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_ABSTRACT © '

>

The -Bem Sex-Role Inventory, . the' Mathematics Self-E.cha.c“y

Scale and a questionnaire regarding mathematics and science background

. ( : . ' . ‘

were administéred to-a sanip’le of 111 male.and female students at the

Nonherrr'Alberta"ln’siitut"é of Technology. The purpose of the study was to

examlne #the’ relationshnps of sex role orientation and mathematncs self-

L]

efficacy expectatlons to the selectxon of scnence-based programs at a post-

o«

.

o

1)

2)

3

4)

, secondary techqical institute. The intent was to examine: .

)

gender differenc_:es in mathematics  self-efficacy

’ expectatxons, :

~ the relatlonshnp of mathematxcs self[efflcacy expectatlons to

- /

sex role orlentatlon,-

dlfferences in mathematics v’self-effncacy expectatlons and
sex role orientation between female science and nonscience
students, and,

the strength of mathematicsos'elf.-efficocy,in \t,he prediction

of scxence-based program choices.

-

[N

Ttests wereﬂ performed to determme the significance of

the

diiferences of‘math self—efﬁcacy scores for males and females, and of math

self-eftncacy scores and BSRI masculinity scores for females. in science and

nonscience programs.

Males. were found to ha\‘& sngnmcantly hngher

mathematics self-efficacy scores than fémales on the total scale as well as on

the three MSES subscales. Females had significantly higher math self-efficacy

expectations thar) rr\ales only regarding six traditionally female t!}u

rses.

Females in science programs had significantly higher.mathematics self-efficacy,

=~

. ,,\\ "
~. e



v : 'apectatlom ‘than™ females in nonscience programs, but there was no

wsigmhcant‘;mecw in the BSRI mas 1, o :

‘ 5 between these ttvo

<t

groups. :

examme ‘whether mathemat‘ics self-effncacy expectatlons are sxgmncantly
‘ ‘related to se)g-fole orientation, and Qwhether mathemgncs self-efficacy
| would be aisignifi_cant pfediétor in science-based program choice. A"
' ' positiﬂv'e but moderate correlation was” found “between BSRI masculinity
. score and mathematics self-efficacy, but no correlation was found between )
@ ! ” .
,_.ﬁ_BS.R‘l' fg,mininit'y and math self-efficacy. Finally, the results of a stepwise
multiple regression analysis indicatedi that mathematics self-effic_acy;
: preceded by mathematics and science per.formance and af:hievement, was;
the third highest predictor of science-based-program choice for the total
‘samplé. i ' , ' | )
, the results therefore provide support for the hypotheses that
males have st;onger mathematics self-efficacy expectations than females,
-- - except toward traditionally female academic subje€ts; and that females in '
science ;'nrogi'ams have ‘stro'hger rﬁathematic_s self-efficacy e’xpectations;
than do females In no,\ﬁ:ience programs. The results also indicated that
those students reportmg higher masculinity scores on the BSRI were likely
to have stronger mathematlcs self‘efﬂcacy expectanons, .and that

. ’

.mathematics self-efficacy gxpectatnons were sngmhcantly_ related to the_ .
- N ( -

extent tg which students chose science-based programs. _
. ' No support waé provided for the hypothesis that wdrﬁen in science
programs are more gsychologically masculine than women in nonscience

programs. .

vi
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In general, the results concur with those of Betz and Hackett's

(1983) study. That is, sex role orientation and mathematics self-efficacy
weté found to be mediational factors affecting the educational choices and

career decision-making of'both male and female subjects.

a
’

*

5
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© L. INTRODUCTION

' The question "Why don't'girls study sciences?" recently addressed

- by he Science Council of Canada (1982), is one of growing lmportance' to

the - vocational development and occupation survi’val of women.

J

Technologlcal advances in all aspeets of our society, increasing numbers of
5

women in the ‘work force and of mother-depe dent famllles, and the

.dls\irepanmes between male and female earnmg power have drawn
A

-

attentlon to women's academlc and vocattonal patterns and the factors

whnch affect womens vocatlonal choxces. Menmes (1981) outlmed the

traumatlc unpact of mlcroelectromcs on tradltlonally female jobs 'in the

clerlcal sphere and predicted the vocatlonal obsolescence of thirty- flve

percent of  women employed i this area by. 1990. Sells (1980) term_ed

mathematlcs the "critical filter" which limits post secondary chonces fOEo 2

women, often restncttng them ‘to nonscience based programs and to

"‘,admonally .,female occupatxonal choxces.' Sheinin’ (1982) stated that

blthout strong backgroun\s in mathematlcs and the "hard" sciences, and

the cognmve skrlls developed thro%h the study of these sub;ects, women

J
lack the basxs for technologlcal adaptatlon, and are’ 1ll-equ1pped to take

H

- advantage of advanced occupatlonal\o portumtles. ‘At the same tnme, the

7

'3

attrition -of glrlm and ma ,matlcs courses ‘in the schools

increases as°these cougses become Optlonal aénd more dlfflcult (Suderman,
l9,79)', and continues to increase thrmege and unwersny years.

S Much res'ear‘ch hasv heen generated by the di»ff'erences in
partmpatxon of males and females ‘in mathematlcs and the scxences.
Wlttlg (1979) stated that in research bearmg on the etlology of sex- related

dxfferences in cognmve functlomng, seventy-flve percent of the studies
_ : oy

;
| ¢ “



i . . . : } ¥ .
’ " have attempted to establish long-held beliefs about physiologically-based
differences in ability, while twen‘tyffi\i'e percent earamir{ed aeciocultural

fadors.‘ In a comprehensive review of existing literature on sex-related'

| ‘ learnmg dlfferences, Maccoby and Jacklin (19714) analysed 2,000 studles of
i

mtellectual performance and social behavnor relateq to male-female

learmng differences. Their conclus1ons~that sex-related differences are

mathematlcal), and that the dlfferences could not be attnbuted solely to

enther environmental or biological factors, cast doubt on many prevnou%l(-

3 held beliefs regardmg the innately . mfernor ability - of females /t/o learn .

‘ mathematlcs and scnences Sub§equent researchers (Hyde, 198/Fennema .

and Sherman,’ 1977; and Sherman and ‘Fennema, 1977) have c/hallenged the,

. . it
Concluded that gender-relatéd ..differences in thes¢ areas are not
. . Y ‘
4 significant,‘ and thdt they occur in a matrix of r’elatio/ships which strongly

-
/

| suggests the influence of attltudmaLand envxronmental factors.

(4

quong the socrologxcal }actors xdentlhed ‘as affectmg’ male-

female partrcrpatxon in science and mathematics are: sex- role socxahzation

(Kelly, 1978, 1981; Rossi, 1964); poor self-efficacy and negatxve attnt‘udes

Hackett, 1981, 1983; Stein,_ \'1971); differential treatment of children by
parents (,‘Macc:obvyv and Jacklin, 197%; Ounsted and Taylor,"»l972; Rossi,

1964); differential treatment and expectations of boys and girls in schools

and lack of role models for girls in science-related areas in the post-

secpndary and ‘pr'q{essional. world (Pottker and Fishel,ﬂ 1977; Jay, 1973;

*

Kelly, 1981; Fisher, 1982). Like physiological differences, soci’cu-ltural

,

" "well-established"” in only three areas of ablllty (verbal visual- spatlal and’ A

findings regarding “well-establiehed"' differences..  These researchers -

:of girls tox"}ard math and sciences‘(Haring‘ and Tyler, 1983; Betz and .

b
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-

;

-

- sex role appropnateness was show

1981).

- 3

o

factors are seen as part of a complex interactional system influencing the

attitudes and ch'oices‘of both males dnd females. B

i

The present study addresses two. recent perspectlves on the

sub;eﬁt of glrls and academic choice. Fu&t, sex role onentatlon defmed

by Bem (1981) as the degree to which an 1nd1v1dual is "attuned to cultural

- definitions of sex—appropn%_e behavxor and uses such deflnmons as the‘

has been identified as an inhibiting::‘fact’::

mathematics and’ the sciences.

A

' >

(Sherman ‘and Fennema, '1977),. ‘an%

approprlateness for females has been found to affect glrls' achlevement A

The bellef tha

? |

consxdered of'fquestnonable use or

;"l ,l R /

motlva‘tlon toward, and participation in, mathemattcs -(Steln, Pohly, and

Mueller, 1.971‘; Dwyer, [974; Fenne}ma and Sherman, 1977), while perceived -

Fy

o, .
to influence both attainment value and

“

expectancy ol\success. It has been suggfsted (Bem, 1974, WS Forisha,

1978;. Spence and Helmreich, 1979),

integragion of both masculinity and femm'mty within a smgle 1nd1v1dual‘}“'\

at psychologlcal androgyny, "the

(Bems:and Martyna, 1976, p.1016), is an ideal alter'na'tive‘tdrigid sex l‘ole

assumptions and the restriction of choices and behaviors considered

ac’Eeptable only as a functidn of being male or'female.

4

"~ "Second, in an approach to women's career development based on

) . . - . ) * / e
Bandura's (1977) social legarnmg. theory, Hackett and Betz (1981) and Betz

and 'Hackett’, (1981) found "expectations -of personal efficacy}"'.t?) be

mediating factor ‘in the, career\ovptions considered by women, and so to

have strong impli'cations for their career ‘deV_elopment (Hackett and Betg,

‘In further studies, Betz and Hackett.(1983), Hackett and Betz

ath 15 a. male domam"

-y
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(1984), “and Hackett (1985), found that mathematics self-efficacy /~

~ expectations, "the perception of performance capability in relatiohshlp to

math problems, everyday math tasks, and mathematlcs related. college"’

coursework" (Betz and Hackett, 1983 p. 332) were sxgmfrcantly related to

’ /
: students choice of sc-lence-based college majors.

i

The first study.of the relationship of mathematics self-efficacy -

~expectation to the choice of science-based major was .by Betz and Hackett

(1983). . Using their own instrument, the Mathematics Self-Efficacy Scale,

3

as well as the Bem Sex-Role Inventory and a measure of math anxiety,

€.

Betz and Hackett found that mathematics self—effiCacy expectations were

’ \posmvely related to the degnee of science content in students' college
. majors, and also to the degree to Wthh sub)ects endorsed traxts of
psycho_logncal mascullmt_y. Mathematics self-efficacy expectatnons of

females were found to be silgniflcantly weaker than .those of males in all

areas of math activ'ity tested. In subsequent. studies. (Hackett and Betz, /

.

l984;v Hackett, 1985), math performance and math self-efficacy were found/

/
/

* to be significantly and pOsit_ively related to masculine sex role orientati}a’h 5

and to math related major choice. In ‘each study,/rhathemati'cs self-

A
efflcacy was the strongest predlctor of major chqice.

A search of the llterature did not reyeal any other replrcatrons of
" the 1983 study. An objective of the present study is to repllcate, in part

Betz and Hacketts procedures to determine if Slmllal' results would be

obtamed thh *a post-secondary population in a Canadtan technical

institute. Specmcally, the present study addresses the following questlous-

/
/
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2

3.

Do males have higher mathematics _seff-efficacy

expectations than females?

Do females in science programs have hiﬁer mathematics
% ) , .
selff—'efﬁcacy expectat_ions than females in nonscience

programs? -~ .

s mathematics self-efficacy related to masculine sex role.

i
s
sy

orientation?

N -
B ;
S

3

"Are females in science 'prog'tf'a}mﬁ‘""mgi"’él_.;gsxc‘holog‘ically

-

masculine than females in nonscience programs?

Is mathematics self-efficacy a predictor of 'science-based
h o

program choice? | ~C
. . > Ny
~.
~.
\\
o
: \ bv}‘"fy‘f’t_v .



Il REVIEY OF THE Ll‘l‘ERATURE (
_As Overview of the Problem '

* "..women compared with men may be
found, on the average, to do the same
thmgs with some variety' " in the
particular kind of excellence. But that
they would do them fully as well on the
whole, if their education and cultwa-tlon
were adapted to correcting .instead of
aggravating -the 'infirmities - to . their
temperament, | see not the smallest :
reason to doubt" (Mill, 1867, p. l97) -

Although John Stuart Mill declared hi i

in the intellect’ual{
‘ potentlal of women long before equallty was an issue, research,(on male- }'
lemale learnmg differences has. contmued well into the twentle!th century
to search for proof of male . mtellectual superlornty, partlcularly in

A

, mathematlcs and the: scnences. lncreasmgly, however, since Maccoby and
Jackhns (1974) review of studles, researchers have addressed difgerehces
in the attitudes anonexpecta'tions of parents, teachers, an‘d society toward '
boys and "girls,‘ and examined the effects of these differences on girls'
perceptions of the usefulnes_s and role-approo'riateness of mathematigs and ‘
t_he sciences. -
Sheinin (1982) emphasizes that ‘it Ise time to"st‘op restating the
problem, "that there are very few women in Canada in scxence, engmeermg
and technology" (p.l6), and to concentrate mstead on 1dentxfymg which -
cuftural, soc1al and..behaworal practices in our society contribute ‘to-this
4problem. Sherman (1982), Fox, Tobin and Brody (l979), Sells (1980), and
Fennema (1980) are among the growing number of current researchers who
recommend the 1mplementatlon of specific interventions in the education
and socialization of girls. They maintain that these changes would, as Mill

suggested, contribute to "correcting, rather than aggravating," ;Jvhatever

differences may exist. 6 '



et

B, .Res‘earch on Sex-Related Dltlereﬁo‘és in Ability 1 -

- Maccoby and Jacklin (1974) found sex-related differences in

ability to be "well-established" in favor of males after the age of twelve in

. visual-spatial and myathematical, ability and in favor of girls after age

‘eleven-in verbal ability. - Hyde (1981) questioned whether “well-established"

| A

could be interpreted to mean "large". In a rean@s:s of twenty-seven

studles of subjects eleven years of age and .older, Hyde found that gender
d’iffe‘rences.accoUnted for between 1% and 5% of population v'anance in
v';!rbal ability, quantitative ahility, -visual-spatial abilityv Snd tield
arrticulatioh. She concluded that sex-related differences in these are;s are

not sngmhcant and that gender is'a poor. predlctor of performance in these
¥

areas, Fennema and,Gh’erman (1977) noted that no attempt had been made

2

to control pl'lO\’ coursectakmg in the studxes analysed . by Maccoby and
Jackhn. Controlhng thns varlable m a study of l 233 females and males in

ninth to twelfth grade non-termmal math courses in four schools, Fennema

and Sherman found:

males and females weré similar in verbal and general ability in
v ‘ o - .

all groups tested

- males always scored higher than females in mathematics with

the difference reaching significance in two of the four schools -

stttdied.
- males tended to sc;r; higher than females on °spatial
visu’alizétion with significa‘nt di.ffere“nces ih male over female
ability in two of the four schools studied
- among students with similar backgrounds in'math'e‘xhati';:s, all
'tested differences between ma‘les and femates were small “

[

>N/
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- reflected the influence of sdcideulturai factors.

8

- in both schools wheee signiﬁcantjsex-qelated differences in
. mathetnatics achievement were found, five or six sex-related
fdifferenees in attitudes were also fdu,nd.
;Fennert\a and Sherman concluded that ‘thelr study did not indicate
that females have lower gptitude than'-maleslfor' mathematics or spatial
\;isual:lzation. -Differenceg were small, and siénifica‘nt only when they
In contrast, Benbow and Stanley (1980), in a study of 9927

mtellectually gifted Jumor high school students tested prior to ‘the

influence’ of dnfferentlal course- takmg, found on the average, that boys

scored higher than girls in all groups tested. They concluded that their
StUdIES' indicated superior mathematical ability in males; that sizeable sex
differencers exist.in mathematics reasoning ability b¢fore differences exist
in the number and typé of courses taken, :bar}dthat se differ:euces in ability

increase progressively through the™high school year They suggested a

‘possible relation to greater male ability in spatial tasks, and the influence

of both endogenous and exogenous variables. . = : "

Several theories attempt to establish biological.explanations for

sex-related differences in ability. ¢ The X-linked hypothesis sts that
. genetic inheritance of a recessive gene.on the X chromosmes .

high potential rtLathematical and visual-spatial ability, resulting in many
more rtlales than fem'.ales with high ability. Studies by Stafford (1961) and
Bock and Kolakowski (1473) supported the proposal that:_spatial ability
exhibits recessive, X-linked inheritance, while a later study by Stafford
(1972) and one by Williams (1975) reported findings incousistent with the

hypothesis. Reviewers of research on this hypothesis generally conclude



that the findings al-e too inconsistent to suggest support (Huston, 1983).

Studies which atte“‘mp‘t to | establish a hormoral role in the
&evelopment of cognitive sex differences hypothesize that female
" performance, facilitated by estrogen, is h.igh‘er ;;\ automatized tasks (well-,
pr‘acticed, over:learned tasks that requite a minimum of cofiscious effort
to perform); whlle males performance is better on cognmve restructurmg :
tasks (those requnrlng new reshomﬁs to less obvious stlmull) Broverman
(1980) and Petersen (1976) found ﬂ\at males more masculine in secondary
sex characteristics (indicating highe;-r levels of testosterone) were better at
autclr%'ated_tasks than at spatial'abillty, while the less physically masculine
males showed a reverse pattern. With females, Petersen found that
"physical variables related :)nly to spatial abllity, which related significantly
" to physical "masculinity". Petersen suggested thit this indicates strength
in spatial ability among more physically androgynous members of .both
sexes alld skill al automated tasks among more physically masculine males
and more physically feminine females. -

Att;mptg to explain how diflerences in bl'ain lateralization lnay
" relate to sex differences in ability bropose two opposing hypotheses.
Buffery and Gray (1972) and Waber (1977) proposed that bilateral
representatlon results in'better spatial ablhty, whxle Levy. (1976) suggests
that bilaterality results in inferior spatial ability. From their -review of
stlldies performed on rats,‘non-hdman .prlmates, and huma;ns, Buffery énd’
Gray concluded that spatlal skill may benefit from a more bilateral
cerebral representanon which the male bram has a better opportumty to

. develop because of .its less well-lateralized language functiamy: Levy

'prdppsed that when verbal and perceptual processes are each confined to a
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‘single and separate side of - the brain, the, two .

"

iy : i
connections underlying these abilities can eyplve '§

/ 'ﬁly for the .
5 |

\,'J? «
'Ypeople had

while
verbal abilities were approximately equal. Levy concluded that females,
having more bilateral representat"ion' of verbal skills, have, t/heri’efore,_
inferior spatia'l functioning skills. Waber found that late maturers of both
sexes perﬂformed better on tests of spatial, but not of verbal, ability. Lgte
maturers of botl; sexes showed greater hemis;;l:teric lateralization. *;i—n‘(-:e.
females mature earlier than malés, a lesser degree of laﬂte’ralization is
suggested, indicating support for the theory that greater lateralization
indicates grdater spatial ability.

In summary, no sound vbases have been established for theories of
sex-related differences in ability. While séme studies show' a higher
performance of males over females on vis?fal-spatial and mafhematical
tasks, others question the significance of thezq«ﬁndings and the influence
of prior course selection anc‘i other variables in their results. Attempts to
establish biological bas;es‘ fo; sex-related cognitive differences present

similarly questionable and sometimes conflicting evidence.

«

C. Sociological Factors in Learning Differences X

'In general, it is acknowledged by researchers that no study of
physiological factors can be considered exclusive of the socio-cultural
. . £ :
environment; and that differences in ability, where they exist, are minimal,

and often as great within groups as between groups (Huston, 1983). Nash

(1979) stated that because the correlations supporting the evidence for



biological lactors are often low, socml, motlvanonal, and attntudmal

tactors must be considered to-be at least as important. A variety of _

social-psyc ologigal factors have been ldentmed as contnbutmg to thé

dssproportnonately large differences between the sexes m the study of

mathematics and the sciences. Haring and Tyler (1983) identified sex role
socxallzation”pot self-efficacy, negatwe amtudes toward certain sub;ects
or occupations and co‘unsellor bias in the schools as factors in dxscouragmg

women from pursuing non-tradmonal careers. Maccoby and Jacklin (1974)

=

suggested that differential treatment of children by parents encouréges~

children toward role-appropriate behaviors that are carried into the

educational and occupational world. Fisher (1982) stated that such

o - -

socialization could affect the science involvement of women by two

different routes. Fifst, the ‘learning and practice of science may be

o

facnlntated by a particular combination of mental abnlmes and character

¢

LR

traits. Social roles imposed on a  child may foster or discourage the

development of these traits. Second, a female child's image of a scientist

may be at odds with her image of the person she wants -to become.

Socialization may affect either the real abilities required for the practice

of science or the child's interest in becoming a scientist. In general, ‘the

. areas of socxahzatlon of girls away_ I?)m the sciences are identified as the -

- home environment where sex-dxfferentxated roles are encouraged; the
school envnronment where bo‘?s and gir|s are exposed to dxfferent academic’

expectations; and the post-secondary and professional world where subtle

prejudice and lack of role models discourage women from entering science-

oriented occupations.
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Three hypothesés which encompass the variet§ of sociological
factors ‘believed to influence the study of sciences were stated by Kelly
(1981). These formed the basis of her extensive investigaﬁiﬂ? of the

: ‘ ; v
differences in science achievement among boys and girls in fourteen

different countries.

B The, cultufal hypothesis. The cultural hypotheéis staies that girls (
dovnot do. _wéll _in sciences because of the social expectation that they ’will

underachieve. Kelly found that boys in each country earned higher scores

than girls in each branch of science, even where the amount of compulsory

science study-was the same. How:ver, girls in some countries’ performed
better than boys in other couftries. Considered of crucial importance by
Kelly was the achievement by Japanese girls of a mean score in physics
cor‘hpérable to that of boys in othgr countries. .She_interpreted this to
illustrate that', given the right mixture of culturai baékground, att'itude,
rpotiv\ation “and teachiﬁg, girls can achieve equally with boys. Sex’
differences in achievement, ismall for bioloéy (averaging .13 of a standard

°

deviation) and-largeAfor physics (.61 SD) were found to be more

characteristic of the particular branch of scie;nce thanvof a p_articular
country. The standardized sex differences in science achieve:n;znt were
sinﬁ[ar in all countrjes, suggesting either that these differences are
relatively impervious to c_ulturai infl:lences, or that the specific -cultural
factors which affected the differences were uniform across the céuntr'ie#"
studied. Kelly further stated that the absence of any relationship between
girls' achievement and the proportion. of girls st{)dying sciences in each

country, suggests that social and cultural factors have :nore influence on

girls' participation in science than on their achievernent. In further within-

Q



variations gede imilar for both sexes.

The latter observation is supported by Fennema and Sherman
(1"9‘77) who found signiticant differé;\ce.?. in achiévem;‘nt for mathematics
. and Qpatlal visualization only when five or six sex-related differences in
. a’ttit.ude were present; _l;ynn‘ (1972), in a study'o'f determ@:&gnts of
. intellectual growth in women,‘propdsed that different cogniiive st}lés are
developed in males and females because of parent-chxld relatlonships. Boys'
acquire a cogmtwe restructuring style which involves defining a goal
restructuring a situation, and abstracting principles of ma;culine role
definition, all of which contribute to the independent thinking required in
mathematics and the sciences. Girls acquire a ‘?co"gnitive'style which
mvolves a persenal relationship with the mother and clearly role-defined

~ lesson leﬁrmn . The learning occurs in a context where socnal'
‘acceptability &hportani and there is little opportunity for the
development of analytical and problem-solvmg skills.  The paren'ta'l
reinforcement of role defmmon and sex-approprfate behavior is carried on
40 course selection and school performance. ;
Lewis (1‘972)’ found pafents of both sexes to encourage more
aufonomous and independent behavxor in male than in female infants.
Cross-cultural studies .examined by Maccoby ‘and Jackhn (1974) indicate
. that sex differences can be large or small or non:gg\{g;ent, depending upon

} the cultural conditions involved in the tearing of the two sexes. "Where

w0mgn£are subjugated, their visual-spatial skills are poor; where both sexes‘




- (1972) éxa}ni'ned the .attitudes of high school teachers toward asp€cted
'§tuaent§ were expected at age 2! to be in some kind of furt)

female students going on to further education. Without ¢

‘ : - X .14

. ' oo ©

- are allowed independence early in life, both have good visual-spatiakskills" -

(Po362)- | . #

& ' f‘

~ The school hypothesis. lh this hypothesis Kejfy statedithar ’

1

. science is taught in the schools in a way more suited to boys than to girls,

Schools are believed to-reinforce the differentiation of sex roles in a
number of ways:

- . sciences and mathematics are perceived by both students and

N

teachers to be masculine in orientation
-~

girfs are encouraged to behave more passively in the

educational environment, whereas a more aggressive and
independent approach to learning is encouraged in boys
* - . the importance ‘of mathematics and science to girls i not

emphasized o . , Y' L

- there is little or no remediation of specialized instruction for
- - . . L

those students, primarily girls, who begin to have difficulty’
grasping écientifi¢ and mathematical concepts in the early

school_years. A - ‘\ S T

.A large number of studies relating to the school hypothesis wer,

o

o

examined by Pottker and Fishel (1977). In one of these ;;tudies, 'rtf/

achievement and lifestyle of male and femate” students. While ¢

ale

r education,
and at age 3l actively pursuing ‘a career, teachers " " predicted

e .

jorr, female

students at 31 were described as married, with children,

LY

poKing after a

‘home. No females were described as engaged in any kind of political
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that textbooks show\

" in early adolescence comcndes with the time when mathematics

x\.‘ L @ .

: actxvxty, or achlevmg wealth, power or status. - Gaite suggested that this

‘_dxfferentxal expectatlon 1s mdlcatwe of teacher bids which is in turn

°

indicative of th 'r perceptlon of gnrls self—expectattons. Jay (1973) found

nin-a far greater number of GCupatlons than

‘women, and actlvely engaged in learnlng activities, while girls are depicted

‘m the ‘role of } passwe observer or rec1pnent of tnformation.

" Omerod (l975f suggested that the need to assert gender -iden 'ty

scien(‘:'es become optional in t.he schools. "Each sex, when educated with

. . : d -
the other, is at puberty almost driven by developmental changes to use

.
r

. : . ' ) - e
~ subject preference and subject choice as a means of asserting its Se[g( role™

‘(p.lOﬁZ)‘. ina study of fourteen-year-old girls,. Omer‘od found that girls were

droppmg physncs, e\gen though they liked it, because of reluctance .to enter
<, .
SR %

- male preserve, ant1c1pated difficulty of the physrcal scxences, advice-
. from teachers, parents and peer group;. and "hidden selectnon" lf the school
.'had limited class or lab space. - Other studles (Kelly, : 1981) mdlcated» :
-greater attention of science tea:zhers to males, the assrgnment of more
passwe roles to females, and the general treatment of glrls as an unusual:

. . or inferior element %] the science class. Kelly found strong awareness

amoung female studgnts of this differential treatment, Several studies

“indicated that school counsellor bias ddes not strongly influence academic

~

choice. Althou'gh some counsellors vreinforced_t‘he attitude that certain

occupattons are mapproprlate for ‘ﬁlrls, peers, parents and expectatton of

employment appeared to be stronger mtluences in subject choice (Harmg

. and Tyler, 1984“).

. e
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The attitudinal hypothesis: = This  hypothesis states that girls'
. T : - )

achievement is lower in the sciences’because ghey have a less favorable

%

attitude toward these subjects. The lack of appropriate role models is
cited as one factor in discouraging women from entering scientific careers.

'

Girls who are not exposed to attractive and "feminine" women in the

L]

sciences tend to perceive scientists as masculine, ana'gti< 21, and cold. A
report by the Nétional A;adem_ll of Sciences (1979; nm“& aat wdmen";re
represented” in ‘very sm»all percentages in the 'Ldoctur i labor forces_of
science and ehgineer‘mg, and tllat women scientists do.not share t__ﬁéir’male
_col'le;agues' advancements in either. position of sélary. The progess of
attrition begun ll‘l the hlgh schbols results in increasingly srhaller numbers
" of women to qUélify_for- post-secornida;y and’ gréduaie work_.- in relation to
the 'mfl-uenc"e of role-modelling, a strong correlation is .hypothe.s_ized(';
between ‘proportion of w'omenv facl:lt"y and female student ac‘h\ievement
(Tidball, 1977; u(‘:arn Comrﬁis'sion, "1'97_3). Tidball found t‘ha:;t women's
collegé_s with over oné-h SYemale faculty had graduated abmu@:h ‘gre.ater
: ;;ortionv of the \lvomen lp doctoral science and engineerlngnprograms tha
had 'Arvni;e.c:l colleges. rSHérgd values for 'achleve_‘ment and succéss, ‘,an”d
insulation from the m‘ale:-f.e;male factor in achlme\'/ement and'.com'peti.tic-)n,
were suggested ‘}ncontributivnig factors, as was thé tendency of'-male and
female faculty membé(s to be supportivebf same-sex st-udér),‘ts.

Sex Role Starldal:ds and Intellectual Functioning

ASeic' role as a mediator'ol intellectual performance has been

" considereéd by some researchers as a possible explanation for sex-related

differences in academic choice and performance. Nash (1979) stated "For "
B Ll ‘

e
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~ some people,.cultural myths are translated into personal beliefs which can

1
affect cognmve Lunctnomng in sex- tylped 1ntellectual domains" (p. 263)

The concept of ‘sex role standards "the extent to which the lndmdUal
considers certain actlvmes to be male or female" (Dwyer, l974, p. 8l 1) was
first explored in relatnon to academlc motivation and choice by Kagan
‘«.»(Ll%#) \yho found that second and third érade children identify .objects‘ ln

| the school enyironment as masculine or femlnine.‘ Kagan suggested thata
'child would be mor'e highly motivated to. master tasks" viewed as sex- 4-
appropnate. Stein and Smlthells (1969), Stem (1971) and Stein, Pohly and
Mueller (1971) found that the perceptlon of social, verbal and artistic skills

: _as. femmme, and of spatial,: mechamcal‘and_ athleti¢ skllls as mascullne,”

.

began in second grade and continued through high school. Stein (1971),

-

S}ein and Smithells (1969) and Na;sh (1975) found that the view of
mathematics and sclence as masculivne did not emerge until adolescence.
Stmy and Mueller (1971), Stein and Smithells (1969), Nash (1975)
found that attamment value and expectancy of sucﬁ:ess, two determmants :

 of achievement mottvatlon, were influenced by children's perceptlon of theA

¢ l\_’ | .
© sex ro E{pproprlateness of a task, and—were higher on thosé tasks

Lo

-‘ considered sex-appropriate.
Nash (1979) identifies two prevailing hypotheses in -researc.h on

sex role as a mediator of intellectual fu.nctioning. étudies on ‘the
“differential ef‘fect{s on performance \?/hen‘cogni_tive tasks are identified as
ma‘sc_uline or feminine-are typically based on the hypothesis that"‘_"'the sex .

approprlateness of an. mtellectual domain is related to one's own

expectanmes for success (t.e o the subjective unpo'tance placed on both.~.

success and the performance level achieved)" (p. 260) Those. studies which

i
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explore within-group differences in cognitive performance as a function of
personal sex role attitudes propose that, both acress se'xes and within a sex,
people differ in sex role orientation, as well as in the importance of sex
role to their self-definition. Bem and Lenny (1976) found both male and.
. female sex-typed subjects more resistant to -simple sex—inapprOpriate
activmes such as hammeang a naul or 1roning a napkm ‘than were those
| individuals classified as androgynous.,‘ Sex-typed subjects also reported
feeling more psychological discomfort and negative feelings about
’themselv_es when engaged in cross;-sex' behavior. This'suggests'that'
: behavior viewed as appropriate for the other sex is motivationally
problematic for sex-typed individuals, and in conflict with the individual's

%

self-image of mascuiinity or femininity.

"The \concepts of selfiesteem, anxiety, and self-acceptance have

i;een related to sex-typing by a number of researchers. High ,femininity in

females has been found to correlate with high a:nx'i'ety, inv s_elfv-esteem and

: low»self-accep‘tance (Consentino and. Heilbrun, 1964; Gall, 1969; Sears,
1970), while high masculinity»%adult males was-correlated with’l-'h'igh'

anxiety, high neurotiCism, and low self—acceptance (Hartford Wl“ls and_
Deabler, l?f,/). Horner . (1972) related differences in achievement

. motivation to a form of anxiety she termed "fear o'f success". In a study .of

-~

female college students, 65% of females predicted '_vanxiety, guilt, loss of

femininity and social rejection for a wornan who. excelled in a non-
traditional academic program, Whil(‘\,ery few men projected the same
- feelings toward male success. Monahan, Kuhn, and Shaver (1974) found

both boys and girls, aged 10 to 16, responded’ negatively to female as

compared to male achievement, with females often expressmg anxiety over
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the woman's fate, while males expressed host-!lty.‘ Wmchell, Fenner, and
Shaver, (1974) found that with high school senlors, fear of success .in
females increases: with’ cross-sex competition. In their study, 40.9% *o&
femalef who had .a'tten_d,ed coeducational elementary schools indicted "fear

of success", while the portion from single-sex schools was 15.8%

Analogohs to fear of success is the concept of math anxiety or

L]

fea'of failure as a factor in poor mathematlcs performance and the’

-,

avoidarice of mathematics stugdy by females. Richardson and Suinn (1972)

defined math anxiety as "feelings of tension and anxiety that interfere with

the manipulation of numbers and the -solvlng of mathem+ gl prohlems"

- (p.551).. Betz (1978) found that math anxiety was more prevalent among

female than male college students, and‘ was related to inadequate .

|
mathematlcs background and to lower math achievement. Betz suggested

that math anxiety in women is due to the influence of sex role socxallzatlon

. - e 4 .
and may be a Slgmflcant factor in vocational and .educational choice. .

Hendel and Davis” (1978} found math anxiety in college women to be
reduced when participants snmultaneously enrolled in a specnal math course
' 3

and attended a counsellmg support group.

Further studies continue to support thé concept that sex role is a

mediator of intéﬁectual, fun_ctioning which affects the .achlevement of

women in mathematlcs and the sciences (Fennema, 1980; Fox, Tobin and
3
Brody, 1979 Nash, l979 Sherman, 1983; Goldman and Hewitt, 1976; Sells,

1980). More recently, self-pecceptlon in relation to mathemaﬁcs ,and

- science ability has been identified as a crucial factor in perceived optlonsv

A

in college‘ and career choices (Betz and Hackett, 1981; Betz and Hackett,
1983; Hackett and Betz, 1981; Hackett and Betz, 1984; Hacketeyylass,

Hollinger 1983; Ware, Steckler, and Leserman, 1985)
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 Androgyny |
In the early .1970's.thé}; concept of and;ogy;\y arose as an
.alt'ernative‘ to rigid adheref\ce,to traditional sex rolés (Bem,. 1974; Blﬁck,
1973; Rebecca, Hefner and AOlevshansky‘, 1976; and Spence ét al;, vl‘975).
Berh (1974) proposed that "whereas a’ nafrowly masculine self-concept
might :mhnibit Behaviors that are stéreotypgd as .feminine, .ahd a n'arrowl.)l'
feminine self-concept might iﬁhibit bet;aviqrs; that are(::e\réotyped'ss
mascuyline, é mixed,. or androgynéus gelg-coﬁcepf might‘allow an indivfdual
" to ffeely engage ‘in,bofh"'rﬁ'a'SCU\min‘é'.' and "femir;inef' behaviors" (p.155). In- |
a stud;' tc; tesf this hypothesis, qu. (1975),' using her- own in_strﬁment, the
' . ,Bem-Sex .R-ole ;hv'entoyy," ‘f'c;'u_nd that:.androgynous individuals we‘r‘e more
likely to engég’é in situatiohally"éf‘fective ‘behavior, regardless of tt_\e‘ sex-
- ap[;ropvr"i'aténefss.of that behdvior, tllxan were either masculine or feminjne
individu;ls. . - Androgynous "individuals. displayed high levels of both
"masculine” indepéndence and "feminine" playfulness or nurturance, while
}'m'asculine mal:es- V{e(é 'inhibit_ed in playfulness an_d feminine males in

.

'inﬁ;:pendence. AM.ascul‘ine and androgynous' females dispiayea greater
independence _thé'ﬁ dld feminine fema‘les(,- while feminine‘ temales displayed
neither independeﬁce nor: playfulnesg. Bem and Martyna"(l976)«similarly
found androgynous males and .fem:?l.gs‘ to be high in both independence and

‘nurturance, and masculine individuals of both sexes »toi be high m 4
independe.hce‘ but low in nurturan-éé. In tf\i‘s study,'however,_ feminine
females as well as ‘iemjﬁ'_\i’ne ma!f;s were fo%nd to be high m nurturance
~when iriteracting with a h.u.man baby or fellow student.

Evidence for an a_ndrogyn_ousvmodel is provided by Block's (1973)

reanalysis of data from thé forty-year longitudinal Berkely Crow‘th Study

lr_s
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.of parents and children. Block-lound that a group of androgynous:

mdlvnduals wlth low sex-appropnate and hlgh socialized attitudes did

exist. They were the products of parents where neither.the mother nor
father exemplmed typical cultural sex role stereotypes but where both
offered a wide range, ‘of behavioral and attitudinal possibilities to their

chlldren. Rebecca, Hefner, and Oleshansky (1976) dlsagred wnth the

~ dichotomous perceptnon of masculinity and feminjnity of tradmonal

developmental theories. They proposed a developmental stage of sex role

transcendence m/whnch "choice of behavnor and emotional expressmn is otv
determlned by rigid adherence to "appropriate" sex-related characteris Lcs"
(p.95). Spence, Helmreich, and Stapp (1975) found support for t'he dualistic
interpretation of masculinity and feminlnity as well as for the concept of

androgyny. Spence et -a.l.‘ proposed‘ the concept of androgyny as the

possession of a high degree of both masculine and feminine characteristics.

Significant positive correlations were found between masculinity and self-

esteem and femininity and self-esteem for both men and womepn. This
suggested that the two. factors "fu.n’ction additively to determine the
individual's self con,cept.' and behaviors. Spence et al. also found la
categorlzatlon of individuals with low masculinity and low femininity which
they termed "undifferentiated". This group were found to have the lowest

measures of self-esteem.

Measures of Sex Role Orientation
The assumption of bipolarlty in the concepts of rnascu,liﬂ and V.

femininity has recently been challenged by Bem"(wm), Block (1973),

" Constantinople (1973), and Spence and Helmreich (1978), ‘who prefer t6

.
x
-
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viéw masculinity and femininity as two separat;:, independent dimensions.
The characteristics of each dimension ;re believed to exist to some degree
in every individual, In a review of measures of seﬂtyping,. sex role
orientation, and of masculinity and feminlnity, Beere (1979) found that in
~25 of 30 measur;s, masculinity and femininity were sgored?in a bipolar
way. Earlier, widely used meashres, particularly the MiAnnesotva !\%Jltiphasic
'Personality ‘lnven;ory and "the Califorhia‘ Personality Inventory are also
criticized beca;.xsé the masculine scales measure positive attributes e.g.
i indépendence, activity, while the femininity scales measure "less desirable
at.tril':;utes s(x’:h as passivity and dependence (Broverman et al., 1972).
_Recent measures treat masculinity and femininity as two orthogonal -
dimensions and try to define both masculinity and femininity as positive
’domains of behavior. Among the most ;widely used of these measures are
the Bem Sex-Role Inventory or BSRI (Bem, 1974), and the‘ Personality
~ Attributes Questionnaire or PAQ—Gpence, Helmreich, and Stapp, 1975).

Bem (1974) designed the original BSRI to measure masculinity and
_fem@hinity as two independent dimensions. An individual ce ' e
classified' as masculine, feminine,; or androgynaus, with endre. |
representing the differsnce between the subject's endorse-iees ¢ of
hasculine or feminine perépnélity’charactei'istics.«- The ori‘ginal inst;une -
- included boih a MAscuiin_ity and a‘ Ferﬁininity. Scale, Aéach with 20
" personality characteristics. A éharacteristic qualified as masculirfe "if it
was judged by college undergraduates to be more desirable in American

society for‘a man than for a woman, and feminine if judged to be ',more

desirable for a woman than for a mén. A Social Desirabilii-y _scale

- i R .
1

composed of 20 "neutral" characteristics was also included. Subjects were

v \ . I »
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asked to rate how well each of the 60 items described,‘hivm or herself on a

7-point scale. The Masculinity and Fémininit’y scores indicate to what
4 .

extent the individual considers those characteristics to be self-descriptive,

while the Androgyny score is the t-ratio between masculir)e and feminine .
self-endorsement.

’ of si;milar design is Spence, Helmréich, and Stapp's (1975)
Personality Attributes Questionnair:e. The i’AQ consists of 55 items
selected on 'thel basis of colleée students' ratings of each item as typical of
the ideal male or female. These items were classified into three subscales:
Male Valuéd, e.g. independent, active; Female Valued, e.g. emﬁtional,
tactful; ‘and Sex 'Specifi“c, a mixture of expressive (female) "and
instruméntal (male) characteristics. Using their‘ questionnaire to
determine the relationship of self-esteem té masculinity and. femininity,
Spence et al. found highly significant correlations between masculinity and
self-esteem and femininity and s:slf-est.eem in t;oth sexes. They suggested
that those individuals with a highvpropo‘rtion of both masculine and
feminine characteristics be classified as'androgynous and that a fourth
category be created for those with low measures of both masculinity and
femininity. N

Bem (1977) reanalysed her earlier studies (Bém, 1974, :1975; Bem

~and Lenny, 19;76).‘ She concluded that her definition of an androgynous

_ person as one with about equal scores on masculinity and femininity was

inéomplete and that a distinction between high scorers on both masculinity
and femininity scales and low scorers on both scales was warranted. A
fourth classification, labelled Undifferentiated, was added for low-low

Ly , .
scorers. Because of questions about the neutrality of items on the Sacigl
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Desirébﬂlity scale, these items are no longer scored and serve only as fillers
(Bem, 1981). The final instrument, then, consists of 20 masculine, 20
~feminine, and 20 filler items. Subjects are asked to rate themselves on a
. 7-point scale for each item and are qlassified as Masculine, Femiqine;
Andrégynous, or Undifferentiated. A short form of 30 items has also been
created (Bem, 1981). : \
Spence and Helmreich (1978) found high correlations between the
Mascylinity and Femininity scales of the BSRI and the PAQ. Locksley and
' Colten (}‘&979) and Pedhauser and Tetenbaum (1979) have questioned the
desirability of some of the feminine items on the BSRI, and whether
instrument‘s based on beliefs can actually be used to measure individual
differences. Cook (1985) cautions agéihst viewing androgyny as a desirable
final state, based on measures that utilize only the posftive aspects of

masculinity and femininity.

The Concept of Seif-Efficacy

Another area .of study addresses }he effects of sex role
socialization on the career choice processes and options of women.
Hacllett and Betz (1981) asked, "what are the specific mechanisms by
which A‘societal beliefs and expect.ations‘ become ménifested in women's
vocational behavior?" (p.327). They stated that this knbwledge is needed
for the understanding of women's career development as well as fo; ‘the
design of intervention programs which would iﬁcrease women's status and
achievemen{;ot'ential in the academic and érofessional worlds.

Hackett and Betz (1981) explored the application of Bandura's -

(1977) self-efficacy theory to women's career development. Based on

.oy
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Bandura's ' theory that "b.ehavior and behavior change are mediated
primarily- by expectgtions of personall efficacy, i.e., expectations or beliefs .
that one can succes;tully peﬂo‘rm a given behavior" (p.328), they developed
a causal model of c;ségﬂ:;’;hnice in which perceived self-efficacy functions
as a_major mediatos.‘ They ‘postulated that, "largely as a result of
sociglization experieﬁcé;,ifviome\n lack strong ex;{gga‘tions of pérsonal
gfficacy in relation to many career-related bEhavi;rs, and, thus,‘fail to

fully realize their capabilities and talents in career pursuits" (p.326).

.
-

Bandura (19?7) disi?nguished outcome expectation, "thg belief that certain
consequences will follow a given beh-aviO(,f' frofn‘efficacy expec‘taﬁon, "the
_conviction that one is able to succes‘sfull;[ perform the behavior, that will
lead to the outcome" (§.193). Bandura identifies four sources of
information on which self-efficacy expectations are based; perfgrmance
accomplishments, vicérious 'experience, 1ver.bal: persuasion, and emotional
arousal. Although all of these have been seen to influence the academ’ic
and - vocational behavior of women, Bandura suggests }that successful
performance of a behavior is an esPeCially powerful source of strong self-
efficacy expectations, that repeated sdccesses negate the impact of
occasional failures, and that established self-efficacy tends fo generalize,
particularly to relat.ed'activities. 4 A ’ -

Ha;:kett and Betz suggest that differential expectations of self-
efficacy may be a factor in limiting the range from which women choose
career options. In their model postulating‘t‘hé effects of traditional female
socialization on career-related selt-effic‘acy expectations, they relate; the

four sources of information identified by Bandura to the possibility of

lower, weaker, and less generalized career-related self-efficacy

Y
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. ’
expectations in women than in men. The sources of information are

described below.

Performance Accomplishments.  Successful performance of a given~

behavior tends to increase efficgcy expectations regarding that behavior.
Sex role socialization, boys' play experiences, and sex differences in

attribution of success dre - likely to enhance perceived self efficacy in
" . ' : o '
performance related to achievements viewed as masculine more strongly

~

for masculine than for feminine individuals.

~

Vicarious Learning. Self-efficacy expectations are derived from observing

- others succeed, particularly models of the same sex, (Bandura, 1971). ‘Few

role models for females are provided in the media, if text'boqks, at hoine,

in schools, and in professions based on mathematics and the sciences>

Emotional Arousal. High levels of anxiety, believed to be debilitating to

\ A . :
performance and to efficacy expectatioris have been shown to'be mjore

common in females than- in males in relation to academic sucgess,
_ . |

particularly in traditionally male areas (Horner, 1172; Richardsoh and
Suinn, 1972). Bandura (1977b) notes that anxiety not only occury when
expectations of efficacy are low, but also that the presence of. §nxiety

further.decr'eases selg-efﬁcacy and the liklihood that a given behavior will

be performed.

Verbal Persuasion. Encouragement toward a given behavfor tends to ,
. . B ‘:/
increase efficacy expectations. Socialization experiences‘ f females tend
' r
to discourage activities and pursuits in traditionally male areas, leading to
lower self-efficacy expectations toward many career options.

In the first emperical investigation of the applicability of self-

efficacy theory to vocational beﬁavior, Betz'and Hackett (1981) found male-

L4
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under-graduat# ave equivalent self—eff{cacy toward traditionally male

and female occupations, while females had significantly higher self-

efficacy toward traditional occupations than toward non-traditional

RE

"occupations. Betz and 'Hackétt found that female self-efficacy toward

| non-traditlonal careers was negatively related to traditional interests.

-

- -

Signmcant sex differences in self»emcacy were et paralleled by

¥

‘ sngnmcant sex differences in ability. Although there was no sex difference

in -achievement, achievement scores were not sngmﬁcantly related to
perceived range of career options for females. For males, however, math
achievement was significantly relafed to range of perceiveg gptions.
Hollinger (1983) studied the role of self—pe.t'ée;)"tion in the career
aspirations of mathematically talented female adole’scc'ents. Using the self-
estimates of ability in Holland's Self-Directed Search, Hollinégr fouhd that

those females aspiring to non-traditionéi (math-related careers) could be .
-~ . .

- differentiated on the basis of ;even self-estimates of ability. The highest

indicator of aspiration to a career in math or science was the individual's
estimate of her science ability. High self-estimates predicted aspiration to
nontraditional math and scienceé careers (e.g. accountants, chehists,

- .

physicians) while low self—estnmates predicted aspnrat:on to non-math

—
- -

careers. Hollinger suggests that “dlscnmmatnon between math-science
career aspiration and non-math career aspiration is afunction of SQJK
perception of abilities which are _stereotypically viewed as being either
masculine or temininé" (p.56).

Betz and Hackett . (1983) investigated the relationship of

mathematics ;elf-e\{ficacy expectations in 153 female and 109 male college

under-graduates to their selection of science-based college majors. The

wio _ , . /
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Mathematics Selt-Efﬁcacy Scale designed by Betz and Hackett. the Bem

L}

. Sex-Role lnventory, .an adapted version of the Fennema-Sherman

Mathematlos “Attitude Scales, and a' questnonnalre concerning college
major choice were uSed to test twp hypotheses, l) that the mathematics
self-eHicacy expectations of college males are stronger than those of
eolleg'e females,; and 2) that mathematics self-efficacy expectations are
importantty'rela;ed to career decision-making, particularly to ti»e selection
~ of science-based maiors;. As well, the relationshlp of math saf-efficaCy
expectations to atJtudes toward mathemati'cs and to sex role variables was.

J

The self-efficacy expectationS ‘of males were found to be

explored.

consistently higher than those of females. Males also showed more positive
attitudes toward math, greater confidence in their math ability, and a

greater tendency to view math as useful. Women showed a greater

€

‘tendency to view math. as a male domain. Students with stronger math
g » ¥ . . . -
self-efficacy expectations had lower math anxiety, more overall

-
-

confidence, a greater tendency to view math as useful, and greater

effectance motivation, which Sherman (1983) describes as "a sort “of joy of
problem-solving" (p.274). .Higheg math self-efficacy exp‘ecations were
related to higher ratmgs on the BSRI- Mascuhmty scale but were not
_related to BSRI Fermmmty Scores. Betz and l-'_lackett coneluded that l) '
mathematics self-effecacy expectations are relateo to the 'ohoice of
scieoce_verSOS noﬁscience oased 'col'lege mejoi); 2) students with 'sti'ongere

math self-efficacy expectations showed greater likelihood of choosing a

Ll

science-based major than students with weaker efficacy e__xpeciations; 3)
math achievement was not a significant predictor of science choice. The'

e
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positive relation of self—reported mascullmty and the lack of relatlon of -

femininity to math self-efficacy expectations supports Spence and

Helmreich's (1980) findlngs that hlgher' levels of masculinity

‘(mstrumentahty) appear to facrhtate confldence and self-esteem.

‘

Hackett and Betz (19814) investigated the relatron of mathematrcs o

E

performance, math self—effkcacy, attitudes toward mathematncs, and :
choice of science-sbased (i.e., math-related) college major. A strong

posmve relatlonshlp was found between math performance and math self-

efflcacy, but women's self—efflcacy expectatlons, compa«ped to men's were
not, as _Hackett and Betz (198‘1) hypothesl'ze‘d, found to be unrealrstlcally

low. Significant and positive correlations..were. found between both math
LA

pe"rformance and math self-efflcacy and attltude toward mathematics,

mascuhne :.ex role orrentatxon, and. math-related major chorce, with
s e ,)

.u'

.stronger correlatron's occurnng bet.ween self-offlcacy -and- the other

vanables. Hackett and Betz concluded that math self—efflcacy was a

- better predlctor of math- related ma;or choice than elther performance or

to. havé selected scrence—based ma)ors, supportl

achievément vanables. .C'onsxstent-wrth the .. l983 study,' the BSRII

Femmlmty scores were not srgmflcantly related to any other varlables.

2

The Masculmlty scores were sxgmf:cantly and posntvely co’l‘related wrth all

-

MSE‘cales, although not thh math performance. Males wth hngher levels

.

of math self—efflcacy and more years of;ﬁlgh school math were more lrkely

hypothesrs that math

—

’ self-efflcacy expectatlons ‘are stronger predlctor math—rélate‘d career

choice than math p‘)rmance or. math achlevement. Hackett and Betz

T

concluded that there was support for their (1983) fmdmgs that math self- |

~efficacy. and math performance are srgmflcantly related to each other and

G
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to attitudes tocward math and math-related career cheices. Gender

differences in rnath 'self-efficac')" were - more predictive of gender

I‘ -
. .

in performance. : : o .‘

| . . o
. .

Ina study to test the hypothesis that mathematrcs self—efflcacy

rnédi{ttes the effects , of gender and mathematncal preparation and

achievement on math-rela_t,edt college ma)or chorce,' Hackett (1985)
constructed a causal model of the interrelationshlps of seven variables in'

the choice process of 'math-related careers. Ina path analysrs, Hackett‘

found significant correlatlons between gender, years of high school math,

. math achievement, math self—efflcacy, math anxrety, and math relatednessA

of ‘declared major: Self-efficacy was the variable most highly correlated
with math-related major .cHoice, while the BSRI masculinity scor'e did’ not

2

“have a significant correlation. Hackett explained, hdwever, that “ the -

necessity Jof using the mascullnity. scale only, because the path analysis '
requ1red interval data, mnay have accounted for this unexpected finding.

Math achlevemgent, matl anxiety, and years of high school math had’ the
higl‘.est correlations with math self-efficacy. With _l‘SSRl scores, significant:
correlatlons ‘were found "only betWeeS masCUl’mity and :sel_f-effic_’acy and
gender, indicéting that males tended to have higher sco;tgs"’ in‘rnas‘cnli_nity

and that higher masculinity scores were re_lated to higher_méth\self-

efficacy.

Measures of Attitude Towar'd“Mathematics L : ' T

The Mathematics Anxiety Rating Scale (Rlcl\ardson‘ “and Suinn,

© 1972) has been ‘'utilized by some researchers to spec/ifi‘c'al'ly’ inves,tigate the

(<
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contrlbunon of mathematlcs anxlety to math avondance "and related

)

: xmplxcatlons for academxc and vocatnonal cholce (Betz, l978 Hendel and -

Davrs, 978) More widely used however, are the Fennema-Sherman
. L o
_ mathematlcs Attltude Scales (Fennema and Sherman, l976) These scales

- were deslgned for use in schools to measure thos soc;ocultural factors

hypothesrzed to mfluence males and females in the study of mathema,tncs .
" The eight scales mclude. Conﬁdence in Learmng Mathematics; Percleved
‘Usefulness of Mathematlcs- Percelved Attltudes of Mother, Father and

Teacher toward One as Learner of Mathematncs, Attltude Toward Success
P - : ‘
vy in Mathematics; Mathematics as a Male’ Domain; and Effectance

._Motwatlon in Mathematlcs. Sherman (1983) states that items on the Math

R

‘as a Male ‘Domain scale concern oplmons that females cannot do math as
e o well ¢ as, males, and/or that fe{nales Wth do well m math are pecullar or

masculme.( Betz and Hackett:(l978) rev1sed the Fennema Sherman scales

for use \yith college students. The revnsed version consists of five 10-item

scales: to 'me'asure math anxiety, confidence in learning math, perceptions
~of the usefulness of math math as ,ga male domain, and _effectance

s

motivation in: math. As i&.e orlgmal subjects respond ona 5-pomt leert
, ull a

-

scale td statements pertamlng to feelmgs. and attltudes toward

PR math;ema"f%:s. The Mathematlcs Self Efﬁcacy Scale was developed by Betz

S

and Hackett (1983) baged on Bandura's theory of self—efncacy expectatlons
‘and thelr own- extension of that thOl’V to career-related- behavrors
- S (Hackett and Betz, l98ﬁs The development of the MSES was. based ona
revxew of exrstmg measures of math confldence or math anxnety, and the -

+ "yt

1dent1f1catlon from these of three domauﬁs"’of mathematlcs related

2

;‘3’ . \ -
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7

behavror whxch are relevant to math self-efficacy expectations (Betz and
Hackett, l983b). The three domams are:
o 1) the solvmg of math problems,.based on Dowling's Mathematics.
Confidenee Scale (unpublished), “
- 2) . math beh‘aviors’ in eyeryday life,' based on: the‘ Mathematicsv
Anxiety Ratirvi‘g“Scale, a'r\“d' ’ | -
3)  ability to successfully perform college coursework requiring

y W

varying degrees of math ablllty. Item selection was based on

4

students' ratings of courses bn_ Goldman and Hewigt's (1976)

sc1ence nonscnence contmuum.

The lmtlal measure consnsted of 7'115 dlstnbuted on three

» r*,

subscales. Math Problems;—Ma%h. Tasks, and College Courses. Sub)ects

indicate their confidence on a lO-pomt scale rangmg from'"O" (no

@)
confidence at all) to "9" (compl’ete cqnjldence)- in their ability to
successfully perform the task, solve the problem, or complete the course
with a grade of "B" or better. The final version consists of 18 math,tasks;

18 math (probler.ns_, and 16 math-related courses. An additional six courses

_in traditionally female areas were included in the courses subscale to

‘examine sex differences in self-efficacy in traditional and non-traditional

~areas. These are not used in calculating the MSES score. 3(Betz and

5]

Hackett, 1983b). A search of llterature reveals nL critiques. of the MSES

nor uses by anyone other than the authors.

. Conclusion/‘

Although some researchers continue to search for sex-related

i} differences in ability, many recent studies focus on traditional sex role
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definitions and socialization® practices, women's conceptnons of their own.

abllitles, the view of mathematncs as a male domain, and dnfierennal
course- taking, to explain dxfferences in achnevement and partxcxpatxon
between men and women in mathematxcs and sciences (Ware, et al., 1985).
The socialization of females according to traditional sex role
- éxbectations has bee,n; .i,dentiﬁed as a factor stréh_gy -inhibiting tﬁe
development of those charactéristics"cbhducive’bto development of interest
and ability in mathematics and the sciences. Bem (1974) proposed that. a
state of psychological androgyny‘, a balance between male and fen“\ale
"character‘istics, gives both men -and :VOmen the freedom to maintain
atfitudes and make choices WHnrestricted by tfaditional sex role
expec'tatiOns.' This hypothesis is ‘supportéd by research which has shown
that’iﬂgh proportions of both masculine and feminine characteristics in the
'sah‘ie individuai have beed related'to high self;és;ceérn in both men and
-, : women (Spence and Helmrelch 1975), and to mdependence (Bem, 1975).
Female, sex- typmg has been related to high anxiety, low self-esteem and
low self-acceptance (Consentmo and Hexlbrun, 1964), to fear of succes‘s/
(Winchell, et al., 1974) and to math anxiety (Betz, 1978). g . 2
| ‘ 6ther resear;:hers have hypothesized ;Hat se)z role is a mediator
of in‘telléctt:lal mnctionin'g,wbhich affécts bthe achiéevement of women in
mathematics and. the sciences (Nash, 1979), while mathematics has been -
identified as the "critical filte"'“:r\ which,réstriéts women's academic andA
vocational choices to the traditionally fémale sphere. Hackett and Betz
(1981, 1983, 1984, 1985) de\.iéloped' the concept of mathematics self-

' éfficacy and explot:ed the role of self-efficacy, as 'wéll as that of ;ex role
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orientation and other variables, in women's academic and vocational

behavior.

v “+

As the foregoing review indicét‘es, sex role is believed'to affééf
academic development and vocational choice, both"’directl)"; as in the
identification of mathematics gmd sciences as male domains, and
indirectly, through anxiety, fear of success', and strength of belief in one's

ability to perfor4m.v mathematics-related functions.  Particularly, these

factors are.believed-to affect the choices of females regarding the study of

mathematics-reiated subjécts, and ‘the choice of mathematics-related -

occupations. The present study, therefore, attempts to assess the effects

of both sex role orientation and mathematics self-efficacy on the choice of
. ) : .

a scigpce or nonsciénce based program in a sample of post-secondary -

students. The following hypotheses will be tested.
l. Male subjects will have significantly higher self-efficacy

expectations toward mathematics than will females. .

2. Females in science programs will have ;igniﬁcvanltl.y higher self-
efficacy expectations 'foward mathematics than females in
nonscience programs. |

3. Mathefnaﬁcs self-efficacy expectations are significantly
related to sex role orientation.

4.” Females-in science program§ will have significantly higher

masculinity scores than females in nonscience programs. .

S. Mathematics self-efficacy is a significant predictor of sciené_g-'

. based program choice. .

For the pprposes of this study, the terms "sciences", "sex role", "sex-
{ . v
typed", "sex role orientation", "mathematics self-efficacy”, "masculinity",
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A -

"fefnihinity", and f'androgy‘n.y"' will be defined as follows: -

Sy,

5,

L.

3.

’

"Sciences" -refers to the natural sciences, e.g., biology,"
chemistry, physics, and to the applied sciences, e.g.,

agnculture, engineering, as opposed to the socnal sciences.
: v,

"Sex role" refers td those qualmes beheved to be characteristic

o

of males or females in our socnety (Block, 197 3.

"Sex-typed" indicates an individual "who is highly attuned to

»,

. cultural definitions of sex-appropnate behavior and who uses

such defmmons_ as the |deal standard agamst which his or her
behavior is to be evaluated" (Bem, 1981, p.4).

"Sex role orxentatxon“, sometlmes used mterchangeably with
"sex role identity", mdxcates an individual's per_ceptxon, not..
necessarily conscious, of th.e.'extentt to whxch he or she endorses

those .qualities believed to ,repr'esent masculi\nity or'femininity

in out society (Beere, 1979).

‘"Mathematics self-efficacy", or "mathematics, self—efﬁcacy

- expectations" refers to "the perception of performance.-

capability in relation to math problems, everyd_ay math tasks,

and mathematics-related college course’v\u‘/ork" (Betz "~ and

~

Hackett, 1983, p.332).
"Masculihity" fefers to "the personality tra?s, interests and

behaviors that are, or are believed to be, more characteristic of

0

males than of females" (Beere, 1979, p.19). .
"Feminin'ity" tefer‘s to "the personality' traits, interests and
behaviors that are, or are believed to be, more charactenstlc of

females than of males" (Beere, 1979, p.19).



36

3

| 8. "Androgyny", is commonly u.sed in the liter‘atui"’e reviewed to
refer to the presence of both masculine and feminine qualities.
in the same individual. However, the present study uses Bem's'
definition of an androgyﬁous individual as one who exhibits high -
levels of characteristics consideréd desirable fér both males

. ‘ and females, as - distinguished from "undifferientiated"

-
4

individuals who exhibit low levels of both masculine’ and
}feminine characteristics.

@

A
¥
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_II. RESEARCH DESIGN AND METHODOLOGY

ks

A. The Sample

The sample for the presen’t stuc!y consisted of 116 students from
foucﬁprograms at the Northern Alberta Institute of Technology (NAIT). The
results& from five subjects were removed before the analysis due to
inéomplete information. '!Zﬁe ‘final sample therefore ;or:sislt:ed of 111
subjects, a considerably smaller sample than the: 262 subjects in Betz and
Hackett's (1983) study. All of‘the subjec}s, at the time .of pa_irticip'a_tion,
were registered in e{thér the .first or the second year of one of four
selected NAJT .programs. (See Appendix A for sample .ﬁbreaAkd'own. by
. pl;ogram, year, and sex). - The p\ﬂ?grams were selected on the ‘basis of
science and matﬁema’tics admissioﬁ prerequisites. Thc; cjuestionnaire ;Aras
administered during class time and students were asked',\buf not required,
to participate. ) |

The sample consisted of 45.9% males (N=51) énd 54.1% females
(N=60).' The age range of the subjects was from 17 years to 34 years
(Mean:él, $.D.=3.77). The sample was stratified by sex and choice of
science or nonscience-based program.- That is, 24.3% were feinales in\a "
science-based program; 30.6% were males in a §cience—based program;
29.7% were females in a nonscience program, and 15.4% males in a
nonscience program. | | |

Each subject was asked to specify which rﬁatlxe‘rnatics and sciénce
courses they had-taken in Grade 12 and the grades they had oT)tainéd in
- each. Information from academic records provided an additional index of
.mathematics and science perfqrmance. It was found that the females in

science had the highest number of science and math courses (Mean=3.9)'and

37
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the highest achievement (Mean=77.1); males in science had the second
highest (3.1; 71.3). The mixed class of males and females in Business
Administration had an average of 2.5 math and science courses with 61.7%
mean achievement, while the all-female Secretarial group had an average
of 1..5 courses with mean achievement of 47.7% (Appendix C). Although
thfee owf‘the four programs were in traditionally "male" or "female" areas,

the sample chosen best represented male and female students of about

equal academic backgrounds in béth science and nonscience areas.
P B
B. The Instruments
Each subject Wés"lésked‘to cdfnplete two paper and pencgil forms:
1) the Mathematics Self-Efficacy Sc‘ale (Apbendix G), and 2) The Bém‘sex_ :
Role Inventdry, and.a questionnaire r‘egarding math .and science background
and ac.hiev'gment. A desc::f‘ip.tion of each instrument follows:

The Mathematics Self-Efficacy Scale (MSES)

The Mathematics Self-Efficacy Scale is a 52-item questionnaire.

The items are divided into three parts or subscales corresponding to the

i

three ‘doma‘ins Eof‘mathematics-related behavior identified by Betz and

Halckett‘ (1983& as relevant to math self-efficacy expectations. The
: \

1) Math Tasks,yv 18 items. Subjects are aske_/d'to indicate how much

confidence they‘héve '-t‘havt they could successfully perférm each of 18 .

everyday tasks réqlxiring some math behavior;

2)  Courses, 16, items. Subjects are asked to in.dicata,--how rﬁuch

confid‘ence they have that they could successfully complete the indicted

couf§es with a final grade of "B" (65%-79%) or better;

ks -

o

‘}.-,‘
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3) Math Problems, 18 items. Subjects indicate how muc;h confidence
they have in their ability to succgssfully solve the math problemilisvted.
Subject; are directed not to solve tﬁe problems.

The Courses subscale also-includes six courses l‘#traditionally female areas

which are not.used to compute the total MSES score (Betl’z'and Hackett,

1983b). The actual number of items is therefore 58.
-Accompan)fing the questionnaire is an answer sheet numbered to

correspoﬁd to the items on the questionnaire. Subjects indicate their

confidence in their ability to perform each task or solve each problem on

the basis of a 10-point scale ranging from "0" (no confidence at all) to "9" -

(complete confidence).

For the present study, the six traditionally female courses from
the Courses; subscale were used to form a fourth subscale, the "F" subscale,
for the purpose of deterfnfning whether . there would be a difference in

women's self-efficacy expectations toward traditionally female courses, as

L)

opposed to those .considered more suited to males. The instrument used by

——

Betz and Hacket‘t’ was modified by the addition of definitions from Webster

.

(1976) to clarify the meanings of terms used for college courses which-may -
have been unfamiliar to the student population studied. Information was 4

obtained from the authors for the definitions of fodr course designations

(e.g. Algebra‘l) not used in the Alberta school system. As well, an answer
sheet was compiled as none wés included in the test materials received
* from the authors. ) |
| Follo@ing the procedur§ outlined by Betz and Hackett, subjects

. were asked to indicate on the answer sheet their confidence in their ability

to successfully perform each item. Scores. were calculated for each
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subscale as well as for the "F" scele. The scores for t/he _8ix_courses in
traditionally female areas were excluded from the total calculation as
instructed by the an}hors, and the tcotal mathematics self-emcacy score
was calculted as the sum of responses to all items representmg math tasks,
math problems, and math-related courses. |

Reliability.. Reliability of the Mathematlcs Self Efficacy Scale .
was tested by administering the orl_gmalw 75-1tem scale to- 115
under‘graduatntudente’. Su‘biec‘ts were askéd to indicate the ' degree of

cdnﬁdence t'hey had in their own ability to perform each task, and also the

degree of dnmculy of the task for the’ average student, rating difficulty on

“a scale from "O" (npt-at-all difticult) to "9" (extremely difficult). Analyses

‘of item difficulty, item discrimination (item-total score correlatnons), and

internal consistency reliability of the subscales and total scale were

'

performed. Betz and Hackett reported high internal consistency
) o

reliabilities for the three subscales (.90 for Math Tasks; 7’.93--‘f.or Coursesv;

and .92 for 'M,ath Problems), and .96 for the total scale. ltem-total score
. t

correldtions for the subscales were moderate, ranging from .24 to .63 for
Math Tasks; .38 to .68 for Math Problems; and .16 to .70 for Courses.

Validity.  Selection of -the final 52 items was based on

discrimination data and item content, and item difficulty. On the math

tasks, eight items with less than 2.0 level difficulty on the 10-point scale
were eliminated. Other items having item-total correlations below r py
=.25 were also eliminated. .

In developing their instrument, Betz and Hackett first reviewed
ex.i'sting measures of mathematies confidence and math anxiety. Frofn

these, they identified three domains of matherﬁa\tic\s-related behaviors
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relevant to the study of self—elticéby expectations toward mathematics.
'I(')hesg,)behaviors are 1) t1he solying. of math problems, 2) the use of
mathematiés in evgiyﬁay iife, and 3), the ability to. su,ccess}ully corhpl_e.te
college courses which require mathematics knowledge in ‘various degrees. |

- The it‘e_m_so:l the individual subscales of the MSES were chosen' to reflféct
the three domains of math beha.vioré identified. The Math Problem items
were adapte; from the Dowling's Mathematics Confide;mce Scale which
consists of 18 math problems. Thése pfoplerﬁ; 'repr‘esen‘t three content
areas (Algebra, Geometry, and Ariihn:gﬁé); three fypes of mathematical
operations (computational skill, .c:'Om;rehensi;on, and ability to apply
principles of mathematics); and two levels of abstraction (real versus
abstract). Betz and Hackett (1983b) stated that all 18 items were selected
for inclusion in the Marth Self-Efficacy $cale because of the balance of.
item content an'q because the Dowling ;cale provides torl the éfeSSInent of
both éerformance and self-efficacy eipectations. However, in the MSES,

the items on the Math Problems subscale are not used for the asses_s;m 4 J

~of performance, but only for the dksment of self-efficacy  toward

mathema_tics.

.

For the Math Tasks subscale, some items were adapted from the

g

.Math Anxiety Ratihg Scale. Items were selected only if they reflected, or
could be modified to,refle;ct', math behaviou:s, e.g., "compute your car's gas
mileage",4 rather thdn attitudes toward math. Rddi;ion_al items were
s.elect.ed; from a pg;ol g‘enerated by asking college students for exarﬁples of
how they, 6 students in generél, use math in everyday life. ‘The 18 Msth

Tasks subscale items therefove reflect behaviors in which mathematics is

utilized in everyday activities.

<
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For the College Cyrses Subscale, Betz and Hackett selected 8 -.°

_math courses per se, and eight coursés requiring math knowledge and
A v

7 Eackground. For the latter, 32 college majors which represented a range of

emphasis on science identified. These courses had been categorized

according to degr phasis on science on Goldman and Hewitt's

-

' science-nonscience , ranging from level | (nonscience) to Level 5

*

(greatest emphasis on " science). To verify whether “the  students'
perceptions of the amount of math required ip these courses corresponded
- to their science c}assificati’on by Coldman and Hewitt, Betz and Hackett

aske‘? students to indicate, on a scale from "None" (O')Jto "Extensive" (5),

how much math' coursework they felt was required to complete each
AS ' .

L4

course. ﬁ‘gom the 27 college courses whose perceived math requirement
* L
corresponded ‘to their science continuum rating, the eight courses selected

- for the gourses subscale, in addition to the eight mathematics courses

A N

, were; four level 4 and 5 cclurses (e.g. physiology, computer science); three
level three courses (e.g., accounting); and philosophy, described By the

- authors as "a level course in a traditionally male area" (1933!{. p.S). l}lo'
| explanation is gi\;'eh fbr the inclusion of.phild;e,ophy in the total score? As

* previously mentioned, the Courses subscale also includes six courses from
. traditionally female. areas. These are not included when computing the

P

~-

subscale score nor the total score. The total math self-ﬂéfﬁcacx‘score is

. \

defined as "the sum or responses to the items representing rpéth tasks,

s

) math problems, and "matlvrelatedWackett, 1983b, p.6). '

.o, TN R . . . ’ ..
The authors state that S,U\t}l:&ements and cosnpilation of normative
} o _

~ data are underway.

- . v

-



" him or herself. Scores are obtamed by summing th totals of the

‘ group. ‘ o /
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Bem Sex-Role Inventory (BSRI) .
The Bem Sex-Role Inventory (Bem %974) was deslgned to measure

‘

‘ ma'scullmty and femmlmty as separate dimensions rather than as opposite
. Lo R .0

n

ends of a single contin'uum, and to identify 'lndlvldUals ‘which may be low

!

(undlfferentlated) ‘or  high (androgynous) in characteﬂstlcs of bmh ~

»

masculinity and femmlqlty. ~The scale consists of Sthy personallty

cl’raracte.ryivstics, twenty of which are consn-dered ster%ptyplcally feminine,

-

" e.g. "gentle,'Sympathetl“c# twenty, S‘tereotypically mas’culine, e.g. analytical,

. . A

competmve, and twenty neutral or flller items, e.g. fnendly, rellable. A

)

_“shortened version of thlrty 1tems is mcorporated mto the 1mentory

Each subject is asked to complete the BSRI by jndicating on a 78

polnt’ s'cale,’ranging fro'm "y (neVer or almost never tr‘ue)"’to "7" (always or

'_ almost always true) how well each of the ad)ectlves or phrases descnbes

o
.. R

Mash;lmlty and Femmlmty 1tems, respectlvely, anc} dividing each total by <
the number of 1tems on the scale (20) - o ) '
, . o ~
Medlans for both the Femlmmty and M%E”sculmlty scales are

' 2
calculated for the sample group and subjects are classmed as F‘gmmme,

Masculme, Androgynous, or Undlfferentlated by the medlan-spht method

Y

(Bem 1981) Those subjects wha score above the median in Femmmlty but

.

below in Mascullmty are classmed »as.Femmme-; thoeg; l_bo(r%on Vlascullmty

. Lo i . R x _
“ but below -on Femininity are classified as Masculme; thosey above the

median on both Masculinity‘ and Femininity are termed Androgynous; an’d

those below the median on both scales. co;nprise the Undifferentia_ted"




. o Rehablhtx. Psychometnc analysns was based on_two samples of
undergraduate psychology students. The first sample (1973) consisted of

444 males and 279 fer:nales; thi second (1978) mcluded 476 males and 340

females. . Bem (1981) reported high reliability scores for both. sarples.

, Internal con51stency coeffncxents ranged from .75 to 78 for the’ Femlmmty
§ | - Score, .86 to .87 for the Mascullmty Score, and .78 to 8!4 for F minus M

leference Score.: For test-retest reahablhty correlations range from .82

1
¥
i
3

K:

]

=

The Mascuhmty and Q:Femmmxty scores were shown to be logically
. . . § .

ir;dege;]dent' (Bem.y 197#), as well as empirically independent from each

’ ot,he‘;;,'with correlations ranging from - .14 to .11 (Bem, 1981).

Validity. Bem“(l975), Bem and Lenny (1976), and Bem, Mart9na,

“w  ..non~androgynous individuals restrict  their

L behavior in  accordance  with  cultural

. definitiots of desirable behdyvior for women

ceeeee o and men significantly more” often than do
* androgynous 1nd1v1duab(Bem l98l,p 16)

+ In addmon the the Bem stuga?s, a number of mvestxgatlons, included in her
(1981) bnbhography establish relevant behavioral correlates, supporting the

vailidity of the BSRI.

The BSRI has been “criticised by. Jones, Chernovetz, and Hansson -

(19‘8) chksley and Colten (1979), and Pedhauzer and Tetenbaum (1979), o

q N
as-a vahd /instrument to measure psychological androgyny Locé‘sley and

£ |
Colten quesnoned whether the endorsement of masculine or femmme tran?’(
can be assumed to reflect behavior ‘in accordance with those stereotypes,

and ‘whether the adjectives used to describe prototypes are; descriptive of

: " e

to .89 for Femnmmty, 94 to .96 for Mascuhmtx@d 86 to .88 for F M. -
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were answered befors adrmmstratlon. Conhdentlallty was assured and only
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actualf me\n‘\ and ‘women. m 'our soc’tety.‘v,' _Pedhau‘éer and Tetenbaum4
questioned the desi'rability of some femi.nine traits on the BSRI The lack
of .an eStabliShed.concept and éeneraily accepted defini/tion of androgyny

is also noted (Cook, 1985) The BSRI, however, remams one of the most

widely used and accepted measures of sex role onentatlon at this time. -

co , -—

c. Data Collectlon
In June, 1985, permlssxon was recewed from  the Executive

Commu.tee oiihe Northern Alberta Instntute of Technology to conduct the

prgposed_, study.’ _ With the cooperatxon of ’e Department Chalrmen

involved, as well as individual instructors, class tigge in a relevant subject

1

was allocated for the study The q‘uestionnaires were administered during .

\
.the months of October and Noverhber, 1985. Q brief explananon of the

£

“study \i/as gwen. Each student was-given an envelope containing the The
A :

.

Mathematlcs Sﬂf Efficacy Scale and answer sheet, the Bem Sex Role.

Invento;y, and a que§t10nna1re regardmg academnc background Verbal as

Well as wrxtten mstrucnons were given for each questnonnalre and inquiries

she would compTete the questlonnalres but did not ‘wish to include her name

or other 1dent1fy1ng mformatlon. She was alloweg to participate in the
_ J .
study but her questionnaire was one of those not included m the final

sample due to 1nsuff1c1ent mformatxon, @;ects were asked to take as

much time as needed- to complete the duestronnaires, which were then

placed in the envelope and returied to the investigator.', o -

op.
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"116 sets of questionnaires were completed and returned. Of

these, 5 were not ugpd*i?e?;ause of inadequate information regardmg math
1 S} P it
Machxevernent. The MSES was administered and

and science bac
scored accordmg to- mformatnon given in the Extended Description recelved
from the authors (Betz and Hackett, l98«3b) That 1s, the scores on~ each

subscale were summed Ior the subscale scores, and the scores of all items

. were summed for the tota] MSES score. The BSRI was administered and

scored following directions in the Profeséior'\al' Manual (B&m, 1981). Mean

‘Masculinity and Femininity scores were calculated for ‘each individual by

summing the totals of the Masculinity and Femininity items, respectively, -

and dividing each t'otal by 20, the number of item.s on. each subscale.

a
L)

~Median Mascu‘linity and Femininity scores were calculated for the whole

sample, a procedtlre which B\em (l98_l)vir-\dicates as an alterhati’ve to using
the median ‘raw séoqes of the normative_'sample. The s.amp'l‘e' medians,
(M=4.90, F=4.78) wete similar to those obtained in the normative sample
(M=4.95, F=4.90) \(A‘ppendix B). Psychologxcal iatergorlzatlon of each

6

sub;ect was- obtained usmg the "medlan split" method recommended by
1

Bem. That is, those sub]ects who scored above the Femininity medxan but

below the Masculinity median were classified as Feminine; those above the

median on Masculinity but below in Femininity were classified as

Masculine; those sCoring above both medians were classified Androgynous,

and thoses scoring below both medians as Undiftefentiated.

Analysns of Data

The Statnstlcal Package 'Ior the Social Sciences (SPSSx),

y software package destgned for analysmg socxal sciences data, and available

Yo

!

N/
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A
.

. thr'ough computing services at the Unfversity of Alberia,'was' used for data
“analysis in this study. - ‘This program was used to perform a t-test to
_determme the sxgmfncance of the dnfferences of the mean self-effncacy
scores for males and females in the first hypothesns. Summatxve statistics
and frequency counts were’ performed usmg SPSSx for sample breakddwn by
program, year and sex (Appendrx A) and calculatxon of raw score means,
medxans, and s&andard deviations for the BERI (Appendix B). SPSSx was
also used to perform @ross tabulations to determine the percentage of

’;

subjects in each Be{n category (Appendix D). |

Two sofﬁ@/are packages available through the Division of
~ Educational Research at the Umversnty of Alberta ‘were  also used
.ANOVlO, which performs t-tests for md‘e endent samples, was used to-

de'termine the significance of the differences of 'the means “of female

science and non-science students' scores in mathematics self-efficacy and

it

\
\\

" BSRI Fnasculinity, for the second and fourth_hypotheses. “v Multiple

regressions and correlatlon analyses for the thnrd and flfth hypotheses were
performed usmg the software package MULR!0. Pearson product—moment

correlations were used to examine relationships.of math self-efficacy to
' ?

math achievement, math background, and Masculinity’ and Femininity

‘'scores. . Subjects program. choices at NAIT were classified according to a
science-nonscience ‘continuum. Continuum scores of the chdsen program
were used as the dependent variable in a stepwise multiple regression

analysis. Gende(_, Masculinity, Femininity, MSES total score, math-science

‘8

achievement and math-science background were utilized - as the

independent variables. " —

~



IV.' RESULTS

The intent of this study was to examine five hypotheses relating

to the effects of —gender and sex role orientation on mathematics self- -

efficacy expectations; and the effects of.gender, sex role orientation and

mathematxcs self—effncacy on. students' choxce of program ‘at a post-

' secondary technical 1nst1tute.

.. . 9

A. Hypothesis 1
Males will have significantly high.ér self-efficacy expectations‘

_‘ toward mathematics than females.

“Betz and Hacket (1983) examined sex differences in math self-
efficacy expectatibns on the MSES. Mean sc:'or;s of males and females
were calculated on an item-by-item bqasis on the subscales, and on the total
scale. Ifem-by-iterh analysis sﬁowed the means of males were higher than
those of femaie‘s on all but‘ ’éhreé of the 52 items. The three items on
which females reéorted higher, théugh not statistically significanvt, self-
efficac;: expectations wérg in_traditionally female math-related activities,
i.e., making curtaiﬁs, grocery ‘shop.pirljg, and calculating quan'tivties for

recipes. Examination of means for the math tasks, math problems, and

‘courses subscales, and for the total MSES score showed that sglf—éfﬁcacy

expectations of males. were significantly higher than those of females on

all three subscales of the MSES and on the total scale.
In the present study, means scores were calculated.o;'nly for each

subscale as well as for the total scale score, a procedure followed by

Hackett and Betz (1984). T-tests were used to determine the signiﬁ(:ancje'”

of the difference of the means of total MSES scores, of each of the three

ho

~J
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subscale scotes and of the "F" subscale created from the six items
. ' v
representing traditionally female 6ccupations. A significant difference in

" favor of‘ rr%aiés was found in the means of the:total MSES scores of tnales

and females based on a calculated t-value of 2.63 which was significant a1t

the .01 confidence level. Significant‘differences in favor of males were

' also found in the means of scores on all of the MSES subscales with the

- Ly
j,i;Table 1). While

greatest difference in the ‘Math' Problems Subsca
differences in means on the Math Courses subscale (t..2 08, p& _Ol&/), indi.céte
that males had higher self-efficacy reéardmg theu‘ ability to successfully
complete math-related college courses, comparisoﬁ of means on the "F"
scale (traditionally _female college. coi;tses) indicates a signiticant
diff.erence in 'fav'or of females (t-value -3.11, p£.002).

The results therefore support Betz and Hackett's findings that

males consistently have stronger beliefs .in their, ability to perform

~ everyday math-related tasks, to cérrectly perform the calculations for

math problems of varying deggees of difficulty, and to ‘complete with a’
grade pfA"B; or better, college courses with varying levels of math content.

\The difference in favor of females on the "F" scale indicates that female

- students have greater belief in their ability to succeéd at role-appropriate

college courses than at those \w;h high math content and/or those which

. are tradmonally male-dommated. These results are comparable to Betz

and Hackett's (1981) findings that men's occupatnonal self—efﬂcacy is
sxgmﬁcantly hlgher than women's toward tradmonally male occupatlons,
“and that women's self-efficacy is slgmncantly higher than men's toward '

tradiﬁonall‘y female occupatigns. | _ R TR

A



- TABLE 1 '

-

"Sex Differences in Math Self-EtﬁcAcy Subscale Scores and Total Score

-
<
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[ 4
Males Females
(N=51) (N=60) —_—
M |, sD M SOt DF P
SCALE
_Math tasks 1364 167 1270 20.1 208 109  =0.040
Courses ‘ -98.6 22.4 89.6 23.0 - 2.08 109 £0.040
Problems 1414 175 1309 252 250 109 . S0.014
"F"Scale = 30.3 , 86 ‘351 7.3 -3l 109 £0.002 °
_Tofal Score  375.Ds+- 516 347.2  S8.8  2.63- 109  20.012

‘Higher scores on the math self-efficacy scale indicate greater confxdence
in ability to accomplish math-related tasks.
Maximum total score possible = 468.
B. Hypothesis 2

Females in science programs will have significantly higher.self-
éfﬁcacy expectations toward mathematics than will females in nonscience

programs.

In their (1981) application of Bandura’ a«tf-efﬁcacy theory to.

career-related behawors, Hackett and Betz suggested that weak self-
efficacy expectations in beha_v.ioral domains relevant to career choice, e.g,
. mathematics, affect career decisions and may be a limiting factor
.particularl\y' in the career optvions.of women. Betz and Hackett (1983)
hypothes’ized'that mathematics self-efficacy expectations are importantly
"'related‘ to career decisions, particularly to the 'selection of science-based

majors in college.

.
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The present study addresses the question' of wheth"er women who
h?ve chose‘n a" science-based program have higher mathematics self-
efficacy expectations than those who have chosen a nonscience program.
As shown‘in T'able 2, a t-test to determine the signiﬁcahce of the’
différence of the meéns of total MSES scc;res of science and nonscience
_females, showed a significant difference based on a calcqlated t-value of
4,29, which was significant at the 31 corifidence level (p£.001). This is a_
_strong indicator that women in sciénce programs have greater belief in
their mathematics-related ability than do women in nonscience programs.
B 'TABLE 2
Differences in Total Math Self-Efficacy Scores

of Female Science and Nonscience Students

3

{

Bl -
Science Nonscience .

(N=27) (N=33) | .
SCALE M D M sD t DF B
Total Math Self- _ ' S .
Efficacy Score  378.9 * 49.5 _ 32L.4 533 4.29 58 £0.001
BSRI Femininity 4.8 .53 5.0 b4 -1.22 58 =0.226.
4.6 J6 4.6

BSRI Masculinity - .63 -0.32 58 =0.747

Critical value at .05 level = 2.002

Hypothesis 3 \

Mathematics self-efficacy expectations are significantly related
LY .
to mgsculine sex role orientation.

In examining the relationship of mathematics self-efficacy to sex

N

~ role variables, Betz and Hackett (1983) found higher total MSES scores to

be related to higher Masculinity scores. on the BSRI (r=.33) but not to

1
Femininity Scores.
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In the_“ present study, a Pearson product-moment correlation was
used to €xamine the interrelationship among the predictor variables in the

regre;§ibn analysis. As Table 3 indicates, a positive but not strong

¢«
i .

correlation (r=.266) was found between Masculinity and mathematics self~

efficacy. No correlation was found between Femininity score on the BSRI

" and rfn"alth self-efficacy.

¥

TABLE 3

Relationship of Mathematics Self-Efficacy Expectations to Sex Role Variabies

- . 0

i

Sex role Variable

Masculinity .- Femininity !
r .. ‘ r
Math Self-efficacy 0.266 - -0.028
Hypothesis # o N

Females in science prograns will have higher masc(xlinityh scores
than females in nonscience programs. s

Mat’hemati'cs' self-efficacy —expectations were found to be
positively related to BSRI Masculinity score ir; both. the present and the
prev.iousvstudy.’ In the present study, females in science programs Qere
also found to have stronger math self-efficacy expectations than females
in nonscience prqgrams.‘ It Was kherefore expected that fernales in science

programs -~ would demonstrate higher levels of r‘nvasculinity or

instrumentality (Spence and Helmreich, 1980) than their nonscience
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counterparts. In "a éomparison by t-test of thé Vmean'Mascyulinity and
~Femininity scdres of science and nonscience females, no significan.t
differences w;zere found in the mean scores of either scale between the two
groups at either the .Oj‘or.'_the .10 levels of.signiﬁcance (Table 5). This
indicates that among those women who are sex-typed, tl';ere is no
relationship between the strength of their sex-typing and their program
choice.

| However, very few women in either program were sex-typed as
masculine, and fewer women in srcience programs were found to be sex-

typed, either masculine of- feminine, than were women in nonscience
[ ]

(secrétarial and business administration) programs (Appendix D).

Hypoth'ésis 5

Mathematics sélf-efﬁcacy is a signifi.cant.'predictor of schience-
‘based program choice. o |

In Betz and H_ack‘ett‘s (198.3) study, college major choices were
classified according‘ to Goldman and Hewitt's sfcience-;nonscient:e
continuum. Scores on tt;)is continuum range from 1 (low science content,
e.g., theatre) to 5 (high science’ content, e.g. physical sciences).
Continuum' scores were' used as the dependent variable in a stepwise
multiple. regression analysis. Independent variables were gender; total
MSES score, years of high school m‘alth, Fennema-Sherman math anxiety
and mathematics "conﬁd.enc':e scores, math achievement scores, and .the
BSRi Masculinity score. IOf the independent v;;\r'sab“les, gendem' gath self-

‘efficacy expectations, years of high school math and math anxiety were

significant predictors of college major. That is, subjects with _s‘tronger
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1

math sw'fﬁcac‘y expectations, more years of high school math, and lower,
‘ !
levels of math anxiety had a greater tendency to select science-based

majors, as did males over females.

%

Goldman and Hewitt's science-nonscience continuum was

inappropriate for ;? present study, as the classification of physical

sciencgs at level

nd biological sciences at level 4 is incongruent with the
math and science prerequisites for NAIT courses. These require a greater

" number of science courses for admission to the Medical Lab program than {

. to the Electronics Program. A science continuum was therefore developed,
patterned after 'ghe Goldman-Hewitt m'odsl, but categorizing cburses on
four levels, based on‘: the Grade Twelve math and science prerequisites of
NAIT programs. Levels’ ranged ‘from 1 (no science p;'erequisite, e.g.
secretarial) to 4 (two science and one math prérequisite, e.g. Medical Lab
Sciences) (Appéndix F). |

Table & shows the results of the sgepwise multiple regression using
the science code of program choice on the NAIT continu:xm as the .

dependent variable. The independent ‘yariables utilized were gender, total

"-MSES score, BSRI Masculinity and Feminity scores, number of math and

s
7

science courses taken in Grade #2 (Performance), and average achievement
¢ A

'scoré in Grade 12 math and science courses'.(Achie’vément)f ) :

" In. the .regression analysis, three predictors coﬁtribufed
significantly to the regregsi‘on ecjuation. As was expected, given the
gtrﬂcture of the science Co}lti}\uur_n, the stfongest preldictor of science-
based program cﬁoice was &é‘ humi:er of Gr.ade,, 12 math and scien&c
courses (r=0.620, Rz;.385). Thé hext strongest -predictor was Sveragé

achievement score (r=0.549), followed. by Mathematics Self-Efficacy
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(r;.a63,); Although achievement was the second highest ‘predictor, math
self-efficacy was the second variable to-enter the equation‘ (R2‘§.462),
indicating that mathematics self-efficacy 'ha"s a greater independent‘ value
‘than achievement. Math selt-emcacy accounts for an additional. 7.7% of |
the variance in science code of program chonce, as opposed to Achlevement
which accounted for an addntional 3.6% (R2=5498) Bécause of lts hngher
correlation wnth Performance (r—.203), Achlevement was the last varlable

to enter the equation and accounted for the least amount of vanance. The

3 oY

obtained multiple regressiﬁn coefhcnent was R-.706 and the three

that there was not & great dnfference in the num

science students in the total sample (n= 3!& n=27), af

A

highest performance was female.

oy
)

that students: with stronger = self-efficacy :
mathematics dre more likely to‘vselect science-ba$ ‘

students wntﬁ more years of high school

mathema"tics’ achievement did not contribute si

ni the present
1 9,

however, ,as the

S TN B

study: The re$:

'o‘,‘,»v
L iagh
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Bre%er{t study did not include mathematics anxiety, *which contributed

.stgnificantly to the prehdigtioniin the Betz and Hackett study,

| TABLE & .t
L \\Stepwise kﬁegréssion, Arialysis for the Prediction of -
) e ‘. Vald; of Program Choice on Science-Nonscience Continuum
. ) ;,Significant Predictors | Multiple R R-Square Simple R 8 p
- . . ¢
‘ Perforgpance I . - v
" Number Gf Grade 12 Math  *% g2 - . ” "
and Science Courses ey ‘ g '
{Performance)’ - 0.620 0.385 0.620 0.344  £.0001
¢ ..:I‘.l.l’.ll:.‘.l.."l‘.l.l..l.l.-.ll..'.DI...'...‘......0...l'...":.l'....l'...Q.l'...O..‘I....ll.l'l.".....;'il.'l
TR Math Self-efficacy : o ‘ '
. ‘ Expectations - 0.679 0.462 0.465 0.004  <.000!

~'l.l..l..llll...ll'..ll..lb!'..l'l‘.l.ll!....l...l-.cl..........l...l....ll..l..ll.llIll..ltil...l.....'..........ll..
. D .
N

_ Math Achievement _ 0.706 0.498 0.549 0.0146  <.0001
. - Constant = 0.688 ¢ - B .

F = 35.407 df = 3,107 p 0.00L




s .

- ) : X ~ .
(s : ~ : -
\'! [N . . w

-

signufncadt at the .05 level.

1Y / ) "'/".

L4

V. DISCUSSION AND IMPLICATIONS
{,Q Thxs study was desngned to examine the, effects of gender, sex role
o’nentatnon and mathemaucs self—efflcacy on program chonce at agpo/t-
' secondary techmcal institute.. *
o The Bem Sex- R&le lnventory and the Mathematrcsﬁ Self—Effecacy ‘

Scale wer%,completed by 111 students from £our programs at the Northern

Alberta Institute of Technology Mean differences were examined in BSRI

Mascuhmty,‘ BSRI Femmmxty,*- Mathematfcs Self—Effxcacy, Sciepce

Performance and Scnence Achxevement. T-tests were used ‘to assess
dlfferenee§ in the mathematics’ self-effxcacy expectations of males andj,
“females in the total s'ample, and in femal{e science and ngnjg/ienCe studer&s. |
A t-test was also® used tofexa'mine the differences ii mean BSRI -
Masculinity and Femininity scores Between_,;scfencg and nonscience”j
females. The relationships of mathemam_t_ics, self;;efficacy expe:c-tations to

Mascu}inity and Femininity were examined using,Pearson product-moment

4 ‘ “‘ Y } ) [P
correlations. Fi:nally‘ subjfc-ts program choices at NAIT. were classified -

.racc'ording to a SCience-non ience continuum. Scores on this continuum

& ‘ »
range from l low science p rpqursxte to 4, high scxence prereqursxte. The ‘

score 3 1 Jis associated with the Admmlstratwe Secretarial Arts program,

R
,,/

whlle a score of 4 describes Medical Lab Scr"hces. The co‘ntmuum;scores

were used ‘as the depen‘dent vanable in a- stepwnse multiplerregression

analysns, thh gender, BSRI Mascuhmty and Femlmmty scores, total MSE;S

S

score, number of Grade 12 science ,and math courses, and average
achievement” score'in Grade 12 science and math courses as the

i L T, /
mdependent vafiables. - All findings were considered statistically -

Y
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The results ,of the ' study supported four- of the five hypotheses

: r“
tested. This chapter will mclude a discussion of the findings for each

-

hypothesis, concluswns, -and suggestzons for further research. .
A. Hypothesnsl i o | |

Hackett and Betz (1981) postulated that dlfferentlal expectatlons
’,,of ‘self-'efﬁca‘cy between women and men are at least in part responsnble

" for the limited range of career optijons from which most women choose.

Sells (1980) identifies mathematics as the "critical filter" which eliminates
women from, many science-based careers, whilé Goldman and Hewitt (1976)
found that male-female 'dltferenc<e/ls in .college major are largely mediated

by "“sex'di-fference’s in math abll'i‘t)/.- “The first hypothesis was .examln"ec(to

determme whether the present %tudy would support Betz and Hackett s

(1983) fmdmgs that the math- related self-efficacy expectations of college

I e \

‘ males are §lgnmcantly stronger than those of college females.
, As, did the 'Betz and Hack:et‘t (1983) study, the current study

showed that males had slgmflc ntly hlgher math self-emcacy expectatlons

¥

on all of the MSES subscales and on the total- MSES score, mdlcatmg that
?

‘males showed stronger behefs in their ablhty to perform everyday math

- tasks, solve math problems, and successfully complete math-related .

'college courses, than did females. It is interesting to note that among the

four groups compared males in. scxence ha-d- the hlghest mean MSES score,«
‘J w ,S “
even though females in science had a hagher mean achlevement score. and
b ‘\4 ‘ ks

~had taken a greater number of :hatb, and science courses in Grade_ 12

;. 2 R s

(Appendix C). Thus, females wh% had successfully completed T




had lower beliefs in their math-re“lated abilities than did males with fower

o
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.
achlvement and performance. . o ‘

| On thMale, consxstmg of six ‘tradmonally female college
courses, women demonstrated strongir behefs than men in thetr abnhty to
successfully complete these courses, and stronger beliefs in their ability to
complete these, rather than math-related t:oursps. This is consistent w'rth ,

Betz and Hackett's (1983) ‘findings on the i‘tem-by;item analysis where the

- means of fernales were shown to be higher than the méans of males only on -

three traditionally female activities of the 52 items assessed.
¥ ‘3 " —

B. prothesns 2

\

ThlS hypothesm ‘was exammed to determine if females who have

chosen programs with thh science content and hlgh science prereqmsxtes .

have strongeg ’expec.tatxons of their m self—eftlcacy then ‘females who
{;;,-'

«have chosen ‘programs: thh low scnence qontent and - few scnence

. 2

‘ prerequxsntes.

Q o
The results of the present study indicate that women in science"

programs have onmderably greater confxdence in thetr abthty to perform

- math- related functlons than do women in nonscience programs. “This

l r

suggests, as Hﬁckett and Betz (1981) proposed that women who have weak
«self-efftcacy e;xpectanons may perceive their career opttons to be hmnted
‘to the tradttto ally female sphere, that attxtude toward math is a limiting

'factor in -care r choice, and that bellef in one's abxhty in mathematics IS, g

as Betz and l-}lackett (1983) hypothe51zed 1mportantly relatéd to the choice

of scnence-be!tsed career. ,

; ' ? |

i

[
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C. Hypothesns 3 5 o B - : ®
Bem and Martyna (1976) found mascuhne mdmduals of both sexes
to be hngh in mdependence, while Spence and Helmrelch (1980) found that

higher levels of masculinity (mstrumentahty)- appear to facilitate

‘con-fivdence and self-'-esteem.‘ Betz and Ha’ckett (1983) and Hackett and

Betz (1984) found mathematics self-efficacy to be significantly and
positVely related to masculine sex role oiientation.‘ |

The third hypothesis Was- examined to determme whether the
current study would support ‘the contennon thﬁt sub)ects reportmg hxgher

levels of psychologxcal mascuhmty would ‘also dlsplay stronger math self-

' efflcacy expectatlons. The findings did indicate that students who had

~ Hypothesns 4

hxgh'er Mascuhmty. scores on the BSRI also tended to have stronger efficacy
expectations regarding mathematics. No coerelation was found between .

Femininity scores and math self-efficacy. L ' B R

5 : »
‘y ; . . . P

~ . . . . . N
.

Smce ‘women in science. programs were found to have higher selt- <ot

e

- efficacy expectatlons than women in no‘nsc1ence programs, “and since math

. .than females in _nonscrence programs.

[y

. proportions of women classified as masculine in each group were rela'ti'Vely&'
. - 4 ) . . e

’ w& o
self—effrcacy expectatlons wer;e Iourﬂ‘ to be: posmvely related to BSRI
r
Mascullmty score, it was expe(@ped that women in science programs would

have hxgher levels of psycholog1cal mascuhmty than women’in nonsc1ence
s

programs. . The nndmgs did’ not, howev% support such a contention.}-

Females in science programs did not have hxgher mean mascuhmty scores.- .

However, the importance of this-finding is ques‘t’ion'ab'le s}nee the

-
N Lol

3

‘v . ) : SR EREI
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small .(sclence 14;896), (nonscience. 15.2%). What may be more lmportant to
the questron' of sex role in career-related behaviors is that a high
proportlon (66%) of. females in science were not, sex~typed, but were
classified as elther Androgynous (26%) or Undlfferentlated (41%), whereas
a large proportlon of nonscience women were Feminine sex-typed (51 5%)

n:b X D). lnterestmgly, the hlghest percentage of Masculine females
va.'re found in the Busmess Admlmstratlon program, not'in the scrences, as
had been expected A possnble explanatlon is that, desplte its high science
content, Medical Lab Science is a traditionally "female" occupation, and so

=,

may attract women, who, though highly successful academically, have -

,‘,“

1; -adopted fewer mascuhné personality characteristics than thelr busmess-' ‘

. -

‘oriented counterparts. ' _ &

n

SOE . : ’ . <

Betz.and ‘Hackett (1983) found mathematics self-efficacy to be a

"‘ sngnmcant predlctor of chorce of scrence—based college major, as were

“ gender, years of hlgh s¢hool math and ‘math anxlety. Slmllarly, Hackett

Tis
T hd
i

and Betz (198#) found math self-emcacy expectatlons, gender, and years
of hxgh school math to be significant predlctors of science ma)or.

The present study supported. the hypothesw th’at mathematlcs

i

self-efficacy expectations are a significant predictor of math-related
program choice, They were not however, the strongest predictor as-in both
the previous studies. As has. been discussed, . this "is an expected

phenomenon related to program ClaSSlflcatlon on the science continuum’

a
.

created for this study. This is, the program thh the highest ratmg ‘on t?e

Ey

dependent varlable was also the program with the highest number of math®

.
lv. - :v
. . :

o

E 4
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and science course prerequisites. It is not surprising, tf\erefore, that the

-~

number of Grade 12 math and science courses was the strongest predictor

of science-based program choice in this study.
In summary, the present study supports the application of sotial
learning theory to career decision-making, particularly the extension of

Bandura's- self-efficacy theory to the understanding of women's career

behavior (Betz and Hackett, 1981, 1983).;. The.,differenti'al scores on the

Math Sel%-f.fficacy Scale indicate; as i-!aékett and Betz (1981) suggest, that
worr\en have lower expectations of their own abilities than do menvin many
career-related behaviors. The present.study ‘indicat.es that women have
lower self-efﬁcaey expectations regarding matherr\atics-related abilities, A
even wh‘en fﬁeir achievement is higﬁer. The ‘effect of socialization

experience on self-efficacy is suggested by the stronger self-efficacy

exhibited by females "toward traditionally fewnale as opposed to

¢) mathematics-oriented or traditionally male college program choices.

Women. in science programs are shown to have stronger math self-efficacy

‘ . . :
expectations than women in nonscience programs, and mathematics self-

efficacy is shown to be a significant predictor of science-based progr‘arnv )

"-choice, again lending support to the theory that mathematics is a "CE,&‘_ |

- filter" in the study and pursuit of 5cience-based careers for women.

Frnally, the correlation  -between masculine kpé&*sonality
Pr - T

characteristics as - measured by”\e) B&Rl and cs self-efficacy
' A S . N .. - Lo
‘offers some support for the idea th r,r igher 1¢ culinity seem to

facxlltate self—esteem and conndence. Pershaps of ore irﬁport?nce ‘tothe

,>- Ty a' R3

understa’nding of the role of ‘sex role socxahz{anon i'r'\” the caree?

v

development of women, however, is the fmdmg that a large percenzage bt .

. i . . - s, : o 1'&



women in senence were not sex-typed exther mascuhne or femmme, but
exhibited eqt’Jal qualities of both. This is supportive of Bem's orxgmal
| ‘contention regarding the concept of androg’yny; Athat.it is a psychological
state alvl’owing 4more ver‘sa,tility of behavior than either the malegor the
femé‘le sex r:ole' a state in whieh the'individuel feels free to make ct'\oices.

4

appropnate to the -needs of a sntuat:on, rather than according to pre-

-

ordained role expectatlons. ‘ S .

F. lmphcatnons for Further Research . )

b P

The following observations indicate questions arising- from the

present study‘and suggestions for further resedrch. .
. The nature of the sample makes some comparisons between this

study - and the 0'riginal studvyqu‘ifficul.t. Specifically,‘.whereae_‘_
Betzi and  Hackett had used ﬁale and female -psychology
students, the_student:v in this sample were from traditionally
'male or traditionally femaie areas in th-ree of t\he four programs
..Aselected. This may have had biasing. fef.fects Qn. 'tﬁe‘ ‘findinge.

i - For example, the ﬁfemale sample is drawn largely from

'tradmo_n yr.‘-female p;ograms. There is no way to assess..to

v,
leer math self—efflcacy expectau

tradgtzonal occupaﬁonal flelds. Um mformatxow ‘could be

. xm,

* . N2

gamed from further researﬁ\‘ usmg subjects, parncularly '

5
) - . . ce -
R L . Lyt L . 2t

e

E 24
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: females in.sciences, from less traditiondl fields such as
R "«-‘ :
U

L]

, | chemistry of ar&hitecture.,

2. .The numher'“of male n_onscience }studen’ts was disproportionately
sm'a-ll'(nﬁlu)' compared to the number of male sclence students
(n=34), '_-r‘a'lfhe mean M‘SES scores for the total male population
may havef,=f:1;een inflated by the higher proportion of male
science students and so affected, findings on gender-related
differences in math self—efficac;l/.‘

3. The question of the BSRI as an appropriate measure of sex role
oriEntation arises, particularly with the use of the“median-split
method of class’ification.. Although mean scores are computed
for rnasculi_nity and femininity, 'the median-split lnethoo does
not provide for the similar computing of androgyny or

’o ‘ undifferentiated\mné./l'he association of undifferentiated

. scorers with low self-esteem found -in previous studies seem

incongruous with the high proportion of undifferentiated

oy

s;udents in ihe sample, partitularly in the female science
>, - s‘;udents (41%) whose high level of math self-efficacy and math
. o achievement suggests high self-esteem.‘ .No explanation, is
kevndent for the low self-endorsement of the traits listed on the

‘ BSRI for the subjects in this partlcular sample. |
Desplte the quesnons which remam, the study does yeild results
congruent w1th those of prevxous studies on the self—efﬁcacy approach to
the ca.reer development of women. The relationship between gender and

L4

, math self—efflcacy is clear, as is that of math self-efncacy to scuence-
"ré* based program che?ce._ ‘A direct relationship of sex role orner_\tatlon- to
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math self-efficacy and to choice of academic program, though evident, is

less strongly supported.

Further research is required to address the questidn of whe@her
the BSIRI is indeed__én index of sex role sqcialization, and whether such
socialization can be assumed to carry through to academic and vocational
cpoices. In addition, it is recommended that‘}‘ further research address a
more general populétion, e.g., male and female physics, math, and
““chemistry students in high school. The ipclusion of a” measure of
‘mathemati’cs anxiety, as well a questionnaire on family background and
parental attitudes may provide agditional infprmétion on factors which
mediate the vocational choice process. : :

Finally, the study has implications for parents, counsellors and

educators. As the review of literature indicates, biological explanations

L]

for sex differences in intellectual ability can no longer be looked upon &4& .

the reason why .women do not study sciences. Those sex-related

differences in ability whnch appear to have been supported by ‘evidence are

-

disproportionately small, compared to- the male- female differences in
' w Y-

science ‘and math study. As well, .no difference @%be measured

vxrrespectwe of socxahzatlon mﬂuences, which have beéf@sﬁown to differ

ks

for boys and gnrls from 1nfan;y.‘ ®

The study suggeéts, 4however, that sex '&&e socialization, _both

,'D

dxrectly and indirectly, influences the acadermc and vocational behavnor of -

»

women. Female children in role-onented households are soc:ahzed toward
passive behaviors such as neatness, corﬁpliance and nurturance, which are
generally not conducive to the independent thinking, assertiveness, and "joy

of problem-solving" attitudes associated with success in the sciences.
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" * “::'4" -
-Schools have tended to reinforce sex-differentiated behaviors through lack
of sam'e'—sgrx“, science-oriented role models for girls; acceptance that girls
e 0 . , . o
are "not go}gd" at science and mathematics; and lack of encouragement of

girls who indicate interest or excellence in non-traditional subjects. Mény

v .
B

of those girls who defS}"role-oriented tr{aﬂditions, in childhood succumb, in
agiolescévnce, to the. néed for acceptance and to even greater peer and.adult.
pressure to conform to standards of "temi}n-inity".' As Suderman (1979)
\ .

indicated, the process of girls' attrition from matheniatilcs 'and‘ science
study begins in éarly adolescence and progressively increases throughout
the remaining school years. A; a result, m'any women are excluded fro;n
collegé pfogram chpices‘and o:ccupations in the scientific énd technological
fields. ‘

Closely associated with sex role socialization and also strongly
influencing academic and career decisions is the beliéf in one's ability to
perfor}n mathematits-related behaviors which Betz and Hackett have

tgl;med "mathematics selfsefficacy expectations". As the present and
. preyioﬁs stqaies have indiéatgd, males tend fo hahve str‘onger‘beliefs in their
ability to perform mathen"\‘»atics—re'lvated behaviors, even when COIhpared to
females who have’ highe?’ achievemeﬁt in a greatér number of science and
| matheﬁat;cs courses. This suggests that even h‘ighly successful females

tend to underestimate their abilities in mathematics. Evidence is also
a . . . N » )
presented that those students who have personality characteristics

generally considered masculine are likely to have higher self-efficacy

expectatiogs toward, mathematics, while no such relation exists between

femininity andmath self-efficacy.

°
S~
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The results of’t'he study, then, suggest that changes in paren‘tal,

societal and educational attitudes may alleviate some of the discrepancy

between male and fer-na‘le participation in the sciences. First, perhaps', new

social definitions of bo'th femininity and masculinity ;re reqﬁired, wherein

»pare'nts \ght freely encourage the dévélopment of a full range of positive

.qualities in éll children irrespective of biological sex, without fear t‘hat

independent girls will be viewed as "masculine", nor nurturant boys as
"feminine". -

L] . v o

Educators and counsellors must be aware of the‘i"fnpértar{éé of

k rr'\at‘hematics',' which could well be described as the b‘asis of technological

literacy, to the academic -and v'ocatiBnal survival of ihdividuals of both

sexes. Remedial prOgtams' should be instituted from the earliest S‘cbgol

years .to assist those students who have' difficulty grasping mathematical

and scientific concepts. The encouragement of children of both sexes to

;ieveIOp to their fullest potential in all subj“ects, and the: rerhoval of sex-

appropriate concepts of certain subjects and occupations may provide more
female students with the incentive to choose mathematics and science-
related options. Teachers need $o be aware ,that female students in

"masculine” subjects are embarassed when singled out as different, and

discouraged swhen ignored. Finally, effort should be made for female

- .

k] ’

" FemAle mathematics and science teachers can serve as examples to female -

‘be visited in the community or brought into schools for ‘career-orientation
events. It is important for c‘ounsel.lors, teachers, and parents to be aware

“that for students without strong backgrounds'in mathematics and sciences,

udents, as can female “accountants, architects, and scientists, who could

’

studenfs to be exposed to role models in non-traditional occ,ubations. '
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increasing numbers of vocational options are’ eliminated. Equally
important is the awareness that females can excel in mathematics and
sciehces, can choose non-t.réditional. careers, can 'd:evelop strength,
asSerti\_/eness, and-se'lf-confidence and still retain‘ many desirable aspects

-

of "femininity".
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“gfar;}, W o Number of Students Male

Female
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IS . Administration 31 .o
o hgeolenics Technolggy T . . LT 34
oo\ Widglidggal Lab. Science 27 '
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Total Sample Raw Score Means, Medians and Standard Dewanons for the
Femmmlty,,and Mascuhmty Scores on the BSRL ' . ™

‘ Mean ‘Median S.D. Minimum ,. Maximum
w v ' v s ‘ R .
_Femininity 478 w78 62 . 335 -. 605
Masculinity ' 4.85 490 . .Y» .60 6.65
v & ) } » " ».
' % —— =~
" Total possible Masculinity or Femininity score = 7.0 R .t
AL . . - - ) T R ‘“T“*‘MO“‘ ;L,‘,‘,@u'f‘
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Table C-1 -
a2 i A .
‘ Between-Group Comparison oi Mean Math Self-Efficacy, Achievement and
.« Performance Scores . N\
. B . a . 4 . ' ‘
. ) ’
’ GEOQP MEAN SCORES ©
o 1{‘ V " MSES . "Achievement - Performance
Secretarial 313.79 Y2 - 1.53
R o ; : - - . \ . ~
e ~Bus§ness“' . . 33579 y 61.70 ‘ CL2.45 :
"** Electronles _ © | 3934 7127 3.0
O . y \ ‘;v"‘"_ - L
Medical Lab 7885 | ) 77.07 393
. P = - S V4 < o
° ‘ . e
Achievement = average of Grade 12 maf®8nd scince marks
Performance - - number of Grade 12 math and science courses'
Total‘possnble MSES score - 468, - . t
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NOTE: I.

male and female students, respectively, in group 2.

4

L - ) 85
Tl e ’ : '. — A | e .
- Table D-1 _Bem‘Category’by‘rgrgpﬂp . g ‘
I T L " o v ! P R S °
- COUNT. ) GROUP | ROW
- ROW% : | ‘ . T TOTRL
~TOTAL% ! t am 2 3 oy
B R S sl sl
BEMF 12 2 - s 2 3 "+ 26
o | 7 2 7.7 19.2 23.4
8- 59 18,5 SN
8 1.8 w5 )
-------------------------- KmoomToTomSsenSssssmessossSessses
13 4 26
50.0 15.4 AN
38. 14.8 o
1.7 3.6
10 -7 28
,35.7 ©25.0 25.2
29.4 °25.9 »
9.0 6.3
______ A TS R
BEM U, C2 6 < 39 1 3t
‘ 6.5 19.3 9.7 5 29.0 35.5 2279
10.5 .35.3, 214 - 26.5 4047 . R
. 1.8 5.4 2.7 8,1 9.9
x : :
_COLUMN 19 . i7 14 w27 NItE
TOTAL 7.1 15.3 “12% 306 4.3 - . 1000
- ' L 7 -
Groups l and 4 are&?emale, group 3"15 all male; 2m and 2f denote

N
PR

N
2. Bem-categories F = feminife, M = masculine, Az Androgynous”

U= undlfferentlated
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Table E-1 ° \ # . Lo
Correlation Matrix for Variables in Regression Aqal_ysis: ‘ |
B 7 - ‘ ‘. ' “.' » 4 )
. VARIABLES Gender = Bem M. BernF = MSES  Perf.  Acht. - SciLevel
‘ N o T : o . _ L g o
Gender. ~ 1.000 -0.362 . 0,275 ~0.244 . -0.011 -0.072 -0.040 .-
-Bem M~ "-0.362-. - 1.000 0,043 0.266 =0.079 © -0.058 - 0.002
" Bem F 0.275 °  0.048 1.000 -0.0238 -0.122 -0.294 - 0.132 .
MSES '~ -0.244 . 0.266 ~ -0.028 . 1.000 0.327 . 0.444 T-0.465.
. Perf. .~ =0.011 = -0.079 . -0.122 .  0.327. 1.000 0.503 " 0.620.
“Acht. \.-0.072 . -0.058 -0.294 . 0.444 - 0,503 - 1.000 0.54%9
" Sc.Level - "-0'.040\‘\, 0.002 -0.132°  0.465 " 0.620. 0.549" 1.Q00 *°
MEANS /. 1.541 \) 4.8331 4773  360.003 . 2.847 - 65.974 - 2,622
'STANDARD | L e T e .
- DEVIATIONS 0.498 0729 0.615 . 56.788 1.289 " 17906 - 1.032
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B

SCIENCE-NONSCIENCE CATEGORIES OF NAIT PROGRAMS BY GRADE 12
MATH AND SCIENCE PREREQUISITES » : ‘

-

'

3‘ ) & ‘: “ |

’ . ‘2
PROGRAM w=Secretarial _ Business . Electronics Medical Lab.
S Adminis- : :
‘tration
‘ _ ' roLow
MATH-SC!ENCE none one Enéth ' ohe math one math .
PREREQUISITE . ~ one science two sciences "z

Srug

selecnon process.
»

SN
Note: The above are minigaum prerequnsntes.

Admissjon is based on a

i
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Personal Reactionehventogx o o

s

o~

] There are four parts to thxs instrument. Please read all instructions and r’espond
: CarefulLy and COmpletely. o . .

n

~
-

l"'art'l: Please . indicate how much confidence you have that you: could
. sgccessfullx accomplish .each of these task§ by marking your answer
‘ sheet: -according to the followjng 10-point scale. When you mark your
" answer sheet, be sure that the number correspondmg to the appmpnate
answer on the confidence continuum is marked.
x » -

Confidencé Scalef

s
No Confndence _ Very little . A ' Some .(, Much _ Complete '
- atall - * Confidence . Confidence - Confidence “Confidence
.« 0 L2 3 N I T 8 9

“ .

Example: How ‘much co,nﬁdence do you have that you could successfully: ‘

91. Vlultiply two large numbers in yourvhéad-

v

1f your response on the lO-pomt contmuum was 5, "Some cofifidence", you
would mark the number 5 on your answer sheet next to questlon 91 as follows:

.01 236(6789

-

N
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. No Confidence Very Tistle \
N Confidence

atall Confidence

0. 123 b 5 . 6 7

How much confldence do you have that you could successfully-

l Addtwo large numbers (e.g. 5379 + 62543).

2. Deterrnine the amount of sales tax on a clothing purchase.

3. Figure out how much materlal to buy in order to kmake curtains.

4. Determinie how much interest you will end up paying on a $675 loan over 2 3
years at 14-3/4% interest.

[P .
~ N 1}

N 5. Work with a slide rule. o ' ‘ .

6. Compute your car's gas mileage. i
P -4 cag \ ,

7. Calculate recipe gquantities for a dinner for 3 when the original recipe is ,
/‘for 12 people. ' K

‘ X.J Balance your checkbook wnthd’ut a mlstake. o ~

9. Understand how much interest you will ‘earn on your savmgs account in 6
months, and how that interest is computed.

10. Figure out how long it will take to travel from Columbus to Chlcago
driving at 55 mph.

1. Set up a mpfithly budget for yourself taking into account how much money
you earn, bills to pay, personal expenses, etc. .

12, Compule your incor_ne taxe§ for the year.

4

. . . i\
13.  Understand a graph accompanying an article on business prqfits.

P L Flgure out how much you would save if there is a 15% mark- down on an
o item you wish to buy.

15. Estlmate your gro/cery bill in your head as you pick up l(\ems.

= 16. Figure out which of 2 summer jobs is the better offer: one with a higher
salary but no b efxts, the other with a lower salary but with room, board,
and travel expenses included. Ed
17. Figure out the tip on ‘your part of a dinner bill total split 8 ways.
18. Figure out how much lumber you need to buy m order to bUIld a set of
4 bookshelves. , :
s Y . -

L ) -
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Part-Il: Please rate the following ;:ollege courses according to how much

confidence 'you have that you could complete the course with.a {inal
grade of "A" or "B". Mark your answer sheet according to the 10-
point scale below: -

*
¥

¥

No Confiderice Very little L - Some » Much Comflete -

atall:’

O \\
| n‘ ) . ’ “
. /Basic College Math - General Math, First Year University.‘

20.

21.

‘ 22.

2*3 ¢

2[-40
25.

26.

27.
28.

29.

30.
31.

32.

Con“fidence . Confidence Confidence -. Confidence

1 2 3 4 5 6 7 . 8 , 9

a e

[

Nursing - caring for the infirm, the injured, or the ill.
_Ecc'morﬁics - the sfudy of production, distribution, and consumption of

wealth,
Q

’

Statistics - the branch of mathematncs that deals with the llection and
analysis of numencal data. . )

Physnology -. the branch of biology that deals with, the procekses, and
funcnons of hvmg organisms and living matter. \ .

Education - a study of the prmcnples and methods of teaching or of
learning.

-

Calculus - mathematics based on reasoning by computation of symbols.
Would follow Math 31. :

Dietetics.- the study of the principles of nutrition in relation to health.

Business Admxmstratlon - a study bf pr“mcnples of business management and
operatjon. o A

Algebra il - mathematics of arithmetic relations using letter symbols to

_ représent numbers. Second Year Umversxty Level.

Social Work - work with economically and/or somally disadvaniaged peoble.-

Phnlosopy - the pursuit of wisdom; the search for truth through logxcal
reasoning.

Geometry - the branch of mathematics that deals with measurement, .
properties and relationships of points, lines and angles.

. -~

Computer Science - a study of the functions and use of computers.



9% .

" No Confidence, Very little » Some Much . Copiplete.
at all i Confidence Confidence Corfidence - .Confidence
M \ @ . .

0 N 2 3 4 5 6 7 8 9

-

33. ‘Accoun\lng - a study of tha principles and procedures of recordmg and
- analyzing business and fmancxal transactions.

34. Zoology - the branch of biology that deals with the study of animals..
35. Algebta I - First Year University level Algebra

36. Comparative Literatdre - the comparative study .of written works of
partiCular\langqa‘ges, cultures or periods in time.

37. Trngonometry - the branch of mathematics dealing with relations among
sides and angles of a trlangle. B \

38. Advanced Calculus -

hitthYear University level Calculus.

\ the, treatment of disability or disease by external
at, massage, exercise.

39. Physical Therapy
physical means, e.g.

40. Biochemistry - the branch of chemistry related to life processes of plants
.~ and animals. :

Partlll:  Suppose that you were asked the following math questions in a
multiple choice form. Indicate how much confidence you have that you
would give the Correct answer to the-question. Mark the number of your
-response on the answer sheet. Use the followmg code. .

‘.

No Confldence "Very little ~ Some Much, ~ Complete
at all - . Confidence Confidence Confidence - ' Confidence
0 » 1 2 3. b 5 6 7 8 9

b .
Just mark the number of the choice which indicates how much confidence you
would have in your answer. Do not work the answers to the Mems.

~

, :
How much confidence do you have that you could give the c£ct answer to the
followingeroblems: : '

&

4l1. 3-3/4-1/2=

42. The average of three numbers is 30. The fourth number is at least 19”\
What is the smallest average of the four numbers? i , - '

. o, \

' ‘ - ) p \
' PO !



L.

Vi 43. Yrite an equation which expresses the condition that "the product o! two
numbers R and $ is one less than twice thelr Sum." )
44, Set up the problem to be done to fmd the number asked™ tor in the
expression "six less than twice 4 - 5/6" 7
45. In Starville, an operation © on any numbers a and b is defmed by a/° b h X .
.(@a + b). Then 203 equals ? . e y a
’ ' - ’ |
46. A lnvmg room set consnstmg of one sofa and one chair is priced at/$200. if
. the price of the sofa is 50% more than the price of the chair, find the price
RN / of the sota. . ‘
p
47. To construct a table, Michele needs four pieces of wood 2.5 feet long for
~ the legs. - She wants to determine how much wood she will need for five
tables. She reasons: 5 x (4 x 2,5) = (5 x 4) x 2.5. Which number principle is
she using?
48. Fred's bill for some househodl supplies was $13.64. If he paid for the items
with a $20 bidl, how much change should be receive. .
49. On a certain map, 7/8 inch represents 200 miles. How far apart are two -
towns whose distance,apart on the map is 3% inches? -
50. ;Bndget buys a packet containing 9-cent and 13-cent stampsked for in the
~~- w7 expression "six less than twice 4 - 5/6"
5. 1f3x-2=16- 6x, what does x equal?
52. There are three numbers. The second is twice the first, and the first is
one-third of the other number. Their sum is 48. Find the largest number.
53. The'hands of a clock form"an obtuse angel at ‘ o'clock.
* 54. Sally needs thre %pxeces of poster board for a class project. If the boards )
g are represented by rectangles A, B, C ‘arrange their areas in increasing
K'_ : order. (Assume b)a.). :
A. B. ) ’ d-a o
ard :
/ . ]a-v

93
o Confidence - Very little o Somé "~ ¢ Muygch .. Complete’
atall, Confidence Confidence . Confidence Confidence

0 o 2 3 .4 b 6 7 8 . 9.

-
>

d +®
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55. In a certain triangle, the shortest side Is 6 inches, the longest side is twice
as long as the shortest side, and the third side is 3.4 inches shobter than the

. longest side. What is the sum of the three sides in inches?

"36. Five points are on a line.- T Is next to G. K is next to H. Cisnextto T.. H
_is next to G. Determine the relatiave positions of the points along the line.

+57. "The Opposite angles of a parallelogram are ' .

58. The tormbla‘for converting temperature” from degreesb Centigrade to
degrees Fahrenheit is F = 9/5 C + 32. A temperature of 20 degrees
Centigrade is how many degrees Fahrenheit? * o



i

“

". ' APPENDIX H

AGADEMIC INFORMATION QUESTIONNAIRE -

'
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AU . NAME: ,
J
Part lezy ) ’ o
, _ ; g
Academnc lnformatlon

b

' Please mdlcate the highest.-level (e.g. 30 33) you completed in the followmg' L

ot subject areas in high school and the Gradg_Range you obtained:- below 50%, 50% ,
. 60%, 60% -70%, 70% - 80%, above 80% s o _ : A

Su ‘:eét .‘ ' ’ N nghest chel Completed Grade Rahge Obtained
‘Mathematics

- (b
‘Chemistry - ‘

. a h N 4

' ‘ W,
Physics o . S, e

English = o ‘. oL B o X

L. ‘o . v(t‘ R i e ) i !



