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Abstract. The conceptual change model by Posner et al. states that students must
be dissatisfied with the old conceptions, and the substitute conceptions must be
intelligent, plausible, and fruitful to ensure the conceptual change. The previous
study has obtained students’ misconceptions about the Lunar Phase materials.
These data are the basis for developing Refutation Texts (RT). This study aims
to develop a set of valid and practical electronic modules equipped with RT as
teaching material to overcome misconceptions. The method used was educational
research and development, which consisted of three steps. This article reports the
preliminary development step. As a result, there are fourteen forms of misconcep-
tions about the lunar phases related to six essential materials, namely the Moon
as an Earth’s Satellite, the Rotation and Revolution of the Earth and Moon, the
Moon’s Movement, Lunar Phases, Lunar Eclipse, and Causes of Tides. It devel-
oped as many as fifteen units of RT for all the essential materials. These fifteen
units of RT were embedded in a set of the Lunar Phase materials electronic mod-
ule. Further research is recommended to test the RT-equipped electronic module’s
validity, practicality, and potential effect in overcoming misconceptions about the
Lunar Phases.
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1 Introduction

Physics is a branch of natural science that has a significant role in technology and science
development. Physics learning should produce students with good scientific attitudes
and skills and mastery of deep concepts [1]. One of the main problems in learning
physics is that educators still find that students experience many misconceptions about
physics concepts. Misconceptions disrupt the learning process negatively. So students
must develop a sufficient conceptual understanding above the threshold concept to link
with newmaterials [2]. Traditional learning does not effectively influence the conceptual
understanding of students [3]. Certain learning is needed to improve students’ conceptual
understanding, called conceptual change learning [4]. This kind of learning can be used
to assist in reducing the students’ misconceptions [5].

Conceptual change is a challenging endeavor in teaching, particularly in science
education, where many concepts are complex, controversial, or counterintuitive. Con-
ceptual change is a fundamental process based on a certain theory. Science educators
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and science education researchers need an effective model for dealing with conceptual
change [6]. On the other hand, in the research [7], it was found that many misconcep-
tions were experienced by junior high school students about the moon phase materials.
The next research is required to remediate these misconceptions, namely with a learning
strategy that refers to the theory of conceptual change.

Astronomical phenomena are often encountered by students in everyday life. They
developed their way of thinking to describe astronomical phenomena while looking
consciously or unconsciously at the sky day or night [8]. One of the basic concepts of
astronomy, namely Lunar Phases and Lunar Eclipses, has been at the center of human
development in the historical process since human existence and currently has an impor-
tant place in modern knowledge [9]. To understand the mechanism of the Lunar Phases,
one must conform to and incorporate some basic concepts, such as that the Moon is
spherical, revolves around the Earth, shines by reflecting light from the Sun, and is
always half bright and half dark [10].

The basics of astronomy in the Indonesian school curriculum are usually placed on
Earth and outer space. However, in astronomy material, many misconceptions are found
[11]. A common misconception among children and adults is the explanation for phases
and eclipses by considering that the Lunar Phases happen when the Moon enters the
shadow of Earth [12]. Students from different age groups have many ideas of common
misconceptions about astronomical phenomena and concepts [13]. Research done by
Koca [14] also reported that high school students have less knowledge about the size of
the Earth andMoon, how Solar and Lunar Eclipses occur, celestial bodies in eclipse, and
problems with the vitalization of eclipses in their minds. Furthermore, seventh graders
have very limited beliefs about the apparent motion of celestial bodies, the cycles of day
and night, Lunar Phases, and the seasons [15]. Students find it difficult to study Moon
Phases due to ignorance and cannot visualize them [16].

The theory of conceptual change, known as the conceptual change model, suggests
that conceptions will change if students are not satisfied with old conceptions and detect
new substitute concepts as plausible, intelligible, and fruitful. Based on that, several
methods and strategies, such as refutation text, were developed as conceptual change
strategies. The refutation texts effectively lowered alternative conceptions and increased
students’ knowledge of science concepts [17]. The study by Beker et al. [18] showed
that refutation texts were more useful in promoting conceptual change than non-refuting
texts.

The refutation text describes unscientific beliefs, refutes them, and presents some
reasons why they are untrue [19]. The refutation text conceptual change-oriented aims
to activate mind conflict with a direct focus on students’ misconceptions. Words in the
refutation text remind students that what they will read next will likely conflict with
their present understanding. By challenging students’ misconceptions, refutation texts
encourage students to explore their knowledge and evaluate suggested options [20].
Refutation text can cause a transformation in the direction of thought, from the circular
to causal path, which is prominent in scientific understanding and evolves the basis for
revising knowledge [21].

Various studies have been conducted regarding refutation texts [22–26]. However,
research about refutation texts in science classes is still limited. Moreover, no refutation
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text has been developed in Indonesian for Lunar Phase materials. In addition, developing
technology can help build students’ knowledge by providing effortless access to obtain
information from learning sources such as electronic module teaching materials [27].
Therefore, this research aims to develop valid and practical electronic module teaching
materials equipped with refutation texts on Lunar Phase materials.

2 Method

This study is an introductory part of research on developing teaching materials for the
electronic Lunar Phase materials module equipped with refutation texts based on con-
ceptual change for junior high school students. The researchmethod used is development
research. Development research consists of three stages. There are the preliminary stage,
the development stage, and the evaluation stage. In the preliminary stage, a necessities
analysis was carried out consisting of an analysis of essential materials or important
concepts in the Lunar Phase materials, an analysis of the applicable curriculum, and an
analysis of students’ misconceptions about the Lunar Phases. The development stage
involves developing a prototype of electronic module teaching materials and the refu-
tation text. And at the evaluation stage, evaluating and revising the electronic module
teachingmaterials, which are equippedwith refutation texts based on conceptual changes
that have been made so that they become valid and practical. This research was only
conducted in the preliminary stage.

This development research develops refutation texts using a strategy or method
based on conceptual change. Four conditions must be needed so that understanding
of concepts can be changed. Namely, dissatisfaction with the old idea and a substitute
idea is intelligent, plausible, and fruitful [28]. Various approaches focus on altering text
content to address problems to support correct understanding. One empirically validated
change applies the usefulness of a refutation text, which defines its misconceptions as
imprecise, and provides a more precise concept [29]. There are three components in
the refutation texts, namely the misconception section, the refutation section, and the
scientific explanation section of the refutation [30].

This study was conducted at Universitas Sriwijaya. The subject of this study is the
teachingmaterial of themoon phasematerial electronicmodule equippedwith refutation
texts based on the conceptual change that was developed. This preliminary study was
done by identifying the forms of misconceptions experienced by students and regard-
ing essential concepts in the Lunar Phase materials used to determine the amount of
developing refutation texts.

3 Results and Discussion

The deep connection between physics and astronomy and the person’s intensive curiosity
in comprehending celestial bodies have encouraged researchers to understand students’
perceptions of the fundamental concepts of astronomy [31]. This study begins with a
needs analysis to develop refutation texts based on conceptual changes. The develop-
ment of a refutation text based on conceptual change in Lunar Phase materials refers
to the theory of conceptual change, which awakens dissatisfaction in students’ minds
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and then provides substitute conceptions that are intelligible, plausible, and fruitful. In
learning, it is necessary to identify students’ prior understanding before teaching new
facts or concepts so that they do not confuse students’ misconceptions but can annihilate
misconceptions [32]. If misconceptions are not handled in the early stage, students are
likely to maintain these alternative conceptions to a higher stage [15].

Even though the Moon is so close to Earth and apparent in the night sky, students are
still unknown with general astronomy learning of Lunar Phases and their causes [33].
Research conducted by Yetter et al. [34] stated some students were not able to connect
the thought that the Earth passing the Moon causes the Lunar Phases, but they can take
the concept of a Solar Eclipse that results from the Moon passing between the Earth
and the Sun. In addition, in research [35], students and even teachers have alternative
conceptions as the Moon does not rotate on its axis; anywhere at night, we can watch
Lunar Eclipses; from particular belts on the Earth, we can watch the Solar Eclipses,
and Solar Eclipses constantly take lengthier than Lunar Eclipses in specific geographic
areas. The conditions of misconceptions the junior high school students participated in
on the Lunar Phase materials obtained in previous studies [7] can be seen in Table 1.

Table 1. Various Forms of Misconception on the Lunar Phases

No Misconception Form

1 Students assume that the Moon emits its light and only shines at night.

2 Students assume that the full moon cycle occurs when the Sun’s rays on the Moon are
covered by the Earth, making the Moon look like a waning moon.

3 Students assume that the image of the crescent Moon is a picture of the half Moon and the
final convex moon.

4 Students assume that the Moon moves relatively from east to west.

5 Students assume that the Sun or stars or asteroids are natural satellites of the Earth.

6 Students assume that the Moon evolves in one year because the Moon and the Earth
revolve around the Sun at the same time.

7 Students assume that the Earth faces the Moon during the day due to the rotation and
revolution of the Earth.

8 Students assume that the Earth’s rotation is the Earth around the Sun.

9 Students assume that the Moon’s rotation affects the tides.

10 Students assume that a lunar eclipse occurs because the Moon is blocked by sunlight.

11 Students assume that a solar eclipse occurs when the Moon, Earth, and Sun are in a
straight line.

12 Students assume that the phase of the Moon whose entire surface faces the Earth is the
new Moon.

13 Students assume that the crescent Moon occurs when the position of the Moon forms half
so that the illuminated surface of the Moon is only partially visible from the Earth.

14 Students assume that the final convex moon phase is when the right part of the Moon
appears shining, and the left part looks dark.
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Table 1 displays fourteenmisconceptions about the Lunar Phasematerials that junior
high school students experience. Based on these misconceptions, it will be continued
with curriculum analysis. The applicable curriculum is analyzed for its suitability with
misconceptions and the concept of Lunar Phase material which will be the basis for
developing a refutation text. The curriculum is more than just an education framework,
a set of instructional materials, and a list of matters to be covered. Curriculum study
constructs curriculum content, meaning, and practice [36].

The curricula currently used in Indonesia currently are the 2013 Curriculum and
the Independent Curriculum. The two curricula show that Lunar Phase materials are
Natural Science materials given to seventh-grade junior high school students. There is
a slight difference between 2013-Curriculum and the Independent Curriculum in nam-
ing the competencies that are expected to be achieved by students, namely Kompetensi
Dasar (Basic Competencies) in the 2013-Curriculum and Capaian Kompetensi (Com-
petency Achievement) in the Independent Curriculum. Table 2 shows the differences in
competencies in Lunar Phase materials for the two curricula.

Table 2 shows the main material in the two curricula is about the solar system. The
topic developed in the refutation text is a sub-topic of the material of the solar system,
namely the Lunar phases. The Lunar phases material are developed as a refutational text
according to the findings of the previously discussed misconceptions. The refutational
text as a tool used to correct misconceptions requires an explanation of the content
students can understand. So that misconceptions do not become a barrier to learning

Table 2. Differences in Competency in the Lunar Phase of the Two Curricula

2013-Curriculum Independent Curriculum

Analyze the solar system, the Earth’s rotation
and revolution, the Moon’s rotation and
revolution, and their impact on life on Earth.

Students elaborate on their understanding of
the relative position of the earth-moon-sun in
the solar system and understand the structure
of the Earth’s layers to explain natural
phenomena that occur in the context of
disaster mitigation.

Table 3. Essential Concepts in Lunar Phase Materials

No Essential Concepts

1 Moon as Earth’s satellite

2 Rotation and revolution of Earth and Moon

3 Moon movement

4 Lunar phases

5 Lunar eclipse

6 Causes of tides
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the correct concept, the refutation text can be recommended for students to change the
misconceptions they experience into a true concepts [37].

Knowledge and learning the concepts of physics material can be useful for someone
in their environment and daily life [1]. So, students need to understand the concepts
in Lunar Phase materials to revise their misconceptions. The essential concepts in the
Lunar Phase materials can be seen in Table 3.

Based on Table 3, it is found that there are six essential concepts in the Lunar Phase
materials. These essential concepts and the students’ misconceptions have been obtained
and became a reference in developing a refutation text for the Lunar Phasematerials. The
amount of developing Lunar Phase Materials refutation texts based on the conceptual
change can be seen in Table 4.

Table 4 combines Table 1 and Table 2, combined with the amount of text developed.
Table 4 is a guide to developing the number of refutation texts. There are six essential
concepts in the Lunar Phase materials and fourteen misconceptions experienced by
students. Two refutation texts are developed on the concept of the Moon as a satellite
of the Earth. Three refutation texts are developed on Earth’s and Moon’s rotation and
revolution. One refutation text is developed in the concept of the movement of theMoon.
In the concept of the Lunar phases, six refutation texts are developed. In the concept
of the Lunar Eclipse, two refutation texts are developed. Finally, on the concept of the
cause of the tides, only one refutation text is developed.

Table 4 shows themost developed refutation text is about the concept ofLunar Phases,
and the least developed refutation text is about the concept of the Moon movement and
the causes of tides. In the refutation text, there are three main components, namely the
misconception section, the refutation sentence section, and the scientific explanation
section. The sections covered in the refutation text can be seen in Fig. 1.

Figure 1 is a form of design or prototype that illustrates the results of the development
of the refutation text. In this case, an example is the concept of the Moon as an Earth’s
Satellite. It is shown in the example how the refutation text in its sections provides
information about the students’ misconceptions experienced. That text refutes these
misconceptions and explains the errors of these misconceptions with scientific answers.
This corresponds to [38], which indicates in the refutation text that individuals may
find components of refutation that are personally applicable because the misconceptions
in the text are similar to the conceptions owned by individuals. Then the refutation
sentence can guide individuals to thoroughly and critically define scientific explanations
by refusing the misconceptions explicitly.

Refutation text supports overcoming misconceptions [39]. Refutation text facilitates
revision of understanding by setting competing thoughts aside and refuting thoughts
considered misconceptions [40]. Refutation text forms a new conceptual structure from
multi-word pieces that align with the true conception at the expense of existing multi-
word pieces that have supported declarative understanding processing [20]. Refutation
text is written to invite readers to make a straight comparison between their prior under-
standing and text information. Readers seeking to comprehend refutation texts through
sustaining coherence or settling cognitive conflicts tend to experience knowledge and
conceptual change [41].
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Table 4. Number of Lunar Phase Refutation Text

Essential Concepts Misconception Amount

Moon as Earth’s satellite Students assume that the Moon emits its
light and only shines at night.

1

Students assume that the Sun or stars or
asteroids are natural satellites of the Earth.

1

Rotation and revolution of Earth and
Moon

Students assume that the Moon evolves in
one year because the Moon and the Earth
revolve around the Sun at the same time.

1

Students assume that the Earth faces the
Moon during the day due to the rotation
and revolution of the Earth.

1

Students assume that the Earth’s rotation is
the Earth around the Sun.

1

Moon movement Students assume that the Moon moves
relatively from east to west.

1

Lunar phases Students assume that the full moon cycle
occurs when the Sun’s rays on the Moon
are covered by the Earth, making the Moon
look like a waning moon.

1

Students assume that the image of the
crescent Moon is a picture of the half
Moon and the final convex moon.

2

Students assume that the phase of the
Moon whose entire surface faces the Earth
is the new Moon.

1

Students assume that the crescent Moon
occurs when the position of the Moon
forms half so that the illuminated surface
of the Moon is only partially visible from
the Earth.

1

Students assume that the final convex
moon phase is when the right part of the
Moon appears shining, and the left part
looks dark.

1

Lunar eclipse Students assume that a lunar eclipse occurs
because the Moon is blocked by sunlight.

1

(continued)
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Table 4. (continued)

Essential Concepts Misconception Amount

Students assume that a solar eclipse occurs
when the Moon, Earth, and Sun are in a
straight line.

1

Causes of tides Students assume that the Moon’s rotation
affects the tides.

1

Fig. 1. Refutation Text Draft.

4 Conclusion

The results of this study obtained 15 refutation texts that were developed for impor-
tant concepts containing misconceptions in the Lunar Phase material. In this study, the
refutation text developed was based on the theory of conceptual change. Based on this
theory, four conditions must be met to change conceptual understanding. Namely, there
is student dissatisfaction with the old concept, and students get a substitute concept that
is reasonable, understandable, and useful. The refutation text based on the conceptual
changes in the Lunar Phase material developed can be used by teachers as additional
teaching material in learning activities at school. Through this refutation text, students
can improve their understanding to change their misconceptions or preconceptions into
the correct ones. Then, this research is not limited to the development of refutation texts;
further research at the development and evaluation stage is needed to create teaching
materials of the electronic modules for moon phase materials equipped with refutational
texts based on valid and practical conceptual changes.
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Evrelerġ Kavramlarina Ġlġġġkġn Fġkġrlerġ). 2010;6(2):1304–9496. Available from: http://
eku.comu.edu.tr/index/6/2/hkucukozer_abostan.pdf

14. Koca E E. Revealing Middle School Students’ Misconceptions about Basic Astronomy
Concepts Through Drawing Method. Yildiz Technical University; 2019.

15. Gali F. Secondary School Children’s Understanding of Basic Astronomy Concepts.
2021;7(3):328–42.

16. USING METACOGNITIVE STRATEGY, Saenpuk N, Ruangsuwan C. Developing 8 stu-
dents’ scientific concept in the cause of moon phase. In: AIP Conference Proceedings.
2019.

17. Syuhendri S. Effect of conceptual change texts on physics education students’ conceptual
understanding in kinematics. J Phys Conf Ser. 2021;1876(1).

18. Beker K, Kim J, Van Boekel M, van den Broek P, Kendeou P. Refutation texts enhance the
spontaneous transfer of knowledge. Contemp Educ Psychol [Internet]. 2019;56(November
2018):67–78. Available from: https://doi.org/10.1016/j.cedpsych.2018.11.004

https://doi.org/10.1103/PhysRevPhysEducRes.16.020107
http://eku.comu.edu.tr/index/6/2/hkucukozer_abostan.pdf
https://doi.org/10.1016/j.cedpsych.2018.11.004


Preliminary Development of Refutation Texts 221

19. Trevors G, Duffy MC. Correcting COVID-19 Misconceptions Requires Caution. Educ Res.
2020;49(7):1–5.

20. Ntshalintshali GM, Clariana RB. Paraphrasing refutation text and knowledge form: examples
from repairing relational database design misconceptions. Educ Technol Res Dev [Internet].
2020;68(5):2165–83. Available from: https://doi.org/10.1007/s11423-020-09758-5

21. Will KK, Masad A, Vlach HA, Kendeou P. The effects of refutation texts on generating
explanations. Learn Individ Differ. 2019;69(October 2018):108–15.

22. Aguilar SJ, Polikoff MS, Sinatra GM. Refutation Texts: A NewApproach to Changing Public
Misconceptions About Education Policy. Educ Res. 2019;48(5):263–72.

23. Vaughn AR, Brown RD, Johnson ML. Understanding Conceptual Change and Science
Learning through Educational Neuroscience. Mind, Brain, Educ. 2020;14(2):82–93.

24. FerreroM,Hardwicke TE, Konstantinidis E, VadilloMA. The effectiveness of refutation texts
to correct misconceptions among educators. J Exp Psychol Appl. 2020;26(3):411–21.

25. Prinz A, Golke S, Wittwer J. Refutation Texts compensate for detrimental effects of miscon-
ceptions on comprehension and meta comprehension accuracy and support transfer. J Educ
Psychol. 2019;111(6):957–81.

26. Muliyani R. Implementing Refutation Text in Predict-Observe-Explain (POE) Learning
Model to Decrease Students’ Misconception. J Educ Res Eval. 2018;2(2):62–71.

27. Syuhendri S. Integrasi TIK dan pedagogi untuk meningkatkan daya guna teknologi dalam
dunia pendidikan. In: Seminar Nasional FKIP Universitas Sriwijaya [Internet]. 2009. p. 1–12.
Available from: https://repository.unsri.ac.id/24198/

28. Syuhendri S, Andriani N, Taufiq T. Preliminary development of Conceptual Change Texts
regarding misconceptions on Basic Laws of Dynamics. In: Journal of Physics: Conference
Series. 2019.

29. Donovan AM, Zhan J, Rapp DN. Supporting historical understandings with refutation texts.
Contemp Educ Psychol [Internet]. 2018;54:1–11. Available from: https://doi.org/10.1016/j.
cedpsych.2018.04.002

30. Tippett CD. Refutation Text In Science Education: A Review Of Two Decades Of Research.
Int J Sci Math Educ. 2010;8(6):951–70.

31. Aydin S. 7th Class Students’ Opinions on Sun, Earth and Moon System. Univers J Educ Res.
2017;5(12B):34–41.

32. Resbiantoro G, Setiani R. A Review of Misconception in Physics : The Diagnosis, Causes,
and Remediation. J Turkish Sci Educ. 2022;19(2):403–27.

33. Fanetti TM.The relationships of scale concepts of college-age students’misconceptions about
the cause of the lunar phases. Iowa State University; 2001.

34. Yetter IH, Livengood KK, Smith WS. State Science Standards and Students’ Knowledge of
What States Value: Lunar Phases. Electron J Sci Educ [Internet]. 2017;21(1):36–55. Available
from: http://ejse.southwestern.edu

35. Kanli U. Using a Two-tier Test to Analyze Students’ and Teachers’ Alternative Concepts in
Astronomy. Sci Educ Int. 2015;26(2):148–65.

36. Hughes G. Marginalization of socio-scientific material in science-technology-society science
curricula: Some implications for gender inclusivity and curriculum reform. J Res Sci Teach.
2000;37(5):426–40.

37. Chang CH, Pascua L, Ess F. Closing the “Hole in the Sky”: The Use of Refutation-Oriented
Instruction to Correct Students’ Climate ChangeMisconceptions. J Geog. 2018;117(1):3–16.

38. Broughton SH, Sinatra GM, Reynolds RE. The Nature of the Refutation Text Effect. J Educ
Res [Internet]. 2010;103(6):407–23. Available from: https://doi.org/10.1080/002206709033
83101

https://doi.org/10.1007/s11423-020-09758-5
https://repository.unsri.ac.id/24198/
https://doi.org/10.1016/j.cedpsych.2018.04.002
http://ejse.southwestern.edu
https://doi.org/10.1080/00220670903383101


222 D. Devianty and S. Syuhendri

39. Flemming D, Kimmerle J, Cress U, Sinatra GM. Research is Tentative, but That’s Okay:
Overcoming Misconceptions about Scientific Tentativeness through Refutation Texts. Dis-
course Process [Internet]. 2020;57(1):17–35. Available from: https://doi.org/10.1080/016
3853X.2019.1629805

40. Zengilowski A, Schuetze BA, Nash BL, Schallert DL. A critical review of the refutation
text literature: Methodological confounds, theoretical problems, and possible solutions. Educ
Psychol [Internet]. 2021;56(3):175–95. Available from: https://doi.org/10.1080/00461520.
2020.1861948

41. Sinatra GM, Broughton SH. Bridging reading comprehension and conceptual change in
science education: The promise of refutation text. Read Res Q. 2011;46(4):374–93.

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter’s Creative
Commons license, unless indicated otherwise in a credit line to the material. If material is not
included in the chapter’s Creative Commons license and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder.

https://doi.org/10.1080/0163853X.2019.1629805
https://doi.org/10.1080/00461520.2020.1861948
http://creativecommons.org/licenses/by-nc/4.0/

	Preliminary Development of Refutation Texts for Conceptual Change on Lunar Phases
	1 Introduction
	2 Method
	3 Results and Discussion
	4 Conclusion
	References




