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A Development on Learning Progressions about Concepts of
the Properties of Light in the Elementary Students

Lee, Kyoeng-Ran - Park, Jong-Ho* * Back, Nam-Gwon'
(Pusan National University) + (Chinju National University of Education)*

ABSTRACT

The purpose of this study is to devise the concept of properties of the light on learning progressions for 3-6
grade students in the elementary school. For the purpose, this study creates a construct map of the properties
of the light. Ordered multiple-choice items were developed in view of the construct map and presented to 200,
3~6 grade students in the elementary school. A partial credit model of Rasch model was used to analyze the
results of those items, and the learning progressions was devised from the analysis results. The study can be
summarized as follows: the construct modeling approach was used to devise the properties of light on learning
progressions. As a result, the concept was selected for the core standards of construct map. Based on the
construct map, the multiple-choice items were developed for students’ conceptual understanding. The items were
analyzed using the partial credit model, and the analysis findings showed that they were appropriate to assess
students about their level of understanding of the properties of light. Finally, learning progressions were devised
with the use of item analysis results.

Key words : science education, learning progressions, light, Rasch model
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Table 1. The construct map about the properties of light
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Level Content Core principles
- Sun, light fixtures themselves give out the light, and we can see objects by the light. The light
- The llght'ls straight. When light hits the ppaque object, it makes a shadow the back of the object. The straight of light
Because light does not pass through an object.
- When the light shines on mirror, it reflects and is delivered to the person in front of mirror. The reflection of light
+ When tht? light passes other substances, it refract in boundary surface, such as it enters into the water The refraction of light
or glass in the air.
4 The moving distance of the light is same on day and night, because it moves until it hits the objects.  The movement of light
- While the light of coming source of light is straight, it hits objects and refracts. And the reflection is  The process to see the
delivered to our eyes, we can see the objects. (source of light—object—eyes) object
- The closer the distance between the light source and the object, the size of the shadow gradually becomes
larger. The further the distance between the light source and the distance of objects, the size of the The Tight and shadow
shadow gradually becomes smaller.
+ When the objects move from side to side, the shadow moves along the direction of the moving object.
- The surrounding is bright because of the light from coming the sun and light bulbs, light fixtures. The light
- The light can't go around the objects because it is straight. The straight of light
- The light entering a mirror comes on again and goes to the person in front of the mirror. The reflection of light
- The light refracts when it enters the water. The refraction of light
3 The moving distance of the light is same on day and night. The movement of light
. . L . . . Thy t th
- We can see objects, because the light shining objects comes our eyes. (source of light—object—eyes) ObjeeCItJrocess 0 see e
- The shadow is small when the object is close to the screen, the shadow is big when the object is far The Tight and shadow
away on the screen.
- The moon is a source of light because we can see objects by moonlight. The light
- The light goes straight and runs through the object, but it detours surrounding of objects The straight of light
. When the light shi.nes a mirror, it reflects in several directions. And the lights are delivered to the person The reflection of light
in front of the mirror.
) When the light only enters water, it refracts. The refraction of light

- The moving distance of the light is same on day and night, but it go faster at night than during the day.

The movement of light

- We can see objects, because there is a relationship between the light, object, our eye.

The process to see the
object

- When the object moves from side to side, the position of the shadow changes. And the object is closer

to the light source, the smaller the size of the shadow.

The light and shadow
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Level Content

Core principles

- Electronics that operate using electric are all light sources.

The light

- When the light hits the objects blocking it, the directions of it alter and break.

The straight of light

- When the light shines a mirror, it reposes. And we see the light in mirror.

The reflection of light

- The light entering water spreads in different angles.

The refraction of light

1 - The light goes farther at night because it of the night is stronger han the day.

The movement of light

- We can see objects, because the light shines surroundings

The process to see the

and the objects. object

- The closer the distance between the light source and the object, the size of the shadow gradually becomes

smaller. The further the distance between the light source and the distance of objects, the size of the

shadow gradually becomes bigger.

The light and shadow
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Questions difficulty numbers Verbalism Evaluation questions Questions difficulty Interpretation
Less than —2.0 Very easy The light —-0.350
The straight of light —-0.136 .
-2.0~-05 Easy . . Middle
The reflection of light —-0.144
—0.5~+0.5 Middle The refraction of light —-0.009
The movement of light 0.536 Difficult
+0.5~+2.0 Difficult -
The process to see the object —-0.209
) Middle
More than +2.0 Very difficult The light and shadow -0.104

Table 3. Questions suitability analysis

o . ) MNSQ .
Light-item Evaluation questions Interpretation
Infit Outfit
Q1 The light 1.06 1.00
Q2 The straight of light 1.18 1.09
Q3 The reflection of light 110 103 If the absolute value is less than 2.0,
Q4 The refraction of light 1.12 1.05 the evaluation question is the appropriate
Q5 The movement of light 0.99 0.98 questions
Q6 The process to see the object 0.98 0.90
Q7 The light and shadow 0.93 0.99
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Table 4. Analysis of frequency Unit: n(%)
o ) ) Analysis of frequency
Light-item Evaluation questions
1 2 3 4

Ql The light 12( 6.0) 22(11.0) 68(34.0) 98(49.0)

Q2 The straight of light 33(16.5) 12( 6.0) 29(14.5) 126(63.0)

Q3 The reflection of light 23(11.5) 49(24.5) 24(12.0) 104(52.0)

Q4 The refraction of light 33(16.5) 19( 9.5) 52(26.0) 96(48.0)

Q5 The movement of light 64(32.0) 38(19.0) 46(23.0) 52(26.0)

Q6 The process to see the object 57(28.5) 14( 7.0) 35(17.5) 94(47.0)

Q7 The light and shadow 25(12.5) 23(11.5) 56(28.0) 96(48.0)
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Fig. 4. Light-item Q2 : Characteristic curve & the level distri-
bution about the straight of light
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Fig. 5. Light-item Q3 : Characteristic curve & the level distri-
bution about the reflection of light
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Fig. 8. Light-item Q6: Characteristic curve & the level distri-

bution about the process to see the object
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Fig. 9. Light-item Q7: Characteristic curve & the level distri-
bution about the light and shadow
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