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Abstract

The selective success of women in traditionally male dominated fields is identified as a
paradox whose explanation will have implications for the issue of the under representation
of women in science and engineering programs. Trends in degree altainment by sel' in
science and engineering are examined in the context ofdegree altainment in alltraditionally
male dominated degree programs in order to generate empirically based hypotheses. Because
research designs in use for quantitative data in sociology are much belter designed to test
hypotheses than to generate new ones, an important aspect of this study is its development
of a new analytical strategy. In order to effectively explore the available data, the existing
statistics for degree altainment in traditionally male dominated fields for both sexes over the
1962-1989 period are converted to graphical display and analysed visually. The organization
of the graphical displays developed is consistent with basic aspects of the comparative,
exploratory research strategy advocated by Glaser and Strauss and graphical display
techniques ofTufte. Findings show thatthe largest gains in representation in traditionally
male dominated disciplines have been in those where the associated professions or
occupations are typically autonomous self-employed professions rather than positions in large
organizations. These findings further suggest processes that may be contributing the
continued under representation ofwomen in the physical sciences and engineering.

Sommaire

Le succès partiel des femmes dans les domaines d'études traditionnellement dominés par les
hommes, est identifié comme un paradoxe dont l'explication aura des conséquences quant
à la question de la sous-représentation des femmes dans les programmes de science et de
génie. Les tendances de l'obtention des diplômes des hommes et des femmes en science et
génie sont étudiées dans le contexte de l'obtention des diplômes dans tous les programmes
universitaires traditionnellement dominés par les hommes, a pour objectif d'émettre des
hypothèses fondées sur des données empiriques. Parce que les modèles de recherche utilisés
en sociologie, pour les données quantitatives, sont plus appropriés pour vérifier des
hypothèses que pour en générer des nouvelles, un aspect important de celte étude est le
développement d'une nouvelle stratégie analytique. Pour explorer efficacement les données
disponibles, les statistiques existantes pour l'obtention des diplômes dans les domaines
d'études traditionnellement dominés par les hommes pour les deux sexes, couvrant la période
de 1962 à 1989, sont converties en représentation graphique et analysée visuellement.
L'organisation des représentations graphiques, telle que développée, est consistante avec les
aspects de base des stratégies de recherches comparatives et exploratoires tel que
recommandées par Glaser et Strauss et la technique de représentation graphique de Tufte. Les
résultats démontrent que le plus grand accroissement du pourcentage des femmes dans les
disciplines traditionnellement dominées par les hommes sont celles où les professions ou
occupations connexes sont typiquement des professions autonomes et indépendantes au lieu
de postes dans des grandes organisations. Ces résultats suggèrent que des processus peuvent
contribuer dans la continuelle sous-représentation des femmes dans les sciences physiques
et en génie.
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CHAPTER ONE: INTRODUCTION

" f10lV wonderfu/ that we have met with paradox.
Now we have sorne hope ofmaking progress. "

- Nie/s Bohr, physicist

Despite the existence of significant politica! and research interest in the issue', and

the generation of an extensive literature spanning three decades, we still do not have an

adequate explanation for the under-representation of women in science and engineering

programs.

The immediate challenge to current explanations offered for this phenomenon are the

emerging pattems of participation in these areas. The prevailing explanations for the

re!ative!y !ower entry of women than men to science and engineering programs, the

differential ability and ear!y childhood socialization arguments, cannot adequate1y explain

pattems such as the higher attrition ofwomen than men from science, or the higher attrition

of women from science than from engineering. It has actually been assumed by some

'Scicnce and tcchnology are at thc hcart ofadvanced industrialized societies and are widely seen as the primary
source ofwestern progrcss. Science is nl50 pcrceivcd to he Bmcans ofdetcrmining objective truth. The ccntrality ofscience
und tcchnology to post-wnr western socictics has meant lhat the low level of participation of women in science and
cngin.ering has becn ofconsiderable political and research interestto several groups over thelast three decades. In the
19605. conccrns about gender cquily for women in professions important to society grcw Qut ofthe womcn's movement.
As the woments movement cncouraged women to enter non·traditional professions, social scientists began to try to explain
thc diffcrenlial carecr paths of men and women. In the laIe 1980s, expansion of scientific and tcchnical activity was
identified ns essential ifadvanced industrializcd countries were to remain competitive in an incrcasingly global economy
(NSERC, 1989,1991; National Science Foundation, 1990; Council of Ontario Universities, 1988), ..acerbating already
c:xisting conccm about possible shortages of scicnlific and engineering labour duc to expcctcd increased dcmands in
academia in the 1990s (Fechter 1989; 46; Ministry ofStale for Science and Technology, 198Ia). Trends in degree
production in the 1980s did nol indicate suong future growth in the numher ofnew graduates, and demographic trends
indicated that the unive"'ity age population would shrink in the 19905 (May, Fcchter, 1989; Koshland, 1988). Policy
mnkers snw raising th~ lower Icvcl ofparticipation of womeR as a domestic solution to cxpccted shortages.

Within the socialoS)' ofscience., the continucd lowcr participation ofwomeR in many scit:ncc disciplines has
made women in seience a stralegic research site for proponenlS ofthe MerlOnian paradigrn bccause their lower participation
secms to challenge the validity of the nOnD ofuniversalism wh.... scientific carecrs are supposed lU he open to ail who have
talent (Etzkowitz. 1992).

1
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researchers that these explanations do not apply to women who have embarked on Il degree

in these areas (Nevitte et al., 1988). One of the most commonly posited explanations for the

higher attrition of women than men from these degrees is the hypothesis that a 'chilly

elimate" exists for women in ur.iversities, especially in traditionally male-dominated fields

(Association of Ameriean Colleges, 1982). But this hypothesis alone cannot explain the

higher attrition of women from science than from engineering. or the counter intuitive

findings ofCanadian studies ofundergraduate science students. Nevitte ct al. (1988) reported

but could not explain the finding that average performing women science stlldents were three

times more likely than their top-performing female counterparts to be planning graduate

studies. Similarly, Gilbert and Pomfret (1991) found that among high achieving women who

enter science and engineering disciplines, those who had A grades in high school arc more

likely to leave science than those with B+ grades, Among those A students who leave, the

majority switeh to non-science disciplines. An even stronger empirical challenge to the

validity of the prevailing explanations in this area is preseIlted when the context is widened

from science and engineering to ail male dominated fields. Explanations based in traditional

assumptions about work and sex roles have been used in the past to explain the lower

participation of women in ail male-dominated fields, not just in science and engineering.

However, while women are still under-represented in science and engineering, they arc most

definitely no longer under-represented among graduates in other previously male-dominated

fields sueh as medicine, law, and business. Explanations such as the differential childhood

soeialization and chilly climate hypothesis that have been used to explain women's under­

representation in ail male-dorninated areas cannot effeetively explain why wornen have had

success in only sorne ofthese areas.

Why have other previously male-dominated fields done better in attracting and

retaining women students since the early 1970s than science and ellgineering?

While the fact that wornen are no longer under-represented in other traditionally male­

dominated areas such as medicine and law is often noted (Berryman, 1985; Widnall, 1988;

1740, Gilbert and Pomfret, 1991; Bar-Haim and Wilkes, 1989; Weston, 1990; Canadian

Commitee on Women and Engineering, 1992; Etzkowitz, 1992; Mackay, 1993) the
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developmenl. ofthis apparent paradox has not resulted in analyses which examine the issue

ofwomen's lower participation in science and engineering in the context oftheir participation

in ail tradtionally male dominaied fields. This study will use this interesting paradox to frame

ils research site: sites where meaningful comparison can be made are often a prerequisite for

fruitful analysis.2 1 argue that it is quite Iikely that insight that can be gained into the

phenomcnon of the selective success ofwomen in traditionally male dominated fields will

have implications for the issue of women's continued under-representation in science and

engineering.

1. Toward the Visual Exploration of Quantitative Data Sets in Soc:iology

Why has extensive research failed to develop an adequate theory for women in

science and engineering? There are two primary issues in women in science; performance

differences for men and women in scientific careers, and the lower number of women in

science (Long, 1987). Much research has been concentrated on gender differences in

performance in science; but the larger question is still about the relatively lower number of

women participating. Long argues that the limitations in the Iiterature can be attributed to a

set ofcommon methodologl ·.dl flaws. He suggesls that improvemenls in research in this area

could be made by widening the scope of sample studies, by sampling from larger

populations, specifying more key variables in models and ineluding a time-factor (.987).

However, since the more complex sample studies become, the more expensive and time­

consuming they become, these kinds ofimprovemenls are not often readily feasible .

Part of the inability of research to develop adequate theory also has to do more

generally with the methods that are used. Etzkowitz (1992) maintains that a social theory of

women in science should account bath for women who enter scientific careers and those who

:Zr" cxamining the participation ofwomcn in science and engineering within the contcxt ofthcir participation in
alllradilianally male daminaled fields, this study lC·adapts the llIÏ&ÎIllI1 eanlcxlual framcwark for this issue (sec Rossi,
1965).
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are excluded. However, the predominantly used method in this area, the sample study. is not

readily applied to broad contexts. Sample studies are more suited to investigation of well­

bounded gronps; much of the research in this area using them has concentratcd on studying

gender differences in performance, or attributes of men and women science stlldents.

One of the means available do a feasible comparative analysis in the wider context

of ail male dominated fields is to explore the existing statistics for degree atlainment;

comparable time-series degree attainment data for the last two deeades are available for most

traditionally male dominated disciplines in Statistics Canada publications. This stlldy will

systematically explore degree attainment for men and women over a period when substantial

change in women's representation has occurred (1962-1989) in ail fields where women have

been traditionally under-represented: natural sciences. engineering. social sciences and the

professions. The purpose ofthis comparison study is to frame the differential participation

by sex in science and engineering il' the context ofrecent historical trends in participation by

sex in trnditionally male dominated degree programs in order to generatt: empirically bascd

hypotheses.J Perhaps because existing official statistics are often unexplored by sociologists.

these data have been used only to monitor the status ofwomen's under-representation rather

than as a resource for detailed contextual analysis. Because most research designs for

quantitative data in sociology are designed to test existing hypotheses rather titan to generale

new ones, an important aspect of this stlldy is its development ofa new analytical strategy.

designed specifically to facilitate the comparison oftrends in aggregate degree attainment

for men and women in trnditionally male dominated fields over the last three decades. The

slmtegy developed is essentially a systematic qualitative method for exp!oring a quantitative

data set.

In order to effectively explore this quantitative database to generate empirically based

hypotheses, the entire database of existing statistics on degree attainment in traditionally

male dominated fields for both sexes over the 1962-1989 period is converted to graphical

3Hypoth.... which are both suggested by, an': consistent with the eomplex piaUle ofexisting data patlerns

revealed by the explontory study.
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display. This transformation of the data allows the best access possible to empirical patterns

and cues in the data because it capitalizes upon one of the most highly developed human

information processing capacities - the ability to recognize, c1assify and remember visual

patterns (Lewandowsky and Spence, 1990). The general organization of the graphical

displays used in this analysis (developed in detail in the methods section) is consistent with

basic aspects of the comparative, exploratory research strategy suggested by Glaser and

Strauss (1967) and graphical display techniques ofTufte (1983,1990). Initial exploration and

interpretation of the primary graphical displays will direct construction of secondary data

displays. The hypotheses generated in this study are nece-sarily suggestive, rather than

conclusive and will be investigated further in my Ph.D. thesis work.

A brief review ofthe current explanations for the under-representation of women in

science and engineering prograrns is given in Chapter 2. Chapter 3 provides the background

for the exploratory analytical strategy developed in this study, and Chapter 4 outlines that

strategy. The analysis and findings are presented in Chapter 5. Since a new strategy involving

the use ofgraphs has been developed for this study, in this chapter 1take the reader through

the analytical process in order to demonstrate il Since exploratory studies unearth findings

and suggestions that do not necessarily address the issue ofconcern directly but should be

recorded, ail of the main findings of this study and the suggestions generated by them are

summarized in Chapter 6. 1 then discuss those that have implications for the issue of the

under-representation of women in science and engineering in Chapter 7.
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CHAPTER TWO: CLRRENT EXPLANATIONS FOR THE UNDER­
REPRESENTATION OF WOMEN IN SCIENCE ANI>
ENGINEERING PROGRAMS

1. Sex Differences in Abjljly

Il is the lcwer level ofpreparation and achievement in mathematics that is thought by

many researchers to be the prirnary direct cause for the lower participation of fenlllies in

science and engineering programs (Berryman, 1983). The search for an explanation for

women's lower level ofmathematical preparation launched a surprisingly intensive research

program into the possibility that sex differences in mathematical and spatial abilities existed.

Eleanor Maccoby and Carol Jacklin (1974) reviewed more than 1,400 studies of sex

differences, concluding that four differences were weil established : superior verbal ability

in girls, and, higher visual-spatial ability, mathematical skills and more aggression in boys

and they concluded by supporting the view that there was a genetic basis for thesc

differences. Scientists in other areas assumed that Maccoby and Jacklin had established the

existence of genetic differences in ability and began to investigate possible biological

mechanisms (Brush, 1991).

Il is no longer considered justifiable by many to argue that genetically based sex

differences in abilities needed for science and engineering are sufficient ta cxplain observcd

differences in participation (Fausto-Sterling, 1985; Zuckerman, 1991). According ta Hornig

(1987), despite hundreds of studies investigating possible sex diffcrcnccs in mathcmatical

ability, no unequivocal evidence for these differences has been found. Diffcrenccs among

members ofthe same sex have been found to he far greater than avcragc diffcrcnccs bctwecn

the sexes (Gelman et al., 1981). Considerable inereases in womcn's participation in

quantitative-based degrees in the last few decades have thcmselvcs undermined support for

the view that any suffieient genetic differences exist.

With increasing participation ofwomen in science and engineering education and the

1ack of conclusive fmdings on sex differences in cognitive ability, research ha~ gradually

shifted away from an emphasis on abilities (Homig, 1987). However, the pliblicity of this

6
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researeh itselfis seen by sorne as having a negative impact on women's participation through

its creation of a social mythology about women's inabilities to do math, science and

engineering (Vctter,1992), since studies indicating that these diftèrences are not empirically

supported were much less publicized (Brush,1991). The sheer size and intens;~y of the

research effort and its wide coverage in the popular press also may have helped to completely

dissociate the research on women's under-representation in science and engineering from its

original context in the 1960s, women's position in the traditionally male dominated

professions, since the existence of sex differences in mathematical and spatial abilities did

not represent a plausible explanation for women's under-representation in other much less

quantitative non-traditional fields such as law, medicine and dentistry.

Why did investigation of the possibility of sex differences in ability to do science

attract so much research attention? In hindsight, it certainly seems obvious that the realm of

plausible explanations for this phenomenon was much larger. Sorne argue that this research

emphasis was rooted in two ofthe fundamental ideologies in Western society - beliefin the

meritocracy and a view ofscience as a value free enterprise which reveals objective truths.

Schiebinger outlines this argument:

Fee, Lewontin, Rose and Kamin... examine how the rise of a belief in the
meritocracy inaugurated and maintained the complimentary belief that social
inequalities resulted not from systematic discrimination but from intrinsic inabilities
within certain groups. If women have not made outstanding contributions to the
sciences, so the logic goes, perhaps women are naturally incapable ofdoing science.
As Fee and Sayers argue, it became the task ofscience to define the natural abilities
(and inabilities) of identifiable social groups - women and blacks among others
(1987:328).

The idea ofa value free science has been challenged by sorne feminist scholars. These

feminists argue that this beliefhas obscured the fact that scientific discourse has been a male

discourse, since it is predominantly males who have had the opportunity to participate in il.

They contend that methods~d practices ofscience are imbued with masculine values, and

that because science has been structured by these power relations and this gender bias, it

cannot be seen as being neutral (Keller, 1985; Harding, 1986).
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2. Eady Childhood Socjalizatjon

A less controversial explanation for girls' lower preparation in math and science secs

the phenomenon as a produet of early childhood socialization (Rossi, 1965; Fischer, 1982;

Berryman, 1985; Gaskell, 1985; Bar-Haim and Wilkes, 1989). Early childhood socialization,

not only by parents and teachers, but also by the media - teaehes ehildren roles, altitudes and

behaviours thought to be appropriate for each sex (Ehrhart and Sand1er, 1987).

The early socialization model explains the under-representation of women in science

and engineering as a result of sex differentiated soeialization processes that surround young

girls with values and normative expeetations which eue them towards traditionally female

roles and away from traditionally male roles such as occupations in science and engineering

(Nevitte et al., 1988). Il stresses the primacy of gender role learning and the subsequent

mismateh between traditional female roles and professional achievement in explaining the

lower numbers of women in science and engineering.

No one forces girls out of the study of math and science, yet a process of self­
selection oceurs as a result ofthe differing career aspirations of boys and girls, as
weil as differing expectations of their parents, pecrs, and teachers (Sehiebingcr.
1987:321)

Socialization is seen as produeing not only the persistent pattern of greater female than male

self-selection away from scientific and technical roles, but lower enrolment in c1ective

sequences of science and math courses whieh are prerequisite for entry to science and

engineering programs at university (Berryman, 1985).

The c1assic model ofsocialization views the effects ofearly childhood socialization

as relatively stable in later Iife (Jacobs, 1987). Several authors disagree with this view,

arguing that the perception ofopportunity is also important in establishing motivation. Lilli

Hornig (1987) supports the argument developed by Kaufman and Richardson (1982), whose

critical review ofthe women's aehievement literature led them to suggest that motivation can

change with ehanging opportunities. She maintains that this "more fluid interpretation of

motivation" can better exp1ain the increases in participation of women in science and

engineering degrees in recent years.
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DifferentiaI ability and socialization arguments were both offered as explanations for

the lower entry ofwomen into science and engineering programs in universities. Il has been

assumed by some researchers that these arguments did not apply to women who embarked

on a degree in science or engineering (Nevitte et al., 1988; Bar-haim and Wilkes, 1988). This

gave rise to a number of studies attempting to delineate the characteristics of women who

choose to enter these fields. Because of the interest of policy makers in recruiting more

women, it became important to know which women chose these fields and what

eharacteristics were predictors of these non-traditional ehoices. The assumption was that

women choosing science had been under different influences than the majority of their peers,

and that this had given them ditTerent motivations. Studies either compared women in their

undergraduate years of science to women in traditional fields (e.g. Peng and Jaffe, 1979) to

men in science (Ware et al., 1985) or to both (Gilbert and Pomfret, 1991) .

Peng and Jaffe found that women who choose science and engineering majors were

more likely to have higher academic ability, more preparation in science and math in high

school, and to be more work-oriented than women in traditional fields. Gilbert and Pomfret

found that women entering undergraduate science and engineering, particularly the high

achievers, were more likely than their male counterparts to indicate encouragement from

teachers, good grades in high school, the expectation of good grades in university, and a

desire to be self-sufficient as important influences in their choice of major.

Ware et al. (1985) aIso found that the men and women who choose science differ to

some extent in the factors that shape their choices. While for both men and women, enjoying

a science course in their freshman year was a significant predictor of choosing a science

major, they differ on other significant factors which influence their choice. For men, other

significant factors were having high grades in freshman year science courses, and being

certain about their choice ofmajor in the summer prior to attending college. For women, the

other significant factors were having highly educated parents, achieving outstanding (rather

thanjust high) mathematic scores on the SAT test, having a strong desire for control, prestige

and influence, and, a desire for positive interaction with others. ln other words, as the authors

suggested, women's choice ofa science major tended to he shaped by family background, an
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aptitude for mathematics, and a need for power.

3. Participation of Women in Science and Engineering Programs

By the mid 1980s, an important shift had occurred in the type ofrcsearch bcing donc

on this issue. Scientists had failed to establish the existence of sufficienl sex diflcrences in

ability. At the same time, concem was mounting about possible shortages in scienlilic and

engineering labour by the end of the century. A drop was predicted in the supply ofcollcge­

age white males, the dominant participants in science and engineering (V.S. Congress, Office

of Technology Assessment, 1985; Finkbeiner, 1987; Widnall, 1988), at the same lime as

renewed emphasis was being given to the key raie expanded scientilic and technological

activity would play in advanced industrialized countries if they were to maintain lheir

competitive advantage in an emerging global economy. As the numbers ofwomen in science

and engineering in universities increased noticeably, policy makers began to carefully

monitor their participation, the most immediate alternative supply of scientilic and

engineering labour should shortages occur. In Canada, many studies and reports on women's

participation in science and engineering programs have been prepared by govemment

departments (e.g. Industry Science and Technology Canada, 1990), the National Science and

Engineering Research Council (e.g. NSERC, 1988, 1991) university bodies (Council of

Ontario Vniversities, 1988; Canadian Committee on Women and Engineering, 1992) or

funded in part by govemment departments (e.g. Gilbert and Pomfret, 1991) in the last decade.

In the V.S., this activity was judged so important it was required by law. The Science and

Technology Equal Opportunities Act of 1980 mandated a series of biennial reports

monitoring the participation ofwomen and minorities in science and engineering (National

Science Foundation, 1988, 1990).
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4. Higher Attriljon o( Women and Possible Reasons

The issue of women's under-representation in science and engineering programs is

more complex than one ofsupply to the university level programs. Not only do fewer women

begin careers, but there is more attrition of women than men from the science and

engineering "pipeline" (Widnall, 1988; Finkbeiner, 1987). Bar-Haim and Wilkes describe this

well-documented process:

...proportionately more women than men drop out of science majors in
college•...women who do persevere in science (are less weil in gaining positions and
the other rewards o( success. Women tend to concentrate in smail non-research
institutions where they are pro(essionally isolated and remote (rom the scientific
"means ofproduction". Adisproportionately high rate o(women scientists gravitate
into teaching and administrative positions while significant numbers leave their
careers altogether. This is in stark contrast to the low withdrawal rate among men
in science and the very low withdrawal rate among women physicians. who also
operate in a male dominated profession (1989;372).

Ifdifferential ability and socialization arguments do not apply to women who haye

entered science and engineering, what is the explanation for higher attrition ofwomen from

these programs? Roberta Hall and Bernice Sandler, in a pivotai 1982 paper, argued that a

'chilly climate' exists for women in universities, especially in traditionally male dominated

fields. The authors argued that "women's educational experiences may differ considerably

from those ofmen, even when they attend the same institutions, share the same classrooms,

and work with the same graduate advisors" (Association ofAmerican Colleges, 1982). They

suggested that both overt sexism and small differential behaviours, especially of facuity

members, which indicate lower expectations for women than for men students or which cause

women to feel that their academic and career ambitions are not as important as those of

males, may play a major raie in Iimiting women students' eventual career development

(2,4,6).

There is strong evidence to suggest that the experiences ofwomen in universities is

having a negative impact on their overall level of participation as weil as their ability to

participate. Studies have found that women science students suffered a loss of self-esteem
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in their undergraduate years, while that of males increased slightly (Arnold, 1987, cited in

Widnall,1988) and that women undergraduates feelless confident about their preparation for

graduate school than males attending the same institutions, even when men and womcn arc

matched on grades and plans for graduate study (Zappert and Stansbury, 1984, cited in

Widnall, 1988). It has also been found that many women experience a considerable declillc

in their academic and eareer aspirations over the course oftheir academic ycars (Astin, 1977;

Arnold, 1987, cited in Widnall, 1988).

Universities serve as both educators of scientists and engineers as weil as "gatc­

keepers" to the professions (Hornig, 1984;32). A perceived coId or hostile climalc in

university will be especially discouraging to women who are trying to pursue interesls and

develop abilities that do not reflect CUITent cultural norms. It is suggested that in this

environment more women are less Iikely to receive the informai encouragement and support

provided by closer association with faculty, which has been identified as vital to the

development of professional identity, and as a result may feel more doubtful about their

academic ability and professional promise (Association of American Colleges, 1982).

Similarly, this kind of environment may also more directly threaten women's ability to

participate fully in science. Barbara Reskin has argued that women scientists are onen

excluded from the collegial ties and informai communication networks crucial to the

development of scientific ideas (1978).

Bar-Haim and Wilkes (1989) have developed another hypothesis which could

contribute to the chilly climate many women may experience during their university years.

They argue that the dissatisfaction, isolation, field switching and attrition among women in

science is part of a larger conflict of cognitive styles in the sciences, rather than a basic

conflict between men and women. These researchers argue that the antagonism and lack of

understanding many women experience is the result of a clash of cognitive styles, resulting

from the interaction of women's cognitive make-up and prevailing cultural sex-role

stereotypes. They hypothesize that women who are 'problem-solvers' and cognitively most

suited to the physical sciences will be most Iikely to enter those sciences which are more
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acceptable for women - the biological or social sciences - where they will be intellectually

mismatched with most males in the field. Conversely, women who are 'problem-identifiers'

are the most likely to challenge existing stereotypes and enter the physica1 sciences but

whose cognitive make-up will conflict with the majority of problem-so1ving men in those

fields.

Another suggested possible reason for women's lower participation in engineering

is that talented women may be avoiding the profession because their values differ from those

of men in the field. If these women come to engineering from a different intellectual and

cultural climate than do men - they may avoid it because they can not see any evidence of

their broader, more humanistic perspective (Florman 1984; 52). Gilbert and Pomfret (1991)

found that many high achieving women students who enter university programs in the

sciences or engineering do experience difficulty dealing with the value orientations of these

programs. They suggested that differences between women's value orientations and the

"justice and rights" orientation of science programs may be directly affecting retention of

these women due to pressures caused by a 'Iack offit', and that through a production oflower

marks, these differences may also indirectly affect the retention of women in science and

engineering programs (26,38).

Florman, challenging the prevailing explanations for women's lower participation in

engineering, also suggests that another possible reason that talented young women may be

avoiding engineering is that other professions are more direct routes to political power and

social prestige (1984; 52). Similarly, Stephen Brush (1991) suggests that women may be

avoiding science Îlnd 'èngineering because other fields, newly available to them are more

attractive, citing the persistent inequality of opportunity for women in the science and

engineering labour force - greater unemployment, lower salaries, slower career advancement

than for men1 - as the probable cause (416).

Many observers within the engineering profession now place the blame for the lower

l Sec Vettcr(1987)
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participation ofwomen on the profession itself. Thc 1992 rcport of the Canadian Commiltee

on Women and Engineering concluded that women havc difficulty adjusting to the pervasive

male culture both in university and in the workplace:

Once in the workplace, women engineers encountcr altitudes nnd activities that nrc
systematically biased against women. Many facc discrimination in hiring,
promotion, job assignmcnts and salary, and expcrience sexunl harnssmcnt in thcir
workplaces. Many have to cope with the isolation ofbeing the only fcmalc cnginccr
in a company or on ajob site (1-3).

InternaI crities fault the profession's leaders for the lack of improvement in the elimate for

women (McKay, 1992). Patrick Quinn, a Toronto based engineer has publicly criticised the

behavior of those at the top of the profession, maintaining that there is a definile lack of a

sense ofurgency, indignation or anger about the environment in the profession for women

(Qtd. in McKay,1992;44). Norman Bali, Northern Telecom professor of Engineering And

its Impact on Society at the University of Waterloo:

'lI's not that the engineering deans or the guys at the CCPE [Canadian Council of
Professional Engineers] or the provincial associations sanction antisocial behavior.
It'sjust that they do damn Iittle to stop il. There's a tremendous leadership vacuum
in engineering - and a tremendous conservatism. They are unwilling or incapablc
of looking at the world in a social context and loath to criticize their fellows.'(Qtd.
in McKay, 1992;42).

As an example of this inertia, he cites the continuation of the traditional orientation week

aetivities on university carnpuses:

'Engineering schools have among the highest admission standards in the country.
But what do we do? ln the first we~k ofschool, we take these bright young pcoplc
and make them behave Iike buffoons.... Engineering students work very hard to lose
the respect ofthe public.'(41)

As was outlined in the introduction, prevailing explanations for the lower•
* * * * * * * • • •
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representation of women in science and engineering are not suflicient to explain the pattems

of participation of women in these areas, nor can they adequately account for the selective

success of women in the traditionally male dominated professions. In this study, degree

attainment for ail traditionally male dominated fields are examined in order to generate

hypotheses as to processes that may be contributing to the under representation ofwomen in

science and engineering. A new exploratory strategy which uses graphs as analytical devices

was developed: the degree attainment database was converted to graphical display and

analyzed using primarily visual means. In the next chapter, literature which provides the

background for the exploratory strategy developed in this study is briefly reviewed.
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CHAPTER THREE: BACKGROUND FOR DEVELOPMENT OF AN
EXPLORATORY GRAPHICAL ANALYSIS STRATEGY

The past two decades have seen a vigorous devclopmcnt of mcthods for gmphicnl

data analysis by prominent statisticians who lead n movcmcnt away from fomlal statistical

techniques to informaI, primarily visual, data analysis. These statisticians argue that the

concentration on mathematical statistical techniques aimed toward hypothcsis testing, or

designed under alogie ofproof, has de-emphasised the necd for descriptive methods whosc

aims are exploratory rather than confirmatory (Wainer and Thissen, 1981: t92). A wholc

literature has developed to elaborate and advance the use of these cxploratory techniques,

which are primarily graphical, flexible and robust, and ofgeneral applicability (Tukcy, 1977;

Mosteller and Tukey, 1977; Hartwig and Dearing, 1979; Wainer and Thissen, 1981; Hoaglin

et al. , 1983; Chambers et al., 1983; Tufte, 1983, 1990; Lewandowsky and Spcnce, 1990).

My own interest in graphical analysis began with a descriptive study donc as an

undergraduate term paper where 1 used several graphs to depict trend data for degrec

attainment in science. Although 1plotted these graphs to display the data and not to analyse

it, 1was very intrigued by the discovery that the visual patterns in the data suggested 10 me

hypotheses about processes which might be occurring. 1came away from that study with a

strong interest in the potential value of graphical methods for exploring large quantitative

datasets in sociology.

The interest in the use ofgraphs for data analysis is concomitant with the increasing

availability ofcomputer hardware and software for generating graphies. Although large-scalc

use of plots in data analysis was difficult when they had to be drawn by hand, rclatively

inexpensive computer technology has made exploratory research strategies for quantitative

data which use graphs feasible.

The use of graphical displays for data analysis allows processing of data by the

visual-perceptual system, a human cognitve strength ; visualising numbers therefore bypasscs

a cognitive limitation - the direct analysis oftables ofnumbers (Krohn, 1991:181). Chambers

et al. suggest that no single statistical tool is as powerful as a well-constructed graph

16
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(1983: 1). They argue that in many situations a set of data, even a large set, can be adequately

analyscd through graphical methods alone duc to the ability ofa graph to allow our visual­

perceptual system to interact with the structure of the data (1983: vii; Tufte, 1983:9). Graphs

arc effective because they exploit our strongest natural perceptual, cognitive and memorial

capacities (Kosslyn, 1985, 1989). An enormous amount ofquantitative data can be succinctly

conveyed by graphs, and our perceptual cognitive system is both capable ofcomparing and

summarising this information, as weil as extracting salient features and focusing on details

(Chambers, 1983:1), often with relatively great speed. Through graphical displays we can

often gain otherwise unattainable insight into the structure ofa data set. The analyst is able

to explore data thoroughly, to find patterns and relationships, to confirrn or disconfirm the

expected and discover new phenomena (Chambers, 1983:1).

The seminal work published in this area was Tukey's Exp10ratory Data Analysis in

1977. The use ofgraphs for exp10ratory data analysis (EDA) as outlined by Tukey however

represents only part of the potential scope for the use of graphs in data ana1ysis. In EDA,

graphica1 methods for data analysis consists essentially ofgraphing quantitative information

to help the analyst understand the structure ofa dataset or the performance or properties of

statistical models fit to the data (Tukey, 1977; Hartwig and Dearing, 1979; Cleveland and

McGill, 1987). Hartwig and Dearing outline the course ofexploratory data analysis as a step

by step visual approach to understanding first the structure ofeach variable in the data set

then each pair ofvariables (bivariate relationships), and the groups ofvariables (multivariate

relationships). The structure ofeach variable (distribution and variability) is explored using

such techniques as the stem-and-leaf display (Tukey, 1977). After each variable has been

carefully examined, techniques such as scatter plots and residual plots are employed to

investigate relationships between variables (linear, non-linear). Following this, multivariate

models can he built. Because the analyst has learned as much as possible about the structure

ofthe data set and the relationships hetween variables before constructing the models, these
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models are less Iikely to be misspecified or to be built on the basis of false assumptions1.

As Wainer and Thissen (1981) have suggested, however, the real potential power of

graphical data analysi~ is to aid in the construction oftheory. The ability of graphics to nid

in generating theory goes beyond their use in exploration of the dntn set so lltat better models

can be constructed,as in EDA. Tukey's own statements allude to the much broader potentinl

ofgraphs for generating theory. Visualisation ofdata in the graphicnl form, as Tukey Itimself

has suggested, allows consideration "not only (of) the multiple hypotheses we hold, but (of)

the many we have not yet thought of, regard as unlikely, or think impossible" (1974: cited

in Wainer and Thissen, 1981:193). The hypotheses suggested could weil involve processes

that cannot easily be modelled using variables and a stochastic error term. Indeed, during tlte

past decade, statistical "causal modelling" methodologies, universally employed in social

science research have become the focus of increasing controversy. Prominent statisticians

have voiced slrong criticism ofthese methodologies; since a variety ofmodels seem to fit the

data equally weil, there is growing concem that the kind ofdata usually available to social

scientists do not support the kinds ofconclusions routinely drawn, that analysis of statistical

correlations may not be that useful identifying causal relationships in the social world (see

Freedman,1990; Liebersen, 1985).

Marini and Singer (1988) argue that the initial ideas for causal relationships are

usually triggered by empirical cues and inductive reasoning, through evidence that is often

observational rather than experimental, and, accumulated across multiple studies in multiple

settings. Through the access to the processing capacity of the perceptual-cognitive system

given by the visualisation ofdata in graphical form, we can often get a comprehensive picture

ofa set ofquantitative data as well as an immersion in its detail not otherwise possible. The

iterative movement from the overview to the detail exploits the synthetic pattern finding and

analytic powers ofhuman visual cognition tirst described by the Gestalt psychologists (W.

1 False assumptions about the nonnality oC distributions or linearity oC relalionsbips between variables will
confolUld causal influences al later stages (Hartwig and Dearing. 1979).
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Kohler, F. Kafka, M.Wertheimer). Graphical displays can therefore facilitate inductive

rcasoning from quantitative data. Although the empirically-based construction oftheoretical

ideas is an analytical strategy that has been advocated primarily by qualitative, not

quantitative sociological methodologists in the past, 1 advocate that the use of visual

portrayals of quantitative data makes possible empirical construction of theory from

quantitative data in sociology.

This broader use ofgraphs for data analysis was elaborated by Krohn (1991), who

examined the use of statistical graphics by scientists working in ecology. Natural scientists

routinely use statistical graphs in their work; measurements (data) collected are often

"graphed" in order to "see" the data and determine whether patterns can be found. Krohn

maintains that graphs are such powerful analytical tools because they represent an"

interactive site" where visualised empirical evidence is "brought against conceptually led

imagination" (1991:198). In a graph, measurements transformed into numbers are then re­

visualised, allowing the perceptual-cognitive system to find patterns and relationships that

can in turn interact with our conceptual framework (Krohn, 1991). Krohn argues that the

visualisation ofnumbers is so "suggestive" in comparison with the direct examination oflists

of numbers in data sets that, given a conceptua1 framework and the discovery ofpatterns via

the data, the scientist can formulate ideas about processes. This is probably especial1y true

iftime-series data are used, as in his case, and in this study.

Another significant aspect ofthe use ofgraphical analysis, which could be one ofthe

most revolutionary for sociological research, is that use ofgraphs increases the opportunity

for participation by others in the analysis and interpretation of the data of any given

researcher. The quick access to the data being analysed through use ofgraphical displays

increases the possibility for meaningfu1 contribution by others during the analysis and

interpretation phases of the research as wel1 as after publication (ifgraphs used as analytical

devices arc carried into published results).

Within sociology, Glaser and Strauss advocated the use ofquantitative data for the

generation of theory in 1967. They maintained, as the statisticians leading the movement

towards exploratory data analysis did later, that the close association ofquantitative data with
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eonfirmatory studies had left its possibilities for generating theory vastly undcrdcvelopcd.

Although Glaser and Strauss did not diseuss the use of graphs to analyse quantitative datll,

they argued that existing data, often severely limited for purposes of descriptive and

verification studies due to the problems of accuracy of the data, are uniqucly sllited to

exploitation for the generation ofgrounded theory (1967: 189). They argued that the problem

ofaccuracy in the data is not as important if the data are being used to generate, rather than

verify, a hypothesis. According to Glaser and Strauss, what is important arc the general

categories and properties and the general relations between them that emerge from the data.

They argue that in verification studies, cross-tabulations ofquantitative variables continllally

and inadvertently lead to discoveries of new social patterns and new hYPlJtheses which are

often ignored as not being the purpose ofthe research. As one of the possible strategies for

generating empirically based ideas, they advocate secondary analysis ofexisting data using

cross-tabulations and a variation ofLazarfelds' elaboration technique. Il is my conviction that

the analysis of large datasets using statistical graphies, a strategy whose utility is amply

proven in other subjects, can enhance the theoretical yield ofa general exploratory approach

for quantitative data in sociological research.

Similarly, the exploration of official statistics by sociologists has been strongly

advocated by British sociologist Martin Bulmer (1984). Like Glaser and Strauss, he

maintains that the arguments often voiced against using official statistics in sociological

research, such as awareness of error and doubts about validity and reliability, need not

necessarily lead to rejecting their use for exploratory research purposes. Bulmer argues that

these data show significant regularities (trends, patterns, etc.) which warrant further

investigation and that instead of ignoring them, it rnay in fact be the professional

responsibility of the sociologist to examine and interpret these regularities. In any case, he

argues that the wealth ofdata available to us in official statistics should he actively exploited

for exploratory research purposes and should not continue to he ignored on the basis of

arguments that make them flawed for confirmatory analysis. ln the present study, while there

may be sorne inaccuracies in the existing degree attainment data published by Statistics

Canada (possible under reporting, over reporting or misclassification), these existing statistics
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contains othelWise unavailable time-series population degree attainment data for the period

where women's participation in universities has increased dramatically, but variably by field.

The exploratory graphical strategy developed in this study was designed to use

existing statistical resources to facilitate effective visual comparison of the aggregate

participation of men and women in science and engineering in the wider context of their

participation in other traditionally male dominated areas. Chapter 4 describes the data

examined and outlines the creation of a visual database using graphs and Tufte's small

multiple design strategy (Tufte 1990).
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CHAPTERFOUR:METHODS

1. Data Collection

Participation in degree programs will be examined on a population basis for Canada,

using data derived from Statistics Canada publications. The core of the study involves

examination the trends in bachelor's degree attainment for men and women in Canada during

the period 1962-1989, to the extent that existing data make it possible, in ail fields ofstudy

where women were under-represented in 1970: physical sciences and mathematics,

agriculture and biological sciences, engineering and applied sciences, social sciences and the

traditionally male-dominated professional degrees. The data is examined at four different

levels of aggregation; Level 1 - Total or Overall Degree Attainment, Level 2 - Naturnl

Sciences and Engineering, Level 3 - Field of study, and Level 4 - Discipline. In order to

increase the number ofrelevant comparisons at the two highest levels ofaggregation , sorne

enrolment data, and degree attainment data for the graduate levels is also examined.

2. Creatjon of a Visual Database

In order to exploit the wealth of existing statistics to generate empirically based

hypotheses, i.e. to reason inductively rather than deductively from the data, a new analytical

strategy was developed for this study. Although the idea of using quantitative data to

generate hypotheses is not new, Glaser and Strauss recommended it in 1967, effective

systematic strategies for doing this have not been developed by sociologists.

The strategy developed in this study is essentially a systematic qualitative method for

exploring a set of aggregate statistics. In an explorntory study, full access to the detailed

empirical evidence is necessary if the analyst is to be effective in finding patterns and

relationships. In this study, that exposure is made possible through converting the database

to graphical display (Jarett, 1983). This "visual database" facilitates pattern discovery

because our visual processing capacities can internct directly with the detail in the data.

Creation ofa visual database has only recendy become technically feasible. In the

22
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past, graphical analysis usually meant the examination of one or a small number of hand

drawn graphs. Of necessity, the focus of the analysis was primarily on the data structure

revealed by the single graph. The principal change caused by computer graphics is that many

similar graphs can be produced, much more quickly than was previously possible (Huber,

1983). This capability opens up possibilities for new analytical strategies.

1f statistical graphics are to be harnassed for the generation of hypotheses, the

strategies used must fully exploit graphs' ability, as outlined by Krohn, to act as an

"interactive site" where visualized empirical evidence is "brought against a conceptually led

imagination" (1991:198). These displays must also bear on the question at the heart of

quantitative reasoning: "Compared to what?" (Tufte, 1983). Comparison is the most

fundamental principle ofdata analysis (Tufte, 1990; Tukey, 1990; Huber, 1983; Glaser and

Strauss, 1967). The obvious advantage of using graphs for data analysis is that comparisons

in the data can be made visually. To be effective, graphical analysis strategies must optimize

both the breakdown of data into its componen!" parts, and, possibilities for comparison

between those parts. In this study, instead of breaking data down into its component

statistical parts, as is done in exploratory data analysis, the data is disaggregated into

conceptually meaningful categories, and compared. Using a large detailed database and the

ability of the computer to produce similar graphs for data in different degree categories

means data in many categories can be visually compared. Disaggregation of the data into

categories which can be visually compared expands the power ofgraphical analysis for the

social sciences because it increases the potential for productive empirical-conceptual

interaction.

A. Comllarisons and Data Series

The analytical graphs in this study have been designed to facilitate comparison of

trends ofdegree attainment ofmen and women 1) in any given category in the data, and, 2)
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among different categories.'

ln an exploratory study of quantitative data, it is best to use raw data (or simplc

derived measures) so that the observed pattcrns in the data are easily interpretablc

(Chambers, 1983). It is especially important in this study that the observed patterns he casily

interpretable hecause the principal aim is to look for themes by comparing patterns across n

large number ofcategories. In this study, 1decided to plot two different data series in ordcr

to compare the degree attainment of men and women: 1) percentage of degrees camed by

women, 2) the actual number of men and women graduates. Comparison of degree

attainment for men and women is most often done using the percentage of total dcgrees

earned by women. However, using these relative measures alone does Ilot fully exploit the

existing data for this purpose. In this study, the trends ofactual Ilumbers of men and women

graduates provide a second set ofcomparisons ofdegree attainment by sex across dilTerent

categories ofdegrees.

B. Construction ofYisual Displays

The visual displays were designed to facilitate the desired comparisons using these

two data series. They were constructed using knowledge derived from graphical perception

studies and are consistent with the small multiple design strategy ofEdward Tufte (1990).

C. Individual Graphs

The graphs in this study use lines to show the trends rather than bars. Using lines

instead of bars to show trends has been found to improve the speed and accuracy with

which global patterns in data can he identified (Schutz, 196Ia). Another advantage of using

lines is that several data series can be depicted on each graph. Because comparison is

facilitated if items are close together, heing able to place several trend lines on the samc

graph is an advantage (Schutz, 196Ib). Line graphs have also been found to lead to bettcr

rnernory ofobserved overall trends than bar charts (Washbum, 1927 cited in Lewandowsky

1 The categories in degtee auainmeot data are fields ofstudy (..g. social scieoces). disciplines (..g. physics) or aggregates
such as NatW'lI1 Scieoces and Engineering (includes three fields ofstudy delineated by Statistics Canada • Agriculture and
Biologica! Sciences, Mathentatics and Physica! Sciences, and, Engineering and Applied Sciences).
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and Spence, 1990) and therefore there is a definite advantage to their use in a study where

many different trends are to be compared.

The individual graphs are designed to facilitate the comparison of trends in men and

women's participation in each degree category. In the tirst series, the comparison between

men and women is inherent in the trend for percentage of total degree attainment by women

itself. Several related trends are presented on each graph to promote comparison between

them. In the second series, the trends of numbers of men and women graduates are easily

compared because for each degree category, the trt:nùs for each sex are plotted on the same

graph.

D. Organjzation of the Gmllhs

The gmphs in this study were usually presented in combination in order to promote

comparison of the data in different categories (e.g. among different disciplines). In any given

set ofgmphs where the trends on different graphs were to be compared, the individual graphs

in the set have the same size, format and labelling. Repetition ofthe design structure for ail

the gmphs to be compared, as Tufte (1990) outlines, results in an "economy ofperception":

...once viewers decode and comprehend the design for one slice ofdata, they have
familiar access to data in ail the other slices. As our eye moves from one image to
the next, this constancy ofdesign allows viewers to focus on changes in information
rather than on changes in graphical composition. A steady canvas makes for a
c1earer picture (29).

While computers make the production ofmany similar graphs feasible, mos! software

used to make gmphs still does not facilitate the most effective comparison ofmany graphs

at once, and therefore does not fully support the most effective analytical use ofstatistical

graphs. In this study, the computer is used to convert the database to gmphical display in the

form of many similar gmphs. The innovation in this study is that the comparisons among

different categories in the data (presented on separate gmphs) are facilitated by the physical

armngement ofthe gmphs.

1 argue that the ability and speed of the visual cognitive system to process and

interpret gmphica1ly displayed data can he enhanced ifsimilar graphs representing different
,.
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categories in the data are organized in a relevant and easily understood physical arrangement.

With an effective visual organization of the graphs, seyerai different kinds ofcomparison

can be facilitated among categories in the same data set.

In this study, the database for degree attainment at the bachelors levd was convertcd

into two sets ofgraphs, one depicting women's trends for the percentage ofwomen earning

degrees, and the other, numbers ofmen and women graduntes. These two sets form the core

ofthe analysis. In order to facilitate visual comparisons of trends in the data across degree

categories, the design of the arrays combines an overview of the data to be explored with

several hierarchicallayers ofdetail, ail iri a relatively compact space. [n each set, the database

is systematically disaggregated using the visual organization ofthe graphs through four levels

ofaggregation2
• Each ofthese arrays is therefore an elaboration of the data to progressively

finer [eve[s ofdetai!, breaking the data down into meaningful categories that can be readi!y

compared with ail ofthe others in the data set. Each graph in each set is also similar in size,

format and style of [abelling so that the eye can move quickly between and across categories

and levels of aggregation in the database making inter and intra level category visual

comparisons. The basic structure ofthese arrays ofgraphs is shown in Fig. 1and Fig. 2. The

actual arrays of graphs used to do the analysis are presented in Fig. II and Fig. 12 (see

Appendices 1and II respectively).

E. Small Multiple Design

In order to bring the graphs to be compared "into the eyespan" so that the patterns

they displayed could be more easi!y compared, the graphs were shrunk to a small size,

creating what Tufte refers to as a "small multiple design" (Tufte, 1983,1990). As Tufte

reminds us, the eye can make a remarkable number of distinctions over a small area

(1983;162).lfstatistica[ graphics are shrunken, the analyst can take advantage ofthis visual

ability in order to enforce comparisons within the eyespan and provide the data in context ail

at the same time:

>ne four levels ofaggregation are Total Bachelors Degree Atlainmenl (Level 1), Natural Science and Engineering (Level
2), Fields oCStudy (LeveI3) and Disciplines (LeveI4).
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Figure 2. Diagram showing the organization of graphs depicting trends in pereentage of degrees granted to women in Fig. Il
FiC Il: PCrttlltalC .rb.chdar'. ud fini pro(asional d'Ines Crulrd to _omna. Caaa4a.1962-1919

LEVEL1 -.

LEVEL2 -.

•

LEVEL3 -.

,----'-=-=....,---_. c------ ~..!'i_'!_~ ""!'U...~~ .

; i
__-,' L' ,___ _ _

•

r-----"-~~----

1Il
1i
, 1

i',1
Il

----,'--------

LEVEL4



•

•

•

29

Illustrations ofpostage-stamp size are indexed by category or a label, sequenced over
time Iike the frames ofa movie, or ordered by a quantitative variable not used in the
single image itself. Information slices are positioned within the cyespan, so thut
viewers make comparisons at a glance - uninterrupted visual reasoning. Constancy
of design puts the emphasis on changes in the data, not changes in the duta frnmes
(Tulle, 1990; 67)

The small multiple design is able to report immense detail, which can be read without

confusion.

Simplicity ofreading derives from the conteKt of detailed and complex information,
properly arranged. Amost unconventional design strategy is revealed: 10 c1arify. add
delail. (Tulle, 1990; 37)

Tufte argues that visual reasoning is actually Iikely to improve with display of large data sets

at high density:

If the visua1 task is contrast, comparison and choice - as it so ollen is- then Ihe more
relevant information wilhin the eyespan, the belter. Vacant, low-density displllYS, the
dreaded posterization ofdata spread over pages and pages, require viewers 10 rely on
visual memory -a weak skill- to make a contrast , a comparison, a choice.
Micro/macro designs enforce the both local and global comparisons and, at the same
lime, avoid the disruption ofcontext swilching (Tulle, 1990; 50).

The closest possible links between the observed patterns in the data and category

infonnation are therefore built into the data displays through 1) the organization ofthe graphs

into a logical and relevant category breakdown (in this case, a systematic disaggregation), 2)

using the small multiple design to display ail relevant graphs within the eyespan, and 3)

through the positioning of the labels, which should facilitate conceptual and empirical

interaction. The labels for trends have been placed directly on the graphs instead ofin legends

- graphical perception studies have found that this closer positioning enhances

comprehension and memory of the data structure in connection with its category

(Cuthbertson and Powers, 1959).

The study begins by comparing overall degree participation of men and women to

demographic trends. Degree attainment by sex is then examined at the four different levels

ofaggregation in the data; Total Bachelors Degree Attainment (Levell), Natural Science
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and Engineering (LeveI2), Fields ofStudy (Leve! 3), and, Disciplines (Leve14).

30
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CHAPTEP. FIVE: ANALYSIS AND FINDINGS

1. Comparjson of Demographie Trends with Trends in Total Degree PlIrticipntîon

Coneern about potential shortages of .cientific and technical labour has motivated

rnuch of the recent interest of policy makers in women's participation in science and

engineering. These concerns are based on the assumption that the smaller size of the

university age population in the 1990s will affect the supply of university graduates. For the

purposes of this study, it was necessary to investigate the assumption that the number of

graduates is related to the size of the underlying population, since it would aflèct

interpretation of the trends for numbers ofgraduates at the most aggregate levels in the datll.

In this first section, trends in the size of the university age population were compared with

trends for total degree participation during the last three deeades in order to determine

whether these trends have been direetly related.

Comparison of the trend for the estimated number of23 year olds in the population l

with the trends in actual numbers of baccalaureates for the 1962-1989 period (total, men, and

women) was made using Figure 3. This comparison reveals that degrce participation at the

bachelors level in Canada has not been directly related to demographic trends during the last

two decades, not as a whole, or for men and women separatcly.

The trend in the total number of bachelors degree graduates rises with the increasc

in the 23 year old population during the 1960s and 1970s, but it does not rellect the

precipitous drop that occurred in the corresponding population during the 1982-1989 period

(19.1 %). During this period, annual degree attainment ofbachelors degrees did not decreasc

but instead, increased by 21 %. Similar observations are made for trends in total enrolment

at the undergraduate level. Fig.4 shows that despite a sharp drop in the population of 18-24

year olds between 1982-1989, undergraduate enrolment~ considerably (20"10) during this

period ( also see Fig. 6a ).

Trends for degree attainment by men and women differ significantly bcginning in the

'Bascd on the number of live births in year (n - 23).

31
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carly scvcnties. The number of bachelors degrees earned by women has shown relatively

stcady annual growth over the last three decades. In contrast, annual degree attainment by

men, following rapid increasc during the 1960s, leyelled w.I1 in the carly seventies, and

rcmained relatively stable through the carly eighties.2 Despite the difference in degree

attainment patterns for the sexes, neither men's or women's degree attainment trends reflect

the large drop in the sizc ofthe 23 year old population that occurred between 1982-1989. The

trend for men also did not rel1ect the major jncrease in the size of the 23 year old population

experienccd during the 1972-82 period, the years corresponding to the last decade of the baby

boom generation. During this period, a 31 % increase in the 23 year old population occurred

but dcgree attainment by men declined by 2.8%. The long period ofrelative stability in mens

degrce attainment therefore corresponds to~ periods ofmajor change in the size ofthe 23

year old population yet does not reflect either of them.

At the graduate level, enrolment instead ofdegree attainment statistics were used to

make a similar comparison with the underlying population since no single age can be

effcctively used as an estimate for age ofgraduation at the graduate levels. Comparison of

the trends in graduate enrolment with trends for the size of the graduate school age

population (Fig.5a and Sb), shows that participation in graduate education does not appear

to have been directly related to the sizc ofthe underlying population either. During the 1962­

1972 period, the total enrolment ofgraduate students increased several times (345%) while

only a 24% increase occurred in the sizc of the corresponding population. Expansion ofthe

Cnnndian university system during this time almost certainly had more to do with rapid

increases in enrolment than size of the corresponding age cohort. During the 1972-1979

period, a 30% increase in the graduate school age population was associated with a slight

decrease in enrolment for men.

These findings c\early indicate that degree participation at undergraduate and graduate

2 As has bccn notcd elsewh=. ( Womc:n jn Cnnod.. Statistics Canada, 1987). the considerable growth in the IOta!
numbers of b••helors dcgrccs bctwccn 1972 and 1989 (45%) is due primarily to growth in the numhcrs of women
attaining dcgrccs annually (net incrcasc in the number ofdegrccs corned pcr ycar during the 1972·1989 pcriod by men =
3.870. women - 29.953).
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Icvcls in Canada has not reflected major demographic changes over the last two decades. The

assumption that the diminishing university age population will necessarily decrease the

supply of university graduates in Canada in the 1990s (NSERC 1988) therefore has little

cmpirical precedent.

Although the trends for degree participation at undergraduate and graduate levels did

not reflect the changes in the underlying populations, it is easily seen from the comparison

of Fig. 6A and 68 that their are remarkable similarities in the enro1ment trends between the

two levcls. At both levels, the annua1 enrolment ofwomen increased relatively steadily over

the 1962-89 period, while that ofmen leveled out or slowed considerably in the seventies3
•

These findings suggest that degree participation at the two levels was primarily affected not

by changes in the size ofthe corresponding populations, but instead by influences which were

experienced differently by men and women. Possible influences and reasons for similarity

in the sex specifie trends between degree 1evels in trends in overal1 degree participation will

be discussed further in the next section.

3 The trends for the cnrolmenl ofmen al the undcrgraduate and graduate Icvels have similor directional ehanges
in slope al similor points on the x-axis, cven if the magnilude ofthe slopes difTers; the firsl al approximalely 1971, and
the second al approximalely 1979.
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2. Trends in Aggregate Leve! Dellree Attajnment

In order to provide sufficient context for the analysis of trends at the lower levels of

aggregation in this study, in this section, the trends for total degree attainment (level 1) and

degrce attainment in natural sciences and engineering4 (LeveI4) are examined and compared

at ail thrce degree levels. This study is primarily a comparison of trends in degree attainment

at the bachelor's degree level, but in this section, trends at the master's and Ph.D. levels are

also examined in order to increase the number ofcomparisons possible at the highest levels

ofaggregation. Increasing the number ofcategories between which relevant comparisons can

be made increases the potcntial conceptual yield ofthe analysis.

A. Trends in Women's Representation

The comparison of the graphs in Fig.7 show that women's representation in N8E

degrees has been growing relatively steadily at ail degree levels since the early 1970s, but

that their share ofN8E degrees has aIways been considerably lower than their share oftotal

degrees during the 1962-1989 period.S•6 Visual comparison ofthe two graphs, however, aIso

reveaIs that there is considerable similarity in the patterns ofthe total and N8E trends: at each

degree level, it is observed that the trends for women's representation in N8E degrees have

fluctuated very similarly to those for women's overaIl representation.7 In addition, at the

• The naluml sciences ure the physical and biological sciences. For the purp05C' ofthis study, Naluml Sciences and
Engineering (NSE) includes 3 fields uscd by Statisties Canada: MathcmalieslPhysical Sciences, AgriculturclBiologieal
sciences, and Engineering/Applicd sciences. The olher five fields uscd 10 elassify university degrees by Statistics Canada
ure EduClllion, FinclApplicd Ans, Humanilies, Social Sciences, and Hcalth Professions (sec Stalisties Canada, Universilies:
Enrolmenl and Degrees 1991-2, CaL no. 81.204.)

'Compamble data nol available for miluml science and co8ineering degrccs al the baehelors level in the 1960s.

• Sinec their shure ofNSE degrccs bas also becn weil below 50%, women have been under-reprcscnlcd in NSE al ail
threc dcgrcc levels in the 1962-1989 pcriod, as mcasurcd in both ofthe ways uscd in the Iitemlurc.1n this study, women
arc considcrcd under'rcprcscnlcd in a givco arca ifthcy cam less than 50"10 oflotal degrccs.

'In this study, similar paltcrns arc thosc whieh have similar dircctional changes in slopc al similar points along the x­
axis.
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bachclors level, the magnitude of increase in women's share of total degrees and NSE

degrees, during period for which they can be compared (1970-1989), has also been very

similar (16.2% and 14.2% respectively).

These similarities between the trends at the two aggregate levels lead me to the

hypothesis that, at least at the bachelors level, increases inUle share ofNSE degrees earned

by women might be the direct result of increases in total numbers of women altaining

degrees, rather than the result of a shift in the pool of women university graduates towards

NSE degrees. This idea would be supported if the distribution of ll1.l women graduates

between NSE and non-NSE subjects had remained relatively constant while the total number

ofwomen bachelors graduates increased, and ifno exodus ofmen from NSE had occurred.

In order to investigate this hypothesis, the trends for distribution of men and' women

graduates between NSE and non-NSE degrees were plotted in Fig. 10 and compared to the

trends in the number ofmen and women graduates ( which are examined in the next section).

The results of this investigation are discussed in section 2C.

B. Trends in the Numbers of Degree Graduates

i) Total Degree Attainment

Fig.8 shows the trends in actual numbers ofgraduates over almost three decades at

the bachelors, masters and Ph.D degree levels.

The MOSt immediate observations to be made from the comparison oftrends for total

degree attainment in Fig.8 is that the trends for men differ from those ofwomen, but that the

sex-specific trends have similar features at each degree level. The primary differences in the

patterns occur in the seventies. While the numbers of women graduates grew relatively

steadily over the 1970-1989 period, growth in the number of male graduates ceased at ail

three degree levels in the carly seventies, and did not begin again until the carly eighties. The

trends in the number ofmale degree recipients therefore show three separate phases over the

1970-1989 period, similar at cach degree leve1.8

• Exponcnlial inercasc:s in the total number ofdegrccs granlcd from 1962 10 1972-3 wcrc undorlain by stcady anDual
in....... in the number ofbath men and women graduates. Aftor cessation in growlh in bctwccn 1971-73. total numbcrs
of men attaining degrccs at the bachelors and mastcrs levels rcmaincd rclativcly eonstan1 unlil approximatcly 1982.
Following a peak in 1973. numbcrs ofmen obtaining doctOrales fell during the scvenlies. This phase was follawcd by a
third which saw the numbcrs afmen bogin la risc again during the carly eighlics.
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The similar patterns of increase in women's annual degree attainment at each degree

leve), and the more surprisil1g similarities in the patterns of fluctuation for the degree

attainment of men at each degree level suggest that the existence of different general

influences on the overall degree attainment of men and women during the 1970s. The large

increases in the number of women graduates over the last two decades are generally

acknowledged to be associated with the influence of the women's movement. The slowdown

in total degree production in the 1970s is generally acknowledged to be a reaction ofstudents

to the availability of fewer job opportunities for graduates as a result of a slowdown in the

economy, and decreases in funding for universities and therefore of new academic positions

(and turnover in positions) (Naimark, 1989). (Since the changes in sIope in men's trends both

in the early 1970s and early 1980s occurs at ail degree levels within a two year period, the

changes do not appear to have been "pipeline effects", that is, changes related to changes in

degree attainment in lower degree levels. This suggests that factors largely external to the

university itself were responsible). The interesting suggestion emerging here in the

differential trends for the sexes is that the overall degree participation ofmen and women was

not equally affected by the downtum in the economy and the softer labour market for

academics: the sex-specific trends suggest that the overall degree attainment ofmen, but not

ofwomen, was affected by there being fewer job opportunities for university graduates. The

similarly timed levelling off seen earlier for trends in enro!ment for men at both the

undergraduate and graduate levels in the early 1970s, but again, not ofwomen (see Fig.6),

reinforces this suggestion.

The difference between the trends in the degree attainment ofmen and women in the

seventies could be interpreted in a number ofdifferent ways. It could mean that worsening

economic and labour market conditions had a negative impact on the desire or ability ofmen

to participate, but not those of women, strongly suggesting that the general economic and

lalxiur market conditions did not tendto affect women's decisions to participate in university

level education. Alternatively, it could be that men and women were both influenced had but

djtIerent responses to the change in labour market conditions in the 1970s. The relatively

stP!!dy iocrease in women's participation observed at ail three degree levels throughout most

ofthe 1962-1989 period seerns more consistent with the first interpretation. Shnilar behavior

oftrends for men and women at ail degree levels in the mid and late 1980s suggest that both
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sexes may have been responding similarly to changing labour market conditions after the

early eighties.

ii) Natural Science and Engineering

The trends for the numbers of graduates in NSE at the bachelors, masters and Ph.D.

levels are shown in Fig. 9.

At both the masters and Ph.D. levels, sex-specific patterns for NSE degree attainment

are evident (Fig. 9B and 9C) which are similar to those observed for overall degree

attainment at these levels (Fig.8B and 8C). As was suggested then, these patterns indicate

that at the graduate level, the numbers ofm:l1e NSE degree recipients, but not the number of

women, rnay have been affected by changing economic and labour market conditions for

academics in the early seventies. At the Ph.D. level, the proportionally larger decrease in

men' s attainrnent of NSE degrees than of total degrees suggests that the downturn in the

economy and the softer market for academics in the early seventies had a more severe effect

on men's attainrnent of doctorates in NSE than it did on their attainment of doctorates in

general.

In marked contrast, at the bachelors level, annual NSE degree attainment for men

(Fig. 9A) did not stop growing in the early seventies. Both the number of men and the

number ofwomen graduating in NSE increase over most the 1970-1989 period, ( except for

a slight drop in the early eighties), resulting in a net increase in annual degree attainment for

each sex of approximately 5000 degrees per year. Calculations show that most of the net

increase in men's total bachelor's degree attainrnent was due to the increase in NSE degree

attainrnent. While men's total degree attainrnent rose only about 8% from 1972-1989, it

increased more than 50% in NSE. The probable reason for this was that there was a relatively

strong demand and resuiting higher salaries for undergraduate degree holders in the appliecl

fields (e.g. engineering and applied sciences) in the seventies (Ministry ofState for Science

and Technology, 1981a,22). The fact that men's degree attainrnent in university in general

appears to have been negatively affected by the economic slowdown, while their increasing

participation in NSE degrees is related to a period ofrelatively strong demand for engineers

suggests a strong relationship between men's degree attainrnent and labourmarket conditions.
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The absence ofa slowdown in women's dcgree atlainment in the 1970s suggcsts that only u

weak relationship if any existed between these conditions and womcn's dcgrcc utlainmcnt.

However, the very similar timing of the fluctuations (and magnitude ofincrease) shown in

the trends for NSE degree attainment of men and women at the bachclor's lcvcl suggests thut

within NSE both sexes may have been responding to similar influences on NSE degrce

attainment during most of the 1970-1989 period.

C. Distribution of Graduates 8etween NSE and non-NSE Degrees

Fig. 10 shows the trends for the proportion of ail graduates eaming NSE degrces at

the bachelors, masters and Ph.D. levels respectively.

These graphs were drawn to test the hypothesis in an eartier section that inr.reases in

women's share ofNSE degrees (Fig.7B) are directly related to incrcases in total number of

degrees earned by women ratherthan a shift in the distribution ofwomen from NSE to non­

NSE subjects.

It is immediately evident from these graphs that the influx of women into the

university in the last few decades has not been accompanied by a large increasc in the

proportion ofall women graduates attaining degrees in NSE subjects, at any degree levcl. At

the bachelor's and master's levels the proportion of total women graduates caming NSE

degrees has exhibited relatively little change over the entire comparable pcriod, rcmaining

close to 10%.

Since we now know that the number ofwomen bachelor's degrec graduates has becn

increasing relatively steadily since 1970 (Fig.8A) and that there has not becn an cxodus of

men from NSE at the bachelors level (Fig.9A), the relative stability of the proportion of

women graduates earning degrees in NSE at the bachelors level indicates that increases in

women's share ofNSE degrees at this level have been primarily related to incrcascs in ovcrall

numbers ofwomen attaining bachelors degrees, as was suggested carlier. Although there was

an increase in the proportion ofwomen bachelor's graduates earning degrees in NSE over the

1970-1989 period (8% to 12%), this increase alone would have accounted for a net increase
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ofapproximately 900 degrees attained per year, Ilot of 5000, as was observcd.· ln contrast,

equivalent comparisons for trends in men's degree atlainment suggest that a shifi in

distribution ofmen eaming bachelors degrees from non-NSE to NSE fields was responsible

for a large part of the net annua! inerease in men's annual attainment ofNSE degrees in the

1970-1989 period, since their total degree attainment was rclativcly stable during this period

bllt the proportion ofa11 male bachelor's graduates eaming NSE degrees increased from 24%

to 32% (Fig.1 OA).

The remarkable persistence of the low proportions of total women graduates eaming

NSE degrees over such a long period oftime at the bachelor's and master's level suggests

that drastic shifts in distribution of women from non-NSE to NSE fields at these levels is

very unlikely. The above observations suggest that the trend of steady increase in the

numbers ofwomen attaining NSE degrees at the bachelors level may taper olTwhen the trend

ofinerease in their total degree attainment at the bachelors level does. It would appear that

policy makers hoping to see further inereases in the numbers of women in science and

engineerin~ 'hese levels may have to rely on continuing increases in the total numbers of

women c., :<1g Jegrees.

During the seventies there were considerable dilTerences between the bachclor's and

graduate levels in the proportion of men graduates eaming NSE degrees (Fig. 10). A

significant drop in the percentage ofa11 male graduates obtaining NSE degrees occurrcd at

both the master's and Ph.D. levels between 1971 and 1975-6 and was fo11owed by :urther

net decreases at the Ph.D level during the latc seventies (Fig. lOB and 1OC). Two possible

reasons for this drop arc suggested. Since the large decreases in the proportion at these levcls

occurred at the same time as did large decreases in the numbers of male NSE graduates at

these levels, it is probable !hat the shifts in the proportion ofgraduates eaming NSE degrees

arc at least in part due to the softer market for academics at that time.The strong demand and

higher salaries for undergraduate degree holders in applied fields (e.g. engineering and

• At the mastcrs and Ph.D. levels, while fairly similor patterns of Ouctuation in lIends for womcn's rcprcscnlalion in NSE
and in total dcgrccs wcrc ohscrvcd, the cquivalcnt comparisons indicatc that incrcascs in womcn's sharc of mastcrs and
Ph.D. degrccs in NSE arc not dircct1y rclalcd 10 incrcascs in the IOtaI numbers ofwomcn caming dcgrccs, sinco the numbcr
ofmcn caming NSE dcgrccs Ouetuated (mastcrs) and dccrcascd (Ph.D.) in the scvcntics.
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applied sciences) in the seventies (Ministry ofState for Science and Technology, 1981:22)

which is probably responsible for the continuing increases in the proportion ofNSE graduates

at the bachelor's levcl also probably pulled more NSE bachelor's degree graduates out into

the labour market than non-NSE graduates. Il is also possible that the proliferation of newly

available degree programs in non-NSE areas at the graduate leve1 at this time in the

developing Canadian higher education system at this time contributed to the decreases in

these proportions.

From 1980 onward, there is actually genera1 similarity of fluctuation for the trends

for both sexes at ail dellree leyels with respect to the proportion ofbaehe10rs deAree graduates

eaming NSE degrees (see Fig.IO). During the ear1y and mid-1980s, an increase in the

proportion of both men and women graduates receiving NSE degrees occurs across degree

1eve1s, followed by a slight decrease during the late eighties. 1o The similarity in the trends at

ail degree levels again suggests that an influence outside the university, perhaps the economic

recovery after the recession ofthe early eighties, caused overall increases in the proportion

ofnew degree recipients attaining degrees in NSE. The similarity offluctuation between the

trends for men and women suggests that in the eighties, even though consistently lower

proportions of women than men attained NSE degrees, both the male and female student

. l2ll21s may have been responding similarly to influences affecting degree attainment in NSE

at similar times. However, the 1arger issue, of course is still why consistently 10wer

proportions ofwomen than men obtain NSE degrees.

"The genml bellavioroflbose tralds elascly rcscmblcs Ibe general behov;or carlier observcd during Ibe same period
for tralds in lhc numm ofNSE graduatcs (Fig.9).
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3. Comparjson ofTrends jn Women's Representatjon (Fig.ll)

A. Fields (Level 3)

ln 1970, women were under-represented in allthree natural science and cngineering

fields mathematics/physical sciences, agriculture/biological sciences and

engineering/applied sciences - and in the social sciences. In this section, trends Ibr the

representation ofwomen in ail eight fields ofstudy used by Statistics Canada to classify data

for degree attainment were examined in order to locate the fields were women have

traditionally been under- represented within the context of ail fields at the bachelors dcgree

level. The array ofgraphs used to do this comparative analysis is presented in Fig.ll. This

section should be read with Fig. Il in full view (see Appendix 1pocket).

Il can be seen from Fig. liB and II C that the participation ofwomcn relative to that

of men has inereased in ll1l fields over the past two decades. As a result, the under­

representation ofwomen at the bachelors level is now Iimited to math/physical sciences and

engineering/applied sciences. Il By 1989, women had achieved parity with men in the

agriculturelbiological sciences and social sciences, and had become over represented in the

health professions, education and the humanities, those fields where they were at or near

parity in 1970.

While the above paragraph could have been written after examining a table containing

only data for 1970 and 1989, graphing the time series data available reveals much more. We

can see from Fig. lIB and IIC notjust that women's representation has increased in every

field between 1970 and 1989, but the pattern ofthese trends over time. Il is readily apparent

from the visual comparison of these trends that the eight fields can be divided into two

groups with respect to changes in trends in women's representation in recent years. Our

argument for visual analysis is reinforced here: visualization of these data in the graphical

11 Il ean be sccn from the eomparison of the trends in Fig.1 lB and Fig. Ile thal the phenomenon of under­
representalion ofwomen among gmduales ofscience and engineering degrccs allhe baehelors level has nol ineludcd Ihe
agrieullurelbiological sciences for quite some lime; sincc 1980, women's rcpresentalion in the biological sciences has
always bcen mueh higher than in the other IWO NSE fields, aetually approxi",ating the representalion in bachelor's degrecs
as a whole (Fig. liA). The phmse ·the under representation ofwomen in science and engineering' is no longer specifie
enough al the baehelors level; ils continucd use misrepresenls the cxiSling ernpirical rcality•

49
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fonn reveals notjust that the representation ofwomen has increased in every field between

1970 and 1989, but the additional infonnation that inereases eontinued in only three of the

eight fields in the late eighties, having levelled off in four of the other five fields almost a

decade before. Increases in women's representation continued during the late eighties in only

thrce of the eight fields, engineering/applied sciences, the health professions and the social

sciences. Trends for the representation of women levelled off in the fine/applied arts in the

late 19705, education, the humanities and mathlphysical sciences in the carly 19805, and in

agriculturelbiological sciences in the mid-1980s.

These additional observations made possible by graphing the trends represent a

significant increase in infonnation available from the existing statistics because the context

they provide allows better interpretation of the data. Observing solely that the extent of

representation in ail fields has increased during the period corresponding to the women's

movement is not that conceptually revealing because not much change occurred in the !lli!l:I:

of the fields as a result of these increases (see Table 1).

Table 1: Percentage ofWomen Bacbelor's Degree Gradnates, by Field ofStndy, 1970 and 1989,
Canada, showing changes in tbe descending order of fields in bold

FinelApplied Arts
Education
Healtb Professions
Humanities
AgricJBiological Sciences
Social Sciences
MathematicsIPhysical Sciences
Engineering!Applied Sciences

1970
%

61.4
53.7
51.7
47
38.9
26.8
17.5
1.7

Healtb Professions
Education
FinelApplied Arts
Humanities
AgricJBiological Sciences
Social Sciences
MathematicsIPhysical Sciences
Engineering!Applied Sciences

1989
%

70.8
69.7
65.6
62.3
56.5
53.8
27.9
13.4

•
However, the finding that women's share ofdegrces in four ofthe eight fields has been stable

for such a rclatively long period is interesting because it is not expected. The generai influx

ofwomen into universities was associated with inereases in women's reprcsentation in ail

fields during the seventies, but increases in the late eighties eontinued only in three fields -
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the health professions, social sciences and enginecringlapplied sciences. The relativcly long

period of stability suggests that the Iikelihood of furthcr increnses in women's rcprescntation

in these fields is smaU. What differentiates the fields where women's representation

continues to increase from those where women's representation has levelled oIT? The

stability is clearly not related solely to achieving parity with men. White women's share of

degrees appears to have stabilized in the eighties at a level where they are over represented

in education, fine/applied arts and the humanities, and at parity with men in the biological

sciences, their share ofdegrees in mathlphysieal scienees hns been stable for almost a decade

at a level where they are still significantly under represented. These findings suggested the

possibility that women's representation among graduates might have been continuing to

increase in professional diciplines ( although not in education) after having stabilized in

academic or non-occupational disciplines. This idea wns supported and further specified at

the next level ofanalysis - individual disciplines (leveI4).

B. Disciplines (Level 4)

Examination of the trends in women's representation at the individual discipline level

(Fig. Il, level4) in the traditionally male dominated fields reveals that increnses in women's

share ofdegrees also occurred in almost aU individual degree disciplines between 1970 and

1989.12 Il is also apparent from the graphs that these increnses have censed in a majority of

disciplines; womens share of degrees stabilized (or peaked then decrensed13) in most

diciplines during the eighties, regardless ofwhether women's representation wns high or low.

In two of the fields where representation of women wns still incrensing in the late

1980s - engineering/applied science, and the health professions - increnses were also

oceurring in most of their component disciplines. Fig. Il F and Il G show that within

engineering/applied sciences, women's representation was increasing in most of the

12 With the exception ofcomputer science

13 Computer scienee. rorcstry. and economies
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engineering specialities and in architecture (see Fig. II K) but had decreased in forestry and

stabilized in landscape architecture. Fig. IIJ shows that steady increases have occurred in

women's share of degrees in ail of the traditionally male dominated health professional

degrees (medicine, dentistry and optometry) from very low percentages in 1970.14

ln the social sciences, however, despite continuing increases in the representation of

women at the field level, trends had stabilized in most individual disciplines. Although the

representation of women rose in the 1970s in ail individual social science disciplines,

increases continued in the late eighties only in business and political science. Fig. II H and

III also show that the social sciences have been comprised of two separate groups with

respect to the extent women's representation. Women's share of degrees in social work,

psychology, sociology and anthropology has been 50% or more since the early 1970s, but

in business, political science, environmental studies, geography, economics and law IS, their

representation in the early seventies was as low as for physical sciences disciplines (below

20%).

Fig. 110 and Fig. Il E reveal that the stable trends found at the field level in

mathlphysical sciences and biological sciences in the late eighties are largely representative

ofthose for the individual disciplines they are comprised of. The exceptions were computer

science, where womens representation had been decreasing since 1983, and veterinary

medicine, a professional degree where women's representation was increasing (see Fig.IIK).

The broad suggestions that emerged at the field level (leveI3) are therefore supported

and further specified with the larger number ofdegree categories at the discipline level (level

4). The disciplines where share of degrees eamed by women is still increasing in the late

1980s were medicine, law, dentistry, architecture, veterinary medicine, business, engineering,

and political science. The areas where increases in the share of degrees eamed by women

were continuing in the late eighties, although at varying rates, are therefore primarily

14 Womcn's shan: oftraditionally.fsID.Dk dominated health professional degrees (nursing and rehabilitation
medieine) has been slowly deereasing from 100% since the mid-1960s.

15 The trend forwomens represcntation in law appears in FigllK..
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previously male·dominated professional degrees (with the exception of politieal science'")

while representation had stabilized or deerensed in most non· professional degrees (sec Table

2).17 There were only two previously male dominated professional degrees where women's

share of degrees had levelled off, pharmaey and Inndseape architecture, and in these

disciplines numbers ofwomen graduates had reaehed parity with men in the late 19805 ( 64%

and 48% respeetively in 1989).18 The exception to this pattern was forestry, the only

traditionally male dominated professional degree examined where the pereentage of women

graduates had been deerensing.

Table 2: Direction of Siopc of Trends in Pcrccntagc Womcn Bachelor's Degree Gradulltcs,
Disciplines in Traditionally Male Dominatcd Fields, Canada, 1985-1989, showing traditionally
male dominated professional degrees" in bold

INCREASING STABLE DECREASING

Computer Science
Forestry

Medicine
Law
Dentistry
Architecture
Veterinary Medicine
Business
Engineering
Politieal Science

Math
Chemistry
Geology
Physics
Biology
Bioehemistry
Agriculture
Social Wcrk
Psyehology
Soeiology
Anthropology
Pharmacy
Environmental Studies
Geography
Economies
Landscape Architecture

•

,. Il is possible thal incrcascs in womens sharc of political science degrccs arc Iinked to inercascs in their sharc
of law degrccs, sinee polilicaJ science is ofteo a degrcc soughl by those who inlend 10 apply 10 law school.

17Professional degrccs hcrc rcfer 10 degrccs whieh load 10 professionallieeneing or cenificalion (e.g. M.O"
P.Eng., C.A.).

18 Representation has aIso stabilizcd in the only fomale dominatcd profession reprcscntcd hcrc.soeial work.

"Sec nole 17.



•

•

54

The observed trend for math degrees is also interesting, given the priority math has

been alTorded in explaining women's underrepresentation in science and engineering. Il can

be seen from the trends in Fig. II D that the representation of women in math has been

relatively high in comparison with ail other quantitatively-based disciplines20 for most of the

1970-1989 period. Even in 1970, when they were extremely under-represented in engineering

disciplines, business, economics, and most physical science disciplines, women eamed

24.6% ofdegrees in mathematics.

The relatively high level ofrepresentation ofwomen in mathematics lead me to look

at the distribution ofmen and women graduates in the disciplines within the math/physical

sciences field. Table 3 reveals that the majority of women graduates in the math/physical

sciences field obtain math degrees, which is not the case for men. These observations

underrnine the argument that the primary factor in the under-representation in science and

engineering is a weaker ability and/or interest in math. Ifmost women who graduate in the

mnthematicslphysical sciences field graduate with math degrees, it suggests the possibility

that women's lower representation in quantitatively-based disciplines in the physical sciences

and engineering may have more to do with other factors. The most obvious shal'<::d feature

ofthe other disciplines which differentiates them &om math is an association with equipment

Table 3: Distribution of Bachelor's Degree Graduates in the MathematicslPhysical Sciences
Field Among Its Disciplines, By Sex, Canada, 1989

Women ~

Mathematics 42.7 25.7
Chemistry 19.2 12.9
Geology 5.8 7.0
Computer Sci\'nce 26.9 42.1
Physics M W

100% 100%

2. ag. physical sciences and engineering dbciplincs. business, and econamies.
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The very steep rise in many of the trend lines in Fig. II lead me to the identification

ofa fertile research site. We can see from Fig.II, Level4 that there is a group ofdisciplines

within the traditionally male dominated fields which was overwhelming male·dominated in

1970 (19 of the 31 disciplines examined had 12% women or less). By 1989, women's

representation in these disciplines ranged from a high of 58% to a low of 8%. Development

of such a broad range ofoutcomes for women in disciplines which twenty years earlicr had

had similarly low percentages of women graduates presented a valuable opportunity for

comparative analysis.

Why had women reached parity or near parity with men in sorne of these disciplines,

while in others their representation remained very low? Most of the degrees in this group

where women had very low representation in 1970 provide training for specifie professions

and occupations. Il therefore seems likely that the extent of women's participation in them

will be related to decisions they make based on their expectations about the nature ofwork,

benefits and expcriences in the professions or occupations typically associated with thesc

disciplines. For the purposes of analysis, a new, more specifie question, is asked. What

differentiates work in those professions where women's rcpresentation in the associated

degrees has increased considerably, such as medicine and law, from work in those where it

has remained very low, as in engineering?

In order to use the data to reason more effectively, 1created a secondary data display

listing these disciplines in the order ofwomen's representation in 1989. Scrutiny ofthis list

revealed that several clusters had developed. Women had become equally or ncarly equally

represented (44% or more) in veterinary medicine, landscape architecture, law, medicine,

business and optometry.21 Their representation had become considerably higher (between

32% and 40%) in environmental studies, agriculture, architecture, dentistry and economics.

Geology and chemical engineering (24%) fell in between this group and the group where the .

21 Statistics on the numbcrs ofgradualCS in optomctry wcrc only publi5hcd for the 19705. Howcvcr, given the very rapld
incrcascs in women's sharc ofoptomeUy degrccs during the scventies , il is assumcd for the purposcs ofthis analysis thal the value
for women's sharc of degrees in this arca would he among the highcsl group here cven though the values arc unaltainablc from
publi5hcd sources.
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representation of women remained very low (8% to 16%): forestry, civil engineering,

physics, other engineering, mechanical engineering and electrical engineering.

Next, 1 attempted to delineate characteristics of work environment shared by the

occupations"typically associated with the degrees in the group where women had dramatic

gains in representation (high group) which ditTerentjate them from those shared by the areas

in the low group. These include only characteristics which one could reasonably expect to

be perceived by young women making career decisiolls, even if they cannot articulate them

in the way 1have. In order to document my ideas, 1created a matrix using the Iist of these

disciplines and the shared characteristics ofwork which seemed to ditTerentiate the high and

low groups (see Table 4). IfI have attributed a characteristic to the occupation(s) typically

associated with a specific discipline, a check was made in the appropriate cell.

Characteristics ofWork Enyjronment DitTerentiatinl: Hil:h and Low Groups

AlI ofthe disciplines in this group where women now have the highest representation

- medicine, law, veterinary medicine, optometry, business, and landscape architecture - are

professional degrees. Professional Iicensing or certification can be obtained in all of these

disciplines by eaming a bachelors degree and then passing sorne further exams and/or getting

accredited practical work experience.22 The characteristic that these professions share which

seems to ditTerentiate them most &om those associated with degrees in the low group is that

they provide the opportunity for owning or operating a private practice or business, and

therefore for autonomous self-employment.2J

22 While thcsc stalcrncnts an: pcrhaps rcadily understood in the case ofrnedicine, law, velerinary medicine and
oplometJy, il is pcrhaps less obvious in the case ofbusiness dcgrtcS how thcsc characteristics obtain. Business riegrecs cao
load to professional
certification as chartcrcd ...ountants for graduales who spccializc in ...ounling (cg. C.A., C.MA., C.P.A.) by passing a
series ofprofessional cxams usuaIly while working in an ...ounting firm al an entry level salary. A business dcgrcc cao
load 10 designation as a profcssional manager for graduales who complete an MBA (Mastcrs of Business Administration)
or MPA (Masters of Public Administration) program, usually one ycar in duration for those alrcady posscssing an
undcrgraduate degrcc in business.

23 This is the usuaI nature of work in the professions in this group. For business graduales opcrating small
busincsscs, or for thosc working as self-employcd professionals (c.g. indcpcndent C.A.) a similar environmcnt will onen
cxiSl
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Shared cbaracteristiçs Qfpmfessjoos\oççupatjoDs typjcally assocjated wjth

H1GH GROUP, 1989 LOWGROUP, 1989

Bachelor's degrees with
12%women

graduates, 1970

Veterinary Medicine 58 O.V.M. y y y y y

Il! Landseape Arehitecture... 48 • y y y y

yyyyyy~ Business 47 C~'t~~~o

~ I-La-w--------+-4-7-f-L-.L-.-B-.......-y-+--y-+-y-fl--y-+--y-I--+--+---f---+--+--l

; I-M_e_d_ie_in_e -+_4_4--l --M-.O-.-ft--y-t--y-+-y-t-y-+-y-tr--;----Jr---t--+-+--t
pptomelly n\a 0.0. y y y y y

Environmenlal Sludies 40 y y y

Agrie~lture

Architecture

40

35 • y y

y

y y y y

y

y y

y

y

Denlislly 33 0.0.5. y y y y y

Economies 32 y y y

jChemical Engineering 24 P.Eng. y y y y y y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

P.for.

P. Eng.

P.Eng.

P.Eng.

16

16

14

24

13

8

lGeology

"'
~
... foreslly

~ !Civil Engineering

~ Physics

~ Pther Engineering

::l ~echanicaJ Engineering

ElectricaJ Engineering 8 P. Eng. y y y y y y

• Provincial deslgnalion
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While most of the diseiplines in the Iow group also provide the basis for obtaining

professional certifieation in a specifie area (except physics and geology), rather working

primarily as self-employed professionals (or business people) dealing with clients, typical

employment for graduates with degrees in the low group - most types of engineering,

forestry, physics, and geology - will normally involve obtaining salaried positions in large

organizations such as corporations, govemment or universities. Professionals in these areas

therefore potentially face considerable competition in finding employment, depending on

labour market conditions. In contrast, because admission into most of the degrees in the high

group is very limited, upon certification, these professionaIs will enter sheltered labour

markets (except landscape architecture). These Iwo groups therefore differ with respect to the

risk ofunemployment.24

Il can be concluded therefore, that due to the fundamental differences with in the

work environment, working in a male-dominated profession associated with degrees in the

high group has typicaJly means something very different than working in a male-dominated

profession near the bottom ofthe list. Working in the professions in the low group involves

not only entering a male-dominated profession, but working in male-dominated work

environment. In eontrast, professionals associated with the high group are typically self­

employed.

Work in professions in the high group normally involves high levels of interaction

with other people but because these professionals serve the needs of clients, importantly,

these interactions are primarily with clients or support staff. While working in the

professions or occupaûons in the low group can also involve high levels of interaction with

other people, since these professionals work in organizational environments, these

interactions are primarily with colleagues and supervisors.

ln the traditionally male dominated professional disciplines where women have

2< The numbcr of people admillcd inlo mcdieinc. law, vClcrinary mcdicine and oplomelry is very Iimited,
controllcd by profcssionaJ societies or associations. In the case oflandscapc architeclurC, admission was Iimiled by the facl
thal only a smali numbcr ofspaccs are available in Canadian universilies. Although admission 10 undergraduale business
prognuns is nolllS Iimitcd as thal for the hcalth profcssionaJ dcgrccs, admission inlo the professions which rcquire business
dcgrccs, such as ciuutcrcd accountan~ is cxtrcmely Iimited. Howcver, cven without eonlinuing for certification, business
graduales ""peel that thcy will more casily find jobs than gencraJ at1S and science graduales.
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become we11-represented, success is primarity based on successful interactions with clients;

remuneration is client-based. These clients need the professionals expertise and have ollen

sought him/her out. In contrast, interactions to which success is related in disciplines in the

lower group are those with co-workers. In these professions, work enjoyment, working

effectively, and advancement ofyour career (Le. promotions, increases in salary) are ollen

dependent on colleagues, supervisors and support staff. White it is possible for graduates

from degrees in the low group to earn relatively high salaries eventually, they are usua11y

hired in entry level positions, and advancement in the form of promotions and raises in pay

is dependent on obtaining approval from supervisors or groups of co11eagues, rather than

attracting and retaining clients, the measure ofsuccess for professionals in the high group.

Since the work environments in the occupations in the low group are male-dominated

environments, most colleagues, supervisors and support staff can be expected to be males

used to working interdependently with other males. Even in a best case scenario, a women

may anticipate sorne problems fitting into an interdependent male dominated work

environment, and being able to command the shared material and human resources necessary

to work effectively and advance. Sorne ofthese professions have developed repulations as

hostile environments for women ( women working as engineers report that sexism is an

existent part ofmale engineering culture2S). For these reasons, women may see professions

where finding a job, advancement and success are dependent on the approval and support of

supervisors and co-workers as much more diflicult in a predominantly male environment

than their male counterparts with equivaient skills; even when women possess the cognilive

and technicai abilities necessary for these professions, they may tend to avoid them.

Instead ofserving the needs ofclients as individuals, work in a11 of the areas in the

low group involves the study of, and/or management and control of physical systems or

environments. In engineering, for example, work involves the design, construction,

maintenance and destruction ofphysical structures and equipment. In marked contrast to the

relatively independent work of professionais in the health professions, law or small

businesses, engineers often work interdependently with other colleagues in teams since

"Sec McKay. 1993
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projeets onen involve large or eomplex structures, may have several phases of production,

usually involve equipment and can involve outdoor/isolated sites. The typieal work of

forcsters, geologists and physicists can also involve interdependent team work, considerable

equipment and remote outdoor work sites.

There were several disciplines in this group where the representation of women in

1989 fell in between that of the disciplines in the high and low groups; environrnental

studies26, agriculture, architecture, dentistry, and economics. Their middle position on this

list may be partly cxplained by the fact that, as can be seen from Table 4, these professions

or occupations share some ofthe characteristics of the professions in the high group, as weil

as some of those associated with the low group. Architecture and dentistry degrees, for

instance, both lead to professional certification, provide the opportunity for private practice

or business, and the potential of high incomes obtained on a fee basis from clients.

Architecture, however, shares with the professions at the bottom of the list the association

with constructing something physical, the necessity ofworking closcly with males (engineers

and contractors) and usually involves site work. Dentistry sharcs ail the ch8l1:cteristics ofthe

professions in the high group; it is not possible thereforc on the basis titis analysis to expIain

the lower rcpresentation ofwomen among dentistry graduates. It is possible that it could be

related to its sharing with engineering lower social prestige; dentists and engineers, unlike

doctors and lawyers, businessmen, and even veterinarians arc rarcly glorified in the media.27

Although the rcprcsentation ofwomen in economics is higher than in those in the low

group, its profile shows that it shares none of the characteristics associated with the high

group. Like professionals in the low group, economists also study or manage systems

(cconomic) and will normally he employed in large organizations. The higher percentage of

women in cconomics !han in those disciplines may be rclated to the fact their work will not

also involve the other characteristics sharcd by those professions, such as sharing or

2'No precise inlerpretalion of ucnds for environmenta! studics is .ncmplcd in this study bccause Stalistics
Canada bas combincd envimnmenta! studics dcgrccs and urban planning dcgrccs; the data the..fore docs nol relaie 10 a
group homogcncous cnough 10 be uscd as a conccplual calegOl)'.

27 Dcnlists thcmselv.. report bcing pcrccivcd by their patients as 'boring' and as people who 'cause pain' (Globe
and Mail. Mar.3.1993, p.22).
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competing for necessary physical and human rcsourccs, and working in lcams in outdoor

worksitcs.



• 4. Comparïsoo ofTrcods in Actual Nymbcrs of Graduatcs

In this section, the trends for actual numbers of men and women graduates are

compared. The array ofgraphs uscd to do this comparison is prcsented in Fig.12. This section

should he read with Fig. 12 in full view (see Appendix II pocket). Larger versions of the

graphs in Fig. 12 can be found in Appendix III.

A. Fields (Lcvel3)

One of the first things 1noticed when looking at the array of graphs in Fig. 12 was

that trends for the numbers of gradu~tesofboth sexes resemble each other in the two fields

wherc women's representation has stabilized in recent years " math/physical sciences and

biological sciences (Fig.12C and 12D). That is, in both of these fields, the trends for men and

women have similar directional changes in slope at similar points along the x-axis, even if

the magnitude of slopes differed (see below).28

MathlPhysieal Sciences AgrlcuIture/Blologieal Sciences

Fig.12D

•

In contrast, in the fields examined where women's share ofdegrees is still increasing - the

social sciences and in engineeringlapplied sciences, the pattern for the trend ofnumber of

men graduates differed from that ofwomen; the number ofwomen graduates increased over

most the 1970-1989 period, while the number ofmen rose and fell (Fig. 12E and 12F).

:ZILnrger versions ofthesc graphs an he round in Appcndix Ill•
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B. Disciplines (Level 4)

At the discipline level (Fig.12, level 4), similar obscrvations can be made over a

period of at least the last 10 years examined: the behavior of the trends of numbers of

graduates of both sexes fluctuated similarly during this period in about half of the degrees

examined,29 and differed in the other half. With access to the larger number of degrec

categories at the discipline level, a basic theme emerged: the trends for the sexes have

fluetuated similarly in most ofthe basic disciplines examined, but differ in the professional

disciplines3• (see Table 5). More specifieally, in the non-professional disciplines, similar

changes in general direction ofslope oeeur at similar times in the trends for both sexes. In

contras\, in the professional or more oceupation-specific disciplines, the number of women

graduates has continued to increase relatively steadily over the entire 1970-1989 period,31

while number of male graduates was stable, fluctuated or decreased.

The similarity in behavior ofthe trends for the sexes in non-professional disciplines

is demonstrated both in disciplines where there are approximately equivalent numbcrs ofmen

2910 sorne disciplines. sirnilar patterns for men and womcn wcrc: cvident aver the cnlire 1970-1989 pcriod.

JOSee note 17.

31Th"", is a plateau in numbcrs ofwomcn gtaduatcs in pharmacy during the late 19705 and carly 19805, and in
agriculture during the 19805.
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and women graduates, such as biology, as weil as in those where the number of graduates of

one sex is much higher, as in psychology, geology and physics (see below).
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The graphs suggest that the reason for difference in trends ofnumber ofgreduates for

the sexes in sorne of professional degrees examined (rnedicine, dentistry, phannacy,

veterinary medicine, architecture and law) is notjust related ta increased interest ofwomen

in these areas but that there is a controlled admission to these programs. It can be seen in Fig.

GO through KK that the total number of graduates in ail ofthese degrees either stabilized or

slowed their growth dramatically during the mid or late seventies, suggesting that admissions

to thcse professional programs were effectively capped during this period. Although the

nurnbers ofmen graduates began to fall relatively steadily after that point, numbers ofwomen

graduates continued ta increase32• In programs with restricted total admission, increases in

number of women necessarily mean decreases in the number of men. However, these

increases ~". the number of women are still very significant in competitive entry degree

programs, because it probably means that more and more qualified women were applying ta

these programs each year.33

However, even in the professional fields where the total numberofgraduates has been

32 ExCepl in phlU'lt1acy

lJncrc is reponedly less attrition ofmen and women from professionaJ disciplines than thcrc is from arts and
science disciplines (Oilbcrt.1991).



•

•

67

growing - engineering disciplines, business. and social work- trcnds for men and womcn

differ. While the numbers ofwomen graduates continued to increase rapidly in social work.

the lower number of male graduates was relatively stable for much of the period from the

mid-seventies to the mid-eighties. Similarly in business, while the number" of wOl11en

continued to increase relatively steadily. the numbers ofmen stabilizcd in the carly eighties.

ln engineering, the number ofwomen continued to climb relativcly steadily in a11 disciplines

into the late 1980s. while the trends in numbers ofmen fluctuated (mcchanical and electrical

engineering). or decreased (civil and chemical engineering). The pervasive diffcrences in the

behavior of trends of the sexes in professional disciplines suggests that womcn havc been

making a relatively steady numerical push towards the professional disciplines during the

period examined, both in professional disciplines with contro11ed entry. and in those where

a more open labour market exists.

ln order to investigate this finding ofsimilarity and dissimilarity in the trcnds further.

1 took the five year period where the representation of women in most disciplines had

stabilized (1985-1989) and determined the general direction of the siopes of the trcnds (

positive, negative, or zero) in the numbers of men and women in each individual disciplinc.

These values are presented in Table 6. In Table 7, the information from Tablc 6 has been

reorganized in order to better compare the behavior of the trends for men and womcn trends

in terms ofcategories ( e.g. disciplines).

The results of this comparison of the general behavior of trends for the sexes in

different disciplines over a specific period oftime reinforce the initial visual indications of

dissimilarity in trends in numbers ofgraduates for the sexes in professional disciplines, and

their similarity in non-professional areas. There are a few differences. In environmental

studies, men and women's patterns are similar over most of the period examined. but differ

in the lasl five years.J4 ln agriculture, social work and forestry, trends for the sexes differ over

most ofthe period exarnined but the slopes of these trends have similar directions in the last

five years.

As can be seen in the top section ofTable 7, most of the disciplines where the general

3<Sce noIe 26
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Table 6: Behavlor of Trends ln Numbers of Bachelor's Degree Graduales, by Field and
O:av "'U". ftft

SLOPE OF TRENO IN NOF

FIHO
DISCIPLINE CRADUATES. 198~9

WOMEN MEN

Tot.1 Drarra + -
MAmIPIIYSICAI. SCIENCES - ·
1II0LOGICAL SCIENCES + +

ENGINEERING/APPLIEO SCIENCES -> -
SOCIAL SCIENCES + +

MATlflPIIYSICAI. SCIENCES Chemls.ry + +

Compu'er Science - ·
G.olo"y . -
Malh 0 0

Phy,I., + +

BIOLOGICAL SCIENCES Agrlcullure 0 0

Blo.h.ml"ry + +

Blolo~ + +

Ilousehoid Sdenccs + +

ENGlNEERING/APPLlEO SCIENCES Chcmlul Engineering 0 -
Civil En"lnmlo" + ·
Elcctricii Engineering + 0

Mcchanicii Engineering + -
Otber Engineering + 0

Forult)' - ·
Landsclpe: Architecture 0 0

SOCIAL SCIENCES Anlhropol~ + +

Buslnas + 0

Economies 0 0

EnvJronmmtal Studlcs 0 ·
Gcograph)' + +

PoIIU.al Sel.n•• + +

Psycbology + +

Sod.IWork + +

Soelol~ + +

omER TRAomONALLY MALE Arcbitecture 0 -OOMINATED PROFESSIONAL DEGREES

Dcatistry + ·
Law + ---
Medld•• + .. -
Pbnmlcy + 0

V.l.ri.,,)' Medld•• + ·

•

•
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SLOPE OF TREND IN' OF GRADIIAn:S. 1985-89

POSITIVE (+) Sl'ABLE(-) D.:CR.:AS.: (0)

WOMEN MEN WOMEN MEN wom:N MEN

Ch~ml5lry Ch.ml.lry Malh Malh Comp. Sel. Comp.Scl.

Phy.les Physlcs ARrlcuUure ARrh:ullurr GeoloRY GcoloJlY

81o'o~y Blolo~y Economies [('oRomlc! fortlltry forclIlry
li)
Q Blochcmlslry BlochcmlstryZ
w
0: AnthropoloRY AnlhropoloR)'1-

0: GcoRraphy GcoRraphy:5
~ Polilln' Sel. Polilleai Sel.iij

PsychoJoRY P.y.hol~y

SoclolOR)' Soclol~y

Social Wnrk Social Work

Civil En~. Env. Siudles El,•• En~. Land. Ar.h. Ch,m. En~.

Elce. Eng. Architecture Olher En~. Civil En~.

li) M..h.En~. Ch.m. EDIlo Businw M••h. En~.
Q
z Olher ED~. Land. Arch. Env. Sludlesw
0:
1- Business Phum.cy Architecture
1-z Dentfltry D.nllllryw
0:
w

Law Law......
ë Medleln, M.dleln.

Pbarmacy VeL Medicine

Vet. Medicine
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direction of the trends for number of men and women graduates were similar in the late

1980s were non-professional disciplines. Among these disciplines in the late eighties, the

trends of numbers of mcn and women graduates were increasing in the same disciplines,

dccr~~sing in the same disciplines and stable in the same disciplines. Social work was the

only professional degree in this group.

Among thc disciplines where the slope of the trends for men differed from those for

women in the late eighties (the bottom section of Table 7) - medicine, law, dentistry,

pharmacy, veterinary medicine, architecture, landscape architecture, business, engineering

and environmental studies - ail but one were professional degrees.3' In the majority ofthese

disciplines, the number of women graduates was increasing in the late 1980s: the only

professional degrees in which women numbers were lIl11 increasing in this period were

architecture, landscap:~ architecture and chemical engineering.36 In contrast, the number of

men graduates was not increasing in~ of the traditionally male dominated professional

disciplines. 37 Instead, in the majority of the disciplines where the trend in their numbers

differs from that ofwomen, their numbers ofmen graduates was decreasing.38

C. Engineering

The relatively low numbers ofwomen in ail engineering specialties made it difficult

to compare participation ofthe sexes among different engineering specialties using the trends

in percentage women graduates (see Fig.IIF ). However, comparison of the trends of

numbers of graduates show that there have been some marked differences in degree

35The trends for cnvimnmental studies arc not interpreted in this Bludy. sec note 26.

36Numbcrs oÎwomcn graduates stabilizcd in thelate eighties in architecture and chemical engineering and were
decrcasing in landsc:apc architecture.

. 37The numborofmcn graduates in the Iole eighties WlIS, howevcr, incrcasing in social worle. which is 0 trndilionally
femole dominotcd disr;pline.

38The prcviously male dominatcd disciplines whcrc the trend in the number ofmale graduotes ditrers f;"m thot
ofwomen and their numbors wcrc stable (rather than decrcasing) wcrc busin.... phannocy. landsc:apc architecture. and,
eleclrical and other engineering.
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attainment patterns for the sexes among engineering specialities.

Despite their much lower participation in engineering, numbers ofwomen gruduutes

rose steadily and have shown large proportional increuses since the mid-scventies.

Continuous increase in numbers ofwomen graduates39 ovcr the most of 1970-1989 period

examined is shared only with fields in ul1 ofwhich women hud much higher represenlalion

in 1989, most ofthem professional degrees: medicine, dentistry, veterinury medicine, luw,

business, social work, political science, und biochemistry. 1t is suggested thal this similurity

in behaviour will) these diseiplim.J is important. Within natural science and engineering

itself, a considerable increase in the proportion of women NSE gruduates graduuting in

engineering between 1970 und 1989 has been associated with these increases (Table 8). Very

little redistribution of men between NSE fields occurred, suggesting a shift towards the

professional1y oriented disciplines among "/omen with NSE.

Table 8: Distribution I)fNSE Bacbelor's Degree Graduates, by Field and Sex, 1970 and 1989

Women

.l21D
Engineering!Applied Sciences 3.6% 44.6%

MathlPhysical Sciences 32.2% 33.6%

Biological Sciences M.lli 22.lli
100% 100%

lli2
Engineering!Applied Sciences 15.0% 46.0%

Math/Physical Sciences 26.7% 32.8%

Biological Sciences ~ ll.lli
100% 100%

J'Numbcrs ofwomen graduates had stabilizcd in the late eighties in ehemical engineering.
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Interestingly, the distribution of graduates by sex among engineering disciplines differs

considerably. As can be seen from Fig. 13A and Table 9, men's participation in engineering has not

been evenly distributed among the individual disciplines, particularly in last 10 years examined. The

number ofmen graduales in mechanical, eleclrical, and civil engineering was relalively similar until

1980, bul by the late 19805, their numbers in electrical and mechanical enl:;ineering were much

higher than in civil or chemical engineering. Their participation in chemical engineering has been

considerably lower than their participation in other engineering disciplines over most of the 1970­

1989 period. In contrast, women graduates in engineering are seen to have been much more evenly

dislribuled among the disciplines (Fig.13B and Table 9).40 This finding, and the relatively steadily

increasing numbers of women in ail engineering disciplines over the 1970-1989 period suggest that

while women are drawn to engineering as a profession, their participation has largely not been

afTected by changing demands for discipline-specific engineering l..bour (trends for women in the

laie 19805 however, indicate that this may be changing).

Table 9: Distribution of Bacbelor's Graduates in Engineering among ils Disciplines, by Sex, 1989

Women Mm

Chemical 17.5% 7.6%
Civil 18.2% 13.2%
Electrical 18.7% 29.7%
Mechanical 18.7% 26.5%
Other ~ ~

100% 100%

40 Women's mueh higher n:IOIive panieipation in ehcmical engineering than in other spccialities (Fig.1IF) con
thcn:fon: bc sccn 10 bc the n:sult of the lower panieipalion ofmen in ilthan in other engineering disciplines. rather than
a n:sull ofwomen's preference for il over other engineering disciplines.
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CHAPTER SIX: SUMMARY OF MAIN FINDINGS

Examination of the trends at the most detailed levels of aggregation in the data

yielded the most theoretically compelling suggestions in this study. However, patterns atthe

highestlevels ofaggregation provided essential context for the findings at the detailed levels

as weil as evidence of internai consistency in the data (Miles and Huberman, 1994). Broad

suggestions which emerged atthe aggregate levels were often supported and further specified

atthe detailed level.

Comparison oftrends for degree participation with trends in the size of the university

age population reveal that degree participation at the bachelor's leve1 in Canada has Iiot been

directly related to changes in the size of the underlying population, either as a whole, or for

men and women separately. There is, therefore, Iittle empirical support for the assumption

by policymakers that the decrease in the university age population in the 1990s will

necessarily decrease the supply ofgraduates in science and engineering.

The findings suggest that the observed increases in women's share ofNSE degrees

over the 1970-1989 period were primarily related to the increase in total degree atlainment

by women, rather than a shift in the distribution ofwomen from NSE to non-NSE disciplines.

Despite the influx of women into universities over the last two decades, the proportion of

total women bachelor's graduates eaming NSE degrees has increased only slightly, remaining

close to 10% over the 1970-1989 period. The stability ofthis low proportion over a twenty

year period when women's total degree attainment at the bachelor's level has more than

doubled suggests that increases in the number of women allaining NSE degrees may level

off if their total degree attainment does.

The findings at the highest levels ofaggregation in the data also suggested that there

has been a much stronger relationship between genera1labour market conditions and degree

attainment for men than for women. It is generally recognised that a slowdown in the

economy and worsening job market and starting salaries for graduates caused a slowdown

in degree attainment in the seventies (Ministry ofState for Science and Technology, 198Ia).

74
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Interestingly, the trends in total bachelor's degrec attainmcnt suggest Ihal the degree

attainment of men, but not of women mny have bcen negatively affcclcd by the slowdown

in the economy and worsening of labour markct conditions for graduates: men's degree

attainment levelled out in the early seventies, but the numbers of women continued to

increase.40

This suggestion that the participation rate of men is responsive to labour market

conditions is echoed at the lower levels of aggregalion. In the natural sciences and

engineering, the number ofmen attaining degrees did not level out but increased relatively

steadily throughout the seventies. This period coincides with a period of rclatively strong

demllIld for graduates in engineering and applied fields (Ministry of State for Science and

Technology, 1981a) reinforcing the suggestion at the overallievei. Further, in professional

degrees without Iimited total admissions, such as engineering and business, the pattern for

the degree attainrnent of men not only differs from the pattern of relatively steady inerease

found for women in most professionai degrees, but importantly,~ between disciplines,

suggesting again that men, but not women, responded to changes in labour market demand.

The degree attainrnent ofwomen in the eighties seems to have been characterizcd by

a steadily increasing desire to enter professional disciplines leading to certification which (in

those disciplines where it is relevant), unlike the degree attainment of men, shows little

evidence ofbeing negatively affecled by unfavourable labour market conditions.

It is weil known that increasing proportions ofbaccalaureates in reccnt decades have

been in the more explicitly occupation-related fields (notably business, health sciences and

engineering). The examination of the trends in degree atlainment by sex indicates that it is

actuaIly only increasing numbers ofwomen who continued to produce these increases in the

numbers of graduates in most of the male-dominated prrfcssional disciplines in the late

eighties, while the numbers ofmen have leveled out or decreased (sec Table 7).

40As is well.known, the slowdown in male dc:grec: participalion is rclatcd 10. doclinc in their plll1icipalion IDIes.

which offset the growth in the undcrlyinll population. Incn:ascs in fcmale dc:grec: participation an: rclatcd 10 thcir incn:llSing
plII1icipalion rates (Minis1Jy ofSlale for Science and Tcc.~nology. 198Ib;3).
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The trends at the more detailed levels of aggregation in the degree attainment data

(field and discipline levels) c1early suggest an increasingly greater interest among women in

obtaining professional degrees. The data show that the representation of women increased

in ail eight fields over the 1970-1989 period, but increases continued in only three ofthese

fields in the late eighties - the health professions, engineering and the social sc;,ences. This

pattern suggested that women's representation might be continuing to increase in

professional disciplines, but not in non-professional disciplines.

This suggestion was supported and further specified at the discipline level. In almost

ail individual disciplines in the four previoiJSly male-dominated fields - mathematics/physical

sciences, agriculture/biological sciences, engineeringlapplied sciences and social sciences ­

wQmen's representation increased between 1970 and 1989. It levelled offin the majority of

(hem in the eighties, regardless of whether representation was high or low. The only

disciplines where increases in the representation of women were still occurring in the late

eighties (with one exception) were professional degrees where women had been severely

underrepresented in 1970 - medicine, law, dentistry, architecture, veterinary medicine,

business, engineering disciplines and political science. Representation of women had

stabilized (or decreased) in the eighties in most ofthe non-professional degrees.

This indication in the trends for representation ofwomen ofan increasillgly greater

interest ofwomen in professional degrees (as compared with men) in the eighties is further

supported by the comparison of the trends for the actua: nurnber of men and women

graduates. The nurnber ofwomen graduates have been steadily increasing in almost ail ofthe

professional programs during the 1970-1989 period, while the nurnbers of men have

decreased, fluctuated or leve\ed out. In sharp contrast, in the basic or non-professional

degrees examined in this study, the nurnberofmen and women graduates fluctuated similarly

for the period of at least the last 10 years examined. These pattern suggests that degree

attainment ofboth sexes has been subject to ~imilar influences in non-professional areas, but

not in professional disciplines.

The differences in patterns ofparticipation for men and women in the professional

degrees suggest that women have been sulject to different general influences than men on



•

•

77

their participation in these areas. In professional disciplines with Icss restrictcd admissions,

increases in the number ofwomen suggest an increasing intcrr.st ofwomen in these areas. ln

the profes~kll1al degrees with controlled admissions werc it appears that total admissions may

have been eapped in the mid-1970s - medicine, law, dentistry, architecture, vclcrinary

medicine -the continued increases in the number of womcn suggcsts that thcy arc

increasingly more successful in competing for admission to thcse limited admission degrccs.

This suggests that more and more of the talented, work·;:,riented women students muy he

selecting to compete for admission to these dcgrees.4\

Evidence ofan increasingly professional orientation of women can also bc observed

within natural sciences and engineering. Although therc was very liulc re·distribution of men

among the three natural science and engineering fields between 1970-198Ç/, thele wus a

considerable shift ofwomen within NSE toward engineering degrees. Engineering disciplines

were also the only NSE disciplines where the representation of women in the late eighties

was increasing. However, while women may be being increasingly drawn to engineering

because it is a profession, their approximately equal distribution among engineering

disciplines contrasts with the uneven distribution of men. This finding again suggests that

men but not the women tend to respond to changing discipline-specifie labour rllarket

demands.

The broad range ofvalues for percentage women in 1989 previously male-dominated

disciplines where the percentage ofwomen was very low in 1970 provided a very productive

site for comparative analysis. The findings suggest that women's participation in traditionally

male dominated degrees may have been mediated by their perceptions oftheir opportunity

for success in the work environments associated with these professions. It was found that the

characteristic shared by the professions associated with the disciplines where the percentage

41 Il is unlikely that cvcn admissions polieics ravouring qualificd womcn applicants would~Illx ravour
\hem as Iheir proponion oftolal graduatcs inercascd.
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of women graduates has increased substantially that differentiates them most from those

shared by those professions associated wilh the disciplines where the percentage of women

has not increased that mueh is the type of work organization. Professionals in the former

group typically work in self-employed situations characterized by professional-clie.lt

re!ationships, whereas professionais in the latter group typically work in in salaried positions

in large organizations sucn as corporations, ulliversities, and government.

Due to fundamental differenees in the typical work organization, working in a

rrofcssion associated with the traditionally male-dominated degrees where the representation

ofwomen has increased dra.'!latically often means something very different than working in

those where il has remained very low. Since professionals in those disciplines where

representation has remained low are not typically self-employed, entering thesc professions

in the group involves not only entering a male-dominated profession, but a male-dominated

work environment. Professionals in disciplines such as medicine and law enter a male­

dominated profession without entering a male-dominated work environment. The success and

advancement of anyone in an organizational work environment are potentially subject to

many competitive challenges involving the subjective decisions ofothers, first in being hired,

and then to advance. A woman may anticipate sorne problems fitting this kind of

environment. She may see suc;:ess in occupations where finding a job and advancement are

dependent on the respect and support ofsupervisors and co-workers as much more difficult

in a predominately male environment than males with the requisite skills. Although males

in these environments will aIso be under competitive pressures, females considering these

environments may expect to receive less support or have their competence chaIlenged even

more than will males in a milieu dominated by males. On the chance that this may occur,

women may tend to choose professions without organizational environments.

The emergent suggestion is that the differentiaI success ofwomen in previously maIe­

dominated disciplines may have been related to their expeclations of greater chances for

success working as an autonomous self-employed client-based professionaI than as a

professionaI working in maIe-dominated organizationaI environment. To the extent that

women'~ i'll1UX into universities and maIe-dominated disciplines can be explained by the
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concept ofhuman capital investment, the findings ofthis study suggest that the perception

of what constitutes a good "investment" for women among traditionally male-dominated

disciplines may include consjderation of whether the typical work environment in n given

male-dominated profession is organizational.
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CHAPTER SEVEN : DISCUSSION AND CONCLUSION

The findings of this comparison study suggest that the selective success of women

in traditionaJly male-dominated disciplines ma)' be related to expectations that their chance

ofsuccess are greater working as an autonomous professional than as a professional in a male

dominated organization environment.

What implications do these findings have for the narrower issue of the under­

representation of women in science and engineering programs?

A multifaceted explanation is needed to explain the phenomenon of women's

continued under-representation in engineering and the physical sciences. The problem is that

we have not yet delineated ail of the factors and processes involved. This study suggests

additional factors potentiaiiy involved in that explanation, seen clearly only by examining

participation in these areas in the context of participation in Jl1l male-dominated disciplines

over the last Iwo decades.

We know that many of the disciplines where women are still underrepresented are

also quantitatively-based disciplines. This factor alone however cannot expIain their

relatively lower participation in these areas (Ferrini-Mundy and Balamenos, 1986). Studies

show, for example, that even when women have sufficient mathematics background they

often do not enter quantitative disciplines (Berryman 1983,1985). In this study, women's

participation within mathematicslphysical sciences was found to be strongly skewed toward

l1'.athematics, suggesting that there may be other factors involved in women's relatively lower

participation in quantitatively-based applied disciplines.

The arguments that women tend to have a lower lever ofpreparation in math and have

been afTected by early childhood socialization are both probably part of the explanation for

the relativcly lower participation of women in engineering and the physical sciences

programs. These ideas, however, are not suffieit:nt to explain the phenomenon ofwomen's

contillued underrepresentalion in these areas. While these factors may be responsible in large

so
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part for why relatively fewer women than men choose these disciplines at university entry

in the first place, they are much less Adequate in explaining the higher rate of attrition for

women than men from these disciplines during their university years. Some researchers

actually have 'lssumed that these factors have been oyercome by those women who enter

university programs in these disciplines (Nevitte et al. ,1988).

The findings ofthis study suggest that the underrepresentation ofwomen in science

and engineering may have been effected in two ways by the broader range of options

available to work-oriented women once traditionally male-dominated professions opened up

to them in the seventies. First , work in science and engineering takes place in lnrge

organizations such as universities, govemment or corporations. If traditionally mnle­

dominated organizational work environments have been less nttractive to women thnn self­

employed professions with a professional/client basis, this could in part expIain lower

representation ofwomen in engineering and those areas of science which were still henvily

male-dominated in the early 19705 (e.g. physical sciences).

The findings also suggest an additional factor affecting the representation of women

in the sciences. Among traditionally male-dominated areas, it is only in professional degrees

that the relative participation ofwomen, whether high or low, is increasing42
• In professional

degrees, including engineering, there have been relatively steady increases in their

representation and steady increases in the number ofwomen graduates throughout the 1970­

198~ period. In science disciplines, the representation of women, whether high or low,

stabilized during the 1980'5, and the actual numbers ofwomen graduates fluctunted in the

same way as those ofmen in these areas. These fmdings indicate that professional degrees,

including engineering, regardless ofwhether representation ofwomen is high or low, share

features that basic science disciplines do not possess which are increasingly attractive to

women.

"Women's share ofdegrces was Il1so incrcasing in th.late eighties in politica1 science.
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Conccms about perceived difficulties for women in male-dominated organizational

cnvironments are perhaps readily understood with reference to engineering, but these

suggcstions cause us to look again at science.

Despite the fact that the work of science is carried out in organizations, science has

been assumed to operate without influence from organizational dynamics. lt is widely

accepted by scientists that they share an institutionalized goal, the production of certified

knowledge (Mulkay, 1980; lll). The pursuit of that goal is assurned to operate under

normative principles, lirst identilied by sociologist Robert Merton in his 1942 essayas

universalism, communism, disinterestedness and organized skepticism (Merton [1942]1973).

Universalism dictates that "rewards or resources are to be allocated on the criteria of

scientilic merit and that judgements of scientilic merit are tCi be made only in terms of

contributions to knowledge" (Merton [1942] 1973). An individual's contributions to

kn(;wledge are seen as the extent and quality of their research publication. Given such a

visible and objective measure, it is also assumed that deviations from the norm of

uo;"ersalism (eg. discrimination) would be easily uncovered (Bielby, 1991).

Because science is also largely presurned to operate according to universalistic

principles by sociologists of science, most researchers have studied sex differences in the

career outcomes ofscientists using research designs which model the distribution ofrewards

and resources as a function ofthe productivity ofthe individual scientist (Reskin, 1978; Cole,

1979). However, the efficacy of this general approach is now being questioned by sorne

researchers. Suggesting that explaining the effects oforganizational dynamics on productivity

may be a crucial component of a comprehensive explanation of these sex differences,

William Bielby argues that the predominant use ofthe meritocratic model as an ideal type

will not be sufficient to develop an adequate explanation ofthis phenomenon:

Functionally irrelevant criteria are presumed to operate when the meritocratic model
fllils to account fully for sex difference in the career outcomes of scientists.
However, structural, cultural and other sources ofdiscrimination are rarely studied
directly, especially in quantitative studies of scientific careers. Instead, they are
typically inferred from the residual net difference between men and women after
controlling achievement related variables in the meritocratic base-line mode\. As a
result, we know much more about the extent to which "supply-side" factors do and
do not account for reward and productivity differences between men and women
scientists than we do about the impact of specifie structural barriers and cultural
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stereotypes (1991: 174).

Bielby suggests that it will be necessary to relinquish the idell that science, us un

institution, is essentially meritocratie in order to develop a full understanding of sex

differences in scientists' careers. He argues that the few studies that have examined the ef1ècts

oforganizational attributes in science suggest that, as in other institutions, structural !ùctors

and organizational dynamics do exert an independent influence on the careers of scicntists

(1991: 177,186); continued use ofan investigative approach which abstracts scientists carcers

from the enviroament in whieh the work is done cannot possibly address the issue ofhow the

structural and interactional features of those settings affect individua! careers (1991; 186).

Mary Frank Fox argues that science is not essentially different from other institutions.

She maintains the organizational enviroament in which science is carried out does influence

performance:

...it is difficult to separate the l'erforroance ofthe individual scientist from his or hcr
social and organizational context. Work is done within organizational policics and
procedures; it relies upon the cooperation ofo,h~rs; it requires human and material
resources. Further, the scope and complexity of research and the use ofadvanced
technology have heightened reliance on facilities, funds. apparatus, and teamwork.
Performance is tied to the environment ofwork - the signais, priorities, resources
and reward schemes that prol/ide the ways and means of research. (1991: 189).

Contending that we will not be able to understand gender inequities in the careers of

scientists until we understand productivity differences between men and women scientists,

she argues that we will have to understand more about how the social and organizational

environment ofscience affects that productivity, and its dif.~rential effects on women:

... a given environment does not necessarily operate uniformly, neutrally, or
androgynously. Within the sarne type ofsetting, women scientists can have fewer
and different collaborative arrangement•• claims te enabling administrative favours,
collegial opportunities for testing and developing ideas, and entrees into the
informai culture of science and scholarship. These issues are central to science
because research is a social process ofcommunication, interaction and exchange.
Exclusion frorn this process lirnits the possibility not simply to he part ofa S'JCial
circi:l but rather to do research, to publish, to he cited - to show the crucial murks
ofproductivity in science. (1991;204)
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While sorne researchers are beginning to argue that science may not be an atypical

institution; that indeed social and organizational dynamics may differentially effect the

productivity ofwomen in science, 1am proposing, based on the findings ofthis study, that

it is possible that the personal realization that science is such an environment may be one of

the contributing factors in under-representation ofwomen in science.

The addition ofthis 'organizational' factor to an explanation ofthe lower participation

ofwomen in engineering and physical sciences degrees is theoretically compelIing, because

it can much better explain previously inexplicable findings ofother studies.

First, this factor can much better explain the ditferential patterns of attrition observed

within science and engineering; the higher attrition ofwomen than men from science, as well

as the higher attrition ofwomen from science than from engineering (Nevitte et al., 1988).

1 have proposed that the knowledge that a male-dominated organizational

environrnent exists in engineering may tend to lead professionally-oriented women to pursue

other professional degrees. However, those that choose engineering are not then likely to be

surprised by what they find - engineering is a professional career path "that provides

unusually clear expectations about career rewards Md professional nODDs" (Nevitte et al.,

1988).

Ifscience, however, contrary to its image in the general public as a individual pursuit,

is an organizational milieu where there is increasingly intense competition for resources and

support necessary to do research, science may be a çhameleon.

What students learn about the social and organizational structure ofscience during

their university years may conflict with an expectation that a career in science is a relatively

independent endeavour. 1propose that the impact ofthis realization may differentially effect

the sexes. Ifprofessionally-oriented women, as 1have proposed, have a tendency to avoid

male-dominated organizational environrnents, realization during their education that science

is such an environrnent, may lead them to decide that their investment would be better
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placed elsewhere.

Studies have also found that arnong the significant factors influencing the choice of

a science major by women are a desire tu be se1f-sufficient (Gilbert and Pomfret, 1991), a

strong desire for control, prestige and influence and positive interaction with others (Ware

et al., 1985), desires which may certainly be more difficult to fui fi 11 in a male·dominated

organizational environment.

The proposed mechanism could certainly better explain the counler intuitive findings

ofCanadian studies ofumlergraduate science students. Nevitte et al. (1988) have found that

women with higher grades in science are much less likely be planning graduate studies than

their female counterparts with average grades. Gilbert and Pomfret (\ 991) also found that

high achieving women students who leave science disciplines do not drop out of university

but tend to transfer to non-science disciplines. Their study ofmen and women undergraduates

in science also provided valuable insight into differences in the educational experience of

high achieving men and women science students. They found that l'.i:;,h achieving women

students, much more than their male counterparts, value working in a supportive

environment. They conc1ude that high achieving women may be leaving science partly in

response to pressures created by a lack of fit between their expectations about science, and

the realities of the educational environment of science (1991 ;38).

Gilbert and Pomfret interpret this "Iack of fit" of expectations as rclatcd to value

orientations. They suggest that science is associated with a 'justice and rights' orientation

characterized by the autonomy ofselfand emphasis on limited and c1early defincd reciproca!

relationships with others, the key image being the lone, self-sufficient scientist engaged in

the pursuit of scientific knowledge (1991; 6). Given that more men than women prcfer the

~ustice and rights' orientation (more women preferring a 'response and care' orientation), they

argue that more women may be uncomfortable with science:

To the extent that university level science education responds more
effeetively to male than to female concems, the difference in value
orientations will have a indirect effect in retention in sa far as it
results in the recruitment of individuals (including intellectually
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competent women) who experience difficulty in dealing with the
non-cognitive, social and value orientations of the educational
environment. The value orientation difference May have more ofan
impact on grade differ~nees by producing initially much lower
grades for women with only a practical recovery 1ater in their
educational career. Women need time to construct an appropriate
response to various unexpected and unsatisf)rinll environmental
features to the extent that low marks influence women to quit
science and value orientation differenees affect marks, then value
orientations indirectly effect the retention experiences of women.
The lack of fit between the value orientations of women and the
science curriculum May be also a source of the high level ofstress
experienced by women.

Differences in values between men and women however are not enough to explain

the key finding ofNevitte et al. (1988) that women with higher grades in science are much

~ Iikely to be planning graduate studies than their average performing female counterparts.

The hypothesis generated in this study permits a re-interpretation which is more theoretically

compelling because it better accounts for this particular finding.

1suggest that. instead of, or in addition to, a mismatch in value orientations, high

achieving women May be experiencing a mismatch of their expectations about the work

environment of science. 1argue that it is Iikely that women considering a career in science

would~ that science is associated with ajustice and rights orientation, since the image

ofthe lone scientist~ the image science has in the public. Gilbert and Pomfret's own findings

show that this expectation May he one oftheir primary expectations; high achieving women

in science are more Iikely than their high achieving male-counterparts to report an

expectation that science will reward their self-management abilities (1991; 36).

It is possible that the brighter women are more likely than their average counterparts

to figure out that, contrary to its image, science is an organizational enviromnent, not an

individual endeavour which is therefore mismatched with their expectations and their self­

reported self-management abilities. Given that it is also a male-dominated enviromnent, these

women may also decide !hat this situation has a potentially greater negative impact on their

chances for success and satisfaction than on those oftheir male counterparts.
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This mechanism also provides another interprelation of the finding that high

achieving women in science programs value working in a supportive environment lt1uch

more so than comparable male students (Gilbert and Pomfret, 1991) and the reports by

women that instances of a "chilly" climate in university have negatively affected their

careers. Il may be that instead ofneeding a supportive environment Dlllrl: than men do •they

sense on discovery ofa male-dominated organizational environment in science that support

is less ayailable to them than their male counterparts. Rather than desiring it more, they find

on arriving in undergraduate science, that they 1lIlèk the support systems of their male

counterparts, the environment therefore being aceurately perceived by them as being

potentially less supportive than it will be for male students in developing a scientific career.

Conclusion

The exploratory strategy developed in this study to examine degree attainment by sex

in the context ofparticipation in ail traditionally male dominated degree programs facilitated

the visual comparison of the behaviour of trends in the data. The patterns found suggest

factors that may be contributing to the selective success of women in traditionally male

dominated fields.

Two general themes emerge. The findings suggest that a professional/non­

professional distinction43 is an important factor in explaining the selective success of women

in traditionally male dominated degrees. The analysis further reveals that the largest gains

in representation ofwomen in the traditionally male dominated disciplines have been in those

where the associated professions or occupations are typically autonomous self employed

professions rather than salaried positions in large organizations such as corporations and

govemment. These findings suggest that women's selective success in previously male

dominated degrees may be related to their expcctations that wOrking in male dominated fields

where self-employment is typical represents a better investment than working in a male

dominated organizational environment. These findings have implications for the continued

under representation ofwomen in the physical sciences and engineering.

43 Sec noIe 17
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Ifscience, contrary to its image in the general public as an individual cndcavour. is

actually an organizational milieu which has difTerential efTects on the productivity ofwomen.

it is possible that this realisation during the university years dirrerentially affects the sexes.

If professionally oriented WOlllen, as 1have proposed based on the findings of this study.

have a tendency to avoid male dominated organizational environments, then the realisation

during their university years that science is such an environment, despite its popular image.

may lead to a decision to switch fields. This process could help to better e.xplain the patterns

of attrition of women from science and engineering, particularly the finding that high

achieving women science students are more Iikely than both their male counterparts and

average perfonning women counterparts to leave science and s.... itch to other fields ofstudy.
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