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This study exanined the relationships between spatial
ability, mathematics achievement, and sex for students in grades 2-7.
Fcur spatial tests (embejded figures, serial integration,
coordination cf viewpoints, and rotation and development of surfaces)
wvere used to measure spatial ability; sex and mathematics
achievepant, as measured by the Iowa Test of Basic Skills, were

‘ determined froa schcol records. Data for the 90 subjects were
submitted to four three factor (grade x sex x rathematics
ackievepent) analyses of variance. A1l analyses yielded results
indicating a relationship between spatial and matheratical ability.
For two of thz tests, sex. differences favorlng males vere revealed.
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Spatial Abilities, Mathematics Achievement,

o and the Sexes
, Abstract . .

The literature suggests a relationship between spatial

and mathematical thinking and a séx difference favoring males

regarding spatial abilicies. . Thls study examined these .
- F) - *
notions regarding spec:fid types and levels of spatial abil< .

< ' P
- -

-

ts, empecded figures, serial inte-

[
[1)]

“1ti1es. Four spactzal T
gration, coordinaticn c¢f Viewpolnts, and rotation and devel-

opment of surfaces, representing various levels of spat:ial

thinXing complexity were administered to 93 chilcdren enro%lgd
grades two through seveds— The scores from the four tests .
‘ o

re analyzed in separate three-Zactor analyses of variance

(Grades k% Sex X Math?ma:ics Achievement). All four data

analfses revealed that nigh hathematics achievers appear to .
have gréater spatial abilaty +hal low nathematics achievers;
, ” that older, children égém 20 have greater spatial abiiity
Q R .
than younger chilgren. Data analyses for the two tests meas-

. uring higher level spatial ability, coordination of view-

-

ints’, and rotation and dévelopment of surfaces, indicated
po

sex differences favoring males. .
~
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Spatial Abzxlities, Mathematics Achievement,

and the Sexes -

Recent reviews by Fennema (1974) and Maccoby and
Jacklin (1974) establish male superiority in spatial abil-
.. i . . - .
ities and in mathematical abilities both appearing during ‘

early adolescence and continuing throu

nout adulthood. The

(L8]

. - . 2 -
concurrent developmental trené 1n tnese two abilities leads
to the suggestion that less adeguate spat:al abilities among

girls might help explain iess adequate achievement in mathe-
] .
matics. Fennema's excellent discussion of this topic iden-

tifies the kxey problems which cloeud adequate synthesis of
\
.o, past work and serVe as focal points for the preseﬂt study. ‘
N L .
1. There>i; no unlfo;m agreement on ‘the critical factors
. . . .
which specify "spatial ability." . -

. .

‘ 2. while fairly good evidence exists for a relationship
| «

’ \
between spatial abjlities and mathematical achievement

\. ’

‘at the ‘secondary and college levels, little is known

\ about such relationships at earlier developmental levels.
i ,
. EBach of these issueg merits a'brief elaboration.

spatfal Ability and Its Subdivisions .

Smith (1964) cites early studies by Kelly, Guilford,

and Thurston establishking two or more factors entering into

tests purporting to measure spatial abilities.'afk reviewing
the studies related to spatial .ability and sex differences,
. ; N N

i » Maccoby and Jacklin (1974) divided the studies into two

v

PAFulToxt Provided by ERIC




ERIC

Aruitoxt provided by Eic:

v
»

. o . . ® .
categories. Thirty studies seem o 1involve nonanalytic

spatial processes (e.g., mazes, form boards, or block count-
7

ing) and 47 studies seemed to inyolve, analytic visual spatial
. >

processes te.g., embedded figureL or rod and frame). The

analytic tasks were tentatively erwed by ﬁaccoby and Jacklin

as requiring "decontextualization”, i.e., the process of

’
.

disembedding the stimulus or figure Zgom .ptTS surroundain
-

context. Both types of spatizl tasks showed a similar devel-
- : '
opmental pattern with respect TO Sex differences, a male

.

advantage appearing in adolescence. ,
r .
smith (1964) appears to have synthesized the research
literature on spatial abilitaies about as thoroughly as any
investigator in this aréa. Based on a‘review‘of the factor

- -t

studies available, and his Qwn research, Smigh concluded that
* 1 ' .

the critical factor in tests of spatial aﬁiiity is the abil~s
ity to grasp, as a whole, the configurational aspects 0f a
pattern, 1i. é., to visualize, nold in mind, and perform opexr-
atlons with patterns percelved as lntegéat wnoles. Given
tnls crltlcal feature ‘of spatial ability, Smith polnts out
that part of the difficulty in detectlng this ability in .
factor studles is that spatlal tasks may be accomplished '
usiné different ways of perceiving and solving the problems. .
One can appreciate Smith's notion of grasprng visual
configurations as opposed to analyzing distinctive features

of figures by noting his comparison of ways in which designs

can be reproduced from memory. )

5 ’ o

¢

)




Those subjects who-:can form and retain an image of tae
design will be best served ﬁ%’ij"fixative" mode of
attention. Having fixated the design, they will retain
the f&gure “in mind“ as a complete gestalt and - will
have no dlfrlculty in repro@rc1nc the figure in its
cgégpct proportions. oOn the other hand, subjects who
form visnal iyages with difficulty will be best served
by a "diffusive"” mode of attention. Tﬂey‘will tend to
glance at different parts of the figure during the

exposure and will attempt to remember as many details

“as possible. They will;!oduce a design which may

1nc1dde most of the necesfary details, but may well be

5 ——reenes e -
ber

incorrect as an organized structure or whole. The
proportions of the izftre may Pe quite incorrect.
_‘ (pP- 207-208) .

with respect to sex difference in this particular

ability,_ Smith c1tes a stgdy by Taylor (1260) 1nVOIV1ng 100

-~

boys and.;oo glrls hav;ng an average age of 14 years, 4
months. .When a memory for designs test was scored conven-,
\

tionaXly, a difference in means favoring- the boys by about
‘e -, )
3 score points was. shown. When scored for accuracy of -
& T i . .
details’, the mean scores favored the girls by about Iﬁscore

point. When _marked for correctness of proportions, the mean

difference swung back to.favor the boys by a striking 12
-points (rounded) Thus, Smith sees the ability-to visualize

and retain patterns ae/fﬁe cggtlcal spatial factor, and when
. /(\ \ °

"




_in ordinary arithmetic. Fennema (1974) in direct reaction

R T U Y U

this factor is' isolated by scoring techniques, there is evi~

dence that the difference between boys ?h& girls is furtﬁer' : )

accentuated. . ' .
- B

Need for Develoomental Studies ) .

. ¥

Most studies showing a relatlonshlo between spatial: |

abilities and mathematical achievément have been gonducted

e -

at the secondary and colleée'level. Smith maintains that

spatial abilities are most directly related to the mathemat~

ical thinking-required for higher level conceptualization e

and may have little to do with the numerical facility involved

to Smith's posztlon writes, "In order to learn new 1ideas, s

learners are dependent upon prerequisite 1deas in their cog—

nitive structure. thtle is known concernlng "the impact of

spatlal ability on the acqulrlng of these prerequisite math~- -

-

ematlcal ideas on which all later matlrematical knowledge,zs

—

based." (p. '8) There is a need, As Fennema points out, to
‘ )

study the effect of spatial ability.on mathematicgl_igépn-

’

ing at various'developmental levels. - l . -
Design of the §§gﬁz 1 . ' .

' our discussion' of some of the crltlcal issues involved
in spatmal abr};ty pelnts to an assumptlon which seems suf- A
ficiently warranted to provide a working'hypothesis for .

-

further research. Smith“s contention that the critical '

skill in spatial tasks is the ability to grasép, retain, and

4 s




manipulate visual éonfigurations seems reasonable. Given

this assumption, one might ask whether tﬁés ability miéht

-
not have a hie;dfchiéal étructure ranging, perhaps, from an

ability ta conceptualize patterns to th§~ability to mentally
transform those patterns into different forms. Recognizing
that the first iteration of such a hierarchy is likely to be
crude in many ways, we would like to propose four ascendiﬁg
steps or tasks in which the ability td visualize configura-
tions and perférm mental operations with them w2ll be mani%

fest. An appropriate test for each ‘of these abilities is
; ) ’ :

L

shown - in parentheses.

1. The ability to form a simple pattern from a lim-

1 T .

ited series of stimuli seen one at a‘'time. (Serial
. ] . \ . ‘

Integration) RN

- <

2. Thé ability to perceive a configufation and to

T retain that configuration in mind despite -dis-
. ° : .
. - »
tracting eléments. (Embe?ded'?igures) ] . ,

3. 'Thé abil?tY'tolberceiye a'three-§%ge;sional'objéct
and conqéptualize é@gt object sufficiéntlf well ta
describe portions of it not immediately visible.
(Coordination of biewpoints) 7 . I‘

" 4. The.ability to.éoncep%ualize a three-dimensional

/ ‘ . C. .
object and to mentally transform this objegt into -

. a two-dimensional representation. (Rotation and \

Development of Surfaces)




i :

It seems important to determlne if tests of .the four

separate types of spat1a1 abilities d1fferent1ate between bY;
~

. I . .
students classified@ as to grade, sex, and mathematlcs achieve~

1 ¢
ment.' The current study is designed with these variables in

o
- ——

‘mind and makes provisions for four measures (levels) of
spatial ability, a standardized measure of arithmetic achieve=__
ment, six.dEVelopmental levels (grades 2 through 7); and a )

representation-of both sexes at each grade level.

Method . g ‘ .

Instruments

Four tests of spatial ability were.developed by the

authors, each test designed-to measure a more complex type

.,

of spat1a1 ability: ) . \

N,

o/

Ser1a1 Integration (SI) (McDaniel, 1954) This is a

~

group test designed to measure thelablllty to integrate into

*

a pattern v1sua1 stimuli ‘seen one at a time. Subjects_watch

-

a screen while single lines are projected one at a time.

Then four flgures are shown on the sgreen. The children

"‘\

A\
" must select the pattern formed if all llnes were presented

~ I

‘ slmultaneously. ’ ' . - . _
\Brbedded Fiqures (EF) (Mcbaniel, 1974) This is a group

.

* | fest designed to measure the ability to hold a visual ges-
-talt in spite qf'distracting elements. Subjects watch a o

screen while a simple pattern-is pxojected for five s%conds.

! N

Following this, a response display is shown conteining four -

% ! . X
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more complex deslgns, one of .which has, lncluded in it the

-

more simple pattern. The chlldren must select the deslgn

contai 1ng the embedded figures~ : Ce

] .o

oord1natlon of Viewpoints (CV) (Guay, 1975) This. is, -’

an 1nd:v1dually administered test designed. to measure»the

ablllty to v1suallze the shape of objects from various’ vlewgﬁ_°

~

points. Subjecﬁs are seated at-a round table and observe a *

particular three-dimensional geometric object (cube, pyra-
y A7,

mld etc.). Three llne drawings are then prOJected onto a

screen. The children. must . select the one that best repre-

-

sents the object's appeargnce as seen from speq1f1ed,v1ew-
- - .

points other than their own. . o ' o

-

¢ ﬁotatlon and Developmént of Surfaces (RD) (Gua¥+_1315)

This is an_individdally administered test uti1121ng the samﬁ

. i ¢
objects as the CV Test. The purpose of this test is to meas- °
uré the ability to anticipate the rotation and development'

of bbject surEaces. Whlle 1nspect1ng the ~object, the children

must select from among three draw1ngs prOJected on a screen

-

the one which represents the object with its surfages erated

1 - PN

and developed into a single plane. T : =
.‘ . ' e \ - ) .-
Procedure . . . ' - -
- .‘ ‘/_

The-SI, GV, and RD Tests were administered to a total
of 90 children, approxinately 15 ehildren‘selected'at ran~
1. .
dom from each of sixX grade levels, two through seven. The

EF Test was administered on&;/to the children enrelled in
Lt . > R . -

o

-




‘grades five through seven. The children were selécted,from.

one school located in'Lafayette,“indiaﬁa. S s
* ] " ‘ » N

to two factofs- (l) math achievement and (2) -sex. _The

! o

chlldren,were d1v1ded at the medlan of each grade level .into

hlgh}and low math- achaevers‘on the basis of thelr total math~

‘ematics achleyement scores on the Iowa Tests of Ba51c Skills.

A VS

—— e

" Thele scorks were available from school records.

.l"
. N . . Y

o : ' Results e
The,SI, CV, and RD scores were agalyzed in separate
S ‘b =

6x2x2 (Grades %X Sex x MathematichAchievement) analyses of

/ . .
. - ¢

X Sex x Mathematics Achievement) analysis of variance.

variance. The fF score was analyzed employing a 3x2x2 (Gradqi\;

"'Although none of the four analyses revealed either sécond-

- ‘< 4 ‘
or third-prder interaction effEcts among the three fictors,

31gn1f1cant maln effects of the ‘individual factors %ere found.

3

Signlflcant grade maln.effects were found for SI scores,

F{5,66) = 4.19, p'<.005; EF scores, 2(2,34). =‘_6.4l, p <.005;

CV scores, F(5,66) = 4.58, p <.005; RD‘scores,.g(Sggé) = 6.16,
R<.001. Since only interactions of grade with sex or math

-

achievement were of prlmary interest to this study, no statls—

tlcal probes were conducted on the SLgnlflcant grade main

effécts. However, an ;nspectlon of the grade marglnal means

indicated a trend toward an increase in 5I, EF, CV, and RD
B < 3

scores with an increase in grade.

.
’

’




.. - . N e . o .. ¥, ~
Signjficant mathematics achiévement main«effects were. .

\ - o, .

found, for SI scores, ‘F(l 6) 12,98, Bé 001; ‘EF scores,

CF(1,34) = 19 61, p<. 001; cv bcores, E(1, 66) = 9.88," p <.005;

RD scores, éAl ,66) = The data revealed that

5. 72 p <.05.

»

_for th¢ high mathema

J"f v
matics achleyers,_aTheamean_scoressfor the SI were 21!40 and

LCS achlevers than for the low mathe-

18.08; “for the EF, ‘21.44 and 17-.70; for the CV, 9.42 and

7 49; for the RD 9.24, and 7.91.
Slgnlffﬁant sex main effects were found for CV scores,
= 4.62,

\

= ‘7.21 B<..Ol and RD scores, F(1,66)
I
The data 1nd1cated that, males had a s1gn1f1cantly

F(l 66)

A

p'<.05.,
- higher CV mean score (9.30) than\females (7.85); males had

an RD mean score (9 20) that was slgnlflcantly higher, than

females (7.98). No s19n1f1cant sex dlfferences-yere found
for the SI or.EF scores,
. Discussion
Thesegﬁindings reflect on the issues raised initially;

All four spatlal tests d1fferent1ated between High and low

’ °

1
achlevers in mathematics.

i S . [

ngh mathematics achievers were

found to have greater spatial ability than low mathematlcs

The findings suggest that spatlal factors are ’

achlevers.
’ ) v

related to numerical faclllty:startlng.at a relatlvely early

! point in the students' schogl experience and continuing c

vthrough the elementary and junior high school grades. Thds;
e | ' |
) . 12

N

the Jmean scoxes for all four tests were significantly h;gher -

’




B ' : 10

these results. indicate that the relationship between spatial
X " . ..
abilities and mathematical achigvément, which is fairly .
. < " _

' : well established at the secOnaary school ilevel (?ennema,_

' 1974), extend downwarg-To the earlier grade levels. Since
N ¢ .

at the elementary levels stress’

the contents of the/Iowa 1

caleulation ég' Sy these rlndlngs_do_ggt support Smith's- . ..

(1964) contention thht spa ial abilities. are related only tQ

abstract abilities réquifed 1n higher mathematics. %

£

[N - \
The flqdlngs also sugges? that females and males often )
' have d;fferent aptitudes for spatial thlnklng. Although the

scores on the spatlal tests requiring the “more elementary
. ‘ ! /
~ spatlal abllltles‘%sl and EF) were~1ndependent of the sub-

jects' cek, -males perfbrmabce on the bigher level spatial
f’
" ~- . tests (CV and RD) was 31gn1f1cantly ‘better than-females'. ° o
: ’ .
The sex dnfferences were not ?bdbd to be a functlon of any
i

{'%‘ varlatlon in grade level *These observathps are conslstent ‘
”ne
with llterature reviews (e. g., Maccoby & Jacklln, l9Zf3 '
r lndxcatlng seX differences fawprlng males, but 1ncon stent‘

’ L4

. wlth that portlon of the revzews suggestlng that sex differ- \j
. s \
ences become ev1dent only durlng early adolescence. '

e (/' ) -Taken as a whole, the study sugggsts that there may be

. value in following Smith‘sxhotibn that tbe ability to'grasp L

‘ ) - s . ' ) - - ’ N - [

. and manipulate gestalts is the significant factor in spatial
ability. Accepting this\position opensg the way to attempts

-

. %o, dimensionalize thig factor along a ¢ontinwum ranging from




‘ ' ‘ .11

~

R ..
simple recognition and retention of patterns to more elaborate

mental manipulations~o% visual images'. This study also points

the way to the more precise analysis of the spatial abilities

which seem to be associated with mathematical competence.

#

The findings support the contention that the reYationship

between .spatial and mathematical thinkiné appears.tz;exist‘

"for lower level as weli\as higher level spatial abilities.

And finally, tkis study provides a more-precise specificétion
- 3 -

of the‘types of spatial abilities which seem.to be associated
. »
with sex differences. The results support the notion that

sex differences in favor of males may exist only for higher
N

level spatial abilities.

Yoo -
. ' "
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