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Purpose of SILC 

• The purpose of the Spatial Intelligence and 

Learning Center (SILC) is to develop the 

science of spatial learning and to use this 

knowledge to change educational practice. We 

aim to use spatial learning to support children 

and adults in acquiring the scientific, technical, 

engineering, and mathematical (STEM) skills 

required to participate effectively in a changing 

global economy.   



Spatial Skills Are Important in 

Evolutionary Context 

• Navigation 

 

 

 

 

 

• Tool Use 

 



Spatial Skills Are Important 

in Modern Life 

• Spatial thinking is used in everyday tasks and in 

reasoning and communication 



Spatial Skills Are Important in STEM 
Learning 

Spatial thinking is 

pervasive in scientific 

discoveries and in STEM 

education 



Predicting Occupations from 

High School Spatial Ability 
Wai, Lubinski & Benbow (2009) 

Standardized Score 



What Were The Spatial 

Tests? 

•Four tests 

•Paper folding, mental rotation, 

mechanical reasoning, spatial 

analogies 

•Three require mental animation 

•All four focused on objects, not 

navigation 

•Two tests show sex differences 

•Mental rotation and mechanical 

reasoning 

•Two tests do not show sex differences 

•Paper folding and abstract 

reasoning 



Similar Findings in Early Childhood 
Gunderson, Ramirez, Beilock & Levine 

Developmental Psychology, in press 

Spatial skill  

(age 5) 

Approximate Symbolic 

Calculation  

(age 8) 

β =.32, p<.05 

Spatial skill  

(age 5) 

Approximate Symbolic 

Calculation  

(age 8) 

Number Line (age 6) 

β =.13, n.s. 

β =.50, p=.001 β =.38, p=.01 

Note: All models control for vocabulary at age 6. 

http://psycnet.apa.org/journals/dev/35/4/images/dev_35_4_940_fig1a.gif


Gender Differences in 

Rotation Begin Early 
Levine, Huttenlocher, Taylor & Langrock (1999) 
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Social Class Differences 

Begin Early Too 
Levine, Vasilyeva, Lourenco, Newcombe & 

Huttenlocher (2005)  

20

30

40

50

60

70

80

90

100

High Middle Low

P
e
r
c
e
n

ta
g
e
 C

o
r
r
e
c
t

Boys Girls

Fall, 2nd grade Spring, 3rd grade

SES



Another Sex Difference 

• Besides mental rotation and mechanical 

reasoning, there are sex differences in 

perception of horizontality and verticality 



Another Absence of a Sex 

Difference 

• Besides paper folding and abstract 

reasoning, there are no sex differences in 

cross-sectioning 



Spatial Skills Can Be 

Improved 

• Initial meta-analysis of training 
studies 
– Baenninger & Newcombe (1989) 

• Two recent studies showed that 
improvement is durable and 
transferable 
– Terlecki, Newcombe & Little 

(2008) 

– Wright, Thompson, Ganis,  

 Newcombe & Kosslyn (2008) 
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New Meta-Analysis 

Supports Malleability 
Uttal, Meadow, Hand, Lewis, Warren, & Newcombe, 

Psychological Bulletin, in press 

 

• Large training effects, as well 

as durability and transfer 

 



Possible Effects 



Experimental Findings in Adults 

• Small & Morton (1983) 
Spatial training  better grades in chemistry 

• Sanchez (2012) 
Spatial training better essays in geoscience 

• Miller & Halpern (in press) 
Spatial training  better grades in physics 

• Sorby et al.(under review) 
Spatial training  better grades in calculus 

 

 



Experimental Findings in 

Children 

• Cheng & Mix (under review)  
Training spatial transformation  

 better scores on some kinds of math problems 

• Grissmer et al. (under review) 
Copying designs in after-school arts program 

 better math scores 



Are Sex Differences in Spatial 

Skill Biological? 

• Supposedly suggesting immutability 

– We just saw this idea is false 

• Supposedly supported by hormonal and 

neurological evidence 

• Supposedly predicted by evolutionary 

theory 
 

 



Problems with Hormonal 

Findings 

• They are inconsistent, although they may 

indicate an inverted U relation between 

male hormones and spatial skill 

• But if spatial skill is a sex-specific 

advantage 

–  Why does it vary with hormone levels within 

normal range for men? 

– Why does it vary with hormone levels within 

normal range for women? 



Does An Evolutionary 

Approach Require Hard 

Wired Sex Differences? 

• Yes, in some cases 
– Direct causation: 

mammalian lactation 

– Indirect causation: 
sex-typed labor 

• But in all cases? 
– Let’s look at spatial 

abilities—mental 
rotation in particular 



Two Families of Theories 

 

• Man the hunter 

– Man the aimer 

– Man the tracker 

– Man the toolmaker 

• The man who gets around 

– Don Juan 

– Man the dominant 

– Man chosen by woman 

 



Two Kinds of Voles 

• Prairie voles 

– Pair-bonded 

– Equal spatial ability 

• Meadow voles 

– Polygynous 

– Males higher spatial 

ability, in breeding 

season only 

23 



Problems With  

Man the Aimer 
• No evidence that aiming is 

related to mental rotation 

• While there IS a sex 
difference in aiming itself, 
the data have inadequate 
controls for 
– Practice in aiming and 

throwing 

– Physical strength 



Problems With  

Man the Tracker  

• Gathering is said to involve smaller range, 

familiar territory, and immobile food items 

• But how different are the spatial demands of 

gathering and tracking? 

• And when and for how long did men hunt and 

women gather?  

25 



Problems With 

Man the Toolmaker 
 

• Women also make 

tools  

• As well as weave, 

make baskets, and 

produce pottery 

26 



Problems With the 

Man Who Gets Around 
 

• Humans, unlike voles, live in social groups 



More Problems With the 

Man Who Gets Around 

• Human males only mildly r-

selected 

– Human males are 5-12% larger 

than females, whereas for highly 

polygynous species difference is 

25% or more 

• May be some “r”  

 in human females 

 



Problems With Man the 

Dominant or Man the Chosen 

• How do spatial skills 
lead to male-male 
dominance or to female 
choice? 

• Most plausible story is 
through success as man 
the hunter, but aiming is 
not related to mental 
rotation 



General Problem 

• Why would an advantageous trait with no 

obvious cost be sex-specific? 
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The Spandrel 

Possibility 
• Gould and Lewontin 

• Architectural structure 
required by the construction 
of fan vaulted ceilings.  If one 
mounts a dome on four 
arches that meet at right 
angles one creates four new 
triangular shaped surfaces.  

• Often decorated, but these 
arose as a side-consequence 
of an engineering 
requirement.  

 

http://ah.phpwebhosting.com/a/DCTNRY/s/spandrel_carnegie.jpg


The Acne Analogy 

• Acne is caused by 

adolescent hormones 

• It is typically more intense 

for males than for 

females 

• Would anyone want to 

argue acne is adaptive? 

• Or that it confers a 

reproductive advantage? 



One Conclusion 

• Sociobiology is a powerful and valuable theory 

but it needs to 

– Tend more to its scientific knitting 

– Lessen identification with specific explanations and 

cognitive architectures 

– Focus more fulsomely on experiential effects, reaction 

ranges, learning and development 

 

 

 



Another Conclusion 

• If sex differences in mental rotation have a 

biological cause, their evolutionary function is 

either  

– not currently understood, or  

– nonexistent—these differences are an example of a 

spandrel 



Causation of Sex 

Differences Is Not the 

Important Question 

• A more important question is, if 
there is a sex-linked spatial skill, is 
it a fixed ability or is there a 
potential to benefit from 
experience? 

• We know that the answer is that 
there can be vast improvement 
for both sexes 



Role of Spatial Anxiety 

• Teachers’ lower spatial anxiety (controlling for math 

anxiety) is related to students’ better end-of-year mental 

rotation. 

• Teachers’ spatial anxiety can be reduced. 



The Argument in 

Overview 

• Spatial skills are important to STEM learning 

• Spatial skills can be improved  

• The causes of sex differences in spatial skills 
are not well understood 

• Improving spatial skills could help to reduce 
gender (and SES) inequities in the STEM 
pipeline 
– But other factors are relevant as well, e.g., work-

family issues 

 



Questions? 

www.spatiallearning.org 
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