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Executive Summary

The Great Explorations in Math and Science’s Space Science Sequence for third to fifth grade curriculum was field tested in the Winter and Spring of the 2005 academic year.  Pre to post student learning gains were statistically significant for all units. Breaking down the items by type found that multiple choice and short answer gains were statistically significant across all units as well. Reliability estimates for the pre/post measures range from .73 to .78.  Effect sizes ranged from .24 to .61 indicating moderate effect sizes for the first two units and small effects for the last two units. Grade level comparisons (3rd, 4th, and 5th) found statistically significant gains for Units 1, 2, and 3 across all grade levels. Unit 4 found statistically significant gains for 4th and 5th grades but not for 3rd grade. Limitations of the study are that results are formative as units were revised based on both student learning results and teacher feedback collected during the national field test year.  Recommendations for future research include collection of curriculum calendars including CD use and analyses of embedded student work.  Results suggest consistent evidence of the effectiveness of the curriculum.

Introduction

The current project examines student learning, as shown by unit pre-questionnaire/post-questionnaire change, in the Space Science Sequence (SSS) third to fifth grade science curriculum developed by Great Explorations in Math and Science  (GEMS) at Lawrence Hall of Science (LHS), University of California, Berkeley.

Center for Research, Evaluation, and Assessment (REA) 

The Center, based at Lawrence Hall of Science, conducts both internal and external evaluation and research in the fields of mathematics and science education.  In addition to evaluation of in-house projects, REA provides professional consultation for the evaluation of science and mathematics education programs for clients nationwide. 

For the current study, REA had the responsibility for scoring and conducting data analyses for the Space Science Sequence third through fifth grade curriculum 2004-2005 national field tests. The REA evaluation associates directing this study were familiar with both the SSS curriculum and the Assessment System developed for assessing student growth.  Both formative and summative results for this study were shared with the SSS curriculum team and the funders of the project.    

Evaluation Questions

Evaluation questions for this project took into consideration concerns and interests of curriculum funders, the curriculum development team, and potential users of the curriculum.  Evidence of student learning is of primary interest to all stakeholders and is therefore the overarching question for this evaluation.  

Student Learning Questions

· As evidenced by pre-questionnaire/post-quetionnaire analyses do students make significant gains in understanding for each unit?

· Are the gains made by students at different grade levels similar?

· Do students make greater gains in some units?

Stakeholders


Those interested in the results of this project are numerous.  Funders of science curriculum development, in this case NASA, are primary stakeholders along with district science teachers and science resource personnel.  Additionally the curriculum development team at LHS is interested in both formative and summative information concerning student learning to inform their work.  Curriculum marketing personnel require evidence of successful student learning outcomes for their work with district curriculum decision-makers.

Space Science Core Curriculum Sequence

The Space Science Core Curriculum Sequence builds upon a solid body of research-based and classroom-tested astronomy/space science units from the GEMS Series, including several units developed with NASA support. The units were sequenced, revised, and refashioned into a curricular core for Grades 3–5 and Grades 6–8. Revisions were made in light of updated science content, current theories of learning, national standards and benchmarks, key research findings in astronomy education, and the just-now-developing NASA space science education framework.  In addition, the Space Science Core Curriculum Sequence integrates related content about NASA missions and scientists through student readings, guided website navigation, and open inquiry investigations and environments. The redesign process for the entire Space Science sequence placed priority on careful selection of essential understandings and essential questions to frame major student learning goals. This outcomes-driven process in turn provided the basis and alignment for an assessment system with student progress variables, guided decisions on unit revision and sequencing, and provided the framework and content criteria for the inquiry-driven technology component.
	Table 1.  Primary Science Content by Unit and Estimated Instructional Time

	Unit
	Primary Science Content
	Estimated Instructional Time

	How Big and How Far (Unit 1) 
	Scale including actual size vs. apparent size and distance especially in relation to the Earth, Moon, and the Sun
	9 Sessions

	Earth’s Shape and Gravity (Unit 2)
	Earth’s shape, gravity, and historical accounts
	4 Sessions

	How Does Earth Move (Unit 3) 
	Causes of night and day, movement of sky objects, spin of Earth, and orbit of Earth
	2 Sessions

	Phases and Eclipses (Unit 4)
	Phases of the Moon, causes of lunar and solar eclipses
	3 Sessions


Method

Participants

A call for applications to participate in the 2005 national field test was sent to GEMS associates that had previously participated in research related to GEMS curriculum and/or sites with GEMS centers.  The application was also posted on the GEMS website.  Requirements for selection were that each teacher have a 3rd-5th grade class, each teacher would teach between one and four of the curriculum units as specified by the GEMS personnel, and teachers with computer access would use the technology component that was designed subsequently with the curriculum.  Table 2 shows the number of teachers who returned student pre/post data by unit.

Table 2.   Classroom Data from Teachers by Unit

	Unit
	Number of Teachers

	
	

	How Big and How Far (Unit 1)
	13

	Earth’s Shape and Gravity (Unit 2)
	9

	How Does Earth Move  (Unit 3)
	12

	Phases and Eclipses  (Unit 4)
	10


Pre-Questionnaire/Post-Questionnaire Assessment Measure Development


Items used for the pretest/posttest assessments were developed by the SSS curriculum team at LHS.  Tests were constructed to include multiple-choice and short answer items.  Key science concepts presented in each unit guided the development of items.  Multiple-choice items included content considered essential to students’ ability to communicate space science information.  Short answer items provided students with the opportunity to develop and present their own thinking.  Table 3 shows test item type (multiple-choice and short answer) frequency by unit.

Table 3.  Item Type by Unit 

	Unit
	Multiple Choice Items
	Short Answer Items

	How Big and How Far (Unit 1)
	2
	3

	Earth’s Shape and Gravity (Unit 2)
	4
	1

	How Does Earth Move  (Unit 3)
	3
	2

	Phases and Eclipses  (Unit 4)
	3
	1


Some questionnaire items were developed from items in previously published GEMS curriculum and then adapted to the SSS curriculum.  Other items were newly created to meet particular key concepts. All items were piloted in classrooms and revised for the field test by the SSS curriculum development team after reviewing comments/recommendations received from teachers and analyzing student pre/post-questionnaires.  Final review of the items was conducted by the assessment specialist in the REA department at LHS. 

Pre-Questionnaire/Post-Questionnaire Administration

Questionnaires for the specific units being field tested by participating teachers were sent. Teachers were asked to administer the pre-questionnaire and post-questionnaire for each unit taught.  Pretests were to be administered just before the unit was taught and posttests were to be administered at the end of the unit as indicated in the curriculum. 

Teachers were asked to return the pre and post-questionnaires for all of their students.  Pre-questionnaires and post-questionnaires were matched prior to scoring for all of the units.  For the current study, only matched pre and post-questionnaires were scored and analyzed. 

Scoring

Scoring of matched pretests/posttests was conducted by REA using undergraduate students at the University of California, Berkeley.  Scorers were trained on each unit by the assessment developer.  Ten posttest papers for each unit were chosen for use in scorer training.  Reliability tests were performed with all of the scorers after they received training with the assessment developer.  All scorers had a 90% or higher reliability score for each of the unit questionnaires.  Matched pre/post assessments were scored and analyzed for all each of the four units.  A 10% read-behind of the questionnaires was completed by the assessment developer to ensure scorer consistency.  The scores were recorded on a scantron form in order to facility a quick and reliable method for entering the data. 

Data Analyses

 Analyses focused on mean pre-questionnaire/post-questionnaire/gain percent correct comparisons for total score percent correct gain, multiple-choice item score percent correct gain, and short answer percent correct gain by unit. Paired sample t-tests were conducted for all pretest posttest gains.  Reliability and effect size estimates were calculated for each unit as well.   


Individual item pre-questionnaire/post-questionnaire/gain percent correct were calculated in order to provide the curriculum development team with specific feedback on the concept learning contained in each item.  In addition, this feedback allowed the development team to review the assessment items to learn how much previous knowledge students had prior to instruction.  

Results

Descriptive statistics were calculated for pretest/posttest data to review the distribution of scores for each unit.  Pretest scores for all units were approximately normally distributed with a slight skew to the left.  Posttest scores were also normally distributed with a slight skew to the right. 

Reliability and Effect Sizes

Reliability (Cronbach’s alpha) for unit pretest/posttest measures ranged from .73 to .78.  The Moon Phases and Eclipses unit pretest/posttest assessment had the lowest reliability.  Given the relatively small number of items for each unit the reliability estimates are acceptable.  Table 4 contains reliability estimates by unit.  

Table 4.   Reliability Estimates by Unit



	Unit
	Reliability

	How Big and How Far (Unit 1)

n=370
	.78

	Earth’s Shape and Gravity (Unit 2)

n=343
	.76

	How Does the Earth Move (Unit 3)

n=342
	.78

	Moon Phases and Eclipses (Unit 4)

n=346
	.73


Effect sizes (Table 5) for the pretest to posttest gains ranged from .24 to .61.  Using Cohen’s (1988) general guidelines for interpreting effect sizes (.20 — .50 = small effect size; .50 – .80 = moderate effect size; > .80 = large effect size) units 3 and 4 have the smallest effect sizes at .24 and .35 respectively.  Units 1 and 2 have moderate effect sizes of .53 and .61 respectively.  The units are designed with a range of two to nine sessions of instructional time (Table 1), and these effect sizes are respectable for this length of instruction.  

Table 5.   Effect Size Statistics by Unit



	Unit
	Effect Size

	How Big and How Far (Unit 1)

n=370
	.53*

	Earth’s Shape and Gravity (Unit 2)

n=343
	.61*

	How Does the Earth Move (Unit 3)

n=342
	.35*

	Moon Phases and Eclipses (Unit 4)

n=346
	.24*


*Statistically significant p < .000

Overall Results

Total score mean pretest/posttest gains, multiple-choice mean pretest/posttest gains, and short answer mean pretest/posttest gains were statistically significant for all units and item types with the Earth’s Shape and Gravity unit having the largest gain overall (20%) and the Moon Phases and Eclipses the smallest gain overall (12%).  Table 6 shows the total score pretest/posttest/gain mean percent correct for each unit.  

Table 6.   Total Score Mean Percent Correct by Unit





	Unit
	Total Score 

Pretest 

Mean % Correct
	Total Score 

Posttest 

Mean % Correct
	Total Score 

Gain 

Mean % Correct

	How Big and How Far (Unit 1)

n=370
	66
	83
	17*

	Earth’s Shape and Gravity (Unit 2)

n=343
	61


	81
	20*

	How Does the Earth Move (Unit 3)

n=342
	71
	84
	13*

	Moon Phases and Eclipses (Unit 4)

n=346
	62
	74
	12*


*Statistically significant p < .000













Mean gains for multiple-choice items were greatest for the Earth’s Shape and Gravity (20%), the smallest for Moon Phases and Eclipses (14%).  Table 7 contains the pretest/posttest/gain mean percent correct for multiple choice items.  

How Big and How Far and Earth’s Shape and Gravity short answer items had the largest mean gains (Table 8) of 18%.  The smallest gain for short answer items was for the Moon Phases and Eclipses of 8%.

Table 7.   Multiple Choice Mean Percent Correct by Unit




   

	Unit
	Multiple

Choice 

Pretest 

Mean % Correct
	Multiple

Choice 

Posttest 

Mean % Correct
	Multiple

Choice 

Gain 

Mean % Correct

	How Big and How Far (Unit 1)

n=370
	75
	91
	16*

	Earth’s Shape and Gravity (Unit 2)

n=343
	60
	80
	20*

	How Does the Earth Move (Unit 3)

n=342
	72
	87
	15*

	Moon Phases and Eclipses (Unit 4)

n=346
	62
	76
	14*


*Statistically significant p < .000

Table 8.   Short Answer Mean Percent Correct by Unit



	Unit
	Short Answer Pretest 

Mean %  Correct
	Short Answer Posttest 

Mean %  Correct
	Short Answer 

Gain

Mean % Correct

	How Big and How Far (Unit 1)

n=370
	60
	78
	18*

	Earth’s Shape and Gravity (Unit 2)

n=343
	66
	84
	18*

	How Does the Earth Move (Unit 3)

n=342
	68
	78
	10*

	Moon Phases and Eclipses (Unit 4)

n=346
	61
	69
	8*


*Statistically significant p < .000 










Figure 1 shows the pattern of overall score gains across units and item type. Larger gains are seen in Units 1 and 2 in comparison with Units 3 and 4. Additionally, short answer gains are much smaller in comparison to multiple-choice gains in Units 3 and 4 especially when compared to Units 1 and 2, which have similar gains for both multiple choice and short answer items. 

[image: image1.wmf]      
      Figure 1.  Mean percent correct gains by unit and assessment item type.
Grade Level Comparisons


Unit pre-questionnaire/post-questionnaire/gain mean percent correct comparisons were made across grade levels.  Table 9 details the pretest/posttest/gain mean scores across grade levels 3, 4, and 5.


Overall gains were statistically significant across all grade levels for all units. However, we see variability in the gains over the grade levels. Some of the variability may be attributed to extreme differences in sample sizes across grade levels due to the varying return rates of student work and the number of teachers in the sample. For instance, on average, across all of the units fifth graders account for two-thirds of the overall sample.  

Table 9.   Total Score Mean Percent Correct by Unit and Grade Level




	Unit
	Total Score 

Pretest 

Mean % Correct
	Total Score 

Posttest 

Mean % Correct
	Total Score 

Gain 

Mean % Correct

	How Big and How Far (Unit 1)
	
	
	

	    Third  (n= 44)
	69
	91
	22*

	    Fourth  (n= 59)
	66
	79
	13*

	    Fifth  (n= 267)
	65
	83
	18*

	Earth’s Shape and Gravity (Unit 2)
	
	
	

	    Third (n= 60)
	70
	89
	19*

	    Fourth (n= 35)
	67
	82
	15*

	    Fifth  (n= 229)
	58
	80
	22*

	    Third – Sixth (n= 19)
	57
	73
	16**

	How Does the Earth Move (Unit 3)
	
	
	

	    Third  (n= 63)
	65
	85
	20*

	    Fourth  (n= 24)
	74
	85
	11**

	    Fifth  (n= 255)
	72
	83
	11*

	Moon Phases and Eclipses (Unit 4)
	
	
	

	    Third  (n= 13)
	53
	61
	8

	    Fourth  (n= 95)
	62
	80
	18*

	    Fifth   (n= 238)
	62
	73
	11*


    *Statistically significant p < .000

  **Statistically significant p < .00













Tables 10 and 11 contain the percent correct pre to post and gain percentages for multiple choice and short answer items.  For multiple choice items gains are statistically significant for all units and grades except for Unit 4 third grade students.  This is most likely due to the small number of returned tests (13) for third grade students.  

Short answer item gains are much more variable than seen in other units.  There are four conditions where the gains are not statistically significant.  This again may be due to the small n in these conditions.

Table 10.   Multiple Choice Mean Percent Correct by Unit and Grade Level



	Unit
	Multiple 

Choice

Pretest 

Mean % Correct
	Multiple 

Choice

Posttest 

Mean % Correct
	Multiple

Choice

 Gain 

Mean % Correct

	How Big and How Far (Unit 1)
	
	
	

	    Third  (n= 44)
	72
	94
	22*

	    Fourth  (n= 59)
	75
	88
	13**

	    Fifth  (n= 267)
	76
	91
	15*

	Earth’s Shape and Gravity (Unit 2)
	
	
	

	    Third (n= 60)
	66
	88
	22*

	    Fourth (n= 35)
	65
	81
	16*

	    Fifth  (n= 229)
	57
	79
	21*

	    Third – Sixth (n= 19)
	60
	77
	17**

	How Does the Earth Move (Unit 3)
	
	
	

	    Third  (n= 63)
	67
	89
	22*

	    Fourth  (n= 24)
	75
	88
	13***

	    Fifth  (n= 255)
	73
	87
	14*

	Moon Phases and Eclipses (Unit 4)
	
	
	

	    Third  (n= 13)
	58
	62
	4

	    Fourth  (n= 95)
	62
	83
	21*

	    Fifth   (n= 238)
	62
	74
	12*


   *Statistically significant p < .000

 **Statistically significant p < .00

***Statistically significant p < .05


Figures 2, 3, and 4 show the mean percent change by unit and grade level for overall gain, multiple choice and short answer gains.  These show the similarity of gains over units 1, 2, and 3 along with the greater variability in both unit 4 gains and short answer gains in units 3 and 4.  

Table  11.   Short Answer Mean Percent Correct by Unit and Grade Level




	Unit
	Short Answer

Pretest 

Mean % Correct
	Short Answer 

Posttest 

Mean % Correct
	Short Answer 

 Gain 

Mean % Correct

	How Big and How Far (Unit 1)
	
	
	

	    Third  (n= 44)
	67
	88
	21*

	    Fourth  (n= 59)
	61
	72
	11*

	    Fifth  (n= 267)
	58
	78
	20*

	Earth’s Shape and Gravity (Unit 2)
	
	
	

	    Third (n= 60)
	88
	94
	6**

	    Fourth (n= 35)
	77
	84
	7

	    Fifth  (n= 229)
	61
	84
	23*

	    Third – Sixth (n=19)
	47
	59
	12

	How Does the Earth Move (Unit 3)
	
	
	

	    Third  (n= 63)
	61
	78
	17*

	    Fourth  (n= 24)
	71
	82
	11

	    Fifth  (n= 255)
	69
	78
	9*

	Moon Phases and Eclipses (Unit 4)
	
	
	

	    Third  (n= 13)
	36
	56
	20

	    Fourth  (n= 95)
	61
	74
	13*

	    Fifth   (n= 238)
	62
	68
	6**


  *Statistically significant p < .000

**Statistically significant p < .00

[image: image3.wmf]
Figure 2.  Total score mean percent correct gains by unit and grade level.


[image: image6..pict]
  Figure 3.  Multiple choice mean percent correct gains by unit and grade level.


[image: image2.wmf]
   Figure 4.  Short answer mean percent correct gains by unit and grade level.

Individual item results by unit were shared with curriculum developers giving them information about the results for specific content included in each item and recommendations were given for revision of items, graphics or content coverage in the curriculum. This information was used by curriculum developers when revising the curriculum for final publication. Appendix A contains the individual item results. The text for each item is provided but the graphics are not.  

Discussion


The results of this study found statistically significant learning gains in total pre to post scores for all units in the Space Science Core Curriculum Third – Fifth Grade curriculum.  The Earth’s Shape and Gravity unit (Unit 2) had the largest gain at 20%.  The smallest gain, 12% was for the Moon Phases and Eclipses unit (Unit 4).  Total score gains for the two remaining units ranged from 13% - 17%.  The How Big and How Far (Unit 1), and Earth’s Shape and Gravity (Unit 2) units had similar gains of 17% and 20% respectively.  In contrast, the How Does the Earth Move and Moon Phases and Eclipses had much smaller gains at 13% and 12% respectively.  


There are several possible reasons for the variability in student gains across units.  One, the content in units 1, 2, and 3 is most closely aligned with the grade level science standards in which the curriculum was field-tested.  In contrast, the content in Unit 4 is found more frequently in grades 6 and above.  As a result, it is not surprising that student gains are smaller for this unit.  A second potential explanation for the lower gains in units 3 and 4 might be the substantially shorter length of instruction for these units.  Unit 3 is 2 sessions and unit 4 is only 3 sessions.  In comparison, there are 9 sessions for unit 1 and 4 sessions for unit 2.  Even thought unit 2 only has 4 instructional sessions the content in this unit covers many student misconceptions about the Earth’s shape and gravity and the curriculum directly addresses those misconceptions.


Gains by item type show the largest gains (20%) and lowest pretest scores, for the multiple-choice items for the Earth’s Shape and Gravity unit.  How Big and How Far, How Does the Earth Move, and Moon Phases and Eclipses units have very similar multiple choice gains at 16%, 15% and 14% respectively. 


Gains for short answer items were greatest for the How Big and How Far (18%) and Earth’s Shape and Gravity (18%) units.  The smallest short answer gains were in the How Does the Earth Move and Moon Phases and Eclipses units. 


Effect sizes of pre/post gains per unit ranged from .24 to .61 showing a moderate effect size for units 1 and 2 and smaller effect sizes for unit 3 and 4.  These effect sizes are respectable given the relatively short instructional length of the units. However, it is important to remember that these assessments and analyses were formative, not summative, as all units were revised based on both student scores on the pre-questionnaire/post-questionnaire measures and feedback from teachers.   Interpretation of these gains must be tempered by this fact.  These gains may not be representative of student learning for the final curriculum.

The grade level finding of statistically significant gains across all units is important for a number of reasons.  The curriculum sequence was specifically designed to be taught both longitudinally and/or vertically. In this way districts can choose how the curriculum is implemented in their classrooms by allowing them to make informed decisions about curriculum placement in order to more closely match their curriculum to their local and state science standards.  

Grade level comparisons show that very few third graders (n=13) completed unit 4.  The very small number of third grade students for this unit may be the most probable reason for the non-significant gains especially since third grade students made similar gains to fourth and fifth grade students in the other units.  Possible explanations include sample (n=13 for third grade) and the curriculum content being more difficult and typically taught at higher grades. 


Recommendations for future studies include collection of curriculum calendars of instructional time spent on each unit/activity as well as information about how the CD rom component designed for the unit is used and how much time the students spend using the CD rom component and its features.  Having this information would allow for better  interpretation of gains across classrooms, grade levels,  and CD use.  For instance, simple analyses were conducted that indicate a potential positive effect of CD use with the curriculum however without implementation data it is not possible to attribute any positive effect specifically with CD use.


Another recommendation is that analysis of embedded assessments in the curriculum be done.  By looking at student work across the unit it may be possible to track growth in student understanding or skill development.  In addition, exemplars for embedded assessments illustrating differing levels of student achievement could be included in the published curriculum.


Even though student learning gains in this study are formative the results can be viewed with a level of confidence.  Reliability estimates and effect sizes are good and the similar pattern of gains across sites and units suggest consistent evidence of the effectiveness of the curriculum.  
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Appendix A

Assessment Item Results by Unit
Unit 1 – How Big and How Far
Item 1 – Multiple Choice

The pictures below compare the real sizes of the Sun, Earth, and Moon, not the sizes they look in the sky.  Which is the best?

	Table 12.  Percent of Students Scoring at Each Scoring Level – Item 1

	Score Levels
	Pretest Percentage
	Posttest Percentage

	Missing
	3
	3

	Inaccurate Information
	5
	1

	Insufficient Information
	13
	1

	Partial Understanding
	29
	7

	Complete Understanding
	50
	88


Item 2 – Multiple Choice

Why does the Sun look much bigger than the stars we see at night?

A. The Sun is much bigger than the stars.

B. The Sun looks bigger because it is closer to us than the stars.

C. The Sun looks bigger because it is farther away from us than the stars. 

D. The Sun can only be seen in the daytime. 

	Table 13.  Percent of Students Scoring at Each Scoring Level – Item 2

	Score Levels
	Pretest Percentage
	Posttest Percentage

	Missing
	3
	1

	Inaccurate Information
	28
	10

	Insufficient Information
	9
	8

	Partial Understanding
	0
	0

	Complete Understanding
	60
	81


Unit 1 – How Big and How Far
Item 3 – Short Answer

If the Earth and Sun were this far apart, where would the Moon be?

	Table 14.  Percent of Students Scoring at Each Scoring Level – Item 3

	Score Levels
	Pretest Percentage
	Posttest Percentage

	Missing
	2
	1

	Inaccurate Information
	26
	7

	Insufficient Information
	36
	16

	Partial Understanding
	31
	22

	Complete Understanding
	5
	54


Item 4 – Short Answer

Below is a picture of a soccerball and a baseball in the air.  Why do they look like they are the same size?

	Table 15.  Percent of Students Scoring at Each Scoring Level – Item 4

	Score Levels
	Pretest Percentage
	Posttest Percentage

	Missing
	6
	1

	Inaccurate Information
	12
	6

	Insufficient Information
	31
	22

	Partial Understanding
	32
	36

	Complete Understanding
	19
	35


Unit 1 – How Big and How Far
Item 5 – Short Answer

Why do the Sun and Moon look like they are about the same size in the sky?

	Table 16.  Percent of Students Scoring at Each Scoring Level – Item 5

	Score Levels
	Pretest Percentage
	Posttest Percentage

	Missing
	5
	0

	Inaccurate Information
	17
	6

	Insufficient Information
	24
	16

	Partial Understanding
	22
	30

	Complete Understanding
	32
	48


Unit 2  -  Earth’s Shape and Gravity

Item 1 – Multiple Choice

Why is the Earth flat in picture #1 and round in picture #2?  (Circle the letter of the best answer.) 

A. They are different Earths.

B. The Earth is found like a ball, but people live on the flat part in the middle.

C. The Earth is round like a ball, but it has flat spots on it.

D. The earth is round like a ball, but it looks flat because we see only a small part of the ball.

E. The Earth is round like a plate or record, so it seems round when you are over it and flat when you are on it.

	Table 17.  Percent of Students Scoring at Each Scoring Level – Item 1

	Score Levels
	Pretest Percentage
	Posttest Percentage

	Missing
	1
	1

	Inaccurate Information
	33
	9

	Insufficient Information
	14
	14

	Partial Understanding
	N/A
	N/A

	Complete Understanding 
	53
	76


Unit 2  -  Earth’s Shape and Gravity

Item 2 – Multiple Choice

Which are true statements?  Circle all that are true.

A. Gravity is caused by air.

B. Gravity is an invisible force,

C. There is no gravity in space.

D. There is less gravity on the Moon because it has less air.

E. All objects have gravity.

F. Gravity keeps air on Earth.

G. Gravity keeps the Moon in Earth’s orbit.

	Table 18.  Percent of Students Scoring at Each Scoring Level – Item 2

	Score Levels
	Pretest Percentage
	Posttest Percentage

	Missing
	1
	0

	Inaccurate Information
	3
	2

	Insufficient Information
	84
	69

	Partial Understanding
	11
	17

	Complete Understanding
	1
	12


Item 3 – Multiple Choice

Pretend that the Earth is glass and you can look through it.  Which way would you look, in a straight line, to see people in far-off countries like China or India?

A. Westward

B. Eastward

C. Upward

D. Downward

	Table 19.  Percent of Students Scoring at Each Scoring Level – Item 3

	Score Levels
	Pretest Percentage
	Posttest Percentage

	Missing
	3
	1

	Inaccurate Information
	N/A
	N/A

	Insufficient Information
	N/A
	N/A

	Partial Understanding
	62
	40

	Complete Understanding
	34
	59


Unit 2  -  Earth’s Shape and Gravity

Item 4 – Short Answer

This drawing shows some enlarged people dropping rocks at various places around the Earth.  What happens to each rock?  Draw a line showing the complete path of the rock from the person’s hand to where it finally stops.  Why will the rock fall that way?

	Table 20.  Percent of Students Scoring at Each Scoring Level – Item 4

	Score Levels
	Pretest Percentage
	Posttest Percentage

	Missing
	8
	1

	Inaccurate Information
	74
	16

	Insufficient Information
	N/A
	N/A

	Partial Understanding
	N/A
	N/A

	Complete Understanding
	18
	83


Item 5 – Multiple Choice

If a person is standing on the Moon holding a rock, and lets go of it, what will happen to the rock?  It will ___________.

A. Float away.

B. Float where it is.

C. Fall to the ground.

D. Go up.

	Table 21.  Percent of Students Scoring at Each Scoring Level – Item 5

	Score Levels
	Pretest Percentage
	Posttest Percentage

	Missing
	4
	1

	Inaccurate Information 
	23
	6

	Insufficient Information
	11
	10

	Partial Understanding
	27
	22

	Complete Understanding
	34
	62


Unit 3 - How Does the Earth Move

Item 1 – Multiple Choice

Why does it look like the Sun is moving down in the sky at sunset?  Circle the best answer.

A. The Sun goes around the Earth.

B. The Earth is spinning.

C. The Earth goes around the Sun.

D. The Sun is spinning. 

	Table 22.  Percent of Students Scoring at Each Scoring Level – Item 1

	Score Levels
	Pretest Percentage
	Posttest Percentage

	Missing
	1
	1

	Inaccurate Information
	33
	9

	Insufficient Information
	14
	14

	Partial Understanding
	N/A
	N/A

	Complete Understanding
	53
	76


Item 2 – Short Answer

Where is the Earth in this picture?  Color in the areas where it is night.

	Table 23.  Percent of Students Scoring at Each Scoring Level – Item 2

	Score Levels
	Pretest Percentage
	Posttest Percentage

	Missing
	1
	0

	Inaccurate Information
	3
	2

	Insufficient Information
	84
	69

	Partial Understanding
	11
	17

	Complete Understanding
	1
	17


Unit 3 - How Does the Earth Move

Item 3 – Multiple Choice

Which drawing shows how the Sun and Earth move?

	Table 24.  Percent of Students Scoring at Each Scoring Level – Item 3

	Score Levels
	Pretest Percentage
	Posttest Percentage

	Missing
	3
	1

	Inaccurate Information
	N/A
	N/A

	Insufficient Information
	N/A
	N/A

	Partial Understanding
	63
	40

	Complete Understanding
	34
	59


Item 4 – Multiple Choice

Here is an enlarged person standing on Earth.  It is noon for this person.  Which direction is the Sun?  Circle A, B, C. or D.

	Table 25.  Percent of Students Scoring at Each Scoring Level – Item 4

	Score Levels
	Pretest Percentage
	Posttest Percentage

	Missing
	8
	1

	Inaccurate Information
	74
	16

	Insufficient Information
	N/A
	N/A

	Partial Understanding
	N/A
	N/A

	Complete Understanding
	18
	83


Unit 3 - How Does the Earth Move

Item 5 – Short Answer

Which picture shows what causes day and night?  Circle A or B.  Explain what causes day and night?

	Table 26.  Percent of Students Scoring at Each Scoring Level – Item 5

	Score Levels
	Pretest Percentage
	Posttest Percentage

	Missing
	4
	1

	Inaccurate Information
	23
	3

	Insufficient Information
	11
	10

	Partial Understanding
	28
	22

	Complete Understanding
	34
	61


Unit 4 - Moon Phases and Eclipses

Item 1 – Multiple Choice

Every month the Moon seems to change its shape.  Why does this happen?

A. The Moon gets smaller and bigger.

B. Clouds cover part of the Moon.

C. The Earth’s shadow covers part of the Moon.

D. We see sunlight on the Moon from different directions. 

	Table 27.  Percent of Students Scoring at Each Scoring Level – Item 1

	Score Levels
	Pretest Percentage
	Posttest Percentage

	Missing
	1
	1

	Inaccurate Information
	48
	30

	Insufficient Information
	N/A
	N/A

	Partial Understanding
	N/A
	N/A

	Complete Understanding
	51
	69


Item 2 – Multiple Choice

We see an eclipse of the Sun when__________.

A. Clouds go in front of the Sun.

B. The Moon goes between the Earth and the Sun.

C. We are on the night side of the Earth.

D. The Earth goes between the Moon and the Sun.

	Table 28.  Percent of Students Scoring at Each Scoring Level – Item 2

	Score Levels
	Pretest Percentage
	Posttest Percentage

	Missing
	1
	0

	Inaccurate Information
	44
	30

	Insufficient Information
	N/A
	N/A

	Partial Understanding
	N/A
	N/A

	Complete Understanding
	55
	70



Unit 4 - Moon Phases and Eclipses
Item 3 – Multiple Choice

We see an eclipse of the Moon when __________.

A. The Moon goes into the Earth’s shadow.

B. The Moon is covered by clouds.

C. The Moon goes between the earth and the Sun.

D. The Sun goes between the earth and the Moon.
	Table 29.  Percent of Students Scoring at Each Scoring Level – Item 3

	Score Levels
	Pretest Percentage
	Posttest Percentage

	Missing
	2
	1

	Inaccurate Information
	30
	8

	Insufficient Information
	39
	37

	Partial Understanding
	N/A
	N/A

	Complete Understanding
	29
	54


Item 4 – Short Answer

Which of these pictures of the Sun and the Moon is correct?  Note:  The pictures are not to scale.

	Table 30.  Percent of Students Scoring at Each Scoring Level – Item 4

	Score Levels
	Pretest Percentage
	Posttest Percentage

	Missing
	1
	0

	Inaccurate Information
	33
	22

	Insufficient Information
	2
	1

	Partial Understanding
	51
	54

	Complete Understanding
	13
	23
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