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ABESTRACT

Many more males than fepales are invclved in post
high school mathematics study and in adult cccupaticrns that invclve
eathepatics, This paper addresses the isSue ¢f whether this unequal
representation of females and males is -due to females' less adequate
learning of mathematics or tc deliberate chcice of females not to
study mathematics. After examining availetle studies relating to the
matter, the paper concludes that when bcth females and males study
the same amount of mathematics, differences ir learning mathematics
are @minimal. Significantly fewer females elect to study matnematics
and therein lies the problem. Factors contributing tc this are
females' lesser confidence in learning mathematics and helief that
mathematics is not useful to them, males' btelief that mathermatics is
a '‘male domain, and teacher treatment ¢f zales and females. (HP)

e e Lt IIm N,
* Reproductions supplied by EDRS are the best that can ke made *
* . from the original document. -
L e L STttty mmm
Q

IToxt Provided by ERI



. ‘_JEE THIS
& ANTED BY
Elizabeth Fennema
TO THE EDUCATIONAL RESOURCES
INFORMATION CENTER (ERICI AND
USERS OF THE ERIC 5¥YSTEM &
LS DEPARTMENT OF HEALTH. Sex~related Differences in Mathematics Achilevement:

EDUCATION A WELFARE

HATIONAL INSTITUTE OF

EDUCATION Myths, Realities and Related Factors*
THIS DOCUMENT HAS BEEN REFPRO- . -
DULED EXACTLY AS RECEIVED FROM Elizabeth Fennema

THE PERSON OR ORGANIIATION ORIGIN-
ATING IT POINTS OF VIEW OR OFINIONS

223?%253.;i’Z:F,éf.if“.i'é‘f‘}ﬁ?gi Department of Curr culi.tm and Instruction

EEUQ*T'EHV BOSITION GR POLICY Uﬁiiiefsity f i ﬂsiﬂ—ﬁﬁadisﬂﬂ
T o
— Mathematics educators have used sex as a variable in research concerned
=l with‘iathematics achievement for a number of years and ‘aany summaries of
O mathematics achievement have been published which include information about
= comparative léarning of mathematics by females and males. Basically, all
t

reviews published befare 1974 concluded that while there might not be
male superiarity was always evident by the time learners reached upper
elementary or junig;f high school. In additiaﬁ, males were definitely
superior on higher levei cognitive tasks. E.g., "The evidence would
suggest to the teacher that boys will achieve highéf.than girls on tests.
dealing with mathematical reasoning"” (Glennon and Callahan, 1968, p. 50).
"From junior high school and béygnd . -« » boys now surpaas girls in studies
involving science and mathematics" (Suydam & Riedesel, 1969, p. 129).
"Sex differences in mathematicailabilities are of course, present st the
kindergarten level and undoubtedly earlier" (Aiken, 1971, p. 203).

- The literature reviews published since 1974 do not show the same
concensus abaué male superiafitytthat was evident pfevicusiyg In a 1974
review which synthesized information from 36 studies, the ccnclusiﬂﬁ was

that there were no sex-related differemcns in elementary school children's
. ) ) ~
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mathematics achievement, and little evidence that such differences exist
in high school learners. However, there was some indication that males
excelled in higher level cognitive tasks and females in lower level
cognitive tasks (Fennema, 1974). Callahan & Glennon (1975) agreed with
this conclusion while Maccoby and Jacklin kiQ?ﬁ} in a highly quoted
review disagreed. They stated that one "sex difference that [1s] fairly
well estabiished . . . is that boys excel in mathematical abilicy"
(p. 351-352). From these reviews it is evident that currently there is
not concensus on vhether sex-related differences in mathematics achiave-
ment exists.

The question of whether or not there are ;ex related differences in
mathematics is morc complicated than it first appears. While there is
no doubt that many more males than females are involved in post high
school mathematics study and in adult occupations that involve mathematics,
what has teen unclear is whether this unequal representation of females
and males in post high school studying and using of mathematics is due to
females® less adequate learning of .mathematics or to deliberate choice by

emales not to study mathematics. Both of these issues will be addressed

Iy

=3

ere,
Sex-related Differences in Mathematics Achilevement

n order to clarify the reality ot sex-related differences in

b

mathematics achievement, four major studies of sex~related differences in
mathematics achievemont will be specifically noted: . Project Talent, the
National Longitudinal Study of Mathematical Abilities (NLSMA), the National

Assessment of Educational Progress (NAEP), and fhe Fennema-Sherman studies, In
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addition, some stiudies from other culturas wil
well as the Stanley study of mathematicgllyv precccious youth and
scores on college entrance éxaminatiaﬁsg |

Data for Project Talent were gathered about 1960 (Flanagan et al., 1964).
This study assessed the mathematics achievement (aﬁcng many other things)
of a random sampling of high school students in the United States (n = 440,000).
Tha data indicated that in grade 9 sex-related differences in mathematics
achlevement were neglibible but by 12th grade males tended to do better.
The mecan differencz at the 12th grade, while statistically significant,
appears to have littie educational significance (approximately one jtem).
N: atvempt was nade to control the number of mathematics courses subjects
éad taken previously. Higher percentages of moies than females were
enfaliéj iﬁ collega pteéatatar? courses so males undoubtedly had taken
more mathematics courses and males were more apt to say they were preparicg
for a ecareer which needed mathematics. Undoubtedly a population of males
with more mathematical baekgraund was being gg@pated with a.population
of females with less mathematical background.

In 1975 a follow up to the 1960 Project Taléﬁtvstudy-wasrdane.
Data were eéllected_frﬂm approximately 1800 students in grades 9-11 in
' geventeen of the Gfigiﬁgl schools (Flanagan, 1976). After ﬂarefui
statistical checks on reliability of the comparisons and adjustments for
any Ehangé in school SESthE following were concluded: (5ee Table 1). )
1) While the mathematics test scores were fairly stable from 1960 to 1975,
the differences between females and males had been reduced. 2) On
computation tasks, male.sccres had declined 17% and fémélé scores 11% with

the female mean score beinp 8.2 points higher than the nale mean score.
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3) AQuantitative reasoning scores declined 8% for each sex with females
scoring .6 of an item lower in 1975. It Is difficuit, after carefully
exanining these data from Project Talent, to conclude that males' math-
ematics achievement was much higher than that of femsles in 1960 or
1975,

Support for the belief that females do not dchieve as well as males
in mathematics could come from the NLSMA data which were gathered during
1962-67. In these multitudinous studies, sex was used as a control variable.
Aunalyses were dene independently by sex whenever significant sex by any
other variable interaction was found. Unfortunately, the results from
these studies have been inadetuately reported and interpreted making the
knowledge tizy could contrihute tc the area under ggnsiéeratian iargély
unavailable. However, a suriary statement says: ''Differences favoring
girls were faf‘fariables at the csmprahénsiéﬂ 1ave£ (the lowest cognitive
level tested) and the differences favoring the boys were for variables at
the applicaticn and analysis level" (Wilson, 1972, p. 94). The directors
of this fedevally financed program ahrogated their responsibllity to
females when they followed the above remarks with this statement:
"Interpretation ané comment on this pattern will be left to persons involved
in the women's liberation movement" (Wilson, 1972, p. 95). The number
of mathematics courses which had been taken previously by the subjects in
the NLSMA studiéséwas controlled so the conclusion reached urdoubtedly was
statistically valid in 1967. What 1is unknown is the =zize of the difféféﬁ;és
between the mean female and male performance scores and the educational
gipnif-canze of that éifféténce,

Results from the 1972-73 mathematics data collection of the National
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Tabla 1
PEOJECT TALENT+
Comparisons of 1060 and 1975 Nathenatics Resuits
JULES . FRMAIRS
Raw Score  Tenth Grade . RawScore Tenth Grade
1960 1975 %ile Difference 1960 1875 %ile Difference
QUANTITATIVE REASONING 8.5 7.8 -8% 80 1.2 -8%
HATHEMATICS 10.6 107 2% 9.9 10,3 +35
COMPUTATION 8.7 187 N 3.8 %9 -1

*Abstracted fram Flanagan J. C. Changea in school levels of achievement: Pragaat TALENT

ten and 15 year retests. Educationa] Researcher, 1976, 5(8), 9-12,




Assessment of Educational Progress (NAEP) has received much publicity

i ) N -
and one sentence has been widely gquotzd: "In the mathematics assessment,

the advantage displayed by males, pafticulafly at older ages can only be

r

described as overvhelmine" (Mullis, 19?5; p- 7). Inspection of these data
(Table 2) confirms that males did cutperform fémalés at ages 17 and 26-35.
However, at ages 5 and 13 differences were miﬁimél and sometimes in fav&r
of females. The problem of comparable populations is a concern here also.
The population was selected by sophisticated random sampling techniques
with no control for educational or mathematical background. Since males have
traditionally studied mathematics more years than have females, once again
a population of males with more background in mathematics was being compared
with a population of females with less background in mathematics. At
ages 9 and 13 when the educational and mathematfcal background was similar,
- the achievement of both sexes was also similar.
The Fennema-Sherman Study, data for which were collected in 1975-76,
investigated mathematics achievement in grades 6-12. (Fennema and Sherman,
l§77; Sherman and Fennema, 1977: fénnemafand Sherman, 1978). This Natiﬁﬁai
Sﬁiéﬂéé Foundation sponsored study investigated a variety of levels of
mathematics learning as well as cognitivas and affective variables hypo-
thesized to bte related to differential mathematics achievement by:feﬁales
and males. The results of thisstudy‘hava wide generalizability because of
the diverse, carefully selected sample. In grades 9-12 (n = 1233) with
subjects whose mathematics backgrounds weﬁe carefully controlled, signifi-
cant differences inachievement in favor of males (approximately two items)
were found in two of four schaels, In grades 6-8 (n = 1330) significant

differences were found in favor of females in a low copnitive level
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Table 2
NEDIA¥ DIFFIRCNCT 1N PERFORMANCE '
BETUREY MALES AXD NATION AND TTMALES £3D NATION ON
MATAEYATICS CONTENT AREAS*
AGES Gk 13 17 ADULTS

T
- f i & UALES
N - Nunbers and-Numeration TR
M = Measurement .| FEMALES
G - Geometry
¥ - Variables and Relatmnships
P - Probability and Statistics
C - Consumer } fath | - | s q
Wationsl Mern Mullis, 1, V, §, Educatianai achievenent and sex digcriminafigq |
e | Dewer, Colorado: National issessment of Rducational Pragreas; 1975,
[IR\}Z 9 - S . o L



= ~

mathematical task in one of ‘four tested school areas. In another of the

-

four school areas significant differentes were found in favor of males in a

=t

high cognitive level mathematical task,

One other measure of mathematics achievement should be noted, the
= \ =

differential evident bewween the sexes on the SAT (Scheolastic Aptitude
-Test); a c@llegé entrance examination. Satmallyraémiﬁiste:ed to high =
school seniors, it has 2 Verhal CongﬂEﬂt and a Mathematics Component.
Aecording to the pgbli§Hérs of the test, the mathematics required is that

which is taught in grades 1-9. Women hévei over a perlod of years, scored

lower than men on this test. éawavgr, a look a;rsamévtrends is interesting.
"In 1960 the mathematical component meamswere 465 for wornten, 520 for men.
Twelve yéais'iatér, the average for women was, virtually unchanged, but the

average for men had dropped by 14 points (to 136)" (Wirtz, 1977, p. 16). Although
N ,
the Advisory Panel appointed to review-the SAT score declines. (Wirtz, 1977)°

'caﬁﬁludes that one reason the scores declined from 1962-1970 was that

more women were taking the test, the data do not confirm that women's

scores dropped. . !
- & -

‘Once agaim, hQWEVEf,kEOﬁQlHSiDﬂS about male superiority are being
drawn fron pcpulati@né which have studied different amounts of mathematics,
=

Even thaﬁgh the mathematics required for the SAT may be taught before

dispatityzg in e;rallmgntuﬁetween the sexes is evident, continued use of

such mathematics in advanced high school classes undoubtedly aids one in
é;lving items of ;he‘type_insluded in the SAT. |

A different perspective on sex-related diffcrences in mathematics

achievement 1s noted if one examines performances of highly préaécigus

males and females. In the Stanley Study of Mathematically Precocious Youth,
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many males outperformed any female. E.g. in the 1973 talent search junior

high school 3gutha?ha had scored above the 98th percentile on previously
given subtests of standardized achievement tests were asked to volunteer
to be tested on a iéllegé entrance examination. Seven perceat of the
boys scored higher than any girlaaﬁd the boys® mean score was sig;ificanily
higher than the girls' mean scpﬁesfﬁaxg 1976)l
In summary whé£ can be concluded abeutESExireigteﬁ differences

in mathématigsvléarﬁiﬁg in the United States in.1978: 1) There are

. N .
no sex-relaged differences aﬁi&eng in elementary schcol years, This is at
all cogaitive levels from computation to pfoblém;saiving_ This CGﬁEl%Sién
has been accepted for a number éf years: 2) After elementary school
years, differences do not always appear. 3) OJcarting dt about the 7th
grade, if f,fferéﬁges appear, they tend to bte in *the ma;ég}ﬁ§aﬁcr, parti-
cularly ondilsks iﬁvalving higher level cogn’ tive skilisi 4) There is
some eviéenge that sex-related differences in mathematics learning In high
schools may not be- as large in 1978 as they were in previous years. 5) Ccn~
clusiéné reached about male superiority have often been gatheved from old
studies or studies in which the number of mathematics courses takeﬁ was.
not controlled. Therefore, a better mathEﬁaticaiiy educated group @§ males
was being compared to a group of femalesvwhé7had p%fﬁigipgtéd in less
mathematics education. In_realitfi what was belng compared were not
females and males but students vho had studied mathematics 1-3.years in
high school wiﬁﬁ étudénts who had ;tﬁdied mathematics 2-4 yeéfs in high
sghoal;r | !

An examination of cross cultural differences in mathematics performarce
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computation tasks i1n grades 5-8 is reported while males pg;fafmed at high

'ai.levelﬁ in space Eésks (Clements and Watanawaha, 1977). hawever, Keeves

(1973)=Eepafts that’maie Eupériaritf over females in mathematias achieve~

" ment wsg found within 'all ten cauntrigs which pg:ticipated in thg First

International Study ﬂf Educa* Qnal Achicvement. .

7

Sex—relateﬂ Differenﬂas in thz Studying of Hathematigs

B

There are sex-related differences in the studying of mathematigsg \

This is indicated by females ahgasiﬂg nét'ta;enrall in mathemstics courses
in hiyh school and by the paucity of females iﬂ univezsity mathems {es™s
courses. Undnubtedly, the most EEtiaus problem fac_ng thoge g@ncerngd | \
with equity_in maﬁhematical educatiaﬂ:far the sexes is Engufing that

females cort ﬁue their study of maégematics._ In support of this sﬁatéﬁent
consider s ie data from Wiécnnsiﬁx Du:ing the 1975-76 academic year, while
agﬁraximately the sama ﬁumber of . female% and uales were E1fBllEd in Alg;ara,-

in the advanced'ccursgs many more males were enrolled (see Table 3).

Althaugh only éyﬁptamétitfaf the effects of mény ﬁatiables,'électiﬂg

ey

not to atudy mathematirs in high school beyund minimal or gallege fequirementé
is Ehé cause ﬁf-many females _naﬁparticipazian in mathematles related |
occupations. The one variable which can be positively identified as
zausing sex-related differenc es in mazhematics 1garn1ng is the differéntial
rimber of years females and males 5pénd fg:mally stuaying and using
~ mathematics. Such a simplistic éxplanatian Qf such an impartaﬂt pfablgm
" geems too gegd'tg be“true. .Hﬁwever, this author beiiévés strongly that if
thebamagnt of time spent 1earﬂi?g mathematics'isgsaméhaw équataﬁgfar N
feﬁélia and ﬁales, educationally significant séﬁ—related éifféfénges in

5
¢ .

mathamatics performance will disappear.



- Number of Males and_FEmales Eniﬂlled in Wiscansin.
in Mathematics Coyrges® |

ComRsg. ST b o FRUALES
Algebra® - o - 41,404

Geometry R 20,937
gobra I . I 11,521 N
Pre-Caleulus 3,234
Tigonometry - - 4,004

41,579
20,280
9,947

1,817

] | 2,737
alytic Geometry - o 1me 870
robability/Statisties - ¢ ‘113 B8l
Computer Mathematics . 3,38 1,481
Caleilus - , 611 ’

262

fﬁité obtained frop Wisconsip Department cf Publie Instruétién Enrqllment%
St 5-76. . | . L EE

Statisties 197
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L ; Related Factnrs

- . While it is interesting ta know gbﬁut eaﬁparafive mathematics
aﬁhievemgnz of females and males, it is more important to gain
. understandZ ing of why so many lmaies leave educational iﬂétitu:ians
knowing a great deal more mathgmaﬁics than femalesAknaﬁ. In order to
vga;nrthis undergéanding selected cagﬁitive, affective and edu:;tianal
?gtiables will be discusggd. | |

Cognitive Variablas

"Mathematics is essentially cognitive in nature; and the principlg.
distinéuishiﬁg goals or cbjgetiiés of mathematics instruc;ién afe- o
“(and should be) gggﬁitive ones" (Weaver, 1971, p.’ 263). Since mathematics
‘is a cngniﬁive éndeavaz; thé-lﬂgigal_ﬁlaée 0 begin to look for esﬁlgg;
atory vatiablgs of sex-related difiefenceslin mathematizé_ﬁerf@%maﬁﬁé
is iﬁ the zagntive area. It is éithig;this area that the most important
variable can be faund i.e., the amount of time Epent studying mathema:iesi -

This variable and its impact has already been disausaed‘ - AR .

Spatial Visualization® o <. .
'Aﬂafhéf cognitive %ariéhza rhat may hélé‘éiﬁléiﬁ sex;réisted
xedifferentep in matbémati“s is spatigl visuslisatiaﬂ--a par:iﬁular gubset
of spatial skills. Spatial visualigatieﬂ involves visual imaggry of

objects, EQFEEERF byithe object : themselves or change in their properties,

In other words objects ar'}heir vroperties must be manipulated in ane's"
""Jind's eye''--or mantally. Even thaugh the existence of many sexsrélazed
differen:es is aurfently being ﬁhallénged the evidaﬂce is still persuagive

Vthat in the American culture male_superiarity on tasks that :quire

spatial visualization is evidgpt Eeginniﬂg'duriﬁg adaieseence:(Eéﬂﬁema; 1975;

[
(o)
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Hagégby & Jagklin,A197ﬁ)g However, even this difference agpéara to be
moderating. A |
The relationship between mathematics and spatiaitvisualizatign is
Aiégieall; evidénc- Iﬁ mathematical terms spatial visualization requires
that objects be (mentglly) rotated, reflected aﬂd/ar translated. These
are important idess inigeametr?i In fact James aﬁd James {1968) in
é dgfining Beometry ag “the science that treats of the shape aﬁﬂ size of
‘thinga‘. « . the study ‘of “invariant ptnpertigs af”given'elaEEﬁEE”uﬂéer ‘
rspecified groups of transformation” (p. 162) are desgfibiﬁg aagﬁratély
most conditions whigh are met by items on spatial visualisatiun tests.
Many mathgmaticiaﬁg believe that all of mathematical thaught
involves geometrical ideas, The total dis:ipline of mathematics can
be defined as the languagéAfaf déscribing those éspeets of the ﬁp:lé
A which can be étated in termsraf,"tanﬁiguraticns" (Er@ﬁgwski; 1947)-5
Meserve (1973) believes that each person who makes extenéive use of all
argas;uf_mathématies:uses the modes of thgugﬁt of geametry at every turn
and that "even the most abstract geometrical thinking mus; retainAsame
- 1link, however attenugted, with spatigl intuition” (p. 249). 1In the
Russian literature,Amatﬁeﬁgties and ‘spatial abilities are :egafded-aé
insépafabié‘(Kabaﬁgvéaﬂéller, 1976)7 Therefore, 1if spatial visuglisatian
items are geanetzical in chafacter aﬁd if mathematical thaught 1nvnlve5g
geametrical ideas Epatiai vigualigatien and mathematics ‘are inseparately
intertwined, | i
Ngtaanlyzaye spatia;‘viéﬁaligatian éz;ivities'similar to idess within
the .structure of mathematics, but spatial represeﬁégtiﬂns are being

- increasingly included in the teaching of mathematics, E.g., the ﬁiggetian
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' EﬁﬁSETVBEiﬁn tasks, which are becdming a éarﬁ of many preisch@cl.pfagramg;
invnlve facusing on correct spatial a:;fibutés before quantity, length,
and vnlume are canserved.' Most concrete and pictorial representations of
arithmetical, geametfical ani algebraic ideas appear to be heavily
reliant on spatial attributes. The number line, which is used extensive}y
to fepresent vhole numbers and operations on them, 1is a spatigl repre-
sentation, Commutativity of multiplication iilustrated by turning an
array 90 degreés; ipﬁ;lfes a direct spagial visualization skiil. Many
other Examplés could be cited. o |

Although the relation between the’ content of mathematics nd‘
spatial visualization skills appears logical, results from empiriéal
studies which bave explored the ré;atiﬂnship are not consistent. Many
factor analyti- atgéies have explored this relationship and several |
autharsvhave rE?iéﬁéd the literature. Some investigators have definitely
canciqdéd that épstial ékillslaﬁﬁ lear ing nf matbematics are not related{
~ In 1967, Very Ean;;édedz “"Research on spa;ial ability has fa;lgd to )

-produce any signififtant correlation of (the gpagial factor) with any
facet of mathematics ;erfﬁrméﬁceﬁ (p. 172). Fruchter (1954) stated that
"gpatial aEility 1g ‘unrelated to academic péffarmance with the pﬁssible'
exception of a few ver?_spgeialiged ca;rsés such és’engineeting drawiﬁg“vl

‘ {p. 2). Sﬁith:(1954) concluded that altﬁaugh “"there are several st udies which
indicate zansigténtly that spatdial ibiljty is impnrtaﬂt in tests which
are genuine;y mathemstieal as distinct frgm thase whirh iﬂVﬁlVE purély-
mechanical or ﬁgmpﬁtat;anai pr@ﬂasses . s . thg qugsti@n whethsr the
maﬁhématiial ability is deﬁgnésug sn the visual fagtﬁt‘{gfifactafs)’haé“

not been definitely answered" (pp.127, 64).

& - .

.




15

7 _Even iﬁ geometry . where anerwguld expect to fiﬂdrthe Btrongest
;rélatiax;sbip; ’@pifieai f;ndi;ngs do nr:t indicate clearly that the two are
réiaﬁedi Lim cancluded in 1963 after a thorough réview of relevant literature
that the evidence far a relatiﬂnship between geometric ability and spazial
visua;izatian was inconsistent and unreliable. Werdelin (1971) was not
willing to conclnude definitely that'spétigl viguélisstien ability and
geometry ability éare related. Hawe#erQ he felt that "there is strong
pedégagicalAreégcﬂ to beiieve in a connection betweén’tﬁe abiligy to
visualize and geometric abilicy“ (p. 39), |
Dther autha:s feel that data indicate # positive relatiuﬂship. In

1951, Guilfard Green End Chrisﬁensen concluded that: spatisl vigualization
‘ability helped in salviﬁg‘mathemgties problems. Fren:h}(lQSJ; 1955)
showed tﬁat suczessful_azhiévement'iﬁ'mathéﬁaties depends to some extent
on use of spatial vigualiéatipn skills. 1In 2 maré:regeﬂf review, Alken
(1973) concluded that spatialﬁpéreeétual ability was one ef\gbe "most
salient” mathematisal'faetafsvextrgétea:in'variauszinvestigatiansi
vaiéﬁsiy,;the relatiansﬁiﬁebetweeﬁ iearning in mathematies ané-spgﬁial

ability 1s not clear and the ﬁeed far more data is grpati ' _ ;

Even less is known about the effett Ehaﬁ differgntisl spatial

- visualisatiﬂn has on the mathematics learning af fémales and maleg.

=

catian that the relatianship between the learning of mathematics and
gpatial ﬁsualisatinn is an impnrtant consideration; is the concurrent

development of sex-related differenges in favor af maleg in mathematics

ajchié’\?@éﬂt and spatial visualization sk’ills. ' No significant séx diff- ﬁ,
. 'Jg” '

erences in Eitbéf mathematics achievement or spatial visualizatiaﬂ skil

- have been cangisﬁamtly reported in suéjegt5=é—8 yeara Dld_ Seg differences

v
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in performance an'spatial visualizatiéﬁ tasks bécﬁme more pronounced
between ° upper elgnéntary years and thé 1ast year of high school (Hagcaby &
Jacklin, 1974), Sex differences in mathematical achievement that do exist
:alsa appear éuriﬂg this ﬁime‘span (Fennepa, 1974) . Perhaps less édeguaﬁé
spatial visualization skills may partially éxplﬁig sex-related differences
: ;n'éghievaﬁént in mathematics.: ‘ T : "
However, the féﬁné;éﬁShermanjstudy specificaily investigated the
relationship between mathematics acgievemeﬂt and spatialvisuelizatiaﬁékillsi
These data do not support the idea that spatial %isuaiigatiﬂn is helpful. .-
in«explaininé sex-related d;ffesengeé in.ﬁathematicsgachievémeﬁtg In
-this study of females and méiés Cgfades GiiZ) enrolled in mathematics

tnursgs, few gsex-related differences in Either matbematics aahiavgnent or
spatialvfsualizatisnskills were found, The two were related (r = .5)
: simila:ly for both Eéxés and spaﬁialvisualisatignappeared to 11 fluence

both females and males equally to cantinue»studyinggméthemati;s;

‘Affective Variables

The Canfiéeﬁce—én;ig;yﬁ@img,s, ﬂm;,, Mathematics
One tends to do those things aﬁe'feels E?ﬂfi§2ﬁt to do and to avoid

aetivities which arouse anxiety. This cénfidén§e§anxiety dimension,

\i-l-‘

.-as 1t talates to mathematics 1earning, s one.of the more important
affective vafiablés that helps explain sex—félateé differences in math-

emazi 1 earning. The relationship af aﬁxiety and mathematics 1earning -

has been explored by a variety of’ methodologies and with ipstruments ’
" purported to measure debilitative or facilitative anxiety in general
éndlaf specific to mathematies.,:callahan and Clennon (1975) :?J::tn:J.i,ivzleijﬂ""’»’vi

!f’ V

" that "’nxiety and mathematics are relatedi In general high anxiety is
- i ;- ir‘ff .




73 iated with ‘lower a:hievement in mathematics" (p. %;) Repﬁtté-ftﬂm
NLSMA indicate that across grades 4 10 decreases in faailitating anxiety
appeared, with females' scores decreasing more than -ales' scores. .
Debilitating anxieties increased for females duting these gradé levels
(Crossuhite, l975);_ o

_VCﬁnfidenee per se has not been g;ién specific aétentisn as. it relate%
to mathematics ex:ép; in the Feﬁnem&—Sthman stuéy. Eqwevét, selfécaneept,
! which appears to be defined in!maﬁy~scgles éé self cénfiﬂénée, ﬁas receiﬁedJ

o ..much gtudy_. Levitan (1975) and Primav ra et al (197&) reviewed the

L S el s w

1iteratufe dealing with selfacnncept and both cancluded that a pﬂsitive

relatianship exists between academic achievement and self esgééém-

Brookover and Thomas (1964) offer efidEﬁce=tﬁat self caﬂcépé is not

%~rgenefalisablé but related to speaifiu academic areas Galléhaﬁ and Glennon

|-'-=,/i o sk

“conclude that there is a pasitive felatignghip between self-esteem and

ajﬂgvementiﬂ mathématiesi Dthers have alsﬂ réecgnised thg impnf nce .

of ac dgnic Eélf concept in learning mathémati:s (Bachmaﬁ, 1970; Fink,
w1959) - - ‘ ) o . N '—-71_/,,,’7,!7?7_!
| N Aithaugh both confidence and anxiety have been dafined as SEPETSEE
trai;s,:it appears in relation ta-matﬁématics, thé?iarg very similar;

In the Fennema-Sherman study an attemptlwasemade to measure both confi-.

" dence and anziety. A high rating on the confidence scale cnfrélated
Vhighly,gg = SE) with a low rating on the aﬁxie ty s ale. While it may
i

be possible to talk about the two indepenaent "doesn't appesr to be

i

useful. o L . . e

The literature strongly supports the fact that there are sex-related.

¥

differences in the c@ﬂfiﬂeﬁﬁg*anﬁiéty:éimEﬁEiDﬁg It éppears reasonable

20




to believé'that lesser ganfidenﬁe, or greater anxiety on the part gﬁ
-_femsle is an impnftant variable which helps explaiﬂ sexsrelated

differenﬂgs in mathematics studying. Crandall et al. (1962) cgncluded that

*
3

! girls undérestimate thelr own ability to solve mathématical prablems.;
cherg have égﬁgiuded that females feel inadequate when. faced with a

| varietj.af'inéellegtive;_pfabieﬁ solving activities (Kagan, 196&);
Hagcaﬁy’leagklin (1§73) reported that "girls tend to undgrestimate
Ehéif»aﬁﬂ intelléctual abilities more Eﬁan boys d@ﬁ‘(pg 41).

In. the Fannema=5herman ‘study, at each gradé lével fram 6-12, bgys ;
‘wefé_sigﬁificantly more confident in their abilities to deal with mathe-
1matic§ than were girls. 1In mast inscangés.this ﬁgppéﬂgd whéﬁg;hete
ﬁgre no significant sex-related differén%es inﬁmathematics achigvement.7_
In Ed&iti@ﬂ; confidence in learning mathematics and aghievemgﬁt were more
highly correlated than aﬁy‘athér gffeétive vétiableAand achievéﬁént

(xr = .40). Confidence was aimast as highly’felaﬁed-ta achiéveient as

-

weré the cognitive variables af verbal: ability and spatial=visualizatian.

i

Stereatypigg Mathematics as a Hale Domain

It is commonly aeeap;gd that mathemsties is stereotyped as an
aztivit? moTe appfﬂpfiate for males than for females. It has been heiieved"

that the sex typing of mathematics as male stafts in the elementary sghaal,

domain by adult years. Hawever, Stein and Smithells (1969) and Stein -
ZK\{lS?l) provide evidence that mathenatics 1s not cc -1dered masculine by

Eemales and msles until ‘adolescent years and even during these years is

\\ f;

not fankédaas highly masculine as are spatial, me haﬁiﬁal and athletic

\

- tasks. Bobbe (197l) faund ‘that with ‘fourth and sixth grade subjects,-

-~ +
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arithmetic was judged to be femininé by girls while boys judged it to
be appropriate for both _sexes. In the adult Wgrld; it is a fgct that the
use. and creation of mathematics 1s pred:minanﬁly-a male -iomain. Stein

and Smithells (1969) offered evidence that in 12th grade, females. perceived

this fact and were responding to the reality.

The Fennema-Sherman study indicated that females in grades 6-12 deny.
‘that maéhénatics is a male domain. While the males in the study did not

© - strongly éteréatype mathematics as a male domain, at eaéh g%édé they
;m steréﬂtyped,it at si gnifitanily higher 1evels than did feﬁales. This 1s
an 1nterest1ng and highly signifigant finding. The cross sex influenée on
all aapects of behavior is strong during adolescent yearg._-éince males
;été;éﬂtyPé matheﬁatizs as a"maie domain, ﬁhey und@ubtedly Eummuniéate ;his
‘belief in maﬁigsubtle and not so subtle ways to females whizh infiuences
females willingness to gtudy mathematigs. This. has strong implicatians for
:thE development af interventinn pragrams designed to increase fémales pattiﬁ'

eipatian in mathgnatics.

Usefulngss nf Hathema tics

A diffgrent kiﬂd nf affeative variable is- belief in the persanal

usefulﬁess éf maghematiﬂs. Hiltan and Berglund (1974) and the Fennema~

e Sherman study pravided data indicating that femalea to a 12553: degree

= =

than males beliave\that mathenatics is pérsanally useful. However, the
diffe ren e between female and male beliefs about the usefulmess of
Vmathgnatics was pat as gfeatain the FenﬁemaiSherman study as it was in tbé

Hiltaﬂaﬁerglund;stﬁdyi This ma§ indicate that .the beliefs ﬂfifeméles are

becoming more uimilar to males in this aspect.

o)
e
I
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One variable, which has been hypathesizéd to show a sex-related

~difference, 1is effectance mativaticn_;;his motive can be,"inferred

&

spec 1fi:aily from behavior that shows a lasting formalization and that

"has characteristics of exploratiom and experimemtation" (White, 1959,

p. 323). It 1s claseiy related to problem selving agtiéity and is often
cglled:;ﬁtfinsigjégtivaéign,x This, mﬂtivatiﬂﬂ ﬂﬁuld enaautage learners-

to participéteﬂin ﬁétha atical agtivities at high cagnitive lévels.

Some believe that females are not so invalvgd in pféblem solving aetivites
aé are males (Carey, 1958!-Kagan, 1964); .Hﬁéeyéf; the FEﬁsemasShe;man
sgudy found no sexafelatéd difference in this variablg at any gradé ;

level from 6i12. It appears that belief thatfsmales are not as. intrinsicaliy

'motivated as tiales in mathematics 1s mgrely,a myth.

'Educational Variables ' . - ' = )

There are seifgelated differences 1n the final aﬁtcaievaf.mathEmaEitsl

ééﬁggt;an due in'large part to females' feiue;anéEEiif not refusal--

to elect to study msthématics.; Some iﬂgerVEﬂEian is eégeﬁtial at the
present gime to ensure equity in mathematical Eduzatian for both sexes. .
‘However, before effe:tive 1r*erventiuﬁ can be. planned, more infafmatian:
is nee&éd about tritical s;hdnl vafiablgg which are amenable to ghange '
. - f .
and important in the educdtional process.
Teachers ° - : - A - -
“ Teachers are the mé?ttimpéféaﬂt ;dugatiéﬁal iﬁfiuegée.an stulents'
’ 1eéfning of mathematics. -From kiﬂderég;teﬁ ;avhigh school, learners
sﬁgnd tﬁ@usands of hours in direct contact with teachers. While gther“i’
educational agents may haveli?fluen¢e on eéucatiﬂnal degiéians,-it is tﬁehday
. : : y :
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by day contact with teachers which 1s the main influence of the formal
educational insticution. Part of the teazﬁers' influencé is inithe | <
zlaarﬁers' development of sex fﬁlé standards. These sex rale standards
iﬁ:lude definitions of accéptable achievement in the various subje&t
.areas. It is believed that this influence by teachers is exerted through
differential Eréatmeﬁt of the sexes as well as'expgctatians of sex-related
differences in achievement.

. Schanborn (1975) concluded that many studies have indicated teachers
treat female and male students differently. In general, males appear to
be more salient in the teachers' frame of reference. Teachers' interaction
with malgs isagfeatEf than it is with femaiés in both blamé‘aﬂﬂ’PfEiSE‘
_cantactélz Teachgrs alsa reinforce in both females and males sexually
stereotypic behavint deemed appt@priate for their sex (Sears and Feldman,'
1966).  Brophy, Good and their QDlléﬁEUES have been the major iﬁvestigas
of teacher tfeatment of females and males with their main interegt ‘being
teachers' treatment of males. In several studies they have zancludgd
that;éiflsvané bovs re&ei&e gquﬁ% ;zeatient, However, theidata fraﬁ one
of their major studies shows théﬁ while the sex of the éeéﬁhet was
- unimportant, highpaghievinir high school boys received signifiFaﬁtly

more attention inmathematics class than any other group (Good, Sikes & .

u':jBrgphy, 1973) Another gtudy involving first éfade féadiﬁg replicated this

fi-

;trEﬁd at ngnsigﬁificant lewels (Gaad and Bzaphy, l971) Their eonclusion

:ffam-these studies is that teaché: b,as was not evident_ One must question
5152%.‘ s ‘ : : -
- why no conclusion was reached about inequitable treatment of high

achleving females.

:The’invegtigatian of the relationship between teacher behavior and

-

g

24 Sl



}
1
1
i

sex rolated difrere ce in mathematics eepeere :e\?e crucial to under-

standing why femele do not pettieipete-et‘highefilevele in mathematics.

5

In particular information in theee areas weuld be helpful 1) - What

efe_the effects of dif ereneielvteeehee_treetment and expectations on
achievement and election of methemetiee courses? '2) Do teeeher;% .
differentielly reinforce melee eﬁﬁ”femelee for epeeifie kinds of mathematical
_end é% eexuelly etereetypie activities? ‘Are males be%ng reinfefeee meee . ;
for problem eelviﬂg eetivitiee while females are eeiﬁfefeed for Eﬂméﬁis i
EeCLenel activities? 3) What is the effect of sex ef teeeher on
methemetieei achievement of boys and gir;e? While D Brien (1975) -
reperte no eex ef teacher effeet Feed Sikes end Brophy (1973), and
Shinedling and Pedersen (1970) repert thet mele etudeﬁte do beet in

.qua ntit etive scores when tetht by mele teeehers.’

- §ehoeéfg§genieetie§

There is some evidenee‘end much belief that eeheele’deﬁinfiuenee

sex-typed reactions. The interaction ef-the sekxes vas different in theee
eeheele; also. 1In theimee;'treditienel school Eeye beeeme leaders iﬁ {jl
pfe£1em solving while pirls became followers. This wag ‘pot 'so 'in the'ieeeA
traditional schools. The. sex role behavior of children attending tradi-
tional schools eee mere rigid theﬁ children attending libefel schools. ‘-
Some achools are remefkebiy more effeetive iﬁ'pefsueaiﬁégéemelee Ee‘
eEEeeptxhigh eehievement in methemetiee; eefly (1975) identified 13 .

A high eeheele whieh hed an unueuelly high perﬂentege of femelee in edve ced




.

placement Ea;hemaﬁiés and science classes. She cgnclﬁdéd that the. schools

had identified these girigias early as fourth grade and the school teachers

~and peers were suﬁécftive of nigh achlevement by the females. GEQWEIIJ

(1971) pursued thé'§amé type f i tigatinn in attemptiﬁg to 1deﬁt1f t -
schﬁals and thei: gharactefistics which pruduced high achieviug femaleg

w

in 5Eience§ Studies 1dentifyin? and describing those schools which aref

. particularly successful in encouraging females to enroll in mathemgtics .

beyond . minimalrraéuiféments should Eg dome.

" Many are advocating that female only classes will result in equity

}inxﬁathematieal educatiéﬁ;_ The argument for this type of school

‘i‘"

>’§:ar?anizatian goes §bmgthing 1ike this. Bezause peer pressure against

xfemale EﬂmﬁétigivEﬁESS is too strang a fa;zéasiemales will not Eampete
against males in mixed- sex classfaams. Fémale leadefship {in probliem
Eﬂlving in this ease) is iny able to emefgé when campetitian with males

is’ elimiﬂatad Teachersfwill not. havg difféfeﬂt sex-related expeetatians

and behaviars if aﬁly one sex 15 pregént. Si 1 " gex lassrnams appeat ';

_to ;ravide a simple saluticn to a gamplex prublem 'ngevet, Ehé weight~

f ide,;,.fgundgdces not Euppcrt~this Eype af,grauéing. Canway (1973)

' ganvinciﬁgiy arguas that thraughout hist@ry seyarata éduzatiﬁn fﬁr the sexes

has fesuitéd in inferior educatan for femalesi Keevesg (1973) afte

careful nd charough teview nf mathematics and science edu:atian in 10

Eéuntfies, cgncludéd that the "extent to whieh a Eammunity @favides fat

N i

education in single sex schcals wnuld .appear tn indicate the extent tu

3.

which it sees its boys and girls requiring diff ', prepar ti’; f r - i;

a

different sggiétal roles" (p. 62) iie argues Ehat "in so far ag a community

has d;fferenf axpectaticns for different .groups qf its members and pfﬂgeeds;;

L

=%
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:ta mould its future members through different organizations, then it
fails to provide equal opportunities for individual éevelcpment“
{2,452). In aﬁrﬁnrepérted study compzaring attitudes of ;Dth grade females
‘who bad spent most of their educational lives in single or mixed sex
glassr;ams, femalés from the mixed sex classrooms exhibitéd significantly
more pﬁsitivé attitudes t;éarﬂ mathémaﬁics?(Féﬂﬁama=ﬂeyér, 1976) .
Beféfe éingla sex classvooms are embraced as.a panacea for females
educational equity, careful eiaminatian must be dane.canzerniﬂg>long
term effectiveness of such programs. in,fgality, this may be 3 partially
non-researchable problem. No éne can féregée:tﬁe implications for .
females 50 years from the PTESEHE time of baiﬁg isolated iﬁ their
mathematical training. Bezause ﬂf what has happened to femalEs.as well
a8 blacks over the lss: century, single sex classroom school organization
must be approached with caution.
Egnzlgggggg
What then, céﬁ'bé saié that 1s known -about séx,teiated di?feréﬂaes in
mathematics, and féétaré related to. such differenées?~ Certainly, when
both females and males study the same amount of mathematics, diffe: nces

in learning mathematiﬂs are minimal and »erhaps decreasing. Many fewer

females elect to study mathematics and therein lies the problem. Factors

a\

which appear to cuntribute to this ﬂﬂnelectign are females lesser confidence
in learninﬁ mathemazigg .and belief that mathémati is ﬁat-usefui to them
and males' belief that mathematigg is ‘a male damaini In aéditiaﬂ differentiéi
teacher treatmenf of males and females isgimpartaﬁt_

Tbere is ngthing inherént (Sherman, 1976) which keeps females from
learning mathematiﬂé';ét the same level as do maigsi Inte:ventién-érngrams

=)
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éah:anﬂ must be designed and implemented within schools which will
increase females' participation in mathematics.  Such programs must include

vention programs become effective can true eéuicy in mathematics education

be aggamﬁlished;

Do
-
>
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