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. . females.. Each student -was- administered a teacher— ) i

B

" program on the Avalon Peninsula in the ovince:of

.

achievement had been masked by di;ferences in: age.
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The purpose of this study was to exa e the j:*\\“f
relationships between sex, student achieyemeng, and R )

performance in hoth'spatial‘visualization and matgsmatics. .

A sample of 16 schools was randomly selected from the

population of all schools offering tge.grade 9 mathematics

&> . -
Newfoundland for the school year 1986 ~ .1987. In schools - '

With more than one grade 9 class, a single class was:. -
\

. randomly selected for testing purposes.- This regplted in . <\;\\;'

“a sample of 401 students, con\isting of 211 males and 190

‘constructed'mathematics achievement test and a

standa?aized Eest of spatial ability

.
The Hnitial analy51s of ,the’ data showed no T

51gnif1cant différences related to sex. However, when age

was'utilized as ‘a covariate, an analysis'of data~showed' L

significant differences in spatial visualization and

mathematics achievéﬁent in favor of males. Sex

‘ differences in spatial vrsualization and mathematics

. . , 1
. Significant differences in achievement in favor of e

. &

-males were found on transformational geometry, geometry in . L

‘ general and overall mathematics. However, using spatial

- nonsignificant. Therefare, it was concluded that spatial -

visualization as a covariate, there differences became
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visualization was a major contributing factor to sex-
4

related dinerenceé in these{areaé'of mathematics.
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-~ ‘CHAPTER I  _ | e

THE PROBLEM s

-

. ) : . : . ~ ! ) Y
! : .~ Introduction . .
N : . zprroddcrion .

- o

A 'Since the pubidication of The Developmeht!of Sex -
™, Differences by Macgoby in 1966; 1t has been popular for

v
.

% ‘F‘15~
researchers to for Eex differences in achievement.

Durlng the late smxtles, with more and more women entéring
R '

the- workforce, the myths—that had ~ong deflned women Si,

place in socmety began to dlSlntegrate. S Lt e

o
© .. In 1974, two Stanford Universxty psychologists,

'? ' ,Maccohy and Jacklrn; directed attenti n;towards equal ._ .-

opportumity with their now classic book, The Psychology of

“ry

, gex Differences. Concurfent social change, p idularly - }}

the women‘s movement, stimulatéd interest in this field,

' and over the past 15 years research lnto m‘Té—female ‘;,}
* .
. dyfferences has prollferated '

,:_ In New?bundland the Ministérial A&visory Committee

on Women's Issues in Education has establfshed the daé; of ,

-~

. equallty of opportunity for females and males-in ® ' e

v

~

educatlon. This will be accompllshed only if (1) all-*

~ 9

students have equal ‘access to all courses and»programs . *

.offered by the schools, (2)fboth sexes are actfvely

/'!-
encouraged to take advantage of the full course offerings,

"and (3) both sexas receive adequate and unbiaaed guidance .

. to encourage them o participate in: courses which have
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) been dominated by one sex in the past (Departmept of
X ‘kf: Education, 1;84) c
j"\lfg L One ‘must Ilfook at mathematiics.w.ithin:thb context of
' w‘:;‘ o, -d:aqual opportun‘ity.,, The study of mathematics is impdrtant
) :in the imkellectual development ané career choices of all
_ . individuals ‘r In- today's ' technelogic&Mociety,
Eaaif"\ ’ - mathematics acts as a crltical fllter for a multitude of
. R - mathematics-related profe351ons " The poor mathemat-ics
i .- ;ba'ckground of nthny. women. is an obstacle which shuts the
Y }\., door to careers: in many scmntiflc’ and technological -
; ' fields. t " |
S 6'\}et'vtpe _J.faie_it 15 yefei-s the area of sex dif_ferencee i.n

R : . - - . . : . . ;
xﬁat_hematics has received considerable attention,

-

espeéia-]/ly‘ from female ‘mathematies educ to’re in the United
Statee.- The Netional Council .o"f Teache; of Mathematies

o had committﬁ itself to the principle that;glrls and women
_‘should be full participants in all aspects of mathematics
(NCTM, 1980). This will be accomplished only if many’ of.

the present beliefs pertalning to sex dlfferences i

'ad
<€

'-mathematics are eradicated “Two such beliéfs are' (1) the

- learning of mathematic; is a male domain, ‘and (2) females
. are not as good 'at mathematics as males.

. q. o -—_~ ' The relationehip betweer/ the learning of n?hthematics
. s ' ' L T
: and the sex of’ the 1earner is: a multifaceted problem with

' ‘ number of - i.nterrelate?d variables vhich contribute to .
) ]

sex-related cl-ifferenqes‘. The. sex fa_ctor and mathematics

<
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31
' is a cémplex'issue which must be analyzed within the
.context of-teaching and. learning \mathematics. '
S o ' v
. , . &
- r ¢ ) Rationale, .
. i L
. ’ /
- Fennema (1978) identified educational achievement and

[ 4 . .
participation in the study of mathematics - as the, two main
issues.relating to 'sex differeénces in mathematics.

In ;he Un%ted‘States, fewer females than maﬁes elect

; to_study mathematics beygnd the: minimum requirements 4t '

;- . both the high}school and'ﬁbsﬁ secondary 1evels. Tﬁé v

differential number of years females andimales,spend

l - -

formally studyiqq and using ﬁéthgmatics is+one variable -

\

which has been positively’ identified as causing sex-
related differences in mathematics (Fennéﬁau 1978). In
contrast, the:stguéture of the Newfdundlarid high scﬁool
system doés not allow students to opt out of mathematics.
Therefore, male-female differencesiin\parpicipétion rates
are virtually‘nonekistenf.. |

' Whiie some studies}ofﬁen.show no differences in
mathemaﬁicé achievemeﬁt betwéen “the sexes; a large

”percentagé of those that dd,‘shq@ aifferencgs éavoring
m;fbs. In particular, the.middle géadeé {5~9) havé been
identified as crucial for girls'in'mathemag;cé‘(Feﬂnema;j
\1982f. 'buring.the eleméntégy gfades few. sex-related

- - "differenCes i?<§g§gpﬁdgﬂmatﬁéma;ic§ are found. Near- the -

P - .
' [ . .
. . N o

énd of middle ?chool boys often outperform girls on ma{{v



mathematical tasks. By the end of high school éhis
" difference in performance between males and females is
often both statistically and educationally significant/-
The largest and most cohsistent sex differences have been
on high- lével cognitive tasks and particularly among

highen[ability students. However,'studies during.the'last

. S
decade have shown declines in these differences (Fennema &

J

e

Sherman,’1977;.Fennema, 19787'Armstro?q; 1981, Senk & ...
'Usiskin, 1983). - - C o h S }_j
Since sex differences in mathematics achievement are ' -

‘“influenced by, cognitive develdpment it was helpful to ' -

" 1ook at cogniﬁive variables that were thoughE‘to be

associated with sex- related differences . Ohe such
variable which has recently received cthiderable
attention is spatial Visualization., Fennema (1981)
suggested-&hat spatial Visualization was the only variable

_which might be helpful in understanding sex-related

I
‘differences in mathematics achievement.  McGee -({1979a)

defined spatial Visualization as follows-;
Spatial visualization is the ability to mentally

manipulate, rotate, twist or invent pictorially;
presented visual stimuli (p. 3) . . o,

_Such ability seems td.be related te the study of
mathefatics and especially to the. study of

\

transformational geometry.. It has been shown that spatial -

&
visualization ability can be improved through appropriate
'instruction in" geometry (Battista Wheatlgy, & Talsma, L

1982).



"ln mathematlcs achlevement as a secondary consequence of |

-there»exists a need for reseafch to determine if sex

G s
g e
Sex differences in spatial task performance favoring

e

males is one of the most persisteqt and hest documented
findinge 'in the mental abiliti iterature (McGee,
1979a). Male superio;it)Mn/s;‘:al abilities becomes
evident in adolescence and. increases with age. .
Differences in spatial ability between the sexes appear at
nearly thelsam'e age as do diffepegces ip mathematics

achievement. Some researchers interpret sex -differences /*‘} ‘

dlfferences w:.th respect to spatial v:.sualization (McGee,

1979a; Sherman, 1979).. Female .performance-at lowerj,lev.els -

-than males on tests of s'patial visyalization and leas"

' adequate development of th_.s ability may partlally explain

" female? s lower performance in mathemati 1S,

In Newfoundland ti_he junior high school has recently
been reorganized with 'emphasis on the_ coghitive nature 'o’f

the child. Since mathematicy learning is considered

. § . .
important to the cognitive development of'the adolescent,

v
dlfferences exist‘ in mathematlcs performance at the junior

high level in this province. R N

Over the years many\\:'chological env::.ronmental, and

's’o‘cial factofs have .been p4t forward to try to explain any

observable sex differences in achievement. As public
demand for educational equality for all students

increases, educators nust ‘take an active role in
D, : [
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identifying specific fectors which contribute to sex-
related differences in mathematics achievement. .
- it is j“.mportan't;'—tha.t'educators base their teaching
upon a sound awaremess of student‘ abil;.ties anci j;nherent
difficulties. Only then is It possible thai a firm basis

for equal opportun:.t:y in sc1entific and technological
; )

_fields may become a rea\llty for men -and women.

’ . . . - . . N

Purpose of: the Study | (\ -

—
~"

to' which sex differences affectstudent performance in .

spatial visgalization and mathematics at the grade'9

level. Specifically it ‘investjigated the following
 questions. ' ~ e '
Is there a diffexence between female

v

B T TP v

Question 1:

’ and male performance in spat1a1
/isualizatlon? ]

Question- 2: Is there a difference between: fema'ie

and male performance in mathematics?

Question 3: Is there‘ a differential reiat;lonsh-ip

between spatial visualization and

_Iﬁéthe}natics performance for males and
females? .h

'Que,stiéri 4@ - 'Doe"s spatj.ai visualization contribute,

L
. E

to sex-related differences in

o mat’;hematics performance?

—

The purpose of this study was to 'exal'nipe the extent .
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P

, 7
' /o - :
‘ | , It is hoped that the results of this study. . will be
| used to determine if intervention programs designed to
/ ' ' eliminate sex differences in spatial visualization ability
¢ . in .Nev;.foundland,are actua\lly'neede/d. ,
| i ' Hypotheses
From_the que;tions the study was designed. to answer
- the follow1ng null hypotheses were formulated for testing
/H-ypot_hesi"s l " There is no s‘igreif:!.cept ci.i.f.fefepce-i'n \
spatial vis‘ualizatio.n between males and
T . fl,errna'les_ in érade 9. : -
. Hypothesis 2; ’I‘t{ere is \no'sign'ific_ant. d'if;‘.‘eren"c‘e in
overall mathematics eehievemept between
B ‘males and females in 'érade 9,.
‘Hypothesis 3: There, is no s:.gnlflcant dlfferen e in
- . ' numeracy/ alc}ebra achievement between males
N _ and/females in grade 9.
e Hypothesis 4:  There is no significant difference in
N o Y geometry ach‘ievement'betu;een' myles and
females in grade 9, )
Hypothesis 5: The relationship between spatial
N _ E " visualization and overall ma }\ematic‘s
Y | | - . achievement 1is -net Signific ntly 'different
9 _ | _' . | for males and <females in g _akqie' 9.
-/ J o
I)’;?'k‘-iz':'?" ! - ' /’l‘ .
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Hypothesis 6: The relationship between- épati‘al

N Visualization and nume-racy/algebra_-
T achievement is not significantly different

for males and femalg,é in grade 9.

Hypothesis 7: The relatlonship-between spatial

]

\

_ visualization and geometry achievement is

-

not 'signifigantly different for males and .

females in grade'9. S

¢

Spatial visualization does not

_Hi(pothesis 8
B : significéntly'contribute to sex-related

differences in overall mathematics
. ‘.'
achievement in'grade 9. -

i

. Hypothesis 9: Spatial Visualifation does not~' . .

.signi.‘fican'tly' contribute to sex-related
differences in numefacyialgebra achievemént
‘ in grade 9.
Hylpot..hesis 10: Spatial visualization does not
. signi'flicantly contribute t; sex-related
differences in geome.try achievement in"-

q

grade .‘9 .
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CHAPTER II

REVIEW (OF RELATED LITERATURE\,_/'

—I\n‘th~is chapter the literature related to sex
differen‘ces in m.:at:hemat’.ics is reviewed, focusing on -
mathematics achié{/emen-t.fand spatial visualizat‘ion. _'The
chapter id organized into four main sections plus a '
summary. The main sectlons are (1) mathematlcs

oy

achievement, (2) spatial v:.suallzation, (3) spatial

v:.sual:.zation and ma;hematlcs, and (4) other factors
: >

related to sex differences in mathematics.

Mathematics Achievement
‘ .

-One of the majcr issues in the study of s'éx-related
differences in mathematics is that of achievsmé t.
Fennema (1974, 1978) -i'naig:i\ted that there is ng)consensus
on whether sex-related differences in mathgmatics

achievement exists. Where they exist, they tend to favor

rr-\'_ales and only start to become evident during adolescence.

Wolleat, Pedro, Becker, and Fennema (1980) stated:

Achievement in mathematics has. been or?é of the
most significant sex-relatéd differences
observed in late adolescénce and adulthood
(p 356)

In ea-nada, in 1978, sex differences in mathematics

achievement were systematically examined at grad 3, _6,'

‘9, and 12 using test items written at three cognjtive



levels over five areas of mathematics content (Sawada,
Olson, & Sigurdon, 1981). Signifigant differences in_u
favor of males were found at each grade level, these |

differences@varying directly with cognitive level and

grade level. Out of 462 instancgs of. comparison, 146 gave’

-rise to significant differences and 116 of these favored

oys. Specifically, at grade 3, 6, 9, and 12, boys

f\ /iutperformed girls 17 to 11, 26 to 10 28 to 6, and 45 to

-3 respectively. Thls would seem to suggest that sex

differences 1n mathematics achlevement increas% w:.th grade

' o ¥
. + -

level. _ IR

I_h order to stutiy sexCi'elated differences in
ma/tzhemetics achievemei?t, the ma.t_h'emaﬁtn‘f:s 'backc;{roun-c‘i_ of :the
students.‘ must be con,trolled (.Fennerﬁat 1981) . In mény’
st:_udies males have been compared witl&’fen}ales who hayé.

taken fewer high school mathematics courses. ' Since few

.studies have controlled for studénts’ mathematics

background, it is possible that the s'exf‘differences in

achigvement could‘ be explained by,differeptial mathematics

,participation (Arms‘trbng, 19é1; Fennema & Sherman, 1977).

Fennema (1978) suggested that if the amount of time spent

-learning nathenmatics is kept constant, e@ucationall}f

significant sex-related‘differences in mathematics
perfpmahce wili disappear. _

Male euperiori.t‘y over females im mathematics
achievement was 'founm‘i within all ten coﬁntriep which

participatéd -in the first International Study of ~ TN

\,
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Educational Achievement (Fennema, 1978). Sherman (1980)

- ‘ '
found that pofs: ih.\grade 11 performed significantly better
\

than girls even with mathematics background controlled.

-

It was also poted that girls’ attitudes Eowa‘;'d methematiss :

bectme less favo‘rablef om grade 8 to 11. The presence or

-~

.absence of a sex—related difference in achievement

covaried with the -presence or absence of a more posi‘tiv

attitude poward mathema[tlcs amdng males.

b} -

-

Ethingtoﬁ) and Wolfle (1984‘)' found that sex centin ed

to have a sn.qniflcant efféct on lmathematlcs achievement

W

mathematics: . L.

l

even after controlling for sex differences in spatlal-
\

abillty, background An ',mathematics, and interest in’

: -
A -

In the 'third National Assessment of Educational

]

.Progress (NAEP), Carpenter, Llndqulst Matthews, and

Silver (1983) found no significant differences\in
performance at ages 9 and 13. . Howev’er,' achievement by
males was hlgher by 3 percentage points at age 17. Males
achlevement exceeded. that of females for each category of
course background even when the number of: courses we&\
held constant. . _

‘ The Internat.ional Study of Achievement in Mathematics

(Husen cited in Fennema, 1979; Husen cited in Swétz,‘

Lanégu'lung, & Johar, 1983)-found that males scores hj_.gher-

on the mathematiés tests in all 12 populatiops studied
both on coiﬁputaﬁibn and on verbal problems. It also

indicated that' a positive relationship existed between

— . ]
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socioeconomic standing and mathematical performance.-
Giesbrecht (1980) .found that a statistically significantb
difference existed between male and female high school

students‘ in matiejatical competency attainment in favor of

A\

Fennema and Sherman (1977) found that When students,
1 J '

grades 9=12, with similar mathemati&s background were
1 ‘ ) .

males.

studied, differences betwéen males and females in- -

' ' SN ™
\ achievement were small and s.ignificant.in on}«/z of the 4

_schools considered Fennema (1979) and de W61t (1981)
also: found that sex differerices in achievement were
reduced' after controlling for specific patterns of high

- 'school ‘mathematics coursework taken. '

‘ ‘Hanna (1986) vin a recent study of the mathematics
achievenent of 8th graders-in ontario fodnd significant
sex differences_in a.chievement in favor of maies even

~ though students were matched on soéio-economic level,
amount of' formal training, and E;uality of teaching.

Different levels of cognitive tasks in mathematics

' have resulted. in sex differences in achievement.' While

there is a tendency for females to do better aaz’/

computation tasks males seem to excel at higher lsvel

- R

cognitive tasks like problem’ solving (Armstrong, 1975 ;
Armstronq: 19817 Carpenter et al., 1983) .

Fennema and Sherman (1977.) wvhile investigating
mathematics achievement in grades” 6-8 found 51gnificant

'_differences in’ favor of females on low level cognitive

, L4 .
P 1Y PR - iy . L ¢ .
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» - / tasks and significant differencks in favor of males on
- , . .
higher level cognitive tasks. honberger (1978) ‘found

evidence of male superiorify in probiem solving in a
numberg of pre-1975 studies. However, overwhelming
evidence of _male superiority should be tempered by the
’ 1‘(-}"‘_‘&"“ )

limitationa&{:&;’;hese st;udi'.es. Lack of controls, sex-
Ees

biased content, and a tendency to _use only high-ability

Nt

students might have mfluenced the fJ.ndings. '
In the Women in Mathematlcs Project, grade 12 ' . .

- students were adminl.stered a test which consist;.ed of’ four .

subtests deal:.ng w1th computat:.onal skills, algebraic:

’skills, problem solving,‘skllls, and -spatial visualization.

Even when differences in participation ,,ﬁeré taken jgto T

account, sex differences in achievement fawvored mai Iin

all four- subtests; “the only: statistically significant

difference was on the problem-solving subtest (Armstrong,

1981). Linn and Pulos (1983) found that' males performed - -

better than females on pr’op‘ortic;nal reasoning tasks but

L= . ‘ found nb evidence that' a single aptitude might explain
* . these differences. v ~ o S
_"‘ - 3 Doolittle (1985) found a substantial gender effect on
matt}ématics achievement that ‘could not 'be explaine’dlb.y - o
instructional differences at'the secondary school level.
- Geometry and word problems iended to have the gr?eat_est '
| negative impact on female examinees. When differences ‘in
entering geometry knowledge were'eontrolled Senk and

Usiskin. (1983) foim,d that' ma'les and females ‘in/ grades 7-12
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1ea‘f'rie5 bo_th geometr’:y p"i;oblems and proof writing equally
well when differences in éntering g'eomet_ry knovwledge were ' )
taken ‘into account. They proposed that when test items |

* cover material that is.taught and learned almost

/exclusi«vely in the classrfoom, no pattern of sex
dif_f_erences, tend to be found. _
" . At the grade 6'1ex)e-1 Marshall (1984) £ound that
' g¥rls were more successful in sedwing computations while' _' ¢ ~!'.
boys were more successful in solvmg word problems. The .
\ middle grades (5- 9) have been identified as. cruci.al for |

o p—

girls and mathematics (Fehnema, 1982).. Up until J:hat
time, few sex—related differences in learnlng mathematics
are found. Near the end of middle school males often
start to 'pull ahead of ,females.

» A cognitive variable yery‘often associated with sex- .
Irela‘ted 'diffezjences. in mathematics achievement is S~
precocious mathemetics ability. 'fhis refers to the
, dé\}elopment. of high mathematical "ability much earliei‘ than _ .
- normal. . ’ ) o _ _ /

In 1972. a study of the 'p.rec'oclious mathematics -ability '
of ag scents found that 19% of\the boys scored higher
jthan the highest scoring girl when given a scholast—;ic

. aptitude test in mathematics (Fc;)t 1975). The Study of“ g

’\ Mathematical Precocious Youth (BenboW & stanley, 1982) N,
identified 873 math talented students ina 1976 talent ' 'f .

search. Students then took the Scholastic “Aptitude Test N

(S/A ).,' both the mathematics and verba_i parts. While’there

o .
c ‘! »
) .
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was no sigpific’ant difference in the verb.al part, there:
was :;1 statistically significant difference in fayor of’
;nales on the mathematics par't;_ »
In a stuﬁy of gifted young wcmen by Fox §t was found
that 42% were da.scouraged by counselor®sfrom taking
advanced mathematics cbur:es (Burton, ].f.)'iS)).-l Fox (1982)
found that mothers of childreh with, precocious .
mathematical ablllty tended to notice thms ability in
their sons’ at a much earlier age thql in their daughters.
Teachers also were found to o\(erlook giftedness.in
Eemales | . : [
An analy51s of most major mathematn.cs conteskts at the.’
-high school level suggested that males consigtently
p'erfo/rnfed better’ than females.' It must be%oted th?t S—
fewer females competed in these contestsz
Benbow and Stahley. {1980) éug'gested that course

. : » 7
taking alone cannot account for sex differences becaus,e

- enner‘?\a (1978) summed “up r'eseart"h in the U.S. by
!_suggest,ing there are no sex-related dif ferences in

* achievement evident in elementary scho'ol."\Afte}: 3
‘elementary school, differences do not a.!iway/s apée;r. 1f
-y t-:hey' do appear, they tend to favor males on higher level
cogndtive tasks. -Many studies prior to 1978 have lacked
'backgfguﬁd coﬁtrbls or have been inadequately reported.
The ir'lconsie:tency-~of post\i97?'studies on mathematics

achievement point to a de\finite need for more research.
) N\ . . .

v y e
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- .o Spatial ‘Visualization

Ny v

~

"fﬂ oL 'Since the 1930's, studies have provided support for
' . _ ST
~ the existence of at least two distinct spatial abilities:

spatial visualization and, spatial orientation. o o

Spatial v15ualization is an ability to mentally
manipulate, rotate, twist, or invert pictérially
presented visual stimuli. The underlying : <
~ . ability seems .to involve a process of “ g -
. - . recognition, .retention, and recall of a '
/7o “configuration in which there is movement améng
. _— .- 7" _% the ‘ipternal parts of the configuration, or -of
. ’ -an ob ect.manipulated in:3-D space,. or the :
L : - folding ‘or unfolding of flat patterns., (McGee,.
. “1979a, pp. -3-4) - . _ S ,

» ] 'Spatial orientation 1nvolves the comprehension
. of the'arrangement of elements.within.a visual-
e . stimulus pattern, the aptitude for remaining
- unconfused by the changing orientatians in whith -
a configuration may be presented and the:- _ : L
ability-to determine spatidl :relations in.which oo
the body.orientation of the. observer is an -
- essential.part of the problem. (McGe 1979a,

~

v
\I( v,
[; . [

.Sex differences 1n spaeial task’ performance favoring
males is one of the. most persistent and best documented
findings in the mental abilities literature (Maccoby'ﬁ '

/._ L Jacklig, 1974; McGee,. 979&) .o ' -f
\ | ' L It is indicated that male Superiority in spatial |

) °A abilities becomes ‘evident. in adolescence and increases“
with age. Baker’ (1983) suggested that the magnitude. of'
this’ difference depends upon the degree to $n1ch an ° .
e A l' individual is stereotypicallyhmasculine or feminine, the |
| type of test, and experience. toe ' . ;

' Wattanawaha and Clements (1982) found that males o
-'significantly outperformed females on questions requiring

ﬁ . ' N Y

- o ’
' .
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3-D thinking or mental mapipulation of visual images in ,

grades 7-9. o ' © o “
d In most cultures sex-related differences in'fabor of -
males appear from adolescence on many tasks that require ,-_’~_
- so called spatial sklllg,(Fennema, 1979; McGee, 1979a, )

Macéoby & Jacklin, 1974; Sherman,ZlQBO). » Numerous studies
have consistently shown male‘superibrity ihﬁspatiaiV
-v1suallzatlon abllltyl eSpecially durlng and after'_ S .
Z.°' s - adolescence (Guay & MoDanlel 1977; Mltchelmore, 1980 L 31;
" N Liben & Golbeck 1980 Rlchmcmd 1980) : ’l‘aylor (1977). " . - :’;{_
;,_ _f_ ' found that sex dlfferences in spatial v1sualizing ability S ;;f{
| | were non51gn1f1cant with. preadolescents in Newfoundland - o
e ' and Labrador. |
| Since spatial d;ffnrences between the sexes do not.

¢

exist to the same extent 1n~all cq}tures (Sherman,41978; g e

v L VPh Leeuwen, ‘1978), some yriters have'propdsed-tﬁat some
'of the differences in spatial ability ‘can be~accounted for

"', by the differentlal treatmgpt of the male and the Temale'
”‘_';';-f' 'as a child, It has been suggested ‘that this’ differential
o treatment is related to the type of toys children are',‘ ‘ .Sf
ﬁ’; o flgiven and in the games in Wthh they are encouragéd to
| ” partlcipate (Gimmestad 1986;" Potegal 1982). Mothers -
';”encourage nurturlng rather than mathematics skills in ;
. girls. Through play, oys learn hasic mathematics skills.
éarl?: sdrting, ordering,-reascninq,fand manipg}ating 2-?_ o Q“

o
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and’ 3-D objects in space (North York Board of Educatian,
'1986) .7 T |
| Sherman (1980) and de Wolf (1981) found that when the

: -mathemdtics background of high school students was

controlled, no sex-related differences in spatial’
E .o

, visualization'developedf' Jacklin (cited in Wattanawaha,

1982) found that sex-related differences in v1suospatial
“ability were reduced when the number of mathematics '

"courses taken by high school students was partialled out.

MR

- Fennema and Sherman (1977) claim that

Covarying out the- differences between the sexes
. in number of space related .courses taken
\\eliminates ‘the sex-related differences in
gtial visualization. This is consistent  with -
hypothesis that practice and relevant : _
. experience are factots in the difference between . _
N sexes in spatial visualization (p. 66)

When 2&% geometrical puzzles were used to test the -

v

’ spatial visualization skill of students in grades 4-8, it'

“was found that girls outperformed boys. It was also found *
o »
that instruction on Spatial°v15ualization ‘did not have a

'differentiai effect ‘on boys and girls’ (Smith Fra21er,

Ward & Webb 1983). oOn thé other hand Smith and

-t .
Schroeder (1981) found that 1nstruction for preadolescent
students can improve spatial visualization as early as.- s

grade-4.- Sherman (cited in. Bishop, 1979J pointed to the

. need for spatial training, espegially in the. education of

'“fémales. Co . - L U .

Many different factors have,been pr0posed as a.

possible-source~of sex differences,in spatial\abllity~

IQ" = ‘.-:l'

&

g
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Karl, Stevenson, and Black (1984) tested and rejected the »

premise that sex differenoes in_performance on some
spat;al tasks may be due to differenCes_in algorithm
usage-. - on-the otnerjhand, $ocial factors have been
proposed as expianations for sexldiffefences in spatial
_ability (Mche, 197§a; Snerman, 1978;4Lips,and Colwiil,
978). - - L oo T
.A review dr,Elinicalland experimental data indicate'

'that the.right'terebral hemisphere is specialized for'

,spatlal processing and that the cerebral hemlSpheres of

‘ males and females ‘tend to show dafferences in -

speciallzation for verba;,and spatlal functlons. It
suggests quite conclusively that males have greater rigpt

a&emisphere specialbzation:than females:(Levy-cited in
Burnett, Lane, & Dratt, 1979; McGee, ,1979a; McGee,‘19?9ph
Sherman, 19783'Potega1 1982) Waber (1976, 1977)
proposed that timing of maturation 'by influencing the
extent of brain laterallzatlon for spatlal skills, was

_responSLble for the sex differences. in spatial ability.

‘; _ Genetic factors have also been proposed as .a possible .
source of sex differences.;n spatial abllity. Komneni;h,
Lahe, Dickeyh and Stone (crted in Burnett et al. i9793
found that performance oh a spatial test depended on
measured levels of estrogen Gowan.(l984) found that
sspatial’abillty was correlated positlvely with the volume
of the hormone testosterone. It was suggested that male

sex hormones'maylaffect'thetability to mentally visualize

[
ooy
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and manipulate objects, thefke§hgomponents of mathematical.
skills_(ycGee, 1979a; éotegal,.1982; Sherman, l978). |

Spatial VIEUalization nas been shovn to be more
highly correlated with success in‘a'numEEr of technical,
vocational, andloccupational domains than is verbal

ability (McGee, 1979a). Gimmestad (1986) found that

‘spatial Visualization ability was the most important

.

predictor of success in an. engineering de51gn course.’
A

According to the U.S. Employment Service many occupations

‘require top level spatial ability. Guay and McDaniel

(1977) define hign level spatial ability as the ..f '
visualization of 3 -D configurations and their mental |
manipulation . . .

" While the existence of sex-related differences in
spatial functioning seems obVious th%re is leSS certainty

over why these differences exist. Whether differences in ,

_'gpatial visualization are ‘due to genetic, hormonal, . oaT

neurological, or environmental sources; their continued '

existence has important implications fof ‘all. educators.
) | .

Spatial visualization and Mathematics

ad o« . . . L. ‘ : |

Fennema (l9810'suggested that spatial visualization

" was the only cognitive wvariable which might be ‘helpful in

understanding sex-related differences in mathematics-

achievement. ~ ;
0 ., . -7,

[ B :
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Fennema (1979) defined spatial visualization as -
~ follows: f'# ' <

spatial visualization involves M visual
Amagery of objects, movements by the objects
themselves or changes in their properties.
(p. 392)

The relationship between mathematics and spatial

visualization is logically evident (Piemonte, 1982). ’
spatial visualization 're'quires that objects be'men't'ally ’
rctated reflected ‘and translated. " Such ah@lity seems to

be related to the study of mathematics and especially to

the study of geometry., Fennema (1978) stated:
. If spatial visuallzatlon items are geometrical
- in character and if mathematical thought -
involves geometrical ideas, spatial -
visualization and mathematics are. inseparably -
intertwined. (p. 10) ‘

s
)

Even though.there seems to be strong pedagogical
reasons to believe spatial visualization and mathematics
are related, results from emplrical studies have been
1ncon51stent (Fennema, 1978). A review of pre-lg?s

- . ., studies by Schonberger (1978) indicated that sex-related

o5

differences ma found only on problems whose content is
spatial or Se'ﬁ%d'. Recent studies indicate
superiority in problem solving and spatial ability are notl
.'necessarily related. ' .
L Sherman (1980) found that no differences in spatial
visualization developed when mathematics background was
“ controlled'in grades 8-1%. It‘Qas determined that spatial
Visualization was a'significant bredictor of‘mathematics
performance, especially for girls. Females tended to

- . ’ . , . o




TN

.in their performance on spatlal v;suallzatlon tests were

N o 22
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develop and use verbal facility when spatial ability mignt
be more effective. Fennema and Sherman (1977) found that .
when females and males were carefully matched according to

mathematlcs and’ related-subjects studied, the dlfferences

s

oS

reduced. ' \ . ;

The correlation bétween mathematics aqpieVement ahd
spatial visdalization is found to be,ﬁust“as_high as the
correlation:betWeen mathematics achieqement”and verbal
ability. '§cores on tests'of‘spatial.visualization and

mathematics achievemént often caerrelate in the ranqe of

;0;3Jto 0.6 and spatial visualization appears to account

ol o st
[FOTETIS A E  u -
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for SOme of the variance in abiIity to solve mathematics.

problems (Schonberger, 1976; Fennema et al., 1985).

McGee (1979a) suggested that sex differences lng
mathematlcs achleVement can be ;terpreted as a secondary
conseguence ofldifferences wi{;}respect to spatial
visualization. dFennema‘YT974) suggested that a
relationship maY‘exist between mathematics learning and
Spatial visua;ization. Females performed at lower levels
than males on tests, of spatial visualization and less
adequate development of this ability may partially explaln
females' lower performance in mathematics.

Maccoby and Jacklin (1974) suggested that a
differential ratio in the use of spatial andﬁ;erbal skills.
might explain sex-related differences in mathematics

achievement. Sherman (1979) found.that differences in

e
NETY
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spatial visualization were one cause of problem solving
™~ differences. In a study involving college students,
) Johnson (1984) found that sex differences in.problem
solving were'closely related to sex difterences in
matnematical‘aptitude and spatial ‘ability.
| A.numbeér of studies have found that sex differencee
in 'spatial ability contribute to sex differences in
?V‘mathematics achievement (Benbow and Stanley, 1983;;§nrnettv
et al., 1979). While no significant differences in eitﬁer
mathematics achievement or spatial Visnalization skills
have been reported in.the fcuf:to eight vear cld énoup,
concurrentfﬁébelopment of sex-relateé differences in favor
. of males in wathematics achievement and spatial

]

visualization skills do often develép during adolescence

———

A

suggested that the extent of the relationship between
- gpatial visualization and mathemat&cs is influended by.the;
learner's culture (Bishop, 1979b; Mitchelmore, 1980).

On the other hand, some studies tepd not to support

N

the existence of a link between sex-related differences in
. " '
= spatial visualization and mathematics achievement.
Fennema and Sherman (1977 1978) investigated the

relationshlp between mathematics and spatial visualization‘

g skills and found few sex-related differences in either
: . . .

.mathematics achievement or spatial visualizdtiopn. The-

. { . -
aata_did not support the idea that spatial visualization

oo . is helpful in explaining sex-related differences in

Phl
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mathematics achievement. -Fennema and Tartre (1985) found
that Ftudents in grades 6-8 who were discrepant in spatial
vishalizatidh/ahd-verbal skills diff,t%d in the processes
u;;d to solve mathematics problems, -but not in their
ability to solvelproblems. Boy@?low in spatial'
visualization and high in verbal ability showed the
highest achievement. Low~ spatial visualization skills
tended to inhibit girls not boys. Afﬁgtreag-(l981) found
no sex—related differences in spatial abirity in the’
achievement data from the Women in Mathematics Study and
the 2nd NAEP mathematics assessment after controlling for
course taking in-mathematics;'

‘ Studies have shown ‘that the spatial visualization of
females can'be improved through appropriate instruction in
geometry (Battista et alL{\1§82). Burnett and Lane (1980)
found a significant correlation between improvement in
tested spatial ability and the number of mathematics
courses taken by college students. It was also shown that
females improved more than males.

Many studieslare finding that spatial visualization

is’ related to mathematics achlevement differently for

males and females. Ethington and wOlfe (1984) found that
' B

- women have less spatial'abilitg than men and the effects

of this variable on mathematics are gfeater fbr_women.

Fennema et al. (1985) suggested that low spatial skill hay
be more debilitating to girls’ mathematical problem

solving than to boys. Fenriema (1983) found that in grades

- -

B
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6-8 students with high spatial skills-tended to use them
9nore than those with low spatial-skills, with girls who -
were low in spatial skill using them least of all. . A
With the inclusion of transformational geometry -as )
.part of the mathematics curriculum, spatzal
representatlons have been increasingly included in the
— teaching of mathematics. As a result, some studies t‘at.'
have examined the relationship between spatial . ‘ , -
vxsuallzation and mathematical problem solv1ng have
;" restricted the mathematical taskg to those with an obvious
spatial cdmponent.'_The relatioijkgi'of spatial
. visualizaéien to a hroader Specerum of mathemarics is .,
stili unclear. The inconsistency of previous studies on

the relatjonship between'spatial visualization and e o

mathematics achievement indicates a need for further

Lt

research in this area.

- p\ )
other Factors Related to Sex Differences
in Mathematics

U
g N
~ 1Y

The relationshin between the learniné of mathematics .ﬂ;w/;/
and the sex of the learner is a multifaceted problem with o
a number of interrelated variables contributing to
- _— differences.° A review of a number of these interrelated
\ ‘variables is necessary in order to understand the |

seriousness and complexity of the problem of QEx-related

differences in mathematics.
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: _requirements as the 'math avoidance'-syndrome.
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Research into the area of sex differences in
mathematics reveals tnat‘one of the ?ain problems is the
participation rate Jn high school mathematics courses. 1In .
the United States, fewer females than males elect to study
mathematics beyond the minimu& requirements at both the
hich school and post-secondary levels (Fennema & Sherman,
1977{.' The International Study of Acnievement in

Mathematics found-sex differences in mathematics

,particifation in nearly every country studied (Armstrong,

1981). Tdbias {1978) described this failure of many

females to take mathematics beyond the minimuﬁ

Research'suggests that math anxiety is strongly, but
negatively related to math confidence. Students with low
anxiety-tended to have,confidence in mathematics (fenneﬁa,
1978). Fennema (1982) indicates that girls report less
confidence in their ability to learn mathematics evenfwhen

achieving as well as boys. Eemales tended to be more

anxious about mathematics than(males."Aiken (1972 1974)

.

"reporteh that confidence in learning mathematics was

s
)

o
Rl Sdund g

related to achievement. _ : ‘ | »

| While some students perceive mathematics as a
worthwhile, and necessary subject for future careers,
others see mathematics as a waste of time. Fennema dnd

Sherman (1977) found a significant difference in the

perceived usefulness of mathematics fauoring males; Boys,

&

e
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perceiving mathematics as more useful than girls, ctntinue
to study mathematics more than girls do (Perl, .1982). o
//' ' . Society's stereotyping of mathematics as a male

domain cantributes significantly to sek-related
differences in mathematics. The Fennema-Sherman study
(1977) indicated that males stereotyped mathem%ticé as a
male domain at/;ignificantly higher leveis than did

females.

: ‘ The teacher is the most important educatiocnal

p , lnfluence on’ students learning of mathematics. Many
studies indicated teachers treat female and male students '

differently. Becker,(lQBl), in a study o% ten high school:

3 ™
-

geometry teachers, found that teachers treated the sexes

unequally. Teachers gave more attep;ibn to males and

r : . %
"\ referred to them more often in i&gsS-questions.

g

The differential treabment of females and males in
mathematics class has resulted in a condition known as
‘learned helplessness' Under this condition sthdents see
fallure as due to a lack of ability and therefore
uncontrollable.' It was found that females were more
‘likelg than males {o dgsplay this condition (Fennema,

1980; Wolleat et al., 1980), |

.The remediation of sex-related differences in
mathematics ahd the edualizi \\E_Sgreer oppgrtunities forz
- fé‘&le students require edugfg‘;s to be knowledgeable of‘~
-the far-reaching consequences of sex-related differences

’

-in mathematics. Pt



\v N : . L 3 R Y Loy : [] Ve
I . R
| € l i
RO 3 - ) ; - P
R . - . . -
{
e s ° e
- . = EEE! .
- . L] . a e

As indicated in Chapter I, an invegtigation of sex

differences in mathematics achievement and spatial

¢ . -

\ ‘visualization is.important if equity in mathematics is to “5
. be.- realized. It was apparent from searching the
. liperature-thaﬁ.research in this area was inconclusive. ’
| ' Whether sex-related differences in mathematics achievement
and spatial visualizatgon exist and are more pronounced in
_certain branches of mathematics than others, is yet to be
determined. ,
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‘indicated. .Finaliy, the procedure followed for the

"differentiation of students with respect to their high

‘Mschgol program occurs at tné beginning of the 10th grade,

29

CHAPTER TIII *

METHODOLOGY
. ) -

- Pl

P
In this chapter tlie design used:in the investigation
is described.‘ In the first;section the population and
samnling procedure are specified. Following this, the
selection, deVéIopment, and piloting of the instrument are

explained, and thée limitations inherent in the design are

distribution of the instrument is eﬁplained and the
methods used to analyze the data are reported. ._

. R - s .
/ - . ”» .’,

Population and Sample

The population consisted of all first time grade-9 “e
students on the aAvalon Peninsula in the prpvince of

Newfoundland who were taking mathematics. Since the first

the grade 9 population would be moré'heterogeneous, more «

variable, and more reliable with respect to matHematics

]

achlevemenz. To identify the members of this population

it was neceésary to ‘determine which schools -on the Avalon ] .

-

Peninsula.offened_a grade 9 program of study.
' 4 ' .
The Avalon Peninsula contains 10 of the 35¢gchool ' ﬂf
boards and approximately 1/3 of the students in the

pfdvince of Newfoundland. The schools which offer grﬁde 9

»- {y ~.;  %¥
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- Peninsula in “the prov1nc§ of New

~ the sample.

'Newfoundland.
H

Ve
L]
et

-~

. . c N o "
mathematics can be rural or urban, single-sex or co-ed,
and lieted as either all grade, elementary, junior high,
or high’school. 'Classes in these schools can be single-

o

grade on, multi-grade and large schools will often have
more than one grade 9 class.
It was detérmined”that:d4 schocls on the Avalon
jzundland offered the

v

grade 9 mathematics programs during the 1986 1987 school

~year. From these 64 schoola, 16 wvere randdmly selected as';

In schools with more than one. class of grade
9 students, a 51ng1e class was randomly . Selected. : >
In this way the sample chosen would be’ representative

of the popuLetion of grade 9 mathematics students. in
N .

. M A}
Ry . 1 . 4

v

ization Tes

. Voo, a ) S
The spatial visualization ability of the students in

the saﬁple'was'tested by using the’Space Relations test, a

fsubtest of the Differential Aptitude‘Tests (DAT), form V.

The most - recent revision was chosen because it had been
saﬁiai;nized (Harcourt Brace Jovanovich Publishers,
copyright 1982). The—Space Relations test is a measure'of
abilitydto deal with ccncrete materials through |
visualization. It'requires thegnental naniphlatién of

objects in three-dimensional spaca.” The test consists of

766‘mnltip1e-choice questions which must be answered‘in 25

-

t

L4
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.mihutes. The use of the DAT assures a high degree of
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validity and ‘reliability. The reliability coefficient for

grade 9 students on the Space Relations Test was 0.93.

2 . y A . -
v o
Development of the Mathématics Test
e

-
‘e ,,-

The mathematics performance of the students in, the
sample was tested by uSLng a self constructed achievement SRR
test based on material from the grade 8 mathematics

program The testuwas dlvrded into two separate sections,f an;f
& .

NumeraCY/Algebra and ueometry. °. - S . L

“

. An aqglysis of the Suggested instructional time for ' '.- n

core topics in. grade 8 and 9 mathematics was necessary in

order -to determine which components: would be emphasﬁzed in

1

the'achievement test.

I

. Suggested Instructional Time for Core Topics

in Grade 8 and 9 Mathenmtics .. '
3

Core TopiC' s . Instrﬂctional . ' Instructional

N _  Time (8% - Time (9) "
v .\\\\ ' - _. .t . o : : — -
Numeracy o ‘ " 45% . ' 15%.;_ )
:Geometry | - T sy l + 40% -
Measarement s Y . 108 I, | A fS%\. -
Graphing Co R ‘1o$'];’ SR L T C
Algebra - U | 0%




:The-considerqble amount. of instructional time
. suggested for numeracy at the grade 8 level dictated that‘

T " it be tested. The impoi'ﬁance of algebra and geométry was

b

.ascertained- from the significant increase in instructional

e

time each received from grade 8 to grade 9. With this in

mind, the numer'acy, algebra,' ~and geometry strands were
. _ o

. _ ' selected for inclusion in the mathematics achievement

test. Since algebra can be consia_ered:' to be generalize:d
arithmetic whereby concepts of numeracy are dealt with in °
"f N general terms, iiuinefacy. and .algebra were Cme_inéd to form

the (girst'cqmpdn'em;. of the achiévement test. Geometry is

(\ o a 1ife skill-and is considered to be ‘an integral part of

_ the mathematics curriculum at all grade levels. Thus
géometry would comprise the secondlcomponént. claf tl'ue
o achievemeht €st). This component could be subdividéd into
) plane, transforfiational, and coordinate géometry. .
The time of administration and restrictions én,
; . classroom time made a multiple-c_héice test the most y

practjical and convenient type of achievement test. A

thorough aqalysis of various standardized tests and the
a ) ! J

intermediate curriculum guide for grades 7-9 made it

possible to’c'levelop a set of éo muli:iple-choice items fo.

. .. be piloted.

(.
'




., of the final instrument for measuring mathematics
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) Pilot Study
4 ‘ ) ,

’

Two pllot studies were carried out using two intact
s 2

grade 9 mathematics classes during thé week of October

.6th, 1986. The tﬁajor aims oﬁ the studies were: (1) to

' 4 . )
ensure that the time allotted for the completion of the

test items was sufficient; (2) to check the difficulty of

the individual items and the complete test; and (3) to

- identify any basic weaknesses in the wording or .
- - v

arrangement of the written test.

_For'each pilot s'tudy an item analysis was conducted
to determine tﬁe difficulty index 'and-"di~sc;imination power
of the items. As a result of b‘oth studerit and teacher
feedback the items t‘o b'é uséd in the main study were
selectéd. The finai instrument used to test ma}:he'matics'
achievement in the study consisted ,:)f 1;0 items, 20
numeracy/algebra items (cdd §'s) and 20 geome'try'items‘
(even k#'s). A time limit of 30 ’minutes was fqund to be
adequate.'_

The réliability of' the mathemat-:ics achievement test
was assured, thr#ough ‘pilotir\g an.c_i then conducting’ an'item
énalys'is. 'ilalidity'wa maintaine.d by following the

clearly stated objectives suggested in the intermediate

mathematics curricu:fuxh guide, grades 7-9. A complete text

achievement is found in Appendix A.

"

-



g

34

4 . Procedure

A letter of introduction, togethem with a letter of
\

‘support for this study from the Department of Education,

. were sent to each of the six superintendents of the school®

boards involved with the study. A sample copy of these,
letters are found in Appendix B. ¢

Half of the 16 classes participating in the study

were first administered-a test of spatial visualization

and then-a test of mathemétics-.achievement The other

half received the tests in reverse order The

administering of all tests was carried out by the
researcher. Speciflc\instructions and a spec1fied time

limit were rigidly adhered to for ‘each test. The

~directions for each test were read aloud, students were

given an opportunity to ask questions before teﬁ’e tést
began, and 'i.:wo éxamples were previewed in order.to
familiarize students ‘with the recording procedure Since
answer sheets were provided and tests were reusable,

inspection of test booklets between tes_.ting sesgions was

.,neEessary. Following each testing section the answer

sheeté were placed inside an énvelope Lipon which a
- r

memorandum .v}las written. This included group test@d, name

of teacher, name of school, date, time of testing, number

- of answer sheets, and an account of any disturbances.
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questionnaire is found in Appendix C.

»

The students were.told not to be discouraged if some Co.
of the questioﬁs‘were too difficult for them or they |
didn't finish the, test,bzr\bto try their best in the time
allotted, - ' .

In order to interpret the results of the matnematics
achievement test fairly, it yas necessary to try to
determine what material had éctually been taught. .

Therefore, a short. questionnaire-was prepared and given to

the mathematics teachers who taught the students in the

study during the 1985-1986 academic year. A copy of the . - .‘1;

\

~

Limitations of the Study

‘. As in the case with all reseagch of(;pis type there'

are several limitations which were inherent in the design.

1. The study was delimited to Just one grade level.
2. The study did not attempt to determine the actual
amount of instructional time spent on

numeracy/algebra and geometry in grade 8.

3. There was no attempt to assees_any previous’ . A ////////f

experience of students with spatial task training 9;/

LR . -
}nstruction.,, . S
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Analysis of Data

In this study the answers to four basic questions
were' sought. These questions,as well as_ the analysis
uded to describe the data, are now diséussed.
Question 1:. Is there a difference between female and

~ male petformance in spatial visualization?.

Questiou‘Z: h Is there a difference between ferﬁale and
\ male performance in mathematics?
Question‘ "3:, Is there a differential relationship

between spata.ai- visualization and

‘mathematigs performance for males and

female_s? C .
Quéstion 4: Does spatial: visualizat on contxibute to

sex-related differences in mathematics
D petfpi:mance? o ' a
<An analysis of _variance procedure was used to test
both question (1) and (2) To test question (3) the .
Pearson product moment correlation was calculated and

Fisher's 2- transformation was used to test for .

ignificance., 'l‘o test question (4) an analysis of

covariance Was performed using spatial v:.sualization
ability as-a covariate. The 0.05 J.evel of significance

was used for all tests. - -
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. CHAPTER IV - -

ANALYS IS OF DAT}/
L

The main purpose of this study was to examine the

extent to which sex diffei:_ences affect student performance

in spatial visualization and mathematics at the grade..9

level. 1In this chapter the data which were colrl‘ected
according to £he procedures out‘lineé in Chapter 3 are
examined in terms of the stated questions and the
associated null hypothesis. -The population consider'ed'for‘
the study consisted of all Igra.de 9 students taking
mathematlcs for the first time on the Avalon Peninsula in
the province of Newfoundland for the school year 1986-

1987.

Research Questions and Results
: L .

For each of the stated questions, the associated null

LY

hYpot@s are 'ﬁresented and the data are analyzed.

4

Question}x\ Is there'a difference between male and

“female performance in spatial
visualization?

From question (1) the ffoliowing hypothesis was formulatgd

testing.
. .
. . | ;.
Hypothesis 1: There is no significant difference in
: spatial visualization between males and
females in . grdde 9§.

® .
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In Table 2 the crliterion wvariable of spatial visualization

is broken down'by sex.

£

Table 2

Mean Spatial Visualization Scores by Sex

Group : Mean' : éD . Cases”™
. ——

.Males . _ "30.34 10.56 211 -

Females L 28.31 , .10.53 190

Entire Population 29.38 10:58 411

A- one-way analysis of variance by sex was conducted to
f 4

determine if jthe difference between the means was

significant for spatial visualization scores. -
. =N :

. -

_ Table 3
Analysis of Variénce of Spatial visualization
> scores by Sex
Source ss daf - MS' F P
Between Groups 412.27 1 412.27 3.71 o.05(5)’7

within Groups  44346.11 - 399  111.14 . .

']

-

From the ANOVA it was concluded that there was no

significant differencg in spatiai visualization by sex,

'thus hypothesis (1) was accepted.
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As a result of the acceptance of hypothesis (1), male \

and female pe'rformance in spatiel visualization were .not

-

/ I

-

considered different.

s . °

Question 2: - Is there a difference between male and
female performance in mathematics?

—

From .questiqn (2) the fellowing three hypotheses were

’

formulated for testing. o

Hypothesis 2: There is no significant Qifference in .
‘overall mathematics achievement between
_ males and females in grade 9.
Hypothesis 3: - There is no s:Lgnif.Lcant difference in
' numeracy/algebra achievement between males
and females in grade 9. _
Hypothesis 4: There is no s:.gnif:.cant: difference in
' y  geometry achievement between males ang
femal_es in grade 9.

In Table 4 the criterion variable of oveXYall mathemaﬂ ,

is broken down by sex.’ a o

Table 4"

Mean Overall Mathematics Scores by Sex

Group . ‘Mean , SD Cases
’ ‘ . ‘ ‘ :

Males . 24.10 .. 6.05 221

Females 23.56 N 6.41 190

Entitre Population 23.85 6.22 | 401 .




N\ : a0
A one-way gnadysis of variance by sex was conducted to )7
(’ determine if the difference between'the means was’ .
N significant for overall mathematics scores.
Table 5 .

- .. " Analysis of Variance of Overall Mathematics
T _ - Scores by Sex

DO
-

' Source ss af - MS . F P
N . ] .
. ,* . Bétuten Groups 20.27 . 1 29.27 0.76 0.39
- - ._Within Groups 15464.45 399 38.76

From the ANOVA it was concluded that there was no . "
significant difference in overall mathematics achievement

by sex, thus hypothesis (2) was accepted. . . ’,/

. - ' ¥ ' - -

~~In Table 6 the criterion vayiable of numeracy/algebra

. is broken down by sex.

f

)

’I‘abie 6

LY

- ' . ’
Mean. Numeracy/Algebra Scores by Sex

. ~,Group . Mean SD - cases
. ~ Males - 13.00 ' 3.60 211 '
; Females - ~ 12.99 3.76 190
) " Entire Population 13, 00'_ . 3.67 401 ' &;‘9
. .

' . . : .
vt . . '

&
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A one-way analysis of variance by sex was conducted to

. /
determine if the differepce between the means was
significant for numeracy/algebra scores.

Tabl‘e 7
- Analysis of Variance of &umeracy/AJgebra
scores by Sex.
o [
' Y
{ - . . . S
Source S8y _. df .MS F P
. Between Groups  0.0] 1 0.01 0.00(1) 0.98
within Groups 5389.99 399 . 13.51
From the ANOVA it was concluded that there was no -
-+ significant difference in hu_mefacy/a‘lgebra achievement by
sex, 'thus'hypotl:_iesis. (3) was accepted.
A In Table 8 the criterion variable of.'geometry is
. . . ,/
. broken down by sex.
‘ [}
. Table B
- - N ) ) .-’ __:_/——
Mean Geometry Scores by Sex
Group ° . ' Mean . SD Cases
Males 11.10 3.25 o211
Females - 10.57 < 3.43 : 190
" v - N . ) , .
-~ Entire Popul{ i"éi “10.85 3.34 401
. R ’
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A'one-~way analysis of varlance by sex was conducted to
dei:,e'rmine if the difference betweeh the means was
. : >
!significant for geometry scores.
0 - ! #
Table 9 ' )

Analysis of Variance of Geometry Scores by Sex

source ’ Ss af .. M F. P
- Between Groups 28.20 1 28.20 2.54 l 0.11
“within Gfoups 4437.52 399 - 11.12 | )

[

From- the ANOVA it was concluded that there was no
significant difference in geometry achievement by sex,
thus hypothesis' (4) was accepted. |
L S | As a result of the acceptan(c of hypotheses ('2), (3), 7
- and (4), male and female performance in mathematics was

not considered different. - . Lo

- . Question 3: Is there a differential relationship
between spatial wvisualization and
mathematics pexrformance for males and.
females?

From éuestion (3) the.following three hyiaoihesis were

~ formulated for testing.

- Hypothesis 5: The relationship between spatial
visualization and owverall mathematics

S o v achilevement is not significantly different
for males and females in grade 9. .

~ L e .
-~ —

A e : ’ i : . . . C
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Hypothesis 6: _The rElationship betwe'en spatial
‘visualization and numeracy/algebra .
achievement is not significantly different
for males and females in grade 9.
. - -

Hypothesis 7: The relationship bdtween spatial

—_— visualization and geometry achievement is
: not significantly different for males and
o\ females in grade %¢o oy °°
, AY

’
- . -t
1]

In Table 10 the Pearson product-moment correlation was

I . ) o>

computed for spatial visualization with the dependent I .

variables of numerac{r/algebra, ' geometry, and overall ‘ - “

o . ~ p - ’"
mathematics. » 4 .
‘ -

Table 10 = |

Correlation Between Spatial Visualization and
the Dependent Variables by Sex

U ° e

Spatial visualization

: and ’ ¢
. Group MNumeracy/Algebra Geometry Overal '
' , Mathematics
- Males 0.47* 0.52* 0.56*
Females 0.53 =+ ‘ 0.50* 0.58*
Entire Population 0.49¢* . TBx52* : 0.57*%

—

* p < 0.001

- .
Fisher's 2-transformation of r was conductegi to odetémine
if the correlation between spatial v_isualizatipr; and each
of thé’ ‘dependent variables was significantly different by

. s5eX.



visualization and.overali ma&?ematics achieyement by sex,

From Fisher's z-test'it was concluded that there was no ‘

. visualization and numeracy/algebra achievement by sex, ' \

l' _ ) ) ; 44 -

Table 11
“Fisher's 2Z-test of the Correlation Between
Spatial Visualization and Overall
+ Mathematics by Sex

rs

Group . r N Ry yA P . ‘-
_Males = 0.56 211  0.63 0.30 0.76
Females ~ 0.58 190 .0.66 '
- ! - L]
L ‘ L1 re T
¥ . ':‘:

‘ From Fisher s z- test it was concluded that there. was, no

significant difference in the correlation between spatial :,_
‘ I

N
/ o N " -

- thus hypothesis (5) wasqzccepted : T Lo

' Table 12 : :

Fisher's z-test of the Correlation Between Spatial
Visualization-rand Numeracy/Algebra by Sex

Group - .o N ar - z P.
Males . 0.47 211 0.51 0.81 0.42 = ! A
Femalés .4 0.53 190  0.59 - | Lo

significant dif;Frence in the correlation between spatial ' S

thus hypothesis (6) was accepted. --"\
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.’ Table 13
Fisher's 2Z-test of the Correlation Between Spatial‘
s , Visualization and Geometry by Sex
: .-
" Group ' r - N 3 4 2 P
Males . . . 0.52 211 0.58 . 0.30  0.76
Females © . 0.50 190 - 0.55

.-

' From Fisher's Z-test it was concldded that there was no

51gnif1cant difference in the correlatlon between spatial

viSuallzatlon and geometry achlevement by sex, thus
hypothesis (7) was accepted.

As a result of the acceptance of hypotheses (5), (6),
and (7); the relationsﬂlp between spatiallviguaiization
and mathemalics performance fcr males and -females was not

considered different.

Question 4:  Does spatial visualization®contribute to
sex-related differences in mathematics,
. performance?

-

From question (4) the fol;ow1ng three, Qgpotheses were

' formulated for testlng
Hypothesis 8: Spatial visualization does not
, significantly contribute to sex—related

differences in overall. mathematics
achievement in’ grade 9,"

Hypothesis 9: Spatial visualization does not ;
: significantly contribute. to sex-related .

differencas in numeracy/algebra achievement.’

in grade 9.
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Hypothesis 10: Spatial visualization does not
significantly contribute to sex-related .
differencés in geometry achievement in
grade 9. :

An analysis of covariance by sex, spatial visualization as

- the ~covariate, was conducted to determine if the

difference between the means was significant for overall

Table 14'

——

Analysis of Covariance of 0verall Mathematlcs
' Scores by Sex o . e

Sourcé' . ss af - MS O F P
Covariate 5015.02 1 5015.02 190.52  0.00
Main Effects 1.94 1 1.94 0.07  0.79
Explained '~ 5016.96 2 2058.48 95.29 0.00
Residual 10476.77 398  26.32 . .
Total 15493.72 . 400 38.73

) ~

From the ANCOVA it was concluded that there was no

L . -

significant difference in overall mathematics achievement

by sex, thus hypothesis’(s)'was accepted.’
. An analysis of covariance by sex, spatial

visualization as the_covariate, was conducted to determine

if the-d;fference.between the means was significant for |

A

numeracy/algebra scores.

mathematics scores. ' . “
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Table 15 ‘
Analysis of Ebvariance of Numeracy/Aléébra
Scores by Sex
Source .. S8 ' df MS F - P
. p - : )

Covariate 1309.23 1 1309.23 128.05 0.00
Main Effects 11.48 . 1 11.48 1.12  0.29
Explained 1320.71 2. 660.36  ‘64.59  0.00
Residual ° 4069.29° '398 . 13.48 |

. o

From the ANCOVA it was concluded that thérg was no -

significant gifférence.ih numeracy/aigebra achievement by

sex, thus hypothesis (9)' was accepted. |
An analysis of covariance by sex, spatﬁél

visualization as the covariate, was conducted to determine

if the difference between the means was significant for

geometry scores.
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) Table 16 K
Analysis. of Ccvaﬁiance of éeometry Scores by Sex

Source | SS __ df MS F P
) Covariate 1199.48 1 1199.48 . "146.34 0.00
Main Effects 3.98 1 3.98 0.49 0.49
Explained 1203.46 2 601.73 73.41. 0.00

- Residual 3262.26 398 © 8.20 )

" rotal " 4465.72 . 400 11.16

Lrom the ANCOVA it'was‘concluded that there was no'
~ significant difference in geometry achievement by sex,
.thus hypothesis (10) was accepted.
In Tables 14, 15, and 16, using spatial Qisualization
as a covariate did not produce significant differences in
% | ‘means for any of the dependent variables. As a resulrlof
' the acceptance of hypotleses (8), (9), and (10), it was.
concluded that spatial visualization does not contribute .
to sex-related differences in.mathematics performance.

'(. “ ' . ‘-’

"Exéloratorx Analxsis
During the collection, scoring, and.coding of the

data certain trends became evident that indicated further
analysis would be wcrthwhile. An exploratory analysis
'_ tould allow a better understanding of the data as well as .

provide'pcseiyie qhestions for future research.
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First, it was noticed that the numeraéy/algebra mark
was ,higher than the geometry mark in the majority of

‘vﬁases' ‘For the entire populafion, the mean

—_ numeracy/algebra score was 13 while the mean geometry ;

score was 10.85. Therefore, a new variable referred to as
"mathdiff" was computed for each student where mathdiff

equals numeracy/algebra score minus geometry score. In

AN Y

Table 16 the criterion variable of mathdiff is ‘broken down
by sex. : - . '
[ . U
Table 17 -

’ Mean Mathdiff Scores by Sex

Group Mean sb -, Cases,
Males o 1.91 3.22 o211 A
Females ' 2.43 3.27 190

Entire Population 2.15 3.25 © 401

. ~ -

s

A one-way analysis of variance'by sex was conducted to.
determine if the difference between the means was

l .
significant for mathdiff scores.

lv . . . . . .
VA = [ ' . . L ' ' g Sl
. . . b
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Table 18

Analysis of Variance of Mathdiff Scores by Sex

Source . 88 df MS F P
Between Groups 27.15 =~ 1 27.15 2.58 0.11
Within Groups  4190.57 399 10.50

el

From the ANOVA it was concluded that there was no
significant différenqe.i Qé}hdiff scores by sex.
'Seconde ﬁhe_hi&her méan-ébagial visualiz;tibn score

'fQI males and‘thé possiﬁle spatial component oﬁ a seétion

. of the qeométry;sdbtest made an investigation into ’
transformational geometry seeﬁ.worthﬁhile. .The
conclusions drawn from the anaiyses'of the
transforﬁﬂéional~geométry subtest should be tempered by.
the fact that this subfeéf consisted of only eight items.
In Table 18 the Pearson product-moment correlation was
qpmputed'fo;_transforﬁational géomet;y with tﬁé*dependent
variables of spatial'@isdalization,‘numer;cy/algebra,

.3
3

geometry, and o{;rall mathematics.

.



Table 19

‘Correlation Between Transformational Geometry and
"~ the Dependent VarTables by .Sex

& ™ o : ¢
.T;ansformatidﬁal‘Geometryg“‘—"“ﬁf
. : . ' and
Group - Spatial Numeracy/ ‘Geometry . Overall
; Visualizatioh Algebra ~ Mathematics

Males 0.38* 0.39%* - 0.79% . 0.66*
Females : 0.38% - 40.44* - 0.84% 0.71*
Eﬁtire ' . |
Population 0.38% - /‘ 0.41* =* 0.82* " 0.68*

‘ . , .
* p ¢ 0.001 h

\
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In Table 20 the criterion variable of transformati

geometry.is broken down by sex.

Table 20

Mean Transformational Geometry Scores by Sex

52

onal

L]

-—

Group ”, Mean ' SD

Cases
Males o 5.09 ' 1.83 211
Eemaléa | 4.64 To1.89 190
Entife Population  4.88 1.87 401

-
r

A one-way analysis of varf;nce by sex was conducted to

determine if the difference between the means was
éignificant for transformational geometry. -

Table 21

Analysis of Variance of Transformational
Geometry Scoyres by Sex

Source - - 8S af . MsS F P
Between Groups 20.97 1- 20.97 6.07 , 0.01~*
Within Groups 1378.05 399 3.45
* p < 0.05 .
.. ' ) ™~
R h?, ! ,

T e e
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From the ANOVA it was concluded that there was a
significant difference in transformational geometry
achievement by sex. As a result, an analysis of .

covariance was conducted using spatial visualization as a

Tovariate.

/
. Table. 22 :
Analysis of Covariance of Tran§formatlonal '*.
P GeOmetry Scores by Sex

)

Covariate 206.69 . 1 206.69  69.60 ' p.bo
‘Main Effects . 10.33 1 10033 3.48. 0.06
Explained 21702 2 108.51  36.54.  0.00
Residual 1181.99 398 ' , 2.97

“Total 1399.01 _ 400 3.50

—_—

Source ss af MS F P f

~

From the ANCOVA it was céﬂcluded that there was no .

significant difference in transformational geometry

’achievement by sex. With spatial visualfﬁation as:a

covarlate, the significant dlfference in. meags by sex for

transformatlonal geometry had dlsappeared

—-—

Thlrd, a wide range in the ages of grade 9 students”
made ah investigation into the age factor seem worthwhile.

In Table 23 the frequency of age is broken down by sex.

"



b

£
[/
I8

.

Tat . PR

TN PR SLNE RIS RN
L A E AR A

) 54
~ Frequency of Age by Sex ..
Group 13 14 15 16 17 18
Males 3 148 43 15 1
‘Females 2 157 %2 8 .1
‘Entire Populatigp 5 305 65 23 2

In Table 24 the criterion variable of age is broken down

by sex. -, S ~/

. o U . ) . T e / _

' Table: 24 ‘ ‘
Mean Age by Sex
Group ‘ Mean SD- Cases .
Males ' ) 14.36 0.70 211
remafls 14.21 0.55 ) 190
1] ’ : (".:::‘-

Entire Population . 14.29 0,52 p 401

-

A one-way analysis of variance by sex was conducted to
determine if the difference between the means was

significant for age.

e (4
A
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Table 25 .

4av

Analysls of Variance of Age by Sex

55

Source SS df . MS F . P
Between Groups 2.55 1 '2.55 6.36 0.01~*
w'j.t}:;i{n Groups 159.90 399 0.40

= \
J | |

From the ANOVA it was concluded that there was a
' g |

-4

-significant difference in age means by sex. \

-In Table 26 the Pearson product-moment correlawgcﬁ\,/

. . . } .
was cpmputed'for age with .the dependent variables of

v

spatial visualization, numeracy/algebra, ‘geometry, and

overall mathematics.

—

4
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¢ Table 26
Correlation Betwé&en Age and the Dependent
: Variables by Sex :
;,' ;- .
4
Group ' Spatial Numeracy/ Age and Overall
_ Visualization A}gebra Geometry yathematics
Males - ~0.11%* -0.38% -d.38*% -0.43*
Females . ., -0.14** -0.37* -0.26* - -0.36*
Entire Population,  -0.11%% ~0.37% -0.32% -0.39*
f
.* p < 0.001 :
' 8 ;j
** p < 0.05
‘ ¢ -
3 X - . ) ) [
~ e
\
4
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The significant correlation between age and ea
*
dependent variables made a one-way analysis of

57

ch of the

‘variance by

age necessary. ’
. a 1 }
/ —
- “ Table 27 .
Analysis of Variance of Spatial Vvisualization
Scores by Age
Source . 88 df ( MS F P
. Between Groups 1002.57 9 200.51 1.81 - 0.11
Wwithin Groups 43755.81 39 110.77 . ;
. ‘ , '
Table 28 o~
Analysis of Variance of Numeracy/Algebra
Scores by Age .
T . < Y /
Source §S df MS. F P
1 . ‘ T
Between Groups 752.32 5 150.46 ' 12.82 0.00*
Within Groups -4637.68 395 11.74
* p ¢ 0.0001
- /



Table 29 o

‘Ahalysis of Variance of Geometry Scores by Age:

Source . ‘//hgé -df MS F P

- . 3
lBetween‘Grodbs’///476.02 5 95.20 94 43 0.00*
_Within Groups = 3989.70 - 395 10.10
% p <-0.0001 - - _ :

‘Between Groups’ 2408.59 - 5  #481.72 {4.54  0.00%

R 3y
T L

_ .

v - .
- . ’ . .
4 ! . hl 1 m.‘ﬂ\
. ! .

~. .. ':'j ) ‘Table 30 ;T

Co -

_ Analysis of Varxance of ‘Overall Mathematlcs
/ : R .+~ Scores by Age .

Source . ., S§° afF mMs - F . p -

o

Within Groups ~ . 13085.13 395 . 33.13

* p < 0.0001
From the ANOVAs (Tables 27, 28, 29, &nd 30) it was
concluded-that there was a significant dlfference in each

\
of numeracy/algebra achievement geometry’achievement, and

overall mathematics achievement. by age. o ,: o .
An analysis of chariance by sex, age as: the '

covariate, was conducted to determine if the difference, s

"between the means was sighificant for sﬁatial

'visualization. : _ o o | _ _ ’ ﬁ;,' T
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Table 31 7
Analysis of Covariance of Spatial‘VLSualizatlon
. -Scores by Sex
B Source Ss : df. MS F P
< .
Covariate » 553.93 1 553.93 5.05 0.03
. Main. Effects 549.30 -1 549,30 5.01 0.03*
- ] & - . ‘ ' .
Residuial  43655.16° 398  109.69
Total - .  44758.38 . 400  111.90
* p < 0.05.
An ana1y51s of covarlanue by sex, age as the covariate,
was conducted to determlpe if the dlfference between the
;- . means was significant for_ numeracy/algebra scores.-
- U Table 32 - E .
N . : Analysis of Covariance of Numeracy/Algebra \
fe , , - Scores by Sex o o
: . ~Sourc®& -, _.SS af - - Ms, F P
gcbvériate) . 736.97 1+ 736.97 63.21 . - 0.00
L o ) oL & . . * '. ' 1 .
: Main Effects  12.45° 1 12.45 . 1.07- .0.30
'Explained - 749.42 ' 2 . 374.71 32.14  0.00 -
Residual 4640,58 . 398 - 11.66 . ..l
' ' 'Total .. ——. 5390 400 . 13:48. -
: ' y . : ) ‘). .
;:i:::;‘?"'o"\ ) . ..\I: ' ! ] } . "
e W iR Ve



An analysis of'coyariance by sex, age as the covariate,
was conducted to determine if the @fference between the -

means was significant for geometry scores.

Table 33

——f—

Analysis of Covariance of Geometry Scores by Sex

4
Source . SS af M8 . - F P
: Covariate = .' 443.32. 1 443.32 - 44.58  0.00.
! © "%Main Effects  64.17 1 ' 64.17  6.45  0.0L
. _._Explaiped . 507.49—= .2 ° 253.74 25.51 ° 0.00
' Residual . . 3958.23.  398 \ o 9.95 ' ’
. Total 4465.72 400 11.16
N /'*p<o..os "
- .
' An analysis of covariancg by sex, age as- the covgiiate,
’ oo ' ’ :
was conducted to determine if the difference between the
. means was signifiéhht for overall-maqhematics scores.
%
"ll \ (
) s "
4
- "t
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Table 34

‘Analysis’of Covariance of Overall Mathematicg
Scores by Sex

’

Source ) SS dat MS F P

Covariate 2323.45 1 2323.45  70.93  0.00
Main Effects  133.15 1 133.15  4.07 v 0.04%
Explained - 2456.60 - 2 1228.30  37.50  0.00
Residval ' 13037.12 398 32.7
Total - | 1549372 40§ . 38.73

: N .
* p < 0.65.'

From the ANCOVAs (Tables 31, 32, 33, and 34) it was
concluded that therg was a sig_nifi‘cant difference in each
of spatial visualization, geometry achiewvement, and
overall mathematics achievement by sex.

An analysis of covariance by sex, age and spatial °
visualization as covariates, was conducted to determigg if

the difference between the means was significant for

geometry scores. .
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Analysis of Covariance of Geometry Scores by Sex

Table 35

" Source SS | af MS F P
Covariates 1499.10 2 749.55  100.97  0.00
sV 1055.79 1 1055.79  142.22  0.00

4+  Age , 299.62 1 299.62  40.36  0.00
Ma_i'n Effects 19.50 1 19.50 2.63  0.11
~Explained 1518.61 3 566.50 ¢ 68.1%  0.00
Residual 2947.12 397 —7.42 !
Total | 400 15..16

4465,72

Note: SV = Spatial Visualization

An analysis of covariance by sex, age: and.spat;ial

visualization as covariates, was conduc€ed to determine if

the difference between the means was -significant for,

overall mathematics scores.

<«

ol : ’
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Table 36
Analysis of Covariance of Overall Mathematics
Scores by Sex

Source sSSs df Ms F P

Covariates 6661.42 2 3330.71 150.01 0.00

sV 4337.97 1 4337.97 195.38  0.00
‘age - 1646.41 1  1646.41 " 74.15  0.00
| Main Effects ~  17.84. 1 17.84, - 0.80  0.37
.Explained 6679 .26 3 2226.42- 100.28 ' 0.00
. ] -~ . . .
 Residual  8814.46 397 22,20 .

Total ‘_15‘2193.72 40() - . 38.73 ' \’/

- o
» R . - ’ .

Note: SV = Spatial Visualization

From the ANCOVAs (Tables 35 and 36) it wejs conclﬁdeti that
there was no significant difference in either geometry
achievement or overall mathematlcs achievemenY by sex.

With spatial v:.sualizatio?a covariate, as well as age,

"the sn.gnificant-_ difference/ in means by sex for both

geometry and overall mathematics had disappeared.

.Summarx 1 | ‘--—.

15

From the analys:.s of the data according to the

' procedures outlined in Chapter 3 the following conclusions

were reached.. There was no significant difference between -

toe
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male and female performance in spatial visualization nor
mathema’tics.- The relationship between spatial
visualization and mathematics performance for males and

- | females was not slignifican.tly different. Spatial
: . visualization does not significantly contribute to sex-

related differences in-mathematics performance.

) However, an exploratory analyéis did reveal a number
of ﬁiddeq relatiqns_hips.iri the data. Males did
sigr}ifican.{:ly better than females on‘ transformationai '
geor;\et'ry,* a subsection of the geometry test. - If g o
dlfferences in spatial- visualization were controlled, tll'me:n
the significant diffefen_c‘e between males and females on
tifansfgrma’@:ionai geomééry was removed. If differences in
age ‘;veré control]:ci,_, signific‘anti- differe'x:z—c-e; in both |
spatial visdé‘_li'zation and ma\thématics between malés and
females began to en-‘erg‘.e. Controlling for spatial
visualization, as well as age, removed i:hese significant .
— ‘di¥ ferences. These results are gisc:SSed in Chapter 5.
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\ CHAPTER V
DISCUSSION, IMPLICATIONS, AND RECOMMENDATIONS
—
In this chapter a summary of the study as well as a
statement of the conclusions resulting from an analysis of
the data is prese\nte/d. Implicatiops for teaching are

discussed and regommendations for future research.are

pre§ented. - 5

- . .
< - ~

o

.Sumnary

The study of mathemat-ic_:s_ is imp"ortant in the.
'intellé‘c'tual -dev-eloPment‘and'careex; choices .o'f all
individuals. ‘i‘n today's technological society,
mathematics acts as a critical filter for a multitude of
mathematics-related profeésions. Without an adequate
mathematics packg;ound caréers such aé ‘engineer g,

architecture, and computer studies may not be accessib}e.

While some studies often show no differences in ,

] >

mathematic_s achievement between the sexes, a, . : er
of_' studies sixow diffez.:ences favoring males. |
Spatial wvisualization i_s a cognitive variabie which
<\is_ g:hought to -he associated with sex-related differénces.
Differences in spatial visualization between the sexes
appear at nearly the same age as do differences in

. mathematics achievement. Consequently, it is possible

' . that sex differences in matheinatic;: achievement may be a
. \ . ‘
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-

secondagy consequence of differences with respect to

spatial visualization. v

This study was des‘igned to examine the relationships

between sex, student achievement, and performance in

-

spatial visualization and in mathematics. Investigations
also involved other aspects including a gquestionnaire to

teachers and an exploratory analwxsis of the data.
v

The sample for the study consisted of 401 grade 9

students, 211 males and 190 females. Each student was

administered a teacher-constructed mathematics aqhievement

b

test and a standardized test of spatial ability. " The

. ‘administering of all tests was carried Qut by the

researcher. Specific .instructiaons and a specified time
limit (mathematics ~ 30 minutes, spatial visualization -
25 minutes) were rigidly adhered to f£or each test. The

next section discusses the results of the study.

>

Discussion of Results

fhe detasled results of this study were presented in

the previous chapter. In this section these results are

discussed with reference to the stated questioﬁs. - ‘

The fj.rs;t question in this study was conecerned with'
comparing'male and female performance in spatial
visualization. On the spatial visualization t_e_ét the mean
$cpré for mgles was hi‘tjher than the mean sc--c.:re for

females. Overall, this difference in spatial.
s

—

-
s
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visualization was not significant. However, u"s.ing‘)age as
a covariate, the _diff:rence in spatial visua-lj:zation
between the sexes became significant. It was ;pparén_g_
that a significant difference betweer: males and females in
spatial visualization had been masked by differences in
age. ' h- | )
In the review of literature it was indicated that
some studies have found that sex-related differences in

spatial visualization were reduced or disappeared when the

-mathematics backyround of students was controlled. In

Newfoundland, the mathematics background of all students,

up to and including grade 9, is virtu’ally the same.. This

could explain why overall differences in spatial

-

1} . - .o N -
visualization between males and femalés in grade 9 were

not significant. Prewvious fes'earcﬁ'afso indicated that
male superiority in spatial abilities often became evident
in adolescence and increased with agé. Thus, it maye be

that the overall difference in spatial visualization
P X
observed in this study could become significant over time.
f >
A wide range in the ages of grade 9 students in the

. sample made an investigation into the age factor seem

worthwhile. Even though grade 9% re_beaters were eliminated
from the_sample,I ages'still ranged from 13 to 18. The
mean age for maies wés s'.ig'n&ificantly higher than for
females; This was probably due to Fhe ﬁact that males
répeated earliér grades more often than females. As a

result, ﬁhere-w_as a significant negative correlation’

L]
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between age and spatial visu:al‘ization, for both males and
female's,' with the correlation being stronger for females
than for mgles. Therefore, it was necessary to control
i:he age factor in order to ensure a fair comparison of
spatial wvisualization ability for mﬁles and females".
Covarying out the differences in age, the resultant
significant difference in spatial ability between the "
sexes tended to support’ brevious research f£indings of sex
di—ff‘er'ences in spatial task perfo_rm__gnce‘ favoringgfmales.
Since research suggests that the magnitude of the
difference betw.éeﬁ the sexes in spat_.ial visualization
depends upon previous experie_ncé, social and environmental
di_fferg\nces nay poss.iial& .éxert the gfeatéSt' j,nfluex_uées.
The second questidn in this study was concerned with
comparing male—and female perfo:mance in méthemétics.

Overall mathematics, numeracy/algebra, and geometry were

v considered separately for analysis purposes. Although the

mean score.f,qf\mal was higher than the mean score for
females in geometry and ov-::r.all mathematics and
differences in nmneracy/algebf:a were negligible, the
primary analysis found no significant difference Setween
male and female pe‘rfo'rmance in overall mathematics., |
xmmera"cy/algebra,. br geométry.

Since certain consplcuous trends became evident in

’the data gathered, ‘further ‘analirsis was undertaken. It

wAs noted that the mean difference between

nuﬁ:eracy/qlgebra gnd geometry, referred to as "mathdiff",
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was lower for males than for females. The majority of;the
students in the sample had a higher mark in
numeracy/algebra than in geometry. This might be due to‘
the fact that certain parts of the grade 8 mathematics
program were not covered because .of limited time. 1In
particular, geometry sections were covered less often than
the numeracy/algebrc-; sections, with transformational and
coordinate geometry being neglected most of all. Twenty-
e:.ght percent of the_ t&chers surveyed failed to cover -
transforrgyfi/nal geometry, while forty eight percent & -
failed to cdver coordinate geor_netry. |
Spatial visdalization requires that oloj:ects be L

mentally _roi:ated, reflected, and translated. Such abi_].ii;y

seems to be logical}y relaﬁed‘to geometry, especially
transformatiorie,l geometry. When the analysis of data =

focused- on transformatioﬁal geometry, a subsection of the

geometr‘f} test, .the; difference between maf’le and female (

per formance became significant in favor of males. This
resﬁlt supports the contention that sex-related

—_— .

differences in mathematics are especiaily—eommon on
problems whose content is spatial. 'A cautionary note” is
' Ehat tr sfo’rmatflonal‘ geometry comprised only.eight;, of the
j}otal 40 iltems of the overall test. ' '_ o

when numeracy/algébra, geometry, and overall °

mathematics scores were broken down" by age, an obvious

o
—

negative relationship with age could be seen. The

/

negative correlation between age and these variables could

=
&
L
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geometry, and overall mathematics scores differed

70

.be explaipned by the presence of slower students who had

repeated ohe'or more earlier grades. The negative
correlation between age ana geometry was higher for males

than for femalés.

—

. Rn analysis of variance found that numeracy/algebra,

~

'significantl'y by age. Therefore, it was necessa‘ry' to

1
control for differences in age. With age as a covariate,

differences in. geometry and owverall mathematics by sex

N -

became significant in favor of males. As with spatial

visualization, d:l.fferences in geometry and overall

v

' : mathematics achievement had 'been masked by differences in .

age. . : | | | ' e
P ] .. . . - ‘. &

’In the review of literature some studies suggested
that when the mathematics background of subjects was #

cOntrolle‘d,v differences in mathematics achievement between

. the sexes. were often small and insignificant. In

contrast, the results of this study found significant

.differences in geometry- and overall mathematics

achievement betwee‘ﬁ* the sexes even though éhe mathert{aticsh'
\

background of - the subjects was the same. = . -

&

It is worth noting that the mathematics test USed in

this study was ve_ry_genera_l. It balanced the c°mponents

of S:he program and consequently tested many skills.. 1In L

oontras'c many previous studies tended to focus on specifica

.content areas and tasks were ‘often limited to one specific :

‘level., While ‘many\,hi'gh level tasks such-as proof -writing

A . R P T e e e g, S . oL S
[ 3L T T A R 0 N I A L T T T AL PO SO N SO

-2



in

%

'1.

B mathematics was higher for females. A Fisher's z-test for
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often favored males, low level tasks such as computation

often favored females. Therefore, to gome extent, the

. results of t:hi% study are consistent with previous

research. .
- :

The third question in this study was concérned with'
comparing the li‘elaqionship between .spatial visualization
and mathematies perfor_mance for males and femalee. While
.the corrélation between spatigi’;sualizat_ion atn.d geometry

was higher for maies, the correl ion between spatial‘

v1sua11zatlon and hoth numeracy/algebra and overall
» /

-

lndependent samples determmed that these correlations

i were not significantly different for’ males and females.

Spatlal visuallzatlon was signlfigantly correlated

' Wlth numeracy/algebra, geometry, and overall mathematics

for eaeh sex. Research has concluded that spatial
visualization and mathemati'cs‘ often correlate in the range
of 0.3 to 0.6. The results of this study support this
conclusion for both males and females. S .

The fourth quest].on in th.lS study was concerned w1th

: the contribution of spatial v1suallzation to sex-related

differences in mathematlcs performance. For the entire
populg;tion, the correlatign between Spatlal visualization

and overall mathematics-was 0.57. Therefore, spatial.

'vlsualizatlcn accounts for approximately 30 percent of/the

variance in’ ability in mathematics ach{evement: . In the

primary _anal_ysis of data, the overall diffexence in .
. N v . . . . p
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" mathematics performance betwepn the sexes was not

significant difference favoring males was found to exist

“

significant. Using spatial visualization as a covariate
did not chanoe the outcome. However, in cases where ' - -

significant,differences,in mathematics® achievement between
- _ . . N S

the sexes did-existffsbatial visgalization was found' to be

a contributing factor.,
First consider the case. of transfo ational
géometry. In«&his case, -a significant difference favoring

v -

males was found to exist. lt-is important tq realize that - “
when differences in spatial visualization were controlled,

differences,in transformational geometry between the sexes
became nonsignificant. Thds, spatial visdalization can be
considered an important factor contributing to sex-related
differences in transformational geometry. Females perform
at lower levels than males on tests of spatial |

visualization and less adeguate development of this f

02

abilitv may .partially explain females lower performance"in'
. . , 1

-

transformational geometry. ' v o _—
Seeond, considexr the cise of geometry and overall

mathematics. 'In this caseﬂjusing age ' as a covariate, a

- 4 .

/
A

in both qpometry aﬁd overall mathematics achievement.
However, with both,spatial visualization.and age as

covariates,»the difference between males and“females in

' geometry and overall’mathematfcs achievement~became

‘Znonsignfficant. COntrolling for spatial visualization, as f;:

well as age, removed the significant difference between

. ol .o .. P t
. . ) I F. L ) g,
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the .sexes that was previously observed. Thus, it can be

concluded that. spatial v1suallzat10n was a factor

contributlng to sex-related differences in® geometry and

-toverall mathematlcs achlevemént i o

. 0vera11 the results of thls study suggest that
.patlal visuallzatlon was significantly related to
mathematlcs.achlevement. pqvarylng out the differences in
spatial visualization eliminéted the differences between
the seﬁes in transfprmation geometry, whiie covarying out
the differences in both age and transformational geometry
elininatedfthe‘differences in both gecmetry and overall
mathematics achievementt These findings are consistent
with the importance of spatiai visualization to
mathematics leerning in general and to explaining scme of

.

the aifferences obsefved between the sexes in specific

" branches of mathematics..'

As pointed out in chapter pne’*the existence of sex-

related differences in mathematics results in inecuity in

' education. «The reduction of sex-related differences in

mathematics and the equalizing of career opportunities for

male and female students require educators to 'be

knowledgeable of ‘the far-reaching consequences of sex-

reldted:ﬂifferencesfin mathematics when they exist.

.".14, ' LA
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The results of this study have several important

implications for educators. Since sex-related differences

‘in mathematicss achievement have been found to exist,

teachers must be made aware of»yhere they exist and also
encouraged to prov1de the appropriate learninyg experiences
that would allow both sexes equal opportunity to attain
greater success in mathematics. ‘

The next .question is what can be done to reduce and
hopefully eliminate these differences? The main area of .
concern appears to be geometry, especially
transformational geometry. This stddy has shown that a

significant difference in achievement favoring males is

v

" evident in transformational geometry. It has also been

R Y

" shown that when ege was controlled, differences between

males and females in geometry and spatial visualization

wexre significant. Howeveéiﬁonce spatial visualization was

controlled, differences betéeen the sexes in
transformational geometry. and geometry in general became ibﬁ
nonsignificant. Therefore, it can be concluded that sex- '
related differences in geometry achievement can be reduced

if the-spatial visualizetion ahility of females can\be
improved; 'Since‘previous research found that geometry

instruction for students can improve spatial visualization

:as early es grade 4, teachers should be. encouraged to'

Ca s e
REA IR Y Y W

N

develop spatial reasoning in elementary school as an.

integral part of instruction in geometry This can be

\
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P

accomplished through the increased use of manipulatives in

-
kY

activities dealing with geometry. .
It may be that the lack of instructional time spent

on geometry is more detrimental to the mathematics

]

- performance of females than of mélesﬁ - . ' A

It is important to realize that the task J? promoﬁiné '
equity through mathematics is not solg&f the .
fespoﬁ%i.ility of the teacher. Friends, pafents, school
counselof  and students thémselves all have & role to
pla& if sex differences in achievement are to be

eliminatéd.

. N | ’/’ ;/4:’

The focus of this study was to determine whether sex-
related differences in mathemaﬁics acgievement and spatial
Qisuélization exist at the grade 9 level in the provincé_
of Newfoundland. Only through a recognition of individual
differences and inherent abilitieS‘willlthe goal of
equality of opportunit§‘for_fema1es and males in e ucéﬁioﬁ
be accomplished. Therefore,'it is necessary to explore [
an@ atgempt to uﬁderstan& the ex‘gtence of sex-reiated
differences in mathematics achievement. This requires ' -
that cérqfully designed teséargh be conducted into a
number of areaé_b%yo d fhe scope of this étudf.'

The results of this study suggest several

" recommendations for future reéearch."rirst, since the

T
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present stud; was\limited to. the grade 9 level, a similar
study should be' conducted at other'grades. At higher
grades research should pay special attention to )
differences in the mathematics background of students.

Previous research suggests that the greatest sex-related

differences in achievement may océur at higher 1evel

'mathematical f’,ctioning. Since the spatial visualization ,

—_—————

test used in the present study is only appropriate for

o

grade 8 and above, research below grade 8 would have to

L_—’ —

‘use an alternative test to measure spatial visualization

ability.

Second, future research should attempt to identify
which specific components—of—the algebra or geometry
programs are related to spatial visualization. In ‘*
geometry, besides looking at transformational geometry,
coordinate and plane geometry could be considered. In
algebra, specific components such as solving equations and
algorithm usage could be investigated. '

Third, a study should be conducted to determine if
ct. on the

@. " As in the

present study, mathematics achievement could be broken

spatial training has a differential effe

mathematics achievement of males and fem

- -

- down into various components for comparison purposes. -

In future research dealing wlth sex-related

. differences in mathematics achievement, the suppression

’
effect of the'aqe factor should be considered. Only by

covarying out differences in age may a true comparison of



-

L4
mathematics performance between males and females be

% I
possible. *

Since&tﬁe'preeent study has confirmed that. when age

is used as a covariate there exists sex-related

g differenges in spatial visualiéétion'and hathematies

3

achievement future research should attempt to determine“

the underlying causes of these differences. It is‘
imp‘rtant-to realize that the relationship between the:
leaigivg of'mathematics aﬁdlthe sex of the iearner is a.
multi-faceted pfoblem with a number of inte;related
variables which contribute to sex—related/differencee in

mathematics. Oonly thfeugh'extensive research will

probable solutions to this complex proBlem be found.
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) MATHEMATICS ACHIEVEMENT TEST .
' ’ .
: %
/ : . DIRECTIONSTS
“ ‘ Y . ’ -

Do not opei‘tﬁis test booklet until you are told to do so.
N v _~ T h

)

. This test contains 40 multiple choice questions.
It lS not expected that you know everything on this test. A

//////When you are Gbld to begin: _-~ .
1. Read each question carefully.. _ N . ~4'-'."

2. Degide upon the-‘bswer you think is most correct. R Y
~ 7 "There is oniy.one corxect answer to each guestion.

3.. Using the pencils provided cross out the letter
‘ corresponding to your answer on your answer sheet.

4. Use the scrap paper ,provided for figuring or drawing.
‘Do’ not -mark en the test booklet.

o -

5. . If you want to change an answer, completely erase the.
lst answer. -

6. You will not be permitted to use a~calculatqr.

A
]

Let us look at_the foliowing'two examples.

X, Add A) 5 ' ‘ " Y. How many- angles

5+ 3 B) 6 : o does a triangle -
' - Cc) 7 ‘ ) - have? .
' . . D) 8 - - .
NJF‘ﬂ" E) none of the above A) 1
' : B) 3~
. c)y 2 _
" , ﬁg) 4
. none of the- .. ~_U
. ' ,above -if
\ “You will have 30 minuteskfor the test.
Work as rapidly, and as accdrately as you can.
If you are not sure of an ansWer, mark the choice that is
. your best guess., N : _
) D ' L] -\‘\\ ! - .
-DO NOT TURN THE PAGE UNTIL.YOU ARE TOLD TO DO SO. SN
t - ‘.-..\-"
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ODD: ﬁumeracy/Algebra {1, 3,5, .... 39}

EVEN: Geometry {2, 4, 6 ....

N ay (1)
%
(2)
\
(3)
)
| 24

P
(5)

B
'i.' ' ‘

Dﬁvide ‘ s
2.4‘.?2’

In the figure below

= 60°and G = 85?.
What is the measure

bf LF?
F .

What is the greatest
~common factor of 16
-and 242

-

In the Tigure beldw
L1 = 50°and lines. 1l
and ‘m are parallel
(1] |m). What is the
measure of L3? :

Vi
/

What number should
replace the question

P

-

. mark? '

\

3 -

2 =2

5 20

»m

40}
(A) .03 _
“(B) .3
(c) 3
{D) 30 . h
(E) none of ;hé‘ﬁbove'
\\
i - 3
(A) 60° L
(B) -.85%., ~ . \:
(c)y 35° \
(D). 95° IR
" (E)r ‘none of khefabove
(a) 2 O
(B) 4
(C) B
(D) 48 : -
(E) none of the aTove
(A) 50°
(B) 130°
{(c) 100° -
(D) 150° :
"{E) none of the above
m . H
(A 3
(B) 15
(C) - 4
(D) 12 .
(E)° none of the above

- T i ., "71:
S iy
© i et
E
,

89.
-
) ”
’/-\, \
J -
i
J
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O.I
~
B 'n" B '
EN 50' s
T
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R -
6" o o
. a0t
P
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o0
9
P
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v - . - . _:.:
. . = ~ ) ‘ a-
. | W
" Y ] ' \\. . '
‘ - . N y ,
(6) In the figure below - )
LA and LB are "ﬁf\‘-;) '
_congruent ( A= B". . .
What is the value of X?
' . R4
: A)\ 30° N R |
B 60° . : B
80° .
/ / . 15° : tA
— none of the above B
(7) What number shouhak o S :
I replacaythe questi . ’ : .
-~ . -+ . mark? . : ' - : ' I

-
I}

15 e

- . (a) L
) R . —_ R gB; _ ’ o
T TR Co s . - (c) 9~ . E : Co
;o E”‘ ' SR . D) 6 é | \
. (E) .

: , 15 = 75%of?},(

T f\§ . (E) none of the above . L

’ * (8) . An isosceles triangle _ . R '
is a triangle with 2 :

y Sides of equal length. -

. Here are .3 examples. ‘ T v

" Which. of the followlng'ls

true -in- vefy;%sesce}es

R trlangre?
o _ (A} The 3 angles, must have- ‘
the same measure. 3 -
B (B) One side must have T :
; twice the length of :
! ‘another—side . , S
I (C) There-must be 2 angles = = ==
b k\/ with the- same measure. o
(D) The 3 sides must.have ,
. _ ¢ .+ the same length.
. : (E) None of the above. )
: . . . ~ - T /
d ' (9) Which fraction . _ J‘"/ .
. , ' represents the ' /
_ ;- ~ shaded region? . . : /o
Lo . o — , B . /
N , ) . . . : 5 - R S )
: ' - ' (A) .6 ,// s
. . . 1 ) ) : L) //: N '
- (B) 6 A
l , %
(c) 3 s
-1
(D) 5 '
(E) none of the above
V)
| Lo ;




AR AR e ‘ o K IR |
"i':!{::n J‘i . .. ’:\ l - ’ ” * .
. . v
L .
(10) Ingﬁhe figure below ool «
"* line m is perpendicular - .
' to line t (m/1 t) and ' '
: * line n is pérpendicular )
o - to line t (n | t). : ' N
o Which -of the following - I3 :
; is true? : .
/ . i P A < . : v
] - ; (A) 1lines m and n are h
! —— ol » M ;perpendlcular
: ? -(B) 1lines m-and n are
. " paradllel - : '
e ——h >0 - (C) ‘lines m and t are ’
. ’ ‘., .+ parallel
4 . ) (D) 1lines n-and t are
- .. ‘ parallel
. ) i ' (E) - none of' the. above .
X 2 . . - SV G
© . (11) whigh of the following . (A) 3 <1, - - -
. ‘J) : ’xnequalltles are true? (B) =2 > .4 o o
- y , (C).. 0 =3 I
C o : (D) - =5 > 0 o
s - . (E) .none of the above.
C (lﬂ) How many sides.does: a (A) exactly 3 sides o
. polygon have? & (B) 3 or more sides
s ' w (C) exactly 5 sides
po \ /‘ D)y —more tham 3 sides
. - ’ . (E) none of the above -
'\ (13) add "~
"¢ ’
' e 4,73 ' -1 5
’ . Do 3 7.5 (A) 8 '
' (B) 15
‘ L R ’
- (C) 15
1
‘ K (D) B
: _ ) (E) none of the.above
(14) Ig.the figure below
. , line m is perpendicular
;to line n (m ) n) and ‘
-Ll = 43°. Zhat is the
ure of L27?
v A (A)
CiB)
3 5
- ' -
- 51 - (E) )
4 ’ |
. : R -
i) ; f - - ! g
" -‘I«’\ 'ﬁll‘:m}bf‘ ERLOIY MEe '.-.:A‘alx"c".\lf“.','\53:';' R R R RN IR "‘\,' Ve ‘ o ' et ~“"..‘ \“:*k



"Y
Y

_obtuse

acute. -

"isosceles \

right - _
none of the above’

none of the above

I N P

one of the above,j

© o
non
1w
v

8 =-11
12

++ 1 4+
% 1 ¢
i

X
X
X
9
n

e

".

<_V/\>

none of the above

-y

Y

-8
y =8 "
none of the above

B nun
§
>

B AT + .
, i
. ) - . ¢ s
» (15) Write .0@ as a.
: fraction in lowest ¢ (A)
terms.
. . - (B)
/ ) (C)
o 3 (D)
> ._ Y 4 ’ (E)
. ) P
_ (16) How can the following
triangle be classified?
' ()
v - (B)
. (e,
. - (D)
~ - A
(17) "1f'a g and b = 3, (A
' "what is the value. . (B).
«of 2a - b4? t(C)
(D)
- {E)
vd
(1 If e following
9/)\1r:d.grcun represermnts a\\‘
- } translation (slide), \\\
T T . what is the length Of .
. n? .
‘ n
’ s {Nh“*T "(A)
7 I
f', (D)
; —— ﬁE)
(19) Which equation has "(A)
. not been built from (B)
- : X = 3? e (C)
' (D)
-o\ ' ’ : (E)
— (20) 1If "v" is rotated (A)
j - (turned) 270 in-a . (B)
clockwise direction, (C)
what will be the (D)
result? , —_ (E)
1(21) what is ‘the solutlon' . (A)
for the equation - (B)
y - 6 = -2? ~(C)
o : : , ' ' (D)
- e - o ‘ (E)

one of the\;EEGE\\\

T~ *

O VLS
AL R b U yna



"(24),

(22)

(23)

_(25)

(26)

(27)

(28)

If "()" is rotated
(turneg) 180

counger-clockw
direction, wha

i

will

be. the result?Y

What is the

mathematical expression
for "a number doubled

a

is iAcreased by 3'"?
>

If " F Y is reflected’

(flipped) through a

vertical -line (y-axis),

what will be the

résult?

' Caloulate c
C{-4)-(2) 7=

“r\

\
(-6)

‘e

if’Eﬂ“is reflected
(£lipped) through a
horizontal. line

(x-axis), what will:
be the result?'

There 'are 3 less

than girls.
11 girls in the class.,
-.What is the ratiao of

the number of boys to
‘girls?

Which translation
“(slide) will map

figure 1 onto

figure 2?2

YA 'd‘h“

1 HM

Ther

JEOPRN

OYS
are

£

st
o eend 10 Ty

. (E)

- \ﬂ: ~ -

(B)

(C) !3

(D).

(E) none of the above
>, :

(A) 5x + 2

(B) 2 (x + 3)

(C) -2x,+3 . -

(D) '3 (% + 24

(B ‘nane of thé above

_ 'y

(A), ;r

(B) 1

(c) r-

(D) . 5 L

(E) none of the above

(A) -4

(B) -14 |

(c) 2, S

(D) 16

(E) none‘of the above

(A) ™

(B) ®
(c) @

(D) @

AE) none of the above
(A) 14311 o
(B) 11:3. N
(c) 8:11
(D) 8:14

(E) “Tdne of the above

\ e
(A) [3R, 4D]
(B)- [4R, 3D) ;
“{c) [4L, 3U]
(D) °[3L, 4U]}

; (/,/’ ~

none of the abovi#;>

| f P

e

o

SR




N \ '} %
- ’ * B hd "94 :
_— ! ' 1 S .
' (29) The scale on 4 map (A) 50 cm o
S - is 1:250. What . (B) 255 em o
’ distance would, you (C 1250 em - . . e
walk if the distance (D) 1500 cm : T
~Mmeaslired on the map (E) B none of the above
*ig 5 cm? . . . .
' (30) If "Es" js-roflected (a)3
; (£1lipped) ﬁhigggh the (B) E
: T y-axis (vertical), (c)-m
- *  what will be [the (D) Wl . -
- . result? : \ (E)* none of the above
, - »’ . ’ : L
(31) A student p,icll:kéd 15 (A) 180 . : ‘ A
- apples in 2 minhtqs. (B) .24 . L T
At .that rates how (cy 72. IR
- many apples will\be. (D) 90 - . o
, . - picked in 12| minutes? (E}) none of the.above N .
» "(3%)  For.the following . S o~
' rotatidan (turn) about S : .
point 0, the original \ . .
figure and_t%e image
~ ar® shown.~ What is . , , v
v the rotation angle? . . il —
et | (A). 90° clockwise
’ (B) 180" counter-clockwise
(C)' 90° counter-clockwise
: (D) 180° clockwise
_ / S (E) none of the above
~ u o
" (33) . wWrite 25 as ja percent. (A) 17% - .
M~ o 1\ « {B) 34% . - -
' S (C) 68% - ST {
. (D) 83% ) . \ -
‘ﬁ§"~4 S T (E) 'none of the‘ahove * -
(3hﬁ In the square below
whi are the N
coordinates |of point o o
) — » .
£ o . e
. - i N ..) . ° . ¢ :
. . I, ——=—F (&) (3,4)
-~ IS 3 . (B) (2,4)- v *
s, [ ! (c) (1,4)
f o~ - ' (D)' (2,3)
-~ I (1,2) =(3,2) Y (E) none of .the above




(35)

., N
: < (37)
! (38)
A r ) (39)
y
Sl |
TR (40)
."r'; - ¢ _,——-.‘-—-
]
w !
W

oo

N e, YN . . . .
PRI T L T L ST A S s ey
AR e dendiu i IR R Sk 2 D

SRR TF R T
oy W

. z‘. K ‘."‘.l PR
A ciih ARG e

. y A0 ! (\ %
' . >. 95
\! -~
If'‘t=3 and n = 6, (a) 9
what is the value o (B) 39
4n - 5t? . : (c) ~-18
' (D) . 42
. (E) none of the above
If the point A (1,2) (A) o-1,2)
'is reflected (flipped) (B) (4,-2) .
through the y-axis (c) (-1,-2). o :
(vertical), what are (D) (2,1) . g
the coordinates' of (E) 'none of the above .
~ the image-point A'? | .
What is the. " - (A) [3n =7
mathematical equation ern o= 7.
'for "a number n (B) (3 .
increased by 3 is 4€ﬂ‘fn +3 =7
equal to 7"? (D)W n-.3=7
SR ' (E) ! none of the above
If the point B.(1,3), (A) (=3,1) . R
is rotated (turned) (B)  (3,-1)
90 - countér-clockwise (c) (3,1)
about the origin, ¢ (D) (=-3,-1)
what are the - +  (E) none of the abave
coordinates of the
image point B'? ‘
. ‘ F P
What is the solution” 1(A) Yy =286
for the equation (B) y =19
2y - 13 = 25?2 (C) y = -6
(D) y = 38
. (E) none of the. above
-In the translation -~ .
(slide) below A has' —
coordinates: (5,4). ;- ~‘\\\\\\
What are the K C
coordinateds of the . )
image point A'7? 4\\w N
‘ -t (a) (1,1) . .
) e (B). (9,1) e
. ' ¢ (c) (5,4) ‘ \
. KA (D) (-5,-4) .
. . i (E) none of the above
P ,
A el

. s 0 . o v D
R S (R T O R A L T AR LOK
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NAME -

Your.Grade
School S : ' e

.. ' T
city . . _ 100006

Age (as of Dec. 31, 1986)

- &
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\\\\\\wwmmmmsummwmmr ummnamn '
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e
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. 100006

SEX
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(709) 722-2027 T
. , 72 Flower Hill =~ e A
- ~ St. John's . i
| ian e ) . Newfoundland - RIS 4
- : AlC 4M3 . . foo T ¥
i - Ootober,2054}986 o. - . :{ﬁ
: EAY; R X
’ - \ 1 B . Y
rag o . v L T CEs
. s s‘ . . .’\. i -~ ) ‘ } ‘
To Wh It May Concern- ~. / o ‘ C o . ' 7'1_?
qu . \\V , \\v N
. am a graduate student presently working\bn a thedis -
in the Department of Curriculum and Instruction at ‘,--L-g
Memorial University. Theé purpose of <ahesis is to - PR
. ascertain whether' sex differences in atial ability and | -
.mathematics achievement exist.at the grade 9 levels . L -
have randomly .selected a sample of\1l6 schools (lisf \ e
enclosed). In each school one gra 9 class wi be ' '
randdmly. chosen for testing. Each class will be given 2 ...~
one-perlod tests; a spatial visualization test - , .
(standardized) and a mathematies- aci.ievement test - !
(t8acher-made). .It would be preferred lf both tests could °*, -
be given on the -same day, possibly one in the morring and N
ope in the afternoon. , . G
Your cooperation in’ this endeavour will be deeply o *‘.}-
.appreciated. - ' EE 2
‘ - . [} i B ! . v
% Yours sincerely, o .
" - o . o \>ﬂf"a
v . - v y
: - . , "'"/_) ’ .‘. L 4
¥ L4 : % \" B . -
Ve ) “’ a ’
) - ROBERT P. HIPDITCH o
. ’ - , . e,
Encl. ’ ’ ‘ : ’ C : l ' . . ) Lo
. . . ) - * , -~
4 . : L e -t . '
l ) ) , i . : o ‘ .
! - ' p
» i A A - ! ,-...’A
- - » ] x|
- . . .,f . s .].‘i.‘!
-, ‘ay . . . , . 4 .. _ot
oATE 2% Yo Bt . [t 0 el e
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e | : o october 17, 1986 ~  °

- ._- & _ °
., To Whom- It May Cegfern:

o 1 _ B

- The Diviéion of Eval&atidn and Research' is gatheriny

- data and coordlnatlng a number of research projects on

1"Sex differences in Mathemdtics".. A summary report-with -

recommendations will be complled’at a later date.

. In the meantlme, thé Div1510n is supporting the
research of Mr. Robert Hipdltch a graduate student at
Memorial University. His topic for a thesis, "Spatial
Visuallzation of Grade Nine Students in Neyfoundland"

/ .one aspect of-sex diﬁferences in: Mathematlcs.

Your cooperatlon would be appreclated in-this

instance.,
B ’ ® ’ ’ . . N
E = . SgncerelY-yours, B
] F)
e . - LENORA PERRY FAGAN Ph D.
o _ " ' Director ‘
‘LPF: ref : _ ' Evaluation & Research
" s '
- [ f:
N
Q ® I8 "
) .
. ) ° "’“
. “\ ° ! , ’

is




D,
=t

100 ;

1
1
.\
[N
/
, ’i
4
'

-APPENDIX C° )
Questionnaire to Teachers - )

2 : -
haty " ’,

1 :
- - .'.
) L}
B . Iy
: . B
1 [
b » -
3 . .
A} a .
i
‘e
! ] ‘ , ,
y ¢ )
. N . 9
’ .:"J)*
- v
b Sl ‘..‘
. ' ¢ AP e )



-/

101

To ' . . ‘ ~ -

Considering: the time limits many mathematics’ teachers .

; must contend with, it is often impossible to' cover-‘all the
. material as prescrlbed in' the currigqulum gu.Lde. This is -

especially true of the -Grade’ 8 mathematics program

"1 have recently administered a mathematlcs
achievement test to a class of students which you taught
last year in Grade 8. The test:was based on 3 of the 5.
strands -proposed for study in Grade 8; namely, the
numeracy, algebra and geometry strands.

To interpret the results.of my study fairly it is
important to determine the material actually taught.
Would you please be kind enough fo indicate, to.the best
of your memory, the degree to which each of .the following
skills was covered.

Once completed please mail this form in the enclosed

'self-addressed envelope. ‘Your prompt response will be.

deeply appreciated. ~ .

( ‘ . Yours sincerely, . -

v, . ' Robert B. Hipditch

—

~e
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3 .
' NUMERACY ' EMPHASTZED COVERED BUT NOT

NOT EMPHASIZ2ED COVERED

-~ finding the o S
greatest common
factor = ., -

— ee—— ——

- evaluating
expressions
with exponents

- dividing- P : ;
decimals - ' ' .
.. : ) \ ' ) ’
- writing v .
fractions in ' - , . . :
lowest ] forms - . . ' ‘ -

\using T o - ' ‘
- inequalities to : .
‘\\determine the : : '

‘order of °
integers : : —e T

- multiplying and . ' :
¥ subtracting , )l . .
_ integers : :

-~ adding fractions ' N . ' -
with different : : : -
signs_ . : o

- writing fractions
to represent a
. shaded region .

. - writing Jgatios . .

- interpre,tihg
jscalges on maps

- .solving o -

v

proportions for
one missing wvalu

'~ solving. problems
' inyolwving rate -

- solving equations
involwving percept

- writing fractions ' . )
as a percent | , -~ o= S
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b
v
j
i
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"ALGEBRA

" - evaluating

.expressions in
two wvariables

- translating
eXxpressions - from
~words .to symbols
- \ N
- translating
_equations from.
_words to symbols

- solwving equations ‘

in one variable -

(one ‘step) . .

-~ solwvirng equations
in' one variable
(two step)

- identifying
equations which
are equivalent "’

PHASIZED

~

COVERED BUT *

103

NOT

NOT EMPHASIZED  COVERED

ST

—
. i
\
- T
il o n M dive
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PLANE GEOMETRY - EMPHASIZED  COVERED BUT. NOT
: ’ NOT EMPHASIZED COVERED
--_£ dJ.ng the 3rd ) ,
e of a [}
tr1a gle, given’ "' , o *
the /other two
- finding the ' . . b
measures of :
various angles, ) o . .
given parallel - S B -
~- lines cut by -a : ' a
tramsversal L
- finding values
* which make two
angles congruen_t :

- defining an

isosceles triangle . » .
- defining‘ a poiogon : ' @)
- £inding the

complement of ; a

given angle
- classifying
“triangles (acute, .

obtuse, etc.) R

(™ . -

- identifying when

Iines are parallel _

[ R D B . . S . : . . . s o ok
2 O . - b R . N . . UL N PN Nty ‘ [ B P LR AV IS P . N
BR-18 . LR N . Wt o P R T L T poes . L e B b 1

W

el et N
P
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TRANSFORMATIONAL EMPHASIZED

« GEOMETRY '
. _%_# ‘

finding the | /-
length of a ’ . -
side of the -

image f£igure ~

"in a .
translation _.

COVERED BUT

NOT EMPHASIZED

rotating a - : :
"figure 270° o ' ‘
clockwisg '

rotating a. ..

figure 180° -

-counter. -“\"' T : ‘
clockwise : . L
reflecting a
figure through
a vertical line

reflecting a -

figure through

a horizontal

line , .

writing the .
rule for a -
translation in.
correct symbols

- ~

- ‘recognizing a
_reflecti?n

- writing the
rotation angle
for a rotation

' ' . +

. CLah, L P T e e Ny P . . f R
abe o pl s Ly [ ) R R A P N S O P PN . . . . -3l . .
[ E O GETARLNRSINE A U (MR LAY A L I e ey

105

NOT
COVERED



\ COORDINATE EMPHASIZED COVERED BUT NOT .
' _GEOMETRY , '~ NOT EMPHASIZED COVERED

- writing the ‘ o ‘ . *
coordinates ) ‘ :
of a point

- , - finding the
' ' coordinates
of a point - o -
oo , fté:‘lf-lectcelc)l : - - '
‘ ippe " )
- : through:the . - ‘
Lo ) y-axis '

. - find¥ng the .
coordinates of
a point '
rotated-
(turned) 90° \
v counter- L R
< clockwise™ :
— apbsut the
- origin

g

- finding the
coordinates
of a point

, which has been ' ‘ : '
. translated .
. (slide) ° ——
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.
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o
1
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o—1 1 i iR 1 A ' i S re— ) d
5 10 15 20 25 30 35 40 45 50 -55 60 e

Groubed Spatial Visualization Scores

Range = 50 . ‘Mean = 29.38

Skewness = .355 | SD = 10.58 o .

™ L

Figure 1 Histogram of grouped spatial wvisualization
- scores '
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8 ‘12 16 20 24* 28= .32 | 36 40

Grouped Overall Mathematlcs_\Sggres ,
Range = 30 S Mean = 23,85 ' o
- Skewness = =-.035 SD = 6.22 =
" Figqure 2, Histogram of grouped wall mathematics
scores , R
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4

3 5 7 9 11 13 15 17 19

Grouped Numeracy/Algebra Scores

A
1

Range = * 17 Mean = 13,00

Skewness = -.276 SD = 3.67 -
(9

Figﬁrelii. _ Histogfam of grouped numeracy/algebra
- scores .
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| : Figure 4, Histogram of grouped geometry scores _ _ \
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