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Investigating the Effects of Teaching Based on an Analysis of
High School Students’ Knowledge State of Concepts Associated with
Astronomical Observation

Ma-Byong Yoon*
Department of Science Education, Jeonju University, Jeonbuk 560-759, Korea

Abstract: The purpose of this study was to investigate the effects of teaching based on analysis of a hierarchy of the
concepts associated with astronomical observation as well as each learner’s status of knowledge through analytical
methods of the knowledge state. A test instrument was developed to measure high school students’ concepts associated
with astronomical observation before instruction. The learners’ psychological hierarchy associated with astronomical
observation that the participants possessed showed the order of ‘motion of the earth — coordinate system — astronomical
observation (mechanism of the telescope — installation of the telescope — observation through the telescope)’, and so was
the hierarchy of teaching (70.6%). The learners’ knowledge state that is supposed to be similar each other in the ability
of observing celestial bodies was different even through they scored the same on the concept test. There were cases with
the knowledge state well-structured and not well-structured, which suggests that differentiated instruction with appropriate
teaching-learning prescriptions be prepared. An analysis of the knowledge state can play the role of both preparing
individualized learning prescriptions and formative evaluation. In the unit dealing with astronomical observation of Earth
Sciencel, teaching according to the psychological hierarchy of learners rather than the order in which the textbook syllabi
were presented scored significantly higher (p<0.05) on the level of concept achievements. This result suggests that the
teacher can help students achieve more efficient in learning by analyzing the learner’s knowledge state and reordering the
syllabi of the textbook in teaching the concepts associated with astronomical observation.

Keywords: concepts associated with astronomical observation, knowledge state, hierarchy
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Fig. 1. Experimental design.
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Fig. 2. The order in which syllabi of the unit of astronomical observation are presented.
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Table 1. Concepts associated with astronomical observation of the testing tool and specifics of evaluation

Concepts associated with

. . uestions
astronomical observation Q

Specifics of Evaluation

Motion of the earth

Phenomenon arising from the rotation of the earth
Evidence of the rotation of the earth
Evidence of the revolution of the earth

Mechanism of the telescope

Mechanism of the refracting telescope
Magnification and field of the telescope
Aligning of the pole-axis of the equatorial telescope

Installation of the telescope

Balancing of the body tube
Finder aligning
Tracing observation

Astronomical observation

Diurnal motions of celestial bodies
Observation of the sun
Interpreting observations of celestial bodies

Coordinate system

GRS ISESRSNCECNSNCESECRISRCRG)

Reference point of the celestial sphere
The horizontal System
The equatorial Coordinate System

Table 2. Validity and reliability of the test sheets for concepts associated with astronomical observation

Concent factors Questions Validity index Reliability Percentage of correct answers (%)
P (CVL, %) (Cronbach o) Before learning After learning
Motion of the earth DO
Coordinate system
Astronomical observation % @ g 100 0.69 49.89 6272
(mechanism, installation, observation) -
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Fig. 3. Diagram of knowledge state prior to the learning of astronomical observations.
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| installation of the telescope |
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| mechanism of the telescope |
1

‘ motion of the earth ‘

Fig. 4. Logical hierarchy of concepts associated with astro-
nomical observation.
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Fig. 5. Diagram representing each item's knowledge state of
concepts associated with astronomical observation.
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Table 3. Type of the hierarchy of concepts associated with astronomical observation that teachers of earth science have in mind

Hierarchy A—>B—-C A—>C—HB B—H>C—HA B—>A—-C CH>B->A
No. of teachers (persons) 34 4 2 6 2
Percentage (%) 70.8 8.3 42 12.5 42

A: Motion of the earth (only simple concepts such as rotation and revolution of the earth, diurnal motion are included)
B: The coordinate system of the celestial sphere (simple concepts such as the celestial sphere, the right ascension, declination

and so forth required for astronomical observation are included)

C: Astronomical observation (mechanism of telescope — installation of telescope — telescope observation)



Fig. 6. Diagram representing knowledge state of student
number 34.
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Group Average score Standard deviation t value p value*
Experimental group (n=131) 49.89 15.48 557 578
Control group (n=131) 48.73 16.95 ’ ’

*p<0.05
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Table 5. t-test between post-test groups

Group Average score Standard deviation t value p value*
" onel g (1) 17 1667 2309 -

*p<0.05
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