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Several studies that were direc*ei towards examining.

the influence of cognitive factors in sex-related differences in
mathematics achievement are reported. Specifically, two lines of
research were pursued examining: (1) the relationship between
different +ypes of visual-spatial skill and mathematics achievement,
z2nd (2) the +rainability of visual-spa*ial skill in junior high

school students.

Part I of this report discusses two studies that

examine the relatinnship betweenrn mathematics achievement (including.
compu*ation, alaebra, and gedometry) 2nd visual-spatial skill. The
results of +he two studies indicated tha%t visual skill and spatial
orientation skill are somewhat distinct and both contribute +to
predictira ma*hematics achievement. FPurther research examining the
development and trainabili*y cf these skills is promoted. Part II

£scuses on visual-spa+tial tra

ining research %*hat was carrizd on in

1977-1980. The 1979-1980 *nves%*igation is the focus, with the two
earlier vears of work ending with negqa*ive results. This earlier work
i1s documented irn the hove that others may profit in reading about
these experiences and conclusions. (MP) ,
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MATHEMATICS, SPATIAL ABILITY, AND SEX-ROLES
| . .. :

" INTRODUCTION
‘The fact that 1arge numbers of wémen avoid ﬁathemdtics_;n the latcer
years of‘high school and on some measufes don}tiachieve as well as males
even &hen théy continue with mafhematicq (Feﬁnema & Sﬁermaﬂ; 1977) has
- . been of increasing concern to edpc;;or;,,ppychologiéts,wsociologists) and
uothér studénts of human behavior. This deficit in mathematics edqcation
- has serious.implicatidns for the cafeer options gvailéfle to both woﬁen
who attend four-year coileges and to those who choose to enroll in more
vocacionélly orieﬁted programs (Sells, 1973). _ ¢
A variety of potentlal sources for this deficit have beenﬂexamined by .
reééarchers working under the recent“NIE prbgram on Women and Mathemétigﬁ

“and by others. These include the role played by mathematics anxiety

o ﬂiobias &‘Donady, 1976), sexistuwording‘ofhmathematics préﬁléﬁé,aqd“\f f

" text books (Carey, 1958; Graf &_Rgﬁde;;,31972), lack of parental
encourééement (Fox, 1975), tea;herﬂigfipénces (g;nest, 1976; Fénnema;:1976;
Pederson, Shipedling, & Johnson, 1975), and attitudes toward mathématics

';ZFeﬁnéﬁa &:Shéfmah, 1977). T

1v.Theijesqp::reseaich was directed towards examining the influence of

o
cognitive factors in sex-related differences in mathematics achievement. -
- More specifically, ‘two lines of research were pursued examining: (1) the

- relatiémship between difféfent‘ﬁ&pes of viéual-gpatial skill'ana-'-

mathematics achievemeng, aﬁd (2) the trainability of ﬁigﬁal-spatial skill .
‘/ K

in junior high school students.

»
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"PART 1

THE RELATIONSHIP BETWEEN VISUAL-SPATIAL SKILL' AND MATHEMATICS ACHIEVEMENT

el

. “Several types of evidence suggest an important role'of visual-spatial
skill.in mathematics; achievement and for-understanding sex-related’
differences in mathematics achievement.' Developmentally,Jsex—related
differences in visual-spatial test performance and mathematics
achievement appear to emerge at roughly the same age, 12 - 14 years
(Maccoby & Jackliu, 1¢74). 1In correlational studies visual-spatial
skill is frequently found to be a significant predictor of:mathematics
achievement. Fennema and Sherman (1977), for example, obtained significant
,correlations betveen math achievement and a spatial-visualization
measure in four secondary schools; These correlations tended to pé

o

higher than correlations between math achievement and general intelligence

-

(verhal) measure. Further evidence is furnished by I Macfarlane Smith

in his book Spatial Abilityj Its Educational and Social Significance, in .

which he describes a great many studies that demonstrate the importance |

‘of spatial ability for success in mathematics. -

Lastly, ‘a logical analysis of the nature of visual-spatial ability

and of mathematics achievement indicates thar they should bear an important

";relationship to one - another. .Visual-spatial aoility is a’'cognitive skill
involv1ng the“ability to perceive spatial relatidnships and to me;tally

' manipulate visual material According to several mathematicians; the

. naturefof mathematical thinking is highly dependent on such a cognitive

~skill. Hamley, a- mathematician and psychologist, states that, "Mathematical

h~ability is_probably a compound of -general intelligence, visual imagery,

R . 0




ability to perceive number and space configurations and to retain such
configurations as mental patterns'" (Smith, 1964). Another mathematician,

Meserve, notes the extensive use of ‘geometrical models in all areas of

~

. . 0
mathematics and says that .geomet’cal :thinking must retain some link...

with spatial intnition' (Fennema, 1976). '
Despite the findingé relating visual-spafial skill to_mathematical
acﬁievemgnt, research in thig/ area is complicated by the fact thata
neither thHe domain of skills represented .by the ter; "visual-spatial”
..nor the domain represented by the term "mathematics achie&émeﬁt” is
'-Egi-dimensional. "Potentially certain types of visual-spatial skiils
may be related to-cerpain types of‘mathematics probléﬁs whereas other
. types of visual-spatial skills &ay be totaily unrelated to any asrect
of mathematics achievement. . l
The two sFudies that follow were'desig;eﬁ fo examine the relation-

ship between mathematics achievement (including computation, algebra,

and geometrv; and‘visua%:spatial skill. The visual-spatial tests that

o . o

. N
were used included tests from the subdivision of skills referred to as-

"spatial orientation-visualization" and from the subdivisice referred to
'a§."closdre" (Ekstrom, French, Harman & Dermen, 1976). 1In thi;@way‘
mathematics achievement could be related to specific types of visual-

spatial sﬁillé.

. Studv 1
Sﬁbjects
Research participants were the entire seventh and tentl: grades cf a

suburban-rural school district, almost all pf whom were white. This

<
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included 134 seventh graders (71 male, 63 feimale) -and 205 tenth graders
(108 male, 97 female).

Testing materials ' S N

1

Three sets of measures:Vere obtained from each grade level. Iﬁese
included§| (a) Six measures of viSual—spatiél skill and a measure of
verbal skill, (b) a matheméatics £chievement test formulated for this
project, and (c) various standardized test scéres and séhool grades

obtained frog school records. Each of these sets of measures is now
discussgd in” detail.

The visual-spatial tests. Five visual-spatial teSts were selected

.from the Educational Testing Service Kit of Factor Referenced Teété

(Ekstrom; ef. al., 1976). ‘'The Cube Comparisons test consists of 21 problems

o -

each one of which is a picture of two cubes w{th letters on the three
visible.faces of the-cubes. The subject must decide which of the two-

pictures representsimages of the same three-dimensional cube.” This test

- °

is thought to be a measure,of the skill of Spatial Orientation. The

" ~

Card Rotations Test is also thought to be a measureuofvtﬁe same skill. This

test consists.of 80 proBlems for each of ‘which the subject. must decide if a

s

. N d . ” " ~
given symbol can be rotated in a two-dimensional plane to match afiother

symbol. For the Hidden Patterné test, a measure of flexibility of closdre,

3
b

the gubjeét must dgcidg.}f a shape which looks somewhaﬁviike:an upside—dowﬁ
Y with an extra iine attached is or is not embedded in each of 200 l%ge
drawings. The Gestalt Completion Test, a measure of speéed of-ciﬁsﬁre

<consists of 10 incompleté black ana white drawings. nThe subject tries-to

determine what each is a picture of. The Paper Folding Tesﬁ;’h measure. of

visualization skill contains 10 pfbblems each one depicting how a piece of

a

“o
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paper is folded gn'a specific way and then a hoie punched in the folded

paper. The task is to decide how the holes would éppear on the paper if it

-

were unfoided, The vocabulary test that was used was also‘takeﬁ from the

ETS kit and consisted of 18 vocabﬁléry items. The sikth visual-spatial test
o ¥
thét was used was an abbreviated version (only 10 items) from the Space Rela-

tions part of the Differential Aptitude Test (Bennett, Seashore, & Ivesman,

. . . %
1973). Each item consists of a drawing of a two dimensional shape *
: . ; T

'fﬁhiéh.if“folded along indicated lines could make a three—dimensional.shape;

3 . / . »

The subject must choose from four alternagives which shape this would be.

The test involves both the'skills of spatial orientation and visualization.

.'.Tﬁe méthématics test. This test cénsisted.oﬁ 48 problems adapted
from a number of'sfandardizédzmathematics tésts; The purpose pf ;hé
adap;ation was to con;truct a test which inciuded 16 problems each from
qthe areas of. arithmetic,‘algebra, aﬁd"geometry. The ciassificétion of
problems was.determined by agreement of at 1eést four out of five
mathematics’maﬁofg as to the content argaﬂof each proB}eE used.. Separate

so constructed.

tests appropriate for seventh and tenth graders were

Standardized scores and school grades. With the use of coded éhbject
. l v

numbers to ensure confidentiality, the following information from subjects' .

permanent school records was obtained: . e,

-

Seventh graders
s~ a. Sixth-grade results on the Stanford Achievement Tests--Vocabulary,
: Reading Comprehension, Word Studies, Math Cépcept§, Math Computation,

Math Applicétioﬁs, SpeXling, Language, Social Science, and Science

9 ——

'b. Sixth-grade I.Q., New Yark State Reading, and New York State

Mathematics scores . . : .

- R >
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c. Sixth-grade English and mathematics grades, first-quarter

b , seventh-grade;English'and‘mathematics grades

Tenth.graders . "_' ' ' - L

a. Sixth-grade results on the Stanford Achievement Tests--Word
Y ] , -

meaning, Paragraph meaning, Spelling, Language, Arithmetic

Computation, Arithmetic” Concepts, Arithmetic Applications,
Socia; Studies; and Science

- b Sixth¥érade\I.Q., third grade New York State Reading and

t
-,

sixth-grade New York State mathematics scores

» . -

c. Ninth;grade English and mathématic; grades, first-quarter

19

:gﬂth—gréde.Ehglish‘and mathematics ‘grades d

“ -~

¢

Resulms§

¥ Sex différénces.in.Mean Performance. The mearns, sféndard.debiatiqns,'
- ; . — i ,
sample sizes, and F-ratios fog all measures for seventh and’ tenth graders

are.shéwn in Tables 1 and Zﬁ’ J

-

Among the seventh grééérs fgmales pérﬁormed signifitanfly better than
males odvthg_SAT Wora Studiesréection, on' the SATJianguage section, ana in
4sixth.énd seventh grade English clés; (2.<..01). Théy also'tended:(2_< .10)
to do bet£ér on the SAI_SQelling sécéion, the SAT Matﬂ'ébncéﬁtslsection,fand
_in sixth grade math class: Sevénth'grade maigs_tended to do better than

females on the DAT Space Relations Test. Thére were no.signifiéant differ- .
kY B . : o
ences between seventh grade males and fema@es on any of the ETS factor-

referenced cognitive tests.

~ _ : ¢
Among the tenth graders males performed,significantly better than females

oh the Geometry subscale of the math gﬁhievemeﬁ% test (b‘< .05) and on the
. - [y ‘.; . . ’ .
* following Stanford Achievemepnt Tests: Arithmetic ApplicationE; Social Studies,

& > . R
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i\‘ “ ‘ | o | "TABLE 1 S '
~ - MEANS AND STANDARD DEVIATIONS FOR ALL: IEASURES N .
’ : : SEVENTH GRADE STUDENTS _ .
- o _' ' T Males T o Fémales:. o L
" Test o , X s.D. . N- X - s.b. N F-Ratio
ﬁaxhematics Achievement Tests . o : - . ' - ’ . .
Geometry 6.89 2.47 71 6.79 2.35 63 <1 i
1 ‘Algebra . 7.56 2.66 - 71 7.90 - 2.81 63" <1 B
Arithmetic . _ ‘ 8.77 . 3.1 71 9.62 2.93 63 - -l-73
ETS Tests o ~ - ) S L o
‘Gube comparisons S 2,98  3.97 64 2,87 =4.18 55 <1,
" Hidden patterns o - 62.28 “'29.37 64 62.91- '28:20 55 <
. Gestalt completion . 4,78 1.88 ‘64 5.09 - 1.9l 55 . <]
"Paper folding . 3.45 2.65 64 -3.46 . 2.57. .55 <
Vocabulary ! o - 3.88 3.12 . -64- 3.62. - 2.53 55 <1
.~ Card rotations - . - 38.06. ° 18.19 6. 37.40 © 16.39 55 ° <1
' DAT Test ' : v ‘ ' : ] : e ,-"‘-" . o '
- Space relatlons 5.63" . 2.50 - 64 - . . L.B1 2,40 «. 557 - 3.31%
%AT Tests ) , ) L : ,"" . o - . .;
Vocabulary - =+ = . 57.7h - 24.75 57 °  60.04 21:65 = 53 . <
" . Reading comprehension 60.12  26.56 ° 57 - 63,81 22.31 - 53 1.1
Word study w0 s, : 62.3() 28.41 | 56 g 72.29 - 19.41 52 L, 48x%
‘Math concepts . . : 66.30 23.75 56 |- 72.62- 18.63 53 ~_2.36
Math computation . - 63.89 - 22.39 56+ ,68.91 21.06 53 1.78
Math application N 65.75 +22.38 56 . 61.66  21.27 53 <1 :
~Spelling ' <. 52.46 29.65 57 . 59.77 23.86- = 53 . - 2.43: <
".Langiiage . L 56.46.  2h.56° 57 66.28 21.26-; "'53 5. 70%% ~
Social Sciences - _ 62.75. - 25:.19 57 68.13, 18.56 .53 1.93
Sclence " .t 67.39 2h,70 .. 57 66.96 - 20.46 . 53 S o<
*p< .10 _ v I (This table. is continued on the next page. ) o
TR <05 . 2 | . : S 19
- [l 4 L ..




TABLE | (CONT.)

. Mates L : Females _
Test X 5.D. N X 5.D. Y F-Ratio
Inteiligence Quotient 108.27 13.91 55 - 111.00 10.15 52 < 1
Mew Yerk State Tests /
Reading 57.09  23.54 | Sk 61.60 19.18 53 <1
_Mathematics 54.89 23.23 ~54 53.77 17.15 53 <1
School Grades | : ‘
English - 6th grade 81.18 8.78 55/ 85.22 5.41 51 7.5bx*
. Mathematics - 6th grade 78.36 10.96 55 81.37 8.88 51 2.49
" English - 7th grade : 74.12°  11.65 " 60 84.43 8.93 56 25. 83
Matherpatics - 7'th grade 78.02 12.00 60 82.63 8.99 56 3.42%
*p < .10
b B < '05
14




TABLE

MEANS AND STAHNDARD DEVIATIGNG FOR ALL MEASURLS
TENTH GRADE STUDLNTS

Males ) Females
Test X S.D. N X S.D. N F-Ratio
Mathematics Achievement Tests
Geometry 7.15 5.74 108 5.46 2.81 97 5.52 *%
Algebra 5.63 2.63 {08 5.05 2.48 97 1.29
Arithmetic 8.19 3.48 108 8.09 2.70 97 <
ETS Tests .
Cube comparisons . 6.52 5.91 102 6.48 5.77 89 <
Hidden patterns 70.94 37.54 102 69.04 .35.71° 89 <
Gestalt completion 7.19 1.68 102 7.18 1.74 89 <
Paper folding 4.5 2.58 102 4.39 2.58 89 <
Vocabulary 7.30 3.73 102 7.06 .42 89 <
Card rotations L9 64 20.91 102 47.78 21.43 89 <
DAT Test : . . : .
Space relations 7.47  2.08 102 6.83 . 2.95 89 3.13 %
Sixth-grade Stanford Achievement ’
Word meaning : £0.23 26.49 91 L4 .68 28.83 71 1.30
Paragraph meaning 49.58 27.84 91 L6.86 . 27.11 70 <
Spelling 37.96  26.33 91 46.34 25.97 70 L.06 **
Language : - 36.48 23.50 - 9l 42.59 2414 70 +2.60
Arithmetic computation - 23.34 19.01% 91 ~20.72 14,3} JA <1
Arithmetic concepts 49.89 27.02 91 42.99 21.76 70 3.06 *
Arithmetic application . 48.60 28.45 9] : 30.14 23.43 70 19,37 **
Social studies 46.79 27.91 .91 37.63 25.64 71 .09 **
~ Science ' .49.76 29.18. 91 © 40.01 2415 71 .66 **
TOTAL | - 57.02  13.70@ 91 . 56.23  11.40 70 <
“p<..10 ' _ , (This table is continued on the next page.)
] P_~< .05 ) .A ' = (J . '
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TABLE  (CONT.)

) ) Males : Females
Test X S.D. N X S.D. N F-Ratlo
lnteiiigence.Quotient 109.02 14.69 ‘93 107.97 12.27 71 <1
New York State Tests : S Ce
Reading ' 51.]8 22.34 81 56.97 - 25.C3 63 - 1.99 -
Mathematics 48.10 25.67 91 - 39,37 - 22.05 . 71 1.89
School Grédes | o '
English - 9th grade 77.35 10.94 . 98 78.98 II.QZ 83 1.54
Mathematics - 9th grade 78.09 11.42 96 ~78:46 10.55 82 <1
Erglish - 10th grade : 77.71 ihL, 26 97 _ 78.53  11.96 83, 1.24 .
1.50

Mathematics - 10th grade 81.07 13.05 69 . 77.92  12.79 52.

0T
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and Science. Males also tended to perform better on the abridged DAT Space
Relations Test, on the SAT Arithmetic Concepts section, and on the New York
State Mathematics Test.
F=males performed significantly better tnan males cn the ‘Spelling
" section of the SAT (p < .05) and tended to do better on the SAT Language
section and ﬁew York State Reading Test (p < .10). There were no
significant differencee between tenth grade males and females on any of
the ETS factor-referenced tests. |

Factor analvsis. 1In order to understand the relations among the

large number of measures obtained in this study, separate factor analyses
(principal components type) were completed on the seventh and tenth grade
data. -

The tenth grade data set appeared to contain five distinct factors
;which}accounted for 66% of the varianc: (see Table 3). Factor 1 had high
| loadingﬁ on the ETS Vocabulary Test, SAT Word Meaning, SAT Paragraph

Meaning, SAT Spelling, SAT Language, SAT Social Studles, SAT Science,

1.Q., and New York State Reading. Factor 1 was clearly a verbal genernl
intelligence factor. Factor 2 had high loadings on the' Geometrv, Algebra,
and Arithmetic Qubscales, SAT Arithmetlc Computation, SAT Arlthmetlc
Concepts, SAT Arlthmetlc Appllcatlons, and New York State Mathematlcs
Factor 2 was clearly a mathematical abilltv factor Factor 3 had hlgh
loadings on grades obtained in Engllsh and mathenatics in the ninth and tenth
grades. This anpeared to be a school achievement factor,v The visual spatlal

- tests divided into two factors. ZIn a 3-factor solution, shown-in Table 4,
theyv were all heavily loaded on the same factor which was distinct from the
.verpal and mathematics factors.) The Cube Comparison Test, Paper Folding )

Test, Card Rotations Test, and DAT Space Relations Test had high ldgdings




TABLE 3 °

.
PRINCIPAL COMPONENTS ANALYSIS - FACTOR LOAD:NGS
TENTH GRADE DATA
5 - FACTOR SOLUTION
Test Factor | Factor 2 Factor 3 Factor 4 = Factor 5

" Mathematics Achievement Tests
Geometry -0.01 0.75 0.00 0.11 0.11
Algebra - " 0.30 0.57 0.18 - 0.07 0.21

. Arithmetic 0.14 . 0.76 . 0.0k 0.17 L %0.25
ETS Tests ‘ :

«  Cube comparisons 0.25 0.19 - 0.06 ¢.70 -0.02
Hidden patterns 0.22 0.18 0.19 .0.06 9.63
"Gestalt completion 0.02 0.06 -0.10 0.16 : .70
Paper folding "0.02 0.21 - 0.14 - 0.72 0.4
Vocabulary - . o 0.67 ~0.03 - 0.13 0.33 . .07
Card rotations o 0.32 0.15 ~ -0.05 0.50 o GU47

DAT Test '

- Space relations 0.08 0.04" 0.21 0.68 . e.16

Sixth-grade Stanford Achlevement
Word meaning : : 0.78 . 0.23 0,23 0.18 <0504
Paragraph meariing 0.78 0.37 0.20 . 0.15 0.10
Spelling 0.78 0.16 -+ 0,10 =0.11 s 21
Language 0.74 0.32 0.13 0.12 0o.14 -
Arithmetit céomputation 0.36 " 0.58 0.16 -0.04 0.1}
Arithmetic concepts 0.4° 0.63 . 0.19 0.22 -0.09
Arithmetic application 0.46 - 0.66 0.25 ©0.24 0 0 -0.17
Social studies 0.63 0.47 0.26 ©,0.32 -0.05 *
‘Science G.67 0.39. 0.16 0,25 -0.04 -

-~

(?his'iable is continued on the next page.y
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TASLE 3 (CONT.)

Test - ' : ‘ Factor' 1 Factor 2 Factor 3 Factor A Factor 5

Intel ligence Quotient - 0.61 0.38 0.25 0.29 s 0,04

Néw York State Tests

Reading 0.86 0.09 6.12 0.05 0.13

Mathematics 0.50 " 0.59 " 0.29 0.27 -0.05
School Grades : ¢

Eriglish ~ 9th grade 0.45 0.11 0.70 0.09 ' 0.15

Mathematics: - 9th grade 0.15 0.14 0.76 0.23. 0.17

English - 10th grade 0.56 0.09 0.42 0.03 ) ,0.22

Mathematics - 10th grade 0.22 0.22 ° 0.80 0.12 . =017




TABLE 4

PRINCIPAL COMPGNENTS ANALYS|S - FACTOR LOADINGS
TENTH GRADE DATA
3 - FACTOR SOLUTION

Test 7 Factor 1 Factor 2 Factor 3

~

Matheratics Achievement Tests

.06 0.68 0.17.

Geometry -0 ‘ _
Algebra 0.31 0.63 0.20
Arithmetic 1 0.10 0.69 . 0.31
ETS Tests .
Cube comparisons’ 0.19 6.35 0.50
Hidden patterns 0.31 0.08 " 0.46
Gestalt completion 0.02 -0.10 .0.60 .
Paper foiding 10.02 0.36 0.60 "
Vocabulary 0.65  .0.06 -0.32
Card rotations. ) 0.27, 0.13° 0.70
DAT Test . , o T
Space relations 0.11 0.20 0.58- . "
Slxth-grade Stanford Achievemﬁnt - . ;
Word meaning . 0.77 0.41 0.12
" Paragraph meaning . 0.77 0.40 0.20
Spelling y 0.78 0.10 0.09
Language ) . 0.72 0.32 ., . .0.21%°
Arithmetic computation 0.37 0.5h4 - . 4%°0.05
Arithmetic concepts 0.39 0.69 , . o0.10
Arithmetic application 0.45 . 0:76 - . .0.06
Social studies 0.62 0.57- 0,21
Science . : 0.64 0.4k7 . 0.18.
. - = .
02 (This table »is"conti,.r_lued on the next page.)
~ . _ e
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TABLE 4 (CONT.)

Test . _ y Factor 1 ~ Factor 2 Factor 3"

W

Intelligence Quotient . . 0.62 0.47 0.24

" “New York State Tests

Reading 0.84 0.10 0.15,
Mathematics 0.51 .68 0.16
School Grades. ) , -
English - 9th grade . ~0.66 - 0,25 0.10
Mathematics - 9th grade . ., 0.39 0.34 0.12
_English - 10th-grade . ' 0.68 0. 14 0.14
Mathematics, - 10th grade ‘0.44 - 0.45 S =0.12

2




on Factor 4. This factor represents what ETS has referred to as the.
"spatial-visualization" subdivision of visual-spatial ability. Factor 5

had high loadings.on Hidden Patterns, Gestalt Completion, and Card ﬁotationsJ

.

This factor represents what ETS has referred to as the "closure' subdivision

of visual-spatial ability. D .

Theé results of the factor analyses for the seventh graders wvere
;o . L '

"similar to those for the tenth graders but the factor structures were

not as shamply outlined The clearest solution was the 5ne«with 3-factors
which accounted for SlA of. the variance. As seen in Table 5, in this

solution several mathematics measures loaded more highly than the” ETS

Vocabulary Test on theoverbal—general intelligence €actor. Similarli/

o

several verbal measures loaded as highly as SAT Mathematics Concepts and

‘7.

b2

Mathematlcs Appllcations did on the mathematics abllity fa"tbr.

Correlatlons; In- order to determine the extent to which the specific
skills measured by the cogniﬁive tests were related to mathematlcs
achievement, univarjate correlations between each of the ETS tests and

. P

'each of the mathématics measures were calcnlated separately for boys and-

girls at each grade level

- Seventh;grade boys.. The ETS. Card Rotations Test and DAT Space
. . P . .,

e

Relations Test were . the oVerall best predictors of seventh

grade boys mathematics achievement. (See Table 6.) Card
. Rocations ‘and Space’ Relations correlated at the .005 signl icance
° level‘ylth)almost every mathematics\meaSure and surpassed, he
’Vocab&lary Test as predictors of mathematics achievemeht. ~

¢ o

. ._‘ ‘ The Cube CompariSOns Test appeared to be a better predictor~

qthan Vocabulary on ‘the Geometry and*Arithmeticﬂsubscales; while

L - B . . -

-Paper?Folding,Wasma better predictor than Vocabulary on the

- . oo . ”

s d LA 4 . . M“i » ’




TABLE 5

]

PRINCIPAL -COMPONENTS ANALYSIS - FACTOR LOADINGS
SEVENTH GRADE DATA®

3 - FACTOR SOLUTION -~ ,
Test : - “  Factor | . Factor 2  Factor 3
n N \\
N R
Mathematics Achlevement Tests, 7, . . it
Geometry ' 0.03 0.65 * 0.41
Algebra .o 0.27 0.68 - 0,31
Arithmetic : _ 0.13 0.77 . 0.18
ETS Tests # N . '
Cube comparisons |, .o . 0,03 0.05 S 0062
Hidden patterns " . 0.39 -0.01 0.36
Gestalt completion " o 0.32 . . -0.17 ' 0.36
Paper folding _ -0.03 - - 0.12 ' 0.61
Vocabulary _ T - 0.47 0.02 0.32°
Card rotations ' . : 0.22-° 0.22 0.54
' : : ¢ .. . )
DAT Test B ‘ : . . el L N
o Space relations . . . ' 0.22 ;o 0.26 . 0.48
SAT Tests - . g . . “ - " -
Vocabulary - ‘ v 0.72 'N.08 0.35
Reading comprehension h 0.74 v - . 0.42 . 0.16
Word study ¢ _ 0.67 0.41° 0:09
Math concepts ‘ ' 0.57 0.55 ~0.24 -
' Math computation . 0.25 0.78 0.07
“Math application : . , 0.4y 0.54. 0.4h
- Spelling o - ‘ - 0.67 0:46 -0317
. Language ‘ 0.67 0.572 .  -0.01 °©
Social sciences B 0.77 0.33 0.24 -
Science . _ 0.73 ., 0.ho- ., 0.23
_/ o _ .
a ‘ . (This table'is continued on the next page.) 3
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TABLE 5 (CONT.) R )
Test . o : Factor.l - Factor 2 Factor 3
7/ . . e
v
* Intelligence Quotient S ‘ 0.56 -~ 0.4 . ) 0.29 -
New York State Tests l ‘ Lo S
Reading ) - 0.72 ) ‘0.25 : 0.10.
Mathematics o » . 0.26 - 0.7 0.21
~ School Grades R , f
English - 6th grade 0.68 - 0.49 -0.05
Mathematics - 6th grade < 0.4 0.75 . -0.03
English - 7th grade . 0.47 £ 0.56 . -0.28
Mathematics - 7th grade . . 0,27 0.76 . 0.01
s, R ‘ ) . .' : ) . ‘i'- . ) . Lo
. <
w ) ‘ 3 . e
~ - \: Al - \




E . TABLE 6

CORRELATIONS BETWEEN COGNITIVE MEASURES AND MATHEMATICS ACHIEVEMENT MEASURES
SEVENTH GRADE BOYS

SAT Tests : New York

Mathematics Achievement Math Math Math State
Test Geome;ff Algebra  Arithmetic Concepts Computation Appllcation Mathematics
ETS Tests . : -
- Cube comparison 0.31* 0.18 0.25% 0.25 © 0.87 0.30%* ‘ 0.21
Hidden patterns 0.16 0.39*%* - 0.10 . . 0.31% 0.19 0.24 - 0.19 & -
Gestalt completion 0.17 . 0.15 0.09 0.24 0.13 0.23 0.07
Paper folding 0.37%% 0.18 - -0.01 0.11 0.06 0.20 0.01-
Vocabulary ‘ "0.23 7 0.35%*%  0.10 0.28% 0.21 T c0.35% 0.25
. Card rotatlons T 0.36%% . O h6%x 0.39*% ° 0.55%% 0.39_** . 0.62%% 0.40**
DAT Test .l _
Paper folding 1 0.39%% 0.42%* Q.23 0.57%% 0.31%% - 0.63%% 0.55%% -

*p <.05
Tt _’.). <.01

6T
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‘Geometry subscale. The Hidden Patterns Test and Gestalt
‘Completion Test tended to be very poor yisual-spatial“measures

for predicting mathematics achievement. Hidden Patterns had -

-

high correlations with math measures only when the Vocabulary

(5

- Test did not correlate significantlv with any of the ﬁathematics

measures.

_Seventh grade girls. The only visual—spétial measure which was

a‘.generally good‘predic;or of mathematics achievementﬂinﬁseventh
grade girls was the Paper Folding Test. (See Table 7.) Paper
Folding correlated more highly‘than did any 6f the other eogpitive
tests witthhe Geometry and Algebra subscales, SAT Mathematiés
Applicatiqns and the New York State Mathematics Test. None of
;he pther visual-spatial tests were good predictors of mathematics
achievement in seventh grade girls.

Among seventh grade girls, the ;oqabulary Test was the bést”

predictof of achievement on ;he“Arithmetic subscale and on SAT

Mathema;ic§‘Concepts;‘shrpaééing all of the visual-spatial tests.

'Tenth grade bgys.ﬁ Cube Comparisons-was the overall best predictof

Y

_ of mathematics perfqrﬁance among tenth gréde boys. (See Table 8.)

It correlaﬁed verf highly with éver? mathematics measure except

fdi SAT Arithmetic Computation. The Paper Folding and Card

. Rotations Tests also tended to bé»véry'goddlpredic;ors of

" mathematics achievement.

'The Hidden Patterns Test, Gestalt Completion Test, and DAT

'Space Relations Test were relatively poor predictors of tenth

grade boys'/math aéﬁieye@ent.“,ceétalt Completion did not \
correlate significantly with any of thé mathematics measures.

1



TABLE 7

CORRELATIONS BETWEEN COGNITIVE MEASURES AND MATHEMATICS ACHIEVEMENT MEASURES

SEVENTH GRADE GIRLS .
SAT Tests New York
Mathematics Achievement Math Math " Math State
Test ~ Geometry ‘Algebra Arithmetic Concepts Computation Application Mathematics
ETS Tests
Cube comparison 0.05 0.04 0.09 ~0.15 0.06 0.22 ° 0.04
Hidden patterns - 0,01 0.13 " 0.20- 0.31* 0.17 0.21 c-19
‘Gestalt completion -0.06 0.04 0.00 0.17 -0.08 0.12 -0.25
Paper folding © 0.35%=% 0.34% 0.24 0.16 0.13 0.32% 0.29%
Vocabulary '0.16 0.24 043 0.L40** 0.04 0.24 .0.10
Card rotations 0.09 0.22 0.21 0.20 0.11 0.11 - -0.158
P AN ! . .
DAT Test ‘ A
Paper foiding 0.22 0.31% 0.22 0.12 . _.0.17 0.26 0.15
*p < .05
R 3 R < .01
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‘ = ’ , 'TABLE 8

CORRELATIONS BETWEEN COGNITIVE MEASURES AND MATHEMATICS ACHIEV@MENT MEASURES
TENTH GRADE BOYS

' B

Stanford Achlevement New York

Mathematics Achievement Arithmetic Arithmetic Arithmetic State
Test Geometry Algebra Arithmetic Computation Concepts Application Mathematics.
"ETS Tests ' ' : _ . _
Cube comparison 0.24* 0.40%% 0.31%% 0.13 C0.39%% 0.46%% o 0.h47%%
Hidden patterns 0.19° 0. 38%% 0.27** 0.16 0.19 0.22% 0.27%
Gestalt completion 0.07 -0.04 - 0.10 ,0.05 0.04 *0.03 ' 0.02
Paper folding 0.23%* -0.35%% 0.31%* ' 0.15 - 0.41%x 0.35%% 0.41%%
Vocabulary . S 0.4 0.29%* 0.26%% 0.16 0.29%%* 0.33%% 0.37%%
Card rotations 0.14. 0.30%%* 0.36%% 0.21 0.32%=% 0.29%% 0.31%::
DAT Test : . _ .
Paper folding 0.12 ~0.10 - 0.14 0.09 0.27% 0.17 - 70.21
* _E< .05
L3 E. < .01
33
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d. Tenth grade girls. The Card Rotations and Cube'Comparisons Tests

were the best visual—spatial measures for predicting mathematics
achievement in tenth grade girls. (See Table 9.) 'éard Rotations
correlated very hlghly with the Algebra and Arithmetdic subscaIes,
SAT Ardithmetic Computation, and the New York State Mathematics
Test. Cube Co;narisons correlated very highly with the Geometry
and Arlthmetlc subscales and the New York State Mathematics Test.
The Vocabulary Test was among the best predlctors of
perrormance on SAT Arithmetlc Applltatlons, Arithmetic Concepts,
Arithmetichpplications and the New York State Mathematics Test.
Hidden Patterns, ‘Paper Foldln , and DAT Space Relations were .
occasionally good predictors of mathematics performance, but in
general only when vocabulary was a good predictor as well. The

Gestalt Completion Test was the worst of the cognitive tests for

predicting_mathmatics achievement among.tenth grade girls.

Canonical correlations. In order to determine the relationship

between the set of matheratics measures as a whole and .the specific skills

1

" measured by the cognitive tests (the visual-spatial-and vocabulary tests), -
. . . ) [§

w . ) .
canonical correlations between these two sets of measures were Caiculated-

n

separately for boys and girls and for seventh and tenth- graders (see Table 10).
The canonical correlation between the two sets of measures for seventh

”

grade boys was .78, statistically significant at the .05 level. The largest

canonical weights for this case were on the DAT Space Relations Test with

a loading of '~.71 and thé SAT Mathematics Applications Test with a -loading

of -.79. The canonlcal correlatiorf for seventh grade girls was. 61 .which

@

was not statgstically’S1gn1ficant. ‘ : . ) <

-The ‘canonical correlation for tenth grade boys was .73, statistically

.’
+
a . [
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TABLE 9

CORRELATIOUNS BETWEEN COGNITIVE MEASURES AND MATHEMATICS . ACHIEVEMENT MEASURES
TENTH GRADE GIRLS '

R

‘ Stanford Achievement ~ New York
‘Mathematics Achievement Arithmetic Arithmetlc Arithmetic State
Test S, Geometry Algebra Arithmetic Computation Concepts Application Mathematics
ETS Tests o S | ‘
Cube comparison 0.30%* 0.23* 0.36%% 0.15 1 0.25% 0 0.38%% 7 0.40%**
"Hidden patterns 0.13 - 0.26* 0.18 :0.32%% 0.33%% 0.11 0.36%%
Gestalt completion *0.10 0.18 0.25% 0.14 0.18 . - 0.19 - 0.16
Paper folding 0.25% - 0.2h* 0.31%% 0.26% 0.14 ) 0.22 ‘ 0.33%%*
Vocabulary 0.24% - 0.23% 0.23*% 0.32%* 0.33%% 0.45%% . 0.49%*
Card .rotations 0.22% 0.31%* 0.36%% - 0.39%% 0.24 " 0.30% 0.39%%*
DAT Test ' -7 . : ) L
Paper folding “ 0,14 0.21% . 0.19 0.27% 0.24" 0.38%% 0.394%
- <
-.:R I ! , A . 3
- - | o - ), -
s T
: L 2b "
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TABLE 10 -

COEFFICIENTS FOR THE CANONICAL CORRELATION

“.  BETWEEN

COGNITIVE MEASURES AND HATHEMATICS ACHIEVEMENT

Coefflclents for the First Set

A

1

Coefficlents for the Second

L

Seventh grade beys

‘e

5

Mathematlics Achievement Tests

ETS Tests’

Geometry o =0.11 Cube comparlsons 0.01
‘ Algebra - ' -0.31 Hidden patterns ~0.10
. Arithmetic : " 0.36 Gestdlt completion . .=~0.10
SAT Tests T _ Paper folding . ~-0.04 ",
~ Math concepts ‘ . =0.37 " Vocabulary e ~0.24 -
Math computation . 0.33 Card rotatlions ~0.23
*- Math--application -0.79 DAT Test o '
i New York State Mathematics -0.04 Space relat!ons L=0.71
.. Seventh grade girls No'significant‘(p < .05) canonical correlation was obtained. -~
Tenth grade boys 'Mathematics Achievement Tests ETS Tests L
. . s ‘ Geometry 0.24 Cube comparlsons ~0.22 °
Algebra -0.37 Hidden patterns = -0.17.
Arithmetic -0.43, *. Gestalt completion ’ 0.24
Sixth-grade Stanford Achievement Paper folding -0:48 -
Arithmetic computation - 0.21 Vocabulary ~0.20 . °
Arithmetic concepts "-0.20 ° .Card rotations -0.47 )
Arithmetic application - -0.06. . DAT Test"
¢ New. York State Mathematics -0.49 - Space relations 0.10
Tenth grade girls Mathematlcs Achlevament Tests . . ETS Tests ,
- OGoomatry’ -0,24 Cuba comparlsons . . 0.00
Algebra - 0.15 Hidden patterns .. . =0.02 _
Arithmetic . =0.16 Gestalt completion 0.28 ,“
Sixth~grade Stanford Achievement ’ Paper folding 0.1 %
- Arithmetic computation 0:.10 ,.- - .Vocabulary -’ 0.64 9"
Arithmetic concepts =0.15 " Card rotatlons 0.23
Arithmetic application 0.59 DAT Test ’ Cod
New York State Mathematics Q.63 Space relatioQ§. 0.3} ..

Coa 4



’ difference in VLsual-spatial skdll is highly dependent on the type of-

'visual-spatial measure used

. identified whereas only one such factor was clearlv evident among, the

- “seventh graders. This is consistent with what some cognitive ability ;

significant at the .Ol'level. The largest canonical weights for this
case, were on the Paper Tolding and Card Rotations Tests (loadings of

~.48 and -.46, respectively) and the New York State Mathematics Test

s

(loading of - 49) The canonical correlation for tenth grade girls

was .67, statistically significant at the .05 level The largest

canonical weights were on the ETS Vocabulary Test with a 1oading of .64

!

and the New ¥ork State Mathematics Test with a loading,of,.62.

[

Discussion

A8

_«The results of theandyses of variance indicate that males tended to

r -
] ]

perform better than females on mathematics measures, while females tended

- .
. i - ’

to perform better on verbal measures. The’ male advantage in mathematics

’ ° N -
- . -

- did not-emefge until tenth grade. Females tended to do better“on the verbal;
* . ,

. » . . . ‘

measures in both, seventh and tenth grades. Although sex differences in

~

_ mathematics achievement and verbal skill are not found in all studies,

-;.. . . ™~

i
when they are obtained they'are'almost invariably in the direction ‘observed

! in this study (Maccoby & Jacklin, l974)

While males performed consistently better ‘on the DAT Spage Relatlons

test, there were no sex differences for eithér grade on any of the ETS

-

visual—spatial tests. These results indicate that the discovery of a.sex

1
.

< ~ The results of the factor’analyses showed support for a general o T

"visual-spatial ability factor apart from verbal and mathematical ablllty

The reSults also dAndicated an increasing differentiaticn of skills with - G

. " U
. A

. age; among the tenth graders two separate*visualfspatial-factors were

4 v
3

LS

e

. . . . .
v’ . * N P
. - . 12 . [
' ‘ ' . o K - . .
R .
. _ ' - . -
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researchers have labeled the Age Differentiation Hypothesis. This

hypothesis postulates that "human intellective ability differentiates
J .

from one global undifferentiated ability, B> in early childhood to more

general verbal and quantitative factors and ul%}mately to,the complex
. ¥l : -

pattern of abilities repeatedly found in collége students' (Dye & Very,
1968). ‘
g )
The first of the two’ visual-spatial factors identified for the tenth

gradets had high loadings on the ETS CubetComparisons Test, the ETS Paper

Folding'Test,\thé ETS Caad Rotation Test and the DAT Space Relations Test.® -4

. " £ 1

) )
The Cube Comparisons and Card Rotations Tests ‘dre considered by‘the ETS

-

.to be mAarker tests for skill in spatial orientation while Paper Folding

7 »

fis a. mafker test for visualization skill. The DAT Test is usually

. considered to involve skills in both spatial orientation and visualization.

AT

Thus the first visual-spatial factor can be considered a general spatial

orientation-visualization factor.

i:. The second visual-spatial ability subfactor loaded highly on the ETS
' /
. Hidden Patterns Test the ETS Gestalt Compietion Test, and” to a lesser
_extent on the ETS Card Rotations Test. ‘The Hidden Patterns Test and

Gestalt Completion Test-represent what ETS has referred to as the "closure"

subdivision of visual—spatial ability. Hidden Patterns_is a marker test

for ‘the "flexibility of closure" factor, while.Gestalt/Completionﬂis’a -

-

H

ﬂmarker test for,the "speed of closure"_factor. Ope reason that the Card

; -

Rotatians Test mdy have loaded somewhat on thie "closure' subdivision of
visual—spatial ability is that it is extremely similar in “form" to' the

: A
) ———

Hidden Patterns Test. The Hidden Pattegps Test and Card Rotations Test .
@ . : e
both consist of a largé number of items which must be completed in a short

“ “

. N
N

, .
Y . . R . . ~

Q Lt ) '. B ~ A " .-'/ _’v.._ | .-.—----‘40 B | . . ., . , .’.
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amount of time. Both tests therefore emphaéize a type of clerical,
high-speed perceptual skill. Thus, even if the actual cognitive ability
that each test measures is quite different, a certain degree of association‘
would}still e#ist between th;g.

To summarize, the factor analyses performed yielded three main factors
that distinguished between verbal;.mathemafical, and visual-spatial ability.
Confifming evidence was supplied for the ETS~referenced subdivisibn
of visual-~spatial ability into a "spatial—visualization".factor and a
"closure" factor. Finally, the DAT Space Relations Test was found to load
highly on the;"spatial-visualization" subdivision ofvvisual—spatial ability.

Thg results of the bilvariate correlations showed,tha; for boys
various types of visual~spatial skills were highly correlated with math
achievement. Generally those tests with high loadings iﬁ the "spatial-
visualization" factor were good predictors wheréas‘those tests with high
loadings in the "closure" were poor predictors. The Gestalt Completion
test‘was éépecially poor as a predictor of mathematics athievement for
boys. The‘COHClUSiOn that viéual—spatial ability and mathematics
achievement were closely related for boys was supported by the results of
‘the canonical correlations. Strong statistically significant canonicgl
correlations were obtained between the cognitive tests and the mathématics
measures with the méjor weights on the DAT Space Relations Test for the
seventh grade boys and the Paper Folﬂing and C;fd Rotations Tests for the
tenth grade boys. |

In general, -the relationshiop between visual-spatial skill and

mathematics achievement was markedly less for girls. The bivariate

correlations showed that some math measures were more highly correlated

11

Iy *
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with scores on the visual-spatial tests than on the vocabulary tests
whereas for other math measures the reverse was true. It should be noted

that those visual-spatial tests which were good predictors of math

-achievement among girls were all from the "spatial-visualization" subdivi-

sion of visual-spatial ability. Just as was fhe cése for boys, those

tesﬁs from the "closure" subdivision of visula-spatial ability we;e poor
, !

predictors of math achievement among girls.

The canonical correlétions for the girls yielded markedly different
results than the parallel analysis for the boys. For the seventh grade
girls, no significant correlates were fognd while for the tenth grade
girls the only cognitive test with a substantial weight on the ganonical

. ' .
variable was the Vocabulary Tesi. These results suggest that for girls
verbal ékillé ma& play a more imgortant.role than visual-spatial skills
in mathemafics achievement. S;nce these results, however, have not been
reported in theuliterature previously, and since it is not possible to

make a statistical test of the difference in canonical weights, this

conclusion must be ocnsidered tentative at this time, pending replication.

Study 2

Study 2 was planned és a replicaﬁion pf Studv 1. The purpose was to
evaluate the.generalizaﬁility of the.results obtained in the first study
by collecting additionai daté from other schools. Since the tésts
measuring the visual-spatial skills of flexibility and speed of closure
(the Hidden Patterns and Gestalt Completion Tests) appeared to contribute
relatively little to predicting mathematics achievement, these were dropped
from the test battery. Instead two tests of visualization wereiincluded
(the ETS Form Board Test and the ETS Surface Development Test described

below). By employing three tests of visualization, two tests of spatial

42
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orientation and one test involving both skills (the DAT Space Relatiors
Test), we hoped to find empirical support for the distinction between
“these two skills and an evaluation of the relative importance of each
skill for mathematics achiev;ment.
Subjects |

Subjects were 374 seventh gr;ders (189 boys, 185 girls) enrolled
in two junior high schools in a small cify in Upstate New York and
560 tenth graders (277 boys, 283 girls) enrolled in various mathematics

courses in neighboring high schools.

. Testing materials

The Qathematics achievement measures Qsed in this study were the
seventh and tenth grade math tests described in étudy 1. Since th?,
analysis of the algebra, geometfy, and arithmetic scales édded relatively
little to the findings of Study 1, only a combined score was used.

The ETS Cube Comparisons Test, Vbcabulary Test,.Card Rotations Test, -
PaperFolding Test, and DAT Space Relations Test, described in Study 1,
were included in the battery of cognitive tests given to the students.
(ﬁue to time constraints several of the tenth grade‘élasses Qere unable
to do the Paper Folding Test.j The Hidden Patterns Test and tﬁe Gestalt
- Completion Test were replaced by the ETS Form Boafd and Sﬁrface |
Development Test. The qum Board Test contains 24 items each, one of
which shows a éeometric shape followed by five smaller geometric shapes.
ihe subjécts' task 1s to indicate which ones of the smaller shapes could
together be arranged to form the larger shape. The Surface Development
Test is.similar to the DAT Space Relatiéns Test. "In this test, drawings
are presented of solid forms that gould be made with papé; or sheet metal.

With each drawing there is a diagram showing how a piece of‘paper-might
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be cut and folded so as to make the solid form. Dotted lines shéow where
the paper is folded. One part of the diagram is marked to correspond to

a marked surface in the drawing. The subject is to indicate which
lettéred edges in the drawing correspond to numbered edges or dotted lines
in the diag;am" (Ekstroﬁ, et al.ﬁ 1976). The test con;ists of five ipems

in each of six drawings.

Procedure

" Testing was carried out on two gonsecutive days ;P individual math
classes in all schooisléxcept one, in whicn the-entire'éuveﬁﬁﬁ grade.
student body was tested as a group. On the firsq,day, five tests were
administered in a 30-minute seéssion, in the order 1£;ted: the Surface
Development, Form Béérd, Cube Comparisons, Vocabulary, Card Rotationms,
and Spatial Relations tests. On tHe second day, the appropriate
ﬁathematics achievement test was administered along with the Paper Folding
te§t. The math test took 30 minutes to administer and the Paper Folding,

8 minutes. For test administration in individuval math classes ranging

in size from 19 to 31 students, two experimenters were continuously
present; while in the mass testing session, 10 proctors supervised
admiﬁstration of the tests to 126 students.

Results | .

Among the seventh graders boys obtained a higher mean score on the

Form Board Test (E < .05);.no other reliable sex' differences were obtained.
Among the tenth graders the males had higher meanzécores than the females .
on three of the visual-spatial tests: the Surface Development Test, the
Form Board Test, and the Paper Folding Test. There was also a trend for

i

boys to do better on the DAT Space Relations Test. Girls tended to perform
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better than boys on the Vocabulary Test. (See Table 11.)
| Correlations between the set of six visual-spatial measures and the
vocabulary test with the mathematics achievement test are shown separately for
boys and girls in Table 12. All of the correlations were positive,and =with two
exceptions, statistic;lly significant. In four instances, the ccrw::
of visuai—spatial pgrformance with mathematics achievement was sigriticozly
/L; hiéher for boys than fof g%rls. (This was seen for seventh graders on the
Surface Development and Space Relations Tests and for tenth graders on
the éorm B;ard and Card Rotations Tests.) In most other instances the
correlation cbefficient was higher'for boys butﬂﬁot significantiy so.
There was no sex difference in the strength of the association between
p;rformanCe on the Vocabulary Test and Mathematics Aéhievément.
In order to examinéj;he predictability of performance on the Mathematics
Test from the set of cognitive measures as a wﬁole, a step-~wise multiple
regression procedure was used. The results of this procedure for the two
grades and for boys and girls separately a;e shown in Table 13. Greater
predictability as indicated by the magnitude of the multiple correlation
coefficient (R?) appeared to be obtained for the seventh graders than
for the tenth gradeis. A sub;téntial beta weight wés obtained for the
Vocabulat; Test in all of theandyses; it was the seco?d variable entered
into the regression equation for all of the groups except the téﬁtﬂ grade
girls, for whom it was the first variable entered. |
For three ;f”the groups the regression analyses yielded only three -
variables with significant beté weights. Interesting%y,_in each case one
test from the spatial orientation domain (Form Board, Paper folding, Space

Relations, Surfacé Development), in addition to tﬁe_Vocabulary Test, was

always indicated in the final set of predictor variables.

%o N
(9} |




33
TABLE 11
MEANS, STANDARD DEVIATIONS, SAMPLE SIZES,

F-RATIOS FOR BOYS AND GIRLS,
SEVENTH AND TENTH GRARES

Sevgnth Gréde

Boys .- . v ‘Girls.
X S n _ X' S n F-ratio
Vocabulary 1 3.26. 2.86 174 3.55 2,77 182 <,i
Surface Development 4,16 2.§O 174 4,00 2.77 180 <.1'
Form Board : 2.64 2.07- 173 2.19 .1.90 180 ° 4.43°
Paper Folding ’2.10 2.42 1%6\\_ 2;33 72.25 '181 ' % 1
Cube Comparisons 3.26  3.50 176 3.30  3.93 181 <1
Card Rotation 34,99 21.09 177 - 37.56 20.0 177 1.38
DAT Space Relations 5.35 2.65 170~ 5.22  2.85 17f_ <1
‘Mathematiecs Test 12,18  2.07 182 12.70  6.85 184 <1
Tenth Grade
Boys » Girls
,.i S n X S n F-ratio
" Vocabulary 6.84 3.89 260 7.47 T 3.81 264 3.51"
Surface Development 9.00 5.56 259 . 8.09 4.8 261 3,96
Form Board 4.20  2.63 259 3.48  2.30 261 10.99™"
Paper Folding © 4,77 2.63 188 45 2.40 218 ‘ 6.00""
Cube Comparisons ~ ~  6.10 4.65 260 .76 4.37 .262 - <1
Card Rotations " -47.18 20.21 261 49.20 18.35 264 - 1.41
DAT Space Relations 6.62 2.37 252 6.25 2.43 256 3.02"
Mathematics Test 9.04  6.55 256 ©  9.04 '5.70 218 <1
* p < .10 . l - '
rx p < .05

16




TABLE 12~

COKRELATLONS BETWEEN
COGNITIVE MEASURES AND MATHEMATICS ACHIEVEMENT

" Seventh Graders , Tenth Graders
Loys . Girls Boys - Girls
Vocabulary .40 A ST 48 - .40
(n) (172) (177) (240) ~ . (248)
Surface Development .40 ,128-b T .30 .29
(n) . @7 C@A75) o(39) (248)
Form Board Y | .34 . N S
(). - . (170) 17s) (239) -~ (246)
. Paper Folding RN 5 .48 39 32
[CY ¢ ¥4:)) (181) © - . (187) - (218) |
Cube Compairons WA o033 T 24 S .19
(n) o (173) - . (177) - (239) © (247)
_Card Rotations BT sl .32 SR TLIL
(n) S {174) R ¥ £:) R /10D B (248)
' DAT Space Relations” 42 ' ”.17b - S.19 . : .30,
(n) (167) : (172) . - (232) (241) .
8correlation not significant at .05 level.‘ ‘ *" S .

~
-

bDifference in correlation coefficient for boys and girls is statistic-
. ally significant (Z <1.36, p < .05. -




TABLE 13 .
. RESULTS OF STEP-WISE REGRESSION ANALYSIS

 DEPENDENT VARIABLE 1S PERFORMANCE ON MATHEMATICS TEST

\ : : Standard i
Group Variable Beta weight -.error. - F-ratio® -p value ’
- Seventh Form board - , 1.90 .g; .27 » 3.61 .05 -

~ grade Cube comparisons” 1.96 . A6 3.83. .05
boys - Vocabulary ° $3.65 .t .19 13.31 .001
2 * DAT Space relations  2.06 21 . tho26 .05

R°= 466 - “-Paper-folding 4L.82 .- . .22, 23.10 B .001

Seventh "Cube comparisons .77 g .7 3.09 f .08
grade Vocabulary L. 24 .16 - 17.94 ©.001

. girls, - Paper folding 6.13 .19, 7 37.51 ¢ .001

R%=.362 ‘ '

Tenth ' Form board 3.46 T4 m.ee o0l
grade ©~ | Vocabulary 2,746 70100 - 7.bb e .01
boys - Card rotations . 3.37 - .02 11.36 . .001

‘ Rzm.262 N , L ) ) R o 3 ﬂ

_Tenth™ - Surface development E.hsﬁl : .06 . ~  5.99° © 05
grade ° " Cube comparisons ' 2,16 - .07 . h.65 ’ .05
girls Vocabulary "3.42 ©.087 11.82° .001
2 ; DAT Space relations 2.60- .12 6.68 .01
R°=,220 ' v . _— s . - ’
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Discussion

The results of Study 1 and 2 together show.sbme‘consistency in patterns,

N

as well as certainrinconsistenciesf With—respect<to sex differences in

}:performance on visual—spatial tests, .all of the differences‘that were

significant~favored males. -There'were many comparisOns; however,ﬂon

visual-spatial test performance which were not significant, despite the

relatively large sample sizes that were employed. Differencés favoring males L’
were more noticeable among tenth graders than seventh graders, but.even

among the tenth graders no significant-male advantage was found on six of

the visual-spatial measures of Study“l and two of the visual-spatial

measures of Study 2. The,testg which most consistently differentiated the

sexes were the DAT Space Relation Test and the Form Board Test, both measures

of visualization and with a very similar content. Nevertheless even.on'these
‘tests statistical significances at- the .05 level were only obtained in'two )

£

of the four relevant comparisons. In sum, it seems fair to conclude that
T . ] .

'junior and’senior high school males will perform better than females on some °

L

visual-spatial measures, some of the time. . ’

’ »

Sex differences in performance on the mathematics and verbal measures,

when observed, were-aiways»in the ‘direction of superior male'performante'on

L

mathematics measures and superior female measures on verbal measures. As |

a

with the visual-spatial measures, however, there were many instances in

which the relevant Comparisons were not even close to approaching a level

" of statistical significance. Although the reliability of the different-; |

measures used in the two studies may be one'factor in explaining these

.«

“inconsistencies (the lowar the reliability of a test the less sensitive it

is to "true" group differences), this one factor does not appear to be

sufficient to explain some of the different results that emerged from the

I3

. o o o
2 - . - L 2
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two studies when sex differences in performance on the same test were compared
An alternative interpretation is that sex differences in visual—spatial skill,
verbal skill, and- quantitative skill may be very greatly. influenced by the
measures used, the conditlons of testing, and the learning experiences that

boys and girls bring withlthem to the testing situation. We are unable to

.say, at this time,” exactly how all of these variables interact to result in

Lt

a significant or non—significant)sex difference in performance. What is

.ﬁclear is,that it is seriouslyfmisleading to simply summarize the state of

7 . [ o
ot . Re B

i&nowledge at this time by saying boys do better in mathematics and the

N
st ) . o

_wiSualuspatial do w while girls’do better in the verbal area.

. The analﬁses/%hich examined the nature of the relationship between

visnal—spatial skill and mathematics achievement yielded some additional.

" -
-

sex differences of interest. (Tﬁe ‘analyses were not exactly parallel in

- the two studies,because of” differences ‘in the data sets available.) The

results'bf the eanonical correlations on the tenth grade data in Study 1

-

-

’énd the bivariatelcorrelations in Study 2 suggested that there may be

a closer association between mathematics achievement and visual-spatial

¢ DT 4

skill for boys than for girls.. Again, we note that sex differences in

strength of association were,found in only a minority of the correlations

.
- - >

.,,.

'calculated, but when obtained vere in,the direction just stated. One

Ky ’\. . t -

.possible Interpretation i5athat girls relyfmore upon verbal approaches to

~
5 . v,

the solution Qf mathematics problems1 However, thiSwinterpretation is

v 3

questionable given the lack, of a finding;of <a stronger relationship between

P r:"

the verbal measures dnd mathematics achievement :for girls than for boys

~

(etcept ‘in the canonical correlation for tenth graders in Study l) At

- ks

this point we can only tentatlvely conclude that certain visual-spatial

skills do not appear tofbe as relevant to,mathematics achievement*for girls
‘ L L7 a



as for boys. ) | )
The results of the factor analysis and the bivariate correlations in
"~ Study 1 showed that the visual-spatial skill of closure was not as closely

related to mathematics achievement as the skills of visualization and

-~

spatial orientation. The results of the two studies suggest that

" visualization skill and spatial orientation skill are somewhat distinct

)

and both contribute to predicting mathematics achievement. Further'

* research examining the development and - trainability of these skills,.

the focus of the second part of this project, thus appears warranted

i
) 4

¢
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PART II . e’

TRAINING VISUAL~-SPATIAL SKILLS

Z BACKGROUNDF

Although a sariz zty of hormonal (B*overman, Klaiber Kobayashi & Vogel,
1968), geneti:~ (Eock, 1967 o' Connor, %943) physiological (Hyde & Rosenberg,
1976; Buvifery & Gray, 1972, Bakan, 1971), and other biological theories - ’

: have been prOposed to explain sex-related differences in visual=-s patial

5, ’
Lt

skill, support for these theorles is weak and inconsistent (Sherman, 1976)

«
K
5 1.

It is also clear that the existence of-a biological contribution to sex-related

"

differences in visual-spatial skill does not preclude the possibility of
strong environmental and social contributions to such differences as are

P

observed. Theorlsts proposing social and cultural explanations of these

differences include Berry (1971), Maccoby(l966), and Sherman (1967 1971)

3

éne:man s view, which at this time appears to have the best support, is that

sex-related differences in visual- spatial skill are at least partially due

©to sex-related differences in ¢<the extent to which males and females have the

i
H

opportunity to engage in activities which'foster the development of visual-

’ spatial ability. Corkelationalcwork which provides some evidence for this 5_
view is the finding that there is a relationship between the activity N

: preferences of preschoolers, as observed.over.an extended period of time,_
and visual-spatial skill (Connor & Serbin, 1977 Serbin & Connor, l979)° iln

these studies, highex visual-spatial performance has been associated with a-

preference for masculine activities such-as climbing, building with blocks,

!

and playing with balls and trucks, as opposed to "feminine" activities such
! S

2

e
¥

as coéking, doll play,-and housekeeping.
. An eXperimental approaéh‘whichfmay be a useful Way'to'ghvestigate the
validity of Sherman's hypothesis involves. the examination of the effects of

.

O ‘ ’/// T, . * .. 'z “52 V ¢
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visual—spatial.training on the performance of males and females. If the
visual-spatial aptitudes of females are relatively undeveloped as a result‘
of deficits in practice created by social and environmental limitations,

. then ap)ropriate training or practice experiences might be expected to
have a greater impact on the visual-spatial performance of females than

of males. Three research studies, including two completed in our

laboratory do, in. fact, show this to be the case (Connor, Serbin, &

on

Schackman, 1977 Connor, Schackman, & Serbin, 1978 Goldstein & Chance,

.1965) Since these training studies have important psychological and educa-
tional implications for: (a) the teaching of mathematics, (b) understanding

’

sex&related’differences in mathematics, and (e) understanding possible causes
) and remedies for sex-related differences in visual-spatial ability,-this

,research and related training studies will be revieued in some: detail. .

THE TRAINABILITY OF VISUAL-SPATIAL SKILLS .

One .of’ the earliest reports of training effects on visual-spatial

’ ability is a report of the effect of one year's experience in engineering

.school on performance on the College Entrance Examination Board Space

.\ ™,
- N \

Relations Test (Blade & Watson, 1955) Despite the”lack of a true control ot

\ -

‘

'group (i e., random assignment was not ysed), the use of reasonable compar—
ison groups and the’ existence of independent replicationsn(see also Myers,
" T . : . * z
~l953) lend support .to the findings and interpretations made by the»authors..
Students in two engineering programs were obserVed to improve an average of-
one standard - deviation in performance on the DAT Space Relations Test between

¢

the, time they entered the program and the beginning of their second year.
Students in two non-engineering programs showed a gain of half as much during
* the sdme period. The improvement made by the engineering students is

substantial in. view of their ‘already high level of performance of the first

. L83
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" test-administration, approximately'oneThalf J standard deviation above the

\

\ =)

norm:»TSex differences in response to training were not reported in this

study; there were presumahlv_few, if any female_engineering students at the °
school, .h S ) ; ) .' o

- ) The effectiveness of a ‘more systematic visual—spa;ial training program v

< is described by Brinﬂmann (1966). Brinkmann developed a- short course in '

v

A\

,‘.elementary gepmetry emphasizing visual-spatial problem solving and using

¥ h - »

programmed~instiuktion'techniques.' (He:cites the results of three unpublished

’studies.showing.that more traditiohal geomdtry courses which emphasiie formal

: proofs have no effect.on visual-spatial performance. )\ Extensivé discrimina-
v‘i::lon training was provided as well as practice with the visual and physical
manipulatidn of geometric shapes. Twenty-five eighth-grade students who

participﬁted in this training’ program once a day for three weeks showed an

avefage increase of 18 raw score'points,.or approximately 1)s standard
: ERI ‘e

¢

» ~ - ) : - . .
:dégiatian, on the Space Relations '‘part of the Differential Aptitude<Test.

.IThe control group,’which participated in.standard math classes during the’

trﬁining period showed an increase of only 3 raw score points. There was -

also evidence of a signifitant increase in knqwledge of geometry as a result

of the program. . There was mo. evidence of poorer performance by females on.
. . ; - g iy ! . ¥ 3 1 ’ I
the post—test (in fact, females averaged two points higher than males on“the-

> Spatial Relations post-test) anortunately, Brinkman didnotreport sepq?ate

IS

‘;means for males and females on the pre—test, so that it is not clear if a
. sex—related-difference was eradicated by the~training procedure or if no sex

difference was apparent in his sample prior to training. However, Srinkmann's

conclusion that girls can at least hold thelr own when provided with the

-

©

opportunity to learn something about a particular area in which they are often

: e’

assumed Eo possess less ability does appear to.be a reasonable interpretatiqn
/ - ) - . ’ - T

r . " . i

of ‘these.-data. T e 54 "
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Less structured approaches to viseal-spatial training were adopted by
Ciganko (1973) and Rennels (1970). Ciganko gave two groups of ninth graders‘
drawing practice over a six-day period,\drawing either from directly
observed stimuli or visualieed stimuli. \Both groups shoqed significant
and similar increases on the Spatial Relations part of the Multiple Aptitude
tTest from pre—test.to post-test...Rennels worked with eighth-grade disadven—
taged youths and developed two five-week training progrems on the topic
ef linear perspective in drawing. One of the training prog;ams involved what
Rennels called a "synthetie" approach to the topic while the other involved
an approach he labeled "analyﬁic". Students receiving’the "analytic" training
' program showed a greater improvement from pre-test to po%t-;eet on standard
measures of visual~spatial ability than the stedent receiving the "eynthetic"
method or than students in the control group. Unfortunately, it is unclear
from the written report of this experiment exactly what specific components
distingeished the two training methods, whether there were sex-related
differences in response to training, or on which measures of visual-spatial
ability significant increases were observed.

Studies showing no effect of a training experience have been reported
by Lolla (1974) anddMendicino (1958),/ Lolla exposed 30 ninth grade'students
to a two-hour traihing procedure in eactual-visual perception involving wooden

\

blecke and line drawings. No beneficiel effect of the training was observed.
on the Space Relations part of ehe.Differentialeptitude Test. In fact, a
post hoc enalysis indicated thae for students initially high in visual imagerv
the training p;ocedure actually interfered with subsequent performance cn the

Space Relations Test. Mendicino's study, which was similar to the approach

taken by Blade and Watson (1955), showed that students who took a one year

- e
s

o
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course in machine shop during the tenth grade performéd virtually identically
<n the ﬁAT Space Relations Test to a matched group of student; who did not
take the course. .
A small numbér of studies have investigated sex-related differences
in';esponse to training. Goldstein and Chance (1965) gave adult males and
females extensive practice on the Embeddgd Figures Test and additional
comparablevstimuli. They found that both males and females r;duceg their
di;covery'time Substantiallonver the series of trials. However, thle
females responded signifiéantl&wmore slowly than males in the first block
of trials, by the last block of trials there were no significant sex-related
differences. It appears that both males und females may havé reached a
‘ bioiogical‘limi; in the speed with w@ich they could respond.
o Iﬁ research by the present writers (Connor;:Sergin, & Schackman, 1977;
Connor, Schackman, & Serbin, 1978), csex differences ig.the response of
children to training or prsctice on a viSualFspatial test in children have
been found. The first study invclved the random assignment of first, third,
and fifth graders to either oune of two training conditions, which were
~ designed to teach visual—spafial disexbedding, or to a control group. One
of the tfaining procedures (the overlay condition) consistéd of practice )
locating a diamond shape in each of five spéciallyt;onstructed complex
pictures. kAfter a few moments exposure to the complex figure (in which few
of the chil?ren$were able to locate the diamond), an overlay was removed from
the picture\;hich decreased the amount of complekity and detail in the
pigture. Shérﬁly thereafter a seéond overlay and a third overlay were removed,

at which point the diamond, with few extraneous details, was readily apparent

to all children. The overlayé were then repositioned so that the child could.

c6
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observe changes in the 3p§earance of the diamond shape as more details were
added. This procédure was followed with all five pictures. The second
training procedure (the flat figures condition) consisted of practice in
locating the diamond in idenzicai pictures without the overlays.

The results of this study indicated that girls who received the overlay
procedure before being tested on Ehe Children's Embeddea Figures Test scored
signific;ntly higher on the test than girls in the Flat Figures and the
Control conitions. fhe test'performance of the boys was not affected by
either type of trainiig. Comparing the performance of the two sexes, there
was a tendency for boys in the control condition to receive higher scores
than girls in the control condition, while among the children receiving the
overlay training the airection of the means was reversed. It appeared, in
othervﬁords, that the slight deficiencies girls sometimes show in visual-
spatial disembedding during thg elementary school years are readiiy changed
with even a brief amount of appropriate training.

In”a second study Qith fi;st graders, Connor, Schackman, & Serbin (1978)
explored thesé“findings further with a pre-test post-test design and a
measure of generalization to a related test. 'This design permitted the
evaluation of both practice and training effects. On the pre-test girls
tended to score slightly iess than boys.  This tendency was not observed on
the post-test, which was given four days lafér, for either the control or the
training group. Thus the effect of the pre—teét*fi.e., practice) was to
eliminate the sex difference as well as to increas; thé scores of both boys
and girls. In addition to the practice effect, an effect pf training was
found for both boys and girls. However, there were no signifig;nt differences

between the training and control group on gh? generalization measure, which
o o
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consisted of an adaptation of the DAT Space Relations test appropriate for
use with young children (Sternglanz, 1977).

A final study in this series (Connor, Serbin, & Freeman, 1978) employed the
identical procedures with a group of educéble retarded children whose
performihce:and verbal I.Q.'s on.the Wechsler Intelligence Scale for
Children were both below 80. On the pre~test the performance of these
children wasrsimilar to that of children of comparable mental age rather
than compﬁtable-chronological age. On the post-test the children in the
control condition showed no significant increase in performance, while the
children in the overlay training condition were performing at age-—
appropriaté levels, an increase greater than one standard deviation. No
sex differences were observed in this study formean level of performance
or response to training.‘ The implication that visual—spat;aL training is
particularly effective in increasing the performancé of students who
initially obtain relatively low scores on.tests of visual-spatial ability
is consistent with our other findings; |

In sum, the results of ﬁheseﬂstudies indicate that visual-spatial
ability is trainable at‘a vériety of age levels. Beneficial effects of
training have been found in eiementary school children (Connor, et\al., 1977;
Connor, et al., 1978), junior:high school students (Brinkmann, 1966; Ciganko,
1973; Rennels, 1970), and college studegis (Blade & Watson, 1955; Go1dsteinJ
& Chance, 1965;.Myers, 1953). Such procedures have beeg found effective
both with students relatively high in visual-spatial ability (Blade & Watson,
1955) as well as Qith students relatively low in visual-spatial ability (Counnor,
Serbin,'& Freeman, 1978; Rennels, 1970). Three studies have found that
training and/or practice effects are relatively stronger for females than

for males (Connor, Schackman & Serbin; 1978; Goldstein @ Chance, 19653).

<8
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VISUAL—SPATIAL TRAINING RESEARCH, 1977 - 1979

The researéh described in detail below was carried on in 1979 - 1980.
The positive results obtained iﬁ th;s~search, howevér, were preceded by two
years of work with negative ;esults. Al;hough traditions in publishing are
such that iittlé encouragement is given to the documentation of negétive
results, we believe it is importa;t té éhare with other ;esearchers and
educators some of the experiences and conclusions about this ear;ier work
in the hope that others may also profit from them.

On the basis of Brinkmann's (1966) work, all of the materials developed
and'evaluated during 1977 - 1979 were designed with a programmed instruct;on
formgt. The magnitude of the gains obtained in Bfinkmann's studflwas |
impressive and the ﬁarget'population (junior high school studenﬁs) was the}
same as for this project. 'It thus appeared that programmed instructién
materials which woﬁld allow each child to procéde at his or her own pace
might be a éuitaplé format for the materials we ;ere to develop. Such an
approach would héve'the further advantage of requiring léss active or
didéccic involvement from the teacher and would thus facilitate the’statis-
tical evéluation of effgctive;;;; by minimizing variables due to teacher
variables. OQur current evaluation, however, on thé‘basis of wofk wi;h over
1000 chiidreﬁ in two geographically distant locations is that the use of the
programmed instruction format wés a mistaké, given other cbﬁstfaints and

‘featureF of this project.’ The junior.high sqhoéls in the school districts
that participated in this project (and presumébly in many othe¥ districts as
well) were typically taught in traditiﬁnal lecture or lecture énd discussion

styles with a strong teacher presence. They were not used to working

éonsistentiy on their own for whole class periods despite the opportunity

n
de;



difficulty with the materials-and appeared +o understand and learn from

for checking their answers as they worked-threugh the materiels. The .
dissimilarity between the content of the visual-spatial training materials
and the usual content of their mathematies classes, in which these materials
were given, also seemed to highlight the distinction between the present
programﬁed learning materials and their regular work. ‘The‘result was that

many students did not approach the learning task with much motivation or

‘seriousness. In sum, we believe that the programmed instruction format is

one which toust be introduced gradually and consistently to the students by

their fegular classroom teaehers over a period of time 1f junior high scﬁool
students are to acceptbit."for the final year of work on this ﬁioject we
employed small instructional groups instead. : J,\f\§-

A second problen wﬁich eme;ged'concerned the evaluacioh of tha t:aihing
matefials as the§ weee ﬁeing'develppeé. We developea'three sets of materieis.
in conjunction with our graduete assistants and obtained preliminary de:a on
the effectiveness; intelligibility, attfactivemess, ete:, of the materials
with college students, wﬁo were highly‘eccessible; We fonud a mindmam
of evidencevfor the effectivencss of the materials with chis population.
Howewver, the college studénts represent a select seb—group, and it @as'
apparent thaf we could draw few conzlusions abous tk utilityJof the
materials for 2 non-selected ycuugeg groupr on the basis ¢f the college
student‘data. Our next step, then‘ was to test the maveriale with a smaller
group of junior high school students in a private ;chool systed as well as

some paild volunteers from the public school syétem. Students had no

theta. Minor modifications were.made on the bag’s of their feedback. With

- a great deal of ait :»ipation and ruch negotiat:au we. proceeded to a full-scale

evaluation of the muterials. ~ This evaluation was conducted with several
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hundred students randomly assigned to training and control groups."Between
three and five classes were assigned to each set of materials. * Much to our’

‘dismay the results of this evaluation were negative. In:nowcase did .the

'group receiving‘the training materials perform}better on the visual-spatial

tests than the control group,  which had its u-ual classroom activities
instead ‘of the training materials. Indeed, in some instances the ¢ontrol

group actually appeared to perform somewhathbetter,than the training group.

Despite what we thought was a_reasonable:amount of pilot-testing of the
materials there was no objective evidence that they were effective teaching

tools. 1In retrospedt we believe"we erred in relying too'heavily upon the

encouraging preliminary work which’ employed groups and settings not represen—:

o

w-. ?

tative of the conditions and population which the full scale evaluation

) N “ Rt

involved. We conducted the preliminaryvevaluations~s1nce,we;considered it -
important to have some reason to'helieve ourﬂtrainingﬁmaterials were‘suitahle_

-

and effective before requesting substantial amounts of classroom time from i B

Y by

a school system. However, inherent situatiOnal differences in the nature -of

4

preliminary evaluations and regular classroom evaluations,make it difficult.

-

to'generaliae from‘one to the other. In the firial year of this prOJect ve

L& oot

decided we needed more input from experienced classroom teachers who would

- RS
P

be able to evaluate ‘the materials as a whole, taking 1nto account their
.knowledge of students_ attention span,‘motivation, and classroomffactors in*

N

theif recommendationS"about'the materials. We also asked the teachers to
meet as -a group so that the reflections and evaluations of one teacher could

be checked out with the others. Since’ any teaching package, including our”

2

training materials, conta1ns a large number of components, it is typically '

not feasible to evaluate separately each componbnt, and the informed Judgments
- N " f’ N v . . C. !

4,
-
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of our experienced teacher consultants were critical for this .work. Based

-

. upon our experience. of these .two years, the data collected and the - input -

o

of the teachers and teacher-consultants, the training materials were:
completely re—done and five sets of visual-spatial training materials were,'zb

evaluated in l979 - 1980 The report of this work follows.‘.

. TRAINING STUDY, 1979‘;_1986
Subjects
Subjects were,73l boys and 203 girlsdfrom elghth grade.mathematics

' classes from two suburban junior high schools in upstate New York.
:q;. B s 2

Materials .. S s . | ' f,-? -

r

‘ ;Fiwe-sets of visual-Spatial skills training’materials werevevaluated.
_Each set was designed to progress from simple, more concrete tasks. to more,f
complex, demanding tasks over the course :0f a half-hour training session.'

Each set emphasized training a. spec1f1c type of- visual-spatial skall that

4 o

was measured by-a particular test. of visual-spatial skill The relevant

' test was administered immediately following the - training session.

3
)

Materials ‘training spatial orientatiOn and‘visualization as measured

. L -
Y . - s "
. .. N

" by the“Differential Aptitude’Test.,'This“set of materialsuwas”divided'dnto

3

two sections.w In the first section, a set of 10 three-dimen51onal ~geome-

-

“trical obJects ‘and- 13 two-dimensional patterns were presented to the students.
The students were asked to. match each three dimen51onal obJect with the

:'two-dimensional patterns which could be folded to make it. Although the

.sides of the obJects were painted different colors, the students vere. -asked

to’ ignore the colors and’make their matches on- the ba51s of shape only.
,Students coyld then fold the two-dimensional patterns to”confirm their

E

decisions.

w

9
~
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‘In the second part, e‘page of drawings of three-dimensional structures
having features such as‘windows, doors, etc., and a page of drawings of

'_ two—dimensional featureless patterns which corresponded.to 'unfdldings" of

P

hthe solid structures on the first page were presented to. the students.

Students were asked to match drawn structures to the drawn pattern which

could'be folded'toJconstruct it, and then to draw the features of the
A . . . ,

. structdre'ih the‘appropriate“positions on the unfolded blank patter:u.

Cut—outs‘of'the“patterns~were_provided'so the students could confirm their

‘matches by actually constructing in- three dimencions the structure, originally
- pictured in two-dimensions, from the two-dimensional pattern.

Materials training spatlal orientation as measured by the Cube Comparisons

‘Test: This set'consisted of two ‘sections. The first group of tasks involved

:7constructing‘three—dimeneional Tattices or treilises" using four wopden
popsicle sticks or six strips of paper. Six different model lattices of

" 4ncreasing complexity were shown to the students, who had toiconstruct each
of the same lattices as viewed from the back. Then the students had‘to.
choose which one of eight drawings of lattices represented a picture of a

"~ model lattice seen from the back. ' ~??-‘

-

A'series'of'exercises in which students were{ésked to visnalize a
single die being rotated completed the training se sion. Thiese exercises
progressed from simply determining where each nu9 er pattern of dots would
end up on the_die:efter a single rotation in a/épecific“direction, to drawing

on a blank picture of a die the pattern of dots which would be visible on each

Jface~following a sequence of three rotations in specified directions from“a.

given origina)\ggzition. il Ih o 'ﬂ\ '
) Materials t™ining visualization as neasured~by'the Form Board Test.

This set.of materials made use pf'Téngrans; a_éét of p}agtic’geometricél . s e

. - T T, ~‘ ) ' " - . !
- e .
) : spy e e
Q ‘ . 2 , . . > . . Ao - [
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pieces including one large triangle, two medium right-angle triéngles, an
acute angle triangle, a ﬁedium square, and a parallelogram. Students were
given theﬁé pieces and a set'of 10 worksheets with drawiqgs of complex
geometrical shapes thch could be made from combinations of the Tangram -
pieces. The task was to create the pictured shapes using the Tangram
pleces combined in as many different ways as possible. As training
progress;d, the student was asked to simply draw lines on the figufes
indicating-where the Tangram shépes could be pléced and to use thé actual
pieces onix to confirm théir decisioné. Again,.they also had to come up
with as many different a*rangements.of the different pieces as were

possible to make the worksheet figure.

Materials training visualization as measured by the Paper Folding Test.

One part of this set of materials consisted of paper-and~pencil exercises
in which the student was asked to determine lines of symmetry in drawings
of a wide variety of objects differing in visual complexity. The second

task required the student to draw the mirror image of 3 figure about a giveﬁ

oy

2

axis. There_were 8 different figures of varying levels of complexity.: The

final training item in this set of materials was a square div;déd&into 36
smaller squares, each containing a number from 1 throughm36. Arrd&s were- dramm

along the vertical midline, horizontal midline, and the diagona}.,ﬁétudents .

-

were given problems of the form:

with the-arrow;)indicatipg independeﬁﬁzfqlding operations performéd on the’

large square. about theui%péfinditéted by the arrow. Starting with the square-
fnumber_indiQ§ceq ﬁin.this-ékampie,YZ), the child was.to mentally berfofm the

’

-~ folding operatidns represented by the arrows and then respond as to whiéh

AL . e, L

. :
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square number was now covered by the original square“number (in this case, 2).
Problems containing up to five arrows, that is, five independent operationms, |,
were included.

Materials training spatial orientation as measured bv the Card Rotatiomus

Test. The first part of this group of materials consi5ted of drawing tasks
in which the students had to imagine rotating letters of the alphabet
through different degrees of rotation and draw them in their final positioms.
"Actual rotation of the pages themselves could be used to confirm the

student S answers. The second’ and most difficult part of this set consisted
of aaseries"of small squaresvcontaining a dot grid;work. Some of the dots
" were connected together to create a line figure. -The student's task was to

imagine the entire square rotated 180° and to draw in the physically unrotated

square exactly where the line figure would end up after the rotation. Trans-
R, LTI Y, ot TR

e

parent overlays ‘of the square and line figure, which could be actually R

-rotated on top of the original were used to confirm the student s answers.

Control group materials. The’ control groups worked on a s%f of verbal

exercises while the experimehtal subJects were receiving visual—spatial
traininga These verbal exercises consisted of: (1) a reading“comprehension
task, . in which a short piece was .read and questions asked about its content
and'meaning; (2) a verbal analysis task (J)va~sentence generating task,
”for‘which students composed sentences of a séecified length in which some
words began with predetermined letters; (4) a sentence completion task, in )
which‘students supplied the,second’half of descriptive similes: These
.xercises were similar to items on the Scholastic Aptitude Tests, General
- Educational Development (high school equivalency) Tests, and the Making
\ Sentences (FE-1). and Figures of Speech (FA-3) sections of the ETS Factor-

Referenced Cognitive Tests.
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;at least twice.

Procedure . . )

53

Trainers

Ten'undergraduate students at SUNY ~ Binghamton,served as trainers.
The trainers were:completely_familiar with‘all sets of.training materials
and practicedvat administering them to each other, several times prior to
administering them'to the experimental.subjécts} Each of the trainers

. o . - ‘ -
administered each set of training materials, including the control set,

£}

Training sessions were carried out in individual’mathematicsTclasses

T

ranging in size from 18 to 27 students. Groupé‘pﬁitwo or three students

A worhedfdirectly with one expefimenter. - Half of each class was assigned to

©

the control group; the other.half of the class received.training on one

set of the visual spatial training materials. After the half—hour tra1n1ng

session, all members of the class were administered the appropriate

! visual—spatial skills test. A minimum of 38 students, 20 boys and 18 girls,

were trained with each of the five setsJof materials.
¥ ‘r Vs .
During the training sessions .trainers were directed to encourage

participation and to maintain the motivation andinterestof the students

in the training materials., They were also 1nstructed to actively use the

b

trainingrmaterials _to try to'teacb students to actomplish the required
« ”\ .

-

tasks. Students _were’ always encouraged to solve the problems in their:

.

heads. The use of physical manipulation was- restricted to confirmlng )
N {

or correcting the students answers, or to instructing students\having
difficulty with the task as to what was required rainers vere

.

instructed to limit the amount of physical manipulation of the materials

o

by the,student as”“much and as early in the training session as was feasible,

- | \ . - ’
; : : A : oY
i v - S
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depending oﬁ the ability of the individual student and the ;iQunt of

coaching he or she réquired.' . i ) -

RESULTS
The score of-each'student on the test that he or she received was

corrected for guessing by .calculating

3 ' a = 1 : - °
number correct — ( : x number incorrect)

n-1

where n was the number of alternative choices for each response. Two

factor analyses of variance were then conducted for each of the five sets

of training materials-test groupings with sex of subject and experimeptai
condition (ffaiﬁiﬁg or control) as between-subjects facters. The

significant effects obtained in these analyses, as well as the means,

.

standard deviations, and samélé sizes for eé:h3sub—group are shgwn in

~

"'&atg{e 14.
VA Sign;ficant training effecté were found fé; the materidls teaching
théAskills\of'spaiial—orieﬁfation and visuélizati&n as m?asured by the - :,
Différentia% Aptitude Tesﬁ and Ehefgkilf“prspatiél\gpignt;:ion‘aé mqaiu;;;j>\L_

by the Card Rotations Test. There were no significahé t;aining effects. for |

[,

the other three sets of materials. Thé'{nteraction of sex of subject.

and_experimental-cbnditiqn was significant on the Card Rotations Test.

©  The training effect in thi§ case was due to a marked/training effect for T m

. boys and noné for girls. Among the children in the control group, females

tended to receive higher scores on the Card Rotations Test than males .
. - L

\ .

(p < .10)." The opposite was true for the children /in the training group. '

f
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. | Table
"' MEANS, STANDARD DEVIATION, AND SAMPLE SIZES |
S o L FOR TRAINING AND CONTROL GROUPS -
‘ N ﬁale‘s T Females Signlfiﬁance
. — : ‘ : Effects
Test, =+ | Training Control  Training Contr:ol' (p < :.05)
lef‘gr\t’ntt.ialvApt.’itud‘é‘ , | ' o o :
ey 667 374 W73 3.02 TREATHENT,
S _ - S , SEX -
‘s - 2.85 3.14 ©2.63 ' 2.0 -
TR T 20, 15
Cube Coﬁparisons . |
% 652 © 593 7.8 6.00 -me-i-
T s+ w9 - ka6 L hes W28 o
n - 21 SO RN 18 22 -
Paper, Folding . . U ' . .
’ X . 309 3.79 hoo  3.74 S
s ) .,' 2.30 24 2.52 2.24
T L 220 0 25 9 L7
Card Bo‘tations ‘ - | , | L | : :
. X, " .54.75 34.40 4.05,  4h.58  TREATMENT,
S 4 s INTERACT I ON
s - 14.87 20.70 . 15.29  17.03 |
: \ n DR I E I b o3l
ForAnﬂ\. Board - . " ‘ : ) e | P
‘ X : N 3.69 3.-69 ) 2.9 4 O« memees
s, 2,26 188 1.82 2.01, = -
. ‘ R 20 1,2 | E
o es .
| | A o T




56

DISCUSSTON

Thivty minutes of exposure to visual-spatial training materials resulted
in significant increases in performance on a visual-spatial test for twe of
the five sets of materials d;veloped. These results support the conclusion
rhat visual-spatial skills are teachable in a classroom setting with junior
high school students. The negati;e aspects of the results (i.e., that.three
of the sets of materials were not demonstrated to be effective) points to
the difficulty of designing effective materials as well as the difficulty in
having an impact on skills in brief training periods.

An examination of the tests on which an effect was demonstrated and
“the tests on which no effect was discernible suggests that visualization may
be a more difficult skill to teach than spatial orientation. The two tests
which have been defined as visualization tests (Form Board and Paper Folding)
showed no training effect. Of the two tests defined as measures of spatial
orientation (Cube Comparisons and Card Rotations) one showed a training
effect and the results for the other were in the appropriate direction for
each sex, though not statistically significant. Lastly, the Differential
Aptitude Test, which is thought to be a measure of both spatial orientation
and visualization showed a training effect. The training results with the
other tests suggest theApossibility that scoreé on this test were élevated as
a result of students"imprové;ent in spatial orientation rathef than visval-
izétion skill.

There was qo»indication in this study (as opposed tohthe findings of
Connor, et al., 1977, 1972) that females profited more from’training than
males.“In fact, the bﬁly treatment by sex interactic: that waé obtained was

in the opposite direction; i.e., on the Card Rotations Test the males
) Py
L OO

-,

(:-\i



profited from the training while the females did not. It is interesting to
note, however, that in this case the males in' the control group were
performing less well than the females in the control group. What these
findings suggest is that the sex which is performing less well without
training is likely to benefit more from training.

The re§ults of this training study are consistent with those of the
correiationai studies in the patterns of sex-related differences in overall
scores. THat is, the Differential Aptitude Test is.a relatively consistent
discriminator of male and femalg;performance, but other measures do not yield
sex—rglated differences consistently at all. This does not appear to be a
function of the reliability of fhe tests, as the reliability for the ETS
tests appears to be quite similar to that for the Differential Aptitude
Test (Ekst£om,'et al, 1976; Bennett, et al., 1973). The Space Relations
section of the Diffefential Aptitude Test, however, is the visual-sratial
test most widely used for vo%ational guidance to high school scudents and
for admission selection of skudents to technical programs such as engineer-

ing and dentistry. This implies that the use of this visual-spatial test
| ) .
may be having a more negativ% effect on females' pursuing carrers in

4

. \
"technical fields than would b@ the case if a different visual-spatial test

(or several visual-spatial teéFs) were used more widely.
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CONCLUSTONS

The results of this research lead to the following conclusions:

It\is noted that among jgpior and senior high school students the
app;arance and magnitude of sex-related differences in visual-spatial
skill are quite variable. Wh;le we have always found these differences
to favor males when they appear, with many groups and on different
tests they frequently did not appear at all. In the psychological and
educational literature, references to sex-related differences in
visual-spatial skill frequently imply that such differences are both
mgfe universal and more substantial than we find them to be. It would-
be appropriate for such references to be qualified by modifiers such as

' or "As is sometimes found...'.

""On some tests...'
The skills of "flexibility of closure" (disémbedding) and "speed of
closure' appear to have little relationship to mathematics achievement.
The skills of "spatial orientation" and‘"visualization" do appear to
contribute meaningfully to pﬁedicting mathematics achievement. We
recommend that researchers interested in examining visual-spatial skills
related to mathematics achlevement or educétors concerned with the
development of these skills concentrate.their efforts on the latter two
skills rathef thaﬁ the former two.

Thefé was some indication from the results of this project that the
association between visual-spatdial skills apd mathematics achievement is
stronger for males than for fem#les. To thé extent that mathematics

problems are solvable in different ways, the implication is that

females méy be less likely tb use a visual-spatial approach than males.
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The implicatious of such cholees are uvunknown, nor is it clear that a
difference in approach represents a deficit on the part of sither sex
rather than a preferencg. Further research on the use of different
approaches to mathermatics problem-solving appears to be a fruitful
area to pursue.

The results of the training studies showed that junior high school
students can improve their visudl-spatial skills with brief training
sessions. However, effective materials are not easy to design and
cannot be assumed to be effective on the basis of content or face
validity alone. 1t also appears thét it may be easier to teach the
skill of spatial orientation ghan the skill of visualizatiom.

There was no consistent pattern of sex-related differences in résponse
to training. The hypothesis that students who éerform relatively poorly
on visual-spatial tests may improve more as a result of training than
students who perform well received some support from the results on
the Card Rotations Test. (In this case, however, it was the males

in the control group who performed somewhat less well than the females.)

~J
O
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