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Complementary Models for Helping Secondary School Students
to Develop Their Understanding of Moon Phases

Miae Lee and Seung-Urn Choe*

Department of Earth Science Education, College of Education, Seoul National University,
Seoul 151-742, Korea

Abstract: We investigated the textbook model explaining a phase of the Moon and compared it with student models at
the secondary levels in Korea. 20 high school students and 36 middle schootl students from suburb area participated in
this study. Participants were interviewed to explain understandings about the cause of the Moon’s phase with drawing
their models. The results of this study showed that the textbooks now in use explain the phase of the Moon with one
unique scientific model, while students displayed 6 different kinds of models including the scientific model. Furthermore
the students tend to have comparatively scientific model modes as their grades increase and their scholastic ability levels
become higher. Although the students have learned the Moon's phase in school, they still have alternative models because
the textbook does not explain enough for the students to overcome their alternative conceptions. In the textbook, the
model presented without explanation of the limitation of the model, so there can be a gap between the model in the
textbooks and the models in the mind of students. With these findings, we propose complementary models for helping
secondary school students to develop their understanding of moon phases.
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Table 1. Description of task
Task Participants Data Collection Method Period
In Seoul, Incheon, GyongGi-Do
-High school: 1st grade 9 students . Drawing models of Moon’s phase in their
? . 2007.
Ist task  2nd grade 11 students RandI(;lrtn sziamp ling. understanding and explaining the sz)(;)()77 15
-Middle school: 1st grade 10 students, erview conceptions ‘
2nd grade 10 students, 3rd grade 16 students
In Seoul, Incheon, GyongGi-Do
2nd task 8 Earth Science teachers Intervi Comment about models of Moon’s phase 2007. 6
-High school teacher: 4 erview and complementary model ~2007. 8
-Middle school teacher: 4
Two students who displayed alternative model . . Interview of the students on their opinion
3rd task in Ist interview Indepth- interview after instructing about complementary model 2007. 8
In Seoul Pre- and post- Questionnaire of the students on their 2007, 8
4th task  -middle school: 3 class of 3rd grade instruction opinion and how their conception be ~2007' 9
(86 students) questionnaire changed during instruction '
e aE 9By TRk 30 3ol HAE AX HT =X
AN w8 Wk =3 dAsla, g5 & Aol AREE F=HE Table 29 7t} £
A9 Fol gl 22l Rw WA BASUT A M2 Sl WA BE ol%e) SRR W) AR
H ART A7 Ee IE5H(Table 2)5 A 2 Fgsl= A0S sk 11 29l Ay} 34
sted st mds 77E 39 St BAEL BF dAjske S @A 3, BAAT Al o

Trundle et al (2002, 2007)¢] SITolA] AMR® s &A= HIE Ax B4 929 Ade ThiEE
N2E S9 ATAE TFF AR WG AT AT 2 H=ug wEe e, Seus
Aetag A7 AR 3, e 2% 8% A RiF el ge] 94 wsh wule) Ade B

Table 2. Concept code key

Code Meaning of Concept Code
1 SciOrb  The Moon orbits the Earth.
2 SciHaf  Half of moon illuminated that half toward the sun.
3 SciEMS  Relative positions of the Earth, the Sun, and the Moon in space determines the illuminating part we can observe.
4 SciSee  Part of the illuminated half we see determines phase.
5 SciEcl  The lunar eclipse occurs at the full moon when the Moon moves across the shadow of the Earth.

SciAce

AltSha
AltRot
10 AIETilt

6
7 NavSee
8
9

For eclipses to occur, the Moon must reach full or new moon just as it passes across the plane of Earth’s orbit;
otherwise, the shadows miss.

Without other scientific concepts, he/she has only the concept about the phases of the Moon.

Dark part of the lunar phase is caused by the Earth’s shadow.

The Earth’s rotation on its axis causes the lunar phases.

Tilt of the Earth on its axis causes the lunar phases.

The lunar phases are up to an observer’s geographic position on the Earth, and peoples at different geographic

The concept about the planes of the Moon’s and Earth’s orbits intersecting at the line of nodes is not clear.
There is no spatial conception about the position and scale of the Sun-Earth-Moon system.
The Sun’s rays in the Earth-Moon system draw radial. The concept about assuming that the Sun’s rays go parallel in

Other reason except any of above. Provide its descriptibns and add it to the coding system.
Incomplete conception. The Sun’s rays in the Earth-Moon system goes radial in drawing, but there is scientific

1 AliGeo locations observe different moon phases.

12 AltOrb  Understanding about motion of the Moon is not clear.
13 AltEcl  Understanding about the lunar eclipse is not clear.

14 AltAcc

15 AltScl

16 Alterl the Earth-Moon system is not clear.

17 AltOth

18 USciPrl

conceptual understanding in explaining,
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Table 3. Unit of Moon phases on cutriculum
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Grade

Unit of Moon phases

(7) The solar system

(a) Observing the diurnal motion and explaining it with the rotation of the. Earth.
(b) Understanding the ecliptic and solar annual motion, and explaining it with the revolution of the Earth.
%h (¢) Observing the lunar phases and explaining it with the motion of the Moon.
(d) Using a model experiment to explain the lunar and solar eclipses.
(e) Finding out a orbital period of each planet and its orbital radius, and comparing their relative sizes.
[Further Study] Modifying the lunar phase. Drawing positions of the Sun, the Moon and the Earth in space at the

partial, total and annual eclipses

(3) Mysterious Universe
(a) Observation

@ Examining observing tools and learning how to operate them.
(@ Observing the surface of the Sun with a tool like telescope, and describing the phenomena seen on its

surface.

11th @ Observing motion of the Moon and its phases to understand the positional relation among the Sun,

(Earth Science I)
tools.

the Moon and the Earth, and observing and describing the surface of the Moon with observing

@ Understanding observed movements of planets with given data, and describing characteristics of the planets

with their own observations.

® Calculating distance between stars with an annual parallax in the photographs, using a constellation map to
find familiar constellations, and understanding the relation of luminosity with magnitude.
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Fig. 2. Moon phases at lunar day 2, 4, 6 (source: www.astrosurf.com).
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Fig. 3. The model of Moon’s phases with its orbit (source:
9th grade science textbook B).
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Fig. 4. The model of eclipses with its positions of Earth, the Moon and the Sun (source: 9th grade science textbook C).
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Fig. 5. The model of lunar eclipse(source: 9th grade sci-
ence textbook C).
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Fig. 6. The model of Moon’s phases with its orbit in a text-
book of US (source: textbook of US A).
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M Sci-concepts

AAL BT T Alat [T AltAL
USeiPrl USciPri UsciPrl |
NavSee NavSce [B NavSee |
SciAce | SciAce SciAce
SciEc! SciEct Scikgl
SciSee SciSee SciSes
SCiEMS SCIEMS SCIEMS |
SciHaf SciHaf SciHaf
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{(a) 7th-8th grade students

Fig. 7. Students’ conceptual changes according to the grades.
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Table 4. Type of students models about Moon phases
Type of students models # of models %
(1) Models explaining as using scientific models 19 34%
(if)  The model with the concept about relative positions of the Sun, the Farth, and the Moon is indistinct 5 9%
(i) The model with unclear understanding about concepts of orbital motions 6 11%
(iv) The model that the Earth’s rotation en axis causes phases 6 11%
(v)  The model that the lunar phases are caused by variations in the Earth’s shadow 10 18%
(vi) The model with confusions about positions of the lunar phases 7 13%
Others 3 5%
Total 56 100%
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Fig. 8. Example: models of type (v).

Fig. 9. Example: models of type (vi).
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Table 5. Student’s responses about complementary models
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Type of students’ responses

# of students %

Understanding that the inclination of the lunar orbit to the ecliptic plane is very large (5°),
and because of it, the eclipses do not occur every new Moon or every full Moon.

11 13%

Using various pictures is more helpful for understanding than using just a textbook. 9 10%

I have a clear understanding of spatial distance 6 7%
It is helpful The picture on the textbook looks two-dimensional, but Complementary Models looks 5 6%

(57 students, 66%) three-dimensional that they are more helpful.

[ clearly understand variations the lunar phase seen from the Earth. 2 2%

1 had been thought that the size of the Moon is similar to the Earth, but I can identify 5 2%

the difference between them by the model.

It is helpful (simple answer) 22 26%

It is not helpful (simple answer) 15 17%

No answer (I don’t know) 14 16%

Total 86 100%
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