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The findings presented here support our hypothesis that 
students will improve in their understanding of celestial motion 
when engage in instruction that supports their ability to 
visualize celestial motion through observations and hands-on 
modeling.  Instruction that primarily focuses on the actual 
motions of the earth and moon does not result in the same level 
of sophistication.  We also find that these conceptual areas 
(daily motion, lunar phases) continue to present a challenge for 
many students, even after targeted instruction, as few students 
reached the scientific level of understanding.  Students need 
additional time with challenging aspects of the concept and 
teachers may need additional support in assessing students 
during instruction to better guide student thinking. 
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Learning to explain daily celestial motion and the phases of the 
moon involves the ability to explain observed patterns of 
change with the rotation of the earth and the orbit of the moon 
about the earth.   This study is part of a larger research project 
investigating a learning progression on celestial motion1.
 1. What are levels of sophistication in the daily celestial 

motion and phases of the moon construct maps in a 
learning progression for celestial motion? 
2.  What is the role of instruction in supporting students 
ability to learn to move between frames of reference in 
celestial motion?

Methods
Participants: Third grade students from three suburban 
elementary schools participated in four instructional conditions: 
  Traditional instruction: Focused primarily on lunar concepts
  and from a heliocentric perspective (N=24; four classes)
  Planetarium instruction: A single program focusing on 
  earth-based perspective (N=22; two classes)
  Revised classroom instruction: Teachers received  
  professional development on methods to connect earth-based 
  observations with developing explanations using models 
  (N=21; two classes) 
  Revised & Planetarium instruction: Revised classroom 
  instruction and a single planetarium visit (N=32; three classes)

Interviews:  ~15 min pre/post interviews with a sample of 
students from each classroom.  Students demonstrated ideas in 
a mini-planetarium dome and explained using physical models.
Analysis: Interviews were coded following our previously pub-
lished coding schemes2.  �e so�ware ConstructMap3 was used 
to perform item response modeling to describe students’ pro�-
ciency levels in relation to the di�culty of items.
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Rasch Analysis using ConstructMap

18.4 - Acc. explains moon’s app. motion; acc. moon’s orbit

16.3 - Acc. explains phases of the moon

18.3 - Acc. explains moon’s app. motion; moon’s orbit inaccurate
16.2  -  20.2 -- Partially acc. explanation for lunar phases; partially 
                  accurate description of sun, moon, stars apparent motion

Shape of the earth and appearance of the lunar
phases are below.

Items of increasing di�culty

Items of decreasing di�culty

Students with increasing ability

Students with decreasing ability

20.3 - Sun, moon, stars appear to rise/set from E to W
15.2 - Acc. describes stars’ size compared to sun, moon

19.3 - Acc. explains stars’ apparent motion

17.3 - Acc. explains sun’s apparent motion

14.2                             Acc. describes stars’ distance 
                                            compared to sun and moon

9.2 - Acc. describes rotation of earth

Knows and can draw some of the shapes of the 
moon’s phases. Knows that the change is a slow 
process and does not occur in one night.

Includes both aspects of the accurate explanation 
and alternative conceptions about the phases of the moon.

Complete
Sub-level 1: Accurately explains apparent of sun, moon, 
and stars with earth’s rotation and describes their 
apparent motion accurately and in the same direction.
    Di�erentiates between moon’s orbit and apparent 
    motion accurately.

Sub-level 2: Same accurate apparent and explanation with 
earth’s rotation.  
    Doesn’t use moon’s orbit in explantions of moon’s 
    apparent motion but orbit may not be accurate.

Scienti�c Sun Plus Moon OR Stars
Accurately describes and explains apparent  motion of sun 
with earth’s rotation.
    May or may not use moon’s orbit in explanation of moon’s 
    apparent motion.
Explaining stars with earth’s rotation is more di�cult that 
moon but may be learned in either order.

Scienti�c sun
Accurately describes and explains apparent motion of sun 
with earth’s rotation but not the moon or stars.

Synthetic
Uses earth’s motion in explanation for the sun’s apparent 
motion.  Explanation does not accurately use earth’s rotation.

Naive
Objects appear to move because of their actual motion.  
Description of apparent motion likely to be non-normative.

Incomplete explanation for the phases of the moon.   
No alternative conceptions.  

Moon’s orbit is about a month

Scienti�c explanation for the phases of  the moon - able to
demonstrate that the moon’s phases change as the moon
orbits the earth over about a month.  Indicates correct 
alignments of the sun, earth, and moon for various phases.

Lunar PhasesDaily Celestial Motion

 

Traditional 
(N=24) 

Planetarium 
Only (N=22) 

Revised 
Classroom 
(N=22) 

Revised 
Classroom 
Plus 
Planetarium 
(N=32) 

 
Pre Post Pre Post Pre Post Pre Post 

Complete 
Scientific  

  
  

   
  

      Sub-Level 1 0 0.0 0.0 4.5 0.0 14.3 3.1 6.3 
     Sub-Level 2 0 0.0 0.0 22.7 4.8 0.0 0.0 0.0 
Scientific Sun 
Plus Moon OR 
Stars 8.3 4.2 13.6 4.5 0.0 0.0 15.6 37.5 
Scientific Sun  4.2 33.3 0.0 13.6 4.8 61.9 15.6 34.4 
Synthetic 

 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 

     Sub-Level 1 
      (Earth moves) 20.8 45.8 22.7 9.1 42.9 9.5 12.5 21.9 

     Sub-Level 2   
     (Earth and sun  
     both move) 12.5 4.2 18.2 13.6 0.0 9.5 6.3 0.0 
Naïve 54.2 12.5 45.5 31.8 47.6 4.8 46.9 0.0 

 

We hypothesize that instruction that supports students to de-
velop both mental models of apparent motion and the explana-
tions using the actual motions of celestial objects isnecessary to 
help students develop an ability to accurately move between 
these frames of reference. To test this, we interviewed children 
before and a�er four instructional conditions - each highlighting 
di�erent instructional approaches to this topic.

Student X has 50% probability of getting an item at that same 
level (�urstonian threshold) correct.  �e higher the X, the more 
likely that the student got items at that level or below correct.

Mapping student outcomes onto DCM Construct Map

�e frequency for each 
level on the Daily Ce-
lestial Motion construct 
map, before and a�er 
instruction -- for each 
of the instructional 
conditions.

Data for the phases of 
the moon construct 
map and additional sta-
tistical comparisons of 
the conditions appear 
in the paper.
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