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Abstract: The purpose of this study was to investigate pre-service elementary teachers’ conceptions about the relative
sizes of celestial bodies including the universe, galaxy, star, planet, satellite, asteroid, and comet, which were presented in
elementary school science textbook. This study also examined the causes of their misconceptions as shown in the study.
Sixty three pre-service elementary teachers participated in this study. The survey was developed for this study that asked
to make an order of relative sizes of the given celestial bodies and to write scientific facts about each of the celestial
bodies. The survey items were analyzed by simple descriptive statistics, and the written responses were analyzed using
qualitative and inductive methods. The results showed that only five (7.9%) of the participants correctly answered about
the relative size of the given celestial bodies. There were three common misconceptions identified in relation to the
relative sizes of the celestial bodies; more than 20% of the participants had: (1) a planet is bigger than a star (46.0% of
the participants), (2) an asteroid is bigger than satellite (58.7%), 3) a comet is bigger than a star (22.2%).
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1. Arrange the following celestial bodies in order of their relative sizes.

| ® Comet @ Sr @ Satellite @ Galaxy ® The universe ® Planet @ Asteroid |

W the order of size : >

bi

2. Provide a written explanation of the above celestial bodies.

@ Comet

@ star

@ satellite

@ Galaxy

® Universe

® Planet

@ Asteroid

Fig. 1. Survey item.
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Table 1. The participants’ responses to the order of relative sizes of the celestial bodies

The order of relative size

Type Totals (n=63)

Satellite Asteroid Comet A 5(7.9%)
(12, 19.0) Comet Asteroid B 7 (11.1%)
Planet Asteroid Satellite Comet C 10 (15.9%)
Star (32,50.8)  (16,254) Comet Satellite D 6 (9.5%)
(33, 524) Satellite Asteroid E 1 (1.6%)
(4,63) Asteroid Satellite F 3 (4.8%)
Comet . . o
(1, 16) (1, 16) Satellite Asteroid G 1 ( 1.6%)
Satellite Comet Asteroid H 1 ( 1.6%)
(1, 1.6) o7
Star Asteroid Satellite Comet I 1 (1.6%)
(5,79 (3,48 Comet Satellite J 2 (32%)
The universe > Galaxy ) . )
(61°, 969" (1,16) Satellite Asteroid K 1 ( 1.6%)
(1, 16) Asteroid Comet L 1 ( 1.6%)
Planet Satellite i
(27, 42.9) (8, 12.7) Asteroid Star Comet M 1 ( 1.6%)
(7, 11.1) Comet Star N 6 ( 9.5%)
Satellite Comet (¢} 2 (3.2%)
Asteroid (3,48 Comet Satellite P 1(1.6%)
(13, 20.6) Satellite Star Comet Q 5(7.9%)
(10, 15.9) Comet Star R 5 (7.9%)
Comet Satellite  Asteroid S 1 (1.6%)
(1, 1.6)
Comet . .
Star Asteroid Satellite T 1 ( 1.6%)
(1,16
Galaxy > The universe Planet Satellite Asteroid Star Comet U 1 ( 1.6%)
(2,32 (2,32 Asteroid Satellite Star \% 1 ( 1.6%)
* a: the number of respondents, b: response rate (%)
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Table 2. The participants’ explanations about the s

The type of explanation

The number of
respondents of
‘Misconception 17 (%)

The number of
respondents (%)

a. A self-luminous celestial body by hydrogen nuclear fusion reaction. 1( 1.6) -

b. A self-luminous celestial body that consists of a mass of gas (like sun). 2(3.2) -

c. A self-luminous celestial body that has planets by gravitational force (like sun). 2(3.2) -

d. A self-luminous celestial body (like sun). 29(46.0) 10(34.5)

e. A general term for planet, asteroid, fixed star, satellite, and so on. 4( 6.3) 1(3.4)

f. A twinkling or visible celestial body in the distance (or in the night sky). 10(15.9) 5(17.2)

g A self-luminous planet. 3(4.8) 1(3.4)

h. A bright celestial body by the reflection of light. 3(4.8) 3(10.3)

i.  Other responses 6( 9.5) 6(20.7)

j- No response 3(4.8) 3(10.3)
Totals 63(100.1) 29(99.8)

Table 3. The participants’ explanations about the “planet”

The type of explanation

The number of
respondents of
sconception 17 (%)

The number of
respondents (%) Mi

A celestial body that revolves around a star, that cannot make its own light, and that

% has predominant gravity within its orbital path. 1(1.6) )

b. A celestial body that revolves around a star and that is over a certain size (or mass). 3(4.8) 1(3.4)

c. A celestial body that revolves around a star and that cannot make its own light. 2(32) -

d. A celestial body that revolves around a star and has (a) satellite(s). 1( 1.6) -

e. A celestial body that revolves around a star. 20(31.7) 7(24.1)

f. A celestial body that cannot make its own light (like Mercury, Earth, and so on). 5(7.9) 1(34)

g A celestial body like Mercury-Neptune. 14(22.2) 8(27.6)

h. A (large) celestial body (or star) like Earth. 4(6.3) 4(13.8)

i. A celestial body (or star) that revolves around Earth. 2(32) 2( 6.9)

j- Other responses 7(11.1) 4(13.8)

k. No response 4( 6.3) 2( 6.9)
Totals 63(99.9) 29(99.9)
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Fig. 2. The participant teachers’ (who showed relatively cor-
rect conception about the star) explanations about the planet.
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Table 4. The participants’ explanations about the “satellite”

The type of explanation

The number of
respondents of
‘Misconception 2° (%)

The number of
respondents (%)

A celestial body orbiting around a planet under the influence of the planet’s

a gravitational force (like the Earth’s moon). 3(43) 2549
b 2 ﬂslgls;iegat;t(ilc}z ;r(t);tlh;g around a planet (at a regular period of orbit) 33(524) 18(48.6)
c.  A. celestial body that is subordinate to or is next to a planet (like the Earth’s moon). 5(7.9) 3( 8.1)
d. A celestial body like the Earth’s moon. 3(4.8) 2(54)
N A (spla.ll) planet orb.iting around fa big planet under the influence of the big planet’s 5(79) 3(81)
gravitational force (like the Earth’s moon).

f. A star (that is smaller than a planet) orbiting around a planet (like the Earth’s moon). 6( 9.5) 1(2.7)
2. A meteorite orbiting around a planet. 1( 1.6) 1(2.7)
h gra;‘)/li::{:gg rE;)lr lgélrc(fject) orbiting around a star under the influence of the star’s 2(32) 2 54)
i.  An artificial satellite or the Earth’s moon. 1( 1.6) 1(2.7)
j- An artificial satellite (that is launched into orbit around the Earth). 3(4.8) 3(8.1)
k. Other response 1( 1.6) 1(2.7)

Totals 63(100.1) 37(99.9)

Table 5. The participants’ explanations about the “asteroid”

The type of explanation

The number of
respondents of
sconception 2° (%)

The number of
0,
respondents (%) Mi

A small rock-shaped celestial body that revolves around the sun mainly between the

& orbital paths of Mars and Jupiter. 1(1.6) )

b. A rock-shaped celestial body that exists between (the orbits of) Mars and Jupiter. 4(6.3) 1(2.7)

¢. A rock or meteorite that is wandering in cosmic space (without its regular orbit). 4(6.3) 2(54)

d. A small celestial body that is wandering in a flock and that is irregular shape. 3(4.8) 1(2.7)

e. A celestial body that orbits around the Sun between Mars and Jupiter. 1( 1.6) -

f. A celestial body that exists between the orbital paths of Mars and Jupiter. 4(6.3) 2(54)

g A celestial body that is smaller than a planet. 7(11.1) 6(16.2)

h. A small-sized planet (out of planets). 21(33.3) 18(48.6)

i. A small planet wandering without its regular orbit or without its regular shape. 3(4.8) -

j. Other responses 5(7.9) 2(54)

k. No response 10(15.9) 5(13.5)
Totals 63 37
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Fig. 3. The comparison of the participants’ (who showed ‘Misconception 2: Asteroid > Satellite’ and belonged to the type of
highest response rate in Table 4 and Table 5, respectively) explanations about the satellite and the asteroid.
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Table 6. The participants’ explanations about the “comet”

The type of explanation

The number of

The number of
respondents of

0,
respondents (%) ‘Misconception 3° (%)

A celestial object that orbits the Sun (along an elongated orbital path) and that consists
of ice, gas, dust, and so on. When it comes close to the Sun, it forms a long tail or its 7(11.1) 3(21.4)
tail gets a longer.
A celestial body that orbits the Sun. When it comes close to the Sun, it forms a tail or 10 1.6) )
its tail gets a longer. ’
A celestial body that orbits the sun in a elliptical orbit and that consists of ice, dust, 10 1.6) )
and so on. ’
A celestial object that orbits the Sun along an elongated path and at a regular period, 1(1.6) )
and that has a long tail. ’
A (small) celestial body that orbits (the sun) (at a regular period under (the sun's) 6(9.5) )
gravity) and (that consists of small particles). ’
A celestial body that consists of ice, gas, dust, and so on (and that has a long tail) 5(7.9) -
A (moving) celestial body that has a long tail (like Halley’s Comet). 6( 9.5) 1(7.1)
Another type or another form of star. ex) “a star having a long tail”, “a star that makes 701.1) )
a tail consisting of gas and dust” ’
Another type or form of asteroid. ex) “a flaming asteroid moving in its own way”, “an 232) )
asteroid having a tail as it comes close to the sun” ’
A meteorite. ex) “a meteorite floating in space along a certain orbit” 1( 1.6) -
A meteor. ex) “a shooting star that has a long tail consisting of gas”, “a shooting star.
When it enters the Earth’s atmosphere and the friction with the air causes it to glow 13(20.6) 4(28.6)
with heat.”
Other responses 6( 9.5) 3(21.4)
'l don't know' or No response 7(11.1) 3(21.4)

Totals 63(99.9) 14(99.9)
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Fig. 4. The comparison of 14 participants’ (who showed ‘Misconception 3: Comet > Star’) explanations about the star (Table 2)

and the comet (Table 6).
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