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This study examined differences between two groups of students’ spatial-scientific reasoning from pre to 
post implementation of an Earth/Space unit. Using a quasi-experimental design, researchers explored how 
instructional method and gender affected learning. Treatment teachers employed an integrated STEM 
curriculum while the control teacher implemented her regular Earth/Space unit. The Geometric Spatial 
Assessment (GSA), the Purdue-Spatial Visualization Rotation Test, and the Lunar Phases Concept 
Inventory (LPCI) were used to assess learning. Experimental groups made gains on periodicity LPCI 
domains while the control made gains on geometric spatial visualization LPCI domains. Only females 
made gains on GSA items. This is the first quasi-experimental study to examine students’ spatial reasoning 
as they participate in Earth/Space units and to discover gender’s role in this spatial development. 

.eyZords� Spatial 9isXali]ation� Se[ Differences� Middle School� S7(M ,ntegrated CXrricXlXm 

Objective and Theory 

5esearch stXdies have shoZn linNs betZeen stXdents¶ spatial reasoning ability and their Xnderstanding 
of scientific phenomena �5Xdmann, 2002� %lacN, 2005�. 7his is particXlarly trXe in the areas of 
(arth�Space phenomena. For e[ample, 5Xdmann �2002� foXnd that stXdents¶ propensity to learn scientific 
e[planations for phenomena sXch as the caXse of the seasons Zas limited by their spatial aptitXde. 
Similarly, Wellner �1995� reported that stXdents Zere more liNely to describe a correct caXse of lXnar 
phases Zhen they had a strong spatial sense. %lacN �2005� claimed that  ³mental rotation is the most 
important in Xnderstanding (arth science concepts that are associated Zith common misconceptions « 
hXmans are handicapped by their single vantage point from (arth of the moving bodies in oXter space´ 
�p. 403�. 

We claim that one cannot Xnderstand many astronomical concepts ZithoXt a developed Xnderstanding 
of foXr spatial mathematical domains defined as folloZs� �1� Geometric Spatial Visualization²9isXali]ing 
the geometric spatial featXres of a system as it appears above, beloZ, and Zithin the system¶s plane� 
�2� Spatial Projection—Mentally proMecting to a different location on an obMect and visXali]ing from that 
global perspective� �3� Cardinal Directions—DistingXishing directions �1,S,(,W� in order to docXment an 
obMect¶s vector position in space as a fXnction of time� and �4� Periodic Patterns²5ecogni]ing 
occXrrences at regXlar intervals of time and�or space.  

7he Geometric Spatial Visualization domain also involves mental rotation since as one visXali]es a 
system, sXch as the Moon�(arth�SXn, one mXst consider and manipXlate the motion of the system itself. 
Spatial Projection has a mental rotation derivative as Zell since one mXst mentally maneXver the sNy 
throXghoXt a day¶s vieZing dXe to (arth¶s rotation.  

5esearch on stXdents¶ Xnderstanding of spatial concepts shoZs gender differences. .erns and 
%erenbaXm �1991� reported that males performed better than females on spatial tests and oXtcomes Zere 
significantly different in the area of 3D mental rotations �p. 391�. Silverman, Choi, and Peters �2007� 
condXcted a stXdy that assessed the Xniversality of se[ related spatial competencies. 7hey foXnd that men 
scored significantly higher than Zomen on a 3D mental rotations test in all ethnic groXps Zith 40 coXntries 
participating in their research stXdy.  
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1ot only has literatXre shoZn gender differences on spatial assessments �in favor of males�, bXt one 
stXdy condXcted by 5ahman and Wilson �2003� also foXnd significant main effects of gender and se[Xal 
orientation. /arge differences Zere foXnd on mental rotation spatial assessments betZeen male groXps in 
favor of heterose[Xal men Zhile modest differences Zere foXnd betZeen female groXps favoring 
homose[Xal Zomen. 5ahman and Wilson claimed ³variations in the parietal corte[ betZeen homose[Xal 
and heterose[Xal persons´ e[plained the resXlts �p. 25�. 

PrevioXs research on gender differences on spatial assessments Zere condXcted by the first aXthor. 
Wilhelm �2009� foXnd that pre�teen female stXdents scored significantly loZer than pre�teen male stXdents 
on spatial pre�tests. +oZever, folloZing an intervention that Xtili]ed integrated S7(M cXrricXla Zith many 
opportXnities to e[perience 2D and 3D stimXli, females achieved significantly higher gain scores than their 
male coXnterparts. 7he stXdy specXlated that the initial se[ differences �on pretests� coXld be e[plained by 
the faster matXration �dXring preteen years� of the male brain¶s anatomical regions that handle spatial 
visXal reasoning �Giedd et al., 1999�. 7he implication of the stXdy Zas that the 2D and 3D instrXctional 
intervention alloZed females to develop their spatial sNills resXlting in significant achievement. 

7his stXdy bXilds on earlier research condXcted by Wilhelm �2009� and e[amines differences betZeen 
tZo groXps of si[th�grade stXdents¶ mathematical spatial reasoning and scientific NnoZledge from pre to 
post implementation of (arth�Space Xnits. Using a TXasi�e[perimental design, researchers evalXated hoZ 
the cXrricXlar choice and instrXctional method affected learning oXtcomes. 7reatment teachers employed 
an integrated S7(M cXrricXlXm Zhile the control teacher implemented her regXlar (arth�Space Xnit. 
Differences in Xnderstanding by gender groXps Zere also investigated Zithin and betZeen control and 
e[perimental groXps. 

Participants 

5esearch sXbMects Zere si[th�grade stXdents from a soXth�central US school. 7he school¶s 
demographic maNe�Xp Zas 84� White, 7� %lacN, 3� +ispanic, 3� Asian, and 3� 2ther� and 25� 
eligible for redXced�price lXnches. 2ne si[th�grade groXp �N   70�, taXght by Ms. Glover �29 years 
e[perience�, served as the control groXp. 7he e[perimental groXp �N   124� Zas taXght by tZo teachers 
�Ms. Stevens and Ms. Castle� Zith 3 and 8 years teaching e[perience, respectively. %oth groXps stXdied 
(arth�Space concepts related to the Solar System Zithin their Xnits. 7reatment teachers employed an 
integrated 1ASA�based cXrricXlXm over a si[�ZeeN period Zhile the control teacher implemented her 
regXlar (arth�Space lessons for the same time dXration. 7his Zas the first time that the 1ASA�based 
cXrricXlXm Zas being implemented by teachers in this state. 7able 1 oXtlines the time spent on (arth�Space 
content by each �control�e[perimental� groXp, the content implemented, and the instrXctional format. 

Table 1: Unit Timeline by Group with Lesson Content and Method of Implementation 
Week Control Teacher Experimental Teachers (with NASA-based curriculum) 

 Lesson Topics Method Lesson Topics Method 
WeeN 1 +oZ Planets Compare 

in Si]e Zith SXn" 
9ideo �1ASA Cosmic 

9oyage� 
Fill in blanN WorNsheet 

Mnemonics 

Overview of Universe* 
Why does the Moon appear to 

change its shape" 
 

Poster ProMect 
 ³Many Moons´ by 7hXrber,  

Moon -oXrnaling �five ZeeNs� 
StellariXm �planetariXm softZare� 

WeeN 2 SXn and Stars 9ideo 
5eading  

1ote 7aNing 
PP7 

+oZ do , measXre the distance 
betZeen obMects in the sNy" 

AltitXde and A]imXth Angles 

MeasXrement and graphing 
 

WeeN 3 5otation�5evolXtion 
and Predictable 

Motions 

PP7 
WorNsheet 

 

+oZ can , say Zhere , am on the 
(arth" 

,ntrodXction to 
/ongitXde�/atitXde 

/ongitXde and /atitXde 
WorNsheet 

Rotation/Revolution and Seasons* PP7 
Modeling Activity 
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Week Control Teacher Experimental Teachers (with NASA-based curriculum) 
 Lesson Topics Method Lesson Topics Method 

WeeN 4 Moon Phases PP7  	 WorNsheet 
Phase Animations 

3D Activity of 
(arth�Moon�SXn system for 

varioXs phases 

What can Ze learn by e[amining 
the Moon¶s sXrface" 

([ploration of /Xnar ,mages 
 

WeeN 5 (clipses and Seasons 9ideos 	 WorNsheet 
Mnemonics 

Scaling (arth�Moon�Mars PP7 
Scaling Activity Xsing %alloons 

WeeN 6 7ides and Planets 
5evieZ 

9ideo ±�7ides� 
SXn�(arth�Moon� 

Planets Scavenger +Xnt 
PP7 

Modeling (arth�Moon�SXn 
System for varioXs phases 

Tides* 

PP7 
3D Modeling Activity 

 Not part of the NASA-based curriculum 

Research Methods 

7his research focXsed on the development of stXdents¶ mathematical spatial reasoning and scientific 
content NnoZledge from pre to post Xnit implementation. StXdents Zere assessed pre and post intervention 
via sXrvey responses given to e[perimental and control science classes. 7able 2 oXtlines each of the 
research TXestions pXrsXed and data collection method. 

Table 2: Research Questions and Methods of Data Collection and Instrumentation 

Research Questions Data Collection and Instrumentation 
What science and spatial content knowledge and skills will 
students develop through Earth/Space unit experiences?  

How will Earth/Space curricular choice and instructional 
method affect students’ learning outcomes? 

What gender differences will be observed in learned science 
and spatial content knowledge and skills within and between 
the control and experimental groups? 

Pre and Post Content SXrveys� 

± /Xnar Phases Concept ,nventory �/PC,� 
± Geometric Spatial Assessment �GSA� 
± PXrdXe Spatial 9isXali]ation�5otation 7est 

�PS97�5ot� 

7his TXasi�e[perimental stXdy Xtili]ed TXantitative measXres to docXment stXdents¶ Xnderstanding 
before and after proMect implementation. 7he TXantitative data soXrces Xsed to assess stXdents¶ pre and post 
Xnderstandings Zere the /Xnar Phases Concept ,nventory �/indell 	 2lsen, 2002�, a mXltiple�choice 
sXrvey Zhich assessed eight science domains as Zell as foXr spatial domains �7able 3�� the Geometric 
Spatial Assessment �Wilhelm, 2009�, a mXltiple�choice sXrvey Zhich assessed the same foXr spatial 
domains �7able 3�� and the PXrdXe Spatial 9isXali]ation�5otation 7est, Zhich assisted Zith diagnosing the 
level of stXdents¶ mental rotation reasoning �%odner 	 GXay, 1997�. 

Table 3: Concept Domains: LPCI Science Domains and Corresponding GSA Math Domains 

LPCI Scientific Domains GSA Mathematics Domains 
A � Period of Moon¶s orbit 
aroXnd (arth 

% � Period of Moon¶s cycle 
of phases 

Periodic Patterns �occurring at regular intervals of time 
and/or space� 

C � Direction of 
the Moon¶s orbit 
aroXnd (arth 

( � Phase dXe to 
SXn�(arth�Moon 
positions 

G � CaXse of 
lXnar phases 

Geometric Spatial 9isXali]ation �visualizing the geometric 
spatial features of a given system as it appears in space 
above/below/within the system’s plane) 

D � Moon Motion from 
(arthly Perspective 

F � Phase�location in sNy�
time of observation 

Cardinal Directions �documenting an object’s vector direction 
in space as a function of time from a given position� 

+ � (ffect of lXnar phase Zith change in (arthly location Spatial ProMection �projecting one’s self to a different location 
and visualizing from that global perspective) 
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A one�Zay analysis of variance �A129A� Zas condXcted on pre�test scores to determine if there Zere 
significant differences betZeen control and e[perimental groXps and betZeen gender groXps. A repeated 
measXres A129A �5MA129A� Zas also condXcted Zith the factor being gender and the dependent 
variables being pre�post scores, and again Zith the factor being control�e[perimental groXp Zith pre�post 
scores as dependent variables. 7his Zas condXcted for each domain Zithin each assessment as Zell as for 
the overall scores of each assessment. 

Data and Analysis 

Assessments 

All TXantitative assessments Zere given to both the e[perimental and control groXps immediately prior 
to and at the conclXsion of their (arth�Space Xnit implementation. 5eliability Zas calcXlated Xsing the 
Cronbach¶s alpha� this measXres the instrXment¶s internal consistency. 7he coefficient alpha Zas 
calcXlated for 0.72, 0.79, and 0.53 for the /PC,, the PS97�5ot, and the GSA assessments, respectively. 
/PC, and PS97�5ot valXes Zere high and acceptable� the GSA valXe Zas considered moderately 
acceptable. 7he control groXp scored significantly higher on all content pretests than the e[perimental 
groXp �7able 4�. 1o significant differences betZeen male and female groXps Zere observed Zithin the 
control groXp or the e[perimental groXp on the pre�tests for the /PC,, PS97, or GSA.  

Table 4: Percentage Correct on Pre-Assessments for Control and Experimental Groups Showing 
Control Group Scoring Significantly Higher than Experimental on All Assessments 

Assessment n Con 
All  
Pre  
(SD) 

n Exp 
All  
Pre 
(SD) 

p value n Con 
Male  
Pre  
(SD) 

n Exp 
Male  
Pre  
(SD) 

p value n Con 
Female  
Pre  
(SD) 

n Exp 
Female  
Pre  
(SD) 

p value 

/PC, 66 26.6 
�14.1� 

124 21.2 
�9.20� 

0.002 37 27.6 
�14.8� 

68 21.5 
�8.68� 

0.009 29 25.2 
�13.6� 

56 20.9 
�9.87� 

0.101 

GSA 58 46.3 
�16.1� 

124 41.0 
�13.6� 

0.022 27 47.2 
�15.1� 

64 42.5 
�15.0� 

0.173 31 45.6 
�17.0� 

60 39.5 
�11.9� 

0.05 

PS97�527 70 43.7 
�20.2� 

111 35.6 
�17.4� 

0.005 35 45.9 
�22.8� 

61 38.4 
�17.1� 

0.075 35 41.6 
�17.1� 

50 32.2 
�17.2� 

0.015 

 p � 0.05 

LPCI Results 

Control. 7he /PC, pre�post tests Zere given to 66 control stXdents. A 5MA129A revealed a 
significant increase in the mean valXes from pre �26.6�� to post �38.5�� on overall test scores,  
F�1, 65�   48.1, p � 0.001, partial �2   0.422. 7he significant gain scores for control males and control 
females Zere 11.3� and 12.7�, respectively.  

Experimental. 7he /PC, pre�post tests Zere given to 124 e[perimental stXdents. A 5MA129A 
revealed a significant increase in the mean valXes from pre �21.2�� to post �33.7�� on overall test scores, 
F�1, 123�   72.7, p � 0.001, partial �2   0.371. 7he significant percentage gain scores for e[perimental 
males and control females Zere 12.1� and 13.0�, respectively. 7able 5 illXstrates gain scores by domain 
for each groXp.  

7o test for significant differences from pre to post on individXal science domains, a 5MA129A Zas 
condXcted for the control and e[perimental groXps. 7able 5 displays the percentage correct on each science 
domain. 5esXlts inclXded e[perimental males achieving nearly triple the significant gains of the control 
males on Domain A �orbital period�. ([perimental females also made a significant gain on Domain A 
from pre to post Zhereas the control females did not. Domain % �phase cycle period� shoZed only 
e[perimental males Zith gain scores and Domain C �orbital direction� shoZed both control and 
e[perimental females and e[perimental males Zith significant gain scores. 2nly the control groXp made 
significant gains on Domain ( �phase and Sun/Earth/Moon positions�. 
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 Table 5: Percentage C
orrect on Pre and Post LPC

I by Science D
om

ain for C
ontrol and Experim

ental G
ender G

roups 

Science 
D

om
ain 

C
on 

M
ale 

Pre 
�SD

� 

C
on 

M
ale  

Post 
�SD

� 

C
on 

M
ale 

G
ain 

n  37 

C
on 

Fem
ale  

Pre 
�SD

� 

C
on 

Fem
ale  

Post  
�SD

� 

C
on 

Fem
ale  

G
ain 

n  29 

([p  
M

ale  
Pre 
�SD

� 

([p  
M

ale   
Post 
�SD

� 

([p 
M

ale 
G

ain 
n  68 

([p  
Fem

ale  
Pre 
�SD

� 

([p  
Fem

ale   
Post 
�SD

� 

([p 
Fem

ale 
G

ain 
n  56 

A
�Period of 

M
oon¶s orbit 

aroXnd (arth 

29.7 
(34.3) 

43.2 
(41.1) 

13.5 
24.1 
(39.2) 

43.1 
(39.5) 

19.0 
16.9 
(29.4) 

46.3 
(38.0) 

29.4** 
11.6 
(23.3) 

37.5 
(38.4) 

25.9** 

%
�Period of 

M
oon¶s cycle 

of phases 

30.6 
(28.7) 

43.2 
(27.1) 

12.6 
34.5 
(30.2) 

46.0 
(27.3) 

11.5 
30.9 
(29.0) 

45.6 
(27.6) 

14.7** 
28.6 
(28.0) 

39.3 
(29.2) 

10.7 

C
�D

irection of 
the M

oon¶s 
orbit aroXnd 
(arth 

41.9 
(38.2) 

55.4 
(36.9) 

13.5 
24.1 
(31.7) 

53.5 
(44.2) 

29.4** 
41.1 
(37.6) 

72.1 
(36.0) 

31.0** 
41.1 
(33.2) 

79.5 
(31.3) 

38.4** 

D
�M

otion of 
the M

oon 
37.8 
(39.8) 

37.8 
(39.8) 

0.00 
32.8 
(33.5) 

34.5 
(38.0) 

1.70 
19.1 
(30.0) 

26.5 
(31.7) 

7.40 
27.7 
(35.6) 

37.5 
(36.0) 

9.80 

(�Phase and 
SXn�(arth�M

o
on positions 

31.5 
(27.2) 

55.9 
(36.1) 

24.4** 
23.0 
(28.3) 

49.4 
(37.4) 

26.4** 
19.1 
(20.2) 

27.0 
(28.9) 

7.90 
19.6 
(24.4) 

24.4 
(27.3) 

4.80 

F�Phase�
/ocation in 
sNy�tim

e of 
observation 

10.8 
(15.8) 

11.7 
(21.1) 

0.90 
14.9 
(19.1) 

11.5 
(20.5) 

-3.4 
9.31 
(19.0) 

7.35 
(16.1) 

-1.96 
11.9 
(19.5) 

14.3 
(21.9) 

2.4 

G
�C

aXse of 
lXnar phases 

20.3 
(27.5) 

27.0 
(30.3) 

6.70 
19.0 
(28.1) 

25.9 
(36.9) 

6.90 
12.5 
(21.8) 

24.3 
(37.1) 

11.8 
9.82 
(22.2) 

19.6 
(31.2) 

9.78 

+
�(ffect of 

lXnar phase 
Z

ith change in 
(arth location 

12.2 
(27.4) 

28.4 
(38.3) 

16.2 
20.7 
(28.4) 

36.2 
(42.0) 

15.5 
13.9 
(24.2) 

19.1 
(30.0) 

5.20 
12.5 
(23.8) 

20.5 
(34.1) 

8.00 

p � 0.001 
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GSA Results 

Control. 7he GSA pre�post tests Zere given to 58 control stXdents. A 5MA129A revealed a 
significant increase in the mean valXes from pre �46.3�� to post �52.0�� on overall test scores,  
F�1, 57�   9.005, p   0.004, partial �2   0.136. A 5MA129A also revealed a significant increase �7.5�� 
in the control female mean valXes from pre to post on overall test scores, F�1, 30�   10.7, p   0.005, partial 
�2   0.234. Control males did not achieve a significant increase in scores.  

Experimental. 7he GSA pre�post tests Zere given to 124 e[perimental stXdents. A 5MA129A 
revealed a small significant increase in the mean valXes from pre �41.0�� to post �43.5�� on overall test 
scores, F�1, 123�   4.107, p   0.045, partial �2   0.032. /iNe the control groXp, a 5MA129A revealed a 
significant increase �4.6�� in the e[perimental female mean valXes from pre to post on overall test scores, 
F�1, 59�   8.434, p   0.005, partial �2   0.125. ([perimental males shoZed no significant gains. 

7o test for significant differences from pre to post on individXal spatial domains, a 5MA129A Zas 
condXcted for the control and e[perimental groXps �7able 6�. 5esXlts shoZ control females achieved 
significant gains on Periodic Patterns and Geometric Spatial Visualization Zhereas e[perimental females 
made a significant gain on Cardinal Directions. 1o male groXps made significant gains on any GSA 
domain. Similar to Wilhelm¶s previoXs stXdy, females in both control and e[perimental groXps scored 
loZer �not significantly� than their male coXnterparts on three of the foXr spatial domains on the pre�tests� 
and by the time of the post�tests, females ended Zith higher post�scores on three of the foXr spatial 
domains �see 7able 6�. 

Table 6: Percentage Correct on Pre and Post Geometric Spatial Assessment  
by Domain for Control and Experimental Gender Groups 

Spatial 
Domain 

Con 
Male 
Pre 
(SD) 

Con 
Male  
Post 
(SD) 

Con 
Male 
Gain 

Con 
Female  
Pre 
(SD) 

Con 
Female  
Post  
(SD) 

Con 
Female 
Gain 

Exp 
Male 
Pre 
(SD) 

Exp 
Male  
Post 
(SD) 

Exp 
Male 
Gain 

Exp 
Female  
Pre 
(SD) 

Exp 
Female 
Post 
(SD) 

Exp 
Female 
Gain 

Periodic 
Patterns 

53.7 
�22.7� 

59.3 
�28.7� 

5.6 48.4 
�26.6� 

62.1 
�24.0� 

13.7 47.7 
�25.1� 

49.2 
�24.4� 

1.6 47.1 
�26.1� 

43.8 
�18.8� 

�3.3 

Geometric 
Spatial 
Visual. 

43.5 
�30.7� 

54.6 
�31.8� 

11.1 49.2 
�33.2� 

60.5 
�34.6� 

11.3 45.3 
�24.8� 

43.4 
�28.3� 

�2.0 39.2 
�29.6� 

46.3 
�27.6� 

7.1 

Cardinal 
Directions 

48.2 
�21.8� 

47.2 
�27.2� 

�0.9 45.2 
�19.8� 

45.2 
�26.9� 

0.0 41.4 
�22.4� 

40.2 
�23.0� 

�1.2  35.0 
�20.2� 

45.8 
�25.7� 

10.8 

Spatial 
Projection 

43.5 
�22.6� 

42.6 
�29.3� 

�0.9 40.0 
�24.2� 

44.2 
�27.6� 

4.2 35.6 
�21.7� 

39.5 
�21.3� 

3.9 36.7 
�25.8� 

40.4 
�22.1� 

3.8 

p � 0.01 

While the interaction effect betZ een gender and tim e Zas not significant for either the control or 
e[perimental groXps, one cannot help bXt notice the similarity in the plots shoZn in FigXre 1 for both 
control and e[perimental groXps Zhere girls began Zith loZer GSA scores and ended Zith higher scores 
than the boys. 
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Figure1A: GSA control pre and post  
mean scores by gender 

Figure1B:  GSA experimental pre and post 
mean scores by gender 

PSVT-Rot Results 

7he PS97�5ot pre�post tests Zere given to 70 control and 111 e[perimental stXdents. A 5MA129A 
revealed a significant increase in the mean valXes from pre to post for both control and e[perimental 
groXps on overall test scores. Significant increases Zere also achieved by all gender groXps e[cept for 
e[perimental males �7able 7�. 7hese resXlts indicate that mental rotation abilities are increased as a resXlt 
of learning aboXt (arth�Space science dealing Zith lXnar phases no matter the cXrricXlXm or the 
instrXctional approach. 

Table 7: Percent Scores on PSVT-Rot for Control and Experimental Groups 

 n Mean Pre % 
Correct (SD) 

Mean Post % 
Correct (SD) % Gain Score F p-value Partial 

�2 

Control All 70 43.7 �20.2� 49.5 �21.6� 5.8 10.8 0.002 0.135 

Exp. All 111 35.6 �17.4� 40.1 �20.3� 4.5 7.035 0.009 0.060 

Control Males 35 45.9 �22.8� 52.9 �23.4� 7.0 6.26 0.017 0.156 

Exp. Males 61 38.4 �17.1� 42.9 �22.4� 4.5 3.04 0.086 0.048 

Control Females 35 41.6 �17.1� 46.1 �19.3� 4.5 4.47 0.042 0.116 

Exp. Females 50 32.2 �17.2� 36.7�17.0� 4.5 4.53 0.038 0.085 

p � 0.05 

Conclusion 

7he aXthors claimed that one mXst have Zell�developed spatial sNills in order to Xnderstand 
astronomical phenomena having to do Zith the Moon and its phases. StXdents coXld come to the classroom 
already eTXipped Zith strong spatial reasoning, ready to Xnderstand complicated (arth�Space phenomena� 
or stXdents Zill begin to develop the necessary spatial Zays of thinNing as they maNe sense of the patterns, 
geometries, and motions.  

As Ze compared control and e[perimental groXps¶ /PC, learning oXtcomes, Ze foXnd the 
e[perimental groXp made significant gains on the periodicity of the Moon¶s orbit and phases. 7he aXthors 
attribXte these gains to their five�ZeeNs of lXnar observations since stXdents had the opportXnity to notice 
patterns and lXnar orbital direction. Control females also made significant gains Zith direction of the 
Moon¶s orbit, and both control males and females made significant gains on domain ( �phase and 
Sun/Earth/Moon positions�. 7his Zas not sXrprising since domain ( Zas emphasi]ed dXring instrXction 
throXgh ZorNsheets, simXlations, and modeling.  

,n analy]ing the GSA resXlts, other interesting featXres emerged. 2nly e[perimental females made 
significant gains from pre to post in the area of cardinal directions. 7he integrated S7(M cXrricXlXm 
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emphasi]ed docXmentation of the Moon¶s position in terms of cardinal directions. /iNe the e[perimental 
groXp, only control females made significant GSA gains� hoZever, theirs Zere on periodic patterns and 
geometric spatial visualization. 7he emphasis on SXn�(arth�Moon configXrations for varioXs phases coXld 
e[plain the geometric spatial visualization development. 

7he PS97�5ot shoZed all groXps �e[cept e[perimental males� achieving small bXt significant gains 
from pre to post. 7his assessment tested stXdents¶ mental rotation ability, Zhich Ze claimed Zas linNed to 
geometric spatial visualization and spatial projection. A correlation test Zas rXn on the post assessments to 
see hoZ Zell the PS97�5ot correlated to the GSA and the /PC,, and hoZ Zell the /PC, correlated to the 
GSA. 7able 8 displays significant correlations betZeen these assessments Zith every groXp e[cept for the 
control males Zith PS97�5ot versXs /PC,. 7his sXpports oXr original claim regarding the connection 
betZeen stXdents¶ spatial reasoning and lXnar�related Xnderstanding. 

Table 8: Correlations Between Post-LPCI, GSA, and PSVT-Rot Results by Group 

 LPCI vs. GSA PSVT-Rot vs. GSA PSVT-Rot vs. LPCI 
 r p-val r p-val r p-val 

Control All 0.543 0.000 0.511 0.000 0.431 0.000 

Control Males 0.437 0.024 0.409 0.042 0.305 0.075 

Control Females 0.63 0.000 0.6 0.000 0.593 0.000 

Exp. All 0.315 0.000 0.462 0.000 0.403 0.000 
Exp. Males 0.285 0.024 0.495 0.000 0.421 0.001 

Exp. Females 0.367 0.005 0.413 0.004 0.36 0.014 

Significance 

7his stXdy is XniTXe becaXse it is the first TXasi�e[perimental stXdy that e[amines stXdents¶ spatial 
reasoning as they participate in (arth�Space Xnits. 7his stXdy also e[tended previoXs research that 
e[amined the role gender plays in the development of spatial reasoning. Similar to Wilhelm¶s �2009� 
previoXs stXdy, females scored loZer and ended higher on three of foXr spatial domains �for both control 
and e[perimental groXps�. As noted earlier, brain developmental differences betZeen gender groXps dXring 
these preteen years coXld e[plain these resXlts.  
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