part (Aulia,
Poedjiastoeti, & Agustini, 2018). However, there are results in the literature that reveal that teachers
know how to provide effective teaching but prefer to lecture as they find it challenging to give up their
habits (Ayvaci & Bakirci, 2012; Kidman & Casinader, 2017). It is well-known that lecturing is limited in
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contributing to students’ learning, and it causes difficulties for students, especially when they try to
learn abstract concepts. Thus, several studies put forth that students think teachers should guide them
in the learning environment by suggesting learning styles that actively engage students with the
teachers. Students also believe that teachers should ask them questions to nudge them in the right
direction and should encourage them (Firman, Ertikanto, & Abdurrahman, 2019). In short, students
think that they can attain the desired behavior by improving their sense of confidence with the guidance
they receive from their teacher during the teaching process (Parchmann et al., 2006). All these results
show that students favour the inquiry-based learning approach over traditional approaches (MacKenzie,
2016). As students mentioned the need for inclusion of simulations and experiments in the teaching
process, evidently such activities are helpful for their learning and effective in increasing attitude.
Materials help students get a more comprehensive understanding of the experimental physics classes
(Sari & Guven, 2013; Shi, Ma, & Wang, 2020). Materials would also enable students to acquire the ability
to observe, infer, compare, guess, experiment, interpret, and draw conclusions (Syifahayu, 2017; Wu &
Krajcik, 2006).

After these, at the end of the application, students were aware of the direct relationship between
the waves and the daily life; they mentioned that they come across the forms of waves in everyday life
and that this makes their lives easier. In the study, it was evident from the students’ expressions that
they had improvement in their scientific process and problem-solving skills (Abdurrahman, 2017). When
students can relate topics to their daily experience, they can enjoy these topics more, and thus they
learn more easily; moreover, their knowledge becomes permanent (Kuter & Ozer, 2020; Westbroek,
2005). Kuter and Ozer (2020) also indicate such learning can only be obtained from studies based on
constructivist theory. Therefore, students can integrate into their lives the concepts that are discussed
during the teaching of the waves. Finally, students who participated in this study believed that the
knowledge they accumulated during the education of the waves would be valuable in their professional
lives; they also found that everyone should be knowledgeable about the waves. They can have such a
viewpoint because their skills and abilities about scientific approaches have increased (Tan, Yangco, &
Que, 2020).

These results were reached without any control group or a random method in the study, which
indeed makes the study vulnerable to various threats (Buyukozturk, 2007; Lodico, Spaulding, & Voegtle,
2010). In this respect, measures should be taken against these threats, and the limitations of the study
should be discussed. For instance, the selection of the study group is one of these threats (Johnson &
Christensen, 2019) because these students were determined without any random method. However,
students’ differences were taken into consideration; participants were selected based on their similarity
of being a student at an Anatolian high school, which requires successfully passing an entrance exam, to
minimize the differences. Moreover, teachers were consulted during the selection of the study group.
The study group was selected after their teachers indicated, based on their two-year experience with
these students as their physics teachers, that their students have similar knowledge and success levels in
physics classes (Christensen, Johnson, & Turner, 2015; Lodico et al., 2010). In literature, it was stated
that the past plays an important role and is a threat for studies that lack a control group because any
event that has taken place in history may easily affect the dependent variable. The duration of a survey
should be short enough to avoid this potential threat. That is why this study was conducted in 10 weeks.
Another internal threat was the application of the data collection tools to the same study group twice;
students would be familiar with the questions in the post-application, and this may have affected.
However, there was a 10-week gap between the pre and post-application, which decreased the
possibility for students to remember the items. The data collection tool of the study was appropriate,
valid, and reliable, which is indeed a precaution for any threat against internal consistency. The
preliminary test is also a known external threat. Researchers made sure students did not have any
awareness about the pre-test being used to change their attitude. Necessary precautions were taken,
both on the scale and while briefing the students, to prevent any increase in their awareness of this. It
was how any external threat that would prevent the generalisability of the study was stopped. The fact
that there was no random selection for the study group was a threat to external validity as well. Since
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the generalisability of the study was under risk, it was thought that the application should be carried out
with the participation of a large number of students to increase external validity. To control this threat,
the study was carried out with the maximum number of students that could be reached and were
predicted to work without hindering the application. It is also known that the teacher, who plays a vital
role in the study, should not unconsciously affect the result of the study. It may have an impact on
students’ performance, attitude, and behavior. The teacher should not have any expectations about the
result of the study, and he or she should avoid biased behavior. The teacher in this present study got
together with the researcher every week to go over the activity plans and focused only on the
application process without knowing what the expected result of the study was. Finally, it is well-known
that when students are conscious of being part of a research, they may have a specific behavioral
change, and this may be a threat to the study. Here, students were not informed about inquiry-based
learning; instead, they were told that the teaching of the waves would be done differently. Students
were included in the process without having any expectations concerning the study. It is believed that
the threat stemming from students’ reactions can be controlled as such. On the other hand, the effect of
novelty, which denotes an increased interest, motivation, or class participation for students due to
doing something new or different in class, poses an external threat. It can be controlled by realizing the
research in an appropriate time frame. Since the duration of application was also ten weeks, it can be
claimed that the lengthy use may result in diminishing the effect of a novelty for students (Gay &
Airasian, 2000; Lodico et al., 2010).

The application that was carried out according to the inquiry-based learning approach is believed to
contribute to the students’ attitudes towards waves as a subject and, thus, to the teaching process of
physics. This study, which puts forth the change in students’ attitudes and views, can be used as a
supplementary resource for the waves. It is also believed that this study will be a guiding source for
physics teachers as it was generated at the secondary school level (Russo & Adorno, 2018). There is
limited research on the application of inquiry-based learning for the subject of waves (Fazio, Tarantino,
& Sperandeo-Mineo, 2010; Katsarova & Raykova, 2019; Ozdemir & Kocakulah, 2016), which also proves
that this study will contribute to both national and international literature. Additionally, researchers
who will utilize the data collection tools of this study are advised to test the factor structure of the
attitude scale with confirmatory factor analysis and provide substantial proof for its construct validity
(Cronbach & Meehl, 1955).

In summary, it is not easy to contribute to the teaching and learning of physics classes. Student-
centered approaches that enable students to acquire and construct knowledge on their own require
more energy and commitment than teacher-centered methods (Donohue et al.,, 2020). Merely
presenting information and telling them what they know is wrong means stunting their scientific
learning (Firman et al., 2019). In this respect, electing to employ methods in which students can actively
participate in the process is believed to encourage them to have significant learning (Pedaste et al.,
2015).

All rules included in the “Directive for Scientific Research and Publication Ethics in Higher Education
Institutions” have been adhered to, and none of the “Actions Contrary to Scientific Research and
Publication Ethics” included in the second section of the Directive have been implemented.
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Tiirkge Siirimui

Giris

Yapilandirmacilik, Piaget’in bilissel gelisime ve bilginin var olusuna yonelik ¢alismalarla ortaya ¢ikan
bir 6grenme kuramidir (Yasar, 1998). Yapilandirmaciligin 6ziinde kisinin bilgisini yapilandirmasi, bilginin
transfer edilmesi ve bilginin uygulamaya konulmasi yer almaktadir (Perkins, 1999). 18. ylzyilda “Bir seyi
bilen, onu agiklayabilendir.” ifadesi ile yola cikildigi ve glinimiizde bilginin dogasi ve 6grenme anlayisi
cergevesinde yapilandirmaci kuramin temel dayanaginin olusturuldugu bilinmektedir (Yager, 1991, s.
54). Bu agidan yapilandirmaciligin 6grenme ortamlarinda bilgilerin sorgulanarak, tartisarak, distinceleri
savunarak, hipotez kurarak, dislinceleri paylasarak ve derse aktif katilim saglayarak gergeklestirildigi
ifade edilebilir.

Sorgulamaya dayali 6grenme ise yapilandirmaci kuram kapsamindaki 6rnek olaya dayali 6grenme,
proje tabanh 6grenme, probleme dayali Ogrenme gibi farkh 6grenme yontemleriyle
uygulanabilmektedir. Tim bu yodntemler degisik bicimlerde sorgulamayi kendi iclerinde
barindirmaktadirlar. Clinkli sorgulamaya dayali 6grenmede amag, 6grencilerin bilgi edinme siirecine
iliskin beceriler gelistirmesi ve disinme becerilerini kullanarak yeni durumlara bunlari transfer
edebilmesidir. Sorgulamaya dayali 6grenme silirecinde 6grenciler soru sormaya, arastirma yapmaya ve
bilgilerini analiz etmeye tesvik edilmektedir (Perry & Richardson, 2001). Becerilerin igsellestirildigi ve bu
becerilerin 6grencinin bilgi yapisinin bir pargasi haline geldigi sorgulamaya dayal 6grenmede, 6grenciler
sorularina yanit ararken, problem climlelerini olusturabilmekte ve problem ¢6zmeyi basarabilecekleri bir
siirece girmektedirler (Thier & Daviss, 2001; Wood, 2003). Ayni zamanda 6grenciler bilim insani gibi
gozlemlediklerini agiklamaya calismakta ve kuramlara ulasabilmek icin olaylari sorgulamaktadirlar
(Wenk, 2000). Sorgulamaya dayali 6grenme vyaklasimi ile {st diizey dusinme becerileri
gelistirilebilmektedir, ¢linkli bu 6grenme yaklasimi farkli 6gretim yontem ve modellerini kapsamaktadir
(Lim, 2001). Bu dogrultuda fizik 6gretiminde yararlaniimasi gereken yapilandirmaci kuram, sorgulamaya
dayali 6grenmenin 6grencilerin 6grenmesini saglayan en gigli yollardan biri oldugunu ifade etmektedir.
Clnkl yapilandirmacilik 6gretmeye degil, insanin nasil 6g8rendigi lzerine temellenmis bir kuramdir
(Dagar & Yadav, 2016).

Sorgulamaya dayal 6grenme ve 68retim siireci de, en kapsamli haliyle “soru sorma ve yonlendirme”,
“hipotez olusturma”, “planlama”, “arastirma”, “verilerin analizi ve yorumlamasi”, “model arama ve
olusturma”, “sonuglandirma ve degerlendirme”, “iletisim” ve “Ongord (tahmin)” basamaklarini
icermektedir. Bu basamaklarin sinif icinde uygulamasi ise 5E 6grenme modeliyle gerceklesebilmektedir
(Bell, Urhahne, Schanze, & Ploetzner, 2010). 5E 6grenme modeli, Roger Bybee tarafindan gelistirilmis
olup 1970’li yillarda Biyoloji Bilimi Program Calismalari uygulamasinda kullaniimistir (Bybee, 1993). Bu
6grenme modeli yapilandirmaci kurama uygun, bilimsel siire¢ becerilerine odaklanilarak ve problem
¢6zme boyutu goz oniline alinarak 6gretimin dizenlenmesine destek saglayan bir yol haritasi olarak
tasarlanmistir. Bu noktada 6grencilerin konulara odaklanmasi, bilgilerini kesfetmesi, organize etmesi,
yeni durumlara uygulamasi ve anlamlandirmasi hedeflenmistir (Bybee, 1997). 5E 6grenme modeli adini
kendini olusturan bes asamadan alirken, bu asamalar ilgi uyandirma, kesfetme, agiklama, derinlestirme
ve degerlendirme olarak ifade edilmektedir. Yani, 5E 6grenme modelinin yapilandirmaci kuram
icerisinde yer aldigi ve sorgulamaya dayali 6grenme yaklasiminin 6grenme ortamlarinda kullanildigi
soylenebilir (Wilder & Shuttleworth, 2005).

5E 6grenme modeli sayesinde siireg¢ icerisinde 6grencilere sik sik soru yoneltilerek sorgulamaya
dayali 6grenmenin 6zlinin olusturulmasi, 6grencilerin hayal gliciiniin gelistirilmesi ve 6grenciler i¢in yeni
kapilarin agilmasi saglanmaktadir. Ayni zamanda 6grencilerin bilgi edinme ve problem ¢ézme sirecini
kullanarak yeni bilgileri arastirmalari ve 6grendikleri ile genelleme yaparak beceri ve tutumlarinin
gelismesi amaglanmaktadir (Wilder & Shuttleworth, 2005). Bunlara ilave olarak 6grencilerin birbirleriyle
tartisma ortamina girmeleri ve konuya yonelik sorularini sorarak etkinliklerle sorunlari ¢ozebilmeleri
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istenmektedir. Clnkl Ogrencilerin sirec igerisinde 6nceki bilgilerini yeni edindikleri bilgileri ile
bagdastirarak bilgi yapilandirmalarina destek olunmaktadir (Abell & Volkmann, 2006; Llewellyn, 2002).
Yani 6gretmenin sordugu sorular, 6grencilerin sorular sordugu 6grenme ortamina dénugserek 6gretim
devam etmektedir. Bu esnada 0Ogrencilerin bagimsiz diisinmeleri ve problem ¢ézmeleri igin onlara
firsatlar taninmaktadir. Ogrencilerin siire¢ igerisinde deneyim yasamalari istenmekte, bdylece siire¢
icerisinde sorular 6grenciler tarafindan gelmeye baslamaktadir. Ancak mevcut sistemde 6grencilerin
bilgiye ulagmasi yerine kitaplar vs. araciligiyla 6grencilere istenilen bilginin aktarldigi disiniulmektedir.
Ogrencilerin bu sekilde bilgiyi igsellestiremedikleri sdylenebilir (National Academy of Sciences [NAS],
1997). Bu nedenle 6grencilerin konuyu igsellestirebilmeleri igin, kendilerinin deneyim kazanmalari ve
dolayisiyla arastirma yapmayi 6grenmeleri gerektigi diisiintilmektedir. Clinkli sorgulama sureci bir olayin
gozlemlenmesiyle baslayip merak edilmesiyle devam ederken disiinme ahlskanhgi kazanilabilmektedir.
Yani 6grencilerden sireg¢ becerilerini kullanarak bilgilerini yapilandirmalari beklenmektedir. Clinkii
yapilandirmaci kuram isiginda 6grenmenin hizl ilerledigi bilinmektedir (Chiappetta & Adams, 2004).
Ancak tim bu noktalar diisiintldigiinde sorgulamaya dayali 6grenme siirecinin uzun zaman alabilecegi
akla gelmektedir. Clinki Ust dizey disiinme becerilerinin gelistirilmesinde, 6grencilerin derse katiliminin
saglanmasinda ve problemlere yonelik ¢oziimlerin olusturulmasinda zamanin énemli bir rol oynadigi
soylenebilir (Llewellyn, 2002).

Arastirmanin Amaci

Arastirmada dalgalar konusunun sorgulamaya dayali 6grenme yaklasimina goére uygulanmasinda
ogrencilerin dalgalar konusuna yonelik tutumlarinin ve fizik dersinin 6gretim sirecine iliskin goéruslerinin
belirlenmesi ele alinmistir. Sorgulamaya dayali 6grenme yaklasiminin sinif i¢i uygulama siirecinde 5E
6grenme modelinden yararlanilirken, arastirmada dalgalar konusuna odaklaniimistir. Arastirmada
dalgalar konusunun tercih edilmesinin nedeni, fizik egitiminde genellikle mekanik, elektrik akimi ya da isi
ve sicaklik gibi bazi alanlarda ¢alismalar tizerine yogunlasildiginin gorilmesidir (McDermott & Redish,
1999; Ozdemir & Kocakiilah, 2016). Aslinda dalgalar konusu ile ilgili alanyazinda yer alan calismalarin
diger alanlara gore sinirh sayida olmasi bu calismanin gerceklestirilmesine 1sik tutmustur. Ayrica
alanyazinda dalgalar konusunda gerceklestirilen calismalarin daha cok Universite 6grencileriyle ve
kavram yanilgilarinin belirlenmesine, giderilmesine ydnelik oldugu dikkat cekmistir. Ornegin; Linder ve
Erickson (1989), Barman ve Miller (1996) ve Hrepic (2002) kavramsal olarak ses dalgalarini, Maurines
(1992) ve Wittmann (2002) kavramsal olarak yay dalgalarini, Yalgin (2008) kavramsal olarak su
dalgalarini incelemislerdir. Bu galismalarda c¢ogunlukla 6gretmen adaylarinin kavramsal zorluklarina
deginildigi goriilmektedir. Alanyazinda; arastirmalarda tercih edilen bir 6gretim yonteminin, yaklasiminin
ogrencilerin tutumuna etkisinden s6z edilmedigi ya da ilgili yaklasimla birlikte 6grencilerin dersin
ogretim siirecine yonelik gorislerinin alinmadig gérilmistir. Sadece Oztiirk (2014) tarafindan
gerceklestirilen arastirmada, modsal betimlemelerin taniyip kullanilmasinin, envanter hazirlanmasinin ve
mektup yazilmasinin dalgalar konusundaki akademik basariya ve tutumuna olumlu ydnde etkisinin
oldugu ifade edilmistir. Ozdemir (2015) tarafindan da dalgalar konusunun sosyal yapilandirmaci kurama
uygun Ogretiminin gercgeklestirilmesi ile, 6grencilerde kavramsal olarak degisimlerin oldugunun, tutum
ve motivasyonun arttiginin ifade edildigi belirlenmistir. Son olarak Dilseker ve Serin (2018) tarafindan fen
ve teknoloji dersinde ses dalgalari lzerine proje tabanl 6grenmenin basariya, tutuma ve kavram
vanilgilarinin giderilmesine etkisinin incelendigi goriilmiis ve 6grencilerin kavram yanilgilarinin azaldigi,
basarilarinin ve tutumlarinin da arttigl tespit edilmistir. Alanyazindan dalgalar konusunda mevcut
sistemin yetersiz kaldigi ve bu nedenle farkli Ogretim yodntemlerinden vyararlanildigi sonucuna
varilmaktadir (Harrison & Treagust, 2001; Hewson & Hewson, 2003; Tekbiyik, 2010). Arastirmalarda
dalgalar konusunda uygulanan farkli 6gretim yontemlerinin ise genellikle basariyi, tutumu, motivasyonu
ve ilgiyi arttirdig1 dikkat ¢ekmektedir. Bu noktada alanyazindan farkli olarak arastirmada sorgulamaya
dayal 6grenme yaklasiminin dalgalar konusundaki etkisinin belirlenmesi hedeflenmistir. Clinkl fizik
o6gretiminde yararlanilmasi gereken sorgulamaya dayali 6grenmenin 6grencilerin 6grenimine 6nemli
derecede katki sagladigi ve bu konuda 6zellikle Tilrkiye’de sinirli sayida ¢alismanin oldugu bilinmektedir
(Lederman, Lederman, Bartels, vd., 2019; Shih, Chuang, & Huang, 2010; Thier & Daviss, 2001). Bu
nedenle sorgulamaya dayall 6grenme yaklasimi ile arastirmada 6grencilerin dalgalar konusuna yonelik
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tutumu ve fizik dersinin 6gretim siirecine yonelik gorusleri ele alinmistir. Arastirmada tutumun ele
alinmasinin  nedeni; 6grencilerin  edindigi yeni bilgilerini problem ¢6zme becerileriyle
butlinlestirdiklerinde dalgalar konusuna yoénelik tutumlarindaki gelisimin tespit edilebilecek olmasidir
(Krahenbuhl, 2016). Alanyazindan 6grencilerin genellikle fizik dersine yonelik olumsuz tutuma sahip
olduklari bilindiginden de (Adiyaman & Sert, 2017; Reid & Skryabina, 2002; Taasoobshirazi & Carr, 2008;
White & Tyler, 2015), arastirmada sorgulamaya dayali 6grenme yaklasimi araciligiyla dalgalar konusuna
odaklanilarak tutumda olusabilecek degisim ve gelisimin ortaya konmasi amaglanmistir. Clnku
ogrencilerin fizik dersine yonelik olan zor, anlagilmasi gli¢ vb. olumsuz tanimlamalarinin ¢agin getirdigi
yeniliklerle artik degistirilmesi ve Ozellikle dalgalar konusundaki 6n yargilarin da ortadan kalkmasi
gerektigine inanilmaktadir (Ayvaci & Bebek, 2018; Djudin, 2018). Arastirmada ayrica 6grencilerin mevcut
fizik dersine yonelik goruslerinin belirlenmesinden sonra fizik egitimi icerisinde kullanilan sorgulamaya
dayali 6grenme uygulamalariyla, bu yaklasimin 6gretim siirecine olan etkilerine yonelik yararli bilgiler
elde edilebilecegi dustiniilmektedir (Ecevit & Kaptan, 2019). Cunki fizik dersi 6gretim sirecine
sorgulamaya dayali 6grenme yaklasimi uygulamalarinin etkisi 6grenci bakis agisiyla belirlenmis olacak ve
bu sekilde fizik egitimi galismalarina, uygulamalarina isik tutulabilecektir (Russo & Adorno, 2018). Ayrica
farkli 6grenme yaklagimlarinin belirli konular Uzerinde uygulanmasi ile, ilgili yaklagimlarin 6grenci
tutumlarini ve siirece iliskin gorlslerini gelistirip gelistirmedigine yonelik bilgiler elde edilerek de fizik
egitimcilerine yol gdsterici bilgiler sunulabildigine inanilmaktadir. Ozellikle son yillarda 6grencilerin
sorgulamaya dayali 6grenme yaklasimina yonelik ilgilerinin arttiginin ifade edildigi arastirmalardan yola
cikilarak (Chairam, Klahan, & Coll, 2015; Hwang, Chiu, & Chen, 2015), bu arastirma ile belirlenen
sonuglara nitel boyutta agiklik getirilmesi istenmektedir. Ayrica arastirmada sorgulamaya dayali 6grenme
yaklasiminin fizik 6gretimi ve 6greniminin niteligine olan etkisinin 6grenci gorusleri ile ortaya konmasi
hedeflenmektedir (Lederman, Lederman, & Antink, 2013; McConney, Oliver, Woods-McConney, vd.,
2014). Bu sekilde ilerleyen sireglerde fizik dersi konularina yonelik olan olumsuz tutumlarin ve 6grenme
zorluklarinin da oniine gecilebilecegine inanilmaktadir (White & Tyler, 2015; Stephen, 2015). Bunlarin
vaninda alanyazinda o6zellikle dalgalar konusunda uygulamali galismalara sik rastlanilmamasi ve
sorgulamaya dayali 6grenme vyaklasimi uygulamasinin yapildigi sinifta da ilk kez bu yaklasimin
uygulamalarinin gergeklestirilecek olmasi arastirmada bir avantaj olarak ele alinmaktadir. Arastirma
ogrencilerin tutum ve goéruslerinin sireg icerisindeki degisimini gdsterecek nitelikte olmasi nedeniyle de
onemli gérilmektedir. Clinkli arastirmada yararlanilan yaklasim araciligiyla 6grencilere mevcut bilgilerin
aktarimindansa, onlarin bilgiye ulasma becerileri kazanmalari hedeflenmistir (Pedaste vd., 2015). Yani
arastirmada sorgulama 6gretme-6grenme sireci igerisinde yer alarak 6gretimin niteliginin arttirilmasi ve
o6grenci tutum ile gorislerine sireg icerisinde katki saglanmasi amacglanmistir (Donohue, Buck, &
Akerson, 2020). Arastirmada yapilandirmaci kuramin 6gretim uygulamalarindan biri olan sorgulamaya
dayali 6grenme yaklasiminin 6grenci merkezli olmasiyla da; dalgalar konusunda 6grencilerin soru sorma,
elestirel disinme, problem ¢ézme gibi tim yasamlari boyunca gereksinim duyabilecekleri becerilerinin
ve tutumlarinin gelisimi istenmektedir (Uum, Verhoeff, & Peeters, 2016). Bu sekilde dalgalar konusunda
tutumu gelisen 6grencilerin; bilimsel sorularla ig ice, deneysel kanitlara dayanarak, bilimsel agiklamalarla
fikir tartismasi yaparak ve ispatlarini sunarak siireg icerisinde yer alacaklarina inanilmaktadir (Thier &
Daviss, 2001; Sabourin, Mott, & Lester, 2013). Cunk{ arastirmada 6grencilerde merak duygusunun
artmasi, yeni kesiflerde bulunmalari ve buradan elde edecekleri bilgilerini anlamli bilgiye
donistlrmeleri, dalgalar konusunun yasamdaki Gnemini anlayarak ve konudan zevk alarak olumlu tutum
gelistirmeleri icin gerekli alt yapi olusturulmustur (Kang & Keinonen, 2018). Son olarak 6grencilerin fizik
dersinin Ogretim sirecine iliskin olumlu goérisleri ile fizik egitiminde bu yaklasimin kullaniminin
yayginlasabilecegi ve boylece egitimin kalitesinin arttirilabilecegi, ginimuzdeki yeniliklere ayak
uydurularak 6gretimde kokli degisiklikler olmasina destek olunabilecegi sdylenebilir (Minner, Levy, &
Century, 2010; Sagdig, 2018).

Tim bu ifadeler dogrultusunda arastirmanin bir Anadolu lisesinin 10. sinifinda 6grenim goren
o6grencilerden elde edilen verilerle ve dalgalar konusunda gerceklesen sorgulamaya dayali 6grenme
yaklasimi ile sinirh oldugu belirtilerek, asagidaki problem climlelerine yanit aranmistir:
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e Sorgulamaya dayali 6grenmenin Ogrencilerin dalgalar konusuna yonelik tutumlarina etkisi
nedir?

e Dalgalar konusunun sorgulamaya dayall 6grenmeye gore 6gretilmesi 6grencilerin fizik dersinin
Ogretim surecine yonelik goruslerini nasil degistirmektedir?

Yontem
Desen

Arastirmada nitel ve nicel arastirma yontemlerinin bir arada kullanilmasi ile karma arastirma
yontemlerinden yararlaniimistir (Johnson & Onwuegbuzie, 2004). Karma arastirma yontemi geregince
nicel ve nitel veriler bir arada toplanilmis, analizler yapilmis ve arastirma sonuglari iliskilendirilerek
yorumlanmistir (Creswell, 2003). Arastirmada karma yontem arastirmalari icerisinde Creswell (2014)'in
siniflandirmasinda yer alan gémuli deneysel desen benimsenmistir. GOmUli deneysel desen araciligiyla
da katimcilarin deneysel bir miidahale baglaminda gorislerinin alinmasi amaglanmistir. Deneysel
sonuglar katilimcilarin bakis agilarina entegre edilerek anlasiimaya calisiimistir. Bu baglamda arastirmada
nitel ve nicel bulgular icin ayri problem cimleleri ele alinmis, veriler es zamanli toplanmis ancak ayri
analiz edilmis ve arastirma sonucu birlikte yorumlanmistir (Teddlie & Tashakkori, 2015). Arastirmada
nicel veri olarak ‘Dalgalar konusunun sorgulamaya dayali 6grenme yaklasimina gére uygulanmasinda
ogrencilerin dalgalar konusuna yonelik tutumlari’ ele alinirken, ‘Dalgalar konusunun sorgulamaya dayal
0grenme yaklasimina goére uygulanmasi ile 6grencilerin fizik dersinin 6gretim siurecine yonelik gorisleri’
nitel veri olarak toplanmistir. Arastirmanin nicel boyutunda 6n-deneysel desenlerden tek gruplu 6n test-
son test deneysel desen kullaniimistir. Clinkl deneysel islem tek bir grup tizerinde test edilirken, ¢alisma
grubunun bagimh degiskene iliskin 6l¢timleri uygulama 6ncesinde 6n test, uygulama sonrasinda son test
olarak ayni grupla ayni 6lgek araciligiyla gerceklestirilmistir (Fraenkel & Wallen, 2006).

Calisma Grubu

Arastirmanin ¢alisma grubunu bir Anadolu Lisesinin 10. sinifinda 6grenim goéren 6grenciler
olusturmaktadir. Ogrenciler arastirmaya goniilliiliik ilkesi dahilinde katilmis olup, arastirma 2017-2018
O0gretim yilinin bahar déneminde gergeklestirilmistir. Arastirmada ¢alisma grubu amagl 6rnekleme
yontemlerinde 6lgut drneklemeye uygun olarak belirlenmistir. Amagli 6rnekleme ile zengin durumlarin
derinlemesine incelenmesi hedeflenmektedir (Yildinm & Simsek, 2018). Bu kapsaminda 6grencilerin
katilimci olarak belirlenmesindeki 6lctt; 10. sinif diizeyinde olma olarak belirlenmistir. Arastirmanin nicel
verileri dalgalar konusunun sorgulamaya dayali 6grenme yaklasimina gére gerceklestirildigi siniflarda
o6grenim goren 58 Ogrencinin katilimiyla elde edilmistir. Nitel veriler ise bu siniflarda bulunan ve
ogretmen gorisliyle basari ve derse katiim dizeyleri disiik, orta ve yiksek olarak belirlenen 13
o6grenciden toplanmistir. Arastirmada ele alinan sinif mevcudunun fazla oldugu goéruldigiinden, odak
6grenci grubu belirli 6lgutlerle 58 6grenciyi temsil edecek sekilde belirlenmistir (Schofield, 1990). Yani bu
13 6grenci amagh bir sekilde arastirmanin amacina yoénelik yeterli bilgi sunmalarindan dolayi tercih
edilmislerdir (Patton, 1990). Bu nedenle arastirmada tutum oOlg¢egi tim 6grencilere uygulanirken, yari
yapilandiriimis gériismeler sadece odak 6grencilerle yapilmistir.

Veri Toplama Araglari
Dalgalar Konusuna Yonelik Tutum Olgegi

Arastirmanin nicel verilerini toplamak igin Tekbiyik (2010) tarafindan gelistirilen fizik tutum
olgeginden yararlanilmistir. Tekbiyik (2010) tarafindan gelistirilen fizik tutum olgegi 6nem, kavrama,
gereksinim ve ilgi olacak sekilde dort alt boyuttan olusmaktadir. Alt boyutlarin Cronbach Alfa i¢ tutarhk
katsayilari sirasiyla 0.838, 0.795, 0.749 ve 0.717 olarak hesaplanmisken, 30 maddelik 6l¢egin geneli igin
ic tutarlk katsayisi 0.873 olarak belirlenmistir. Ayrica bu 6l¢egin uygulamasi 9. sinif 6grencileri ile 2010
yilinda yapilmistir. Arastirmada 10. sinif 6grencileriyle g¢alisiimasi amaglandigindan ve 2013 yilinda da
ortadgretim fizik dersi 6gretim programlarinin giincellenmesi nedeniyle fizik tutum o6lgegi (izerinde
degisikliklerin yapilmasina ihtiyag duyulmustur. Arastirmacilar tarafindan oncelikle fizik gibi genis bir
alana hitap eden olgegin arastirmanin amaci dogrultusunda dalgalar konusuna Ozellestirilmesi
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saglanmistir. Yani genel bir alandan yola ¢ikilarak 6zel bir alana yonelik bir 6lgek olusturulmasi tercih
edilmistir. Bu nedenle fizik tutum 6l¢egindeki maddeler gbz 6niine alinarak, maddeler lzerinde degisim,
ekleme ve gikarim islemleri yapilmis ve arastirmanin konusuna uygun 30 maddelik dalgalar konusuna
yonelik tutum o&lgegi arastirmacilar tarafindan olusturulmustur. Daha sonra oOlgege yonelik 12 fizik
egitimcisi uzmanin gorisleri alinmis ve uzmanlar maddelerin kapsamini, anlasilirhgini ve anlamhhgi
irdelemislerdir. Uzmanlarin her biri olgegi ayri ayri degerlendirmis ve onlarin birbirleriyle celismeyen
gorusleri dikkate alinarak 6lgek tzerinde arastirmacilar tarafindan gerekli dizenlemeler yapilmistir. Bu
noktada oOlcek uzerinde tekrardan madde gikarimlari ve duzenlemeler gergeklestirilmistir. Bu asamanin
ardindan Tiirkge dil uzmani tarafindan 6lgcek maddeleri tekrardan incelenmistir. Sonug olarak kapsam
gecerligi saglanmis olan dlgekteki maddelerin ifadelerinde 6nemli 6lgiide degisikler gergeklestirilmis ve
26 maddelik bir 6lcek elde edilmistir. Fizik tutum 6lgeginden yapisi oldukga farklilasmis olan 26 maddelik
dalgalar konusuna yonelik tutum o6lgegi “Hig¢ katilmiyorum (1)” ile “Tamamen katiliyorum (5)” arasinda
degisen likert tipi besli derecelendirmeyle pilot gruba uygulanmstir. Pilot uygulama 11. sinifta 6grenim
goren 346 6grenciyle gerceklestirilmistir. Arastirmacinin 11. sinif 6grencileri ile pilot ¢calisma yapmasinin
nedeni, bu 6grencilerin dalgalar konusunun 6grenimini yakin zamanda gergeklestirmis olmalaridir. Tim
bu ifadeler dogrultusunda da dalgalar konusuna yonelik yeniden olusturulan tutum 6lgegine agimlayici
faktor analizi yapiimasina karar verilmistir. Yani arastirmada; 6lgege yonelik en uygun faktor sayisinin
belirlenmesi istenmis, Olcilen maddelerin belirlenen boyutun makul gostergeleri olup olmadiginin
ortaya ¢ikarilmasi amaglanmis ve oOlcegin yapi gegerliginin yapilan analizle kanitlanmasi hedeflenmistir
(Brown, 2015). Bu baglamda arastirmada agimlayici faktor analizi, SPSS programi araciligiyla 346 6grenci
verisiyle gerceklestirilmis ve elde edilen sonuglar degerlendirilmistir.

Arastirmada oncelikle 6lcek maddelerinin  6grencilerde belirlenmesi istenen tutumla iligkisi
maddelerin c¢arpiklik ve basiklik degerlerine bakilarak gergeklestirilmistir (Tezbasaran, 2008).
Arastirmada tim maddelerin ¢arpiklik ve basiklik degerlerinin -1, +1 arasinda deger gosterdigi tespit
edilmistir. Ardindan maddelerin Z degerleri incelenmistir. Maddelerin Z degerleri -3, +3 araliginda
cikmistir.  Carpikhk, basikhk ve Z degerlerinde elde edilen veriler sonucunda olgcekten madde
cikariilmamistir. Madde toplam test korelasyonu incelendiginde ise, 3. sorunun korelasyonu dusik
oldugu icin (0.161) olcekten gikariimistir. Clinkii madde toplam korelasyonu degeri 0.30 ve Uzeri olan
maddelerin bireyleri iyi derecede ayirt ettigi, 0.30-0.20 arasi olan maddelerin zorunlu hallerde
kullanilabilecegi ve 0.20’den diisiik ¢ikan maddelerin ise kullanilamayacagi bilinmektedir (Blyukoztirk,
2007). Ardindan ¢ok degiskenli ug¢ degerlere bakilmis, madde sayisina uygun olarak 52.620 degerinin
Ustiinde ¢ikan 15 6grenci ug deger olarak tanimlanmis ve bu 6grencilere iliskin veriler gikariimistir.

Acimlayici faktor analizi gergeklestirilen 6lgcegin yapi gecerliligini ortaya koyabilmek amaciyla Kaiser-
Meyer-Olkin (KMO) katsayisi ve Barlett testi uygulanmistir. Arastirmada KMO katsayisinin en az 0.60 ve
Barlett testinin de anlamli diizeyde ¢ikmasi beklenmektedir. Bu sekilde verilerin faktor analizine uygun
olup olmadig anlasilacaktir (Buyukoztiirk, 2007; Kalayci, 2005). Arastirmada KMO katsayisi 0.902 ve
Barlett testi degeri 2534.363 olarak (p=0.000 anlamlilik diizeyinde) hesaplanmistir. Bu durumda verilerin
faktdr analizine uygun oldugu belirlenmistir. Olcegin faktér analizine uygunlugu ile birlikte varimax
dondiirme yontemi ile birlikte maddelerin ortak faktor varyansinin 0.386-0.897 arasinda oldugu
belirlenmistir. Ayrica dondiirme islemi sonucunda 6lgekte her iki faktére de 0.30 ve Uzerinde yiik veren
dokuz binisik madde 6lgekten gikarilmis (Worthington & Whittaker, 2006) ve 6lcekte kalan 16 maddenin
iki faktor altinda toplandigl ortaya cikmistir (6z degerler sirasiyla: 6.845, 1.730). Olcegin son hali ile
toplam varyansin %54’iinl agikladigi gézlemlenmistir. Sekil 1’de ise dlgegin 6z deger ¢izgi grafigine yer
verilmis, birinci faktérden ikinci faktore hizli bir disis oldugu dikkat ¢ekmistir. Bu gorinti aslinda
olgegin iki boyutlu oldugunu ifade etmektedir (Bryman & Cramer, 1999; Bly(ikoztirk, 2007).
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Ozdeger
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Faktor/Bilegen sayisi

Sekil 1. Faktér Oz Degerlerine Ait Cizgi Grafigi

16 maddelik 331 6grencinin verileri ile son halini alan 6lgegin iki faktor altinda toplanan 11’i olumlu,
5’i olumsuz olan maddelerin birbirleriyle uyum icinde oldugu goérilmektedir. Bu durum, faktorlerin
madde igerikleri gbz 6niine alinarak adlandiriimasina imkan tanimaktadir. Buna gére her iki faktér uygun
bir sekilde adlandiriimistir. Son asamada 6lgegin i¢c tutarliligi belirlenmistir. Olgegin ve her boyutun
Cronbach Alpha katsayisi hesaplanmistir. Olgegin i¢ tutarlik katsayisi 0.909 ve faktérler bazinda
giivenirlik; birinci faktére yonelik 0.891, ikinci faktére yonelik 0.844 elde edilmistir. Olgekte belirlenen
faktorlerin adlari, faktorler altinda bulunan 6lgek maddeleri, maddelerin faktor yikleri ve faktorlerin
Cronbach Alpha katsayilari Tablo 1’de detayli bir sekilde yer almaktadir.

Tablo 1.
Faktérlerin Adlari, Olcek Maddelerine iliskin Faktér Analizi Sonuglari ve Cronbach Alpha Katsayilari
Faktor Adi Cronbach Alpha Maddeler Faktor Yikleri
Faktor 1 Faktor 2

Ogrenim 0.891 M1 0.841

M2 0.897

M3 0.798

M4 0.605

M5 0.788

M6 0.575

M7 0.684

M8 0.668
Giinliik Yagam 0.844 M9 0.837
M10 0.671
M11 0.773
M12 0.832
M13 0.386
M14 0.563
M15 0.661
M16 0.476

Elde edilen sonuglar dogrultusunda arastirmada kullanilan 5’li likert tipli “Dalgalar konusuna yonelik

tutum Olgegi”nin 6grencilerin tutumlarini belirlemede gecerli ve giivenilir bir 6lgme araci olduguna karar
verilmistir.
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Yari Yapilandirilmig Goriisme Sorulari

Arastirmanin nitel verilerini toplamak amaciyla arastirmacilar tarafindan gelistirilen gériisme sorulari
kullanilmigtir. Yari yapilandirilmis goriisme sorulari sayesinde sorular belirli bir gergeve igerisinde
ogrencilere yoneltilmis, ancak nitel arastirmanin dogasi geregi 6grencilerden gelen yanitlarla gergeve
disina cikilarak derinlemesine veri toplanmistir (Glesne, 2012). Buradaki amag 6grencilerin fizik dersinin
ogretim sirecine yonelik bakis agisinin daha net bir sekilde ortaya konulmasidir. Bu dogrultuda
Ogrencilere yobneltilen ana sorulara asagida yer verilmistir. Ayrica 6grencilerden gelen yanitlar
dogrultusunda vyari yapilandiriimis gorisme formatina uygun olarak 6grencilere ek sorular da
yoneltilmistir:

e  Fizik derslerinde ne tlr etkinlikler yapiyorsunuz? (Deney, gézlem, proje calismasi vs.)
e  Fizik dersleri sizce nasil islenmeli ve derste ne tir etkinliklere yer verilmelidir?
e  Fizik dersinde yeni karsilasacagin bir konuya hazirlanmak igin neler yapardiniz? Agiklayiniz.

e Fizik dersinde 0Ogrendiginiz bilgileri glnlik yasamda nasil kullaniyorsunuz? Nerelerde
bilgilerinizden faydalaniyorsunuz? Agiklayiniz.

e  Fizik derslerinde yapmayi en ¢ok sevdigin etkinlikler nelerdir? Agiklayiniz.
e  Fizik derslerinde yapilmasi en zor etkinlikler nelerdir? Aciklayiniz.

e  Fizik derslerinde bir konunun 6grenimi ile ilgili karsilasilan bir sorunu ¢é6zmek icin sizce nasil bir
yol izlenmelidir? Agiklayiniz.

Bu yan yapilandiriimis goriismeler uygulama baslamadan 6nce ve uygulama bittikten sonra
gerceklestirilmistir. Ogrencilere fizik dersinin 6gretim siireci ile ilgili genel sorular sorularak gériismelerin
genelden o6zele dogru ilerlemesi saglanmistir. Bu esnada &grenciler yonlendiriimemis ve &grenci
yanitlarindan arastirmanin amacina uygun c¢ikarimlar yapilarak sorgulamaya dayali 6grenme yaklasimi ile
ylratalen fizik dersinin 6gretim siirecine yonelik 6grenci gorisleri yansitilmistir. Yildirnm (1999)’in
belirttigi tzere, arastirmada 6grencilerden toplanan veriler arastirma problemine iliskin ana temalari
ortaya cikaracak sekilde dizenlenmeli ve anlamli bir yapiya ulasiimalidir. Kisacasi arastirmada da yari
yapilandiriimis goriismeler genelden 6zele bir bakis acisi ile gergeklestirilmistir. Bu baglamda 6n
gorismede fizik dersine yonelik bugline kadar sahip olunan kazanimlarin ortaya cikarilmasi, son
gorismede sorgulamaya dayali 6grenme yaklasimi ile birlikte fizik dersinin 6gretim slrecine iliskin
goriuslerdeki degisimlerin tespit edilmesi istenmistir. Bu nedenle katilimcilara 6n ve son gériismede ayni
sorularin sorulmasi tercih edilmistir. Ayrica arastirmada yararlanilan gorisme sorulan fizik egitimde
uzman 12 kisinin goruslyle son halini almis ve bu uzmanlarla sorularin kapsam ve yordama gecerligi
saglanmistir.

Uygulama Siireci

Arastirmada dalgalar konusunda sorgulamaya dayali 6grenme yaklasimina uygun gerceklestirilen
ogretim 10 haftalik bir zaman dilimi igerisinde tamamlanmistir. Ders igeriginde cesitli etkinliklere,
similasyon, animasyon, video gosterisi, gosteri deneyi, egitici oyun, galisma yapragi, fisilti grubu, tahmin
et-gozle-acikla, kavram haritasi, kavram ag1 ve 6rnek olay vb. uygulamalara yer verilmis ve 6grencilerin
derse aktif katiliminin oldugu bir slire¢ gerceklestirilmistir. Arastirmada ortadgretim fizik dersi 2013
dgretim programi géz dniine alinarak bes etkinlik olusturulmustur. Bu etkinlikler “ip atlayalim, Ust tste
binme, Tsunami, Stroboskop ve Bogazici kdprisi yikilir mi?” seklinde adlandinimistir. Etkinliklerin sinif
ici uygulamasi 5E 6grenme modeliyle gergeklestirilmistir. Arastirmadaki etkinliklerden biri acgiklanacak
olursa, érnegin ‘ip atlayalim’ etkinliginde asagidaki kazanimlar yer almaktadir (Milli Egitim Bakanhg
[MEB], 2013):

“10.3.1.4. Atma ve periyodik dalga olusturarak aralarindaki farki agiklar.

a. Ogrencilerin atmanin temel fizik kavrami olmadigini sadece dalgalarin ézelliklerini incelemek icin
olusturuldugunu anlamalari saglanir.
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b. Odgrencilerin deney yaparak ve simiilasyonlar vb. kullanarak atmalarin sabit ve serbest uctan
yansimalarini incelemeleri saglanir.

c. Ogrencilerin gergin bir yayda olusturulan atmanin ilerleme hizinin badh oldugu degiskenleri analiz
etmeleri saglanir.

d. Atmanin ilerleme hizi ile ilgili matematiksel islemlere girilmez.”

S6z konusu kazanimlar dogrultusunda hazirlanan etkinligin 80 dakikalik bir siire icerisinde gosteri
deneyi, simulasyon, soru-cevap, video gosterisi, animasyon ve tartisma tekniginden yararlanilarak
gerceklesmesi planlanmistir.

Etkinligin ilgi uyandirma basamadinda; 6ncelikle 6grencilere atma ve periyodik dalga kavramlarina
yonelik olusturulan ve Ek A’da yer alan etkinlik kagidi dagitilmistir. Bu kagitta yer alan sorulari
ogrencilerin gosteri deneyi sonrasi, animasyon sonrasi ve etkinlik sonu olacak sekilde farkli asamalarin
ardindan yanitlamalari belirtilmistir. Daha sonra sinifa getirilen ip ile i¢ 6grencinin tahtaya ¢ikmasi
istenmistir. Sinifta gosteri deneyi 6grencilerin katihmiyla gergeklestirilirken, tahtaya ¢ikan iki 6grenci ipi
sallamis ve biri de ip Uzerinden atlamaya baslamistir. ip atlayan kisiyi okul mudirinin cagirdigi
diisiiniilerek, iki kisinin kendi arasinda ipi oynatmaya devam etmesi istenmistir. Ogrencilerden biri ipi
sabit tutmus ve diger 6grenci bir kez ipi asagl yukari salinim yaparak atma olusturmustur. Yani
ogrencilerin periyodik dalga olusturmalari saglanmistir. Ardindan 6grencilere deneyle ilgili gesitli sorular
yoneltilmistir. Arastirmada gosteri deneyi araciligiyla sergilenen bu durumlara 6grencilerin yorum
getirmeleri beklenmistir. Daha sonra 6grencilere dagitilan etkinlik kagidina gérislerini not almalari igin
Uc-bes dakika sure verilmistir. Sonug¢ olarak gosteri deneyi araciligiyla 6grencilerin ilgili konuya
meraklarinin uyandiriimasi, derse gidilenmeleri ve sorulan sorularla da 6nceki bilgilerinin ortaya
¢ikarilmasi istenmistir.

Kesfetme basamaginda,; 6ncelikle 6grencilerin animasyon gosterileriyle ilgili kavramlari distinmeleri,
kesfetmeleri ~ amaglanmis  ve  Ogrencilere  ilgili  animasyonlar izlettirilmistir  (Linkler:
https://www.vascak.cz/data/android/physicsatschool/template.php?s=kv_odraz na konci&l=tr&zoom=
0, https://www.edumedia-sciences.com/tr/media/520-yay-dalgalar-2). Daha sonra &grencilerden
etkinlik kagidini doldurmalari istenmis ve 6grencilere 6nceki ¢izim ve agiklamalarinda herhangi bir
degisiklik yapmamalari gerektigi uyarisi yapilmistir. Ogrencilerin cizimlerinden ve acgiklamalarindan yola
¢ikilarak, periyodik dalga ve atmanin sabit, serbest ugtan yansimasina yonelik sinifta tartisma ortami
yaratilmis ve Ogrencilerden 6grendiklerini tartisma ortamina yansitmalari beklenmistir. Ardindan
Ogrencilere atmanin enine ve boyuna olacak sekilde ikiye ayrildigi sdylenmis ve “Enine ve boyuna atma
arasindaki fark ne olabilir?” sorusu yoneltilerek onlara disiinmeleri igin zaman taninmistir. Bu esnada
ogrencilere video ve animasyonlar izlettirilerek problem ¢éziimine yonelik secenekleri derlemeleri igin
firsat taninmistir (Linkler:https://www.youtube.com/watch?v=yG2LNDIw9rg,
https://www.vascak.cz/data/android/physicsatschool/template.php?s=kv_pruzina&I=tr&zoom=0,
https://www.vascak.cz/data/android/physicsatschool/template.php?s=kv_vinostojate&I=tr&zoom=0).
Video ve animasyonlarin ardindan 6grencilere “Hangi tip dalgada, dalganin hareket dogrultusuna dik
salinim vardir?, Hareket dogrultusuna paralel salinim hangi tip dalgada gorilir?, Hangi tip dalga sikisma
ve gevseme icerir?, Yatay bir yayl ucundan asagi-yukari hareket ettirirseniz hangi tip dalga dretilir?,
Hangi tip dalga dalgaboyuna sahiptir?” sorulari sorularak da onlarin bilgiyi tartisma ortaminda
kesfetmeleri istenmistir.

Aciklama basamagdinda; 6gretmen Ogrenci gorUslerini dikkate alarak konuyu toparlamis ve
o6grencilere atma, periyodik dalga, genlik ve genislik kavramlarini ifade etmistir. Bu esnada 6grencilerin,
ogretmenin konuya yonelik yaptigi aciklamalarla kendi kesfettikleri bilgileri arasinda karsilastirma
yapmalarina firsat sunulmustur. Ardindan Ogrencilerin ilgili kavramlara yonelik dislincelerini
gerekgelendirebilmeleri  igin  similasyon Uzerinde aktif c¢alismalarina imkan  saglanmistir
(Linkler:https://phet.colorado.edu/sims/normal-modes/normal-modes_en.html,
https://phet.colorado.edu/sims/html/wave-on-a-string/latest/wave-on-a-string_tr.html). Bu sekilde
ogrencilerden kesfettikleri kavramlari 6gretmen rehberliginde aciklanmalari beklenmistir. Ardindan
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Ogrencilere “Ardarda iki dalganin tepeleri ya da gukurlari arasindaki mesafenin neyi ifade ettigini biliyor
musunuz?” sorusu yéneltilmistir. Ogrencilerin dalga boyu yanitini bulmalari saglanmis ve bilgilerinin
netlesmesine yardimci olunmustur. Frekans ve periyot kavramlarinin verilmesiyle de x=v.t formuliinden
cikarim yapilarak, ©6grencilerin dalgaboyu, dalganin hizi ve periyot kavramlar arasindaki iliskiyi
dgrenmeleri desteklenmistir. Daha sonra sinifta bu kavramlar Gzerine tartisilmistir. Ogrencilere son
olarak bir sporcunun gosterisi video araciligiyla izlettirilmis ve 6grencilerin “Ritmik jimnastik yapan bir
sporcu kurdelesini goruldugi gibi hareket ettirmektedir. Sporcunun kurdelesi ile yaptigl dalga hareketini
inceleyiniz ve dalga hareketinde olusan dalganin frekansi, dalga boyu ve genligin zamanla degisimine
yonelik yorum yapiniz.” sorusuna yanit vermeleri beklenmistir
(Link:https://www.youtube.com/watch?v=4EIzON{55c0). Ogrenci yanitlari tekrardan sinifta tartisiimistir.
Bu esnada 6grencilerden arkadaslarinin daslincelerine elestirel bakis acisiyla bakmalari istenmis ve
ogrencilerin kendi distincelerini kanitlamalari beklenmistir.

Derinlestirme basamadinda; gosteri deneyi araciligiyla 6grencilerin bilgilerinin  derinlesmesi
hedeflenmistir. Bu baglamda 6grencilere “Atmanin hizi sizce baska nelere bagl olabilir?” sorusu
sorularak, sinifa getirilen yaylar ile gosteri deneyi yapilmistir. Farkli kalinliklardaki yaylarin sirasiyla bir
ucu dinamometreye takilmis ve diger ucunu da bir 6grenciye tutturulmustur. Ogrencinin yayi germesi ve
uzunlugu dinamometre lzerinden okumasi istenmistir. Daha sonra yayda atma olusturularak atmanin
varis sliresi kronometre ile olgllmustir. Yayr geren kuvvetin siddeti degistirilerek de 6l¢lim
tekrarlanmistir. Ayni yay Uzerinde kuvvetin siddeti degistiginde, atmanin hizinin formili Gzerinden
hesap yapilarak (x=v.t) degistigi ortaya cikarilmistir. Ardindan ayni kuvvet etkisinde olan farkh yaylarda
olusan atmanin hizinin farkli oldugu o6lglimlerle tespit edilmistir. Bunun da nedeninin ne olabilecegi
ogrencilere sorulmustur. Gosteri deneyi sonucunda 6grencilerin atmanin hizinin yayi geren kuvvete ve
yayin kitlesine bagh oldugunu anlamalarina yardimci olunmustur. Ardindan sinifta tartisma ortami
yaratilarak 6grencilerden ilgili kavramlara yonelik glinlik yasam 6rnekleri vermeleri istenmis ve onlarin
bilgilerini yeni durumlara transfer edebilmelerine destek olunmustur.

Degerlendirme basamaginda; 6grencilerin siireg icerisinde farkli zamanlarda yanitladiklari etkinlik
kagitlarini eksiksiz olarak doldurmalari istenmis ve bu kagitlar 6gretmen tarafindan toplanmistir.
Toplanan kagitlar karistirilarak 6grencilere tekrar dagitilmis ve 6grencilerin birbirlerini degerlendirmeleri
saglanmistir. En son etkinlik kagitlari 6gretmen tarafindan degerlendirilmek uUzere geri alinmis,
Ogrencilerden bir sonraki etkinlik ©6ncesi kazanimlara yonelik arastirma yapmalari ve kaynaklari
incelemeleri istenmis ve 6gretmen siiregle ilgili diisiinceleri dgrencilerle paylasarak ‘ip atlayahm’
etkinligini tamamlamistir.

Arastirmada dalgalar konusuna yonelik bu sekilde gercgeklestirilen sorgulamaya dayali 6grenme
yaklasimi uygulamasinin 6ncesinde ve sonrasinda da bilindigi tGzere 6grencilerin tutumlari ve gorusleri
ele alinmistir. Uygulama oOncesinde ve sonrasinda 6grencilere dalgalar konusuna yoénelik tutum olcegi
uygulanmis ve ogrencilerle fizik dersinin 6gretim sirecine yonelik yari yapilandiriimis goriismeler
gerceklestirilmistir. Dalgalar konusuna yonelik hazirlanan tutum olgegi 6n ve son test olarak bir ders
saati igerisinde sinif ortaminda yaklasik 20-25 dakikalik bir siirede 58 0Ogrenciye uygulanmistir.
Arastirmada uygulanan O0n ve son test tutum Olgegi verileri 6grencilerin tutumlarindaki degisimi
gostermistir. Arastirmacilar tarafindan gelistirilen gériisme sorulari da; 6n ve son goériisme olarak 13
6grenci ile bir hafta icerisinde gerceklestirilmistir. Gorliismeler okul igerisinde d6grencilerle kararlastirilan
bir zaman diliminde yiiz ylize ve bire bir olarak yapilmistir. Ayni zamanda yaklasik 20-25 dakika sliren yari
yapilandiriimis goértismeler ses kayit cihazi ile kaydedilmistir.

Veri Analizi
Nicel Verilerin Analizi

Arastirmada tutum o&lgeginin verilerinin analizinde SPSS paket programindan yararlaniimistir. Elde
edilen sonucu yordamsal olarak ifade edebilmek icin bagimli gruplar t-testi kullaniimistir. Parametrik bir
sinama olan t testinde bir 6rneklemden c¢ikan sonuglarin evrenle karsilastirilmasi yerine, Olgiim
sonuglarinin birbirleriyle karsilastirilmasi esas alinmistir (Cepni, 2014). Bu arastirmada iki sinifta 6grenim

580


https://www.youtube.com/watch?v=4EIz0Nj55c0

BEZEN & BAYRAK — Cukurova Universitesi Egitim Fakiiltesi Dergisi, 49(2), 2020, 555-599

goren birbiri ile eslestirilmis olarak gruplarda bulunan toplam 58 6grencinin 6n ve son test seklinde
uygulanan tutum 6lgegine yonelik yanitlari analiz edilmistir. S6z konusu 6grencilere farkli zamanlarda 6n
ve son test olarak uygulanmis olan dalgalar konusuna yonelik tutum oOlgegi yanitlarinin veri girigleri
yapilmis ve yanitlar arasindaki farkin anlamh olup olmadigina bakilmistir (Ural & Kilg, 2005). Bu
baglamda 6n ve son test araciligiyla dalgalar konusunun sorgulamaya dayali 6grenme yaklasimina gore
uygulanmasinin 6grencilerin tutumlarinda bir degisiklik olusturup olusturmadig “t testi” araciligiyla
belirlenmistir. Bu esnada pratik anlamliligin bir gostergesi olan etki buyukligli de arastirmada
hesaplanmistir (Cohen, 1994). Ayni zamanda tutum o6lgeginden elde edilen veriler betimsel istatistik
yontemleri (ortalama, yiizde, frekans ve standart sapma) yardimiyla ¢dziimlenmistir. Ogrencilerin
tutumlarinin incelenmesi igin &lgekteki tim maddelerin ortalamasi hesaplanmig ve hesaplanan bu
ortalamalar Ogrencilerin tutum dizeyleri olarak belirlenmistir. Sonug¢ olarak 6grencilerin dalgalar
konusuna yonelik tutum o6lgegine verdikleri yanitlarla, sorgulamaya dayali 6grenme yaklasima uygun
gerceklesen dalgalar konusundaki tutumlari degerlendirilmistir.

Nitel Verilerin Analizi

Arastirmada 6grencilerin fizik dersinin 0gretim siirecine yonelik gorugleri icerik analiziyle
¢6zlimlenmistir. icerik analizinde birbirine benzeyen kavramlar belirli temalar ve kategoriler etrafinda
toplanarak, okuyucularin anlayabilecegi sekilde yorumlanmaktadir (Creswell, 2014). Ayrica belirli kurallar
cercevesinde yapilan kodlamalarla, metnin icerisinde yer alan sozcliklerin kategoriler altinda
ozetlenmesini saglayan sistematik ve yinelenebilir bir teknik olarak ele alinmaktadir (Krippendorff, 2004;
Neuendorf, 2002). Bu kapsamda analiz asamasinda oncelikle 6grencilerle yapilan gérismelerin dékimi
word dosyasina aktarilmis ve her bir 6grencinin yanitlari sorularin altinda toplanmistir. Sorulara yonelik
yanitlar iki arastirmaci tarafindan ayri zamanlarda tek tek irdelenmis, arastirma problemine yanit
aranmis ve birbiri ile benzer olan yanitlar belirli kategoriler altinda arastirmacilar tarafindan bir araya
getirilmistir. Belirlenen kategorilerin altinda da 6grenci yanitlarina kod baghg altinda yer verilmistir.
Daha sonra iki arastirmaci kategorileri bir arada incelenmis ve yine arastirmacilar tarafindan belirlenen
temalar altina kategoriler yerlestirilmistir. Yapilan bu analiz iki arastirmacinin uzlastigi veriler
dogrultusunda tablolar aracihgiyla bulgular kisminda gorsellestirilmistir. Tabloda 6n-son gorisme
arasinda ortaya cikan farkliliklarda net bir sekilde gorsellestirilerek sunulmustur. Bunlarin yani sira
kategorilerin ve temalarin olusturulmasinda uzman goérisinden de yararlaniimistir. Fizik egitiminde
uzman iki kisi gorisme dokiimlerini ayri ayri okumusg ve belirli tema ve kategoriler altina yer alan
kodlarin uygunlugunu incelemislerdir. Bu esnada iki uzman arasindaki gorus birlikleri ve goris ayriliklar
belirlenmistir. Daha sonra uzmanlarin bir araya gelmesi ile goris ayriliklari lizerinde dizenlemeler
yapilmis ve glivenirlik hesaplamasi yapildiginda goriismelerin glvenirligi %90 olarak belirlenmistir. Miles
ve Huberman (1994)’da %70 ve Uzeri ¢ikan sonuglarin arastirmanin giivenilir oldugunu gosterdigini ifade
etmektedir.

Arastirmada ayni zamanda nitel verilerinin gegerlik ve glvenirligi kapsaminda inandiricilik,
aktarilabilirlik, tutarlik ve teyit edilebilirlik stratejilerinden vyararlanilmistir. Bu stratejiler tek tek
aciklandiginda; bulgularin gergekgiligi, stireglerin birbiri ile olan iligkisi, yansiz bir sekilde verilerin sunumu
ve sonuglarin yansiz olarak kanitlarla belirtilmesi ve bunlarin uzman goriisiine sunulmasi ile arastirmanin
inandiricihgr saglanmistir. Arastirmada aktarilabilirlik; verilerin ayrintili ve yorumsuz olarak sunulmasi ve
verilerin dogrudan alintilarla desteklenmesiyle kanitlanmistir. Yin (1994) ve Merriam (1988)'da yari
vapilandiriimis gorliismelerde bireyin diisiincesinin yansiz ve arastirma konusu ile ilgili yanitlarin
dogrudan parantez igerisinde okuyuculara aktarilmasi gerektigini savunmaktadir. Ayni zamanda
aktarilabilirlik kapsaminda ¢alisma grubu amagli 6rnekleme yonteminden yararlanilarak belirlenmis ve
belirlenen 6lgit ayrintih olarak ifade edilmistir. Tutarlilik icin; arastirmadaki gorlismeler yiz ylze
gerceklestirilirken kayit altina alinmis ve verilerin gegerlik glivenirlik calismalari ayni uzmanlar tarafindan
gerceklestirilmistir. Son olarak teyit edilebilirlik kapsaminda; arastirma verileri ulasilan sonuglarla teyit
edilmis, alanyazinla iliskilendirmeler yapilmis ve okuyuculara bulgularin mantik cercevesinde sunumu
gerceklestirilmistir (Yildirnm & Simsek, 2018).
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Etik Prosediirler

Arastirma planlamasi, veri toplama, analiz ve raporlama sirasinda etik ilke ve kurallara uyulmustur.
Aragtirmanin katiimcilarina onam formu imzalatilmistir. Bu arastirma Hacettepe Universitesi Senatosu
Etik Komisyonu'nun 07 Kasim 2017 tarihinde yaptigi toplantida 76000869/431-3807 sayili karar ile etik
acidan uygun gorulmistir.

Bulgular
Arastirmanin Nicel Bulgular

Arastirmada elde edilen nicel bulgularla, 6grencilerin dalgalar konusuna yoénelik tutum dizeyleri
arasinda anlamli bir fark olup olmadigi incelenmistir. Ogrencilerin dalgalar konusuna yénelik tutum
dizeylerini belirlemek igin 6ncelikle dalgalar konusuna yonelik tutum 6n ve son test degerlerinin
aritmetik ortalamalari ve standart sapmalari hesaplanmistir. Buradan yola cikilarak “ortalamalar
arasindaki farkin standartlastiriimasi” belirlenmek istenmis ve grup ortalamalari farkina gore etki
blyuklGgi hesaplanmistir (Kotrlik & Williams, 2003). Cohen’s d etki buyiklugi formala tercih edilmis ve
tutum o6lgegine yonelik etki baydklGga 1.17 bulunmustur (Cohen, 1988). Buna gére 0.80 lzerinde elde
edilen etki blyukliklerinin yuksek olarak ifade edilmesiyle, arastirmada tutum o&lgegine yonelik elde
edilen etki buyukliginin yiksek oldugu ortaya ¢ikmistir. Ayrica arastirmada 6n ve son test verilerinin
carpikhk ve basiklik degerleri incelenmis, sonucun -1, +1 arasinda deger géstermesiyle verilerin normal
dagihm gosterdigi belirlenmistir. Bu islemin ardindan tutum olgeginin alt boyutlarina iliskin 6n ve son
test arasindaki farkin anlamli olup olmadigini belirlemek amaciyla t testi yapilmis ve sonuglar Tablo 2’de
sunulmustur.

Tablo 2.
Tutum Olgeginin Alt Boyutlarina iliskin t Testi Sonuclari
N X ss sd t p Cohen’s d
.. On-test 58 27.03 4.67 0.000
Og i 57 -5.67 0.97
grenim Son-test 58 3143  4.34 (<0.05)
On-test 58 2332 4.68 0.000
Giinlik Y 57 -6.00 1.12
uniuk Yasam Son-test 58 29.96 6.92 (<0.05)

Ogrenim alt boyutunda 6n ve son test sonuglari karsilastirildiginda, son test ortalamalarinin 31.43 6n
test ortalamalarinin ise 27.03 oldugu goérilmektedir. Bu durumda son test aritmetik ortalamalarinin 6n
test ortalamalarindan yiiksek oldugu séylenebilir. On ve son test puanlari arasindaki farkin anlaml olup
olmadigini sinamak amagli t testi uygulanmis ve t degeri -5.67 bulunmustur. Son test puanlarinin 6n test
puanlarina gore anlamli dizeyde farklilastigi gorilmektedir (t=-5.67, p<.05). Ayrica Ogrenim alt
boyutunda Cohen’s d etki biylkligi hesaplanmis ve 0.97 ¢ikmasi ile etki buytkluginin yiiksek oldugu
ortaya ¢ikmistir. Glnlik yasam alt boyutunda 6n ve son test sonuglari karsilastirildiginda ise, son test
ortalamalarinin  29.96 ©n test ortalamalarinin 23.32 oldugu belirlenmistir. Son test aritmetik
ortalamalarinin 6n test ortalamalarindan yiiksek oldugu tespit edilmis ve t degeri -6.00 bulunmustur.
Son test puanlarinin 6n test puanlarina gore anlamli diizeyde farklilastigi sdylenebilir (t=-6.00, p<.05).
Son olarak glinliik yasam alt boyutunda Cohen’s d etki bliytklGgl 1.12 hesaplanarak etki blyuklGginin
ylksek oldugu belirlenmistir.

Yordamsal analizin ardindan arastirmada elde edilen bulgular betimsel bir sekilde de yorumlanmistir.
Ogrencilerin her bir tutum maddesine yénelik verdikleri yanitlar alt boyutlara iliskin 6n ve son test
baslklari altinda ortalama, ylizde, tutum diizeyi ve standart sapma hesaplanarak belirtilmistir. Burada
Olcekte yer alan olumsuz maddeler igin ters puanlama (1->5, 2->4, 4->2, 5->1) yapilmistir. Ayrintili bilgi
Tablo 3’te yer almaktadir.

Ogrencilerin 6grenim alt boyutunda dalgalar konusuna yénelik tutumlari incelendiginde; 6grencilerin
cogunlugunun 1. ve 2. maddeye yonelik 6n testteki tutumlarinin 3 diizeyinde oldugu tespit edilmistir
(%39.7, %37.9). Son testte bu maddelerde 6grenci tutum diizeylerinin degistigi ve Ogrencilerin
tutumunun 4 ve 5 dizeyine yikseldigi belirlenmistir (%67.2, %77.6). Uygulama 6ncesi madde 3’UG de
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Ogrencilerin yarisindan fazlasinin hemfikir olarak 4 ve 5 tutum diizeyinde oyladigi goriilmustir (%58.6).
Bu madde igin hemfikir olma oraninin, sorgulamaya dayali 6grenme uygulamasiyla arttigi belirlenmistir
(%79.3). 5. ve 8. maddelerde de 6n testte tutum dizeyi 3 olan 6grencilerin (%56.9, %44.8), son testte
ilgili ifadelere 4 ve 5 tutum diizeyinde katim gosterdikleri tespit edilmistir (%75.9, %63.8). ilgili alt
boyuttaki olumsuz ifadeler irdelendiginde; 4. ve 6. maddeye yonelik 6n testte 6grencilerin tutumlarinin 3
diizeyinde oldugu belirlenmistir (%41.4, %31). Ancak sorgulamaya dayali 6grenme uygulamalari ile son
testte bu maddelere yonelik 6grenci tutumlarinin 1 ve 2 dizeyine yikselerek 6nemli 6lglide arttigi tespit
edilmistir (%82.7, %58.7). 7. maddede ise 6grencilerin 6n testte 2 diizeyinde olan tutumlarinin (%50),
son testte olumlu yonde geliserek 6grencilerin tutumlarinin 1 diizeyine yikseldigi belirlenmistir (%46.6).
Genel olarak 6n ve son testten elde edilen bulgular karsilastirildiginda, ¢ogu maddede 6grenci tutum
diizeyinin arttig ve en fazla artisinda 6. maddede gergeklestigi tespit edilmistir.

Ogrencilerin giinliik yasam alt boyutunda dalgalar konusuna yénelik tutumlari incelendiginde; 9. ve
10. maddeye yonelik 6n testte tutumlari 3 dizeyinde olan 6grencilerin (%41.4, %48.3), son testte
tutumlarinin artarak 4 ve 5 dizeyine yukseldigi belirlenmistir (%62, %60.3). Ayni durum 12. ve 16.
madde icinde sO0z konusu olarak; on testte tutumlari 3 diizeyinde olan 6grencilerin, son testte
tutumlarinin 4 ve 5 dizeyine yikseldigi tespit edilmistir (%62.1, %55.2). 13. maddede ise 6n testte
Ogrenci tutumlarinin 4 ve 5 dizeyinde oldugu goérlilmis (%50) ve son testte ayni tutum dizeyini
destekleyen 6grenci sayisinda artis oldugu belirlenmistir (%62.1). Bunlarin yani sira 6grencilerin 14.
maddeye yonelik 6n testte tutumlarinin 1 diizeyinde oldugu saptanmistir (%31). Sorgulamaya dayall
o6grenme ile son testte bu maddeye yonelik 6grenci tutumlarinin 5 diizeyine ylkseldigi tespit edilmistir
(%37.9). Olumsuz maddeler ele alindiginda da, 11. ve 15 maddelere yonelik 6n testte 6grenci
tutumlarinin 1 ve 2 diizeyinde oldugu belirlenmistir (%44.8, %65.5). Ancak son testte bu durum
degiserek ayni tutum dizeyini destekleyen 6grenci sayisinda dnemli Olglide yiikselis oldugu tespit
edilmistir (%67.2, %81.1). Genel olarak 6n ve son testten elde edilen bulgular karsilastirildiginda,
ogrencilerin tutumlarinin olumlu yonde degistigi ve tutum dizeylerinin ¢cogu maddede fark ettigi
gozlemlenmistir. Tutum dizeyindeki en fazla artisin da 14. maddede oldugu belirlenmistir.

Sonug olarak arastirmada, 6grencilerin Glcege yonelik verdikleri yanitlar her iki alt boyutta da
yordamsal ve betimsel olarak ele alinmistir. Arastirmada dalgalar konusunun sorgulamaya dayal
o6grenme yaklasimina goére uygulanmasinda 6grencilerin tutumlarinin olumlu yonde degistigi tespit
edilmistir.
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Tablo 3.
Ogrencilerin Ogrenim ve Giinliik Yasam Alt Boyutlarina fliskin On ve Son Testteki Tutumlari
Alt # Maddeler On-test Son-test
boyutlar Tutum diizeyi** (%) X 3 Tutum diizeyi** (%) X Ss
1 2 3 4 5 1 2 3 4 5
Ogrenim 1 Dalgalar konusundaki problemleri kolayca 10.3 17.2 39.7 32.8 0 2.95 0.963 1.7 5.2 25.9 43.1 24.1 3.83 0.920
¢ozebilirim.
2 Dalgalar konusundaki formdlleri kullanmak bana  5.17 17.2 37.9 34.4 5.17 3.28 0.874 0 1.7 20.7 58.6 19 3.95 0.686
kolay gelir.
3 Dalgalar konusunu kolayca anlayabilirim. 0 10.3 31 37.9 20.7 3.69 0.922 0 0 20.7 56.9 22.4 4.02 0.662
4 Dalgalar konusundaki semboller bana karisik 10.3 27.6 41.4 13.8 6.9 3.21 1.039 24.1 58.6 13.8 1.7 1.7 4.02 0.783
gelir. *
5 Dalgalar konusundaki sembolleri kullanmak 1.7 15.5 56.9 22.4 3.4 3.10 0.765 3.4 0 20.7 56.9 19 3.88 0.839
bana kolay gelir.
6 Dalgalar konusunu derste dinlerken sikilirim. * 18.9 27.5 31 13.8 8.6 3.33 1.176 32.8 25.9 27.5 8.6 5.2 3.78 1.109
7 Dalgalar konusundan nefret ederim. * 34.5 50 10.3 5.2 0 4.14 0.805 46.6 36.2 10.3 34 34 4.19 0.999
8 Dalgalar konusunu ilgi gcekici bulurum. 1.7 10.3 44.8 37.9 5.2 3.34 0.807 1.7 5.2 29.3 41.4 22.4 3.78 0.918
G. Yasam 9 Glinlik yasamda dalgalar konusunun 6.9 15.5 41.4 27.6 8.6 3.16 1.023 3.4 8.6 25.9 37.9 24.1 3.71 1.043
uygulamalari ile karsilasiriz.
10 Bana gore herkesin dalgalar konusunu 19 27.6 48.3 5.2 0 2.40 0.857 10.3 5.2 24.1 37.9 22.4 3.57 1.201
o6grenmeye ihtiyaci vardir.
11  Cevremdeki olaylari yorumlamada dalgalar 10.3 34.5 29.3 17.2 8.6 3.21 1.120 22.4 44.8 20.7 6.9 5.2 3.72 1.056
konusu ile ilgili bilgiler isime yaramaz. *
12 Bana gore dalgalar konusu giinliik yasamla 13.8 34,5 41.4 8.6 1.7 2.50 0.903 5.2 6.9 25.9 32.8 29.3 3.74 1.117
dogrudan iliskilidir.
13  Bana gore dalgalar konusuna yonelik ylrutalen 1.7 12.1 36.2 43.1 6.9 3.41 0.859 0 5.2 32.8 36.2 25.9 3.83 0.881
arastirmalar igin yapilan harcamalar dogru
harcamalardir.
14  Meslek hayatim igin dalgalar bilgisi gereklidir. 31 20.7 24.1 17.2 6.9 2.48 1.287 19 5.2 12.1 25.9 37.9 3.59 1.511
15 Dalgalar konusundaki gelismeler yasam 13.8 51.7 17.2 12.1 5.2 3.57 1.045 48.3 32.8 12.1 1.7 5.2 4.17 1.062
sartlarimizi daha da iyilestirmez. *
16  Bana gore meslek dallari dalgalar konusu 19 24.1 37.9 15.5 3.4 2.60 1.075 5.2 8.6 31 20.7 34.5 3.64 1.165

bilgilerine ihtiyag duyar.

*Qlgekte yer alan olumsuz maddeler, **1'den 5'e kadar olan yanitlar "hig katilmiyorum" ile "tamamen katiliyorum" arasinda degismektedir.
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Arastirmanin Nitel Bulgulari
Arastirmanin nitel bulgularinda 6grencilerin fizik dersinin 6gretim siirecine yonelik gorusleri ele
alinmistir. Arastirmada 6grencilere yedi soru yéneltilmis ve bu yedi soru alti tema 32 kategori altinda

toplanmistir. Ogrencilerin bu sorulara verdikleri yanitlarin analizi ayrintili bir sekilde Tablo 4’de yer
almaktadir.

Tablo 4.
Fizik Dersinin Ogretim Siirecine Yénelik Ogrenci Gériisleri

Temalar Kategoriler On-goriisme Son-goriisme

Soru ¢bzme v
Deney
Gergeklesen Similasyon
Ogretim Video izleme
Tartisma
Grup ¢alismalari

Deney
Similasyon
Grup calismalari
Gorsel materyal
Modelleme

2 <2 2 <2

istenilen Ogretim

Gunlik hayatla iligkilendirme
Proje calismasi
Video

Hicbir sey v
Konuya Hazirhk Kaynak kitap inceleme
internete géz atma

2. 2 2|2 2 2 2 2 2 2 2|2 2 2 2 2

Mekanik konusuyla bagdastirma
Fizigin Giinliik Elektrik konusuyla bagdastirma
Yasamdaki Yeri Optik konusuyla bagdastirma

Dalgalar konusuyla bagdastirma

Elektrik deneyleri

Fizigin Zorluklari e
Soyut kavramlarin 6grenimi

Tartisma ortami yaratma
Literatlirden yararlanma
Deney yapma
Fizikte Karsilagilan Gorsel materyal kullanma
Zorluklarin C6ziim Glinlak hayatla kavramlari iliskilendirme
Yollari Simiilasyon gosterimi
Video izlettirme
Modelleme ile konuyu basite indirgeme
Soru ¢6zme

2.2 2 2 2 2 2|2 2 (2 2 2 2
2.2 2 2 2 2 2 2 2 (2 2 (2

Arastirmada 6grenci yanitlari ile belirlenen temalarin ilki “Gerceklesen 6gretim” ele alindiginda, 6n
goriismede o6grencilerin sadece soru ¢o6zmeyi belirttikleri dikkat ¢cekmektedir. Buradan o6grencilerin
onceki konularin 6greniminde sadece soru ¢ézme etkinliklerini yaptiklari anlasilmaktadir. Ancak son
gorismede ayni soru yoneltildiginde; 6grencilerin deney, similasyon, video izleme, tartisma ve grup
calismalari yanitlarini verdikleri tespit edilmistir. Ogrencilerin bu temaya yénelik aciklamalari asagida
bulunmaktadir (O: Ogrenci, #: Ogrenci numarasi):
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03: Fizik derslerinde tam olarak etkinlik yapmiyoruz. Odretmen sadece tahtaya soru yaziyor ve biz
sorulari ¢éziiyoruz.

08: Son uygulamalarda derslerde deney, simiilasyon, video izleme, tartisma, grup calismalari seklinde
etkinlikler yaptik.

“Istenilen 6gretim” temasinda &grencilerin 6n goriismede deney, simiilasyon, gérsel materyal
kullanimi ve grup calismasini belirttikleri gériilmektedir. Son gérismede bunlara ilave olarak modelleme,
gunliik hayatla iliskilendirme, proje calismasi ve video izleme 0&grenciler tarafindan belirtilmistir.
Ogrencilerin uygulama sonunda daha fazla etkinligin 6grenim esnasinda kullanilabilecegini fark ettikleri
disiiniilmektedir. Ogrencilere gerceklestirilen etkinliklerin aslinda ogrencilere &rnek teskil ettigi
soylenebilir. Bu temaya yonelik 6grenci ifadeleri de asagida yer almaktadir:

01: Simiilasyonlarla égrendiklerimizin  desteklenmesini istiyorum. Soyut olan kavramlarin
somutlastirilmasini istiyorum. Ayni sekilde gérsel materyal kullanimi da yapilabilir.

04: Fizik konularinin giinliik yasamdaki kullanim yerlerini tartisabiliriz ve daha fazla giinliik hayatla
bagdastirilarak konular anlatilabilir. Derslerde hatta modellemeler yapilabilir.

Ogrenciler “Konuya hazirlik” temasina yénelik 6n gériismede genellikle dgretimi gerceklestirilecek
olan konuya 6n hazirlik yapmadiklarini ifade etmislerdir. Ancak son goriismede 6grencilerin 6n hazirlik
konusunda daha bilinglendigi ve konularin 6gretimi baslamadan 6nce kaynak kitaplari inceledikleri ve
internetten yararlandiklari tespit edilmistir. Ogrencilerin bu temaya ydnelik ifadeleri asagidadir:

05: Konu éncesinde internette arastirma yapiyorum ve kitaba géz atiyorum.

Ogrencilere fizigin giinliik yasamdaki yeri ile ilgili sorular yoneltildiginde dgrencilerin fizigi genellikle
mekanik, optik, elektrik ve dalgalar konusuyla bagdastirdiklari gorilmektedir. “Fizigin Glinlik yasamdaki
yeri” temasinda 6n goriismede dort temel alandan bahseden 6grencilerin son gériismede etkinliklerin
gerceklestirildigi dalgalar konusuna bagh &rnekler verdikleri tespit edilmistir. Ogrencilerin konulari
ginlik hayatla nasil bagdastirdiklari asagida yer almaktadir:

012: Birine sesimizi duyurmak istedidimizde artik sesimizin siddetinin arttigini biliyorum.

“Fizigin zorluklar1” temasinda 6grencilerin soyut kavramlarin 6grenimini ve elektrik deneylerini ifade
ettikleri belirlenmistir. Ogrenciler 6n ve son goriismede ayni ifadelerde bulunmuslardir.

Son olarak 6grencilere fizikte karsilasilan sorunlarin ¢éziminin nasil olabilecegi soruldugunda,
ogrenciler 6n ve son gorismede kullanilabilecek gesitli yollar oldugunu ifade etmislerdir. “Fizikte
karsilasilan zorluklarin ¢6ziim yollar1” temasi altinda 6grenciler 6n gériismede tartisma ortami yaratma,
literatirden vyararlanma, deney yapma, gorsel materyal kullanma, glinlik hayatla kavramlan
iliskilendirme, simiilasyon gosterimi ve video izlettirmeyi dile getirmislerdir. Son goriismede bunlara
ilave olarak modelleme ile konuyu basite indirgeme ve soru ¢ézme ifadelerinde bulunmuslardir.
Ogrenciler belirlenen bu kategorileri asagidaki ifade ile desteklemislerdir:

010: Sinif ortaminda modelleme yapmayi tercih ederdim. Konunun anlatimini daha basite
indirgerdim. Bence bu sekilde sorun ¢éziilebilir ve anlamli 6Grenme gergeklesebilir.

Nitel bulgular dogrultusunda 6grencilerin sorgulamaya dayali 6grenme yaklasimi ile fizik dersinin
ogretim sirecine yonelik gorislerinin olumlu yonde degistigi séylenebilir.

Tartisma ve Sonug

Arastirmanin sonucunda sorgulamaya dayali 6grenme vyaklasimina uygun gerceklesen dalgalar
konusunun 6grenci tutumlari lizerinde olumlu etki sagladigi belirlenmistir. Clink{ arastirmada 6grenim
ve glinliik yasam alt boyutlarinin her ikisinde de 6grencilerin tutum diizeyleri arasinda anlaml 6l¢tide
fark oldugu ve son testte 6grencilerin tutum puanlarinin arttigl ortaya ¢cikmistir. Yani her iki alt boyutta
da anlaml dizeyde bir fark olmasi, her iki alt boyutun bir arada ele alinarak dalgalar konusuna yonelik
tutum ile ifade edilmesine olanak saglamistir. Sonug olarak arastirmada 6grenci tutumlarinin olumlu
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yonde degistigi tespit edilmistir. Ancak alanyazinda tutumun kisa slrede degismesinin ve
degistirilmesinin zor oldugu yéniindeki ifadelere rastlanilmaktadir (Karamustafaoglu, 2003; Ozsevgeg
vd., 2006). Clinki tutumun algi ve inangla iliskili olarak degisiminin zaman gerektirdigi ve siirecin 6nemli
oldugu kadar 6grencileri yonlendirme ile onlara cesaret vermenin de énemli oldugu vurgulanmaktadir.
Yani, 6grenci merkezli 6gretimle konuyu seven ve 6grenmek isteyen 6grenci sayisinin arttirilmasi zaman
degiskenine baghdir (Sheldrake, Mujtaba, & Reiss, 2019). Arastirmada da sorgulamaya dayali 6grenme
yaklagimi uygulamalarinin yaklasik 10 hafta sirmesi ile arastirmanin tutum Gzerindeki olumlu etkisinin
goz ardi edilmemesi gerektigi sdylenebilir. Bunun yaninda alanyazinda, arastirmada belirlenen 6grenci
tutumlarindaki artisin ve olumlu gorislerin o konuya yonelik basari arttirdigi savunulmaktadir. Glinku
tutum ve basarinin da birbiriyle ilintili oldugu ve bu iliskiyi 6grencilerin 6grenme bigimleri ile problem
¢6zme becerilerinin dogrudan etkiledigi disliniilmektedir (Balta & Asikainen, 2019). Bu dogrultuda
arastirmada Ogrencilerin 6ncelikle kavramlari derinlemesine anlamalari ve islemsel 6grenme yerine
kavramsal 6grenmeleri tercih edilmistir. Kavramsal 6grenme ile 6grencilerin aktif oldugu bir silirecte
konuyu anlamlandirmalarina ve problem ¢ézme becerilerinin gelisimine odaklanildigi belirtilebilir
(Pedaste vd., 2015). Yani 6grencilere yaparak ve yasayarak 6grenme ortamlarinin olusturulmasi ile
onlarin basarilarinda artis olmasinin kaginilmaz bir gercek olacagi soylenebilir (Fischer & Hanze, 2019).
Bu hedefler dogrultusunda arastirmada gergeklesen uygulama ile 6grenciler dalgalar konusunu rahatga
anlayabildiklerini, konuyu daha ¢ok sevdiklerini ve dalgalar konusuna yonelik formiilleri ve sembolleri
rahatlikla kullanabildiklerini ifade etmislerdir. Aslinda sorgulamaya dayali 6grenme yaklasiminin
ogrencilere farkli 6grenme firsati sundugu ve bu sayede 06grencilerin severek Ogrenmelerine ve
sorgulama becerilerinin gelisimine katki saglandigi diustinilmektedir (Wu & Hsieh, 2006). Katranci ve
Sengll (2020)'de sorgulama becerisi yiiksek olan 6grencilerin “neden” ve “nasil” sorulari ile konuyu
sorgulayarak anlamlandirmaya ¢alistiklarini ve bu 6grencilerin akil yiirime becerilerinin yiksek oldugunu
savunmaktadirlar. Bunlarin yani sira arastirmada o6grencilerin akranlar ile etkilesimli calismalar
yapmalarinin, konularin 6gretiminin dncesinde internetten arastirma yapmalarinin ve kaynak kitaplari
incelemelerinin onlarin 6grenimlerini kolaylastirdigi ve iletisim becerilerini gelistirdigi belirlenmistir
(Akerson vd., 2009; Bao & Koenig, 2019; Laipply, 2004). Bao ve Koenig (2019) o6zellikle iletisim
becerisinin gelisiminin 21. yizyil 6greniminde énemli rol oynadigini ifade etmektedir. Ogrencilerin
iletisim becerileri ile karmasik sorunlarla basa cikilabilecekleri ve bireyin o6tesine gecilerek farkl
goruslerle ortaya cikan fikirleri tartisabilecekleri savunulmaktadir. Ayni zamanda iletisim becerisi ile
Ogrencilerin gozlem ve dinleme yeteneginin de gelisim gostererek birden fazla ¢dziim 6nerilerini
kesfedebileceklerine ve bu sekilde sorunlara yaratici ¢6ziimler bulabileceklerine inanilmaktadir. Bu
ifadeler dogrultusunda arastirmada uygulanan 6gretim yaklasiminin aslinda genel olarak 6grencilerin
bakis acisini degistirdigi soylenebilir. Cinkid uygulama 6ncesinde 6grencilerin teorik bilgileri sunus
yoluyla anlamaya calistiklari ve sadece sinavlarda bu bilgileri geri verme yukimlaligini hissettikleri
bilinmektedir. Ancak 6grencilerin konunun &6grenimine artik bilimin topluma yansimasi ve gunlik
hayattaki problemlerin ¢6zimu seklinde bakis agisi ile bakabildikleri séylenebilir (Cepni & Cil, 2009;
Ormanci & Cepni, 2019). Bu kapsamda arastirma sonucunun 6grencilerin tutumlarinin yani sira sosyal
gelisimlerine ve zihinsel becerilerine de olumlu katki saglandigi disliniiimektedir (Boddy vd., 2003; Uum
vd., 2016; Windschitl, 2003). Uum ve digerleri (2016)’'nin de belirttigi Uzere, arastirmada 6grencilerin
sosyal ve zihinsel gelisiminin saglanmasi icin uygulamali etkinliklerden, tartisma ortamlarindan ve video
gosteriminden vyararlanilmasi gerektigi bilinmektedir. Bu sekilde 06grencilerin kavramsal olarak
6grenmeye odaklanacaklari duslntlmektedir. Arastirmada o6grencilerin derslere katiim gostererek
anlamh ve kavramsal 6grenmelerinin gergeklestiriimesi ile onlarin bu konuda kendilerine olan gliven
duygusunun da gelismesine katki saglandigi sdylenebilir (Saka & Akdeniz, 2006). Clnki 6grenciler
dalgalar konusundaki problemleri artik rahatlkla ¢ozebildiklerini ve dalgalar konusuna yonelik yiritilen
bu tarz calismalarin 6grenimlerine etkisi oldugunu dile getirmislerdir (Alouf & Bentley, 2003).
Ogrencilerin problem ¢dzme becerilerinin gelisimi ile bircok kazanim edinebildikleri ve artik giinliik
yasam sorunlarini rahatlikla ¢ézebilecekleri distinilmektedir (Turnip, Wahyuni, & Tanjung, 2016; Wise,
2006). Bu noktada 6grencilerin bilissel siirec becerilerinin gelisiminin saglandigi ve bilimsel tutuma karsi
olan isteklerinin siire¢ igerisinde arttigi soylenebilir (Sozbilir vd., 2007; Tatar, 2006; Whitelegg &
Edwards, 2001).
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Arastirmada vyararlanilan sorgulamaya dayali 6grenme yaklasimi ile gergeklesen uygulamanin
ogrencilerin fizik dersinin 6gretim stirecine yonelik goriislerini olumlu yénde degistirdigi ve 6grencilerin
bu yaklasim uygulamalarini destekledikleri tespit edilmistir. Clnku 6grenciler tarafindan mevcut
sistemde konularin 6gretiminde 6gretmenlerin sadece soru c¢ozimleri ile dersleri gergeklestirdigi
vurgulanmis, uygulama sonunda ise konunun 6gretiminin deneylerden, similasyonlardan, videolardan,
gorsel materyallerden, glinliik hayatla iliskilendirmelerden, tartisma ortamindan ve grup ¢alismalarindan
yararlanarak gergeklestirdigi ve bu sekilde de 0Ogretimin gerceklesmesinin istenildigi belirtilmistir
(Chairam vd., 2015; Cam, 2008; Park & Lee, 2004). Bu noktada 6grenciler uygulama basinda 6gretim
icerisinde olmasini istedikleri ydntemlerin uygulama sonunda gergeklestirildigini fark etmis ve istedikleri
Ogretimin uygulamasinin 6grenimlerine fayda sagladigini yorumlayabilmislerdir (Hwang vd., 2015). Yani
ogrencilerin 6gretim esnasinda zengin bir 6grenme ortaminin sunulmasini bekledikleri ve bu sayede
o6gretmen ve Ogrenci arasindaki iletisimin de canlh tutulabilecegini disiindlkleri ortaya ¢ikmistir (Laipply,
2004). Ogrencilerin derslerin etkili bir sekilde gerceklesmesinde &gretmenin dnemli rol oynadigini
disundukleri akla gelmektedir. Clnki bilinmektedir ki, 6gretim yontemleri 6gretmenin rehber roll
Ustlenmesi ile ilerleyen bir siregte islevsel hale gelmektedir (Aulia, Poedjiastoeti, & Agustini, 2018).
Ancak alanyazinda 0&gretmenlerin aslinda etkili 6gretimi nasil saglayacaklarini bildiklerine ve
aliskanliklarini  terk etmede zorluk c¢ektiklerinden sunus yoluyla anlatimi tercih ettiklerine
rastlaniimaktadir (Ayvaci & Bakirci, 2012; Kidman & Casinader, 2017). Ogretmenlerin sunus yoluyla
yaptiklari anlatimla 6grencilerin 6grenimlerine katki saglamada sinirli kaldiklari ve 6grencilerin 6zellikle
soyut kavramlarin 6greniminde sikinti yasamalarina neden olduklari bilinmektedir. Bu nedenle
ogrencilerin 6gretmenle birlikte aktif olabildikleri 6grenme stillerini 6nermeleriyle, 6gretmenin 6grenme
ortaminda onlara rehberlik etmesi, yonlendirici sorular yoneltmesi ve onlari tesvik etmesi gerektigini
distndukleri ortaya ¢ikmistir (Firman, Ertikanto, & Abdurrahman, 2019). Kisacasi 6grencilerin 6gretim
sireci icerisinde ogretmen tarafindan gergeklestirilen yonlendirmeler ile kendilerine olan giiven
duygularinin geliserek istenilen davranisi kazanabileceklerini diistindikleri séylenebilir (Parchmann vd.,
2006). Tim bu sonuglar 6grencilerin geleneksel anlayistan uzak sorgulamaya dayali 6grenme
yaklasimlarini desteklediklerini gostermektedir (MacKenzie, 2016). Bunlarin yani sira 6grencilerin
ogretim silirecinde 6zellikle simiilasyonlara ve deneye yer verilmesi gerektigini belirtmeleri ile, bu tarz
etkinlik uygulamalarinin onlarin 6grenimi agisindan yararl ve tutumun artmasinda materyallerin etkili
oldugunu ortaya c¢ikarmaktadir. Materyaller ile aslinda 6grencilerin deneysel fizik dersi ile ilgili daha
kapsamli bir anlayisa sahip olmalari amaglanmaktadir (Sari & Guven, 2013; Shi, Ma, & Wang, 2020).
Cunku materyaller araciliglyla uygulamali etkinlik gesidinin sireg igerisinde artacagl ve 6grencilerin
zamanla gozlem yapma, c¢ikarim yapma, karsilastirma, tahmin, deney, yorumlama ve sonug¢ ¢ikarma
yetilerine sahip olabilecekleri dislinilmektedir (Syifahayu, 2017; Wu & Krajcik, 2006).

Bunlarin ardindan 6grencilerin uygulama sonunda; dalgalar konusunun ginlik yasamla dogrudan
iliskili oldugunun farkina vardiklarini ve ginlik yasamda dalgalar konusunun uygulamalari ile
karsilastiklarini, bunun da kendi yasam sartlarini kolaylastirdigini dile getirdikleri gorilmektedir.
Arastirmada o6grencilerin ifadelerinden, onlarin bilimsel sire¢ becerilerinde ve yasam sorunlarini
¢ozmede ilerleme sagladiklari ortaya ¢ikmaktadir (Abdurrahman, 2017). Cinki Ogrencilerin giinliik
yasamla konuyu iliskilendirmeleri ile onlarin konudan daha c¢ok hoslandiklari, eglenerek 6grenmeyi
gerceklestirebildikleri ve bilgilerinin kalicihginin arttinildigi disiiniilmektedir (Kuter & Ozer, 2020;
Westbroek, 2005). Kuter ve Ozer (2020) de zaten bu tarz bir 6grenmenin sadece yapilandirmaci kurama
dayal gerceklestirilen arastirma sonuglarindan elde edilebilecegini belirtmistir. Bu nedenle arastirmada,
ogrencilerin yasamlarina dalgalar konusunda yer alan kavramlari isteyerek ve kolaylikla entegre
edebildikleri ve gesitli bilgileri kesfederek de kendi bilgilerini olusturabildikleri séylenebilir. Son olarak
ogrencilerin meslek hayatlarinda dalgalar konusu bilgilerinin ise yarayacagini ve herkesin dalgalar
konusunda bilgiye sahip olmasi gerektigini dusiindikleri belirlenmistir. Ogrencilerin  bilimsel
uygulamalara iliskin slire¢ becerilerinin ve yeteneklerinin gelismesiyle durumlara bu sekilde bir bakis
acisi ile yaklasabildikleri sdylenebilir (Tan, Yangco, & Que, 2020).

Arastirmada elde edilen sonuglarin tartisiimasinin ardindan, arastirmada yansiz atama olmadan ya da
kontrol grubu olmadan bu sonuglara ulasildigi bilinmektedir. Bu durum aslinda arastirmayi pek ¢ok
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tehdide agik hale getirmektedir (Blylkoztiirk, 2007; Lodico vd., 2010). Bu baglamda arastirmada bu
tehditlere karsi belirli dnlemler alinarak, arastirmanin sinirhliklarinin tartisilmasi gerektigi séylenebilir.
Ornegin calisma grubunun secimi arastirmada bir i¢ tehdit olusturmaktadir (Johnson & Christensen,
2019). Cunkl arastirmadaki 6grenciler yansiz atama olmadan belirlenmistir. Ancak bu noktada
ogrencilerin baslangigtaki bireysel farkliliklari g6z 6niine alinarak farkhliklarin en aza indirgenmesi igin
ogrencilerin lise giris sinavi ile kazandiklari bir Anadolu Lisesinde 6grenim gérmelerine ve bdylece benzer
ozelliklere sahip olmalarina dikkat edilmistir. Ayrica arastirmada ¢alisma grubu igin 6gretmen goriisu de
alinmis ve 6gretmenin yaklasik iki yildir fizik derslerinde birlikte oldugu 6grencilerinin benzer bilgi
seviyesine ve fizik dersi genel basarisina sahip olduklarini belirtmesiyle ilgili ¢alisma grubuyla
arastirmanin yUritilmesine karar verilmistir (Christensen, Johnson, & Turner, 2015; Lodico vd., 2010).
Alanyazinda kontrol grubu bulunmayan calismalarda ayni zamanda, ge¢misinde énemli bir rol oynadigi
ve bunun bir tehdit unsuru yarattigi bilinmektedir. ClinkQ tarihte yasanan bir olay bagimli degiskeni
kolaylikla etkileyebilmektedir. Bunun icin galismanin siiresinin kisa tutulmasi ve bu sekilde ge¢misin
potansiyel tehditinden kaginmanin mimkin olabilecegi akla gelmektedir. Arastirmada da 10 haftalik bir
siirenin tarihte yasanabilecek olaylar bakimindan ¢ok uzun bir siire olmamasiyla, tarihin olusturabilecegi
tehditin bu sekilde 6niine gegilmesi hedeflenmistir. Diger bir i¢ tehdit unsuru ise, veri toplama
aracglarinin ayni galisma grubuna belirli aralikla iki kez uygulanmasiyla 6grencilerin son uygulamada
sorulara asina olmalari ve son uygulamaya bunun etki etmesidir. Ancak arastirmada 6n ve son uygulama
arasinda 10 haftalik bir zaman dilimi bulunmasiyla, 6grencilerin 6n testte yer alan ifadeleri hatirlama
olasiliginin bu sekilde azaltildigi distnilmektedir. Bunlara ek olarak arastirmada yararlanilan veri
toplama aracinin arastirmanin amacina uygun ve gegerli, glivenilir bir 6lcme araci olmasiyla, arastirmada
bu sekilde i¢ gegerlik yoniinden olusabilecek tehdite dnlem alindigi ifade edilebilir. Bunlarin yani sira
arastirmada uygulanan 6n testin arastirma igin bir dis tehdit unsuru oldugu bilinmektedir. Clinkiu
arastirmada uygulama o6ncesi yapilan 6lgme ile dalgalar konusunun sorgulamaya dayali 6grenme
yaklasimina gére uygulanmasinin, 6n test uygulamasi olmadan sadece uygulamanin ortaya ¢ikarabilecegi
degisimden farkli bir etki yaratabilecegi soylenebilir. Bu baglamda arastirmada uygulanan 6n testte
ogrencilerin sireg icerisinde tutumlarinin degistirilmeye calisildig yoninde farkindaliklarinin olusmamasi
amaglanmis ve hem olgek gelisiminde hem de 6grenci bilgilendirmesi yapilirken farkindaligin
arttinlmamasi gerektigi hususu goéz onine alinmistir. Bu sekilde arastirmanin genellenebilirligini
engelleyebilecek olan dis tehdit unsuru ile bas edilmeye calisiimistir. Arastirmada galisma grubunun
yansiz atama olmadan belirlenmesi dis gecerlik icin de tehdit olusturmaktadir. Arastirmanin
genellenebilirligi bu baglamda buyik o6lcide risk altina girerken, dis gegerligi arttirabilmek igin
arastirmada ele alinan uygulamanin fazla sayida 6grenci ile gerceklestirilmesi gerektigi diistintGImustar.
Bu tehditi kontrol edebilmek i¢in arastirmada ulasilabilen ve uygulamanin aksamadan ilerleyebilecegi 6n
gorilen en fazla sayida 6grenci ile calismanin yirattldagi séylenebilir. Ayni zamanda arastirma énemli
bir rol Ustlenen Ogretmenin kasitsiz bir sekilde c¢alisma sonucunu etkilememesi gerektigi de
bilinmektedir. Bu dis tehdit 6grencilerin performansini, tutumunu ve davranislarini etkileyebilir. Bu
noktada 6gretmenin arastirma sonucuna yoénelik bir beklentisinin olmamasi ile yanli davranislarda
bulunmamasi gerektigi akla gelmektedir. Arastirmada da arastirmaci ile birlikte her hafta dizenli bir
sekilde sadece etkinlik planlarina galisan 6gretmenin, arastirmada 6grencilerle temas halinde oldugu ve
bu sirecte arastirmada beklenen sonucu bilmeyerek sadece uygulama siirecine odaklandigi séylenebilir.
Son olarak bir arastirma siurecine dahil oldugunun farkinda olan 6grencilerin davranislarinda
olusabilecek farklihklarin arastirma icin tehdit olusturabilecegi bilinmektedir. Burada 6grencilerin
sorgulamaya dayali 6grenme uygulamalarindan habersiz olmalarinin saglanmasi gerektigi diisiinilerek,
uygulama basinda 6grencilere dalgalar konusunun 06gretiminin farkli bir sekilde gerceklesecegi
sdylenmemistir. Ogrencilerin yasayarak 6grendikleri bir siirece dahil edilmeleri ile arastirmaya ydnelik
beklentilerinin olmamasi saglanmistir. Bu sekilde 6grencilerin tepkisinden olusabilecek tehditin kontrol
altina alinabildigi diistinilmektedir. Diger bir yandan da ogrencilerin arastirmada yeni ve farkl bir sey
yapmalariyla artan ilgi, motivasyon ya da derse katiim olarak adlandirilan yenilik etkisi, arastirma igin
olasi bir dis tehdit olusturmaktadir. Bu durumun arastirmanin yeterli bir siire icerisinde gerceklesmesi ile
kontrol edilebilecegi soylenebilir. Arastirmada da uygulama siresinin 10 hafta oldugu distnilerek,
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surenin uzun olmasi ile yenilik etkisinin 6grenciler icin zamanla yok olabilecegine inanildigi ifade
edilebilir (Gay & Airasian, 2000; Lodico vd., 2010).

Tim elde edilen sonuglar dogrultusunda; sorgulamaya dayali 6grenme yaklasimina gore
gerceklestirilen uygulamanin dalgalar konusuna ve dolayisiyla fizik dersinin 6gretim sirecine katki
sagladigi dusinilmektedir. Sorgulamaya dayali 6grenme yaklasimi araciligiyla 6grencilerin tutum ve
goruslerindeki degisikligi ortaya koyan bu arastirmanin, dalgalar konusu baglaminda yardimci bir kaynak
olarak kullanilabilecegi sdylenebilir. Ayni zamanda bu ¢alismanin ortadgretim diizeyinde gergeklesmesi
ile fizik 6gretmenlerine de rehber bir kaynak olacagina inanilmaktadir (Russo & Adorno, 2018). Dalgalar
konusunda gerceklesen sorgulamaya dayal 6grenme uygulamalarinin sinirh ¢alismada ele alinmasi da
(Fazio, Tarantino, & Sperandeo-Mineo, 2010; Katsarova & Raykova, 2019; Ozdemir & Kocakiilah, 2016),
bu calismanin dalgalar konusuna yonelik tutum ve fizik dersinin 6gretim siirecine iliskin gorisleri ortaya
cikarmada ulusal-uluslararasi literatlire katki saglayacagini dislindirmektedir. Bunlarin yani sira
arastirmanin veri toplama araglarindan yararlanacak arastirmacilara tutum o6lgeginin faktor yapisini
dogrulayici faktor analiziyle de test etmeleri ve yapi gecerligine yonelik gicli kanitlar sunmalari
onerilebilir (Cronbach & Meehl, 1955).

Ozetlemek gerekirse, fizik dersinin 6gretimine ve dgrenimine katkida bulunmanin kolay olmadig
bilinmektedir. Ogrencilere kendi bilgilerini edinme ve yapilandirma becerisi kazandiran grenci merkezli
yontemlerin, 6gretmen merkezli gerceklestirilen yontemlerden daha fazla ¢gaba gerektirdigi sdylenebilir
(Donohue vd., 2020). Ogrencilere sadece bilgiyi sunmak ya da bildiklerinin yanlis oldugunu belirtmek
onlarin bilimsel bilgi anlayisini gelistirmemektedir (Firman vd., 2019). Bu nedenle 6grencilerin 6grenme
sireclerinde aktif katilim gosterebilecegi 6gretim yontemlerinin tercih edilmesi ile, onlarin anlamli
6grenmeye tesvik edilebilecegi disinilmektedir (Pedaste vd., 2015).

“Yiksekogretim Kurumlari Bilimsel Arastirma ve Yayin Etigi Yonergesinde’ yer alan tiim kurallara
uyulmus ve yonergenin ikinci boéliminde yer alan “Bilimsel Arastirma ve Yayin Etigine Aykir
Eylemlerden” hicbiri gerceklestirilmemistir.
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Appendix A
ACTIVITY PAPER

1. Three volunteers from your class are jumping rope.

We think that the first summons one of them, and that classmate leaves the group. The other two
continue jumping rope.

a) Interpret this movement made by your friends using the rope and relate this to examples from daily
life.

b) What, in your opinion, is a pulse? Explain.
¢) What do you think periodic wave means? Explain.
d) How, in your opinion, would be the pulse’s reflection from the fixed end? Explain by drawing it.

e) How, in your opinion, would be the pulse’s reflection from the free end? Explain by drawing it.

gk/f\\1//\3

After the demonstration experiment:

After animation:

After activity:

2. Below is the heart graph of a patient.

a) Interpret the regular movement in the heart graph.

b) In your opinion, the speed of a beat may vary depending on what?

After the demonstration experiment:
After animation:

After activity:
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Ek A
ETKINLiK KAGIDI

1. Siniftan gonillt olan Ug arkadasiniz ip atlamaktadirlar.

Aralarindan birini okul miidariniin ¢agirdigini diisliniiyoruz ve arkadasiniz gruptan ayriliyor. Diger iki
arkadasiniz ipi sallamaya devam ediyor.

a) Bu iki arkadasinizin ipi kullanarak yaptigi hareketi cizerek yorumlayiniz ve glinlik hayattan
orneklerle bu hareketi iliskilendiriniz.

b) Sizce atma nedir? Agiklayiniz.
c) Sizce periyodik dalga nedir? Aciklayiniz.
d) Sizce atmanin sabit ugtan yansimasi nasil olur, gizerek agiklayiniz.

e) Sizce atmanin serbest uctan yansimasi nasil olur, gizerek agiklayiniz.

%&/f \\.//\g

Gosteri deneyi sonrasi:

Animasyon sonrasi:

Etkinlik sonrasi:

2. Asagidaki sekilde bir hastanin kalp grafisi yer almaktadir.
a) Hastanin kalp grafisinin diizenli hareketini yorumlayiniz.

b) Sizce bir atmanin hizi nelere bagl olarak degisebilir?

Gosteri deneyi sonrasi:
Animasyon sonrasi:

Etkinlik sonrasi:
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