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Cevrimigi

Tahmin-Agiklama-Gozlem-Agiklama

ABSTRACT

The ability of students to comprehend concepts is dependent on their capacity to think deeply, understand the
relationships between concepts, and make connections. Various factors, such as logical thinking ability, attitude,
physical environment, needs, and teaching approach, can affect students' ability to learn concepts. The study
focused on fifth-grade students and examined the impact of the online Predict-Explain-Observe- Explain (PEOE)
method on their conceptual understanding of friction force. The study employed a pre-test post-test experimental
design, which is considered a weak experimental design. The sample of the study consists of 16 fifth grade students
of a secondary school in Bursa province. The experimental application of the research was conducted online in the
2021-2022 academic year, which coincided with the pandemic period. A measurement tool called the Friction
Force Conceptual Understanding Test was used as a data collection tool to determine conceptual understanding.
Wilcoxon Signed Ranks Test, one of the non-parametric statistical methods, was used to compare the pre-test and
post-test data. As a result of the study, it was determined that the PEOE method applied in the online education
environment was effective in improving students' conceptual understanding of friction force. These findings
highlight the importance of interactive and participatory learning approaches applied in an online environment for
students' conceptual understanding processes. This study can be an important reference point for the
development of distance education applications.

Keywords: Online education, science Instruction, conceptual understanding, friction force, predict-explain-
observe-explain method
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Ogrencilerin kavramlari kavrama yetenegi, derinlemesine diisiinme, kavramlar arasindaki iliskileri anlama ve
baglantilar kurma becerilerine baghdir. Mantiksal diisinme yetenegi, tutum, fiziksel ortam, ihtiyaglar ve 6gretim
yaklasimi gibi faktorler 6grencilerin kavramlan 6grenebilmesini etkilemektedir. Arastirma, besinci sinif 6grencileri
tzerinde gergeklestirilmis ve bu 6grencilerin stirtinme kuvveti konusundaki kavramsal anlamalarina gevrimigi
Tahmin-Agiklama-Gozlem-Agiklama (TAGA) yonteminin etkisi incelenmistir. Arastirmada, zayif deneysel
desenlerden tek grup 6n test son test deneysel deseni kullanilmistir. Arastirmanin 6rneklemi, Bursa ilinde bulunan
bir ortaokulun, 16 besinci sinif 6grencisi olusturmaktadir. Arastirmanin deneysel uygulamasi, pandemi dénemine
denk gelen 2021-2022 6gretim yilinda cevrimici olarak gergeklestirilmistir. Kavramsal anlamanin tespiti
noktasinda veri toplama araci olarak Sirtiinme Kuvveti Kavramsal Anlama Testi adi verilen 6lgme araci
kullaniimistir. On test ve son test verilerinin karsilastirilmasinda, non-parametrik istatistiksel yéntemlerden
Wilcoxon isaretli Siralar Testi kullanilmistir. Calisma neticesinde, gevrimici egitim ortaminda uygulanan TAGA
yonteminin, surtinme kuvveti konusunda Ogrencilerin kavramsal anamalarini iyilestirmede etkili oldugu
belirlenmistir. Bu sonuglar, 6grencilerin kavramsal anlama siiregleri igin gevrimigi ortamda uygulanan etkilegimli
ve katihmc 6grenme yaklagimlarinin 6nemini vurgulamaktadir. Calisma, uzaktan egitim uygulamalarinin
gelistirilmesi icin 6nemli bir referans noktasi olabilir.
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Introduction

The Covid-19 pandemic, which began in Wuhan, China,
in December 2019, has exerted a profound influence
worldwide, including in Turkey. This global health crisis
has impacted numerous facets of daily life including the
economy, mental health, societal interactions, education,
and healthcare across many nations. Particularly notable
are the transformative effects on the educational sector,
where the pandemic has led to the suspension and in
some cases, complete closure of universities and schools.
In this period, the continuity of education was ensured in
Turkey through platforms such as Education and
Informatics Network (EBA), Google Meet, Skype and Zoom
(Ayaz, 2021). With the use of these tools, technology,
which has gained an important place today, has started to
be used more and has made education and training
activities sustainable by eliminating time and space
limitations. At the same time, online education has helped
to ensure equality in education for students, both
economically and socially (Kirik, 2014).

Itis crucial for students to learn concepts meaningfully
rather than memorising them. This is because their
conceptual understanding of the subject will help them
form relationships between concepts and facilitate their
progressive learning and understanding of new concepts
(Sinan, 2007). With the shift to online education due to
the pandemic, teaching concepts has become more
challenging.

The challenges encountered during c¢evrimigi
education have made communication between teachers
and students more difficult, hindering the full
comprehension of scientific concepts. The absence of a
physical classroom environment has made it challenging
for students to actively participate in lessons, leading to
the expectation that teachers should guide students more
effectively. Research has shown that question-answer,
lecture, and problem-solving are the most commonly used
teaching methods in online education (Bakioglu & Cevik,
2020). However, these methods have been found to be
inadequate for promoting students' conceptual
understanding (Basaran et al., 2020). Therefore, it is
crucial to employ teaching techniques that facilitate
conceptual understanding in online education. It has been
observed that the Prediction-Observation- Explanation
(POE) method contributes to students' conceptual
learning (Chen, 2022).

The POE method is an effective teaching technique
that enables students to actively participate in the lesson,
question any subject or concept, and take an active role in
the teaching process, thus facilitating conceptual change
(White & Gunstone, 1992). The POE method, also known
as Prediction-Observation- Explanation, is a three-stage
process that reveals students' knowledge on a subject. It
is important to note that this method is widely discussed
in the literature. In

the first stage, students are asked to make predictions
about a topic or concept and express their reasoning. This
activates their prior knowledge. In the second stage,
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students are asked to make observations to verify their
predictions. Finally, in the third stage, students are asked to
provide an explanation. At this stage, students test their
knowledge and observe the results. During the third stage, the
individuals compare their predictions with their observations
and explain any contradictions. Finally, students analyze their
experiences and observations using a scientific approach to
deepen their learning and better understand the concepts
(White & Gunstone, 1992).

The POE method, developed by Kiryak (2013), has been
modified to include an explanation stage between the prediction
and observation stages. This modified version is known as the
Prediction-Explanation- Observation-Explanation (PEOE)
method. The PEOE method involves predicting the outcome of
an event or experiment, explaining the predictions, observing
the actual events, and then explaining any contradictions
between the predictions and observations (Costu et al., 2012).
This technique encourages students to actively participate in the
learning process by expressing their opinions and making
connections between their prior knowledge and new
information (Kearney & Treagust, 2000).

The PEOE method is an effective approach to ensure
conceptual understanding. This learning method involves
identifying distinctions, similarities and connections between
concepts that can then be applied to other environments and
used to solve problems (Sinan, 2007). Prior knowledge plays a
very important role in this process. If students' prior knowledge
is scientifically correct, it can help them acquire new knowledge.
Incomplete or incorrect knowledge, on the other hand, can
prevent the learning of new concepts (Ergun, 2017). Therefore,
it is very important to prioritise students' acquisition of
conceptual knowledge (Malatyali & Yilmaz, 2010). In addition,
PEOE method encourages students to question the reasons
underlying the concepts and events presented to them. As a
result, it is widely accepted as a method that improves students'
conceptual understanding and facilitates conceptual change
(Koéseoglu et al.,, 2002).

In this study, the subject of "friction force", which is included
in the scope of the 5th grade primary school Science course, was
discussed. Friction force is one of the basic physical forces that
students can relate to daily life and easily understand with
concrete examples (Yilmaz & ince Aka, 2022). The main reason
for choosing this subject is that it contributes to the
development of scientific thinking skills by allowing students to
actively participate in observation, experiment design, research
and questioning processes (Maden, 2022). In addition, since
friction force is a phenomenon frequently encountered in daily
life, it is also important for students to develop their skills in
transferring the learned information to real life (Taskin & Mogol,
2017; Yuzbasioglu & Kurnaz, 2022). Therefore, by focusing on the
subject of friction force in the study, it was aimed to help
students understand this concept more deeply and to support
them with the PEOE method.

When the literature is examined, it is seen that many studies
have been conducted on the POE method (Bilen et al., 2011;
Bilen et al., 2016; Ruscuklu & Ozdilek, 2019; Uyanik, 2017;
Yildirrm & Maseroglu, 2016). These studies reveal that the POE
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method positively affects students' conceptual
understanding, increases their satisfaction with the
courses, and provides opportunities to correct
misconceptions. Various teaching methods are used in
science education to improve students' conceptual
understanding. Among these methods, approaches such
as POE and PEOE stand out for helping students
understand scientific concepts more deeply and ensuring
active participation. When the literature is examined, it is
seen that many studies have been conducted on the POE
method (Bilen et al., 2011; Bilen et al., 2016; Rusguklu &
Ozdilek, 2019; Uyanik, 2017; Yildirim & Maseroglu, 2016).
These studies reveal that the POE method positively
affects students' conceptual understanding, increases
their satisfaction with the course, and provides an
opportunity to correct misconceptions. However, studies
in the field of online education have indicated that
teachers face various difficulties. These difficulties include
connection problems, internet outages, limited
technological opportunities, and difficulties in using digital
tools. In addition, teachers stated that they could not fully
achieve the outcomes (Kurt & Aydin, 2021; Bakirci et al.,
2021a; Kosar & Bakir, 2022; Bakirci et al.,, 2021b).
Similarly, students also stated that they experienced
various problems in internet connection and
communication during the online education process. In
addition, they stated that the experiments conducted
were insufficient and that more practices should be done
(Bakirci et al., 2023; Batir & Sadi, 2021). In addition, it has
been observed that various teaching methods such as the
use of web applications, watching experiment videos,
conducting experiments in front of a camera, and the
guestion-answer method are used in online science
courses (Bostan Sarioglan et al., 2020; Kurt & Aydin, 2021;
Yunus et al., 2021). Studies show that more studies have
been done on the POE method compared to the PEOE
method. However, it is seen that research on online
education mostly focuses on teacher and student views
(Yunus et al., 2021; Kurt & Aydin, 2021; Bostan Sarioglan
et al., 2020; Bakioglu & Cevik, 2020; Bakirci et al., 2021b;
Ayaz, 2021; Batir & Sadi, 2021; Bakirci et al., 2023). This
situation reveals that the effect of different teaching
methods on students' conceptual understanding levels in
online education has not been examined sufficiently. The
PEOE method, which includes a structured prediction-
explanation-observation-explanation process, has the
potential to increase online learning efficiency by
supporting students' cognitive processes. Therefore,
investigating the effectiveness of the method in the online
environment is important both for improving the quality
of distance education and for determining effective
teaching strategies. In addition, it aims to contribute to
this field by experimentally examining the effectiveness of
the PEOE method in online environments and to
contribute to the literature on its effect on the conceptual
understanding of fifth-grade students. In order to address
this deficiency, this study aims to examine the effect of the

PEOE method on the conceptual understanding levels of fifth-
grade middle school students on the subject of friction force in
an online education environment.

Method

Research Design

This study was designed using a one-group pretest- posttest
experimental design, which is one of the weak experimental
designs within quantitative research methods. There is no
control group in the research design. The effectiveness of the
experiment was evaluated by comparing the data obtained as a
result of the measurements between the pretest and posttest,
which was used to determine the effect of the experimental
intervention.

Participants

The sample of the study was determined by the easily
accessible case sampling method, which is one of the non-
random sampling methods. This sampling method provides
speed and practicality to the research by selecting a sample that
is close, easily accessible, and ready to be studied (Yildirm &
Simsek, 2016). Sixteen middle school students (9 boys, 7 girls)
studying in the 5th grade participated in the study. The
application was conducted online at the end of two weeks.

Data Collection Tools

In the study, the concepts of friction force and air-water
resistance in the 'Measurement of Force and Friction' unit of the
5th grade Science course were implemented by the first author
of the study in accordance with the time and outcomes specified
in the science curriculum. The test was applied face-to-face to
the students at the beginning and end of the study. In the first
stage of the items, there is a multiple-choice conceptual
guestion. In the second stage, students were asked to explain the
rationale for their answer to the first question in an open-ended
format. In the third stage, students were asked to rate their
confidence in their answers in the first two stages. Figure 1
presents a sample test item from the measurement tool. The
students were given one lesson hour.

Reliability and Validity Studies of FFCUT

In order to ensure the validity and reliability of the three-
stage Friction Force Conceptual Understanding Test (FFCUT), the
opinions of two experts in the field of science education, two
science teachers and one physics teacher, were obtained and 3
items were removed in line with the suggestions. For validity and
reliability analyses, the test was piloted with 5th and 6th grade
students in a secondary school in Bursa. Due to the pandemic,
the test was administered to 99 students online via Google Form.
As a result of the pilot application, 2 more items were removed
and the Cronbach's Alpha value of the final version of the
conceptual understanding test was calculated as 0.828. This
value is above the threshold value of 0.70 and shows that the
test is reliable (Ozgiiven, 2000; Tavsancil, 2002).
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SUKUY.1

Ayni nesne, dort farkli zeminde uglarma baglanan dinamometreden gekilerek ayni siiratle

stiriiklenecektir.

Hal Cam

Asfalt

Bu deneyde kag numarals diizenekteki dinamometrenin ibresi daha biiviik bir kuvvet

gosterir?
A)l B)2 C)3

SORU 9.2

D)

Bu cevabi vermenizin sebebi nedir? Gerekgesi ile agiklaymiz.

SORU 9.3

Bir 6nceki soruda verdiginiz cevaptan ne kadar eminsiniz?

A)Eminim B) Emin degilim

Figure 1. Three examples of study questions included in the FFCUT

Implementation of the Study

In the study, the concepts of friction force and air-
water resistance in the 'Measurement of Force and
Friction' unit of the 5th grade Science course were
implemented in accordance with the time and outcomes
specified in the science curriculum. The implementation
was carried out by the first author of the study. Before
starting the implementation, students were interviewed
face to face. Information about the process was provided,
the features of the PEOE method were introduced, and
students were asked to complete the FFCUT pre-test
during a lesson. Before the online implementation, the
PEOE worksheet containing prediction, explanation,
observation, explanation, and discussion questions was
distributed to the students and they were asked to keep it
with them during the lesson. The online education was
implemented online for two consecutive weeks; two
hours in the first week and two hours in the second week.
Students received a link from their partner groups to join
the lesson via the Zoom application. Then, students were
asked to individually answer open-ended questions about
prediction, explanation, observation, and explanation on
the worksheet during the online lesson. Finally, at the end
of the implementation, students were interviewed face to
face and given one class hour to complete the FFCUT post-
test.
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Data Analysis

Non-parametric tests are used when normal distribution
cannot be assumed due to small sample size (Drew et al., 1996).
Therefore, considering the small sample size, non-parametric
tests were preferred for this study and the data were analysed
by Wilcoxon Signed Rank Test using SPSS 22 software.

The FFCUT analysis calculates the total score by adding up the
scores of the final codes. The highest possible score is 15, while
the lowest is 0. The final codes were evaluated based on the
situations presented in Table 1 and analyzed using the SPSS 22
program. The analysis of the final codes for the FFCUT is
presented below: The coding process involved four stages. The
first three stages were coded using the codes provided in Table
1. In the final stage, a score of '1' was assigned if the correct
option was selected in stages 1 and 2, and the option 'l am sure'
was selected in stage 3. A score of '0' was assigned if at least one
of the incorrect options was selected in stages 1 and 2, or the
option 'l am not sure' was selected in stage 3.

To evaluate students' conceptual understanding levels more
thoroughly, the number of categories was increased instead of
only two categories (correct or incorrect) in the analysis of the
second and third stages of the FFCUT (Karatas et al., 2003).
Student responses were coded under the categories of scientific
knowledge, lack of knowledge, lack of confidence,
misconception, misconception false positive and misconception
false negative. Nine scores were calculated and evaluated based
on the scoring system developed by Arslan et al. (2012) in Table
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Table 1. All possible answers of the stages in the test and related categories

Category* First Phase Second Phase Third Phase Final Code
(Code) (Code) (Code)
Scientific Knowledge True (1) True (1) | am sure (1) 1
Lack of Knowledge True (1) False (0) Not sure (0) 0
Lack of Knowledge False (0) True (1) Not sure (0) 0
Lack of Knowledge False (0) False (0) Not sure (0) 0
Lack of Confidence True (1) True (1) Not sure (0) 0
Misconception False (0) False (0) I am sure (1) 0
Misconception False Positive True (1) False (0) | am sure (1) 0
Misconception False Negative False (0) True (1) I am sure (1) 0

e The FFCUT analysis involved the calculation of nine
different score types: first stage (FS), first two stages (FTS),
being sure (BS), scientific knowledge (SK), lack of
knowledge (LK), lack of confidence (LC), misconception
(M), misconception false positive (MFP), and
misconception false negative (MFN) (Arslan et al., 2012).
The following section explains the contents of these score
types.

o First Stage (FS): This section displays the frequency
and percentage of students who answered the first stage
of each question correctly. Students who answered the
first stage correctly were coded as '1', while those who did
not were coded as '0'.

e First Two Stages (FTS): This section displays the
frequency and percentage of students who answered the
first two stages of each question correctly. Students who
answered both the first and second stages correctly were
coded as '1', while those who did not were coded as '0'.

e Being Sure (BS): The data displays the frequency and
percentage of students who responded with 'l am sure' in
the third stage. Only the third stage was analysed, and
students who selected 'l am sure' were coded as '1', while
the others were coded as '0'.

o The section on Scientific Knowledge (SK) displays the
frequency and percentage of students who answered the
first two stages of each question correctly and were
confident in their responses. Students who answered
correctly in the first and second stages and selected 'l am
sure' in the third stage were assigned a code of '1', while
the remaining students were assigned a code of '0'. This
scoring type includes three different ways of answering,
which are categorized as Lack of Knowledge (LK).

- The table displays the frequency and percentage
of students who answered correctly in the first stage,
incorrectly in the second stage, and selected 'not sure' in
the third stage. Students who answered the first stage
correctly were assigned a code of '1', while those who
answered the second stage incorrectly were assigned a
code of '0". Students who selected 'not sure' in the third
stage were also assigned a code of '0'.

- The table displays the frequency and percentage

of students who answered the first stage incorrectly, the second
stage correctly, and marked 'not sure' for the third stage. - The
table displays the frequency and percentage of students who
answered the first stage incorrectly, the second stage correctly,
and marked 'not sure' for the third stage. The coding used was
'0' for incorrect answers in the first stage, '1' for correct answers
in the second stage, and '0' for 'not sure' in the third stage.

- The table displays the frequency and percentage of
students who answered incorrectly in the first and second
stages, and selected 'not sure' in the third stage. Students who
answered incorrectly in the first and second stages were coded
as '0', while those who selected 'not sure' in the third stage were
also coded as '0'.

e lack of Confidence (LC): It shows the frequency and
percentage of students who answered the first two stages of
each question correctly and answered "not sure" in the third
stage. Students who answered the first stage correctly were
coded as "1", those who answered the second stage correctly
were coded as "1", and students who chose "not sure" in the
third stage were coded as "0".

e Misconception (M): It shows the frequency and
percentage of students who answered incorrectly in the first two
stages of each question and answered "I am sure" in the third
stage. Students who answered the first stage incorrectly were
coded as "0", those who answered the second stage incorrectly
were coded as "0", and students who chose "I am sure" in the
third stage were coded as "1".

e Misconception False Positive (MFP): It shows the
frequency and percentage of students who answered correctly
in the first stage, incorrectly in the second stage and "l am sure"
in the third stage. The students who answered the first stage
correctly were coded as "1", the students who answered the
second stage incorrectly were coded as "0", and the students
who chose "l am sure" in the third stage were coded as "1".

. Misconception False Negative (MFN): It shows the
frequency and percentage of students who answered incorrectly
in the first stage, correctly in the second stage and "l am sure" in
the third stage. The students who answered the first stage
incorrectly were coded as "0", the students who answered the
second stage correctly were coded as "1" and the students who
chose "l am sure" in the third stage were coded as "1".
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Results

Statistical Difference in FFCUT Pre-Test-Post-Test
Final

In The study investigated the effect of using the PEOE
method in online education on conceptual understanding
in a class of 16 students. Wilcoxon Signed Ranks test
results were analysed to determine if there was a
significant difference in the number of correct answers on
the conceptual understanding test before and after the
application. The results are presented in Table 2. Table 2
shows that the average score obtained from the FFCUT
pre-test increased from 10 to 12.18 in the post test. The
Wilcoxon Signed Ranks test revealed a statistically
significant difference between the number of correct
scores achieved by students before and after the
application of the study (Z=-2.76, p<0.006). The negative
ranks (initial measurement) suggest that the study had a
significant effect on conceptual understanding.

Friction Force: Findings on the Effect on Conceptual
Understanding

As a result of the analysis of the data, the data obtained from
the pre-test and post-test on the subject of frictional force were
analyzed together and the percentages of first stage (FS), first
two stages (FTS), scientific knowledge (SK), lack of knowledge
(LK), lack of confidence (LC), misconception (M), misconception
false positive (MFP), misconception false negative (MFN) and
being sure (BS) were calculated. The mean percentages of
correct answers are presented in Table 3.

When the data in Table 3 are analyzed, while the rate of those
who answered the first stage correctly was 65.62% in the pre-
test, this rate increased to 75% in the post- test. While the rate
of those who answered the first two stages correctly was 30% in
the pre-test, this rate increased to 75% in the post-test.
increased to 58.33%. While the percentage of students who
answered the first two stages correctly and were sure of their
answers was 68.87% in the pre-test, this rate increased to
77.77% in the post-test. The percentages of the first stage, first
two stages and being sure in the pre-test and post-test are given
in Figure 2.

Table 2. FFCUT pretest-posttest Wilcoxon Signed Rank Test results

Post-test-Pre-test N Rank Mean  Row Total z p
Negative Rows 3 4 12 -2,76 0,006*
Positive Rows 12 9 108
Non-Difference 1
*Based on negative rows
Table 3. FFCUT pretest-posttest Wilcoxon Signed Ranks Test result

FS FTS SK LK LC M MFP MFN BS
Pre test 65,62 30 27,5 31,25 12,5 17,96 28,9 6,25 66,87
Post test 75 58,33 50 18,75 15 15,62 12,5 - 77,77

Explanation: First stage (FS), first two stages (FTS), scientific knowledge (SK), lack of knowledge (LK), lack of confidence (LC), misconception (M),
misconception false positive (MFP), misconception false negative (MFN) and being sure (BS)

20

80

70

50—

M pre-test

400 — ]

30
200 —
100 —

M Post-test

Firststage
(FS)

Firsttwostages
(FTS)

BeingSure
(BS)

Figure 2. Percentage distribution of the pre-test-post-test first stage, first two stages and being sure in the conceptual
understanding test on the subject of friction force
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The rate of students' scientific knowledge increased from
27.5% in the pre-test to 50% in the post-test, the rate of lack
of knowledge decreased from 31.25% in the pre-test to
18.75% in the post-test, the rate of lack of confidence
increased from 12.5% in the pre-test to 15% in the post-test,
and the rate of misconceptions decreased from 17.96% in the
pre-test to 15.62% in the post-test, While the misconception
false positive rave was 28.9% in the pre-test, this rate
decreased to 12.5% in the post-test, and while the
misconception false negative rate was 6.25% in the pre-test,
there were no students with this misconception in the post-
test. The percentages of scientific knowledge, lack of
knowledge, lack of confidence, misconception,
misconception false positive and misconception false
negative in the pre-test and post-test are given in Figure 3.

Air and Water Resistance: Findings on the Effect on
Conceptual Understanding

As a result of the analysis of the data, the data obtained
from the pre-test and post-test on the subject of air and
water resistance were analyzed together, and the first stage
(FS), the first two stages (FTS), The percentages of scientific
knowledge (SK), lack of knowledge (LK), lack of confidence
(LC), misconception (M), misconception false positive (MFP),
misconception false negative (MFN), and being sure (BS)

were calculated. The mean percentages of correct answers
are presented in Table 4.

When the data in Table 4 are analyzed, while the rate of
those who answered the first stage correctly was 67.5% in the
pre-test, this rate increased to 81.25% in the post- test. While
the rate of those who answered the first two stages correctly
was 27.5% in the pre-test, this rate increased to 57.5% in the
post-test. Those who answered the first two stages correctly
While the percentage of students who were sure of their
answers was 61.25% in the pre-test, this rate increased to
67.5% in the post-test. The first stage, the first two stages and
the percentages of being sure in the pre-test and post-test
are given in Figure 4.

The rate of students' scientific knowledge increased from
23.75% in the pre-test to 51.25% in the post-test, the rate of
lack of knowledge decreased from 30% in the pre-test to 25%
in the post-test, and the rate of lack of confidence increased
from 9.37% in the pre-test to 10.41% in the post-test, The
rate of misconceptions decreased from 12.5% in the pre-test
to 8.33% in the post-test, the rate of misconception false
positives decreased from 27.45% in the pre-test to 14.06% in
the post-test, and the rate of misconception false negatives
decreased from 6.25% in the pre-test to 0% in the post- test.
The percentages of scientific knowledge, lack of knowledge,
lack of confidence, misconception, misconception false
positive and misconception false negative in the pre-test and
post-test are given in Figure 5.

60

Scientific Lack of

knowledge knowledge
(SK ™ rc

Lack of Miscon Miscon Miscon
confidence ception ception ception
(KY) false false

K Pre-test

M Post-test

positive
(MFP)

negative

(MFN)

Figure 3. Percentage distribution of scientific knowledge, lack of knowledge, lack of confidence, misconception, false
positive misconception, false negative misconception in the pre-test-post-test of friction force subject of conceptual
understanding test

Table 4. Percentages of students' answers to the pre-test and post-test questions on air and water resistance in the

conceptual understanding test

FS FTS SK LK LC M MFP MFN BS
Pre test 67,5 27,5 23,75 30 9,37 12,5 27,45 6,25 61,25
Post test 81,25 57,5 51,25 25 10,41 8,33 14,06 = 67,5

Explanation: First stage (FS), first two stages (FTS), scientific knowledge (SK), lack of knowledge (LK), lack of confidence (LC), misconception (M),
misconception false positive (MFP), misconception false negative (MFN) and being sure (BS)
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Figure 4. Percentage distribution of pre-test-post-test first stage, first two stages and being sure in the conceptual
understanding test on air and water resistance
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Figure 5. Percentage distribution of pre-test-post-test scientific knowledge, lack of knowledge, lack of confidence,
misconception, false positive misconception, false negative misconception in the conceptual understanding test on air
and water resistance

Discussion, Conclusion and Recommendations

The data on the effect of online education supported by
the PEOE method on conceptual understanding of the subject
"Friction Force" in science course was analysed. In this study,
the data was obtained with the results related to the pre-test
and post-test of FFCUT. The findings were interpreted in the
discussion and conclusion sections.

The responses to the FFCUT questions before and after
the online PEOE activities were evaluated. The FFCUT was
used to determine whether there was a statistical difference
between the pre-test and post-test scores.
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A statistically significant difference was found between
the pre-test and post-test in the total number of correct
answers given by the students, favouring the post-test. In the
application process of the PEOE method, it was observed that
the correct answers given by some students in the prediction
explanation increased after the observation phase. This
shows that the observation phase of the PEOE method
positively affects the conceptual understanding levels. In the
study conducted with students in a science course by Kiryak
and Ozdilek (2019), it was observed that almost all students
gave correct answers after the PEOE method. In the study
conducted by Tekin (2008), it was concluded that the POE
method provides a better understanding of concepts and
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supports conceptual understanding. In the study conducted
by Giingdr and Ozkan (2017) with teachers, it was concluded
that conducting experiments according to the POE method
improves the conceptual understanding level.

The three phases of the FFCUT were evaluated together
before and after the online PEOE activities. The pre-test and
post-test results were used to determine the students'
conceptual understanding of friction force and air-water
resistance. Pre-test and post-test results for FFCUT friction
force and air-water resistance topics show a decrease in the
rate of correct answers given by students as the number of
levels increased. Additionally, the rate of correct answers in
the first stage of a question was lower than the rate of correct
answers in the first two stages of a question, and the rate of
correct answers in the first two stages was the lowest. In
summary, the proportion of students who demonstrated
scientific knowledge in both the pre-test and post-test was
lower than the proportion of correct answers in the first two
stages combined. It can be inferred that the students possess
conceptual knowledge about the subject of friction force, as
the first stage of the test assesses this. However, they appear
to lack sufficient understanding when it comes to providing
reasons for their answers, which is evaluated in the second
stage of the test. Koleli (2019) conducted a study which
concluded that pre-service science teachers possessed
content knowledge but lacked sufficient conceptual
understanding of the reasons behind it. This finding was also
observed in a study by Arslan et al. (2012) using a three-stage
diagnostic test.

When the rates of the first stage and the first two stages
of the friction force and air-water resistance questions in the
FFCUT were examined, it was found that there was an
increase compared to the pre-test period. In addition, there
was a significant increase in the percentage of correct
answers for all three levels of the FFCUT, i.e. the percentage
of scientific knowledge. After the application of the online
PEOE method, it was observed that there was an increase in
the correct answers given by the students to the multiple-
choice questions in the first stage, an increase in the correct
reasons given by them to the open-ended questions in the
second stage, and an increase in the rate of certainty of the
answers given by them in the first two stages in the third
stage. In this case, it can be said that the students had a
conceptual understanding of friction force and air-water
resistance after the application.

If we look at the pre-test and post-test results of the
questions on frictional force and air-water resistance in the
FFCUT, there was a decrease in the rate of lack of knowledge.
In other words, it was observed that some students gave
wrong answers to the multiple-choice question in the first
stage, to the open-ended question in the second stage, or to
the first two stages, i.e. to both multiple-choice and open-
ended questions, and at the same time they were not sure of
their answers. This can be said that as a result of using the
online PEOE method, some students understood the
concepts of friction force and air-water resistance, could
interpret the reasons, and their confidence in their answers

increased.

When we look at the pre-test and post-test results for the
friction force and air-water resistance questions in the FFCUT,
there was a slight increase in the rate of lack of confidence.
In other words, it was observed that some students answered
the multiple-choice question correctly in the first stage and
the open-ended question correctly in the second stage, but
they were not sure about these answers. This can be
interpreted to mean that some students understood the
concepts of friction force and air-water resistance and were
able to interpret the reasons, but their confidence was low as
a result of using the online PEOE method.

When analysing the pre-test and post-test results of the
friction force and air-water resistance questions in the FFCUT,
there was a decrease in the rate of misconceptions, false
positive misconceptions and false negative misconceptions.
In other words, there was an increase in the rate of correct
answers by some students to the multiple-choice questions
in the first stage and to the open-ended questions in the
second stage. This situation can be interpreted as the
application of the online PEOE method having a positive
effect on the conceptual understanding of the topics of
friction force and air-water resistance.

In reviewing the literature, the findings of this study are
similar to other studies on PEOE and POE methods. Ozbulut
(2023), the online PDEODE teaching method has positive
progress and developments in the academic success of
science teacher candidates, the deficiencies, errors were
corrected by reviewing them in the foreground and
information containing new information has been reached.
Glingor (2016), the POE method used in teaching biology
concepts in a laboratory environment has created significant
and positive effects on the academic success of teacher
candidates, the development of advanced process
characteristics and the permanence of learning. Ozkan
(2022), in his master's thesis, it has been reached because
online science in-depth TGA teaching methods are more
effective on academic success than the traditional teaching
method. Kiryak and Ozdilek (2019) concluded that the
application of PEOE teaching methods on acid rain had a
positive effect on students' conceptual understanding.
Yaman (2012) concluded that computer-based POE activities
were effective in developing students' conceptual
understanding. Yavuz and Celik (2013) concluded in their
study that the POE method helped students to learn concepts
better. Tereci et al. (2018) concluded in their study that the
POE method helped students to better understand the
concepts related to the topic of magnetism. Akgin et al.
(2013) developed activities based on the POE method and
found that it significantly changed students' conceptual
achievement in the subject of pressure. In their study, Bilen
and Aydogdu (2012) showed that the activities prepared with
the laboratory approach based on the POE method were
significant on the conceptual achievement of pre-service
science teachers. Bilen et al. (2011) showed that the activities
prepared based on the POE method had a significant effect
on the conceptual achievement of pre-service science
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teachers.

According to the results of the study, the following
suggestions were made:

The online PEOE method, which has been shown to be
effective in developing students' conceptual understanding,
can be disseminated especially in teaching abstract science
concepts.

Considering that it improves students' prediction and
explanation skills, activities based on the PEOE method can
be implemented by teachers by supporting them with digital
content.

Considering the limitations of this study, the
generalizability of the method can be tested by conducting
similar studies in different socio-economic groups, different
age levels and different subject areas.

Genisletilmis Ozet

Giris

Aralik 2019'da Cin'in Wuhan kentinde ortaya ¢ikan Covid-
19 viriisi, Turkiye dahil olmak tizere diinya ¢apinda buyiik bir
etki yaratmistir. Bu global saglik krizi, bir¢ok lilkede ekonomi,
psikoloji, sosyal yasam, egitim ve saglik gibi hayatin cesitli
yonlerini etkilemistir. Covid-19 pandemisi, 6zellikle egitim
alaninda 6nemli degisikliklere yol agmis, okullarin ve
Universitelerin askiya alinmasina veya hatta kapanmasina
neden olmustur. Bu dénemde, Turkiye'de Egitim ve Bilisim
Ag1 (EBA), Google Meet, Skype ve Zoom gibi platformlar
aracihgiyla egitimin devamliiginin  kesintisiz bir sekilde
surdurilmesi saglanmistir (Ayaz, 2021).

Cevrimigi egitim sirecinde yasanan zorluklar, 6gretmen
ve Ogrenci arasindaki iletisimi guglestirerek, bilimsel
kavramlarin tam olarak kavranmasini engellemistir. Fiziksel
sinif ortaminin eksikligi, 6grencilerin derslere aktif katilimini
zorlastirmistir ve bu durum, 6gretmenlerden 6grencilere
daha etkin bir sekilde yol gostermeleri beklentisini
dogurmustur. Yapilan arastirmalar, ¢evrimigi egitimde en sik
kullanilan 06gretim ydntemlerinin soru-cevap, anlatim ve
problem ¢ézme oldugunu ortaya koymustur (Bakioglu ve
Cevik, 2020). Ancak, bu yontemlerin 6grencilerin kavramsal
anlamalarinda yetersiz kaldigi belirlenmistir (Basaran vd.,
2020). Bu baglamda, ¢evrimici egitimde kavramsal anlamayi
destekleyen o6gretim tekniklerinin kullanilmasinin  6nemi
blylktlir. Cesitli yontemler arasinda, Tahmin-Gozlem-
Aciklama (TGA) metodunun Ogrencilerin  kavramsal
ogrenmelerine katkida bulundugu goézlemlenmistir (Chen,
2022).

TGA yontemi, 6grencilerin derse aktif olarak katilmalarini,
herhangi bir konu ya da kavrami sorgulamalarini ve 6gretim
surecinde aktif rol almalarini saglayan, bdylece kavramsal
degisimi kolaylastiran etkili bir 6gretim teknigidir (White ve
Gunstone, 1992). TGA yontemi, Kiryak (2013) tarafindan
tahmin ve gozlem asamalari arasinda bir agiklama asamasi
icerecek sekilde degistirilmistir. Bu degistirilmis versiyon
Tahmin- Aciklama-Goézlem-Aciklama (TAGA) yontemi olarak
bilinmektedir. TAGA yodntemi, bir olayin veya deneyin
sonucunu tahmin etmeyi, tahminleri aciklamayi, gercek
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olaylari gozlemlemeyi ve ardindan tahminler ile gozlemler
arasindaki geliskileri agiklamayi igerir (Costu vd., 2012).

TAGA ydntemi, kavramsal anlamayi saglamak igin etkili bir
yaklasimdir. Bu 06grenme yodntemi, daha sonra diger
ortamlara uygulanabilecek ve problemleri ¢ézmek igin
kullanilabilecek kavramlar arasindaki ayrimlari, benzerlikleri
ve baglantilari tanimlamayi icerir (Sinan, 2007). On bilgiler bu
siirecte ¢cok 6nemli bir rol oynar. Ogrencilerin 6n bilgileri
bilimsel olarak dogruysa, yeni bilgilerin edinilmesine yardimci
olabilir. Eksik ya da yanls bilgi ise yeni kavramlarin
Ogrenilmesini engelleyebilir (Ergun, 2017). Bu nedenle,
ogrencilerin kavramsal bilgi edinmelerine 6ncelik vermek ¢ok
onemlidir (Malatyal ve Yilmaz, 2010). Ayrica TAGA yontemi,
ogrencileri kendilerine sunulan kavram ve olaylarin altinda
yatan nedenleri sorgulamaya tesvik eder. Sonug¢ olarak,
ogrencilerin kavramsal anlamalarini gelistiren ve kavramsal
degisimi kolaylastiran bir yéntem olarak yaygin kabul
gormektedir (Késeoglu vd., 2002).

Alanyazin incelendiginde TGA yontemi ile ilgili cok sayida
calisma yapildigi gorilmektedir (Bilen vd., 2011; Bilen vd.,
2016; Kiryak ve Ozdilek, 2019; Rusguklu ve Ozdilek, 2019;
Uyanik, 2017; Yildirim ve Maseroglu, 2016). Bu arastirmalar,
TGA yonteminin 6grencilerin kavramsal anlayislarini olumlu
yonde etkiledigini, derslerden aldiklari memnuniyeti
artirdigini ve kavramsal yanilgilari diizeltmeleri igin firsatlar
sagladigini ortaya koymaktadir. Cevrimici egitimle ilgili
yapilan arastirmalar genellikle 6gretmen ve 06grenci
gorislerine odaklanmistir, ancak cevrimici ortamda TAGA
onteminin  etkinligi  Gzerine detayli bir arastirma
bulunmamaktadir.

Dolayisilya bu ¢alismanin amaci, gevrimici egitimde TAGA
yonteminin, ortaokul besinci sinif 6grencilerinin siirtinme
kuvveti konusundaki kavramsal anlama diizeylerine etkisini
incelemeyi hedeflemektedir.

Yéntem

Bu ¢alisma, nicel arastirma yontemleriigcinde yer alan zayif
deneysel desenlerden tek gruplu on test-son test deneysel
deseni kullanilarak tasarlanmistir. Arastirma deseninde
kontrol grubu yer almamaktadir. Deneyin etkinligi, 6n test ve
son test arasinda yapilan 6l¢limler sonucunda elde edilen
verilerin karsilastirilmasiyla degerlendirilmistir, bu durum
deneysel midahalenin etkisini belirlemek icin kullaniimistir.

Arastirmanin oOrneklemi, seckisiz olmayan 6rnekleme
turlerinden kolay ulasilabilir durum 6rneklemesi yontemiyle
belirlenmistir. Arastirmaya, 5. sinifta 6grenim goren 16
ortaokul 6grencisi (9 erkek, 7 kiz) katilmistir. Uygulama iki
hafta sonunda ¢evrimigi olarak gerceklestirilmistir. Calismada
veri toplama araci olarak Sdrtlinme Kuvveti Kavramsal
Anlama Testi (SKKAT) kullanilmistir.

Tartisma, Sonug ve Oneriler

PEOE yoOntemi ile desteklenen cevrimici egitimin fen
bilimleri dersinde "Sirtlinme Kuvveti" konusunun kavramsal
olarak anlasilmasina etkisine iliskin veriler analiz edilmistir. Bu
calismada veriler, SKKAT 'nin 6n test ve son testine iliskin
sonuglarla elde edilmistir. Elde edilen bulgular tartisma ve
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sonug boélimlerinde yorumlanmustir.

Cevrimigi PEOE etkinliklerinden 6nce ve sonra SKKAT
sorularina verilen yanitlar degerlendirilmistir. SKKAT, 6n test
ve son test puanlari arasinda istatistiksel bir fark olup
olmadigini belirlemek igin kullaniimistir.

TAGA'nin ¢evrimici etkinlikleri sirasinda ve sonrasinda
uygulanan  SKKAT'In (¢ asamali  degerlendirmesi
incelendiginde, asama sayisi arttikga 6grencilerin dogru cevap
verme oranlarinin  distigu gorilmektedir. Testin ilk
asamasinda Ogrencilerin kavramsal bilgileri test edilirken,
ikinci asamasinda ise 6grencilerin vermis olduklari yanitlarin
gerekgeleri  sorgulamaktadir. Bu durum, &grencilerin
surtinme kuvveti gibi konularda temel kavramlar
anladiklarini, ancak bu kavramlarin altinda yatan nedenleri
acitklama konusunda vyeterli kavramsal anlayisa sahip
olmadiklarini gostermektedir.

SKKAT’In, ilk asama ve ilk iki agama oranlarina bakildiginda
uygulama o©ncesine gore artis oldugu gorilmustir. Ayrica
ogrencilerin SKKAT'de U¢ asamasina da dogru cevap verme
oranlari yani bilimsel bilgi oranlarinda belirgin bir artis
gozlenmistir. Bu sonuglar 6grencilerin uygulama sonrasinda
surtiinme kuvveti ve hava-su direnci konusu ile ilgili
kavramsal anlamaya sahip olduklarini séyleyebilir.

SKKAT'In 6n test ve son test sonuglari karsilastirildiginda,
ogrencilerin bilgi eksikliklerinde bir azalma goézlemlenmistir.
Bu durum, g¢evrimigi TAGA yonteminin uygulanmasinin
ardindan bazi 6grencilerin sirtiinme kuvveti ve hava-su
direnci gibi kavramlari anlamalarinin yani sira, bu konularin
nedenlerini yorumlayabilmeleri ve verdikleri cevaplara olan
glivenlerinin artisini gostermektedir.

SKKAT, On test- son test sonuglarina bakildiginda gliven
eksikligi oraninda ufak bir artis olmustur. Bu durum gevrimigi
TAGA ydnteminin uygulamasi sonucunda bazi 6grencilerin
surtiinme kuvveti ve hava-su direnci kavramlarini anladigi ve
nedenlerini yorum yapabildigi fakat kendilerine olan
glivenlerinin az oldugu seklinde yorum yapilabilir.

SKKAT'In 6n ve son test sonuglari incelendiginde, kavram
yanilgisi, yanhs pozitif orani ve yanlis negatif oraninda bir
diisis gorilmustlr. Bu veriler, gevrimici TAGA yonteminin
uygulanmasinin sirtiinme kuvveti ve hava-su direnci gibi
konularda o6grencilerin kavramsal anlayiglarini olumlu bir
sekilde etkiledigini gostermektedir. Bu sonug, yontemin bu
konulardaki kavramsal yanilgilari azalttigini ve 6grencilerin
daha dogru anlamalar kazandigini distindirmektedir.

Bu arastirmanin sonuglari, literatirde TAGA ve TGA
yontemleri hakkinda yapilan diger c¢alismalarla uyumlu
oldugu gorilmektedir. Kiryak ve Ozdilek'in 2019 yilinda
gerceklestirdigi arastirma, asit yagmurlari konusunda TAGA
O0gretim yonteminin 6grencilerin kavramsal anlayisini olumlu
yonde etkiledigini ortaya koymustur. Benzer sekilde,
Yaman'in 2012'de yaptigi ¢alisma, bilgisayara dayali TGA
etkinliklerinin 6grencilerin kavramsal anlayislarinin gelisimine
katkida bulundugunu belirtmistir. Ayrica, Yavuz ve Celik'in
2013 tarihli arastirmasi, 6grencilerin kavramlari daha etkin
ogrenmelerinde TGA yénteminin dnemli bir rol oynadigini
gostermistir. Bu calismalar, TAGA ve TGA yontemlerinin
O0grencilerin  kavramsal anlamalarini gelistirmede etkili

oldugunu desteklemektedir.

Arastirmada elde edilen sonuglar dogrultusunda su
onerilerde bulunulmustur:

e Cevrimici TAGA yonteminin fen bilimleri dersinin farkh
konularinda uygulanmasi onerilebilir.

e Cevrimici TAGA yoOnteminin Ogretim uygulamasi
sirasinda  kullanilabilecek teknoloji destekli etkinlikler
gelistirilebilir.
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Bu galisma Bursa Uludag Universitesi Etik Kurulu, Sosyal
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24.12.2021). Galisma, Elif Seyma Altunsoy tarafindan 2022
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