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ABSTRACT---- In achieving learning objectives, a lecturer must be able to design the learning tools he uses by considering
the analysis of the needs of his students. This study is part of the research and development process to create learning tools
with Predict-Observe-Explain (POE) assisted by Conceptual Change Text (CCT) in minimizing misconceptions of
prospective elementary school teacher students. The main focus of this research is to test the level of practicality and
effectiveness of these learning tools by involving users, namely lecturers and students. Data was collected using instruments
in learning implementation observation sheets, student activity observation sheets, and learning outcomes tests. The data
collected was analyzed quantitatively by calculating the average score to determine whether the product is practical and
effective to use. The results of this study indicate that the learning tools are proven to be practical and effective so that they
are feasible to be used more widely. With these findings, it is hoped that lecturers can design similar learning products to
improve mastery of fundamental natural science concepts for prospective elementary school teachers.
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1. INTRODUCTION

Primary education is a level of education that needs extra attention from the government, society, and educators. This is
based on the fact that primary education is the initial foundation for every student to acquire knowledge and skills as capital
for the next level of education. However, there are still many obstacles that affect the optimal achievement of the educational
goals that have been set. One of the obstacles faced came from the teachers in elementary schools. Many teachers have
misconceptions about a subject matter, one of which is the basic concept of natural science

Many factors can be a source of misconceptions for prospective teacher students, including (1) prior knowledge, (2) daily
life experiences, (3) language, culture, teacher, textbooks, and (4) learning (Cetin et al., 2015). That is, a teacher and the learning
process carried out can also cause misconceptions among students. Likewise, lecture practices carried out by supporting
lecturers that are not by the characteristics of the material (concepts) discussed can impact the inability of students to understand
the teaching material as a whole.

Misconceptions are resistant to the entry of new, more scientific ideas or ideas. Even students who experience
misconceptions can reject the new ideas or ideas they receive (Gurel et al., 2015), making it difficult to accept the conception
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which ultimately hinders the achievement of a complete understanding of the teaching material. Efforts to reconstruct (change
the conception) that is wrong that has already been firmly entrenched in mind are more complicated than constructing a new
conception. A person who experiences misconceptions will not realize that his conception is wrong. They have a higher level
of belief about the truth of the conception they have.

Given this condition, a learning strategy is needed that facilitates the development of thought by accommodating the
principles of constructivism in science learning. One of the learning strategies that can be used is the Predict Observe Explain
(POE) strategy. This strategy has been proven to improve students’ mastery of concepts for different topics and is considered
good for increasing students' understanding of certain learning concepts (Adebayo & Olufunke, 2015; Sreerekha et al., 2016;
Teo et al., 2016). In addition, another study suggests that the POE strategy can also correct the misconceptions of prospective
teachers and teachers (Afacan & Girel, 2019). Laboratory activities based on Predict Observe Explain (POE) are also
considered to improve and improve the understanding and attitudes of prospective teachers compared to traditional learning
(Acarsesen & Mutlu, 2016; Gernale et al., 2015; Hilario, 2015).

A conceptual change approach is needed to support the success of the POE strategy in learning related to concept change.
One of them is Conceptual Change Text (CCT) which introduces theories that can convince students that they have
misconceptions about scientific facts (Ozkan & Selcuk, 2013). CCT is a text that identifies and analyzes misconceptions and
then rejects the misconceptions in the students' minds based on the concept change process (Setyaningrum & Sopandi, 2015).
In this CCT, students are explicitly asked to provide predictions on a situation and scientific explanations related to the position
(Aydin, 2012; Ozmen & Naseriazar, 2018).

There are several previous studies related to the use of POE strategies that researchers have carried out. (Rini et al., 2018)
developed subject matter with POE strategies in thematic learning. In addition, the POE strategy has also been proven to
increase the understanding of prospective teacher students in the natural science concept courses (Banawi et al., 2019). In
addition to the concept understanding aspect, the POE strategy has also been shown to positively impact improving creative
thinking skills in high school students (Neolaka & Corebima, 2018).

From the several examples of research above, it is still rare to find research that focuses on developing CCT -assisted POE-
based learning tools in minimizing student misconceptions. For this reason, researchers are interested in developing learning
tools through a research and development process for prospective elementary school teacher students. The learning products
that have been designed are then tested for quality, one of which is by testing the level of practicality and effectiveness. Thus,
the formulation of the problem in this study are: (1) how is the level of practicality of CCT-assisted POE learning tools in
minimizing student misconceptions? and (2) how effective is the CCT-assisted POE learning tool in minimizing student
misconceptions?

2. LITERATURE REVIEW
2.1. Cconcepts and misconceptions

(Soeharto et al., 2019) state that a concept is a verbal sign that represents a specific fact or reality. This concept is also
defined as a medium that connects the subject (mind) and known object (reality) (Sudarminata, 2002). On the other hand,
(Eggen et al., 2004) claim that concepts are ideas that form objects or abstractions that help individuals understand phenomena
in the scientific field.

Furthermore, (Suparno, 2005) defines conception as the ability to understand concepts obtained through interaction with
the environment and concepts obtained from formal education. In participating in classroom learning, students' circumstances
are certainly not like blank paper, but they already have an initial understanding of a concept obtained through interaction with
the environment, which of course, is not all true (Balci, 2006). This initial understanding of students about a concept is called
a conception.

On the other hand, misconceptions are described as an idea or insight of students who give the wrong meaning to something
they build based on an event or experience of people (Balci, 2006). This initial understanding of students about a concept is
called a conception.

On the other hand, misconceptions are described as an idea or insight of students who give the wrong meaning to something
they build based on an event or experience of people(Martin et al., 2001). However, (Queloz et al., 2017) stated that
misconceptions had been defined inappropriately and naively so far. According to them, this situation impacts the inability of
teachers to deal with students’ misconceptions.
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(Ojose, 2015) states that misconceptions are defined as misunderstanding or misinterpretation based on the meaning of the
wrong thing. This happens because of the “naive theory” that can hinder students’ rational reasoning (Aufschnaiter & Rogge,
2010). In line with this statement, (Kuczmann, 2017) states that misconceptions occur supported by clear arguments and even
come from several practical experiences. If not addressed, these misconceptions can mislead students in understanding
scientific phenomena. If students are not aware of their misconceptions, there will be confusion and incoherence in themselves
(Duda & Adpriyadi, 2020).

2.2. Predict-Observe-Explain (POE)

POE stands for Predict, Observe, and Explain. POE was first developed by White dan Gunstone (Cinici & Demir, 2013).
This strategy is considered effective for promoting discussion about the conception of science among students. POE is a strategy
that actively involves students in demonstrations by predicting what will happen. After predicting activity, students continue
their learning activities by conducting experiments, observing, and finally explaining orally and in writing (Mancuso, 2010).

The POE strategy requires students to carry out three tasks in stages (Marks, 2014). First, students must predict the outcome
of some event or situation and must justify those predictions. They describe what they saw and observed. Third, they must
harmonize and explain the difference between prediction and observation. The POE strategy has been widely used as a vehicle
to investigate students’ understanding of science concepts (Costu et al., 2012).

The POE strategy is based on constructivism theory to promote concept learning for students (Karamustafaoglu & Mamlok-
Naaman, 2015). Based on this theory, student understanding must be considered in the development of teaching and learning
programs. The existence of an exciting event can create conditions where students are ready to start re-examining their
understanding of a scientific concept and further change that understanding (Joyce, 2006).

2.3. Conceptual Change Text (CCT)

According to a literature review on applying an effective method of changing conceptions, Conceptual Change Text (CCT)
is one of the most effective tools to minimize student misconceptions regarding concepts in science studies. This technique was
first introduced by Wang and Andre, who proposed to detect student misconceptions and eliminate them by activating the
components in the method (Cayci, 2018). CCT is a text specifically created to minimize misconceptions experienced by
students through confronting students' misconceptions and scientific explanations about a concept (Durmus & Bayraktar,
2010).

Conceptual changing texts are different from traditional/conventional textbooks because CCT emphasizes the remediation
side of misconceptions experienced by students and encourages students to change their misconceptions (Cetingul & Geban,
2011). The writing style of the concept changing text varies from one author to another, but the format remains the same. In
the first step, students are asked to submit views or make predictions about a natural phenomenon and provide responses related
to the level of confidence in their answers. After that, the student’s belief in the solution can be confronted until he realizes a
misconception in his mind. When students see the dissimilarity between the observed reality and the views in their minds, so
the cognitive incompleteness needs to be corrected (Durmus & Bayraktar, 2010).

In the next step, students are given a scientific explanation of the correct concept so that conception accommodation occurs.
Concept accommodation is a process in which students who experience misconceptions can absorb all or part of the concepts
that they feel need improvement as the desired improvement efforts in achieving scientific conceptions. In the end, students
are asked to answer questions that can strengthen their conceptions and show accurate improvements to their misconceptions
(Ozkan & Selcuk, 2015).

2.4. CCT-assisted POE Learning Tools

In testing the quality of learning products, a researcher must conduct a series of trials to determine their validity, practicality,
and effectiveness (Nieveen, 1999). In this study, two tests were conducted, namely the validity and effectiveness test. In this
study, two tests were conducted, namely the validity and effectiveness test. The validity test is a test carried out by involving
experts (Pandiangan et al., 2017). The experts were asked to assess the products produced by researchers, which included
aspects of material, presentation, language, and others.

This learning tool developed is designed based on the POE strategy, which is integrated with CCT techniques. The learning
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tools developed are Semester Learning Plans (SLP), textbooks, and student worksheets. The tool was developed based on three
main stages, namely predicting, observing, and explaining. These three stages are the main stages in the POE strategy used as
the basis for developing this research product.

3. METHODS
3.1. Research Design, Site, and Participants

This research is part of research and development that adopts the 4D theory (Design, Define, Develop, and Disseminate)
proposed by (Thiagarajan et al., 1974). This research focuses on the development stage by testing the practicality and
effectiveness of learning products in the form of CCT-assisted POE learning tools to minimize misconceptions of prospective
elementary school teaching students in the Basic Science Concept Course on electricity and magnetism.

This research was conducted on prospective elementary school teacher students at the Indonesian Christian University
(UKI) Toraja, South Sulawesi, Indonesia. There were 30 students involved in this study. In addition, other participants involved
in this study were three lecturers (observers) who provided data in the form of observations of the implementation of the model
and observations of student activities. The selection of participants was carried out using a purposive sampling technique to
select participants according to specific considerations.

3.2. Data Collection
Learning Implementation Observation Sheet

The researcher used an instrument in the form of an observation sheet on the implementation of learning. The goal is to
measure the level of practicality. Researchers designed this observation sheet with three main parts: preliminary activities, core
activities, and closing activities. This observation sheet consists of 13 statements with four answer choices, namely a score of
1 as the lowest score to 4 as the highest score.

Student activity observation sheet

In addition to learning implementation observation sheets, practicality tests were also carried out using student activity
observation sheets. This observation sheet is designed to consist of three main parts, namely the predict, observe, and explain
sections. Each section consists of 4 statements, so that the total statements in this observation sheet are 12 items. Similar to the
learning implementation observation sheet, this student activity observation sheet consists of 4 alternative answers, namely 1
for the lowest score and 4 for the highest score.

Learning outcome test

Learning outcomes tests were used in the pretest and posttest sessions to determine whether there was a positive impact of
CCT-assisted POE learning tools in minimizing misconceptions of prospective elementary school teacher students. This test is
a multiple-choice test with ten items based on electricity and magnetism. Before being used, this test was tested for reliability
as evidence that this test was feasible to use. The reliability test shows that this multiple-choice test has a reliability score of
0.85 and is declared valid and reliable. Thus, this instrument is reported to have met the reliability criteria by using Cronbach’s
Alpha coefficient.

3.3. Data Analysis

In general, the data collected in this study were analyzed using a quantitative approach. Data from observations of learning
implementation and student activities from lecturers or observers were analyzed to determine the average score. If the
cumulative average score has been found, it is compared with the practicality category table in table 1.

Table 1. Practicality criteria for learning devices

No Score Interval Category
1. 3.6<M<4.0 Very practical
2. 26<M<35 Practical
3. 1.6<M<25 Less practical
4. M<I15 Not practical
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Furthermore, the pretest and posttest data regarding the state of students' conceptions were then calculated for the decrease
in the number of misconceptions. The level of decline in student misconceptions can be calculated by the formula by (Hake,
1999) proposed using an equation based on the adaptation of the inverse of the normalized gain value. The formula used in calculating
the rate of decline in misconceptions is:

_ EI"’DM; - E;I-'HDMW
- YoM; — %M;zq0a:

AM

Information:
AM= decrease in the number of students who have misconceptions
MI= number of students who have misconceptions in the posttest session

MIV= number of students whose misconceptions in the pretest session

After finding the score using the formula above, then the results of the calculation are compared with the table of criteria
for the effectiveness of this CCT-assisted POE learning tool. The effectiveness criteria used in this study can be seen in table
2.

Table 2. Criteria for the effectiveness of learning tools

Quantity M (%) Criteria of effectiveness
AM >70 High
30 <AM <70 Moderate
AM < 30 Low

4. RESEARCH RESULTS
4.1. Practicality of CCT Assisted POE Learning Tools

Results of Observation Analysis of Learning Implementation

During the trial process, the researcher asked for the help of 3 observers to observe the learning process taking place. The
observation process was carried out for four meetings for the electrical and magnetic material. In general, the results of the
analysis of the implementation of the learning are presented in table 3.

Table 3. The results of the observation of the implementation of learning

Observed Aspects The meeting
No PL P2 P3 P4
[ Preliminary activities
1. The lecturer checks the completeness of the tools/materials/PR 4.0 4.0 4.0 4.0
assigned to students.
2. The lecturer displays a discrepant event and prepares an 4.0 4.0 4.0 4.0

experiment or science phenomenon in a simple demonstration,
picture, or question.
3. Lecturer distributes SIPF (Student Individual Prediction Form) or 4.0 4.0 4.0 4.0
initial worksheet to students

] Core activities
4, Lectures begin by the lecturer by asking questions/activities that 3.7 4.0 4.0 4.0

lead students to make predictions with reasons, level of confidence
in the answers (initial assignment)
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5. The lecturer collects the students' initial assignments. After some 4.0 4.0 4.0 4.0
time has passed.
6. Divide students into groups and ask them to sit in their respective 4.0 4.0 4.0 4.0
groups
7. The lecturer shows some additional facts about the context of the 3.0 3.3 4.0 4.0
problem or a statement that predicts the answer
8. Lecturers distribute Student Activity Sheets (SAS) so that students 4.0 4.0 4.0 4.0
make observations and complete SAS assignments
9. The lecturer prepares each group of student representatives to 3.3 3.7 3.7 4.0
report the results of the activity/discussion
10. Lecturers observe the process and results while students are doing 3.0 3.3 3.7 4.0
SAS.
11.  Lecturers explain and evaluate students’ predictions and help them 4.0 4.0 4.0 4.0
evaluate their understanding

11 Close Activity

12. Lecturers and students conclude the lecture material 4.0 4.0 4.0 4.0
13. Assign tasks for the next meeting 4.0 4.0 4.0 4.0
Score Average 3.77 387 395 4.0

From table 3 above, it can be concluded that as a whole (4 meetings), the results of observations indicate that this learning
tool is stated to be very practical. This can be seen from the results of the average score, which reached more than 3.5 of the
maximum average score of 4.0. At the first meeting, the average score of the observation results of the implementation of
learning was 3.77, while at the second meeting, it was 3.87. Likewise, meetings 3 and 4 obtained an average score of 3.95 and
4.0. This very practical category is determined based on the achievement of an average score in the range of 3.5 M 4.0 as
determined in the research methods section.

Result of Student Activity Observation Analysis

The practicality of this learning device is also determined by the results of observations of student activities. Observers
assess student activities during the learning process by evaluating three main aspects: predict, observe, and explain. Overall,
the results of the analysis are presented in Table 4.

Table 4. Results of student activity observations

No Observed aspects Score at the Meeting
| Predict P1 P2 P3 P4
1. Predicting an event correctly 2.3 3.0 33 3.7
2. Answer questions with reasons 2.7 3.0 3.7 4.0
3. Connecting variables correctly 2.3 3.3 3.7 4.0
4. Make forecasts based on data patterns 2.7 3.0 3.3 3.7
1 Observe
5. Take measurements with appropriate tools 2.7 3.3 3.3 3.7
6. Distinguish relevant/irrelevant facts. 2.7 3.3 3.3 3.7
7. Making similarities/differences to something 2.7 3.0 3.3 3.7
8. Record observations 2.7 3.3 3.7 3.7
1l Explain
9. Explain the relationship between the observed variables. 2.7 3.3 3.3 3.7
10. Explain the results of observations systematically 2.7 3.0 3.3 4.0
11. Using the right concept 2.7 3.0 3.3 4.0
12. Changing misconceptions 2.7 3.0 3.7 4.0
Score Average 2.61 3.14 3.44 3.81

From the table 4, it can be concluded that the results of observing student activities fall into the “practical” and “very
practical” categories. At the first meeting, the average score of student activity observations reached 2.61, with a maximum
average score of 4.0. Furthermore, the average score for the second meeting was 3.14, the third meeting was 3.44, and the
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fourth meeting was 3.81. In conclusion, the average score of the 1st, 2nd, and 3rd meetings is in the practical category because
it is in the score range of 2.6 M 3.5. For the fourth meeting, the average score of 3.81 was included in the “very practical”
category because it was in the range of scores of 3.6 <M <4.0.

4.2. Effectiveness of CCT-assisted POE Learning Tools

To determine the effectiveness of this learning device, the learning outcomes test is used at the beginning and after the
learning process. In summary, the results of the learning test are presented in table 5.

Table 5. Effectiveness of CCT-assisted POE learning tools

No. Sub-content/Content Pretest Posttest
Kl TMK M Kl TMK M
1 Static electricity 28.89 33,33 34.44 77.78 4.17 16.67
2. Electrical circuits 28.89 46.67 41.11 78.33 9.17 15.56
3. Magnetism 27.78 28.33 34.44 78.89 6.67 12.22
Sub-material Average 28.52 36.11 36.66 78.33 6.67 14.82
Overall Material 25.67 40.00 33.00 78.33 8.00 13.33

Table 5 above shows that the number of students who have progressed in understanding progress is very significant, both
for each sub-material (static electricity, electric circuits, and magnetism) and the whole material. If you look closely, it appears
that, on average, the number of students who have a scientific conception (K1) has increased almost three times in the posttest
session when compared to the pretest results for the three tests sub-materials (increased from 28.5% to 78.3%). The increase
was more than three times for the overall test material, from 25.67% to 78.33% in the posttest.

Furthermore, from the table, it can also be concluded that there has been a decrease in the number of students who
experience misconceptions, both for each sub-material (static electricity, electric circuits, and magnetism) and the whole
material. The average number of students with misconceptions decreased by two times to 2.8 times in the posttest compared to
the pretest. The number of students who have misconceptions in the posttest is around 0.35 to 0.5 of the number of students.
They have misconceptions in the pretest. In other words, the average student who experienced misconceptions decreased to
only 14.8% from the original 36.7%).

5. DISCUSSION

Based on the research results, this CCT-assisted POE learning tool proved to be practical and effective. This learning device
is proven to have high effectiveness in minimizing the number of students who experience misconceptions in the basic science
concepts course, especially in electricity and magnetism. This is in line with (Stepans, 2011) statement, which states that the
key to the success of a conceptual change approach in minimizing initial misconceptions lies in the success of the conceptual
confrontation stage in diluting the belief in the initial conception of someone wrong.

Another study by (Hilario, 2015) supports this finding by stating that POE strategies can improve classroom practice by
recognizing lesson conceptions and considering the meaning of certain laboratory phenomena. This strategy can be used
individually or in groups to help students explore their ideas and justify them at the prediction stage (Karamustafaoglu &
Mamlok-Naaman, 2015). In line with these two findings, another study stated that this strategy could help teachers discover
students’ knowledge before the material is taught to find sustainable solutions to overcome misconceptions (Phanphech &
Tanitteerapan, 2017).

The POE strategy is considered essential to be used in science learning, especially in understanding scientific concepts.
(Ayvaci, 2013) even asserts that the POE strategy is stronger in impact when compared to science training related to other
general approaches. This is based on the main feature of the POE strategy, which provides students with the use to support
their predictions through their knowledge and experience with similar everyday events they encounter every day. In fact, given
the positive impact of the POE strategy, (Kibirige et al., 2014) call for the need for educators and curriculum developers to
include various elements of POE in the curriculum as a learning model for a conceptual change in teaching.

The POE strategy used in minimizing student misconceptions does not stand alone but is combined with CCT techniques.
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The CCT technique is essential because it is designed to change students' alternative conceptions to promote conceptual change
by generating dissatisfaction and a reasonable explanation(Ozmen & Naseriazar, 2018). In addition, CCT techniques are also
effective for creating conceptual change, promoting meaningful learning and overcoming misconceptions (Aygun & Tan,
2021).

In other fields of science, CCT techniques are also widely applied in dealing with misconceptions. Duez (2020) states that
the use of meta-conceptual questions using CCT can promote conceptual change. Another study in the field of science was also
conducted by (Rohmawatiningsih et al., 2018) which found evidence that most students' conceptions of the properties of air
changed from misconceptions to scientific concepts. The CCT technique can also be used in social sciences related to the
evolving concepts about the constitution, independence, republic, democracy, government/state and others (Dagdelen &
Kosterelioglu, 2015).

Many studies have proven that this CCT technique has advantages compared to other conventional methods. (Cayci, 2018)
states that the CCT technique, which consists of four components, has proven to be effective in reducing the level of student
misconceptions. In line with this study, (Cetin et al., 2015) have demonstrated through their research that this technique has a
better effect than traditional learning, especially in understanding ecological concepts. For this reason, the CCT technique
becomes more effective in changing students’ misconceptions if under the following conditions: (1) students are not satisfied
with existing conceptions, (2) students must find new conceptions so that they were understood, (3) students must assume the
new conception makes sense, and (4) students must find new conceptions that lead to new insights (Yurukk & Eroglu, 2016).

Of the many studies related to the CCT technique, some studies have been identified as contradicting the previous findings.
Some studies find that this technique does not have a significant impact on changing students’ concepts. (Onder, 2017) found
no significant difference between the two groups in terms of understanding the concept of electrochemistry at school. However,
the number of studies stating that the CCT technique has a significant positive impact on changes in conception is more than
the other way around. This indicates that lecturers/teachers need to try to apply the POE strategy with the help of CCT
techniques in learning, especially in natural sciences.

6. CONCLUSION

In achieving the learning objectives that have been set, a lecturer must also develop learning tools to make it easier for
students to understand the learning material. This study is part of the research and development process intending to know how
far the practicality and effectiveness of CCT-assisted POE learning tools minimize student misconceptions. The results showed
that the developed learning tools were practical and effective after going through several stages of testing. This learning device
is declared practical based on several observers' observations during the learning process. In the learning outcomes test, both
in the pretest and posttest sessions, results were obtained that proved that this device was declared effective in minimizing
students' misconceptions about the concepts of electricity and magnetism. Lecturers at universities can develop learning tools
to reduce misconceptions experienced by prospective elementary school teacher students regarding basic science concepts
(especially electricity and magnetism).
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