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NOT ICE:  The pr o j ect that is the sub j ect of thi s  report was approved by 
the Governi ng Boa rd of th e Nationa l  Re sea rch counci l ,  whose members a re 
drawn from the counc i l s of the Nat ional Academy of Sc iences , the Nat ional 
Academy of Eng i nee r i ng ,  and the Inst itute of Medic i ne . 

Th i s  report has been reviewed by a group other than the authors ac
co rdi ng to procedu res approved by a Repo rt Review committee cons i s t i ng of 
membe rs of the Nat ional Academy of Sciences , the Nat ional Academy of 
Eng i nee ri ng ,  and the Ins t itute of Med i c i ne . 

The Nat ional Academy of Sc iences is  a pr i vate , nonpr o f it , sel f-pe r
petuati ng soc i ety of disti ng ui s h ed schola rs e ngag ed in s c ie nt i f ic and 
eng inee r i ng r esea rch ,  dedicated to the furtherance of science and techno l 
ogy and to the i r  use for the gene r al we lfare . Upon the autho r ity of the 
charter gr anted to it by the cong ress in 186 3 ,  the Academy has a mandate 
that requ i res it to advi se the f ede r al government on scient i f ic and tech
nical matte rs . or . Frank Pr ess is pres ident of the Nat ional Academy of 
Sc ience s . 

The Nat ional Academy of Eng i nee r i ng was establ i shed in 1 96 4 , unde r  
the cha rter of th e Nationa l Ac ademy o f  Sc ience s ,  as a pa r a l l el o rgan i za
t ion of outstand i ng eng inee rs . It  i s  autonomous i n  its admini stration and 
in the select ion of its member s ,  sha r i ng with the Nationa l  Acadellfi of 
Sc iences the respons i b i l i ty for advi s i ng the fede ral gove rnment . The Na
tiona l  Academy of Eng i nee ri ng a l so sponsors engi nee r i ng progr ams aimed at 
meet i ng nat ional needs , encou rages educat ion and resea rch , and recogni zes 
the supe r ior achievements of eng i neer s .  or . Robe rt M. Wh i te is pres ident 
of the Nat ional Academy of Eng i nee r i ng .  

The Inst itute of Medi c i ne was establ i shed i n  1 9 7 0  by the Nat ional 
Academy of Sc iences to secu re the serv ices of emi nent members of appro
pr iate profess i ons i n  the exam i nat ion of pol i cy matte r s  pertai n i ng to the 
health of the pu b l ic . The Ins t it u te acts unde r the re spons i bi l i ty g i ve n  
to the Nat ional Academy o f  Sc iences by i t s  congress i onal charter to be an 
adviser to the f ede r al government and , upon its own i n i ti at i ve ,  to iden
t i fy issues of medical care , r esea rch ,  and educat ion . or . Samuel 0. Th i e r  
i s  pres i dent o f  t h e  Ins t itute o f  Med i c i ne . 

The Nat ional Re sea rch counc i l  was o rg ani zed by the Nat ional Academy 
of Sc iences i n  1 9 1 6  to assoc iate the br oad commun i ty ·

of sc ience and tech
nology with the Academy ' s  pu rposes of furthe r i ng knowledge and adv i s i ng 
the f ede r al gover nment . Funct ioni ng in  acco rdance with general pol i c ies 
determined by the Ac ademy , the Counc i l  has become the pr i nc ipal ope rat i ng 
agency of both the Nat iona l Academy of Sciences and the Nationa l Academy 
of Eng inee r i ng in providi ng se rv ices to the gove rnment , the publ i c ,  and 
the sc ient i f ic and e ng i nee r i ng commu n i t ies . The Cou nc i l  is  admi n i ste red 
joi ntly by both Academi es and the Inst itute of Medi c i ne .  or .  Frank Pr ess 
and or . Robe rt M. Wh i te a re cha i rman and vice cha i rman , respect i vely , of 
the Nat ional Re sea rch counc i l . 

Th i s  study was supported by Cont ract SRS-8 51 5 46 1  between the Nat ional 
Academy of Sc iences and th e Nationa l  S c ienc e  Foundat io n .  

Cop ies ava i lable from :  
Of f ice of Scient i f ic and Eng i nee r i ng Pe rsonnel 
21 0 1  Cons t itut ion Ave nue , N . W .  
Washi ngton , o . c .  2 0 4 1 8  
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INTRODUCTION 

Women and membe rs of mi no r ity g roups , ma r k ed l y  under represented in  
sci ence and eng i ne e r i ng i n  thi s country , a re a n  i nc reas i ng ly important 
sou rce of talent for mai nta i n i ng wo r l d  leade rship i n  these a r eas . Re
cent reports doc umenti ng thi s unde r r epresentat ion , prepa red by NSF for 
the u.s. Cong ress , have been l i m i ted to stati stical  desc r ipt ions of the 
d i f ferences in pa r t ic ipat ion rates . OSEP ag reed to sponso r thi s wo r k 
shop to explore  what i s  known about t h e  causes of  t h e  obse r ved unde r 
representat i on a n d  d i f ferential pa rtic ipation of women a t  a l l  educa
tional levels  and abou t the patte rns and causes of  the i r  d i fferential 
career deve lopment relat i ve to men . * 

Fou r commi s s i oned papers  cove red c r i t ical pa rts of the educational 
pipeli ne--pr ecol lege ,  unde r graduate , and g raduate education --as wel l  as 
postg raduat i on caree rs , and two researche r s  se rved as c r i t i cal d i scus
sants of  them . As noted i n  the pape r s , * *  many facto r s  i nf l uence the 
unde rrepresentat ion of g i r l s  and women i n  sc ience and eng i nee r i ng . In  
general , the  autho rs  found that many students , teache r s , pa rents , and 
resea rchers imag i ne that the f ields of sc ience , eng i nee r i ng ,  and mathe
matics are  masc u l i ne and that d i fferences i n  scienti f i c abi l ity amy be 
att r i butable to gender d i f fe rences . Spec i f ic f ind i ngs i nc l ude : 

• Col l ege-bound women lack adequate prepa rat ion i n  mathematics and 
phys i cal  science to pu rsue quant itat i vely-o r i ented sc i ence pro
g rams in col lege and , hence , quant itati vely-o r iented caree r s . 

• Many col leges base admi ss i on on one ' s  prepa rat i on i n  mathematics 
and physical science and on Schola stic Apt itude Test scores , re
duc i ng the pool of women e l i g i ble for admi ss i on to i ns t i tutions 
and to prog rams that focus on eng i neer i ng and sc ience . 

• Less f i na nc ial  a i d  i s  ava i lable for women students i n  sc ience and 
eng i nee r i ng than for the male  counte rpa rts . 

*OSEP and i t s  predecesso r ,  the Comm i ss i on on Human Resou rces , sponsored 
the commi ttee on the Education and Employment of Women in Sc ience and 
Eng i nee r i ng ( CEEWI SE ) f rom 1 9 7 3  unt i l  1 9 8 2 . Tha t commi ttee ' s  wo r k  
cont r i buted s ig n i f icantly t o  the unde rstanding of career d i fferent ials  
d i scussed i n  thi s  report . 
* *Thr oughout t h i s  proceed i ngs vol ume , the vi ews expressed by the au
tho r s  and othe r pa rtic ipant s are those of i ndi v i dual s  and a r e  not to 
be att r i buted e i the r to the Nat i ona l Resea rch Counc i l  or  to the 
Nat ional Sc ience Foundation . 

1 
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• Women enrol led in  both underg raduate and g raduate sc ience cou rses 
show dimi n i s hed sel f -conf idence . 

• Employers , whethe r i n  indust ry or academia , do not accommodate 
women sc ienti sts and eng i nee r s  who choose to put the i r  ca r ee r s  on 
hold br ief ly wh i le g i v i ng bi rth and ra i s i ng chi ldren . 

The autho r s  c i ted a numbe r of soc ietal , inst itutiona l , d i sc ip l i 
na ry , and i nd i v i dual efforts that could contr i bute t o  the more equ i 
table t reatment of g i r l s  and women i n  sc ience and eng i nee r i ng :  

• concentrated attempts to improve the achievement i n  sc ience and 
mathematics of students--pa r t icula r l y ,  g i r l s  and membe r s  of ethnic 
mino r i ty g roups--beg inn i ng at the elementary school level .  Th i s  
might be accomplished by a comb i nat ion o f  i nse rvice trai ning of 
teache rs , the use of cu r r icul a r  mater ials  that provide a more 
balanced presentat ion of ma le  and female scientists , the develop
ment of st rateg ies for educat ing parents about the opportun i t ies 
avai lable to both boys and g i r l s ,  and the ava i labi lity of role 
models who might se rve as mento rs . 

• Comprehens i ve inst itut ional prog rams that i nc l ude the f o l lowfng 
elements : rec ru itment , retent i on , employment , and evaluation . 

• Pa r t i c ipat ion by i ndust ry , profess ional soc i et ies , and the govern
ment in  acti vities invol v i ng women in eng i nee r i ng .  Such pa rt i c i 
pation would i nc l ude f undi ng ( 1 )  t o  evaluate successful  prog rams 
as we l l  as to implement them mo re widely and ( 2 )  to inf l uence 
women ' s  pa r t i c ipat ion i n  sc ience prog rams at a l l  levels .  

Bes ides research f i nd i ngs , partic ipants we re asked to spec i fy im
portant a r eas for f uture study based on an evol v i ng unde rstanding of 
these i ssues . The fol lowing unanswe red quest ions should be stud ied : 

• What dete rmi nes one ' s  ea rly development of interest patte rns and 
se l f -pe rcept ions about abi l i ty in science and mathemat ics? 

• What cha racte r i zes successful  preco l lege i �te r vention programs 
and successful prog rams des igned to encou rage g reater adm i ss i on 
and retent ion of women i n  col lege eng i nee r i ng cou rses? 

• How can change be effected i n  soc iety ' s  att itude towa rd women ' s  
roles i n  the wo r k  force and the subsequent change of women ' s  
att itudes about and awa reness of sc ience and eng i nee r i ng as 
ca ree r f i elds open to them? 

• What a re the st ructural ba r r i e rs to women ' s  pu rsu it  of g raduate 
education in mathematics , the sc iences , and eng i nee r i ng ?  

• How d i f f e rent are the caree r aspi rations of women and men scien
ti sts and eng i nee r s ?  What i s  the relat ionship between ca reer 
aspi rations and caree r atta i nment ? 

The wo r kshop provided an opportun ity to rev i ew the i ssues i n  
depth . It  i s  hoped that thi s  vol ume w i l l  cl a r i fy them and he lp to 
shape i nte rvention st rateg ies to i ncrease women ' s  pa rtic ipat ion and 
status in these important f ields . 

Linda Dix  
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OVERVIEW OF PRESENTATIONS 

The wo r kshop pape rs focus on preco l lege , underg raduate , and grad
uate educat ion and on ca ree r deve lopment . Each examines levels of 
women ' s  pa rticipat ion and deal s  broadly with quest ions of abi l ity , per 
formance , and envi ronment . I n  dea l i ng with these quest ions , the au
thors d i scuss the adequacy of the resea rch base i n  identi fyi ng the 
factors assoc iated with less pa rtic ipat ion and d i f ferential  achi eve
ment . 

The Kahle/Matyas pape r desc r i bes institut iona l and non-institu
tional env i r onments at the preco l lege level that di scou rage female 
pa rticipat i on i n  science and eng i neer i ng through male stereotypes and 
role models and through teache r , counselo r ,  and pa rental expectat ions 
of g reater achi evement for males . D i f fe rences in parental expectat ions 
and the stereotyping of sc ienti sts as ma le a re establ i shed by the time 
chi ld ren enter k i nderga rten . once in the school system , g i r l s  a re 
conf ronted with an educat ional system that favo r s  ma le learning sty les 
( compet i t i ve ) ove r female lea rn i ng styles ( cooperat i ve ) ,  teache rs who 
interact mo re with ma le students than with female students , and the 
use of sex -bi ased texts . Resea rch indi cates that g i r l s  lo$e 
conf idence i n  the i r  mathematical abi l ities in  the f i rst yea rs of 
school i ng ,  relat i ve to boys of equ i valent abi l i ty ,  and that th i s  
patte rn pe rsi sts . Lack of conf idence inf l uences the se lect ion of 
ad vanced cou rses in  mathemat ics and sc ience , pa rtic ipat ion in 
ext racu r r icula r sc ience act i v it ies , and ach ievement test sco res . 

The LeBold paper f i nds that desp ite the enormous advances made by 
women i n  unde rgraduate sc ience and engi nee r i ng enro l l ments and deg ree 
atta inment , women rema in  under represented in  many f ie lds--espec i a l l y  
i n  t h e  phys ical sc iences and engi nee r i ng .  The pape r exami nes possi ble 
causal factors . One i s  the numbe r and proport ion of women with the 
necessa ry quant itative and compute r backgrounds to enter these f ields . 
Wh i le the gender gap in  th i s  a rea may be na r r owi ng , the LeBold pape r 
i nd icates a g rowi ng di sadvantage for women with rega rd to thei r 
compute r bac kg rounds . Anothe r causal facto r i s  that ca ree r opportun i 
t ies i n  bus i ness and the profes s i ons are  att racting women who might 
othe rwi se pursue science and eng i nee r i ng ca ree rs . Poss i ble factors 
i nc l ude the di sconti nuat ion of indust r ial , f ede ra l ,  and foundat ion 
prog rams to att ract unde rrepresented g roups to sc ience and eng i nee r i ng 
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and the absence of a c r i t i cal mass of pee rs at some i ns t itut i ons in  
selected phys ical science and and eng i nee r i ng f i elds . 

Field d i f f e rences are also an impo rtant facto r i n  patterns of stu
dent suppo rt  at the graduate level . In  her pape r ,  Li l l i  Hornig ana
lyzes what is known about patte rns of student f i nanc ial support , how 
those patte rns aff ect female and male g raduate students d i f fe rent ial ly , 
and the la rge and c r i tical  data gaps that ex ist . Under the head i ngs 
•ab i l ity , • •access , •  and • moti vat ion , •  Dr . Hornig reviews the facto rs 
affect ing pers i stence of male and f ema le g raduate students in sc ience 
and eng i nee r i ng .  She notes that wh i le some documented abi l i ty � i ff e r 
ences favo r  women and some favo r  men , the apparent f i nanc i a l  di sadvan
tage i n  graduate suppo rt for women and the lack o f  equal i ncent i ve in  
the  opportun i ty st ructure of sci ence and eng i nee r i ng careers may be 
explanations for  the i r  conti nued unde r rep- resentat ion i n  these f i elds . 

Data on d i f f e rential career achievements i n  sc ience and eng i nee r 
i ng ,  presented by Ha r r iet Z ucke rman , show that women lag relative to 
men in promot i ons , sa l a r i es , resea rch pe rformance , and receipt of 
awa rds and that women a re mo re f requent ly unde r - or unemployed . In 
i ndust ry but not in  academia , whe re men and women doctorates .a re 
equa l ly apt to become assi stant professo r s , di ffe rences in caree r 
deve lopment beg in  with d i spa r i t ies i n  f i rst jobs between males and fe
ma les of equa l educational backg rounds and abi l it ies . Later , d i ffe r 
ences widen , always favo r i ng ma les , a s  the ca ree rs of the men and women 
in  any age g roup prog ress . The re ha s ,  howeve r ,  been some na r rowi ng of 
the ove ral l gap between men ' s  and women ' s  careers ove r the past seve ra l  
decades . Z ucke rman desc r i bes fou r c lasses of possi ble r ea sons for the 
obse rved dispa r i ties : (1) d i f f e rences in measu red ab i l i ty ; ( 2 )  d i f 
fe rences a r i s i ng f rom social  selection based on gende r d i s c r i mi nation 
and role pe rfo rmance ; ( 3 )  diffe rences a r i s i ng f rom se l f -selection based 
on fami ly roles and extent of ca ree r  commitment ; and ( 4 )  d i ffe rences 
that are the resu lt of accumulation of advantage and di sadvantage . 
She f i nds that the evidence documenting the va l i d i ty of each of these 
classes of reasons i s  ambiguous --la rgely because of the complex ity , 
i ncohe rence , and pa rtial natu re of the avai lable �ata --but favo r s  the 
explanation emphasi z i ng accumulation of advantage . 
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EQUITABLE SCIENCE AND MATHEMATICS EDUCATION: 
A DISCREPANCY MODEL 

Jane Buder Kahle and Marsha LDices Matyas 

Introduction 

A 1 5 -yea r-old g i r l  in rural Ame r ica once sa i d ,  • There are some 
women scientists ; but men have been i n  it longe r .  Women can do the 
same job as men . They may have a di f fe rent way of thi nk i ng and might 
improve sc ience•  ( Kahle , 1 98 5 : 6 8 ) . Her wo rds we re fo rtui tous because 
they we re spoken a few days before Ba rba ra McCl i ntoc k  won the No bel 
pr i ze for loo k i ng at ma i ze i n  a d i ffe rent way and for thi n k i ng a bout 
genetics in  a di f f e rent manne r .  McCl i ntoc k ' s work ,  un recogni zed and 
even scorned for decades , ep itomi zes the concern that not only i nd i 
vidual women bu t al so the scient i f ic communi ty and soc iety as a whole 
suffer because of a lack of equ i ty i n  science and mathematics educa
t ion . Perhaps Ma r i a  M itchel l ,  one of the f i rst women to be recogni zed 
as a scienti st , said it bes t :  

I n  my younger days , when I was pai ned by the ha lf-educated , 
loose , and i naccu rate ways which we ( wome n )  all had , I used 
to say , • How much women need exact sc ience , • but si nce I 
have known some worke rs i n  sc ience who we re not always true  
to the teach i ngs of  nature , who have loved se l f  more than 
sc ience , I have now sa id , • How much science needs wome n .  • 
( Ma r i a  M itchel l ' s  presidential address to the Th i rd Cong ress 
of Women in  1 875 ; quoted i n  Ross ite r ,  1 98 2 : 1 5 )  

Ove r a century late r ,  as the McCl i ntoc k  story dramati zed , science 
and engi nee r i ng sti ll need women .  study after study in the developed 
Western wor l d  suggests that gi rls  and women recei ve ve ry di ffe rent 
educations i n  mathematics and sc ience than boys and men do . Some of 
the di ffe rences are subtle ; o thers are ove r t . Th i s  paper exam i nes  
both types from preschool to co l leg e ,  focusi ng on  d i fferences i n  ed u 
cat ional set t i ng s whi le acknowledg i ng the impact o f  cul tural , soc io
log i cal , and envi ronmental factors upon educational institution s .  
Us i ng McCune ' s  ( 1 9 86 ) mode l of deseg regat ion ( Fi g u re 1 ) , i t  proposes 
that today ( 1 )  equal acce ss is  accepted and ( 2 )  once a student i s  
enrolled , equal t reatment i s  assumed . Howeve r ,  equa l outcomes have 
not been achieved in science and mathematics educat ion . 

5 

Copyright © National Academy of Sciences. All rights reserved.

Women: Their Underrepresentation and Career Differentials in Science and Engineering : Proceedings of a Conference
http://www.nap.edu/catalog.php?record_id=18771

http://www.nap.edu/catalog.php?record_id=18771


r----
' 
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Equ ity 
Equal Outcomes 

Equal Treatment 

Equa l Access 

Physical De seg regation 

Restructu r i ng 

I 
_______ __, 

SOURC E :  s. McCu ne , Br i dg i ng the Gap Th rough Re spond i ng and Rest ruct u r 
i ng,  pape r presented a t  the Bridg i ng t h e  Gap Semi na r ,  McRel Se x Equ ity 
cente r ,  Ka nsas Ci ty ,  Februa ry 1986 . 

Figu re 1 Levels of deseg regat ion . 

The Discrepancy Model 

That proposi t ion wi l l  be deve loped by employ ing a di screpancy 
model that f i rst exami nes the i deal stat e ( in this  case , what cons t i 
tutes equ i table science educat ion ) .  The idea l state is const r ucted 
f rom objecti ve evide nce prior to the descr ipt ion of the actual state , 
today ' s  sc ience and mathematics education . And , las t , the pathway 
from the actual to the ideal is deli nea ted . In developi ng the mode l ,  
a sea rch of the wo rk of expe rts  f rom a va r i ety of fields--for example , 
mathematics , science , educat ion , soc i ology ,  and p'sychology--is a pre
requ i s i te , for the ideal state must not be based on opi n ion . Rathe r ,  
it s hould be developed f rom the vast a r ray o f  re sea rch and w r i ti ngs 
ava i l able . The actual state , too , is  bu i l t  from the wr i t i ngs  of  a 
va r i ety of expe rts ,  i ncludi ng class room teache rs , science and e ng i 
nee r i ng professo rs and educational resea rche r s ,  ed ucat ion resea rche rs , 
i ndus t r i al manage rs , and profes s ional col league s .  Brick by b r ick the 
actual state is  cons tr ucted . The n ,  the two states are compared . 
Eventual ly , the goal i s  an evolut ion f rom the actual to the ideal state 
or  f rom i nequ i table to equ i table education in science and mathemati c s .  

The Ideal State of Science and Mathematics Education 

Re sea rche rs wh� have sought to ident i fy factors leadi ng to 
exce l lent and equitable sc ience and mathematics educat ion and who have 
ana lyzed cu r r icula , teache r behaviors , and class room climates conc u r  
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that an ideal science or mathematics class room or  curr i culum equa l l y  
benef its all student s . Afte r conducti ng a 6 -month case studY o f  a 
Colo rado science teache r noted for he r success i n  mot i vating gi rls  to 
conti nue to study sc ience,  a resea rcher summar i zed that premi se : 

I t h i nk that rathe r than ident ifying a teacher who con
sc i ously e ncourages f emales in  sc ience , we have simply 
i dent i f ied a very good teache r ,  whose talent , commitment , 
and rappo rt with her students combi ne to ma ke the study of 
science an interest ing and enjoyable endea vo r .  ( Kahle , 
1 98 3a: 26 ) 

In science , part icula rly,  r each i ng the ideal state i s  hampered by 
the preva lent , and perhaps i r relevant , popular image of science , whi ch 
will  be desc r i bed in the actual state . Fo r now , let us agree that i n  
the i deal state sc ience a s  well  a s  mathematics wi ll ha ve factual rathe r 
than romant i c i zed images . Both , i n  the ideal state , wi ll  be cha rac
te r i zed not as the object i ve di scove ry of t r uth but rather as ve ry 
human and humane endeavo rs . One resul t  of a more accu rate cha racte r
i zation of sc ience wi ll be a change i n  science ' s image : 

[ The ] v i ew of scient i f ic act i v i ty ,  i n  wh ich a range of 
i nte rpretations is seen as central , not as abno rmal , and i n  
whi ch peop le are al lowed to express and just i fy di f fe rent 
poi nts of view , [ wi l l ] be much less sex i st than the ex i sti ng 
stereotype . ( Ma rlen , 1985 : 54 5 ) 

In  both di sc ip l i nes , unde rstand i ng , rathe r  than absol utes , wi l l  be 
emphasi zed . creati vity and soc ial di scou rse wi ll become an i ntegra l  
p a r t  o f  school science and mathematics as they a r e  i n  actual science 
and eng i nee r i ng .  

Elei'I'U!1'1/QTy School 

The oppo rtun i ty for c h i ld re n  to expe r i ence science acti vi
t ies ex i sts at  the elementa ry school le vel pe rhaps mo re 
read i ly than at later  stages of educat ion . If  we wish to in
crease g i rl s '  access to sc ience , the refore , science at th i s  
early level has a vital pa rt to play . ( Ma r len , 1985 : 54 5 ) 

Many have a rg u ed  that the elementa ry school is  the cr itical place for 
change : c hange in formal and i nf o rmal sc ience and mathematics  cu r 
r i c ula , change i n  class room i nstruct ion and i nte ract i ons , and change 
i n  school structu re and social i zat ion . Al though ,  compa red with sec
onda ry school s ,  f ewe r stud ies or  i nte r vention pr o j ects have been con
d ucted at the elementa ry leve l , a patte rn for change is  beg i nn i ng to 
develop,  one which i ndicates the i deal s i tuat ion of · tomor row . 

The cu r r i culum .  The anomoly ex i sts  that one ideal type of cu r r i culum 
fo r elementa ry school science has exi sted for seve r al decade s ,  yet it  
i s  l i ttle used , and i f  implemented , it is frequent ly mi sused . That  is  
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the student-cente red , act i vi ty-based cu r r i cula of the 1 9 60s and 1 9 70s : 
SC IS , Sc ience cu r r i culum Improvement study , and SAPA, Science , A Pro
cess Approach.  They have faded f rom class rooms for three pr i ma ry rea 
sons : teache rs have not unde rstood the sc ient i f ic pri ncip les that the 
mate r i al s  promulgated , class rooms have not been organi zed for smal l  
group i nte ractions i n  sc ience , and schools have not provi ded the 
equ ipment or the schedu l i ng requ i red . Howeve r ,  recent ana lyses make a 
st rong case fo r thei r r edempt ion i n  the i deal state . FO r example , a 
re view of 3 4  e valuat i ve stud ies indi cates that chi ld ren us i ng the 
• hand s -on • cu r r i culum achi �ved bette r on eve ry measu re of achievement 
than did those chi ld ren study i ng • t extboo k • sc ience . 

In f act , one analysis of 1 3 , 00 0  child ren i n  1 , 00 0  u . s .  cl ass rooms 
has demonst rated that chi ld ren who have expe r i enced the innovat i ve 
mate r i a ls su rpass those who have rece i ved trad it ional i nstr uct io n .  
They achi eve highe r on measu res o f  science processe s ,  creat i v i ty ,  
pe rcept ion , log i c ,  development , sc ience content,  and mathematics . In 
add i tion , the oppo rt un i ties provi ded by the • hands-on • mate r i al s  for 
expe r i mentat ion--as well as for hand l i ng i nstrument s ,  for ma k i ng 
measu rement s ,  for obse rvi ng nat u ral phenomena , for col lecti ng data , 
and for ma k i ng i nte rpretations --have the pote nt i al of produci ng equa l 
outcome s .  

Study af te r  study documents that gi r l s  and boys ente r  elementary 
school with equal i nte rest in  science but with unequal expe r iences i n  
sc ience ( Il i ams , 1985 ; Kahle and Lakes , 1 9 8 3 ; Ke lly , 19 85 ) . The 
• hands-o n •  c u r r i c u la not only pro v i de oppo r tun i t i es for the expe r ien
t ia l  background needed by al l students for secondary and te rt ia ry sc i 
e nce cou r ses , they a l so pro v i de  g i r ls with expe r iences not readi ly 
access i ble to them othe rwi se . As I l i ams has stated , • Gi r ls  are less 
l i kely than boys to ma ke up the educat ion def i c iency i n  out-of-school 
expe r i ences • ( 1 9 85 : 79 ) .  

A group of science and mathematics teache rs in independent school s 
has suggested aspects of the ideal mathematics cu r r iculum.  For ex
ample , problems wi ll  be related to eve ryday f i nanc ial  dec i sions ; 
pa rents wi ll be e ncou raged to i n volve g i r ls in  fami ly dec i s ions ; and 
pract i ce with decodi ng •wo rd problems • w i l l be 

·
integrated into the 

readi ng c u r r i c ul a .  
I n  add i t ion to an act i vi ty/process/ch i ld o r i entat ion , elementary 

science and mathematics cu r r icula i n  the ideal state wi ll have the 
f ollowi ng cha racte r i stics , acco rd i ng to Whyte ( 1 9 8 4 ) : 

• Acti v i t ies that begi n  wi th eve ryday phenome na as sta rti ng 
po ints ; 

• Acti vities  that foster cooperati ve , rathe r than compet i t i ve ,  
i n vestigat ions ; 

• Texts  and othe r mate r i al s  that show some gi rls and women i n  
acti ve roles and.some boys and men i n  nu rtu ri ng roles ; 

• Act i v i ties that encou rage al l child ren to be i nvol ved i n  
r i s k -ta k i ng s ituations ; 

• content.that is success , not fai l u re , oriented ; 
• content that is based on val ues related to i nte ract ion and 

equ i l i br i um ,  rathe r than on values related to cont rol and 
domi nance ; and 
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• Texts , mate r i al s , and examples that use both male and fema le 
prototype s .  

I n  addi t ion to substant i ve cu r r i cu l a r  changes , elementa ry sc ience as 
we ll as mathematics in  the i deal state wi ll be taught i n  •pr ime 
t ime • --that i s ,  in the mo rni ng , wh ich has trad i t iona l ly been rese rved 
for • impo rtant sub j ect s •  such as readi ng , spe l l i ng ,  and a r i thmet ic . 

The Class room .  Pa rt ly as a resu lt of the process cu r r i cula and pa rt ly 
because of changes in the education of elementa ry teachers , i nstruc
t ional i nteract ions and teache r behaviors wi ll  be di f f e rent al so . Some 
of the suggested changes a re f i rmly grounded i n  recent re sea rch . Fo r 
example , an ana ly s i s  of • d es i red • versus • actual • acti vities  i n  sc ience 
re vea ls that elementa ry-age g i r ls wish to do many mo re thi ngs than 
they have actually done ( Kahle and La kes , 1 9 8 3 ) .  Teache rs , cogni zant 
of such stud ies , w i l l  pro v i de oppo rtun i t ies fo r g i r ls to use scale s ,  
magni fying g lasses , bal ances , telescopes , and mic roscopes . 

A class ic expe r iment--conducted by Renn i e , Pa rke r ,  and Hutchi nson 
( 1 9 8 5 ) in western Aust ra l i a--demons trates the eff ect i veness of inno va 
t i ve i n -se r vice t r a i n i ng upon student outcomes .  Br ief ly , they pro vided 
matched pai rs of elementary teache rs , both male and fema le , with 
i ntens i ve trai ni ng in  the s k i l ls of teachi ng e l ect r ic i ty as well as 
w ith informat ion about nonse x i st teachi ng . A compa rable group 
recei ved only the s k i l ls trai n i ng .  Thei r results i nd i cate the 
e f f i cacy of chang i ng teach i ng behaviors to ef fect changes i n  student 
attitude s . They f ound •a sli ght but consi stent te ndency for students 
in the Expe r i mental Group classes to pe rcei ve gi r l s  as mo re competent 
with elect r i c i ty than d id students i n  control Group c lasse s •  ( Pa rke r , 
1 9 85 : 1 2 ) . When they as ked the Yea r 5 c h i ld ren if they cou ld become 
elec t r i c i an s , 9 0 pe rcent of the boys in both the expe r i me ntal and 
cont rol classes responded pos i t i vely , whi le 8 5  percent of the gi rls  i n  
th e Expe r i mental Group sai d •ye s •  compa r ed  to onl y  7 0  pe rcent o f  the 
g i rls  in the Control Gr oup ( Pa rke r ,  1 9 8 5 ) .  

Thei r  study i l lustrates the eff ect of expe r ience on both attitudes 
and se l f -conf idence . I n  three di f f e rent count r i es , def i n i t i ve stud ies 
have shown that expe r ie nce ma kes the d i ff e re nce : that i s ,  boys and 
g i r l s  express simi la r  i nte rest in  top ics with whi ch they have had ex
pe r ienc e ( Kahle , 1 985 ; Pa rke r ,  1 98 5 ; Smai l ,  1 98 5 ) . The refo re , i nstr uc
t ional inte ract i ons i n  the ideal state must provide expe r iences with 
the equipment and i nstruments of science and with the models and the 
o r i es of mathemat ics rathe r than with thei r f act s .  One pract i cal 
change is that in the ideal c la ss room , boys and g i r ls wi ll have equa l 
access to the equ ipment and resou rces for  sc ience and to the models 
and r�sou rces f o r  mathematics . Ha r le n  ( 1 985 ) noted othe r i nstruct i o na l  
i nte ractions that the ideal class room woul d  inc lude : 

• Ass i g n i ng boys and g i r ls equal ly to tasks that i n vol ve l i ft
i ng ,  ca rry i ng , tidyi ng , and cleani ng up ; 

• Promoti ng coope rati ve , not compet iti ve ,  g roupi ng of students  
for sc ience and mathematics ; 

• Pr ohi bi t i ng the pract i ce of • c al l i ng out •  a nswe rs to tea che rs ' 
ques t i ons ; 
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• In i t i ati ng mo re wai t-t i me  fo r g i rl s ' responses ; 
• Moni tor i ng nonve rbal  behavi o r s , such as loss of eye contact or  

rap id nodd i ng,  which encou rage g i r ls to cut short  the i r  
responses ; a nd 

• Engag i ng g i r l s  as often as boys with both posi t i ve and nega
t i ve f eedback conce rni ng thei r i ntellect ual pe rfo rmances . 

Elementary tea che rs do not cons c iously promul gate sex i sm i n  the i r 
c lass rooms ; rathe r ,  thei r unp lanned teachi ng acts may lead to such be
ha viors and pract i ces . In  the ideal state , teache rs wi ll be cogni zant 
of the effects of such unplanned teachi ng acts and ,  the refo re , be able 
to monitor  t hem . Teache rs not only ve rba l l y  communi cate the i r  expec
tanc ies by mo re f requently cal l i ng and/o r  prai si ng students for whom 
they hold high expectations , they also communi cate them , pe rhaps mo re 
powe rf ully , in nonve rbal ways . In the ideal state , teache rs w i l l  
expect comparable wo rk and behavior  f rom both boys and g i r ls and wi l l  
rewa rd both i n  s im i la r  ways . 

The School . Changes are needed in  the elementary school as an inst i 
tut ion i n  the i deal state . Bas i c a l l y ,  conven ient management techni ques 
that cons i stent ly sepa rate children on the bas i s  of sex w i l l  be 
a vo i ded . Por example , students may be l i ned up acco rdi ng to the a lpha
bet rathe r than by gende r .  Or t hey may be sepa rated by hai r or eye 
colo r ,  by handedness , by readi ng group. On both the playground and i n  
the class rooms , areas should be spec i f ied for qu iet and adventu rous 
act i v i t ies , and both boys and g i r ls should be e ncou rag ed  to pa rtic i 
pate i n  bo t h  types . Ol der boys as wel l  a s  g i rls  shoul d  be as s i g ned to 
assi st with younge r chi l d re n . The school i n  the ideal state w i l l  
provide an optima l setti ng for science and mathematics inst ruct ion 
because the re wi l l  be equ i ty i n  the cor r ido rs as we ll as i n  the c l ass
rooms . 

Secondary School 

Of al l the stages of l i f e ,  adolescence is  the most volat i le 
--f u ll of promi se,  ene rgy , and , because of newly achieved 
f reedom and potency , substant ial  per i l .  In its f reshness , 
adolescence is attract i ve . In its enthus iasms , it  can be , 
to  ol der  f ol k  at least ,  exhaust i ng . Fo r most peop le , it is  
p i vota l : it i s  the  t i me  of  l i fe when we f i nd out  who we a re 
becom i ng , what we are good at , what and who we li ke . What 
happens in these yea rs prof ound ly affects what f o l lows . 
( S i ze r ,  1984 : 1 ) 

In the ideal state as we l l  as in  the real one desc r i bed above by 
S i ze r; seconda ry schools and t hei r c lass rooms of mathematics , biology , 
chemistry , and physics are pi votal i n  te rms of reta i n i ng students in  
science and eng i nee r i ng ;  for one ' s  f a i lu re to  enroll i n  ei ther sc ience 
or math f i rmly , i f  not permanently , closes fut u re labo ratory doors . 
Fi rst , the desc r i pt i on of ideal seconda ry sc ience cu r r icula ,  c lasses , 
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and school s is  de r i ved f rom the f i nd i ngs of three recent ma jor  studies , 
one in the  Un i ted States and two i n  the  Un i ted Ki ngdom . Nex t ,  a com
pa rable descr iption wi l l  desc r i be the ideal state of mathematics in 
seconda ry school s .  

In sc ience , a nat ional study under the ausp ices of the Nat ional 
Association of B iolog y  Teache r s  ( NABT ) ident i f i ed  and obse r ved biology 
teache rs who were success f ul in mot i vating tenth-g rade g i r l s  to elect 
opt ional phy s ics and chemi s t ry cou rse s ( Kahle , 1 98 3a, b ) . Selected 
teachers from Maine to Ca l i f or n i a  we re obse rved , pa rents and pr i nc i 
pa ls we re i nte r viewed , and past and present students we re surveyed .  
Approx imately 3 9 5  c h i ld ren  of al l races and from va r i ed backgrounds 
pa rtic ipated in the study , conducted in diverse commu n i t ies across 
Ame r ica . It provided a compos i te picture as wel l  as a col lect i ve pool 
of data from whi ch commona l it i es we re identif i ed  and gene ra l i zat ions 
we re made . Indeed , the study desc r i bed f acets of the ideal 
cu r r iculum, teache r ,  c lass room , and schoo l . 

One of the pro jects in the Un ited Ki ngdom , G i r l s  in  Science and 
Technology ( G IST ) , was action-based resea rch--that i s ,  its teache r 
pa rtic ipants were act i ve ly invol ved in the intervent ion progr am 
( Kelly , et a l . , 1 98 4 ) . G IST i nvol ved 1 0  comprehens i ve schoo ls in the 
larg e  manu f actu r i ng envi rons of Manchester and studi ed more than 2 , 0 0 0  
ch i ld ren from the t i me  they ente r ed  lower schoo l ( age 1 1 )  u n t i l  they 
made the i r  sub j ect choices at age 1 4 . Although its f ind i ngs port rayed 
the actual c lass room and school , the re sea rch team developed some 
ideal cu r r i cula and hypothesi zed about ideal si tuat ions . 

The last study , a l so f rom th e Un i ted  Ki ngdom , d i ff e r ed  f rom the 
f i rst two i n  that it deal t  with interpretat ion rathe r than actual 
i nte r vent ion . Two resea rcpe r s , Johnson and Mu rphy ( 1 98 6 ) ,  i nte rpr eted 
the resul t s  of the nat ional APU s u rvey in order to suggest ways to 
improve science educat ion for g i rl s .  Thei r suggestions , too , po rtend 
the id ea l stat e .  

The Cu r r i culum .  Although the ideal cu r r i culum wi l l  be de r i ved from 
all th ree stud ies, it wi ll be f i lte r ed  th rough th r ee facto rs shown to 
i nf luence sub j ec t  choice : i nte rest ( s ignif icant ly mo re important for 
g i r ls than for  boys ) ,  pre v i ous pe rfo rmance , and ca reer va lue . 

The G IST pro ject developed and tes ted new cu r r i cula as part of 
its 4 -yea r study ; that i s ,  when the teache r -pa rticipants requested new 
or d i f ferent mate r i al s ,  they were deve loped . Cu r r i cula r mate r i al s  
we re des igned to be what Jan Ha rdi ng ( 1 98 5 ) has cal led •g i rl - f r iendly 
sc ience . •  Tha t  is , they had the fol low i ng cha racte r i st ics : 

• Focused on relationships as well  as r u les , 
• Focused on people as wel l  as mach i nes , 
• Developed a pragmatic rathe r than a dogmatic approach , 
• Vi ewed the world as a netwo rk  rathe r t han a hie ra rc hy of 

relationsh ips , 
• Emphasi zed the aesthet i c  as we l l  as the ana lyti cal as 

pects of sc ience , and 
• Focused on nu rt u r i ng li v i ng be i ngs as we l l  as on con

trol ling i nanimate things . ( Smai l ,  1 98 4 : 2 7 )  

l l  
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Figure 2 concept map of a lowe r-school science cu r r i culum based on 
the human body . 

The proposed cur r i culum would  cove r t hree yea rs of gene ral sc ience f rom 
about ages 11 to 14. Topics i n  physics , chemi stry,  and ast ronomy a s  
we ll a s  ba s i c  biology would be inc luded unde r  the rubr i c  o f  huma n 
biology ( as shown i n  Figu re  2 ) . The G IST resea rchers and teache r s  
u sed .the human body as the integrating top ic because an i n i t i al su rvey 
demonstrated that it was the only science top i c  among eight choices i n  
wh ich 11 -yea r-old boys and g i r l s  both showed a high i nterest , as shown 
i n  Table 1 .  

The G IST project , as we ll  as the othe r two , al so proposed the in
tegration of  the actual cont r i butions of  women sc ienti sts i nto the 
c u r r i culum . In add i t i on ,  both B r i ti sh projects stress the inclusion 
o f  • ti nke r i n g •  act i v i t i es i n  o rder to ove rcome the lack of such expe
r i ences by gi rls . The results of both the G IST and the NABT pro jects 
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TABLE 1 :  Expressed Interest i n  S c ie nce Top ics by 11 -Year -Ol d Students 
in the G IST Pro j ect ( in pe rcent ) 

Human body 
B i rds 
Seeds 
Pond l i f e  
Rocks/fos s i l s  
How cars wor k  
Chemi stry set 

Gi rl s  

Roc kets and space trave l  

2 5 . 7  
21 . 8  
21 . 2  
1 4 . 0  
1 0 . 3  

3 . 5  
1 . 9  
0 . 6  

Boys 

Roc kets and space travel 
How cars work 
Human body 
B i rds 
Pond l if e  
Seed s  
Roc ks/fos s i l s  
Chemi stry set 

1 9 . 9 
1 8 . 1 
1 5 . 2  
1 1 . 7 
1 1 . 2  
1 0 . 3  

9 . 1  
4 . 5  

SOURCE :  B .  Smai l ,  G i r l -Fr i end ly Science : Avo id i ng Sex Bias in  the 
cu r r iculum , London : Longma n ,  1 98 4 ,  p. 1 3 .  

demons t r ate that the ideal seconda ry science cu r r i culum must provide 
expe r ie nces with rotati ng three-d imensional f igu res in space , with 
d r awi ng and conceptual i z i ng three-d imens i ona l forms , and with pro
j ecting cu r v i l i nea r di stances and outcomes .  Such expe r iences i nc rease 
a child ' s  visual -spatial  abi l i ty . S i nce gi r l s  usu a l l y  have less expe
r ience with t he toys , games , and acti v i t ies that enhance spa t i al abi l 
i ty ,  oppo rtun i t i es must be constructed i n  the cu r r i culum .  The G IST 
proj ect has revea l ed that although boys i n i t a l ly score better on spa
t ial  abi l i ty tests , the enrollment of  gi r l s  i n  one technical craft  
cou r se e radicates the gende r d i ffe renc e ( Ke l ly , et a l . , 1 98 4 ) . 

Al l three pro j ects conc u r  that extens i ve labo rato ry wor k  is  
needed i n  the ideal cu r r iculum . The labo rato ry bui lds upon two facet s : 
( 1 )  i nte rest and ( 2 ) expe r i ence .  Pe rhaps a 15 -yea r-old gi r l  in 
Loui s iana descr i bed the i nte rest a spect best when she said , 

I e n j oy wor k i ng with microscopes . We had a cow heart  and 
we opened it up . [We ] loo k ed in the mi c roscope at the d i f
f erent pa rt s of the inside of the hea rt and I enjoyed that . 
( Kahle , 1 9 85 : 5 4 )  

The need for expe r i ence with the actual tools and techni ques of sc ience 
is suppo rted by the f i ndi ngs of a ll th ree ma jor stud ies . Boys as wel l  
as gi r l s  express anx iety i f  they do not have su f f i c ient past per
formance aga i nst which to gauge f utu re success . For examp le ,  the NABT 
study found that g i r l s  express l i t t le anx iety about foc us i ng a mic ro
scope with which they have had expe r ience but g reat anx i ety about wi r 
i ng an electr i c  c i rcuit  for which  they have had none . Boys , on the 
othe r hand , express conce rn about ta k i ng the tempe rature of a l i v i ng 
org ani sm ,  a techni que with wh ich they have had less previous expe r i 
ence . In add i t io n ,  the G IST proj ect suggests that the image of sc ience 
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as dangerous inhi bits g i r l s  in partak i ng equal ly in  some science expe
r iences . Saf ety precautions in the ideal c u r r icul a ,  the refor e ,  w i l l  
be expressed in  a rout ine , nonal a rming way . 

Th e  NABT study suggests that the ideal sc ience c u r r iculum wi l l  
a l so feat ure al t ernat i ve and supplementary mater i al s , teache r-developed 
mate r i a ls t hat i nc l ude examples and exemplars drawn f rom the common 
expe r i ences of gi r l s  ( sewi ng mac h i nes and vol leybal l )  as wel l  as those 
of boy s ( cars  and f ootbal l ) . In add i t ion, the NABT study i ndicates 
the value of career informat i on in ideal cur r i cu l a r  mate r i al s . Fo r 
example,  ove r two-thi rds of the c h i l d ren in the  NABT study noted that 
c a ree r i nf o rmat ion was important . Al l of the studies recommend two 
ba s ic chang es in sc ience c u r r icul a .  F i r s t , t he lack of sexi sm i n  pub
l i shed tex ts and in teache r-prepa red mater i al s  as wel l  as in teache r 
examp les , language,  and humor wi ll  be important . And , second , an i n 
f us i on o f  informal counsel l i ng act i vi t ies that provide bo t h  science 
and technolog ical ca reer  i nfo rmation wi l l  be a prerequi s ite . 

Pa rt ic ipat ion in  sc ience hobbies and science-r elated ext rac u r r i c
u lar act i v it i es i s  an excel lent pred i ctor of high school sc ience 
i nterest ( Hasan , 1 9 75 ; Wr i ght and Hounshe l l , 1 9 81 ) and of later under 
graduate and graduate wo rk in  sc ienc e  ( Neujahr .and Hanse n ,  1 97 0 ) . In 
the ideal state , male and fema le students wi l l  part ic ipate equally in  
science and mathematics extrac u r r icular act i v i t ies and wi ll have 
opportunities  to encounter sc ience and eng inee r i ng role models of both 
sexes . 

The Cl ass room . The NABT study focused pr i ma r i ly on teach i ng be haviors 
and i ns t ruct ional strateg ies that encou rage g i r ls as wel l  as boys to 
cont i nue to study sc ience and mathemat i c s .  A subsequent study analy zed 
the pract i c a l i ty of extendi ng its f i ndi ngs to the pract i ces of othe r 
teache rs . Combi ned , the two proj ects provide a pe rspect i ve on both 
what is preferable and what is pract ical in  the ideal seconda ry sc ience 
c lass room . Spec i f ic instr uct i onal strateg ies , appl icabl e  in the ideal 
state , i nc l ude a focus on c lass room di scuss ion as well as i nd i vidua l  
a nd laborato ry work . In  add i t i on ,  di ve rse media as wel l  as f ield 
expe r iences wi ll be used ,  and i ndependent proj ects and l i bra ry resea rch 
will  be i ntegrated into the ins t ruct ion .  Fu rthe rmore , three uni que 
f i nd i ngs po rtend changes in i nstructional patte rns : ( 1 )  teachers who 
a re successf ul in encou rag i ng students to cont inue i n  science and 
mathematics qui z or test the i r  students once a wee k ; ( 2 )  they encou rage 
creat ivity ,  noted by 5 8 percent of boys and 6 7  percent of g i rls; a nd 
( 3 )  they foster bas ic s k i ll development , acco rdi ng to over 7 0  pe rcent 
of both boys and g i r l s  su rveyed . The implementat ion · o( sc ience and 
mathematics act i v it ies that develop creat i v ity and o r ig i na l i ty wh i l e  
t each i ng bas i c  sk i ll s  wi l l  be an important change in  the ideal sc ience 
c lass room . The i nfus ion of creat i v i ty wi ll add a new d i mens ion to t he 
i mage of class room mathemat ics  and sc ience , whi le competency in  ba s i c  
s k i l ls such a s  measu r i ng ,  graph i ng,  and tit rati ng wi ll i ncrea se i nte r 
est as wel l  a s  the probabi l i ty o f  success in sc ience and eng inee r i ng 
for all  st udents . Si nce et hnog raph ic stud i es i ndicate that g i r ls a re 
mo re inte ract i ve du r i ng ind i vidual i zed and some sma l l -group act i vities , 
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sc ience teach i ng wi l l  favo r  t hat style of i nst ruct i on rathe r than the 
who l e-c l ass mod e ( Tobin and Ga rnett , 1 9 86 ) . 

Al l three pro j ects , as wel l  as i nnume rable othe r stud ies , have 
a nalyz ed teacher behaviors ; t he i r f i ndi ngs a l low us to desc r i be teache r 
behavior i n  the ideal state . The ideal sc ience teache rs , both men and 
women ,  w i l l  pract ice what Shi r ley Malcom ( 1 98 3b )  c a l l s • d i rected i n 
tervent ion • --that is , al l students wi l l  be act i ve ly and pos i t i ve ly 
encou raged to pa rticipate,  to respond , and to quest ion . S i nc e  Kel ly 
( 1 9 85 )  suggests that mai ntai n i ng gender d i f fe rent iat ion is  not 
pr ima r i ly due to teacher i nteract ions but rather is due to the 
behavior of the chi ldren themsel ves , di rected i ntervent ion may be one 
of the best ways to encou rage g i rl s .  

I n  1 9 81 , Galton ident i f ied three teachi ng styles i n  sc ience : 
problea aolvera, invol ving a high frequency of teacher questions and 
a low f requency of pup i l -i n i t i ated or -mai ntai ned act i vi t ies ; 
inforMra, u s i ng teacher del i ve ry of facts and an i n f requent use of 
quest ions except to reca l l  facts ; a nd inquirers, usi ng pup i l 
i n itiated a n d  -mai ntai ned expe r i ments as we l l  as i nfe r r i ng,  f o r 
mulat ing , and test ing hypotheses . The three ma j o r  stud ies support 
Galto n ' s conc lus ion that g i r ls prefer  the latter sty le of teachi ng-
that is , the inqu i re rs .  I nterest ing ly , it is the style most often used 
in biology c lasses , often selected by g i rl s ,  whi le the problem-sol ve r 
strategy is  more frequent ly used in  physics , which f ew g i r l s  elect to 
study . An adaptat ion of the i nqui r i ng sty le i nto all  science and 
mathemat ics class rooms wi l l  benef it both boys and g i r ls , for science 
is a coope rat i ve ,  soc i al act i v i ty that evol ves due to a cyc le of 
hypothes i s  test i ng , and mathematics re l i es on soc ial  di scou rse as the
o r ies a re t r i ed and tested . 

The NABT study suggests anothe r aspect of the ideal sc ience class
room : a ll of t he exempla ry c l ass rooms- -whether i n  a wealthy subu rban 
a rea or i n  an u rban ghetto--provided pleasant , att ract i ve ,  and st imu
lating envi ronments for lea rn i ng science . Future c l assrooms wi ll be 
f i l led with posters , aqua r i a ,  te r ra r i a ,  plants , ani mals , model s , 
sca les , leve r s , compute r s ,  and othe r dev i ces that wi l l  mot i vate g i r l s  
as  wel l  a s  boys to study science and mathemat ics . 

The School . All of the teache rs i n  the NABT studY i nd icated that t he i r  
support and encou ragement came from students '  pa rents and thei r com
mun it ies rathe r than from t he i r pee rs and supe r iors . They , at least , 
expe r i enced ben i g n  neg lect and were abl e  to use i nnova t i ve mater i a l s  
a n d  tec hni ques without bu reaucrat ic i nterfe rence . The ideal school , 
howe ve r ,  wi l l  ident i fy and encou rage creat i ve sc ience and mathematics 
teache r s . In  add i t ion , it wi ll  prov i de both a sett i ng and admi nistra
t i ve se rvi ces to  foster lea rn i ng free of  sex -role stereotypes .  cou r ses 
wi ll be schedu l ed so that st udents may take as many science and mathe
mat ics opt ions as they wi sh.  I n  add i t ion , trad i t iona l ly fema le and 
ma le c lasses wi l l  not conf l ict so that g i r l s , too , wi ll enr o ll i n  
cou rses suc h  as electroni cs , cal culus , drafting , metal -wo rk i ng ,  and 
physics . FU rthe rmo re ,  counse l li ng or g u i dance off i ces within school s 
wi ll provide non-tradit iona l informat ion rathe r than promu lgate sex -
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stereotyped cou rse and ca reer se lections . Cha nges wit h i n  the counse l 
l i ng system wi ll be among the most impo rtant ones i n  an ideal schoo l . 
Informed choice wi l l  be the key for both boys and g i r l s  in  the futu re , 
i deal school . 

Trans i t i on .  sue Berryman ( 1 9 8 3 ) discussed the pipeli ne that leads to 
sc ience . and engi nee r i ng ca reers . She has found that women leave t he 
p ipel i ne nea r its end--i . e . ,  at the doctoral leve l - -wh i le mi no r i ties  
ex it from it  between high  school and c o l l ege . The trans it ion stage 
between high school and col leg e ,  the refore , is cr i t i cal , pa rt icula r ly 
for mino r i ty wome n . The ideal state , howeve r ,  has excel lent model s  
f o r  the retent ion o f  women in sc ience and eng inee r i ng cou rses . These 
mode ls a re pr ima r i ly f rom the d i ve r s e  •women i n  eng i nee r i ng programs • 
i n  the Un i ted States . Many of those progr ams have used underg raduate 
women in eng i nee r i ng to rec r u it and encou rage h igh school g i r l s ; t h i s  
practice wi l l  be a common one in the ideal state . 

Ga rdne r ( 1 98 6 ) has app l i ed the same techn i que with sc ience maj o r s  
and has found i t  success f u l . Li kewi se , many women and mino r i ty mathe
mat ics ' prog rams at the Un i ve r s i ty of ca l i fo r n ia and M i l l s Col leg e 
have successf ully used role mode l s ,  sl i ght ly older than the ta rg et 
g roup of st udent s ,  to rec r u it app l i cants to nont rad it ional cou rse s .  
I n  add i t ion ,  recent students have ident i f ied nonacademic factors that 
pr ed i ct wome n ' s  attr i t i on from nont rad it ional cou rse s  ( Ga rdne r , 1 98 6 ; 
Matyas ,  1986 ) . In  the ideal state , pred i ct ion formulas wi l l  be used 
to assess the probabi li ty of competent women rema i n i ng in  nontrad i 
t ional ma jors and appropr i ate  counse l l i ng wi l l  be used a s  needed . 

The Actual State of Science and Mathematics Education 

Ou r c h i ld ren and ou r  students are pa rt ic ipants in a complex 
process that equips one sex with math,  sc ience , and techn i 
c a l  s k i l l s  ind i spensable to function i ng in the adu l t  wor l d ,  
whi le it f a i ls to encou rage t he same deve�opment in  t he 
other sex . Al t hough the l i ves of ind i v i dual women a re the 
most negati vely and d i rectly affected , the loss to both 
sexes is immense . ( Skol n i c k ,  et al . ,  1 9 82 :  2 )  

In the f a l l  of 1 98 5 , the Off ice of Opportu n i t ies of the Ame r ican 
Assoc iat ion for the Advancement of Science convened resea rche rs to 
di scuss the cur rent status of resea rch conce rni ng preco l lege and 
mino r i ty students i n  science and mathematics . The fol low i ng f i ve 
poi nts a rose du r i ng the di scuss ion : 

( 1 )  Mo re resea rch had been done on females than on mi no r ities ; 
( 2 ) More resea rch had been done at the sen ior high school level 

than at the junior high and elementa ry le vels ; 
( 3 )  Almost no data had been col lected , analyzed , and repo rted by 

sex and race simu ltaneously , resu l t ing in l i ttle informat ion 
about mi no r i ty f ema les ; 
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( 4 )  Most of the resea rch had been cor r e lat ional with only a few 
stud ies employi ng t heo r etical model s ,  causal analysi s ,  expe
r i mental techni ques , or long itu d i nal  des igns ; a nd 

( 5 )  Resea rch had focused pr ima r i ly on f i ndi ng d i ff e rences between 
boys and g i r l s ,  rathe r than on determini ng opt imal lea r n i ng 
s ituat i ons . 

Factor s  lead i ng to the above state of knowledge as wel l  as des c r i ptors  
of the actual state of  science and mathematics educa t i on w i l l  be  d i s 
c ussed i n  t h i s  sect ion . The focal poi nt o f  the di scuss i on wi l l  be the 
image of science , eng i nee r i ng,  and mathemat ics in the mi nds of 
student s ,  parents , and teachers . 

Today , in  the minds of students and i n  the percept ions of 
teache rs , sc ience and mathemat ics a re masc u l i ne . Indeed , the scien
t ist has replaced the cowboy in  the adolescent • s imag ina t i on as the 
he ro , or ant i -hero,  who is f ea r less , strong, and lone . It is  f ut i le 
to  arg ue that si nce that image may be la rgely de r i ved from the medi a ,  
telev i s ion , mov ies , and adve rti sement s ,  i t  cannot be changed . The re  
i s  a weal t h  of  evidence to support the contention that rega rd less of 
how , whe n ,  and whe re the masc u l i ne images of sc ience and math evol ved , 
schools and uni ve rs i t ites , teachers and professo rs su stai n it . I n  
f act , gende r is r econtextua l i z ed wi thin schools s o  tha t •the not ion o f  
appropr i at e  behavior  f or eac h  sex [ i s )  c onve rted i n t o  appropr i ate aca
demic d i s c i p l i nes • [ MacDonald ( 1 98 0 ) , i n  Ke lly ( 1 98 5 ) ) .  Once sub j ects 
have acqu i red a gender status , in  this case , masc ul i ne ,  part ic ipation 
in  it is  seen to rei nforce a boy ' s mascu l i n ity and to d i mi n i sh a g i r l ' s 
f emi n i ni ty . The reverse is  obviously true for f em i n i ne su b j ects suc h  
a s  French o r  typ i ng . 

Two types of stud i es have val i dated the masc ul i ne images of 
sc ience and mathematics . In one type , students have been as k ed  to 
rate school sub j ects  on a numbe r of dimens i ons , one of whi ch i s  a 
mascu l i ne/femi n i ne scale . The r esults i nd ic ate that woodwo r k i ng and 
physics are seen as the most masc ul i ne su b j ects , fol lowed by math and 
chemi s t ry .  Wh i le h i story and biology a re rated as neutral  sub j ect s ,  
Eng l i s h ,  French , typ i ng and coo k i ng are viewed as fem i n i ne ones 
( Weinreich-Ha ste , 1 9 8 1 ) . Although compa rable stud ies have not bee n 
done in  mathemat i c s ,  anothe r ve r i f icat ion of sc ience ' s  image is found 
when c h i l d ren and teachers are as k ed to draw a sc ient i s t . Over 
whelm i ng ly , the drawi ng s portray wh ite , d i s heveled  males ( Chambers , 
1 983 ; Ka hle , 1 98 6b ;  Schi beci , 1 98 6 ) . What is the eff ect of thi s 
mascul i ne image on students ,  teachers , cur r i culum , and cou rses ?  
Al i so n  Ke l ly mai ntai ns tha t • [ T ) he mascu l i n i ty of science is often 

• • •  the pr i me reason that gi r l s  tend to avoid the su b j ect at school , • 
and she suggests tha t •schools cou ld play a transfo rmat i ve ,  rather 
t han a reproduct i ve ,  role in the fo rmat ion of gender ident it ies • 
( Kelly,  1 9 85 : 1 3 3 ) . There is eve ry reason to be l ieve that although the 
research summa r i zed is  from sc ience , a compa rable s i t uat ion ex ists in 
mathematics . 

Accord ing to Ke lly ( 1 9 85 ) ,  the re are at least fou r d i s t inct senses 
in  which sc ience is  masc u l i ne : 
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( 1 )  I n  terms of numbe rs : t hat is , who stud ies sc ience at school , 
who teaches precol lege and col lege science , and who a re rec
og ni zed as scient ists ( e . g . , Na t iona l  Academy , Nobel 
lau reates , NSF fel lowships and resea rch g rant s ) . 

( 2 ) In  te rms of pac kag i ng : that is , the way sc ience is pre
sented , the cu r r icula and i nstruct ional techniques , the 
appl ications and examples as wel l  as the tex ts and other 
publ i s h ed mate r i al s .  

( 3 )  In terms of pract ice : t hat is , classroom behaviors and 
i nteract i ons such as teache r expectanc ies , sex role 
stereotyp i ng ,  student-teacher interac t i ons , and student
student i nte racti ons . 

( 4 )  In  terms of biolog ica l diffe rences : that i s ,  genet i c  or 
ho rmonal facto r s . 

Today , numbe rs , pac kag ing , and pr actice al l lead to a mascul i ne image .  
I n  today ' s  med ia and pres s ,  any d i ffe rences f ound in  the achievement 
levels or  aptit udes of boys and g i r l s  in science and mathemat ics are 
often att r i buted to inhe r ited abi l i t ies . Therefore , all fou r factor s  
wi ll be discussed and descr i bed in  the actual state o f  sc ience and 
mathematics educat ion . 

Numbers 

The numbe rs of boys and g i r l s  who study science and mathematics 
and of men and women who pract ice sc ience con t r i bute to thei r masc u
l i ne images . I n  one sense , the med i a ' s  image of  a whi te male sc ien
t i st or mathemat i c i an accu rately ref lects the s i tuat ion ; there a re 
mo re male scient ists and mathematic ians , and they have highe r status . 

In elementa ry educat ion the real i ssue l i es beh i nd the ove rt 
numbe rs of students and in the cove rt ways in wh i c h  boys and g i r l s  
expe r ience science and a r ithmet ic .  Re sea rch suggests that boys and 
g i rls br ing di f fe rent sc ient i f ic and quant itat i ve exper i ences to 
school and that in  school they rece i ve ve ry d i fferent educations i n  
sc ience and mathemat i c s .  Spec i f ically , from Eng land ( Smai l ,  1984 ) , 
t h e  u . s. ( Ka h le an d Lakes , 1 98 3 ) ,  an d Australi a ( Pa rker and Renni e ,  
1 9 86 ) , the re is clea r doc umentat ion that fewe r g i r l s  than boys hand le 
sc ience equipment , pe rform sc ience expe r i ments , or pa rticipate i n  
sc i ence-r elated act ivit ies . The di f fe rent ial backgrounds that boys 
and g i r ls b r i ng to e lementa ry school a re pe rpetuat ed  by them . 

In add i t i on ,  internat iona l proj ects report that al t hough boys 
and g i r ls expr ess i nte rest in s l ightly d i ff e rent types of science , 
the overal l leve ls of thei r i nte rest are simi la r .  FU rthermore , for 
both boys and g i r l s ,  i nterests a re d i r ectly related to a reas of dai ly 
expe r i ence--that is : 

Where the expe r i ence is one wh ich is li kely to be uni ve rsal 
( e . g . , ea rthwo rms , shadows , ge rms , wate r and weathe r ) , ve ry 
l i t t le sex -d if ferent iat ion of interest is shown . In othe r 
a reas , such as whee ls and moto rs and growi ng a vegetable o r  
f lowe r garden , whe re boys ' and g i r l s ' out-of-school expe r i -
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ences are li kely to be qu ite  di f fe rent , cle a r  sex -s tereo
typi ng is revealed . ( Pa rker and Rennie , 1 9 86 : 1 7 7 ) 

In mathematics there is clea r doc umentat ion that boys , compared wit h  
g i r l s ,  a re expected b y  teache rs t o  pe rform bette r ,  r ecei ve more teache r 
praise and c r i t i c i sm concern i ng mathemat ical performances , and excel i n  
compet it i ve games o r  cha l k boa rd contest s ( Ecc les , 1 98 4 ; W i l k i n son and 
Ma rrett , 1 9 85 ) .  Clea rly , the • numbe rs game • in elementary school i s  a 
su bt le one . Equal numbers of g i r ls and boys may s it th rough sc ience 
a nd a r i t hmet i c  lesso ns , but they pa rt ic ipate in  them in  unequal ways . 

The image of mathematics and sc ience cou r ses becomes more mascu
l i ne in seconda ry school , whe re the numbers of boys ta k i ng science and 
mathematics as we ll as of men teachi ng sc ience and mathemat ics i n 
crease . I n  t he Uni ted States , only 2 4  percent o f  secondary school 
s c ience teachers a re women ,  and it may be safely s a id that most of 
them teac h  biology . Alt hough vi rtua l ly al l high school students take 
biology ( which funct i ons as a requi r ed ,  i n t r oductory science cou rse ) ,  
only 3 0  pe rcent of high school g i r l s ,  compared to 3 9  percent of boys , 
take chemi s t ry whi le phys ics , ta ken by 2 6  pe rcent of a l l  h igh schoo l 
boys , is stud ied by only 1 4  percent of Ame r i can g i rls . OVe ral l , boys 
take one-fou rth more year of h igh school mathemat ics and one-t h i rd 
more yea r  of physical sc ience than do g i r l s ,  and the d i f ferences are 
f ound wit h i n  each of the racial/ethnic g roup s ( NS F ,  1 98 6 ) . 

In mathematics a simi la r  situat ion is found . Although equal 
numbe rs of boys and g i r ls study a lgebra and geometry ,  boys compa r ed 
w ith g i r ls are more li kely to enroll  i n  t r igonometry ( 2 6  percent 
ve r su s  2 0  pe rcent ) and calculu s ( 8  pe rcent ver su s  6 pe rcent ) .  cons i s 
tent sex d i f ferences in mathemat ics  pe rf ormance do not a r i se unt i l  
students a re i n  high schoo l ( Chipman an d Thomas , 1 985 ; Ecc les , 1 98 5 ; 
Li nn and Pete rsen , 1 9 86 ; Loc kheed , et al . ,  1 9 85 ) . When d i f f e rences do 
a r i se ,  f ema les tend to pe rform better than do ma les on some tests of 
computat iona l sk i ll s ,  wh i le males tend to pe rf orm bet ter on items in
vol vi ng problem-sol v i ng s k i l l s . ove r a l l , mathemat i c al achievement 
d i f ferences of ten are accounted for by di ffe rences in  cou r se-ta k i ng 
between male and f ema le students  ( Chipman and  Thoma s ,  1 98 5 ) . Fo r 
example , among 1 9 8 2  g r aduat i ng seniors , only 3 5  percent of female s ,  
compa red to 4 7  pe r cent of ma les ,  have stud i ed  fou r  or  mo re yea rs o f  
h i gh school science . 

Among those who ant ic ipate sc ience and eng i nee r i ng ma jors , one
qua rter of both men and women i n it i a l ly choose computer sc ience , whi le  
proport iona l ly more women th�n men choose mathematics  ma j o r s . Data in  
Tabl e 2 i nd icate that with the  except i on of  engi nee r i ng ( which favo r s  
men )  a nd psychology and soc ial sciences ( which  f avo r women ) ,  compa rabl e 
pe rcentages of young women and young men i ntend to study sc ience i n  
col leg e .  S imi la r patte rns are found among g i f ted and talented wome n 
( Flemi ng and  Ho l li nge r ,  1 979 ; Hansen an d Neu j ah r ,  1 97 4 ; Wr ight and 
Hounshe ll , 1 9 81 ) . Compar i so ns by sex and race ind icate that bl ack and 
As i an women a re mo re l i kely than those of other rac ial/ethnic g roups 
to choose physical sc ience ma jors ( NSF,  1 9 86 ) . FU rthe rmore , women 
with phys ical d i sabi l it i es also a r e  under represented in  science-related 
ma j ors . They tend to be concent rated in soc i a l  and human se rvices 
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TABLE 2 :  In tended Science/Eng i nee r i ng F i eld of study of 1984  CO llege
Bound Senio r s , by Sex 

Pe rcentage* 

Field Total Mal e  Female 

Science and e ng i nee r i ng ( Tota l ) 1 0 0 . 0 1 0 0 . 0  1 0 0 . 0  
B i olog ical sc iences 7 . 9 6 . 0  1 0 . 4  
Agr icultu re 2 . 5  3 . 0  2 . 0 
compute r sc ience 2 4 . 6 2 4 . 0  2 5 . 8 
Mathematics 2 . 8 2 . 4  3 . 7 
Physical sc iences 4 . 3  s . o  3 . 4  
Eng i nee r i ng 3 0 . 4 4 2 . 5  1 2 . 1  
Psychology 8 . 9 2 . 8  1 7 . 8  
Soci al sc iences 1 8 . 5 1 4 . 5 24 . 8  

*May not total 1 0 0 . 0 pe rcent due to roundi ng . 

SOURCE:  Co llege Ent rance Exam i nat ion Board , in  Nat i onal Science Foun
dat ion , Women and Mi no r i t i es i n  Scie nce an d Engi nee r i ng, washi ngto n ,  
D . c . : u . s .  Gove rnment Pr i nt ing Off i ce ,  1986 . 

majors that offe r poorer emp loyment oppo rtu n i t i es than do science and 
eng inee r i ng ma jors  ( Ru f f ne r ,  in Hopk i ns -Best , et al . ,  1 9 85 ) . 

Packaging 

Tex ts , publ i shed mate r i al s , posters , l i b ra ry. boo ks , examples , and 
exemplars a ll po rt ray more ma le sc ienti sts a nd mathemat i c i a ns and i n 
corporate more o f  thei r wo rk . Due t o  publ i she r  g uidel i nes that ensure 
that segments of ou r populat i on a re represented p i cto r i a l ly i n  cor rect 
proport ions , most tex ts have 5 0  p e rcent of i l lustrat i ons and di ag rams 
showi ng f emales and 1 7  pe rcent dep icti ng blac k s . Howeve r ,  the cosmet i c  
changes mask the lac k o f  substant i ve one s .  Fo r example , in  the 1 9 8 5  
ed itions of two popular h igh school biology text s , 7 5 -9 8 pe rcent o f  
t h e  cited scient if ic  work desc r i bed the contr i butions of men ,  whi le 
wome n ' s  wo rk was c ited 2 - 4  percent . Tabl e 3 shows how seconda ry 
Ame r i can  sc ience tex ts compare with those of comparabl e  count r i es .  I n  
a l l  cases , sc ience i s  packaged as mascu l i ne . Alt hough f ewer i l lustra
t ions are used i n  mathemat ics texts , u . s .  publ i she rs conf orm to the 
propo rtional representat ion . Howeve r , the cont r i buti ons of women 
mathemat ic ians are seldom cited . 

The pac kag i ng of science and mathematics ou tside of school s al so 
leads to mascu l i ne images . For example,  a lack of ro le models ha s 
o f ten been cited as a reason for the lac k  of sc ience and · mathemat ics 
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TABLE 3 :  Gende r Analysis o f  I l lustrations i n  Sc ience Text s  

Pe rcentage s 

country Dat e Text Mal e Female  Unknown 

UK ( unknown ) Nuf f ie l d  combi ne s  Science 7 8  1 4  8 
( activity books ) 

UK  ( unknown ) Science for the 20 ' s  6 2  3 1  7 

UK ( u nknown ) Science 2 00 0  6 2  21  17  

USA 1 98 3  Hol t ,  Mode r n  B io log y  6 3  3 0  7 

USA 1 98 3  S cott-Foresman,  Biology 5 8  3 5  7 

USA 1 98 3  Me r r i l l , B iology--Li ving 57  3 4  9 
Systems 

USA 1 9 85  BSCS , Biol og ical Sciences : 51 4 9  0 
A Mo lecula r Approach 

USA 1 9 85 S cott-Foresman,  Biology 6 0  3 2  8 

Aus t r a l ia 1 9 8 1  Fundamental Sc ience,  B K  2 8 5  1 5 0 

Aust ral i a  1 9 81 Fundamental Science , BK 3 5 4  3 8  8 

Aust r a l ia 1 98 2  Towa rd s TOmo r row 9 0  1 0  0 

SOURCES : B .  Smai l ,  Gi r l - Fr iend ly Sc ience :  Avo iding sex B i as in the 
cu r r i cu lum , London : Longman,  1 9 8 4 ; J .  B .  Kahle , SCORES : Sc ience ca reer 
Opt i ons fo r Ru ra l Envi ronment Student s ,  Wome n ' s  Educat iona l Equ ity 
Act i on League Report No . GXX 840 221 9 ,  wash i ng ton , D . C . : The League ,  
1 986 ; and J .  B .  Ka hle , • The  Image of Science , • i n  Gende r Issues i n  
Sc ience Educat ion , B .  Fr ase r ( ed . ) ,  Bent ley : West ern Aust ral i a n  
Inst itute o f  Technology , 1 98 6 .  

i nterest among young women .  Most ch i ld ren encounter f ew sc ience role 
mode ls in per son du r i ng thei r preco l lege yea r s . Al though the evidence 
i s di vided , some stud i es suggest that the presence of female sc ience 
o r  mathemat ics ro le models may have an impact on encou rag i ng g i r ls and 
women to ente r  sc ience and eng i nee r i ng cou rses and ca reers ( Ca sse r l y ,  
1 979 ; Fox and Richmond , 1 979 ; Ki ngdon and Sedl ace k ,  1 98 2 ; LeBold , � 
�' 1 9 8 3 ; Weishaa r ,  et al . ,  1 9 81 ) . FU rthermore , it has been suggested 
that mode ls may be effect i ve whether they a re encou nt e r ed  th rough 
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D Age 1 7  
1'21 Age 1 3  

- 8  - 7  - 6  - 5  - 4  - 3  - 2 - 1  

Percent Below Mean 

h 

g 

f 

e 

d 

c 

b 

a 

National Mean 
(Age 1 3  & 1 7) 

Read sc ienc e  
art ic le--magaz i ne? 

Read sc ience 
art ic le--newspaper ?  

Watched science 
. shows on TV? 

Gone to sc ience 
l ectu res? 

Read boo ks 
on sc ience? 

Tal k ed sc ience 
with  f r i ends? 

Done sc ienc e 
pr ojects? 

Wo r k ed with 
sc ience hobbies? 

SOURCE:  Ja ne Butle r  Kahle and Marsha K.  Lakes , • The Myth of Equa l i ty 
i n  Sc ience Class rooms , •  Jou r nal of Re sea rch i n  Sc ienc e  Teachi ng,  
20 : 1 3 1 -1 4 0 ,  1 9 83 . 

Figure 3 Fema le di f fe rences from nat iona l mean on items concerning 
ex tracu r iccula r ,  non requ i r ed  sc ience act i v i t ies , ages 1 3  and 1 7 .  

w r itten mate r i al s ,  on te levi s i on ,  o r  i n  person ( Ei senstoc k ,  1 9 8 4 r 
Haa s ,  et a l . ,  1 98 4 ; Malcom, 1 98 3a ;  O ' Bryant and co rde r -Bol z ,  1 97 8 ; 
Ti bbetts , 1 9 75 ) . 

In add it ion , extrac u r r i cula r act i v i t ies of school -age chi ldren 
may lead boys and g i r ls to pe rceive the science or mathematics 
•packag e •  d if f e rent ly . Fo r example , both NAEP a ssessments have shown 
that boys a nd g i r ls do not pa r t i c ipate equal ly in extracu r r icula r 
sc ience act ivit ies . As ea rly as age 9 ,  g i r l s  have less extens i ve 
backgrounds in sc ience -re lated acti v it ies than t hei r ma le pee r s  
( Hueftle , et al . ,  1 9 83 ; Ka hle and Lake s ,  1 9 8 3 ) .  FU rthe rmore , the di f 
fe rences i ncrea se with age , acco rdi ng to i nformat ion presented i n  
Figure 3 .  Notabl y ,  gender d i f fe rences i n  sc ience act i v i ty part ic ipa
t ion precede l ate r gende r d i ffe rences in  sc ience att itudes and achieve
ment ( Haertle , et al . ,  1 9 81 ; Kahle and Lake s ,  1 9 8 3 ) . 
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TABLE 4 :  Teacher M a rk i ng s  of Science work Att r i buted to 1 2-Yea r -Ol d 
Boys and Gi r l s  

Teache r Sex Pape r Ma rks Student Sex 

Male High marks 
Low ma rks 

Male 

6 
1 1  

Female 

2 *  
1 9 *  

Female High ma rks 
Low ma rks  

3 0  1 *  
3 1 2 *  

* p  - 0 . 1  

SOURC E :  M .  G .  Spea r ,  • sex Bias in Science Teache rs ' Rat i ng s  of work and 
PUpi l Cha racte r i stics , • Europea n Jou r nal of Sc ienc e  Educat ion , 1 9 8 4 , 
pp. 3 7 4 ,  3 7 5 . 

Today teache rs typ ically hold higher gene ral academic expectat ions 
for ma le students than fo r f ema le student s ( Cl i f ton ,  et a l . ,  1 98 6 ; 
Eccles , 1 9 84 ) . In  mathemat ics , sex di fferences in  teacher expectations 
are not always found , but when they a re present , they favor boys 
( Eccles , 1985 ; W i l k i nson and Marrett , 1 9 85 ) . one expe rimental study , 
shown i n  Tabl e 4 ,  as k ed  sc ience teache rs to eva luate samples of stu
dents ' work ( Spea r ,  1 9 8 4a , b ) . When teache rs be l i eved that the work  
had been done by a boy , it was j udg ed more sc ient i f ica l ly accu r ate , 
better o rgani zed , r i che r in ideas , and more  conc ise than when the wor k  
was attr i buted to a g i r l . Papers attr i buted to g i r lS we re j udged to 
be neater than those assigned to boys . 

Furthe rmore , when teachers are as ked to ident i f y  sc ient if ically 
talented o r  g if t ed  student s ,  a cross-cu ltu r al pattern eme rges . Both 
Aust ra l i an and Ame r i can teachers ident ify more boys .  When obse rve rs 
reco rd both the numbe r and durat i on of teachers ' i nteract i ons with the 
i dent if i ed creat i ve gi r l s  and boys ,  they f i nd that teachers interact 
twice as of ten with the boys and for longer du rat i ons . Acco rdi ng to 
Gordon and Addi son ( 1 9 85 ) , when teache rs nomi nate students for special 
programs , boys of average abi l it i es a re nomi nat ed  before gifted g i r l s .  
As Casse rly ( 1 9 79 : 349 ) s tated : 

Too often in  the school , the behavior  t hat is evidence of 
•cr itical thought and a quest ioni ng mi nd • i n  a young man 
becomes evidence of • i nso lence • a nd an • a rg umentat ive 
nat u r e • in a you ng woma n • • •  g ifted young women a re pa r 
t ic ula r ly adept ( of ten to thei r d isadvantage ) at li v i ng up 
to the expectat ions of othe rs a nd no more [ s i c ) .  Wel l -
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adjusted , p leasant,  young lad i es don ' t  ma ke wa ves o r  they ' re 
suddenly seen as • aggress i ve •  o r  worse . Young men who sud
denly demand cha l lengi ng wo rk a re seen as f i na l ly sett li ng 
down and get t i ng se r i ou s  about l i f e  and the i r  f utu re 
ca reer s .  

On the other hand , mino r i ty and physically di sabled fema le s today 
a re in a dou b le bind . Teacher s '  expectations of mino r i ty f ema les a r e  
i nf luenced by both race and gender ( Ma lcom ,  et al . ,  1 9 75 ) , whi le female 
students with d i sabi l ities a re f requently perce i ved as •dependent , 
helples s ,  vulnerabl e , and su bse rvient•  ( Hopk i ns -Best , et al . ,  1 9 85 ) . 

Unfo rtunately,  teacher expectations i n f l uence the . beha viors o f  
both teacher and student ( Eccles , 1 9 84 ) , and they may af fect students '  
sc ience and . mathematics achievement ( crano and Mel lon , 1 978 ; Spea r , 
1 9 84a ,  b ) . Seconda ry and elementa ry teache rs , on the ave rage , interact 
more with ma le than with f ema le student s ,  espec i a l ly i n  mathematics 
and science ( Eccles , 1985 ; Sadke r and Sadke r ,  1985 ; Webb , 1 9 84 ) . I n  
the cou rse o f  one yea r ,  elementa ry-aged boys , compa red with g i r l s ,  i n  
�ne study recei ved s i x  more hou rs of one-on-one mathematics instruction 
( Lei nha rdt , et a l . ,  1 97 9 ) . Ta ken ove r the cou r se of elementa ry schoo l , 
3 6 hou rs of ind i vidual mathematics instruct ion may have important 
eff ects on a st udent ' s  i nteres t ,  achievement , and se l f -conf idence . 

I n  both science and math classes , the la rgest gender dif ferences 
in student-teacher i nteract ion appea r du r i ng •who le c la ss i nteract ion • 
( Tob i n  and Ga llaghe r ,  1 9 87 ; Tobi n and Ga rnett , 1 9 86 ) , such as quest ion
and-answer or  d i scuss ion sess i ons . At all precol lege level s ,  boys a re 
cal led on more of ten than g i rls  are ( Sadker and Sad ke r ,  1985 ; Tobin 
and Ga rnett , 1 98 6 ; Webb,  1 98 4 ) , espec i a l ly when h ighe r-o rde r cogn it i ve 
quest ions are i nvolved ( Tobin and Ga l l aghe r ,  1987 ; Tobi n and Ga rnett 
1 98 6 ) . Today, coope rat i ve lea rni ng setti ngs ,  i nc l ud i ng laborato ry 
wo rk , account for only a smal l  port ion of time in seconda ry science 
c lass room s ( 1 5 percent ) .  The maj o r i ty of time i s  spent either i n  lec
ture ( 2 3  percent ) o r  in whole class interaction such as quest ion-and
answer ses s i on s  ( 3 3  percent ) ( Tobi n ,  1 98 6 ) . In  mathematics , boys , 
compa red with g i r l s ,  pr efer compet i t i ve rathe r than cooperat i ve act i v
it ies that are f requently used i n  school s ( Lockhead , 1 984 ; Pet e r son 
and Fennema , 1 9 85 ) . The perception that sc ience and mathematics are 
masc u l i ne is  r ei nfo rced by c lass room pract ices and teacher beha vior s .  
For example , boys are al lowed to dominate di scuss ions and equ ipment 
and are fou r  t i mes more li kely to be ta rget students than g i r ls a re i n  
sc ience and mathematics classes ( Tobin and Ga rnett , 1 9 86 ) . The actual 
pract ice of mathematics and science today as factual knowledge , pr e
sented by who le -c lass instr uction and related to male act i vi t ies , is 
an a nathema to g i r ls both at the e lementa ry and seconda ry levels . 

Although not di rectly part of the student-teache r interact ion 
patter n ,  counselors and pa rents a l so aff ect the pract ice of science . 
Rega rd ing h igh school , la rg e-scale stud i es in  the 1 9 70s indicated that 
counselors tend to hold gende r -biased att itude s ( Ah r ons ,  1 976 ; Donahue 
and costa r ,  1 9 77 ) . FU rthermore , col lege sc ience ma jors ranked thei r 
high school counselors last ( after biology teachers , pa rent s ,  and 
other teache rs ) when as ked who had inf luenced thei r choice of ma j o r  
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( Kahle , 1 9 8 3b ) . Other stud ies suggest that both mino r ity and ma j o r i ty 
g i r ls pe rcei ve high school guidance per sonnel as either a negat i ve o r  
neut ral  inf luence on thei r dec i s i on to study science o r  eng inee r i ng or 
to pa rticipate in spec i al programs ( Casse r ly ,  1 97 9 ; Ma lcom , et a l . ,  
1 9 75 ;  Matya s ,  1 9 83 ) . 

Biological Factors 

Recently , r esearch has add ressed the most di f f i cult of the fou r 
f a ctors to assess ; that i s ,  the relationship of sc ience ' s  and mathe
matics ' mascul i ne images to the purported higher aptitudes and abi l i 
t i es o f  boys for sc ience and mathematics . Differences in  boys ' and 
g i r ls ' scores on tests of spatial  abi l i ty have been att r i buted to an 
i nhe r ited cha r a cte r i st i c ,  yet Kelly , et a l .  ( 1 98 4 ) ,  have shown that 
the di f fe rence between g i r l s ' and boys ' spatial  abi l i ty scores are 
erad icated when g i r ls en roll in  j ust one techni c al trades cou rse . 
Fu rthermore , L i nn and Petersen ' s  ( 1 9 86 )  r ecent review of the resea rch 
conce rning spa t i al abi l ity repo rts no evidence that sex d i ff e rences i n  
spatial  abi l i ty explai n gender d i f fe rences in  mathematics performanc e .  

Benbow and Stan ley ( 1 98 0 ) and Benbow ( 1 986 ) f ound consi stent se x 
d i f ferences in mathematical reasoni ng abi li ty ( a s measu red by the 
SAT-Math ) among i ntel lect ually talented 1 2 - to 1 3 -yea r -olds . The 
d i f fe rence favo rs male students ( Benbow , 1 9 86 ) .  They suggest that 
this d i ffe rence ref l ects i nnate abi l it ies and Benbow ' s recent study 
suggests that di f fe rences in ho rmona l leve ls are i nvolved . Howeve r ,  
Benbow and stan ley ' s  methodology and conc lusions have been quest ioned 
by seve ral resea rchers ( Eccles and Jacobs , 1 9 86 ; FOx , 1 9 8 4 ; Pa llas and 
Alexande r ,  1 98 3 ; Stage , 1 986 ) . 

Fu rthermore , stage ( 1 9 86 )  h as ref uted the recent claim that male 
and f emale math and sc ience ab i l i ty d i ff e rences a re due to d i ffe rent 
levels of fetal testosterone . Sh e  repo rt s ,  r athe r , that stud ies have 
revealed that high leve ls of f etal testoste rone in boys may lead to a 
h i gher inc idence of lef t-handed ness , immune d i so rd ers , dy s le x ia ,  and 
othe r lea rning d i sabi l i t ie s .  on the other hand , h i gh leve ls of f etal 
testosterone i n  g i r l s  may lead to • tomboyi shness • a nd increased spatial  
ab i l ity . Clea r ly ,  we must look beyond b iology to the  soc i al mi l i eu to  
f i nd factors related to the  mascul i ne images of sc ience and mathe
matics . 

Transition from Actual to Ideal State 

[ B ) oys and g i r ls enter school sc ience class rooms with di f
ferent past expe r i ences , d i f f e rent interests , di f fe rent 
att itudes , and d i ffe rent expectat i ons . Th i s  i nd icates that 
teachers cannot dismiss the problem of gi r l s ' under-achi ev
i ng in sc ience by treating boys and g i r ls identically • • • • 
[ T ) he science class room and cu r r i culum are des i gned to bu i ld 
on a foundat ion of i nte rests , expe r ience and attitudes that 
i s  present for one sex but not for the othe r .  Tr eat i ng boys 
and g i r ls identica lly in school can se rve to accentuate 
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Ideal  

Gender neutral sc ience 

Women are viewed as an integral  
pa rt of the s c ient i f ic community 
by col leagues , ed ucators , stu
dent s ,  and the gene ral pub l i c  

Low fema le att r i t i on from 
electi ve science/math cou r ses  

Both male and female students 
wo rk up to f u ll potenti al i n  
precollege sc ience/math 

Sc ience is  taught by both men 
and women 

S tudents fee l  f ree to choose 
college majors  and ca reer s 
accord ing to thei r i nterests 
and abi l it ies 

Nonsex i st texts and inst ruc
t i onal techni ques such a s  
d iscuss i ons and labo rato r i es 
that max imi ze lea rni ng for al l 
students 

Expectat ions of student abi l
i t ies , i nte rest s ,  and performance 
are unre lated to student sex ,  
di sconf i rmi ng soc i etal stereo
types 

Inst it utions are committed to 
add ressi ng the speci al needs of 
g i f ted and di sabled females 

Transformation of student ' s  
v i ews of sex r ole s through 
science c lasses 

Actua l  

Mascu l i ne sc ience 

Science is viewed as a masculi ne 
domain by the scient i f ic commu n ity , 
s tudents , and the publ i c  

High f emale att r i t i on from elect i ve 
sc ience/math cou r se s  

Gender d i f fe rences in  precollege 
science and math achievement 

Science classes are pr ima r i ly 
taught by men. 

S tudents fol low sex stereotypes 
in add it ion to pe rcept ions of 
a bi li t ies and i nterests in 
choosing a maj o r /ca ree r  

Sex i st cu r r i cu la and whole class 
instr uct ional techniques that 
benef it se lected groups of stu
dents 

Teache r ,  counse lo r ,  parent , pee r 
and the st udent ' s  own expectati on s 
a re bi ased by sex-role stereotypes 

G i f ted and di sabled fema le s are 
often not encou raged to f u lf i l l  
t hei r potent ial i n  sc ience/math 

Trad itional sex ro les rei nfo rced 
by sc ience classes 

Figu re  4 A cont rast between the ideal and the actual state of sc ience 
educat ion . 
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rather than dimi n i sh the existing d i fferences . 
1 9 84 : 22 )  

( Johnson , 

A summa ry of the actual and ideal states of science ed ucation i n  
Figu r e  4 reveals 1 0  bas ic a reas of d i ff e rence , whi le a review o f  i n 
tervent ion projects ind icates ways to change from the actual state to 
the ideal state . Many of the prerequ i s ite changes have been di scussed 
in the • IdeaP s ection ; others wi l l  be proposed now , based on the 
premi se that cha nges in the pract ices and packagi ng of science and 
mathemat ics wi l l  dimin i sh thei r masculi ne image . As the image becomes 
mo re accurate , the numbe rs of g i r ls pa r t icipat i ng and achievi ng i n  
sc ience and math wi l l  increase , and science and mathematics classes 
wi ll t ransform, not · reproduce , soc i ety ' s  ste reotypic v i s i on of those 
d iscip l i nes . As Al i son Ke lly has sa id , 

[ T ) he mascu l i n i ty of sc ience is an image ( autho r ' s  under 
score ) . Whether it is  caused by textbook representat ions 
or by class r oom behavior s ,  it is essenti a l ly a d i stortion 
of science . The word ' image ' is  li nked to ' imag i na ry '  and 
these th r ee  mechani sms all suggest that the masc u l i n i ty of 
sc ience is only an i ll u s i on ,  not an int r i ns i c  part of it s 
natu r e .  ( 1 985 : 1 4 6 ) 

But how does one affect pac kag i ng and pract ice? one of the most 
eff i c ient and effect i ve mechani sms is th rough teacher educat ion , both 
i n-se rvice and pre-service . seve ral in-se rvice proj ects suggest the 
ideal in mathematics and sc ience educat ion . Do they a l so suggest what 
type of teache r trai n i ng works ? A c lose exam i na t ion ind icates that 
they do . FOr example , the results of the G IST proj ect we re l i mited , 
pa rt ly , because the teacher-par t ic ipants di d  not • buy i n •  t o  the pro
g ram ( Smai l ,  1 98 5 ) . It a l so emphasi z ed  careers and i nterest s , rathe r 
than di rected intervent ion and sk i ll development , desc r i bed in the 
mo re successf ul stud ies . 

A r ecent u . s .  project , des igned as an attempt to forg e  a li nk be
tween actual and ideal science teachi ng and pract i ces , a l so produced 
l imited resu lts ( Itahle , 1986a ) . Th i s  proj ect ignored the issues of 
sex -ro le ste reotypi ng of ca reer s ,  se x-l i n k ed  patte r ns of cou r se se lec
t ion , and sex -role sociali zat ion i n  schools . Rathe r ,  it focused on 
ca reer i nf o rmat ion , role models , and i nterest-o r iented mate r i al s .  
When the resu lts we re in , it was found that boys , compared with g i r l s ,  

• Had mo r e  expe r iences in  sc ience , 
• Indicated highe r interest in  sc ience ca reers , 
• Held more pos it i ve pe rceptions of science and sc ien

t i sts , 
• Expressed more posi t i ve att it udes towa rd sc ience and 

s c ient i st s ,  
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• Found science more useful ,  and 
• Recei ved signi f icantly mo r e  A and B grades in sc ience . 

The i nd i rect, i nteres t-o r iented approach for  i n -service teacher educa
t ion did not work . Resu lts of Renn i e ,  et al . ( 1 9 85 ) , on the oth e r  
hand , suggest that a d i rect approach wo rks . AS they stated , the i r 
western Aust ral i an project 

• • • wo rked exp l i c i t ly to change teache rs ' att itudes and 
behaviors and appea rs to be successf ul in thi s • • • •  
[ M ] o reove r ,  • • •  the changes in the teache rs appea red to 
be associated with cor respondi ng changes i n  the student s .  
( p .  14 3 )  

Fu rthe rmore , Pa rke r ( 1 9 85 : 1 6 )  discussed why the route of • i nterest
based scienc e •  wi ll not lead to equ itable science educat ion : 

If  the teache rs • • • had based thei r prog r ams on students ' 
expressed o r  expected i nterest s ,  then the g i r ls conce rned 
would neve r have exper i enced wor k i ng with elect r i c ity , and 
wou ld never have been g i ven the oppo rtun ity to f i nd out 
whethe r they had a li k i ng or  an aptit ude for the area . 

The educational pathway, the refore , must be d i rect , exp l i c it ,  and sus 
tai ned and meet the actual requ i rements for f urthe r ed ucat ion in  the 
sc iences . Pro j ects focused on i nterests and ca ree r s , often invol vi ng 
f emale role models , may create the des i re to do science , but not pro
vide the pre requis ite s k i ll s . 

Both the in-service and pre-service ed ucat ion of pr ima ry teache rs 
requ i res fundamental changes that wi ll p;ovide them with an unde r 
stand ing of the processes of science and with success f u l  strateg ies 
for teaching sc ience . The problem is two-fold : f i rs t ,  teachers have 
inadequate scient i f ic backgr ounds and , second , they are uncomfo rtabl e  
with sma l l -g roup i nteract i ons . Fenshaml suggests that whole-c lass 
i nstruction invo l v i ng eve ryday science phenomena i s  needed in the 
t rans it ion pe r i od  f rom actual to idea l . Teacher s ,  more comfo rtable 
with who le-c lass teaching ,  may use it to invest igate with thei r stu
dents phenomena that they can obse rve , and test , within thei r c lass
rooms . FO r  example , what le vel of li ght ing is  actual ly needed ? Why 
do the plants bend towa rd the wi ndow? What is the mea n ,  mode ,  and 
range of student heights? How does a the rmostat wo rk  1 In this  way , 
they can bui ld the conf idence and s k i l ls needed to i mplement the 
• hands-on•  c u r r i culum .  

Othe r changes i n  the pract i c i ng of sc ience wi l l  occur  i n  schoo l s  
a n d  class r ooms . An i n it i al step i s  for schools t o  review the range of 
sub j ects offered and monitor the pattern of choices made by boys and 

lpr i vate communi cat ion between Ja ne Butler Kahle and P .  J .  Fensham , 
Mel bou rne , Aust r a l i a ,  September 1 5 ,  1 98 6 . 
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g i r l s  ( Yates , 1 9 86 ) . I n  that way they can ident ify problems and ta rget 
changes . In add it i on ,  the ideal state wi ll only be reached when sc i
ence and math are taught as  they are pract iced --that is , in mi xed 
g roups . Although the trans it ion pe r i od  wi l l  need wel l -trained women 
f r om sing le-sex schools , long-term gai ns must be made i n  coed ucat iona l  
c lasses , i n  wh ich d i scussions and l aborato r ies provide t i me  for tinker
i ng and for  sha r i ng as  wel l  as  an  atmosphere cond uc i ve to  trial ·and 
e r ror and to r is k -tak i ng . In such sett i ngs , boys can lea rn to respect 
the ideas of g i r l s  and to work with them as equal s .  In the t rans it ion 
pe r i od  from actual to idea l , boys ,  who hold st ronger sex-stereotyped 
op inions than g i r l s  do , may be the targ et of intervent ion prog rams . 

Anothe r pathway from the actual to the idea l state wi l l  explore 
new types of educat ional resea rch . For examp le ,  extens i ve expe r i men
tal , or at least long itud i nal  studies , are needed to conf i rm the cor 
relational relationships found in  today ' s  resea rch . Si nce successful 
i nter vent ion prog r ams can provide a use f u l  sou rce of expe r i mental data , 
it i s  important that fundi ng i n  this t rans it ional stage i nc l ude mon ies 
for evaluat ion as wel l  as for implementat ion . I n  addit ion , the lac k  
of resea rch on mi nor ity, g i fted ,  and d i sabled g i r ls and women must be 
add ressed . The ideal state of science and mathematics ed ucation wi l l  
need data to determi ne how mi no r i ty status , g i f tedness , and physical 
d isab i l i ty inf luence the mathematics and science ed ucat ion processes 
for women and for me n .  Without that i nformat ion , the ideal state wi l l  
be val i d  for only a sh r i nk i ng po rt ion o f  the precol lege populat ion . 

The impo rta nce of resea rch i n  reachi ng the ideal state is drama 
t i zed by the situat ion today . In  1 9 84 , a Nat iona l Science Teachers 
Associat i on survey requested science teachers to ra nk a re as of resea rch 
i n  order of interest . The fol lowi ng f i ve areas rece i ved the highest 
ran k i ngs : laboratory expe r iences , mot i vational techn i ques , eff ect on 
college cou rses , problem so l v i ng ,  and meaningful  lea r n i ng . Al l of them 
represent a reas i n  wh ich gender d i ffe rences have been f ou nd . Yet of 
the 2 3  research a reas li sted in  the su r vey , research in the area of sex 
d i ffe rences was ran k ed last by the teachers surveyed ( Gabe l ,  et a l . , 
1 9 86 ) . In  the trans it ion pe r i od , resea rchers concerned with gende r  
i s sues must do a better j ob of di scus si ng the i r  wo rk a n d  f i ndi ngs wi th 
t eachers and parents . 

Curriculum 

A t h i rd route from actual to ideal ed ucat ions in  sc ience , mathe
matics , and eng i nee r i ng requ i res changes in  the packagi ng of sc ience 
and math mate r i al s .  Science and mathematics tex tbooks must cont inue 
to evol ve from adding i l lustrat i o ns  of g i r ls to descri bing wo rk of 
women sc ient ists in paragraphs set off ( a nd �reque nt ly boxed ) from the 
text to restructu r i ng the presentat i o ns of sc ience and mathematics so 
that they are rele vant to g i r l s  as wel l  as to boys . Howeve r , the cu r
r icula r path should not lead to sepa rate and unequal science and 
mathematics cur r i cu la for you ng women .  
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Porenl EdJicotion 

Fo urth,  because of the important inf luence parents have on the i r 
daughte r s ' science and math i nte rests and achievement , strateg ies f o r  
educat ing parents must be explo red . Some formal ef forts have begun-
for example,  th e Fami ly Mat h  Program deve loped at the Lawrence Ha ll of 
Science . Othe r ,  more inf ormal act i v i t i es have been des igned i nto in
tervent ion program s  ( Kahle , 1 98 6b ) . In the transit ion pe r i od ,  pro j ects 
such as the col laborat i ve one between the College Board and the 
Ame r ica n Associat i on for th e Advancement of Sci ence to develop 
boo k lets , wh ich both desc r i be the impo rtance of science and math and 
deli neate ways pa rents can assist thei r chi l d ren in sc ience and math ,  
a r e  important . 

Summary 

The fou r routes descri bed above al l lead from today ' s  to tomor
row ' s  educat i on in science and mathematics . Col lect i ve ly,  they wi l l  
change the pract ice and packag i ng of science and math as wel l  as the 
numbers of g i r ls and women st udyi ng those sub j ects . AS those th ree 
aspects change , the images of sc ience and math wi l l  become mo re real 
i s t ic . Al though there is neither a quick nor an easy route,  a f ocus 
on al l le vels of precol lege ed ucat ion wi ll  speed the process . A r e vo
lut i on in sc ience and mathemat ics educat ion wi ll result in the evolu
t ion of science and math and , in the process , the i r publ i c  images may 
be improved . 

The paths proposed in  the t rans i t i ona l per i od  f r om actual to ideal 
fol low the d i r ect ions ident i f i ed  by proj ects and by teachers success
f u l  in promot i ng sc i ence and mathemat ics educat i on for al l .  However ,  
educat ion i n  math and science i s  at a cross roads . The path to the 
lef t fol lows today ' s  practices and resu lts  in  some boys and a few gi rls  
studyi ng science and  mathematics . But the path to  the r i ght leads to  
i ncreased numbe rs of  boys and gi r l s  study i ng sc ience and mathematics 
and the reby prepa r ed  for ea rning and l i ving i n  tomo r row ' s  techni ca l  
soc i ety . 

In conc lus ion , the wo rds of a 15-yea r -old gi r l  dramati ze why 
choosi ng the r oad to the left is  mak i ng a w rong tur n ( Kahle , 1 98 6b ) : 

Interv i ewe r : 

susan : 

What is you r  image of a sc ient ist? 

A sc ientist ' s  tota lly i nvol ved in wo r k .  
The refore , they don ' t ca re about appearanc e .  
[ They ) wea r wh i te coats , have bea rds-- ' cause 
they ' re men . They just seem to ca re onl y  
about the i r  science wor k .  • • • They don ' t 
care about meal s .  Somedays they starve 
themsel ves . They walk a round with the i r 
sc ience bra i n  al l day , and they ' ve got the i r 
laborato r ies . 
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Interviewer : 

Susan : 

Interviewe r :  

susan : 

Interviewer : 

Susan : 

Interviewe r : 

su san : 

What do you want to do? 

Be able to he lp peop le .  Not li ke  a scien
t i st or a doctor or a nythi ng l i ke that . 
But help thei r mind [ s ic 1 .  I want to be a 
psycholog ist . I want to help peop le that 
[ s ic ) need it . 

I ' m hop i ng to st udy psychology when I 
get to un i [ ve r s it y )  and that is  probably 
what I ' l l be .  But I ' d  al so li ke to be a 
racing car d r i ver  and to f ly planes . But 
you have to do physics to be a pi lot , • • • 
I don ' t  want to do that . 

What about psycholog ists? Ar e women psy
cho log i st s ?  

I t hink the re ' s  more women .  Because , I 
mean ,  peop le tend to see men and women i n  
d ifferent role s even now . They st i l l  do . 
And women a re the peop le that [ si c )  ca r e .  
They he lp you so rt out you r problems and 
thi ngs l i ke that . And men a re the brain s ,  
and they just are totally on facts . And 
they ' re the re to wo rk out the ha rd thi ngs 
i n  the world . 

Are men sma rte r ? 

No . 

Bow are you usi ng the te rm , •brai ns • ?  

They ' re not sma rte r ,  but peop le see • • • 
[ that they ) a re .  Soci ety today cons iders 
men sma rte r  than women . Therefore , they a r e  
going t o  get the jobs ove r women . • • • 
They ' re the ones you see with the brains , 
but you don ' t see [ women ) ,  because peop le 
don ' t  h i re them as muc h .  

Although the soc ietal and cultural changes needed to mod i fy 
susa n ' s  pe rceptions wi ll requi re t i me  and substa nt i ve restructu r i ng ,  
the ef fect of equitable ed ucat i on may be immed i ate . Fo r example , Susa n  
must rea l i ze that psychology is a sc ience , wh ich requ i res that she 
study mathematics , and she as wel l  as al l ch i ld ren need to keep thei r 
opt i ons open . Pe rhaps , howeve r ,  the greatest effect of equitable edu
cation in  the  sc iences and mathematics wi l l  be equal  opport un i t ies for  
both g i r ls and boy s (or  women and me n )  t o  • he lp people • and •to so rt 
out the ha rd thi ngs in  the wo r l d . •  
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DISCUSSION: EQUITABLE SCIENCE 
AND MA TIIEMA TICS EDUCATION 

Susan F. Chipman 

In attempting to u nderstand what . cau ses the d i ffe rences between 
men and women with respect to thei r part ic ipation in mathematics , sci 
ence , and engi nee r i n g ,  Kah le and Matyas--and a l l  of us --add ress a ve ry 
complex situat ion . The i r  paper discusses many factors  in precol lege 
educat ion that plausi bly could have some i n f l uence on the representa
t ion of women .  Many points of di f ference between male and female stu
dents and the way that othe rs t reat them a re des c r i bed and documented . 

I f  we are to eithe r gai n real understand i ng or have a bas i s  for 
dec iding where leve r age can be placed i n  order to eff ect cha nge , we 
need to organi ze al l of thi s  inf ormation with a dynam i c  theoretical 
model of the processes determi n i ng i nd i v idual l i ves . That i s ,  we need 
to appr oach thi s  problem as a sc ient if ic problem in it s own r ight . We 
must use a theo r et ical model to g u ide our re sea rch and data a nalysi s  
ef forts so that we can beg i n  to det e rm i ne wh ich of the many plausible 
va r i ables a re actual ly impo rtant and to u nderstand how they act and 
i nteract . How do al l these va r i ables act on i nd i v i dua l  life dec i s i ons ? 

In an ea r li e r  pape r ( Ch ipman and Thoma s ,  1 98 4 )  for a Nat iona l  Re
search counc i l  committee , I a ttempted to formulate a reasonably 
comprehens i ve and gene r al ve r s i on of such a mode l . It was ba sed on a 
theoret ical approach that othe rs ( Casse r ly and Rock ,  1 9 8 5 ; ECcles
Pa rsons , et a l . ,  1 98 3 ; Lantz and Smit h ,  1 9 8 1 ) had taken to u nderstand 
the case of female part ic ipation in high school mathematics cou rses . 

As Figure 1 i l lustrates , the outcome--pa rt icipation--i s  
understood as bei ng inf luenced by two maj o r  f actors : expectancy of 
success and va l ue assigned to the outcome . Each of these , in tu r n ,  
has many cont r i but ing dete rmi nant s ,  as shown i n  F i g u res 2 a nd 3 .  
Expectancy of success is  li kely to be i nf l uenced by such f actors a s  
cognit i ve abi li ty--i n wh i ch the re a r e  impo rtant ind i v i dual di f fe rences 
and in  wh ich some c laim that there a re rele vant sex d i fferences 
( Benbow and Stanley , 1 9 80 ) . Conf idence in one ' s  abi li ty--an a rea in 
wh ich la rge sex d i ffe rences a re f ound--a l so aff ects expectancy . 
Gene ra l  ste reotypes of the abi l i t ies of part ic ula r  populat ion groups 
might aff ect thei r expectancy of success , either d i r ectly or th rough 
an ef fect on the i r conf idenc e .  

The val ue o f  part ic ipati on i n  a part ic u la r  f ield o f  endeavo r is  
a l so subj ect to many i nf l uences of  the so rt that Kah le and Matya s 
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F igure 1 co re of the mode l . 

Figu re 2 Inf l ue nces on expectancy . 
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F igu r e 3 Inf lue nces on va lue . 
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descr i be .  I mmed i ate reinforcement o r  lac k  of reinforcement for par
t ic ipat ion may be impo rtant ,  as comi ng from pa rental encou ragement , 
the express ion of negative att it udes by male pee r s ,  or  gene rally prev
a lent ste reotypes of soc i al s u i tabi l i ty .  The ant icipat i on of f utu re 
f ami ly-caree r conf l i c t  f its  i n  he re . ( I  must point out that th is per
cept ion may we ll be va l i d : those who a re sc ient i sts , who wo rk wi th 
sc ient ists , and who study sc ientists know that successful  sc ient ists 
typ ica l ly wo rk ext remely ha rd and ex t remely long hou rs--we ll beyond 
the 4 0-hour wo rk week . ) '!he expectat i on or  lac k  of expectation that 
long-term rewa rds wi ll  be avai lable in the form of employment oppo r
t un i t ies and fai r compensaton i s  anothe r potent ial ly impo rtant factor . 
Fi nally,  i nd i v idual global i nte rest patte rn s  ( wh i c h  Kah le and Matyas 
d id not d i scuss in  a se r i ou s  way ) clearly inf luence the pe rcei ved value 
of ca reer and cou r ses of study and have subs tant i al eff ects upon the 
selection of sc ient if ic ca ree rs . FU r the rmore , the re are la rge se x  
d i ffe rences in these i nte rest pa tte r ns that can account for much of  
t he sex d i f fe rence in  ca ree r se lection ( DU nteman ,  et al . ,  1 9 79 ) ,  and 
such i nte rest patte r ns  are establ ished at a very ea r ly ag e ( Tyl e r , 
1 9 64 ) .  

Unfortunately , with onl y two o r  three excepti ons , resea rch to 
date does not demonst r ate that the vast maj o r i ty of these va r i ables 
are actually impo rtant in det e rm i n i ng the outcomes of inte rest , nor ,  
o f  cou rse , has it provided u s  with quant itat i ve measu res of  relat i ve 
i mportance . Fo r ind i vidua l s , it is  clea r t hat cognit i ve abi li ty is an 
impo rtant pr ed ictor of pe r s i stence in  mathemat i cal , sc ient i f ic,  and 
t echnical f ie ld s ,  but it is  rathe r unl i kely that se x d i f f e rences in 
abi l i ty cont r i bute signi f icant ly to the obse rved sex d i ffe rences i n  
part ic ipat ion . In  cont rast , ba s i c  inte rest patte rns --such a s  the 
relat i ve i nte rest in t h i ngs ve rsus people--a re also sign i f icant pre
d ic tors for i nd i v idua l s  and provide a poss i ble account for much of the 
obse rved sex d i ffe rences in pa rt icipat ion . Mo re re sea rch attention 
needs to be gi ven to the ea rly deve lopment and pos s i ble det e rm i na nts 
of those i nte rest patte rns . It i s  poss i b le that conf idence in abi l ity 
--wh i ch va r i es somewhat independent ly of actual abi l i ty--also provides 
some of the expla nat ion for obse r ved sex d i ffe rences in  pa rt icipat ion . 
More attent ion need s to be g i ven to unde rstand i ng the relat ionship be
tween actual and pe rce i ved abi l i ty and the i r  mutual relati onships to 
continued pa rt ic ipat i on . Most of the va r i ables di sc ussed by Kahle and 
Matyas probably ha ve sma ll eff ects on either expectancy of success o r  
the va l ue o f  part ic ipat i on .  By focus i ng on the poi nts whe re such 
va r i ables wou ld be expect ed to have the i r  most d i rect effects --some
t h i ng that has not been done in past research--it may be poss i ble to 
measu re those sma ll  eff ect s ( see Chipman and Wi l son , 1 98 5 ,  for a rele
vant d i scuss i on of the above poi nts in  the context of female part ic i
pat i on i n  mathemat ic s ) . 

It  seems obv i ous that exper imental efforts at inter vent ion should 
focus on those few va r i ables shown to have sign i f i cant effects . Othe r 
w i se , t o  have any hope o f  effect by al t e r i ng var i abl e s , which a t  best 
have sma l l  eff ects , one wou ld have to have an ex t r eme ly broad-based 
i nte rvent ion , broader  than is li kely to be pract ical . As an example 
of i ntervent i on that ma kes sen se g i ven resea rch results , mino r ity pa r -
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t ic ipat i on in mathematical , sc ient i f ic ,  and technical f i elds undoubt
edly can be improved most effect i vely by concent rati ng on improvi ng 
achievement in the ea r ly school yea rs . It is  not obvious that it is 
sti ll poss i b le to change the ba s ic inte rest patt e r ns  that a re most 
relevant to female part ic ipati on at the relat i ve ly advanced ages , 
whe re i ntervent ions a re normally attempted . Indeed , it is  not obv iou s 
how they can be changed by i ntervent ion at any age . It  is  probably 
wo rthwhi le to attempt to expe r imenta l ly a lter the conf idence of fema l e  
students in a pos i t i ve di rect ion . 

In  clos i ng ,  I would li ke to comment on the presumption that 
unde r l ies the pape r that Kahle and Matyas have w r itten , as it u nde r 
l i es most discuss i ons o f  th i s  k i nd :  the presumption that the des i red 
goal is perf ectly even representat i on of eve ry ident i f ia b le population 
group in  every occupat ion . Shou ld that , indeed , be ou r g oal ? If the 
choices that we obse rve a re found to ref lect i nd i v idual and cultu ra l 
d i f fe rences in va lues--rathe r than a rb i t r a ry discr imi natory ba r r i e rs 
o r  d i scou rag i ng treatment--should we rega rd that as a problem? Is i t  
i n  any way appropr i ate to attempt t o  mod i fy those values? 
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WOMEN IN ENGINEERING AND SCIENCE: 
AN UNDERGRADUATE RESEARCH PERSPECTIVE 

William K. LeBold 

Introduction 

A va r i ety of sou rces have been used in deve lopi ng thi s  pape r , in
c l uding a comprehens i ve analys is of stat i s t i cal data on the cha ract e r 
i s t ics  and educat ion of sc ient ists and eng i nee rs and the related lit 
e r atu re . Pr i ma ry attent ion has been g iven to data and l ite r atu re 
r e lated to and wit h i n  the va r i ous  eng inee r i ng and scient if ic di sci
p l i nes , especi a l ly those whe re women a re unde rrepresented at the 
u nderg r aduate le ve l ( e . g . , eng i nee r i ng ,  physical science , and compute r 
sc ience ) . compa rat i ve data and i nfo rmati on in a r eas whe re women a re 
a lmost equal ly represented at the underg r aduate le vel ( e . g . , psychology 
and health sc ience ) a re presented but a re not the prima ry foc us of thi s 
document . Th i s  paper f ocuses on these maj o r  ob j ec t i ves : 

• TO ident i fy the a r eas of engi nee r i ng and sc ience in which women 
are underrepresented in underg r aduate ed ucat ion ; 

• TO ident i fy the f actors contr i buti ng to that unde r r epresenta
tion ; 

• To ident ify and to compare the facto rs as soc iated with att r i 
t ion and r etent ion rates o f  men and women in u nde rgraduat e  
sc ience and eng i nee r i ng ed ucat i on prog r ams ; 

• TO exami ne the factors i nf l uencing wome n ' s dec i s ions to attend 
graduate school in eng inee r i ng and science , inc lud i ng the impact 
of f i nanc i al aid and othe r sou rces of suppo r t ; 

• To exam i ne pol i c ies and pr act ices that may inf luence the di f
f e rent i al en rol l ment of  women and men in  u nde rgraduate and 
g r aduate eng i neer i ng and sc ience programs ; a nd 

• TO ident i fy a reas of f utu re r e sea rch needed to bette r under 
stand the factors as soc iated with the under representat ion of 
women in sc ience and eng i nee r i ng .  

Alt hough theoret i cal pe rspect i ves and emp i r ical research wi l l  be exam
i ned , major attent ion is focused on presenti ng the k ey data rega rdi ng 
the unde r representat ion of women in sc ience and eng i nee r i ng ,  exam i n i ng 
the f a ctors i nf l uencing t hei r u nde r representat ion and ident i fyi ng 
pol i c ies and pract ices that reduce inequ i t ies in the representation of 
women in science and engi nee r i ng .  
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Underrepresentation of Women 
in Engineering and Science, by Field 

The 1986  b ienn i a l  report of the Nat iona l  Science Foundat ion ( NSF ) 
to the u . s . cong res s ,  Women and M i no r it i es i n  Sc ience and Engi nee r i ng ,  
indic ated that in 1984  t he re we re 3 , 9 95 , 5 0 0  e ng inee rs and scient ists 
in th e Un ited States,  i nc l udi ng 1 , 7 8 1 , 40 0  sc ienti sts and 2 , 21 4 , 00 0  en
g i nee rs ( NSF,  1 9 86b ) . These f igu res reported 51 2 , 6 0 0  women eng inee rs 
and sc ientist s ( 1 2 . 8 pe rcent of the tota l )  i nc ludi ng 4 3 8 , 1 0 0  sc ientists 
( 2 3 . 9  p e rcent ) and 7 4, 500  e ng i nee rs ( 3 . 4 pe rcent ) .  Hence , even if 
pa r ity ( 5 0  pe rcent men and S O  pe rcent wome n )  we re reached i n  the comi ng 
d ecade , it would be we l l  beyond the yea r 200 0  before employment equ ity 
in sc ience and engi nee r i ng might be reach-ed or e ven approx imated . On 
the posi t i ve side , it is impo rtant to note that ve ry signif icant 
s t r i des have been made by women in th e Un ited States du r i ng the past 
two decades . Women in 1 9 84 cons t it uted 51 . 3  p e rcent of the u . s .  popu
lat ion an d 4 3 . 7 pe r cent of those emp loyed in the Un ited States . In 
e a r ly 1984 , mo re women ( 5 2  p ercent ) were attend i ng higher ed ucat iona l  
i nst itut ions in th e Un ited States than men , compr i s i ng 5 2  pe rcent of 
the underg r aduates , 5 3  pe rc ent of the f reshman , and 4 8  pe rcent of the 
graduate student s ( Ch ron i c le of Highe r Educat ion , Ja nua ry 2 2 ,  1 98 6 ) . 

Alt hough beyond the scope of this report , it i s  impo rtant to note 
that the data presented i n  this repo rt a re based on enrollment and 
deg ree information from u . s .  educat ional ins t itut ions . Re la t i vely 
la rge numbe rs of eng i neers and sc ienti sts in  the u . s .  wo rk fo rce do 
not have u . s . degr ees in  sc ience and eng i nee r i ng ;  many eng i nee rs and 
sc ienti sts have eithe r degrees in othe r discipli nes or deg rees from 
other count r i es ,  and many eng i nee rs and some scient ists have no fo rmal 
deg r ee  of any k i nd .  Est imates of the numbe rs of sc ient i sts and eng i 
nee rs i n  the Un i ted states va ry cons iderably , depend i ng on the data 
sou rces used and the def i n it ions employed . Est imates for 1 984 va ry 
f rom almost 4 m i ll ion ( NSF ,  1986a ) to the less than 2 . 5 m i ll ion 
repo rted i n  the latest repo rt of the Bu reau o f  Labo r Stati s t i c s  ( 1 98 6 ) . 

The re are wide di f fe rences in the deg ree to which  women are repre
sented in va r i ous eng i nee r i ng and sc ience f ields . Figure 1 prov ides 
a n  excel lent pe rspect i ve for exam i n i ng the trends and d i f f e rences in 
the rates of thei r pa rticipat ion . At the bachelo r ' s a nd ma ste r ' s 
deg ree le vels , women reac hed equ i ty ( 5 0  percent )  i n  al l f ields in the 
1 98 0s ,  but remain la rgely u nder represent ed at the docto rate leve l .  
Howeve r ,  the ove r a l l  bachelo r ' s  and master ' s  equ i ty levels are due 
la rgely to the ove r representation of women in educat ion and the human
i t i E!s and approx imate par i ty in psychology and the soc ial sciences . 
Under  representat i on of women at the bachelo r ' s degr ee level is excep
t ional ly pr evalent in eng i nee r i ng ( 1 4 . 5  percent in  1 9 85 ) a nd i n  the 
physical sc ience s ( less tha n  3 0 pe rcent in 1 98 5 ) . At the maste r ' s 
level in 1 9 85 , the re was even lowe r representat ion of women than at 
the B . S .  level in  most f ie lds : u nde r representat ion was again espe
c ia l ly crit ical in eng inee r i ng ( 1 1 . 4  pe rcent ) and physical sc iences 
( u nder 2 5  pe rcent ) ;  in mathemat ics and soc i al sc ience s ,  less tha n  
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Eleano r L .  Babco , eds . , Profess i onal Women and M i no r i t ies : A Manpower 
ed . ) ,  Was h i ngton , D . C . : Commi ss ion on Profess ional s  i n  Sc ience and 

F igure 1 Trends i n  the percentage of deg rees awa rded to women , by deg ree leve l  and f ield , 
1 9 50-1 9 8 0 .  
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4 0  percent of the deg rees were awa rded to women ,  but i n  the biolog ical 
sc iences women rap i d ly approached the S O  percent leve l . Howeve r ,  rep
resentat ion of women is above or at par ity in ed ucat ion , the human i 
t ies , and psychology . 

The most se r i ous  inequit ies in the representat ion of women occur  
at  the doctorate level , whe re pa r ity has only recently been achieved 
i n  educat ion and psychology but i s  rapidly approach i ng it in  the 
huma n i t ies . The g ross u nde r representat ion of women at the docto ra l 
level in eng i nee r i ng ( 5 . 7  percent ) ,  in  physical sc iences ( less than 
1 5  pe rcent ) ,  and in mathematic s ( less tha n  20 pe rcent in 1 9 8 5 )  i s  
e spec i al ly signif icant . These a reas represent fields that are of 
i n c reasi ng impo rtance nat iona l ly and i nte r nationally . Those holdi ng 
doctoral deg r ees i n  eng inee r i ng ,  physical sc iences , and mathematics 
a re most l i kely to have major respons i b i l i ty for ba s ic and app l ied 
resea rch in academic inst itut ions , for key research and deve lopment 
roles in high technology i n dustr ies , and fo r pub l ic wo r ks projects 
supported with f ed e ral fund s .  

To provide a more detai led perspect i ve by di s c ip l i nes wit h i n  
f ields,  a va r i ety o f  data sou rces are  avai lable , i nc l ud i ng those sup
ported by the Nat iona l Science Foundat ion , u . s .  Depa rtment of Ed uca 
t ion , u . s .  Depa r tment o f  Labo r ,  Eng i nee r i ng Manpowe r commiss ion , Col 
lege Entrance Exam i nat ion Board , Ame r i can College Test ing Se rvice ,  and 
Ame r ica n council  on Educat ion . Fo rtunately,  the commi ss i on on Profes 
s iona l s  in Science and Technology ( forme r ly the Scient if ic Manpowe r 
commission )  has perfo rmed the He rcu lean task of comp i l i ng i nfo rmat ion 
from a wide va r i ety of sou rces as part of it s manpowe r data resou rce 
ser v ice , which publi shes annua lly Prof essional Women and Mino r ities  
( Vette r and Babco ) , the standard  data refe rence on  women and  mino r i ti e s  
i n  sc ience a n d  �mgi nee r i n g .  Between annual ed it i on s ,  t h e  commiss ion 
also publ i shes Manpowe r comments , which provides a pe r i od i cal digest 
and selected new data in rega rd to the supply,  demand , a nd educationa l  
u t i l i zat ion of sc ientists and eng i nee rs ( i nc lud i ng inf ormat ion o n  women 
and mino r itie s ) . These data sou rces not only pro v i de a contempo ra ry 
perspect i ve ,  but also doc ument part ic ula r t rends ove r  the past two 
decades as we l l  as gene r al trends ove r the pas t S O  yea r s . 

Data compi led by the commiss ion on Profess i ona l s  i n  S cience and 
Techno logy! ind icate that by 1 9 8 2 -8 3  o ve r  ha l f  of the bachelo r ' s  and 
ma ste r ' s  degr ees awa rded in the Un ited States we re ea rned by wome n .  
At the bachelo r ' s leve l ,  women rece i ved ove r ha l f  of the deg rees 
awa rded in the health sc ience s ( 7 0 . 3 pe rcent ) and psycho logy ( 6 7 . 5 pe r 
cent ) and we re approaching par i ty i n  the biolog ical sciences ( 4 6 . 1 pe r
cent ) . Ho�eve r ,  wh i le the pe rcentage of bachelo r ' s  degrees awa rd ed to 
women in some sc i ence and eng i nee r i ng areas has increased du r i ng the 
past decade , they remain  signif icantly be low pa r ity : compute r and i n
format ion science ( 3 6 . 3 pe rcent ) ,  physical sc ience ( 2 7 . 3 pe rcent ) ,  and 

lsee u . s .  Department of Ed ucat ion , Nat i ona l Center for Ed ucat ion 
Stati stics , Ea r ned Degree s confer r ed  se r ie s ( 1 9 4 8 -1 9 8 1 ) , and Nationa l  
Research counc i l ,  �Do�c�t�o�r�a�t�e�R�e�c�i�p�i�e�n�t�s�f�r�o�m�U�·�s�·�U�n�i�v�e�r�s�i�t�i�e�s�:--�S�u�m�m�a�r�y 
Repo r t  ( 1 97 0 -1 98 3 ) . 
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eng i neer i ng ( 1 3 . 3  p ercent ) .  The only areas hav i ng a lowe r percentage 
of bachelo r ' s  degrees awa rd ed  in 1 98 2 -8 3  we re eng i nee r i ng technology 
( 8 . 0  percent ) a nd m i l i tary sc ience ( 1 0 . 9  p e rcent ) .  

Beginning College Data 

To provide ea r ly time perspect i ves on cu r rent and f utu re t rends 
r ega rding the representat i on of women in science and eng i nee r i ng,  ex
cellent data are ava i lable on  the ed ucat iona l and ca reer p lans of  col 
lege f reshmen [ f rom the joint stud i es of th e Uni ve r s i ty o f  Ca lifo rni a , 
Los Angeles ( UCLA ) a nd the Ame r ican counc i l  on Education ( ACE ) ] and of 
col lege-bound h igh school sen ior s ( f rom th e Educationa l Testing 
Service ' s  Co llege Entrance Exam i nat ion Board ) .  Da ta on probable ma jor 
f ie ld of study of col lege fr eshmen in al l u.s. i nst itutions of highe r 
educat ion ( see Table 1 )  document the trends , as wel l  as the signi
f icant gender d i ffe rences , i n  the  educat ional plans of  col lege 
f reshmen . ACE d ata on probable career p lans ref lec t simi la r gende r  
d i ffe rence s ( se e  Tabl e 2 ,  pages 58-59 ) . These data sets c lea r ly 
i nd icate the ma j o r  f actor underly ing the under representat ion of women 
in  sc ience and eng i neeri ng : col leg e -bound women do not plan to maj o r  
or  have careers i n  eng i nee r i ng and the physical sciences in the same 
propo rtions as col lege-bound me n .  

The re has been some incr eased inte rest among col lege-bound women 
and f reshmen in eng i nee r i ng and sc ience f ie lds and ca ree r s , but the 
changes have been relat i vely smal l  in  the 1980s and have even dec li ned 
in some a rea s ( e ng i nee r i ng and physical sc ience ) i n  recent year s .  
Near  par ity ex i sts in biolog ical sciences and most bus i ness-r e lated 
f ields , but women beg i nning col lege cont i nue to be mo re i nte rested 
than men in pursu i ng underg r aduate ed ucat ion and later  ca ree rs in the 
a rt s . Phys ical sc ience , mathematics , computer science , and engi nee r i ng 
cont inue to appeal  to about three times as many beg i nn i ng col lege men 
as women , with eng i nee r i ng representi ng rat i os of abou t 6 -1 in 1 98 5  ( a  
s igni f icant change f rom the ove r 50 -1 rat ios of 1 9 7 1 ) and physical 
science with ratios of abou t 3 -1 ( up f r om the 5 -l rat io of 1 9 71 ) . 
Mathemat ics and stat istics  are ve ry close to equal representat ion at 
the f r eshman leve l ; and in the r ap i d ly g rowi ng computer science and  
systems ana lysis  f ields , r at i os of  about three men to  two women 
cha racte r i ze the contempo ra ry f reshman scene . 

Detailed Field Differences 

The · data previously presented cle a r ly ind icate that the ma jor 
f ields i n  which women a re u nder represent ed at the unde rgraduate leve l  
a re in eng inee r i ng and physical sciences . 

Phys i cal Sc ience . Tabl e 3 ( pag e 6 0 )  presents i nfo rmat ion on B . S .  
deg rees i n  physical sciences by f ie ld inc lud i ng detai led data for 
astronomf , b iochemi s t ry ,  chemi s try,  geo log ical and ea rth sc iences,  and 
physics from 1 9 71 th rough 1 9 8 3 . These data ind icate that under repre
sentat ion of u nde rgraduate women is espec i a l ly h i gh i n  physics,  whe re  
o nly 1 in  8 of  the B . S . deg rees in  1 9 8 3  was  awa rded to  women ( up from 
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TABLE 1 :  Pe rcentage Di st r i but ion of Freshmen , by Pr obable Ma jor Field 
19 71 -1 98 4 

Proba ble Maj o r  Field 
of Study 

Ag r i culture/forestry 
Arts and huma n it ies* 
Biolog ical sciences 
Busi ness 
Educat ion 
Eng i nee r i ng 
Health profess i ons ( non-M . D . ) 
Mathematics/stati s t ic s  
compute r  science 
Physical sc iences 
Pr emed ical , Pr edent istry ,  

Prevete r i na ry 
Soci al sc ience s* 
Other f ie lds ( techn i cal ) 
Othe r f ield s  ( nontechn ica l ) 
Undec ided 

1 9 71 
Men 

5 . 4  
1 6 . 8  

4 . 4  
1 8 . 3 

4 . 6  
1 3 . 2  

2 . 6  
2 . 6  

3 . 1 

5 . 6  
7 . 3  
1 . 4  
2 . 3  

Women 

0 . 7  
2 0 . 5  

2 . 7 
14 . 2  
1 5 . 9  

0 . 3  
1 6  •. 1 

2 . 9  

0 . 8  

1 2 . 2  
2 . 6 
s . o  
2 . 3 

1 97 3  
Men 

4 ·. 4 
1 0 . 1  

8 . 2 
21 . 1  

5 . 2  
1 2 . 1 

4 . 6  
1 . 8  

4 . 2  

s . s  
8 . 4 
7 . 1 
4 . 5  

NOTE : Totals may not equal 1 0 0\ due to rounding . 

Women 

1 . 0  
15 . 0  

5 . 7 
1 4 . 0  
1 9 . 6  

0 . 7  
1 6 . 5 

1 . 6 

1 . 1 

1 1 . 7  
2 . 0 
3 . 5  
4 . 9 

1 9 7 5  
Men 

5 . 7  
1 2 . 7  

7 . 1  
2 0 . 1  

4 . 6  
1 4 . 0  

1 . 8  
1 . 1  

4 . 0  

3 . 7  
1 0 . 3  
1 0 . 2  

4 . 6  

WOlDen 

1 . 9  
1 2 . 8  

5 . 5 
1 7 . 5 
1 5 . 5  

1 . 3  
1 3 . 2  

1 . 1  

1 . 3 

8 . 9  
6 . 7 
8 . 8  
s . s 

*Pol itical  Sc ience is i nc lud ed  i n  Arts and Huma n i t i es th rough 1 97 5 ; i n  

SOURC E :  Ame r i can counc i l  on Educat ion , The Ame r i can Freshman : Nat ional  
Re sea rch Program , Un i ve r s i ty of  ca l i f o r ni a ,  19 71 -1 9 8 5 . compa rable data 

1 in  16 i n  1971 ) . In 1983  a bout 1 in 4 B . S .  deg r ees was awa rded to 
women in astronomy and geophysic s ( up f rom about 1 i n  1 2  and 1 i n  8 ,  
respect i vely , i n  1 9 81 ) a nd about 1 i n  3 i n  chem i s t ry ( up from about 1 
i n  5 in 1 9 7 1 ) . 

Mathemat ics,  Compute r  S c ience, and stat ist ic s .  In the quant itatively
o r iented sc ience f ields,  pa rt icipat i on rates for women a re somewhat 
h ighe r than in the physical sc iences . Table 4 ( page 6 0 )  · ind icates 
that in 1 98 3  the propo rt i on of women rece i v i ng bachelo r ' s  degrees i n  
compute r sc ience was more than twice as high ( 3 6 . 3 percent ) a s  in 1 9 71 
( 1 4 . 6 pe rcent ) ,  and the women ' s  sha re of bachelo r ' s  degrees i n  mathe
mat ics increased from 3 8 . 2 pe rcent in 1 9 71 to 4 5 . 7 perc ent . Po r  the 
same pe r i od ,  the number of B . s .  deg rees awa rded to women in stati stics 
was ve ry close to pa r i ty ( 4 8 .  7 pe rc ent ) , hav i ng almost doubled since 
1 9 7 1  ( 25 . 3 pe rcent ) .  

Eng i nee r i ng .  Deta i led data on bache lo r ' s  deg r ees i n  eng inee r i ng f i e lds 
for se lect ed yea rs between 1 9 71 and 1 98 3  ( se e  Tabl e 5 ,  pages 6 2 -6 3 ) , 
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of Study in  Al l Inst itut ions of H ighe r Educat ion , for Se lected Yea r s ,  

1 9 78 1 9 80 1 9 82  19 83  1 9 84 
Men Women Men Women Men women Men women Men Women 

4 . 5  2 . 0  4 . 1 1 . 8  3 . 8  1 . 4  2 . 9  0 . 9  3 . 3  1 . 0  
7 . 4  1 0 . 6  6 . 4  1 0 . 1  6 . 8  9 . 7 6 . 8  9 . 0 6 . 6  8 . 8 
4 . 8  4 . 4  3 . 7  3 . 8  3 . 7 3 . 8  4 . 1 3 . 4  4 . 1  4 . 2  

2 5 . 0 23 . 1  2 2 . 9 24 . 5  2 2 . 3  25 . 7  22 . 7  26 . 0  25 . 1  2 7 . 5 
3 . 3  1 2 . 1 3 . 3  1 1 . 6  2 . 4  9 . 0  2 . 9  8 . 9  2 . 8  9 . 6  

18 . 8  2 . 3 21 . 0  3 . 2  2 2 . 3  3 . 6 20 . 6  3 . 5  20 . 1  3 . 0 
2 . 0  14 . 6  1 . 9  1 3 . 3  1 . 6  1 7 . 8  2 . 1  1 4 . 9  2 . 3  1 3 . 8  
1 . 1  0 . 8 0 . 7  0 . 6  0 . 6  0 . 7 0 . 8  0 . 8  0 . 8  0 . 9  
1 . 6  1 . 2  2 . 7  2 . 4  4 . 9  4 . 0  5 . 4  3 . 7  4 . 3  2 . 7  
3 . 5  1 . 3  3 . 6  1 . 6  2 . 6  1 . 0  2 . 5 1 . 0  2 . 5 1 . 1  

4 . 0  2 . 9  3 . 6  3 . 2  3 . 2  3 . 0  3 . 3  3 . 2  3 . 2  3 . 1  
5 . 0  9 . 5 4 . 5  8 . 6 4 . 2  7 . 2 4 . 2  7 . 6 5 . 1  8 . 4 
7 . 0  2 . 0  8 . 5  2 . 9  9 . 7  4 . 3  9 . 9  3 . 8  7 . 7  2 . 4 
8 . 1  7 . 9  9 . 3  6 . 9 8 . 2 3 . 3  8 . 1 7 . 1 8 . 0  7 . 6 
3 . 9  5 . 3  3 . 8  5 . 5 3 . 7  5 . 5  4 . 0  5 . 7  4 . 1  6 . 2 

Soc ial Sc iences after 1 97 5 .  

No rms , Los Ange les : O f f i ce of Resea rch and cooperat i ve I nst itut iona l 
is avai lable f rom the Col leg e Entranc e  EX am i nation Boa rd . 

i nd icate that women in eng i nee r i ng are most li kely to be under repr e
sented in ae ronaut ical , e l ectr ical , mechan ical , and mi n i ng eng i nee r i ng , 
whe re about 1 in 1 0  B . S .  deg r ees was awa rded to women in 1 9 8 3  ( up from 
about 1 i n  1 0 0 in  19 71 ) compa r ed  with about 1 i n  7 ove r al l . The h i gh
e st representat ions of  women in ma j o r  eng i nee r i ng f i e lds in 1 9 8 3  were 
in chemi cal , i ndustr ial , and meta llu rg ical eng i nee r i ng, whe re they 
we re awa rded about 1 in  4 B . S .  deg rees ( up from about 1 in 50  i n  
19 71 -1 9 7 5 ) .  

More detai led information on eng i nee r i ng enrol lments ( see 
Table 6, page 6 4 )  is presented to i l lustrate ways in which the data 
may be used to pr ed i ct futu re deg ree output . Table 6 p r o vides data on 
f i rst-,  second-,  thi rd-,  and f ou rth-yea r unde rgraduate en rol lments and 
numbe rs of B. S . ,  M . s . , and Ph . D .  deg rees awa rded . Note that the 
pe rcentage of f i r st-yea r women en rol l ed  in eng i nee r i ng in 1 9 7 1  
( 2 . 6  percent ) close ly co r responds to the 1 9 7 2  second-yea r ( 2 . 6 ) , the 
1 97 3 th i rd-yea r ( 2 .  7 pe rcent ) ,  and the 1 97 4 fou rth-yea r en rollments 
( 2 .  8 percent ) ,  as wel l  as the B . S . deg r ees awa rded i n  1 9 75 ( 2 .  3 per
cent ) . Howe ve r ,  it  does not pro vide i nsight i nto maste r ' s and 
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TABLE 2 :  Pe rcentage D i st r i bution of Probable Ca ree r Cho ices of Co l lege Freshmen ,  by Sex ( Weig hted 
Nat iona l No rms ) ,  for  Selected Yea rs ,  1 9 78-1 9 8 4  

1 97 8  1 97 9  1 98 0  1 9 81 1 9 8 2  1 98 3  1 98 4  

FI ELD M w M w M w M w M w M w M w 

Accountant/actua ry 6 . 4  6 . 2  5 . 6 5 . 8 5 . 4  6 . 2 4 . 9  6 . 1 5 . 1  6 . 5 5 . 0 6 . 7 5 . 2 6 . 8  
Actor /ente rta i ne r  0 . 8 1 . 0  0 . 9 1 . 1  0 . 9 1 . 0  0 . 8 1 . 0  0 . 7 1 . 0  0 . 8 0 . 9 0 . 7 0 . 9  
Ar chi tect/u rban planne r 2 . 5  0 . 5  2 . 8  0 . 8  2 . 8  0 . 8  2 . 2  0 . 5  2 . 2  0 . 6  1 . 9 0 . 5  2 . 2  0 . 5  
Art i st 1 . 0  2 . 1  1 . 3  2 . 1  1 . 4  2 . 4  1 . 3  2 . 2  1 . 3  2 . 1  1 . 5 1 . 9  1 . 3  1 . 6  
Busi ness 

Cle rical  0 . 3  4 . 6  0 . 4  4 . 1  0 . 3  3 . 9  0 . 3  3 . 8  0 . 3  3 . 5  0 . 3  3 . 6  0 . 4  3 . 5  
Execut i ve 1 1 . 3  7 . 3  1 1 . 6  8 . 2 1 1 . 1  9 . 2  1 1 . 2  9 . 4  1 0 . 8 1 0 . 1  1 1 . 3  1 0 . 0  1 2 . 5 1 1 . 4  
owne r/propr ietor 4 . 1  1 . 0  4 . 5  1 . 2  4 . 1  1 . 3  4 . 1  1 . 5  3 . 9  1 . 5  4 . 0  1 . 5  4 . 5  1 . 7  
Salespe rson/buyer 1 . 2  1 . 3  1 . 3  1 . 5 1 . 1  1 . 2  1 . 1  1 . 2  1 . 1  1 . 2  1 . 1  1 . 3  1 . 3  1 . 3  

V1 
0\ Cle rgy 0 . 8  0 . 2  0 . 7  0 . 1  0 . 7  0 . 1  0 . 7  0 . 1  0 . 5  0 . 1 0 . 5  0 . 1  0 . 4  0 . 1  

Cli nical  psycho log i st 0 . 5 1 . 4  0 . 5 1 . 6  0 . 4 1 . 4  0 . 4  1 . 4  0 . 3 1 . 4  0 . 5 1 . 4  0 . 5 1 . 7  
Co1 1ege teache r 0 . 3  0 . 3  0 . 3  0 . 2  0 . 2  0 . 2  0 . 2  0 . 2 0 . 2  0 . 2  0 . 3  0 . 2  0 . 3  0 . 2  
Computer prog ramme r/ 

analyst 4 . 0  3 . 0  4 . 7  3 . 3  5 . 6 4 . 9  7 . 5 6 . 4  9 . 7 8 . 0 1 0 . 2 7 . 0  7 . 7 4 . 6  
Conse rvat ioni st/ 

foreste r 1 . 9  0 . 8  1 . 8  0 . 7  1 . 4  0 . 7  1 . 9  0 . 7  1 . 3  0 . 5  1 . 1 ·  0 . 3  1 . 1  0 . 2  
Dent i st 1 . 4  0 . 6 1 . 2  0 . 6 1 . 2  0 . 7  0 . 9  0 . 5 0 . 9 0 . 5 0 . 9  0 . 6 0 . 7 0 . 5  
Dietic ian 0 . 1  1 . 0  0 . 1  0 . 7  0 . 1  0 . 7  0 . 1 0 . 8  0 . 1  0 . 6  0 . 1 0 . 5  0 . 1  0 . 5  
Eng i nee r 1 6 . 5 2 . 2  1 6 . 8  2 . 3  1 9 . 1 2 . 9 1 9 . 5 2 . 9 20 . 6  3 . 6 1 8 . 8 3 . 3 1 8 . 5  2 . 9  
Fa rme r/ranche r 1 . 8  0 . 5  2 . 0  0 . 5  2 . 0  0 . 4  2 . 4  0 . 6  2 . 0  0 . 4  1 . 4  0 . 2  1 . 6  0 . 3  
Foreign se r v ice wo r ker 0 . 3 0 . 7  0 . 3 0 . 6 0 . 4  0 . 6 0 . 4  0 . 6  0 . 4  0 . 7  0 . 4  0 . 7 0 . 5 0 . 8  
Homemake r ( fu l l -time )  o . o  0 . 3  o . o  0 . 4  0 . 1  0 . 2  0 . 0  0 . 3  o . o  0 . 2  o . o  0 . 1  o . o  0 . 1  
Inte r io r  decorator 0 . 1  1 . 0  0 . 1  1 . 1  0 . 1  1 . 0  o . o  1 . 0  0 . 1 1 . 0  0 . 1  0 . 8 0 . 1  0 . 8 
Inte rpreter 0 . 1  0 . 3  o . o  0 . 3  o . o  0 . 3  o . o  0 . 3 0 . 1  0 . 3  0 . 0  0 . 3  0 . 0  0 . 4  
Lab techn ician/hyg ieni st 0 . 7 3 . 0  0 . 6 2 . 7  0 . 6 2 . 3  0 . 4  1 . 9 0 . 5  2 . 0  0 . 7 1 . 9  0 . 4  1 . 5  
Law enforcement o ffic er  2 . 2  0 . 9  1 . 7  0 . 7  1 . 8  0 . 6  1 . 4  0 . 4  1 . 9  0 . 5  1 . 8  0 . 6  1 . 8  0 . 5  
Lawye r/j udge 5 . 3  3 . 4  5 . 0  3 . 4  4 . 8 3 . 5  4 . 5  3 . 4  4 . 7  3 . 9  4 . 2  3 . 6  4 . 4  3 . 7  
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M i l ita ry ca reer 1 . 8  0 . 4 1 . 9  0 . 3 1 . 7  0 . 2 1 . 8  0 . 2 1 . 6  0 . 2  2 . 0  0 . 3 2 . 1  0 . 3  
Mus i c i an 1 . 6  1 . 2  1 . 6  1 . 1  1 . 5 0 . 9  1 . 5 1 . 0 1 . 4  0 . 9 1 . 2  0 . 9  1 . 2 0 . 7  
Nu r se 0 . 2  7 . 7  0 . 2  7 . 0  0 . 2  7 . 2  0 . 2  7 . 3  0 . 2  7 . 7 0 . 3  8 . 4  0 . 2  7 . 5 
Optomet r i st 0 . 3  0 . 1  0 . 3 0 . 2  0 . 2  0 . 2  0 . 2  0 . 2  0 . 2  0 . 2  0 . 2  0 . 3  0 . 3  0 . 3  
Pha rmaci st 0 . 7  0 . 6  0 . 6  0 . 6 0 . 5  0 . 5 0 . 4  0 . 5 0 . 3  0 . 5 0 . 5 0 . 7  0 . 5 0 . 8  
Phys i c ian 4 . 3  2 . 8  4 . 0  2 . 9  4 . 1  2 . 9  4 . 0  2 . 9 4 . 1  3 . 1  4 . 5  3 . 4  4 . 5  3 . 5  
Schoo l counselor 0 . 1  0 . 3  0 . 1  0 . 4  0 . 1  0 . 3  0 . 1  0 . 3  0 . 1  0 . 2  0 . 1  0 . 3 0 . 1  0 . 3  
School p r i nc ipal/supt . o . o  o . o  0 . 0  o . o  o . o  o . o  o . o  0 . 0  o . o  0 . 0  o . o o . o  o . o  o . o  
Scien t i f ic  resea rcher 2 . 7 1 . 7  2 . 4 1 . 3  2 . 2 1 . 3  2 . 0 1 . 2  1 . 8 1 . 2  1 . 8  1 . 2  1 . 9  1 . 2  
Soc ial/rec reat i on wo rke r 0 . 6  3 . 9  0 . 6  3 . 9  0 . 6  3 . 2  0 . 4  2 . 6  0 . 3  2 . 0  0 . 4  2 . 1  0 . 4  2 . 1  
sta t i s t i c ian 0 . 1  0 . 1  0 . 1  0 . 1  0 . 1  0 . 1  0 . 1  0 . 1 0 . 1  0 . 1  0 . 1 0 . 1  0 . 1  0 . 1 
The rap i st 0 . 5  3 . 4  0 . 6  3 . 5 0 . 6  3 . 4  0 . 6  3 . 6  0 . 5  3 . 3 0 . 7  3 . 8  0 . 9  3 . 8  
Teache r ( e lementa ry ) 0 . 4  6 . 8  0 . 5 7 . 0  0 . 5 6 . 9  0 . 4  6 . 4  0 . 4  5 . 5 0 . 3  5 . 7  0 . 4  6 . 1  
Teache r ( seconda ry ) 2 . 0  3 . 0  2 . 1  3 . 0  1 . 9  2 . 4  1 . 6  2 . 4  1 . 4  1 . 9 1 . 8 2 . 1  1 . 8 2 . 5  

U1 Vete r i na r ian 1 . 1  1 . 6  0 . 9 1 . 4  0 . 9  1 . 5  0 . 8 1 . 5  0 . 8 1 . 5  0 . 7 1 . 3  0 . 7 1 . 5  
..... Wr i te r/journa l i st 1 . 4  2 . 4  1 . 7  2 . 7  1 . 6 2 . 5  1 . 7 2 . 6  1 . 6  2 . 6  1 . 5  2 . 5  1 . 6 2 . 4  

Sk i l led t rades 3 . 1  0 . 4  2 . 7 0 . 4  3 . 2  0 . 5 3 . 1  0 . 4  2 . 9  0 . 3  2 . 7  0 . 4  2 . 4  0 . 2  
Othe r 5 . 7 8 . 3 6 . 2 8 . 9 5 . 8 8 . 1  6 . 1 8 . 1 5 . 6 7 . 5 5 . 5 7 . 4 5 . 3 7 . 7 
Undec ided 9 . 6 1 1 . 6  9 . 4  1 1 . 4  8 . 9 1 1 . 3  8 . 8 1 1 . 3  8 . 1 1 0 . 8 8 . 8 1 1 . 3  9 . 2 1 2 . 3 

SOURC E :  Ame r ican Counc i l  on Educat ion , The Ame r ican Freshman : Nat ional No rms , Los Angeles : Of f ice 
of Resea rch and Coope rat i ve Inst itut i ona l Resea rch Prog ram , Uni ve rs ity of Ca l i f o rn i a ,  1 9 7 8 -1 98 4 . 
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TABLE 3 :  Pe rcentage of B. S .  Degrees Awarded to Women i n  Physical 
Sc ience Areas 

Yea r Astronomy B iochemistry Olemistry Geosciences Physics 

19 71 7 . 8 2 4 . 3  1 8 . 7 1 1 . 4  6 . 8  
1 9 72 1 6 . 5  2 8 . 2 1 9 . 8  1 2 . 7  7 . 0  
1 97 3 2 0 . 9  2 2 . 4  1 9 . 2 1 2 . 7 7 . 3 
1 9 74 21 . 7  2 3 . 1 2 0 . 1  1 6 . 5 8 . 5  
1 97 5  1 7 . 4  2 6 . 5 2 2 . 4  1 7 . 4 9 . 7  
1 9 76 1 2 . 9  2 9 . 6 2 2 . 5 1 8 . 8  1 0 . 9  
1 97 7  1 5 . 6  2 9 . 2  2 2 . 8  21 . 6  1 0 . 5 
1 9 78 21 . 8  2 9 . 5 2 5 . 1 2 2 . 4  1 1 . 1 
1 9 7 9  21 . 5  3 2 . 9  2 6 . 7 2 3 . 5  1 2 . 0  
19 80 1 6 . 7  3 5 . 4 2 8 . 6 2 4 . 7 1 2 . 8  
1 9 8 1  1 6 . 4  3 5 . 7  2 9 . 9 25 . 1  1 2 . 6 
1 9 8 2  1 9 . 8 3 5 . 8  31 . 1  2 6 . 4 1 3 . 2  
1 98 3  2 6 . 7  38 . 2  34 . 1  25 . 8  1 2 . 7  

SOURCES : Nationa l Center for  Educat ion Stati stic s ,  Ea r ned Destr ees 
conf erred s e r i es ,  wash i ngton , D . C . : u . s .  Off i ce of Educat ion , 
19 71 -1 98 3 . 

TABLE 4 :  Pe rcentage of B. s .  Degrees Awa rded to Women in computer 
Sc ience , Mathematics , and Stat i s t ics  

Yea r compute r Sc ienc e Mathematic s stati stics 

1 9 71 1 4 . 6  38 . 2  25 . 3  
1 9 7 2  1 3 . 5  3 9 . 2 2 7 . 9  
1 97 3  14 . 9  40 . 3  3 4 . 8 
1 9 74 1 6 . 4  41 . 0  3 6 . 6 
1 97 5 1 8 . 9  42 . 1  31 . 9  
1 9 76 1 9 . 8 4 0 . 9  3 5 . 7 
1 97 7  2 3 . 9  41 . 5  43 . 4  
19 78 2 5 . 8  41 . 4 3 9 . 2 
1 97 9  28 . 1  41 . 7  38 . 3  
1 9 80 3 0 . 3  4 2 . 3 4 2 . 1  
1 9 81 3 2 . 5  4 2 . 8  47 . 0  
1 9 8 2 3 4 . 8  4 3 . 2 41 . 1  
1 9 8 3  3 6 . 3  4 5 . 7  48 . 7  

SOURCE :  Se e Table 3 .  
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docto ral deg rees awa rded , due in  part to the di f f e rent ial time values 
requ i r ed  to compl ete graduate degrees and the ve ry la rge numbe r of 
foreign nat iona l graduate students ( for  the most part , men ) in 
eng i nee r i ng .  

Table 7 ( page 6 4) provides more up-to-date info rmat ion , us i ng 1985  
enrol lment and  B . S .  degrees awa rd ed by di scipli ne and data on some of 
the smalle r ,  nont radit iona l , and newe r f ields of eng inee r i ng .  Al l of 
the eng i nee r i ng f ie lds are sign i f i cantly be low pa r i ty . Most of the 
larger t rad i t iona l f ields cont inue to have the lowest pe rcentage of 
women : ae ronaut ical , agr icultu ral , c i vi l ,  e l ectr ical , ma r i ne ,  mechan
i cal , nuc lea r ,  and pet role um eng inee r i ng .  The exceptions are chemical , 
ceramic,  i ndustr ial , mate r i als , and meta llu rg ical engi nee r i ng, whe re  
pa rt ic ipat ion rates for  women are s i g n i f icant ly h ighe r but st i l l  be low 
pa r ity .  Some of the newer eme rgi ng a reas --such as bioeng i nee r i ng ,  
compute r eng i nee r i ng ,  envi ronmental eng i nee r i ng ,  and systems eng i nee r 
i ng--a l so  have h i ghe r than ave rage pa rt icipat i on rates f o r  women . 

B i olog ical Science . As can be seen from Table  8 ( page 6 5) , women are 
not cur rently underrepresented in  most of the biolog i c al science and 
heal th-r e lated f ie lds . Some areas ( nu rs i ng ,  med i cal technology , 
phy s i cal therapy, and speech pathology ) have always been above pa r ity 
at the underg r aduate le vel . In  other areas , includ i ng biolog ical sc i 
ence and pha rmacy, pa r i ty has now been reached . In the hosp ital and 
health admi n i stration f ield , the re has been more than a tenfold in
crease in  the pe rcentage of B . s .  degrees awa rded to wome n (6 . 7 pe rcent 
in 1 9 70 -71 ,  75 percent in 1 9 8 2 -8 3 ) . 

Soc ial Science . The picture i n  social science ( see Table  9 ,  page 6 6) 
is  mi xed . The pe rcentage of baccalau reates awa rded to women not only 
i ncreased i n  soc iology , anthropology , and psychology, but signif icant ly 
exceeded pa r i ty in  1 98 3 . Howeve r ,  the pe rcentage of B . S .  degree s  
awa rded t o  women in economics , though st i l l  sign i f icantly be low par ity 
in  1 98 2 -8 3  ( about 1 i n  3 degrees awa rded ) ,  was about t r i p le the wome n ' s 
part ic ipation rate of 1 9 70 -71 . The women ' s  sha re of bache lo r ' s  degrees 
in po l itical sc ience almost doubled between 1 970 -71 a nd 1 98 2 -8 3 .  

Summary 

In  sc ience and eng i nee r i ng ,  the proport ions in  wh ich underg r aduate 
women a re represented va ry cons ide rably . In most of the biologica l 
a nd soc ial sciences , par i ty has al ready been reached or exceed ed : 
project i ons ba s ed  on col lege maj o r  plans of f r eshmen i nd icate that 
women wi l l  cont inue to be at least equal ly represented . Howeve r ,  in 
the phy s ical sciences and engi nee r i ng,  women conti nue to be under rep
resented . Pr o j ections based on enrol lments and i ntended majors of 
co l lege-bound high school seniors and col lege freshmen i nd icate that 
the signif icant gai ns in part ic ipati on rates made i n  the phy s ical sc i 
ences and engi nee r i ng du r i ng the 1 9 7 0s have not cont i nu ed  in the 1 98 0s , 
and the re are some ind icat ions of regress i on .  
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TABLE 5 :  Bachelo r ' s  Awa rded in Engi nee r i ng ,  by sex and Di scipline ,  

Yea r Ae ronautical Chemica l Ci vi l Electr ica l 

1 9 71 -1 975  
Total 8 ,  7 45 1 7 , 51 0  3 6 , 9 59 5 8 , 5 28 
women 9 7  48 7 47 8 56 3 
\ Women 1 . 1 1 2 . 78 1 . 29 . 9 6 

1 97 5 -7 6  
Total 1 , 009 3 , 2 0 3  8 , 059 9 , 8 7 4  
women 2 9  27 6 25 2 19 3 
' Women 2 . 8 7 8 . 61 3 . 1 2 1 . 9 5 

1 97 6 -7 7  
Total 1 , 0 78  3 ,  5 24 8 , 2 28 9 ,  9 36 
Women 2 8  42 0 4 2 9  266 
' Women 2 . 59 1 1 . 91 5 . 21 2 . 6 7 

1 97 7-78  
Total 1 , 18 6  4 ,  61 5 9 , 2 6 5  1 1 , 21 3  
Wome n 61 71 6 69 0 435  
\ Women 5 . 1 4 1 5 . 5 2 7 . 4 5 3 . 8 8 

1 97 8-79 
Total 1 ,  386 5 , 655 9 , 9 41 1 2 , 440 
Women 6 6  1 , 00 6  95 5 659 
\ Women 4 . 8 3 1 7 . 7 9 9 . 6 7 5 . 3 0 

1 97 9-8 0  
Total 1 , 4 24 6 , 38 3 1 0 , 4 42 1 3 , 9 02 
Women 8 2  1 ,  21 5 9 9 1  9 0 2  
' Women 5 . 7 6 1 9 . 0 3  9 . 4 9 6 . 4 9 

1 98 0 -81 
Total 1 , 8 09 6 , 5 27 1 0 , 6 7 8  1 4 , 9 38 
Wome n 1 2 9  1 , 25 2  1 , 1 21 1 ,  096 
' Women 7 . 1 3 1 9 . 1 8 1 0 . 5 0 7 . 3 4 

1 9 81 -82  
Total 2 , 1 2 0  6 , 7 40 1 0 , 5 24 1 6 , 455  
Women 1 7 1  1 , 46 7  1 , 1 9 1  1 , 409  
' Women 8 . 0 7 21 . 7 7 1 1 . 3 2 8 . 56 

1 98 2 -8 3 
Total 2 , 1 2 7  7 , 1 8 5  9 , 989  1 8 , 0 49 
Wome n 1 7 2 1 , 61 6  1 , 3 21 1 , 77 4  
' Women 8 . 09 2 2 . 4 9  1 3 . 2 2 9 . 8 3 

1 9 4 8 -1 9 8 3  
TOTAL 5 6 , 1 3 2  1 31 , 4 5 6  2 35 , 7 24 3 81 1 91 0  
Wome n 1 , 04 4  9 ,  05 0 7 , 8 4 6  7 , 9 4 4  
\ Women 1 . 8 6 6 . 68 3 . 3 3 2 . 08 

* Inc l udes engi nee r i ng technology .  

SOURC E :  Nat ional Cente r f o r  Educat ion S tat ist ics , Ea r ned Degrees con-
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19 71 -1 98 3  

Indust r i a l  Mechan ica l Meta llu rgical Mi ni n g  TOTAL* 

1 5 , 9 3 5  4 0 , 7 3 4  2 ,  68 7 1 , 1 1 5  220 , 70 4  
1 9 4  2 95 4 8  1 0  2 , 9 71 

1 . 2 2  • 7 2  1 . 7 9  . 9 0  1 . 3 5 

2 , 2 41 6 ,  8 41 3 51 3 31 3 8 , 7 7 4  
8 7  1 4 7  2 3  8 1 , 317  

3 . 88 2 . 14 6 . 5 5 2 . 41 3 . 4 0 

2 ,  24 0 7 ,  70 3 35 0 40 4 4 0 , 9 36 
1 4 3  2 35 2 1  9 2 , 0 22 

6 . 3 8 3 . 0 5  6 . 0 0  2 . 2 2  4 . 9 3  

2 ,  71 2 8 , 9 2 4  4 20 5 09 4 7 , 2 2 2  
32 3 46 6 4 4  2 2  3 , 479 

1 1 . 91 5 . 2 2 1 0 . 48 4 . 3 2 7 . 3 7 

2 , 80 4  1 0 , 1 7 1  50 3 60 0 5 3 , 445  
428  6 03 8 1  3 5  4 ,  8 8,0 

1 5 . 2 6 5 . 9 3  1 6 . 1 0  5 . 8 3  9 . 1 3  

3 , 21 7  1 1 , 8 6 3  5 85 6 82 6 9 , 2 6 5  
545  88 2 10 0 51 6 , 4 3 8  

1 6 . 9 4  7 . 4 3 1 7 . 09 7 . 4 8 9 . 29 

3 , 83 3 1 3 , 3 2 9  60 3 75 0 7 5 , 00 0 
756 1 , 13 6  1 16 6 1  7 , 699 

1 9 . 7 2  8 . 5 2  1 9 . 2 4  8 . 1 3 1 0 . 27 

3 , 9 9 2  1 3 , 9 22 5 9 2  6 6 2 9 2 , 989  
94 3 1 , 22 0  9 8  4 8  9 , 9 81 

2 3 . 6 2  8 . 76 1 6 . 55 7 . 25 1 0 . 7 3  

3 , 7 4 8  1 5 , 67 5 64 5 59 7 8 9 , 1 9 9 
98 7 1 , 4 43 1 17 4 4  1 0 , 9 51 

26 . 3 3  9 . 21 1 8 . 1 4  7 . 3 7 1 3 . 28 

7 7 , 6 42 3 25 , 3 26 1 6 , 2 9 7  8 , 398  1 , 5 35 , 088 
4,  55 5 6 , 87 4  70 7 29 2 5 2 , 97 4 

5 . 8 7  2 . 1 1 4 . 3 4 3 . 48 3 . 4 5 

£ e r r ed  se r ie s ,  washi ngton , D . C . : u . s .  Off ice o f  Educat ion , 1 9 48 -1 98 3 . 
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TABLI 6 :  Pe rcenta9e of wo.en Enrolled 1n lnCJ 1nee r i ftCJ , by Clue , aad 
lnCJ i n  .. rinCJ Deg r  .. • Grant� , by Degr .. Level , 1 9 7 1 -1915 

lnroll .. nt a � Cla•• !!!Sr .. • Awa rded 

Yea r let Yea r 2nd Yea r 3rd Yea r 4th Yea r B . S .  M . s . Ph . D .  

1971 2 . 6  2 . 0  1 . 5  1 . 0  0 . 1  1 . 0  0 . 7  

1972 3 . 0  2 . 6  2 . 1  1 . 5  1 . 2  1 . 8 0 . 9  

1 97 3  4 . 7  3 . 7  2 . 7  1 . 9  1 . 4  1 . 3  1 . 3  

1 9 7 4 6 . 7  5 . 4  4 . 0  2 . 8  1 . 8  2 . 5  1 . 1  

1975 8 . 9  7 . S  5 . 8  4 . 1  2 . 3  2 . 4  1 . 7  

1976 1 0 . 4  ' 9 . 3  7 . 8  5 . 6  3 . 6  3 . 4  1 . 9  

1 977 11 . 2  1 0 . 7  9 . 6  7 . 8  4 . 9  3 . 9  2 . 4 

1978 1 2 . 3 11 . 7  1 0 . 7  9 . 3  7 . 1  s . o  1 . 9  

1 979 1 3 . S  1 3 . 2 1 1 . 8  l O . S  8 . 9  s . s  2 . 2  

1 9 8 0  u . s  U . 2  1 2 . 8 1 1 . 8  9 . 7  6 . 3  3 . 2  

1 9 81 l S . a  1 S . 2  1 3 . 9 1 2 . 7 1 0 . 4  6 . 8  3 . 2  

198 2 16 . 6  16 . 4  l S . O  1 3 . 8  1 2 . 2 8 . 4 4 . 4  

1 9 8 3  1 7 . 0  16 . 9  1 S . 4 u . s  1 3 . 2  9 . 0  4 . 7 
1 9 8 4  16 . S  17 . 0  l S . S  u . s  u . o  1 0 . 1  4 . 7 
1 9 8S 16 . s 1 6 . 7  16 . 9  1 4 .  s 1 4 . 7  1 0 . 2 5 . 7  

SOURCE: lnCJ i nee r i nq Manpowe r co .. i s a i o n , En ro l lment and Deqree repo rta , 
New Yo rk : Ame r ican Aaao c i a t ion of Enq i nee r i nCJ Soc i et ies , 1 9 7 1 - 1 9 8 5 . 

TABLE 7 :  Pe rcenta9e of Wo•en Enro l l ed in En9 i nee r i n9 Pro9 rams and B . S .  
DeC) rees Awa rded t o  Women , 1 9 8 S  

P ield lat Yea r 4th Yea r Total DeCJ r .. • 

Ae ronautical 1 1 . 81 8 . 28 1 0 . 26 1 . 2  

ACJ r icul�ura l  7 . 89 11 . 97 1 0 . 6 S  9 . 5  

Arch itectural 1 8 . 20 20 . 6 2  1 9 . 37 1 5 . 0  

BioenCJ i nee r i nCJ 38 . 3 4 32 . 78 3 4 . 39 28 . 7  

Ce ra•ic 26 . 37 26 . 7 3 27 . S 3 23 . 3  

Ole•ical 30 . S4 25 . 2 2 27 . 5 2  l& . O  
Ci v i l  u . u 1 2 . 8 0  13 . 90 1 2 . 8  

Co8pute r 2 4 . 25 22 . SO 22 . 70 22 . 2  

llect r ical 1 2 . 6 0  1 2 . 3 2  1 2 . 76 1 0 . 8  

lnCJ i nee r i nCJ sc ience 16 . 48 16 . 7 4 1 7 . 6 4  1 8 . 0 

lnvi ron .. ntal 1 9 . 7 4  22 . 3 3 22 . 49 25 . 0  

Gene ra l 1 7 . 71 19 . 0 2 1 8 . 28 U . 5  

Induat rial 30 . 24 27 . 86 30 . 34 28 . 2  

Ma r i ne 1 1 . 80 9 . 40 9 . S 7 6 . 3  

Mate r ial• • 
MetallurCJical 1 8 . 90 22 . 20 22 . 16 23 . 6  

Mechan ical 1 0 . 49 1 0 . 6 9 11 . 45 1 0 . 6  

JUninCJ 19 . 61 16 . 9 3 1 7 . 4 4  U . 3  

Ruc lear 1 2 . 6 4  9 . 6 7  11 . 04 11 . 7  

Other 45 . 00 22 . 6 7 38 . 91 27 . 3  

Pet ro lea 1 4 . 6 0  11 . 16 1 2 . 16 11 . 7  

Pre-enC) ineerinCJ 1 7 . 47 1 8 . 51 17-. 88 

Syat ... 24 . 1 4 28 . S9 27 . 30 37 . 6  

TO'l'AL 16 . SO u . so 16 . 00 1 4 . 7  

SOORCE: s .. Table 6 .  
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TABLE 8 :  Pe rcentage of B . s .  Deg rees Awa rded to women i n  Biolog ical Sc iences 

-

Hospital 
Biolog ical Med ical & Health Phys ical Speech 

Yea r Science Pha rmacy Nu r s i ng Technology Adm i n .  The rapy Pathology 

1 9 7 0-71 29 . 4  20 . 7  9 7 . 9  8 7 . 6  6 . 7 8 0 . 0  8 7 . 7  
1 9 71 -7 2 29 . 6  23 . 3  9 7 . 4  8 4 . 5 4 3 . 6  7 9 . 7 8 6 . 4  
1 9 7 2-7 3 3 0 . 0  25 . 1  9 7 . 0  81 . 5  1 3 . 2  7 8 . 6  8 7 . 8 
1 97 3 - 7 4  31 . 5  27 . 0  9 6 . 1  7 9 . 8 1 7 . 3  7 8 . 8 8 9 . 5 
1 97 4-75 3 3 . 3  28 . 1  9 5 . 4  7 8 . 7  3 2 . 4  7 6 . 1  89 . 6  
1 975-76  3 4 . 8  3 0 . 5 9 4 . 9  8 0 . 0 3 5 . 6 7 7 . 5  9 1 . 3  
1 97 6 -7 7  36 . 2  3 2 . 5 9 4 . 6  8 0 . 2  4 7 . 9  7 6 . 7  9 2 . 0  
1 9 77-78  38 . 7  3 6 . 3  9 4 . 6 7 9 . 8 6 1 . 8  7 8 . 7 9 1 . 4  
1 97 8 -7 9  40 . 6  39 . 9  9 4 . 3  7 9 . 1  6 4 . 6  7 8 . 4  9 2 . 8  

G\ 
1 97 9 -80  4 2 . 4  4 1 . 0  9 4 . 5  8 0 . 5 6 8 . 2  7 7 . 8  9 2 . 8 w 

1 98 0 -81  4 4 . 1  4 3 . 8  9 5 . 0 81 . 9  6 6 . 0  8 0 . 6  9 3 . 6  
1 98 1 - 8 2  4 5 . 7 4 6 . 0  9 4 . 9  8 2 . 3  7 0 . 6 8 0 . 4 9 4 . 8  
1 98 2-8 3 4 6 . 1  49 . 0  9 5 . 3 81 . 0  75 . 0  8 0 . 4  9 4 . 6  

SOURCE :  Nat iona l Center for Educat ion stat i st i c s , Ea rned Degrees Confer red se r i es , 
Was h i ngton , D . C . : u . s .  Off ice of Educat ion , 1 9 7 0 -1 98 3 . 
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TABLE 9 :  Pe rcentage of B. S .  Degr ees Awarded to women in  Social  
Sc iences 

Po l itical 
Yea r Sociology Anthropology Psychology Economics Sc ience 

1 970 -71 59 . 3  5 5 . 5 4 4 . 6  1 1 . 2  20 . 1  
1 9 71 -7 2  57 . 0  5 4 . 4 4 6 . 4 1 1 . 8 1 8 . 8  
1 97 2 -7 3  5 6 . 3  54 . 3  4 7 . 8  1 3 . 9  1 9 . 6 
1 9 73-7 4 5 7 . 3 s s . s s o . s 1 4 . 7  2 0 . 4 
1 97 4 -75  5 8 . 1 5 7 . 0  5 2 . 7 1 7 . 3 2 2 . 5 
1 9 75-7 6 59 . 3  5 7 . 4 5 4 . 3  1 9 . 6 2 5 . 3 
1 97 6 -77  6 0 . 8  5 8 . 6 5 6 . 6 2 2 . 9  28 . 8  
1 9 77 -7 8  6 3 . 4 6 0 . 2 5 8 . 9 2 5 . 0 31 . 1  
1 97 8-79 6 5 . 2 61 . 3  61 . 3  27 . 5  3 3 . 4  
1 9 79 -8 0 6 6 . 7 6 2. 6  6 3 . 3 3 0 . 2 3 5 . 9 
1 98 0 -81 6 9 . 6 6 3 . 3  6 5 . 0 3 0 . 5  3 6 . 8  
1 9 81 -8 2  7 0 . 3 6 3 . 4  6 6 . 8 3 2 . 5 3 8 . 1 
1 98 2 -8 3  6 9 . 7 6 4 . 7 6 7 . 5 3 3 . 3  3 9 . 3  

SOURCE : Nat iona l  Cente r for Education stati stics , Ea rned Degrees con
f e r red s e r i es ,  wash i ngton , o . c . : u . s . Off i ce of Educat ion , 1 9 70 -1 9 8 3 . 

Factors Influencing Initial Enrollments 

The underrepr esentat ion of women in se lected eng i nee r i ng and sc i 
ence f ields has been central to a la rge number of stud ies , most o f  
wh ich have focused on ident ifying facto rs assoc iated with gender  d i f 
fe rences b y  u s i ng aggregate dat a ,  surveys , and cor relat ional stud ie s .  
Ve ry few expe r imental o r  quas i -expe r imental stud ies have been con
ducted . Neve rthe les s ,  impo rtant sou rces of i nformat ion and data 
eme rg ing from these stud ies provide a ba s i s  for understand ing not only 
the factors related to the und e r repr e sentat ion of women in sc ience and 
eng inee r i ng ,  but al so methods to remedy that s i t uat ion . 

Although the re is l ittle ove rt e v i dence of discr imi nat i on agai nst 
women in the col lege adm i ss i on process , the abundant cove rt explana 
t i ons and rationa l i zat i ons rega rding the lower repre sentat i on of women 
i n  eng inee r i ng and the physical sc iences usually  focus on two major 
cognitive a reas : ( 1 )  col lege-bound women do not have adequate prepa
rat ion in mathemat ics and physical science to pursue the rigorous 
demands of beg i nni ng engi nee r i ng and quant itat i vely-o r iented sc ience 
programs , and ( 2 )  col lege-bound women scO're lowe r than men on col lege 
admi ssi ons exami nat i ons . To the extent that mathemat ics and physical  
sc ience preparat ion or col lege admi ss i on test sco res are used in the . 
col lege admi ssi ons process , these somet i mes subt le requ i rements do 
s ignif icantly reduce the pool of women eli g i ble for adm i ss i on to 
inst ituti ons and prog rams that focus on eng i nee r i ng and sc ience . 
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Ma1hemDJics and Physical Science Backgrounds 

NSF ( 1 9 86b ) has compi led data support ing the stronger mathematics 
and phy s i c al science backgrounds of high school senior and col lege 
f r eshman male s compared to female s .  In  add i t ion ,  su rveys of H igh 
School and Beyond ,  1 98 0  ( u . s .  Depa rtment o f  Educat ion , 1 98 2 )  prov ide 
i llustrat i ve data . I n  1 9 80 , h igh school senior boy s  we re more li �e ly 
than g i r ls to have taken cou r ses in t r i gonomet ry ( 30 ve r su s  22 pe r 
cent ) , calculus ( 1 0 versus 6 percent ) ,  chemi stry ( 3 9  versus 
35 pe rcent ) ,  and phy s i c s  ( 26 ve r sus 14 pe rcent ) .  Table 1 0 ,  wh ich 
provides sim i la r  data for those graduating i n  1 9 8 2 , ind icates that 
high school fema les conti nue to be less l i kely to attempt advanced 
math and physical sc ience cou r ses . 

Table 11 ( pages 7 0 -71 ) documents the changes that have taken place 
between 1 9 71 and 1 98 5  i n  the repo rted mathemat ics and phys ical sc ience 
pr eparat ion of col lege-bound male and female seniors  who took the Col 
leg e Entrance EXami nat ion Boa rd exams . I n  the ea r ly 1 9 7 0s ,  only about 
one-th i rd of the col lege-bound women had at least fou r yea r s  of h igh 
school math and two yea rs of phy sical science , compa r ed  to ove r 
one-hal f  of the col lege-bound male s .  The 1985 d ata on col lege-bound 
st udents i nd icate a much sma l le r  gende r gap : approximate l y  6 0  pe rcent 
of  the col lege-bound women ta ke fou r or more yea rs of math and two or 
more yea rs of physical sc ience , compa r ed to about three-fou r t hs of the 
col lege-bound men . It shoul d  be noted that col lege-bound women and 
men repo rted vi r tua l ly the same grades in math and physical sc ience , 
both in 1 9 71 and in  1 9 85 . 

CoUege BOQTd Scores 

Unf ortunately , these changes in  math and science preparation have 
not affected co l l ege admi s s i on test scores , wh ich have dec l i ned in  the 
past two decades . As shown in Table 1 2  ( page 7 2 ) , col lege-bound women 
have lower sco res than men on both the SAT-Ve r bal and the SAT-Ma t h .  
Women had sl i ghtly higher SAT-Ve rba l  scores than men i n  1 9 7 0  ( 4 61 
ve r su s  459 ) and in  1 9 7 1  ( 4 5 7  ve r su s  45 4 ) , but s l i ght ly lower sco res 
s i nce 1 9 7 2 . Mean scores on the SAT-Math for col lege-bound women have 
been consi stently lowe r  than for men ;  4 6 6  ve r su s  50 7 in 1 9 71 , 44 5  
versus 4 97 i n  1 9 77 , and 4 52 versus 4 99 i n  1985 . 

There are d i ffe rences i n  opi n ion,  i ndeed controve rsy , rega rdi ng 
the factors account ing for the mathematical test gende r  d if f e rent i a l s .  
The social -psycholog ical explanat ion attempts to att r i bute the d i ffe r 
ences t o  fam i ly soc ial i zat ion practices as we ll  a s  temperament , i n 
te rest , and att i tudes , or to biolog ical and expe r i mental facto r s  
( Maccoby , 1 9 66 ) . Howe ve r ,  a more gene rally accepted sex-r ole social 
i zat ion analysis  poi nts to the i n h i b i t i on of women to pe rform at h i gh 
levels  of accomp l i s hment , espec ial ly in quant itat i ve-ana lytical a reas , 
rangi ng in  sou rce f rom • fear of success • ste reotypes t o • no  women 
a l l owed or encou raged • d iscr iminatory pract ices . The resu l t  is  that 
women avo id cou r ses and expe r iences at school and at home that woul d  
e nha nce thei r mathemat ical and science bac kgrounds and compe
tenc ies--the d i ffe rent i al cou r sewo rk hypothes i s . 
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0\ 
0\ 

l 

TABLE 1 0 :  Types of Mathematics and Sc ience cou rses Attempted by 1 980  High School Sophomo res Who 
Graduated i n  1 98 2 ,  by sex ( in percent ) 

Mathematics 
Sex/Racial/ 
Ethn i c  Group Algebra I Geomet ry Algebra I I  Tr igonomet ry Ana lys i s  Calculus  

TOTAL 6 7 . 7 5 4 . 2  3 4 . 3  2 2 . 9  8 . 9 6 . 9  
Male 6 6 . 1  5 3 . 9  35 . 2  25 . 8  9 . 9  8 . 2  
Female 6 9 . 3  5 4 . 4 33 . 5  20 . 0  7 . 8  5 . 7 

Science 

Phys ical Advanced 
S c i ence Biology Biology Chemi st ry Chemistry I I  Phys ics  Phys ics  I I  

TOTAL 6 7 . 8  7 8 . 8  1 8 . 0  35 . 5  4 . 4  16 . 9  1 . 7  
Ma le 7 0 . 5  7 7 . 0  16 . 4  36 . 4  5 . 2  2 2 . 1  2 . 6  
Female 6 5 . 1  8 0 . 7  1 9 . 6  34 . 5  3 . 6  1 1 . 6  0 . 9  

SOURCE : Nat ional Sc i ence Foundat ion , Women and Mino r i t i es in Sc ience and Eng i nee r i ng ( NSF 86 -1 0 ) ,  
Washington , D . C . : u.s. Gove rnment Pri nti ng Off ice , 1 9 86 , p .  1 5 2 .  
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Mo re recently the di fferent ial cou rsework  hypothes i s  was cha l 
lenged in a cont rove rsi al re sea rch proj ect o n  g i f t ed  math students by 
Benbow and Stanley ( 1 9 80 ) . These researchers ind icated that the gender 
d iffe rences in SAT-Math scor es are not due to d i ffe rences in  math 
pr eparat ion alone , but to di f fe rences in the mathematical reason i ng 
abi l it i es of boys and g i rl s .  Thei r  resu lts we re cha l lenged by Luchins 
and Luchins ( 1 9 81 ) , stage and Ka rp lus ( 1 9 81 ) , and Tom i zuka and Tobi as 
( 1 9 8 1 ) and counte r -chal lenged by Benbow and Stan ley ( 1 9 8 1 ) . A mo re 
pragmat ic research resolut ion to the problem was presented by Pa llas 
and Alexande r ( 1 9 8 3 ) ba sed on a naly s is of  a representat i ve group of  
6,  000 students who took both the SAT-Math as twe l f th-grade r s  and the 
SCAT-Math in  the ninth grade . Thei r study i nd icates that f ema les 
score somewhat lowe r than male s on the SAT-Math,  largely because they 
a re less l i kely to en roll i n  quant itat i vely-o r iented cou r ses 
( geomet ry , tr igonomet ry , calculus , and physics ) .  Howeve

'
r ,  h i ghe-r 

gr ades i n  math cou r ses of women than of men were a pos itive facto r . 
Othe r f actors --soc ioeconomic status , race , and gender--had smal l  but 
stat i s t ically sign i f i cant i nf l uences on SAT-Math scores . They 
conclude : 

We find that the male-female gap in SAT-M pe rf ormance 
sh r i n ks cons ide rably when sex d i ffe rences in quant itat i ve h i gh 
school cou rse-wo rk are cont rol led . These f i nd ings suggest 
that i nc reasing f ema les ' rates of enrol l ment in high leve l 
mathemat i c s  cou rses would greatly reduce the sex di ffe rence 
in quant itat i ve SAT pe rfo rmance and that it is prematu re to 
re ject soc i a l i zat ion and expe rimental exp lanat ions for the 
male-f ema le gap i n  leve ls of quant itat i ve pe rfo rmance • •  

Although the present research , and that of othe rs , ind i 
cates that sex d i ffe rences in mathemat ics pe rfo rmance a r i se 
d u r i ng the high school yea r s , we be l i eve it is quite li kely 
that many of the mechani sms respons i b le for the mal e -fema le 
gap in performance are set into mot ion much ea r l i e r ,  perhaps 
even in the elementa ry grades . ( Pa l l as an d Alexande r ,  1 98 3 :  
16 5 ,  18 0 )  

The gene ral consensu s i s  that these gender d i f f erences i n  col lege 
admi ssion math test sco res can be la rgely accounted for by the d i f f e r 
e nces in the amount o f  mathemat ics , physical sc ience , and compute r 
programmi ng cou r ses that high school and co l lege-bound women take com
pa red to thei r male pee r s . Also , some evidence suggests that pr i or to 
and du r i ng co l lege , women--i nc l udi ng those who major in eng i nee r i ng 
a nd sc ience programs --a re less l i k e ly to engage in  extracu r r icula r and 
p e r sonal act i v it i es that might enhance either quant itat i ve o r physical  
s c i ence ach ievement ( e . g . , compute r camps and science fai r s )  or 
mechan ical and problem-o r iented act i v i t i e s  ( e . g . , readi ng Popul a r  
Mechani cs , doi ng cons t r uction , and acqu i r i ng electronic hobbies ) .  
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TABLE 1 1 :  co llege-Bound students '  H i gh S chool Preparation and Gr ades 

Pr eparat ion in Years 

None 1 2 3 4 5 +  Mean 

1 9 71 
Mathematic s 

Men 0 2 1 1  2 9  s o  9 3 . 50 
Wome n 0 4 1 4  4 0  3 3  4 3 . 1 0 

Physical sc i ences 
Men 1 3  31 3 7  1 7  2 0 1 . 6 0 
Women 24  45  25  5 0 0 1 . 1 0 

1 9 7 5  
Mathemat ics 

Men 0 2 1 0  2 7  5 1  1 0  3 . 57 
Wome n 0 3 20  3 7  3 5  5 3 . 1 7 

Physical sciences 
Men 9 3 4  3 4  1 7  5 1 1 . 8 0  
Women 1 5  4 3  2 9  9 4 0 1 . 4 5 

1 9 81 
Mathemat ics 

Men * 2 8 2 3  5 4  1 3  3 . 68 
Wome n  * 2 1 5  3 2  4 3  8 3 . 38 

Physical sc iences 
Men 6 2 6 3 6  2 4  5 2 2 .  01 
Women 1 1 38  34  1 4  2 1 1 .  59  

1 98 4  
Mathemat ics 

Men * 1 7 2 0  5 6  1 6  3 . 78 
Wome n * 2 1 1  2 8  4 9  1 0  3 . 3 4 

Phys ical sciences 
Men 6 2 5 37  25  6 2 2 . 0 5 
Women 9 37 3 6  1 6  3 1 1 . 69 

1 98 5  
Mathemat ics 

Men * 1 6 20  58  1 5  3 . 8 0 
Wome n * 1 1 0  2 8  5 1  1 0  3 . 58 

Physical sciences 
Men 5 2 4  3 8  2 7  6 2 2 . 08 
Wome n 8 34  3 8  1 7  3 1 1 . 7 4  

*Less than 1 pe rcent , but not zero . 

SOURCE :  Educat ional Test ing Service , Nat iona l Co lle9e-Bound Seni ors , 
1 98 5 .  
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i n  Mathemat ics and Phy s i ca l  Sc ience , by Sex , 1 9 71-198 5 ( in pe rcent ) 

Grade i n  cou rse 

A 8 c D F Pa ss Mean 

1 9 71 
Mathemat ics 

Men 26 35  28  9 2 0 2 . 7 0 
Women 26 36 28  8 2 0 2 . 8 0  

Physical Sciences 
Men 2 7  3 9  2 7  5 0 2 2 . 4 0 
Women 26 39 2 6  5 0 3 2 . 4 0 

1 9 7 5  
Mathemat ics 

Men 28  38  26 6 1 0 2 . 8 7 
Women 27 34 27  7 1 0 2 . 8 4  

Physical Sciences 
Men 3 3  4 3  21 3 0 0 3 . 0 5 
Women 30  4 5  21 3 0 1 3 . 0 2  

1981  
Mathematics 

Men 2 7  39  27  6 1 * 2 . 8 5 
Women 26 39 28 6 1 * 2 . 8 3  

Phys ical Sciences 
Men 29 4 2  25 4 1 * 2 . 9 4 
Women 28 48 25  4 1 * 2 . 9 4 

1 98 4  
Mathemat ics 

Men 2 7  3 9  2 7  6 * * 2 . 8 6 
Women 26 39  28 6 1 * 2 . 8 4  

Physical Sciences 
Men 2 8  4 1  25  4 1 * 2 . 9 2 
Women 27 43 25  4 1 * 2 . 9 2  

1 98 5  
Mathemat ics 

Men 27  3 9  2 7  6 1 * 2 . 8 5 
Women 26 3 9  27  6 1 * 2 . 8 7 

Physical Sciences 
Men 28 41 26 4 1 * 2 . 91 
Women 27  4 3  2 6  4 1 * 2 . 91 

Pr i nceton ,  N . J . : Admi ssi ons Testing Program , The Co llege Board , 1 9 7 1 -
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TABLE 1 2 :  SAT Score Ave rages for Co llege-Bound seni ors , by Sex , 
1 97 0 - 1 9 8 5  

ve r ba l  Mathematic s 

Year  Male Female Male Female 

1 97 0  4 5 9  4 61 50 9 46 5 
1 9 71 4 54 4 57 5 07 4 66 
1 97 2  45 4 45 2 50 5 4 61 
1 9 73 4 46 4 43 5 0 2  4 60 
1 97 4  44 7 44 2 S Ol 459 
1 9 75 4 37 4 31 4 9 5  4 49 
1 9 7 6 43 3 4 3 0  49 7 446  
1 9 77 4 31 4 27 4 9 7  4 45 
1 97 8  43 3 4 2 5  49 4 44 4 
1 9 79 4 31 4 23 4 9 3  4 43 
1 98 0  4 2 8  4 2 0  4 9 1  44 3 
1 9 81 4 30 4 1 8  4 9 2  4 43 
1 98 2  4 31 4 21 49 3 443  
1 9 83 4 30 4 20 4 9 3  4 45 
1 98 4  43 3 420  49 5 449 
1 9 85 4 37 4 25 499  4 52  

SOURC E :  Educationa l  Testing Se r vice , Nationa l  Co l le9e-Bound Senior s ,  
Pr i nceton , N . J  • :  Admi ss i ons Test ing Pr ogram , The College Boa rd , 
1 97 0 -1 98 5 .  

Women and Computers 

An ana lysi s  of facto rs hav i ng an impact on en rollment of women in 
engi neer i ng and science f ie lds cannot ignore the i ncreasi ng d i ffe rences 
in the precol lege compute r bac kgr ounds of male and female students .  
Armst rong ( 1 9 8 6 ) reviewed the cur rent l iteratu re and found gende r d i f 
ferences in  computer access , usage , and i nterest : 

In o rder to deve lop a background in compute r programmi ng , 
students need access to computer s .  Gender d i f f e rences in 
computer access and usage have been of c r it ical i nte rest 
d u r i ng the past f i ve yea rs . A ca li fornia state-wide assess
ment of computer l ite racy at the s ixth and twe lfth gr ades 
conclud ed  that gi rls  eithe r ha ve or take fewe r oppo rtun ities 
to wo rk on compute rs at  both home and school than do boys . 
More of ten than g i r l s , twe l f th-grade boys are inc l i ned to 
lea rn about computers at home from f r iends or th rough the use 
of video games . More sixth-grade boys than gi r l s  are li kely 
to have home computers . Even though both ma le and female 
students repo rted lea r n i ng about compute rs at school , female s 
exhi b i t ed  a pattern of less pa rt icipat ion and access than 
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that of ma le s  ( Fetle r ,  1 98 5 ) . Bos s ( 1 98 2 ) repo rted that 
g i rls did not have the same amount of time on computer s  in 
schools because they d id not take the t i me  to u se the 
mach ine s .  These f ind ings concu r  with She ingold , et al . ,  
( 1 98 3 ) , whose resea rch i nd icated that gender d i ff e rences i n  
compute r use spanned all grade le vels , with male s  havi ng 
higher amounts of usage and access . At the seconda ry leve l ,  
computer s  were  pola r i zed in the mathematics/sc ience and 
business a r eas , where women students tended 

·
to use only the 

machines in the bu s i ness a rea ( Sheingold , et al . ,  1 9 8 3 ) . 
sever al stud i es i nvestigat ed gender d i ff erences in com

pute r camp registration . Th ree times more males than f ema le s 
r eg i ster ed in compute r camps with d i ffe rences mo re pronou nced 
at the secondary le vel than at the elementa ry le ve l ( Hess and 
Miura , 1 9 8 5 ) .  

Gender dif fe rences in  compute r access and usage we re 
found in the homes of students as wel l . Fathe rs tended to 
b r i ng the compute r i nto the home and teach othe rs how to use 
the machine . In add ition ,  f ami l i es we re mo re li kely to buy a 
computer and spend more money on compute r sof twa re and 
pe r i phe rals for ma le children than fo r f ema le c h i l d r e n  ( Mi u r a  
and Hess , 1 9 84 ) . 

At the precol lege le ve l ,  more male students than female 
students i nd icated i nterest in  compute r programmi ng cou rses 
( Becke r ,  1 9 8 2 ; Hess and Miura , 1 9 85 ; Fetle r ,  1 9 85 ) .  The gen
de r d i ffe rences widen at the mo re advanced leve ls of education 
( Leppe r ,  1 9 85 ) . I n  compute r camps , merely f i ve pe rcent of 
the g i r ls took the a ssemble r language cou r se s  ( Hess and M iu r a ,  
1 9 85 ) . Leppe r reported simi la r discrepanc ies in  par t ic ipation 
in  the advanced cou r ses i n  prog rammi ng . Li n n  ( 1 98 5 ) repo rted 
that women const it uted 8 6  p e rcent of the students in wo rd 
process i ng ,  but onl y 3 7  pe rcent of those in compute r program
ming . 

Results of a Computer Lite racy Scale admi ni stered to beg i nn i ng 
engi nee r i ng f r eshmen at  PU rdu e Uni ve r s i ty i n  1 98 5  and repl icated i n  
1 9 86 i nd icated that signi f icant ly more males than females had wr i tten 
and debugged prog r ams , listed a program, sa ved a program , renamed a 
pr og r am ,  used a prog r am to so l ve a mathematics probl em , mod i f ied 
someone e lse ' s  program ,  i ns t r uct ed othe rs in the u se of a compute r ,  
documented a program , used a word processo r ,  and used a compute r at 
home . The only item on the sca le that d id not ind icate signif icant 
gender d i f fe rences was • used a compute r at school • ( Armstrong , 1986 : 
Armst rong , et al . ,  1 985 ; Armstrong , et al . ,  1 98 6 ) . FU rthe rmo r e , the 
male eng i nee r i ng students ente r i ng col lege had complet ed mo re weeks of 
h igh school i ns t r uct i on in compute r programmi ng and knew more comput e r  
l anguages than thei r f emale counterp a rt s  ( Armstrong , et al . ,  1 9 86 ) . 

seve ral r e sea rche rs have at t r i buted the gende r d i ffe rences in  com
puter backgr ound to di f ferences in inte rests and att itudes . Armstrong 
( 1 9 8 6 : 26-27 ) , in  he r su rvey of the l it e r atu r e , repo r t ed  the fol lowi ng : 
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A number of stud i es have found that men i ndicate mo re i nte rest 
i n  compute rs than do women ( Lockheed , Ni elsen , and Stone , 
1 98 3 ; Hess and Miura , 1 98 5 ; campbe ll  and McCabe , 1 98 4 ; Fetle r ,  
1 9 85 ) . Di ffe rences in inte rest i n  compute r programmi ng have 
a l so  been documented ( Becke r ,  1 98 2 ) . Howeve r ,  once men and 
women we re en rolled in  the same compute r programm i ng cou r se ,  
the i r  leve ls of i nte rest tend ed to be s im i l a r ( Schube r t ,  
1 9 84 ) . Rese a rch has not been cond ucted that is  des igned to 
ident i fy whether i nte rest extends beyond the du rat i on  of the 
cou rse . In add it ion , di f fe rences in interest in compute r s  do 
not extend equa lly ove r all  g r ade level s .  Mo re signi f icant 
gender d i f f e rences in i nterests in compute rs at the sixth
grade level were found than at the twe l f th-grade level  
( Fet le r ,  1 9 85 ) . 

Se lf-ef f i cacy ( se l f -apprai sal of one ' s  abi lity to suc
cessf u l ly complete a tas k ) has been proposed by Bandu r a  ( 1 98 2 ) 
as  a factor that may det e rm i ne whet he r a pe rson wi l l  engage 
in  a tas k .  In the compute r f ie l d , Miura  and M i u r a  ( 1 98 4 )  r e
ported that male students had signif icant ly highe r percei ved 
se l f-eff icacy for  comput e r -re lated tasks . These d i ffe rences 
in se l f-ef f icacy we re al so repo rted among jun i o r  h igh school 
ado lescent s ( Mi u r a , 1 98 4 ) .  Women engi nee r i ng students , i n  
gene ral , r epo rted lowe r  se l f -percei ved abi l i t ies than did 
ma le st udent s ( Li nden , et al . ,  1 98 5 ) .  Se l f -pe rce i ved abi l i 
t ies cou ld he lp to explai n gender d i f f e rences i n  enrollment 
in compute r programmi ng cou r se s . 

Resea rche rs have proposed a myr i ad of reasons for the 
obse r ved gende r d i ffe rences conce r n i ng i nterests and att itudes 
towa rds compute rs . The reasons include  sex ste reotyp i ng ,  
which beg i ns i n  the second g r ad e  ( Stei n and Smi the ll s ,  1 9 69 ) ,  
t r adit ional d i f f e rences i n  mathematics and science ( Wi nkle 
and Mathews , 1 98 2 ; Loc kha rd , 1 98 0 ) ,  the placement of the com
pute r in . the mathematics and science depa rtments ( saunders , 
1 9 7 9 ) , sex d i ffe rences in  spat i al abi l i tie s ( Ai ken , 1 9 7 2 ) , 
publ i c  stereotyp i ng of the compute r as a man ' s  machi ne 
( Hawk ins , 1 98 5 ) , and the male-o r ientat ion of the maj o r  pro
port ion of avai lable so f twa re ( Miura  and Hess , 1 9 8 4 ) . Al l of 
these reasons , and many mo re , can he lp to expl ain the docu
mented d i f fe rences i n  inte rests and attit udes . 

If ma le st udents tend to possess h i gher leve ls of compute r  back
gr ound and i nte rest , do they out-perf orm female students in compute r 
programmi ng cou r ses? In gene ra l , r e sea rch f i ndi ngs i ndicate that the re 
is no di f f e rence between the academ i c  perf ormance of male and female 
students in compute r programmi ng cou r ses , even though computer back
gr ound di ffe rences may be prese nt at  the beg i nn i ng of  the cou rse 
( Armstrong, 1 986 ; Arms trong , et a l . ,  1 98 6 ; campbe ll and McCabe , 1 98 4 ; 
Mand i nach and F i she r ,  1 9 85 ) . One cont r a ry f ind i ng in  a study 
conce r ned with teach i n g  LOGO progr ammi ng to el ementa ry school ch i l d ren 
was that boys exh i bited highe r le vels of  academ i c  ach i evement than did 
g i rl s  ( Pea ,  et a l . ,  1 98 4 ) . 
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To summa r i ze ,  the re seems to be evidence,  at least in the precol 
lege year s , that ma les have h i gher leve ls of i nte rest i n ,  access to , 
a nd part ic ipat i on in  compute r-related act i vities inc lud i ng games , com
p uter camps , · and compute r programmi ng cou r ses than f emales . In gen 
eral , the re are no gender d i f f e rences in academ i c  pe rf ormance in com
p ute r programmi ng cou r ses at the preco l lege or  co l lege leve l . Linn 
and Da lbey ( 1 9 85 :  20 2 )  s umma r i zed the i r  • quas i -exper imental • study of 
va r i ous comput e r -i ntensi ve s ites by stati ng that gender d i fference s ,  
not evident i n  pe rf o rmance , we re shown in interest in  en ro l l i ng i n  
computer cou r ses : • The point whe re equ i ty seems most central i s  i n  
secu r ing the part ic ipat ion of female s i n  programmi ng cou rses . • 

Comprehensive Studies Related to Undergraduate Participation 
of Women in Science and Engineering 

A number of stud i es that pro v i de comprehensi ve views of the facto rs 
i n f luenc ing the und e r represe ntat i on of  women in sc ience and eng i nee r i ng 
have speci al relevance at the und e rgraduate le ve l . Fi ve major ones 
c ited below are as fol lows : Eng i nee r i ng Educat ion and Pract ice in  the 
Uni ted State s ( Nationa l  Re sea rch counci l ) , An Internationa l  Perspect i ve 
Regard ing Women in Eng inee r i ng ( Australi an Bu reau of Labo r Market Re
sea rch ) ,  Impac t Analysis of Sponso red Programs To Increase the Pa rt i 
c ipation of Women i n  ca reers i n  S c ience and Technology ( De nve r Resea rch 
Inst itute ) ,  Women i n  Engi nee r i n g  ( Nat i ona l cente r fo r Highe r Educat ion 
Management Systems ( NCHEMS ) ) ,  and women in Eng i nee r i ng ( Georg ia Inst i
tute o f  Technology ) .  In add i t io n ,  i nformat ion is provided about st i l l  
othe r stud ies o f  women ' s  part ic ipat ion in sc ience and eng i nee r i ng i n  
other sect ions of t h i s  report . 

Engineering Education and Practice 
in the United States (National Research Council) 

In 1 980 , NSF a sked the Nationa l  Resea rch counc i l  to cond uct a study 
of the state and f utu re of eng i nee r i ng educat ion and pract ice in the 
Un ited States . Du r i ng the nex t f i ve yea rs , a committee of the coun
ci l ' s  comm i s s i on o n  Eng i nee r i ng an d Technical systems conduct ed compre
hens i ve stud ies  and ana lyses . Of spec ial rele vance to women in eng i
nee r i ng and science we re the f i nal report  and the pa nel repo rts on 
undergraduate eng inee r i ng ed ucat ion , graduate ed ucat ion and research,  
and i n f rast r uctu re d i agrammi ng and mode ling ( Nationa l  Re sea rch Cou nci l ,  
1 9 85a ,  b ,  c ) . The latte r report documents the tenfold incr ease i n  
f reshman en rol l ments and the seventeenfold i ncrea se i n  B . s . deg rees 
awarded to women ,  ind icat i ng that the rapid increase in numbe rs of B . S . 
deg rees in  engi nee r i ng came f rom two major sou rce s ,  i ncomi ng f reshmen 
and trans f e rs from othe r f ie lds and institut ions . 

The u nde rgr aduate pa ne l ' s  cent r al obse rvat i on was that two facto rs 
central to the supply of  women are inst itut ional diffe rences a nd field 
d i ffe rence s ( Nationa l  Resea rch cou nci l ,  1 98 5a : 24 ) : 

In  1 9 8 2  t he pe rcentage of B . s .  deg rees awa rded to women 
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f r om the 5 0  i nst ituti ons hav i ng the la rg est numbe r of under
g raduate eng i nee r i ng students rang ed f rom a h igh o f  2 9 . 5 pe r 
cent ( Gene ral Moto rs Inst itute ) to a low of 8 . 9  percent ( Iowa 
stat e  Uni ve r s ity ) . The la rgest number of B . s .  degrees awa rded 
by one school to women in 1 9 8 2  was 203  ( 1 5 .  6 percent ) from 
Texa s A&M Un i ve r s i ty,  which graduat ed the la rgest total eng i 
nee r i ng class that yea r .  The numbe rs al so va ry across eng i
nee r i ng f i e lds : i n  1 98 2 ,  29  pe rcent of  i ndust r i al eng i nee r i ng 
students ( the highest pe rcentage ) a nd 2 4 . 5 percent of compute r 
engi nee r i ng students were women , whi le 1 0  pe rcent of mechan i 
cal eng i nee r i ng students ( the lowest pe rcentage ) a nd 1 3  per
cent of c i vil  eng i nee r i ng students we re wome n .  

The report al so cal ls attent ion to two · maj o r  c u r r icula r f acto rs 
related to the prepa rat i on of  women for engi nee r i ng : 

The perc entage of women in eng inee r i ng prog rams appears 
to have no i nhe rent l i mit . The re a re as many young women as 
men in high school who study mathematic s and science through 
tr igonometry and chemi s t ry . Howeve r ,  almost twice as many 
young men as women ta ke high school phys ics , calculus , and 
int r oducto ry computi n g .  

Othe r obse rvations o f  rele vance in the unde rg r aduate pane l repo rt 
i nc l ude the fol lowi ng :  

Appa rently an interest i n  physics i s  an important factor 
leadi ng to a ca ree r in  engi nee r i ng ; men a re att racted to 
e ng i nee r i ng mai nly by tak i ng h igh school phys ics , whi le women 
a re att racted to engi nee r i ng th rough chemi stry and biology . 
High school women of ten fee l  t racked away from physics ; v e ry 
few phys ics teachers are  women , and cou r se content and qual 
ity a r e  qu ite va r i able , often not appeal i ng to women .  Ed u
cat ional expe r i ments i ndicate that nontrad it i o nal approaches 
to the teach i ng of both physics and i nt roductory compute r 
subj ects in  sex-ba lanced c las ses result i n  thei r i n c reased 
appeal to women students .  

The increased numbe r of women students has helped make 
eng i nee r i ng schoo ls a mo re attract i ve envi ronment for them . 
Desp ite recent improvements ,  howe ve r , women students wi l l  
repo rt fee li ngs o f  i solat ion , lack o f  acceptance by faculty 
a nd male student pee r s , and lac k of acceptance of thei r ca
ree r goa ls by f r iends , fami ly,  and thei r uni ve r s it ies . Many 
women students st i l l  f i nd eng i nee r i ng schools to be st ress f u l  
envi ronments ,  and they need s uppo rt to he lp them deal with 
the di f f icult ies that they encounte r .  But they do not form 
a homogeneous group, and the i r  needs v.a ry . For example , 
some report sign i f icant probl ems in ad j ust ing to a st rongly 
ma le envi ronment ;  some f ind a suppo r t i ve envi ronment in  a 
pa rt icula r department ; a nd many f i nd support in  a conf idant , 
sometimes a close ma le f r iend . Some of the se a re problems 
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that wi ll lessen over t i me as the numbe r of both women stu
dents and women faculty inc reases .  

Wh i le increa sed u se of f o r eign nat iona ls as graduate 
teach i ng ass i stants and as facu lty membe rs is  often cited as 
a problem because of language ba r r ie r s ,  the pract ice also 
b r i ngs spec ial probl ems for women students . Anecdotal evi
dence suggests that students and facu l ty f rom cu ltu res in 
wh ich the role of women is su bse rvi ent may not be sens i t i ve 
or sympathet ic to the ca ree r asp i rations o f  Ame r ican women 
eng inee r i ng students • • • •  

The Pa nel on Underg r aduate Eng inee r i ng Ed ucat ion recom
mends that,  to achieve the f u ll potent i al that this human 
resource off e rs , col leges of eng i nee r ing , school systems , 
gover nment,  i ndustry,  and the eng i nee r i ng profession cont i nue 
to wor k  to inc rease the numbe r of qua l i f ied women who study 
for a ca reer in eng i nee r i n g .  A key requ i rement is t he need 
to encourage the study of mathematics and science by female 
seconda ry school students . ( pp .  2 4 , 26 ) 

Th i s  f i na l  report in the Resea rch Counc i l ' s  compr ehens i ve eng i 
nee r i ng s t u �  i nc l udes espec i a lly relevant observat i on s  ( 1 98 5a : 6 -8 ) : 

S ince the ea r ly . l9 70s , cons iderabl e  effort has been de
vot ed to i nc reasing the pa rt ic ipat i on of women and mino r i 
t ies i n  eng i nee r i ng .  The rec r u itment ef forts have pai d  off : 
the pe rcentage of mino r it i es in the eng i nee r i ng work  fo rce 
has doubled and the percentage of women has more than 
t r ip led . cu r rent ly,  more than 1 5  pe rcent of eng i nee r i ng 
undergr aduate students are women ( a s  compared to about 
1 pe rcent in 1 9 7 0 ) , wh ich has gene rated a f ee l i ng of success 
among many of those conce rned with the issue . 

Howeve r ,  some sobe r i ng f acts should be poi nted out .  
Compared with the sc iences and othe r profess i ona l di sc i
pli nes , women are st i ll a sma ll pa rt of the engi nee r i ng 
wo rk force . Pe rhaps even more  signif icant , beg i nn i ng in 
1 98 2 the re has been a mi ld s lowdown i n  en rollments of women 
i n  eng i nee r i ng • • • •  

The committee bel i eves that the dete rm i na t ion of appro
pri ate leve ls of representat i on in eng i nee r i ng for both 
women and mino r it i es is not a matte r f or judgment by pane ls  
of educato rs and i ndustry representat i ves . The se  a re soc ial 
quest ions requi r i ng broad e r  d i scuss ion . Howe ve r , both women 
and mino r it i es a re represented as students and as pract i 
t ione rs i n  eng i nee r i ng at lowe r le ve ls  than i n  othe r sc ience 
and technology profess i ons . The refo re,  the committee con
cludes that the par t ic ipat ion of women and mino r ities  in 
eng i nee r i ng should be matte rs of conti n ui ng conce rn to the 
eng inee r i ng community . The re is st i l l  much to be done . 

A ca se i n  poi nt is the treatment of women on eng i nee r i ng 
facult ies . The re is a recu r r i ng pe rception of bias agai nst 
fema le facu l ty membe rs in assignment of teachi ng respons i -
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bi l it ies , in se lect ion for resea rch teams , and i n  g ranti ng 
tenu re . In many school s  the re al so appear s  to some to be a 
b i as agai nst fema le graduate students as cand idates f o r  
f aculty pos i t i ons and i n  the provision o f  f inanc ial and 
i nte l l ectual s uppo r t . col lege admi nist rators should make a 
cand id assessment of the att ract i veness of academi c  li fe 
for women in thei r i nst itut i ons , and if negat i ve aspects 
such as these are found , they should take f i rm steps to 
elimi nate them . 

An IT1/e171Qtional Perspective Regarding Women 
in Engineering (Au.stralian Bureau of Labor Market Research) 

In spite of li mited time and resou rces , ·  Byrne ( 1 9 85 ) , in a study 
for the Austral ian Bu reau o f  Labo r Ma r k et Re sea rch , was able to col 
lect , ana lyze , and synthesi ze cons ide rable  data on women in eng i nee r i ng 
f rom a wide va r i ety of i nte rnat ional sou rces . A number of he r con
clusions and recommendat ions have spec ial mean i ng and sign i f icance 
i nternat ional l y :  

The male-dom i nated leadership of the eng i nee r i ng profes
s ion , unl i ke most people , is now comi ng to r ecog n i ze that 
techno logy is  andr ogynou s .  • • • 

The fi rst matte r to be st ressed is that , wh i le the re
sea rch and stud i es rev iewed in this repo rt pro v i de a f i rm 
base for st rengthened hypotheses and for choo s i ng some po l i cy 
opt i ons , they do not yet provide dec i s i ve o r  conc lusi ve e v i 
d ence on the causes  o f  female under-recruitment or success 
in eng i nee r i ng.  Few have loo k ed  at long itud i nal eff ects o r  
t r ends . Secondly , most stud i e s  are eithe r mac ro and stat is
tical whe re not enough is  known about the coho rt ' s pe rsonal  
characte r i st ic s ,  or micro  in det a i l and not always wholly 
transfe rable . 

No r is  enough known about actual sex di f f e rences in  sc i
ence and technology st udents . What is c lea r is  that sex d i f
ferences between successf u l  male and fema le students--those 
who enrol l --a re often m i no r .  But it is  not c lear what the 
key di f fe rences are for those who do not enroll  • • • • 

Many quest ions a r e  st i ll unanswe red and requ i re fu rther 
r e search.  Resea rch has not yet produced adequate answe rs 
about why women choose some b ranches more read i ly than 
othe r s .  • • • 

The impo rtance issue for f urthe r enqui ry are those of 
i nst itut ional and d i scipl i ne  va r i at i ons , two facto rs wh i ch 
are  common in al l count r i es reviewed ( whateve r thei r ed uca
t ional s t r uctu re s ) . FU rther resea rch is needed to explo re 
these . 

Re spondent s we re as ked about the prof i le of women eng i
nee r s . some of the data col lected a re encou ragi ng--the i r  
equal abi lity ,  h igh ach i evement , sho rt o r  non-e x i stent chi ld
rea r i ng gap and so on . Ag ai n ,  howeve r ,  the data do not exist 
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i n  read i ly ava i lable form to support f i rm predi cto r s  yet of 
• s uccessf u l • and •u nsuccessfu l •  prof i les . 

In summa ry , Byrne noted the sign i f icant growth in the number of 
women eng i neers si nce 1 9 7 4 . Po s it i ve ly i nf luencing the growth we re  
• i nst itut iona l  commitment , increased ' ca r rots ' or ' st icks ' by way of  
g rants or speci al i nte rest group pressu re ,  manpowe r and womanpowe r 
shortages , and new f i e lds opening up ( computi ng and biomedical ) which 
a re less male-o r iented f rom the sta rt . • In add it ion , she cited the 
fol lowi ng negat i ve inf luences : 

• Refusal to accept respons i b i l i ty for the probl em ,  or  acceptance 
only i f  ( a )  women do not compete with men for rat ioned place s 
a nd become a threat and ( b ) inst itutions do not have to real 
locate exi sting resou rces ; 

• Refusal to accept that • the best man for the job may be a woman• ; 
• Lack of leade rsh ip f rom the professional i nst itut i ons ; 
• Adve rse publ i c  image of eng i nee r i ng ;  
• Lack of resou rces from inst itut i ons , gove rnment g rants , o r  

i ndust ry to fund new programs ; 
• Lack of ro le mode ls o r  u se of them ; 
• Need to ed ucate pa rents and teache rs and br i ng them into the 

twent ieth centu ry in te rms of changi ng sex roles ; 
• Male -o r i ented , biased , out -of-date o r  non-e x i stent caree r ad

v ice , ·  u sua lly a l so too l ate to i nf luence or save cu r r icular  
choices ; 

• Ca ree r inf luence in sen i o r  high school i s  too late ( i nte rven
t i on shou ld sta rt in  j u nior h i gh schoo l ) ;  and 

• Def ic i enc ies in math and phys ics . 

An Impact Analysis of Sponsored Programs 
To Increase the Participation of Women in Careers 
in Science and Technology (Denver Research Institute) 

Anothe r related study was conducted by the De nve r Resea rch Inst i
tute in o rde r to evaluate and to assess s ix expe r i mental prog rams r e 
l ated to those proj ects : those a t  the Un i ve rs ity o f  Ka nsas , Queens 
bo rough Co l lege , th e Un i ve r s i ty of M i s sou r i  at  Kan sa s City ( UMKC ) ,  
Rosemont Co l lege , and Massachusetts Inst i t ute of Techno logy and a pro
gram o r ig i na l ly de ve loped u nde r an Inst itute for Educat iona l  De velop
ment grant and completed by the Po l i cy stud ies in Educat ion group in  
New Yor k .  

A numbe r of conc lusi ons and recommendations eme rg ed from that re
po rt i nc l ud i ng the fol lowi ng ( Lant z ,  et a l . ,  1 9 7 6 : 1 -2 ) : 

The f i rst recommendat i on i s  that g i ven the emphas i s  on 
professional ca ree rs in sc ience , concentrat ion on h igh abi l ity 
women is a rea l i st ic rest r ict ion . second , the more able  
and/or mo re matu re women appea r to be  mo re i nterested in con 
tent of the vocat ion , whi le younge r  or less able women are 
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mo re int e rested in li f estyle poss i bi l i t ies rele vant to any 
ca ree r .  A t r ade-off between age and abi l i ty was noted ; and 
i ncrease in abi l i ty le ve l may decr ease the appropr i ate age . 
The thi rd r ecommendat ion was that the programs concentrate on 
women who have al ready shown an inte rest in sc ience and have 
the prerequ i s ite background a fter the j u nior  yea r  in h igh 
school . It was al so recommended that a di st inct ion between 
ca reer educat ion and programs to i nterest women in sc ience
related careers be made . The gene ral conc lus ion was that re
c r u i tment and commi tment should be emphas i z ed  in h i gh school 
yea r s ; r e inforcement , support and retent ion be emphas i zed in 
tbe col lege yea rs ; and that removing inst itutional ba r r i e rs 
should be emphasi zed in graduate school , r eent ry programs for 
mature wome n ,  and post-employment programs . It was conc l uded 
that most of the pa rt ic ipants felt st rong ly that al l -f ema le 
wo rkshops and c lasses we re necessa ry u nde r certain cond it i ons . 

Anothe r gene ral conclus i on was that role mode l s  appeared 
to be the most effect i ve component of most of the pro j ect s .  
It  was recommended that a mixture of role mode ls , close r i n  
age and accomp l i s hment level to the pa rt icipant s , be ut i l i zed 
i n  con j unction with insp i rationa l mode l s ,  successful  women at 
the top of thei r f i elds . It was a l so suggested that r een t ry 
pr ograms might be mo re su ccessf u l  in rec r u i t ing underemployed , 
rathe r than unemployed , women . Another r ecommendat i on wa s 
that the Nat i ona l Science Foundation deve lop a st rategy to 
d i ssemi nate the cu r r iculum mate r i a ls of each of the pro j ect s .  
It  was also suggested that the Fo undation take the respons i 
b i l i ty for mak ing eva luat i on i nstr uments o f  esta b l i s hed re l i 
abi lity and val i d i ty ava i lable . to the proj ect di rectors and 
fo r providing techni cal assistance in the i r  i nte rnal evalua
t ion ef forts . A c onfe rence of al l federal agenc ies invol ved 
in ca ree r  educat i on was a l so  recommend ed to pro v i de a means 
to pool ava i lable resou rces , and to avoid  duplicati on of ef
fort . Fi na l l y ,  it was recommended that th e Foundat i on con
t inue its act i v i t i es in encou rag ing women to choose sc ience 
as a ca ree r  and to d i ssemi nate knowledge about the exi stence 
of it s prog rams . 

The fou rth chapte r in the repo rt discussed alterna t i ve interven
t i ons . It began with a l i st of psycholog ical , soc io log ical , and 
i nst itut iona l ba r r ie r s  to the part ic ipati on of women in science-r e lated 
ca ree r s . some assumpt ions we re de l i neated , and d i fferent k i nds of 
i nte rvent ions or treatments were proposed . Each of the poss i ble 
inte rvent ions was catego r i zed by educat ional leve l ( e . g . ,  elementa ry 
school , h igh school , col lege , graduate school , reent ry , and 
postemp loyment programs ) .  

Lantz and he r col leagues stated fou r maj o r  assumpti ons and provided 
spec i f ic intervent ions for each . AS poss i b le i nte rvent ions to the 
a ssumpti on that • knowledg e that sc ience-r e la ted ca reers are open to 
women is a pre requ i s i te fo r pu rsuing those ca ree r s , • the fol lowi ng 
were suggested : 
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• Wor kshops and semina rs po rtraying professional women i n  
sc ience careers . Several NSF-sponso red pro j ects a re imple
menting this approach ;  for example , Ma ry Baldwi n Col lege was 
f unded for semi na r s  in 1 9 75 ,  and many more have been f unded 
in 1 9 7 6 .  These wo r kshops might encompass th r ee  component s 
of di scuss i on by or with the role models : actual job con
tent,  l i festy les , and on-the-job problems . Depend i ng upon 
the interests of the part ic ipant s ,  the var i ou s  aspects could 
be d i ffe rent i a l ly emphasi zed . For many sc ience maj o r s , the 
d i ffe rent job tit les that may be pu rsued from a sc ience 
major  may be of the most i nte rest . For othe r groups , l i f e
style preparation and solut i ons of on-the- j ob probl ems ( i f  
any ) may be of mo re i nte rest . 

• Increase in the mmbe r of female science professo rs . Even 
though the majo r i ty of women having ca reers in sc ience . spe
c i a l i ze in teachi ng ,  the pe rc entage of full ' professo rs is 
very lo� in  the sc iences . The most obvious and most a vai l 
able role mode l  for women interested in  sc ience would be 
thei r professo r s . In add i t ion , it is li kely that f emale 
pr of esso rs may be more support ive of fema le underg r aduate 
maj o rs than ma le professo r s . The refore , programs to in
c rease the numbe r and status of female professo rs are en
cou raged . The programs to i ncrea se the numbe r may encompass 
all of the pr ogr ams suggested in  this  section ,  and the re may 
be many yea rs befo re results are obser ved . Di r ect suppo rt 
of programs to increase  the status of cur rent fema le pro
fessors may produce results in  a sho rter t i me  pe r i od .  Many 
such programs are referenced in the sect i on on . programs for 
women cu r rent ly in the l abo r  fo rce . ( p . 6 9 ) 

A second assumption was that • c a ree r-comm itted fema le s may bene f it f r om 
spec i al counse l i ng ,  suppo rt group act i v it ie s ,  and othe r fo rms of soc i a l  
e ncou ragement • ( Lant z ,  et al . ,  p .  6 9 ) .  TWo poss i ble inte rvent ions we re 
g i ven : 

• Spec ial counse l i ng or support groups for women plann i ng to 
pu r s ue nontrad it ional science ca reers . These spec i al coun
sel i ng or support groups may take many forms . The groups 
might be tas k -o r iented a round speci al cou r ses that would 
i nte rest pr ima r i ly females or  be more soc ial in  na t u re . 
Whatever the veh i c le used , the major aim wou ld be to de
c r ease the al i ena t ion and soc ial  pressu re by encou rag ing 
f r iendships among women with s i mi lar  va lues and aspi rat i ons . 

• Spec ial hou s i ng for women plann i ng to pursue nontrad i t i ona l 
science ca reers . Wh i le spec i al housing presents many d i f
f icult ies at la rge un i versit ies , group hou s i ng has been 
shown to inc rea se the r etent i on rate of f ema le eng i nee r i ng 
ma jo rs . Whe reve r thi s  may be an opti on ,  di f fe rent hous i ng 
a r rangements may be t r i ed .  ( pp .  6 9 -7 0 ) 

In add it ion , Lant z ,  et al . ( 1 9 76 : 7 0 )  noted that •many fai l to pu r -
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sue science-re lated ca ree rs because they fai l to successf ully complete 
prerequi s ite mathemat ics cou r se s . •  They suggested that remed i al mathe
matics  cou rses , inno vat i ve teach i ng method s ,  and spec ial tutor ial pro
grams might encou rage i nterest in scient i f ic ca ree r s : 

Offe r i ng • r emed i al • mathematics cou rses or spec ial  cou r ses , 
such as th e UMKC proj ect , may be an appropr i ate veh ic le to 
a ss i st women who are interested in sc ience but have di f f i 
culty i n  adva nced cou r ses becau se of inadequate bac kgr ounds 
in math . Even for those women successf u lly complet i ng 
mathemat ics at the h igh school level , i nnovat i ve approaches 
t o  teach i ng mathematics cou ld be appl i ed to ad vanced cou rses , 
such as sol id geometry and calcu lus . For women tak i ng ad
vanced mathematics cou rses in col lege , spec ial tutor ial pro
g rams , run by other women , might assist thei r col leag ues . 
The women inte r v i ewed at the Un i ve rsity of Ka nsa s  expressed 
thei r shyness with ma le tutors and re luctance to ask the 
teache rs for help . They felt that not under stand ing a si ng le 
lesson u sua l ly meant it was imposs i b le to comprehend any 
subsequent lesson . The refore , they wanted fema le tutor s  who 
we re immedi ately avai lable and consi stent . 

F i nal ly , this study noted that because • tang ible and intang ible 
institut ional bar r i e rs discou rage women f rom pu rsuing sc ience-related 
caree rs •  ( p . 7 0 ) , col leges and un i ve rsit ies should take spec i f ic steps 
to a lte r the s i tuat ion : 

• Increas i ng the number and pe rcentage of women holding 
unde rgraduate assistantsh ips in teaching and resea rch i n  
the sciences . A •sp in-of f • o f  at least one of the 
expe r i mental proj ect s ( not cu r rently comp l et e ) seems to be 
the very pos i t i ve effects of hi r i ng jun i o r  and senior  
sc ience majors  as  staff pe rson ne l . It  not only se rved as  a 
f i nanc ia l  ai d ,  but al so it was inte rpr eted as a • vote of 
conf idenc e •  and se r ved to i ncrea se i nte rest,  exposu r e ,  and 
expert ise in thei r a reas . Assi stant ships al so provide 
add itional encou ragement to go to gr aduate school and 
u sually provide a close r relationship with a faculty 
membe r .  Assistantsh ips to decla red sc ience maj o rs may 
improve the retent ion rate and resu lt in more women 
attendi ng gr aduate school in sc ience . 

• Incr eas i ng the numbe r and perc entage of women in sc ience
related coope rat i ve and intern programs , as is now at
tempted by one of the cur rent NSF-sponso red pro jects . Such 
programs should result in a better  understanding of job 
options , job requ i rements and prefe rabl e  job alterna t i ves 
( di scove r i ng that one does n ' t  l i ke a j ob i s  as impor tant as  
d i scove r i ng that one does ) .  FU rthe r ,  it may pr ovide better 
•connect i on s •  to ob�ain a job or  to g ain admi ssion to 
g r aduate school . 
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• Rew r i t i ng graduat e  • f e l lowsh i p •  brochu res . One d i s cou ragi ng 
facto r  in applying for g r aduate school is  the way informa
t i on on f i nanci al a id is  presented . The brochu res , espe
c ia l ly on the most prest ig ious • f e llowships , •  a re un i formly 
w r i tten in  mascu l i ne gende r and appea r to r u le out women . 

• Increas i ng the number and perc entage of female sc ience pro
fesso r s  ( ad v i se r s ) . ( pp .  7 0 -7 1 ) 

Women in Engineering: An Exploratory Study 
of Enrollment Factors in the Seventies 
(National Center for Higher Education Management Systems) 

A spec i al s t udy under a Nat i ona l Inst it ute o f  Educat i on cont ract 
( Co rbett , et al . ,  1 9 80 ) exam i ned gene ral t rends in enrollment , att r i 
t ion , and degrees granted a s  we l l  as ca se stud i es o f  s ix i nst itut i ons 
( Va nderbi lt , Un i ve rsity of wash i ngton , Pu rd ue ,  Colo rado School of 
M i nes , Pra i r i e  View , and New Mex ico Stat e ) .  It conc l ud ed  that exte rna l  
causes and cond it ions were the pr ima ry factor s  that inf luenced the in
c r ea sed pa rt ic ipat ion of women in eng i nee r i ng educat i on and that i n 
terna l  inf luences we re pr ima r i ly fac i l i tat i ve . 

Exter nal f actors that seemed to lead to the i nc reased en rol lment 
of women in  eng inee r i ng prog rams du r i ng the past decade inc l ude  the 
followi ng :  

• Jo b market out look for eng inee r s  gene ra lly and opportun i t ies 
and compet it i ve sala r i es for women in  pa rticula r ,  

• Indus t ry rec ruitment of women for eng i nee r i ng pos i t i ons and 
i ndust ry suppo rt of eng i nee r i ng-educat i on prog.rams th rough 
f und ing of schola rships , co-op programs , summe r employment , 
and campus ca ree r inst i t utes f o r  prospect i ve st udents , 

• A c hange in the image of eng inee r i ng as a f i e ld now cent ral 
to publ i c -pol icy and envi ronmental i s s ues , 

• A change in soc i ety ' s  att itude towa rd women ' s  roles in the 
work  fo rce and the consequent change of wome n ' s  att i t udes 
and awa reness regard ing eng i nee r i ng as a ca ree r ,  

• Fede r al f i nanc i a l -aid programs for st udents , 
• Af f i rmati ve-action press u re on industry , 
• High school teache rs and counselors encou rag i ng students to 

acqui re academic backgrounds and inte rests rele vant to eng i
nee r i ng stud ies , and 

• Pa rental and fami ly inf luence on the role perceptions of 
women students and thei r choices of college o r  uni ve r s i ty .  

The NCHEMS study stressed that these externa l  forces do not ope rate i n  
i solat ion , but i nstead i nteract syne rget ica l ly to c reate both con 
straints and opportun i t i es .  S imi la r l y ,  eng inee r i ng schools and thei r 
uni ve r s i t i e s  •are lodged in a complex netwo rk of fo rmal o rgani zat i ons 
that inf luence each othe r •  ( p .  1 21 ) , inc l ud i ng both the bu s i nesses and 
indus t r i es h i r ing thei r graduates and high schools f rom which the 
engi nee r i ng students trad i t iona l ly come . 
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Interna l  f acto r s  we re al so cited by co rbett , et al . ( 1 9 80 : 1 21 -1 2 3 ) ,  
as i nf l uenc i ng inc rea sed women ' s  en rollment in eng i neer i ng programs : 

• Enrollment dec l i nes , which c reate a new awa reness of women 
as a potent i al new pool of s t udents , 

• Rec ru itment eff o rts to make high school women awa re of 
oppo rtunit i es for them in engi nee r i ng ,  

• Pe r s i stent efforts to i nc r ease the numbe r of women in 
eng i nee r i ng programs , 

• Support f rom both admi n i st rato r s  and faculty , 
• Designating respons i bi l i ty for coo rd i nati ng effo rts to 

att ract and support women in  eng i nee r i ng prog r ams , 
• Student o rgani zati ons that prov ide soc i al suppo rt a nd 

professi onal aff i l i at i ons for women students in eng i
nee r i ng ,  

• Schola rships for incomi ng and returning women students in 
eng i nee r i ng ,  

• Retent ion act i vities directed to the part ic u la r  needs of 
women students ,  and 

• Location of the ins t it u t i on .  

Wh i le many o f  these efforts were no t  spec i f ically i ntended t o  help 
women , preva i l i ng soc ietal fo rces made la rge r numbers of women mor e  
l i kely to take advantage o f  them because ( 1 )  they were high ach ieve r s  
i n  high school , and ( 2 ) they came f rom f ami l ies and soc i oeconomic 
bac kgr ounds such that a choice of  an eng inee r i ng maj o r  was a relati vely 
minor s h i ft f rom a cho ice of sc ience or math in co l l ege , wh ich they 
might othe rwise have made . Co rbett and h i s  col leagues noted , • Th e  
pa rticula r  coi nc idence o f  the effo rts o f  eng i nee r i ng schoo ls to r ec r ui t  
more students and the read i ness o f  more women to entertai n nont radi 
t ional ca reers probably expla i ns why many schoo ls felt that the i n 
c rease i n  the numbe rs of women appeared to ' just happe n ,  ' without 
ex traord i na ry effort on thei r pa r t •  ( p . 1 2 3 ) .  

Othe r ,  more subtle , inf luences were  al so ident i f ied in the NCHEMS 
study as f acto rs i nf l uencing the i nc rea sing representat i on of women i n  
science and eng inee r i ng :  

• Avai lable information about students ( gr ade-poi nt ave rage ) ,  
prospect i ve student s ( SAT and ACT scores ) ,  and programs 
( retent ion rates ) ,  

• Federal init iat i ves , such as di rect f i nancial aid to stu
dents , funding for re sea rch and demonst r at ion proj ects that 
have gi ven an impetus to women ' s  en rollments in eng i nee r i ng 
( for example , th e NS F and HEW grants t o  New Mex ico State 
Un i ve r s i ty and the Women ' s  Ed ucation Equity Prog ram Gr ant 
to PU rdu e Uni ve r s ity ) , leg i slat i on that leg it imi zes s uppo rt 
fot aff i rmati ve act ion and puts press u re on i ndus t ry to re
spond , contr acts with i ndustry to deve lop or produce goods 
and se r vices that keep the job market for eng inee rs favor
a ble , and compi lat i on of  data that i ndicate the rel at i ve 
posit ions of women in eng inee r i ng and the sciences , and 
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• Ac ti vit i es of profess i ona l  assoc iat i ons , such as suppo rt to 
student eng i nee r i ng o rgani zati ons , nat ional meeti ngs and 
wo rkshops , publ i cations that expr ess concerns about women 
in eng i nee r i ng ,  and i nformat i on exchange netwo r ks and c lea r 
i nghouses ( s-uch as the women ' s  Educationa l  Equity Ac t Pro
gram Netwo r k )  for resea rch on and exempla ry pract ices con
cerning women in the professi ons . 

The authors a l so noted that i ncrea s i ng the en rol lments of women i n  
eng ineer i ng programs has requi red no changes i n  cu r r iculum ,  bas i c  
admiss ion po l ic ies , o r  qua l i ty  standa rds . Th ey conc l uded , 

Indeed , the expans i on of the applicant pool by att ract i ng 
mo re compet iti ve women has appa rently he lped mai ntain h igh 
ove ral l adm i ss i ons standards du r i ng pe r i od s  of dec reased en
rol l ments . The main ent e rpr i se of eng i nee r i ng educat i on bas 
not been changed , eithe r  to st imu late or  to accommodate women 
students . Facu lty resistance has not been an i s sue , pre
sumably because li ttle o r  no change was requ i red of most fac
ulty .  The la rge maj o r i ty of the women ente r i ng eng i nee r i ng 
pr ograms have been good students ,  and programs for recruit ing 
and suppo rting them ra rely th reatened exi sting resou rces . 

The composi te picture  formed by these case stud ies shows 
the i nst itut ion reacting without resistance to a conf l uence 
of env i ronmental  forces conduc i ve to the incr eased en rollment 
of women in nontradit ional programs . • • • ( pp .  1 2 5 ,  1 2 6 ) 

In othe r  word s ,  as the numbe rs of women inc rease , some of the ba r r i e r s  
t o  women i mp l ic it i n  a n  envi ronment whe re they a re a sma ll mino r i ty 
a re lowe red without consc ious inst itut i ona l effort ( Ka nter , 1 9 77 ) . 

Women in Engineering: Policy Recommendations 
for Recruitment and Reultlion ill Under� Programs 
(Georgia lnstilute ofTechnology) 

This study, cond ucted unde r a g rant f r om th e Fund f o r  the Improve
ment of Postsecondary Ed ucati on ,  f ocused pr ima r i ly on recruitment , 
although some attent i on was a l so  g i ven to retent ion . Th i r ty of the 
most successf u l  and 30 of the least successful  programs in attract i ng 
women i nto eng i nee r i ng we re exami ned , and an i n -depth studY of one i n 
st ituti on ( Georg ia Inst itute o f  Techno l ogy ) was cond ucted . conne l ly 
and Po rte r ( 1 9 78 : 4 ) conc luded that two f acto rs accounted for  a substan
t ia l  part of  the inst itutiona l  di f fe rences observed : • l arger school s  
have tend ed to do bette r than sma ll one s ,  and academical ly o r  soc i a l ly 
e li te schools ha ve outperf ormed les s -e lite  schoo l s . • They id ent if ied 
what they cons ide r ed  to be the two k ey unde r lyi ng mechani sms : 

• The Dec i s ion Suppo rt Hypothes i s :  Women conside r i ng eng i 
nee r i ng a s  an u nde rgr aduate major a re doing somethi ng 
u nu sua l . They are unsu r e  about what the study or pract ice 
of the profession wi ll involve : f ami ly, f r iends , and 
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teache rs wil l  gene rally have lit tle helpful ad vice ; the re 
a re few women eng i nee rs with whom to tal k ; and the s i tua
t ion i s  chang i ng r apidly . I n  sho rt ,  eng i nee r i ng is a • high 
unce rta i nt y •  cho ice for a woman , and relat i ve ly mo re 
reassu rance or • d ec i s i on suppo r t •  i s  needed to reduce thi s  
unce rtai nty .  

The importance of suppo rt programs for women al ready 
in engi nee r i ng school is document ed by Da vi s ( 1 96 5 )  and 
others . We are he re arguing for a more gene ral hypothe
sis , that s uppo rt is need ed before ent ry as we ll as du r 
i ng undergraduate trai n i ng .  Th e  nature of thi s support 
wi ll va ry over  t i me  and by s i tuat io n . Prospecti ve stu
dents can benef it from pe rception that they are welcome and 
wi ll get a fai r cha nce . New frosh need campu s -o r iented 
support ; s eniors , job-o r i ented reassu ranc e .  

• The Pos iti v e  Feedbac k Hypothesi s : It appea rs that o ne  of 
the most helpful facto rs in attracting women is to have a 
si zable number al ready . Th is helps in va r i ous ways : soc i a l  
a nd academic support groups on campus , involvi ng both p ee r s  
and more ad vanced student s ( often refe r r ed  t o  a s  hav i ng a 
• c r i t i ca l  mass • o f  women students ) ;  establ i sh i ng a grapev i ne 
f o r  cou r se and ca ree r guidance ; • ro le model s ,  • both o ld e r  
students and women faculty ; i nf o rmal rec r uit i ng ,  through 
conta ct with c u r rent h igh school students ; att i t ude change , 
as h igh school and col lege faculty and counse lo rs see women 
succeedi ng as engi nee r i ng students ; and so on . ( pp .  5 ,  6 )  

Enriched Environments and Baclcgrou.nd Study 

An i nte resting soc i olog i c al approach to exami ning the enr i chment 
f acto rs assoc iated with se lec t i on of nont radit iona l f i e lds by women was 
conducted by ca ro l  Auste r ( 1 98 4 ) .  She focused he r Pri nceton doctoral  
d i sse rtat i on under a Rockefelle r Foundation/Uni ve rs i ty of  I l l i no i s  
g rant on men and women who we re attendi ng acc r ed i ted u . s . eng i nee r i ng 
i nst itut ions . Her  pr imary the s i s  was that •women in eng inee r i ng would 
eme rge f rom mo re en r i ched bac kgrounds than men in  eng i nee r i ng , •  and h e r  
pr ima ry stat i s t ical tests were cont i ngency table ana lyses and di scr imi 
nant analy ses . The fol lowi ng exe rpts from he r the s is a re espec i a l l y  
rele vant : 

To some ex tent , the hypothes i s  that the women wou ld 
eme rge from a mo r e  • en r iche d •  envi ronment than the men i s  
supported . Fo r  example , women we re more li kely than men to 
have h i ghly educat ed pa rents with h igh i ncomes , fathers i n  
eng i nee r i ng ,  mothe rs with  f ul l -t ime sa la r i ed  jobs , and have 
spent most of t hei r l i fe i n  an u r ban a rea . Women a l so  re
cei ved ove rwhe lmi ng encou ragement from those deemed most 
impo rtant and pa rent s ' encou ragement was a f f ected by some of 
the aforement ioned soc ial background factors . Othe r aspects 
of women ' s  i n it i al dec i s ion and cont inued commitment to eng i -
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nee r i ng seemed to f u rther ref lect the pionee r i ng or nontrad i 
t iona l  nat u re of thei r choice , inc lud ing perceptions o f  the 
att itudes and abi l i t i es of women and men in the e ngi nee r i ng 
prog ram ,  and interest in  eng i nee r i ng spec ialt ies and potent ial  
empl oye r s . In the i n it i al dec i s i on mak i ng phase , the suppo rt 
of fam i ly ,  par t ic ula rly parents , and the immed i ate mi l i eu and 
academ ic s uccess in h igh school were ve ry impo rtant ; howe ve r ,  
the new immed i ate mi l i eu ,  pee rs and professo rs , and eng i nee r 
i ng gr ade point ave r age became impo rtant i n  cont i nued commit
ment to eng i nee r i ng .  ( pp.  x i x -x x )  

• • • Desp ite the many una nswe red quest ions about occupa
tional cho ice , many suggestions for  those i nterested in  r e 
c r u it ing more women into eng i nee r i ng are imp l i c i t  in  the f i nd
i ngs of this re sea rch . Women must cont i nue to take math and 
sc ience cou r ses  throughout high school and col lege , be · en
cou raged in those endeavors , and hopef ully eme rge with the 
conf idence to pursue furthe r  work  in these f i e lds . S i nce 
those women a re most li kely to be the products of  •enr iched • 
bac kgrounds ,  educators cou ld ca refully tap into that group or  
f u rthe r encou r age the less l i kely cand idates as  a way of  e x 
pand ing the pool o f  potent ial women eng inee r s .  FU rthe r  in
te rest in engi neer i ng seems to be spa r k ed  by contact with 
those in the field . Th i s  suggests that sc ience and eng ineer
i ng confe rences which put women i nto pe r sonal conta ct wi th 
emp loyed scient ists and eng i nee rs should be cont inued , pa r
t icula r ly if  c lose relationsh ips could be establ ished between 
the wo r k i ng eng ineers and those potent ial eng inee rs . 

Once a woman dec ides to enter an u nde rgraduate eng i neer
i ng prog r am , she should be su r rounded by people who off e r  
s uppo rt f o r  such a dec i s i on and by prof essors whom she pe r 
c e i ves rate the sexes equal ly for potent ial success i n  eng i
nee r i ng .  FU rthe rmo r e ,  i nteract i on with both ma le a nd femal e  
peers , espec i a l ly di scuss i ons about eng inee r i ng careers , 
seems to ha ve a pos it i ve impact on these women . 

The f i e ld of eng inee r i ng may be shaped by the new inte r
ests b rought to the f i e ld by the i ncreasing numbe rs of  wome n .  
Women seem part ic u la rly interested i n  people-o r i ented wor k  
funct i ons and envi ronmental i s s ues . Th e  i nte rest in natu re 
a nd the envi ronment might help techno log ists recogni ze the 
need to wo rk  with natu re , not conque r nature to the extent 
that the ea rth becomes uni nhabitable . Eventua l ly , men ' s  and 
wome n ' s eng i nee r i ng specialt ies may ref l ect only i nd i vidual 
a nd not lea rned gender-l i nked inte rests . ( pp.  3 30 - 3 31 ) 

Critical Mass, Role Models, and Unis� Programs 

A numbe r of stud i es arid ana lyses ind icate that the soc iali zat ion 
process is great ly faci l itat ed if there a re a suff ic ient ly la rge e nough 
proport ion and numbe r of st udents hav i ng simi la r ,  albe i t  atyp ical , 
c ha racte r i s t ic s  ( for example , women , blac k s ,  for eign nat ionals , or d i s -
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a bled ) . Somewhat related soc ial i zat ion factors a re the importance of 
ro le models and the impact of speci al programs for ta rget g roups ( pro
grams for women only or un i sex approaches ) .  Un f o rt unately , the re have 
been ve ry few expe r i mental or qua s i -expe r imental stud i es in these a r ea s  
of the rese a rch,  and evidence is anecdotal , cor re lat iona l , and • d e  
facto . • 

Cr i tical Mass . The • c r i tical mass • t heory has been proposed by a num
ber of investigator s ( Byrne ,  1 985 ; conne l ly and Po rte r , 1 9 8 2 ; Lant z ,  
et al . ,  1 9 76 ) .  Although opinions va ry cons ide rabl y  on what proport ion 
or numbe r cons t i tutes a cr it ical mass , the pr ima ry th rust of the a rg u 
ment is that unt i l  a su f f i c iently la rg e  enough numbe r o r  proport ion of 
women a re en rol l ed  in an institut i on , progr am, or cou r se ,  the soc i a l 
i zation process const itutes and rema i ns a ba r r i e r .  The resu l t i ng se x 
ro le conf l icts resu lt in problems and ha rdships for women in sc ience 
a nd eng i nee r i ng programs , whi ch are inhe rently al ready di f f i cult and 
dema nd i ng . Howeve r ,  when a c r i t ic al ma ss is reached , many of the 
sociali zat ion probl ems are minimi zed , women recognize that the re a re 
othe r s  • i n  the same boat , • and the resu l t i ng se l t -s upport groups a re 
e vent ua l ly inst itut i ona l i zed .  

Ro le Mode l s . · The • role modeP f actor , a ve ry common element in most 
programs designed to attract and retai n  women and mino r i t i es in sc ience 
and eng i neer i ng ,  is ba sed on the premi se that women can lea r n  f rom 
other wome n •who have made i t •  o r  •are mak i ng it . •  Al though ea r ly role 
model efforts focused on • stars • ( women with unu sua l ly high achievement 
or endu ra nce r ecords ) ,  more recent role-model effo rts have b roadened 
the base cons i de rabl y  to include more • ave rage • a nd even • st rugg l i ng •  
women who have or  a re pu rsuing educat i on and ca ree rs i n  sc ience and 
eng i nee r i ng .  A g ene ral  consensus among those that have deve loped spe
c i al programs is that ro le mode ls a re of c r i t ical impo rtance . Howeve r ,  
thei r impact on women ' s  dec i s i ons to obtai n science and mathematics 
educat i ons was chal lenged r ecently in a repo r t  f rom th e Fede rat i on of  
Behavioral , Psycholog ical and Cognit i ve Sci ences , which i s  appended to 
the repo rt of the Nati onal S c ience Boa rd ' s  commi ss i on o n  Pr ecol lege 
Ed ucat ion ( 1 9 84 : 1 0 9 ) : 

Resea rch al so has ident i f ied factors that inf luence stu
dents in se lecting cou rses in  mathemat ics and sc ience , pa r t i c 
u la r ly among young women and members o f  mino r i ty groups . I n  
add i t i on to achievement in previous educat ional expe r ience s ,  
i nd i vidual s  a r e  more li kely to cont inue thei r mathemat ics  and 
sc ience educat i on if they pe rce i ve the se f ie lds to be relevant 
to ca r ee r s  that are avai lable to them , and if  they have gen
e r al i nte rest in •thi ngs , •  rathe r than pr ima r i ly i n  •people . • 
Cont r a ry to some popula r bel i ef , exposu re to female role mod
e ls in science and mathemat ics has been f ound to have l itt le 
ef fect on young women ' s  dec i s i ons to obtai n  sc ience and mathe
mat ics educat ion . 

Pe rhaps some middle ground is in order i . e . , prograras should make use 
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of a wide range of role models ( not only women • stars , • b ut ave rage 
women achieve rs ,  dual -ca ree r  couples , and male role mode ls as wel l ) .  

Uni sex Pr ograms . The • un i sex  or maj o r i ty role • approach ref lects ef
fo rts to faci l itate the soc i a l i zat ion process by f ocusi ng on i nst itu
t ions , programs , and cou rse s  whe re women const itute the pr ima ry total 
pa rt icipants . A substanti al number of stud i es i nd icate that wome n ' s  
col leges have produced a la rg e r  proport ion of women sc ient ists than 
coeducat i onal inst itut i ons . Many programs ta rgeted to women in eng i 
nee r i ng ,  math , and the physical sciences were developed t o  make women 
f eel more •comfo rtabl e •  i n  • hands on , •  remed i al math , o r  expe r imenta l  
sc ience cour ses . 

Some expe r imental stud ies conducted on male -f emale rat i os have pro
v ided rel at i vely unc lear or nonconf i rmatory ev idence that same-sex or 
balanced-sex cou r ses a re most effect i ve . Cl'l e  such study conducted at 
PU rdue Uni vers ity ut i l i zed a •bands on • labo rato ry setting ( one • a l l  
women•  secti on and one • balanced • w i t h  equal numbers o f  men and women ) . 
No stat i st i cal d i ff e rences i n  cogn it i ve and affect i ve va r i ables we re  
obse r ved from both summati ve and formati ve evaluations . Anecdotal re
sults i nd icated that in  the all -women ' s  sect ion , the re was a • mo re r e 
l ax ed and les s  threateni ng atmosphe r e ,  • b u t  that the re was a more 
• real i sti c •  and •gender helpi ng • atmosphe re in the ba lanced-sex sec
t ion . At the end of that study , the ove rwhelm i ng maj o r i ty of women 
and men, i nc ludi ng pa rt icipants in expe r i mental and control groups , 
strong ly endorsed integ r ated or  • g ender-mixed • l ectu res , labo rato r i es ,  
and counse ling ( LeBold , et a l . ,  1 9 8 3 ) .  

Retention of Women in Science and Engineering Programs 

Resea rch on col lege att r it i on has generally i nd icat ed that cogn i 
t ive factors , espec i a l ly ea r ly col lege grades , are the pr ima ry factor s  
a f f ecting retent i on rates . I n  add it ion , a signif ica nt ly la rge numbe r 
of stud ies ind icated some gender  d i f fe rences . Gene rally , these have 
i nd icated that academ ic achievement may be somewhat mo re rele vant t o  
retent ion and att r i t i on f o r  men and persona l f acto rs more rele vant f o r  
women . Th is sect i on f ocu ses on two comprehens i ve nat ional stud i es o f  
e nginee r i ng r etention and one compr ehens i ve inst itut iona l data base . 

Female EngiMering Stut.knts: Attitlll.ks, 
Characteristics, Responses to Engineering 

Thi s  study , conducted unde r  a grant f r om NSF , employed a long itud i 
nal data collect i on rat iona le ; howeve r ,  i t  was fund ed  only f o r  two 
yea r s  and long-r ange inst itutiona l data we re li mited . Of spec ial rele 
vance was the data col lected on eng i neeri ng retent ion . Ott ( 1 978 ) 
a na lyzed the retent ion rates · of women and men in  eng inee r i ng at 4 2  
school s . She est imated that the retent i on rates in eng i nee r i ng unti l 
the beg i nn i ng of the sophomo re yea r we re 7 3 pe rcent for men and 6 8 pe r
cent for women ; women we re more li kely to be i nt e r nal t ransfe r s ,  and 
men we re more li kely to lea ve for academic reasons or  as volunta ry 
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w ithd rawa l s . She al so found that academic ach ievement in high schoo l 
was pos iti vely related to engi nee r i ng retent ion for  both men and wome n .  
Al so ,  women who rema ined i n  eng i nee r i ng ,  compared to women who lef t ,  
we re more apt to have fathers who were co l lege g r aduates , to be • cau
casi an , • t o  ha ve done homewo rk in high school , and to have parents who 
s tres sed the impo rta nce of attendi ng col leqe . 

National Engineering Career Development Study 

This study exami ned a numbe r of f acto rs associated not · only with 
the educat iona l  and career development of beg i nn i ng men and women 
eng i nee r i ng students , but a l so  with the educational and ca ree r deve l 
opment of eng inee r i ng me n  and women afte r  graduat ion . Of spec i a l  
rele vance to t h is report was the data co l lected on eng i nee r i ng reten
t ion under g r ants from NSF  a nd the EXXON Education Foundat ion .  

Shel l ,  et a l . ( 1 98 5 ) ,  stud i ed  eng i nee r i ng and uni ve r s ity retent ion 
a t  2 0  u . s .  eng i nee r i ng ins t itut ions as pa rt of thi s  study . They found 
tha t 55 pe rcent of the fema le and 7 4  pe rcent of the ma le f i rst-yea r 
students in 1 9 81 were  st i l l  in eng inee r i ng in thei r thi rd and fou rth 
years . Th ey al so found that women we re more . li kely to  be i nte r na l  
trans f e rs than we re me n  ( 1 9 p ercent ve rsus 1 5  p e rcent , respect i ve ly ) . 
The pr ima ry -factors pos it i vely related to eng i ne e r i ng retent ion f o r  
both men and women were academi c  perfo rmance du r i ng the f i rst yea r i n  
col lege ; SAT-Math sco res ; and se l f -pe rcept ions o f  math ,  sc ience , and 
pr obl em-sol v i ng abi l i ty .  These same va r i ables we re found to be pos i 
ti vely related to r etenti on o f  men and women i n  eng i nee r i ng both when 
each gender was ana lyzed separately and when men and women we re com
b i ned in a sing le analysis . Othe r factors pos it i ve ly a f f ecti ng eng i 
nee r i ng r etent ion included the se lec t i v i ty of the inst itut i on attended , 
h i g h  Nuc lear and Gene ra l Eng i nee r i n g  Inte res t Invento ry Sco res on the 
Pu rdue Interest Quest i onna i re ( P IQ ) , h igh school rank , and precol lege 
gr ades in  math and sc ience . Some f acto r s  negati vely related to eng i 
nee r i ng retent ion were ( 1 )  j ob val ues that st ressed job comf ort , in
come , job f lex i bi l i ty ,  and rout i ne wo rk  and ( 2 )  h i g h  Management Int e r 
e s t  Inventory scores on the P IQ .  

Purdue University's Studies of EngiMering 
and University Retention 

Pu rdue Uni ve rs i ty has been mon i t9r i ng un i ve r s i ty and eng inee r i ng 
r etent i on using long itudi nal data ba ses for more than 2 5  yea r s .  
Du r i ng the la st two decades , the un i ve rs ity has focused cons iderabl e  
attent i on on 1 0 -year long itudi nal stud i es o f  eng i nee r i ng retent io n ( d o  
f i rst-yea r eng i nee r i ng students pe r s i st and eventua l ly graduate i n  
engi nee r i ng? ) a s  we l l  a s  un i ve r s ity retent ion ( do eng i nee r i ng students 
pers i st and eventua l ly graduate in eng inee r i ng and/o r non-eng inee r i ng 
f ie lds a t  PU rdue? ) .  Resea rche rs have found that sho rt-te rm att r it ion 
stud ies that exam i ne eng i nee r i ng or uni ve r s i ty retent ion rates through 
the sophomore year a re often m i s leading ; e ven stud i es that exami ne 
g r aduat ion rates after fou r  yea r s  ( o r  eight semesters ) g rossly 
u nde rest imate the g r aduat i on rates . 
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F i gure 2 provides a graph i ca l  perspect i ve on the impo rtanc e of 
long i t ud i nal data in exami ni ng uni ve r s i ty and engi nee ring r etent i on and 
gr aduat ion rates . Purdue ' s  women eng inee r i ng students who began thei r 
s t ud i es i n  Septembe r 1 97 6  we re trac k ed  using compute r i z ed  student rec
o rd s  eve ry semester  f or 10  y ea r s  ( note that most un i ve rsity and eng i 
nee r i ng att r it ion occ u rs du r i ng the f i rst a n d  second yea r s ) . Most of  
t he eng i nee r i ng students who we re st i l l  attend i ng Pu rdue afte r  f ive or  
s ix semeste r s  ( ju nior yea r )  eventua l ly g r aduat ed with bacca lau reate 
d eg r ees . Fi gure 2 a lso ind icates that est imates of graduat ion rates 
a fte r fou r  yea r s  ( o r  eight semeste r s ) grossly unde rest imate the long e r 
t e rm graduat ion rates . Stoppi ng out instead o f  d ropp i ng out al so i s  
f a i r ly common f o r  an i ncreasing propo rt i on o f  students ,  and many stu
dents part ic ipate in spec ial  wo r k  study or cooperat i ve programs that 
r e s u l t  in unde rgraduate t i me  pe r i ods greate r than fou r  yea r s  ( o r  eight 
semesters ) .  

Retent ion data for men and women who began the i r eng i nee r i ng stud
i es a t  PU rdue a re ve ry simila r ( se e  Figu re 3 ) . A s light ly l owe r pe r 
centage of women than men i s  retai ned i n  eng inee r i ng ,  but a sl i ght ly 
h i ghe r pe rcentage of women who e nt e r ed  in eng i nee r i ng is reta i ned i n  
the un i ve rsity and eventua l ly graduate . Tests o f  the si g n i f icance of 
the d i ffe rences in the pe rcentages of men ve rsus women who a re retai ned 
in or gr aduate from eng inee r i ng or who a re retai ned in and graduate 
f r om the uni ve r s i ty suppo rt the nu ll hypothe s is o f  • no  stat i s t ical ly 
s ig n i f icant d i f f e r ences . • 

Th i s  r ich data base , wh ich inc lud es samples annua l ly rank i ng f r om 
1 , 00 0  to 1 , 50 0  st udents who have been f o l lowed long i t ud i na l ly for  1 0  
yea rs ,  provides the ba s i s  for the fol lowi ng obse rva t i ons : 

• Uni ve r s i ty and engi nee r i ng r etent i on rates improved sign i f i 
cant ly du r i ng the 1 9 70s . 

• Eng inee r i ng r etent ion improved signi f icantly due to improved ad 
missi ons and i n it i al cou r se  placement , spec i al programs designed 
to improve retent ion , and grade inf lat ion . 

• Cog n it i ve va r i a bl es a re no rma l ly bette r pred i ctors of engi nee r i ng 
and uni ve r s i ty retent ion than non-cognit i ve va r i ables inc lud i ng 
gende r ,  soci oeconomic statu s ,  i nte rest invento r ies , pe r sona l ity 
measu res , and attitude measu res . 

• Pr ecol lege va r i ables are of le ss va lue in pred i c t i ng eng i nee r i ng 
and u n i ve r s i ty retent i on  than co l lege va r i ab les . Mu l t i p le re
g r ess i on ,  di scr imi na nt ana lys i s ,  and other  mul t i va r i ate tech
ni ques usua l ly i nd icate that pr eco l lege va r i ables have neg l i g i ble 
predi c t i ve val ue when col lege va r i ables such as grades are in
c l uded . 

• Essential ly the same va r i ables predict eng i nee r i ng and un i ve rsity 
r etent i on both when analy ses a r e  made sepa r ate ly for  men and f o r  
women and when both g roups are combi ned . However , women who 
t r ansfer  to noneng i nee r i ng f i e lds or wi thd raw from co l lege usu
a lly have highe r col lege grades than men who t rans f e r  or  with
draw . 

• Eng inee r i ng retent ion seems to be pr ima r i ly re la ted to academi c  
pe rfo rma nce a t  the col lege leve l ( gr ade s )  and , to s o me  exten t ,  
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i nterest in  the f ield and career content . Ec onomi c  factors re
lated to the supply and demand of e ng i nee rs and s c ienti sts i n  
particular  f ields al so inf luence transfer  and retent ion rates . 

Graduate School and Related Financial Aid 

Although this paper has focused on unde rg r aduate programs , dec i 
s ions made a t  the u nde rgraduate level a re often c r i t i c al i n  prepa r i ng 
and encou raging sc ience and eng i nee r i ng students to pursue degrees be
yond the bacca lau reate leve l . Unt il recently,  women we re not encou r 
aged to the same extent as men to pu rsue graduate stud ies i n  science 
and eng i nee r i ng and to seek and to attain f ede ral suppo rt . 

Data on graduate en rollment and support ( NSF , 1 9 8 3 ) i ndicate that 
women a re less l i kely to recei ve f ede r al and institut ional suppo rt than 
men and more l i kely to be · sel f-support ing . Although conside rable ef
fo rts have been i n i t iated i n  recent yea rs to encou rage mo re women to 
apply for f ede ral and un i ve r s i ty fel lowships and as s i stantshi ps , Na 
t iona l  Re sea rch counc il data i ndicate that fewer women apply for such 
ass i stantships and that the se lection process may requ i re furthe r re
v iew to i nsu re equitable t r eatment . The select ion process f o r  graduate 
adm i ss i ons , f i nancial suppo rt , and awa rds re l i e s  pr i ma r i ly on Gr aduate 
Reco r d  Exami nat ion sco res , rathe r than on col lege and majo r gr ade-poi nt 
i ndex , and the recommendat ion of male faculty,  who may not support 
equita ble t reatment for women in  science and eng i nee ri ng . Potentia l 
discri minatory pract ices must rema i n  a matter of concern  and ce rtai nly 
me r it ca ref ul analysi s  and st udy . 

Although insti tut ion-w ide programs di rected at providi ng mo re equ i 
table gr aduate oppo rtun i t i es a re impo rtant and necessa ry , more effec
t i ve programs with i n  inst itut ions may requ i re mo re gras s -root s efforts 
at the college or  depa rtmental leve l . For example,  the Col l ege of 
Eng i nee r i ng at the Un i vers i ty of Ca l i f o rn i a ,  Be rkeley , recent ly pre
pa r ed  an aff i rmat i ve act ion repo rt on graduate educat io n ( Pi ster and 
Humph reys , 1986 ) .  The report recommended a comprehens i ve approach that 
beg i ns with rec r u i tment but also recogni zes the need for retent ion , 
e valuat ion , encou ragement , commitment , and even advocacy . I t  documents 
the act ions and pol i c i es requ i r ed  to meet the cha l lenge to develop , 
implement , and institutiona l i ze an ef fect i ve graduate program for women 
and mi no r it ies . 

Major Findings and Implications 

The majo r f i ndi ngs and imp l icat ions of this  repo rt on unde rgraduate 
educat i on for women in science and eng i nee r i ng can be class i f ied into 
two ma jor a r eas : ( 1)  programs and pol i c i es de s i gned to i nc rease the 
numbe r and proport ion of women in science and eng inee r i ng and ( 2 )  a reas 
of re sea rch and study that are needed to pro v i de mo re def i n it i ve i n 
format i on use f u l  for develop i ng programs and pol i c i es that wi l l  lead 
to more equ itable oppo rtu n i t ies for  women in  eng i nee r i ng and sc ience . 

91 

Copyright © National Academy of Sciences. Al l  r ights reserved.

Women: Their Underrepresentation and Career Differentials in Science and Engineering : Proceedings of a Conference
http:/ /www.nap.edu/catalog.php?record_id=18771

http://www.nap.edu/catalog.php?record_id=18771


ProgramEkmenu 

Some of the factors inf luenc i ng the ca reer choices and caree r de
velopment of women can only be aff ected by slowly e vol vi ng changes i n  
soc iety and cul ture . Howeve r ,  signif icant impact on othe r f actors has 
been accomp l i shed th rough di rect i nte r ventions a i med at the i nd i v i dua l  
as wel l  as indi rect st rateg ies ai med a t  teache rs , counselo r s ,  pa rent s , 
and employe r s . Programs have been developed at col leges and uni ve r s i 
t ies to inf luence pos i t i vely the numbe r o f  women se lecti ng and success 
f u l ly completing science and eng i nee r i ng programs . Di recto r ies and 
books ( Aldr i ch and Ha l l , 1980 ; Bogart , 1984 ; a nd Humph reys , 1 9 8 2 ) de
s c r i be in some deta i l  these programs , many of which have ca r r i ed out 
extens i ve evaluation of ind i v i dua l intervent ions . In  addi t i o n ,  a com
prehens i ve eva l uat ion of women in engi nee r i ng programs th roughout the 
country is present ly under way by susan Schwa rtz  at the Stevens Inst i 
t ute . 

A v a r iety of el ements const itute effect i ve programs designed to in
crease the pool of  women i n  nont rad it ional f ields whe re they a re unde r 
represented . Fr agmented programs that focus on sing le issues a re often 
i neffect i ve ; and a rec r u itment program that e� the r igno res r etent ion 
or on ly focuses on me r i t  awa rds or an occasi ona l career day a re not 
li kely to be· ve ry eff ecti ve . A comprehens i ve i nstitut ional program de
signed to increase the pool of women in eng i nee r i ng or  compute r sc ience 
should i nc l u de at least fou r program elements : ( 1 )  .re c r u i tment , ( 2 )  re
tent ion , ( 3 ) employment , and ( 4 )  eval uat ion . At the underg raduate 
level , for example , a rec r u itment program mi ght i nc l u de the followi ng : 

. h i gh school visi tat ions ; educat ion and career informat i on ; teache r 
counselo r confe rences ; me r it awa rd s ,  schola rsh ips , and f i nanc i al aid ; 
summe r programs ; academic yea r programs ; personal fol l ow-up programs ; 
and pa rent-student i nfo rmat ion sessions . S i mi la r ly ,  an effect i ve r e 
tent ion program might inc lude o r i entat ion programs , spec ial cou r ses and 
semi na r s , pee r t uto r i ng ,  recognit ion awa rds and event s ,  ex it i nte r 
v i ews , educat ional and career counse l l i ng ,  coope rat i ve and summe r job 
programs , and st udent o rgani zat i ons , e . g . ,  Soc iety of Wome n Eng i nee r s . 

S ince the ove ra l l  plan is to eventua l ly incr ease the pool of women 
in sc ience and eng i nee r i ng ca ree r s ,  an eff ect i ve program at the unde r 
graduate level  might al so focus on the fol lowing : 

• Emp loymen t :  inv i tat ions to prospect i ve empl oye r s ,  summe r i nte rn
ships  and cooperat i ve programs , job  sea rch and career day s ,  re
sume prepa rat ion , i nte r viewi ng techniques , job l i sti ng s ,  and 
col lege placement se rvices . 

e Gr aduate School : unde rg r aduate teach i ng or  resea rch as s i stant
sh ips , graduate student and facu lty mento rships , i n v i tations f o r  
depa rtment semina r s , graduate school inf ormati on sess ions , campus 
v i s its by f acu lty representati ves f rom leadi ng advanced degree 
i nstitutions , and di ssemi nat ion of informat ion on graduate school 
admi s s i ons and f e l l owships . 

Comprehens i ve programs al so have a syne rget i c  impact , both wi t h i n  pro
gram elements and between program elements . 
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The f i na l  element in developing a comprehens i ve program at the un
de rgraduate level wou ld i nc l ude an evaluat ion prog ram that might i n 
c l ude pre- a nd post-su rveys f o r  spec i a l  programs , ex it  and graduate 
i nter v i ews or surveys , fol low-up stud i es of graduates , systemat ic i n 
t e r v i ews and su r veys of students ,  expe r i mental and quasi -exper imental 
stud ies , student data-ba se i nformat i on systems , cog n i t i ve and affect i ve 
test ing , and faculty and counselor f eedback programs . I t  is  important 
to note that the evaluat i on e lement shou ld be an i nteg r al pa rt of the 
overall  pr ogram ; i ndividuals and staff respons i ble for evaluat ion 
should be i nc l uded in the planning and ope rat i on of an effect i ve pro
g r am .  S imi la r ly ,  eva l uat ion data col lected for its own sa ke  without 
providing impo r tant and t i mely f eedback is of l i mited va lue ,  even 
though they may cont r i bute to rese a rche rs ' fie lds of expert ise and have 
some me r it in thei r own r i ght . 

Future Areas of Research on Gender Equity 

in Science and Engineering 

Pour areas of futu re resea rch are especially rele vant to programs 
designed to faci l itate gender equ i ty in science and engi nee r i ng : 
( 1 )  data bases , ( 2 )  admi ss i ons , ( 3 ) r etent ion , and ( 4 )  educat ion and 
ca ree r  development program eva luat ion . 

Summary 

The f o l lowi ng gene r a l i zat i ons can be i nfe r r ed  f rom the mate r ia l  
presented : 

e S igni f icant incr eases in the pool of women who a re qual i f ied and 
i nte rested in educat i on and ca ree r s  in science and engi nee r i ng 
a r e  needed . 

e Incr eases in the pool of qua l i f ied women int e rested in science 
and engi nee r i ng can be achieved by a combi nat ion of soc i eta l ,  
i nst itutiona l , di s c ipl ina ry ,  and ind i vidual ef fort s .  

e To achieve more equ itable representat i on o f  women i n  eng i ne e r 
ing and science , spec i a l  attent ion a t  the undergr aduate leve l 
should f ocus on eng i nee r i ng and the physical sc iences , the two 
ma jor  areas whe re women a re s i g n i f icant ly under repr esented . 
Within engi nee r i ng,  the discipli nes in wh ich women a r e  most 
unde r r epr esented at the und ergr aduate le ve l  include three of the 
f i ve la rgest and wel l -estab l i s h ed d i scip l i nes --mechanical , e lec
tr ica l ,  and ci v i l  eng inee r i ng- -a s  wel l  as some of the smalle r 
but signi f i cant di scipli nes i nc l uding ae rospace , nuc lea r ,  and 
pet role um eng inee r i ng .  In the physical sci ences , physics and 
ast r onomr seem to be the pr ima ry f ie lds qui r i ng attent ion . 

e S ign i f icant pr ogress has been made ir he past decade in en
cou r a g i ng a large r  pe rcentage of col lt -bound women to en r o l l  
in  math  and phys ical science i n  high school , but the gap be
tween women and men in  pr eco l lege prepa r at i on r ema i ns la rge . A 
new a rea of incr eas ing importance is the potent ial  deve lopment 
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of gende r  inequ i t ies in the precol lege compute r bac kgrounds of 
women ente r i ng sc ience and eng i nee r i ng .  

• The re is some evidence that a cr i t ical mass can have a syner 
get ic impact that fac i l itates not only rec r u i tment , but also 
r etent ion , ca reer choice , and career development . Role mode ls 
and progr ams designed to meet the spec i al needs of  women a re 
a l so effect i ve .  

• Ad dit i onal factors that are important in increas i ng the percen
tage of women in engi nee r i ng and sc ience a re i nst itut ional i n  
nature . Pr i vate ins t itutions , trad i t i ona l ly bl ack col l�ges , and 
select i ve inst itut i ons seem to have been mo re effect i ve than 
publ i c , predominantly wh ite , and less-se lect i ve u rban inst itu
t i ons . 

• Inst itut i ons with st rong compr ehens i ve and admi nistrat i ve ly sup
po rted programs that str ess · not only rec r u i tment , but a l so r eten
tion ,  graduate school , and sci ence and eng i nee r i ng ca reers seem 
to be more eff ect i ve than progr ams that focus on only one or two 
a reas and are not supported by admini strat i on and faculty.  The 
development of comprehens i ve i nst itut iona l i z ed  programs may be 
the key element necessa ry to ensu re  ful l pa rt ic ipati on of women 
in sc ience and eng i nee r i ng .  
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DISCUSSION: WOMEN IN ENGINEERING AND SCIENCE 

Susan F. Chipman 

LeBold pr ovides much detai led informat i on to f lesh out the obvi ou s  
f a ct that women a re poor ly represented in phys ical science and eng i 
nee r i ng f i e lds . H e  poi nts to changes towa rd more equ i table represen
tat ion that have occu r r ed  i n  r ecent yea rs but sti ll  leave eng i nee r i ng 
enrollments with a rat i o  of about si x males to eve ry fema le . Fi elds 
such as mathematics , b iology , and psychology a re cha racte r i zed as hav
i ng reached nea r l y  equitable repre sentat ion .  As a psycholog ist , I f eel  
obl iged to point out that the labe l •psycholog y •  cove rs the combination 
of a la rge helpi ng profess i on with a relat ive ly much smal le r scien
t i f ic resea rch f ield . Although the repre sentat ion of women in sc ien
t i f ic psychology has ce rtai nly improved , it is  unl i ke ly that a state 
of equ itable representat i on has been attai ned . AS a re sea rch manage r , 
I am awa re that ce rta i n  subf ields of sc ient i f ic psychology st i l l  have 
ve ry few women i n  them . 

LeBold notes that the trend towa rd increas i ng en ro l lments of women 
in  engi nee r i ng has leve l ed  off in  the 1 98 0s .  It is impo rtant to rec
ogni ze ·that the re was eve ry reason to think that th i s  wou ld happen and 

· to th i nk that f u rther i ncrea ses in f ema le engi nee r i ng en r o l l ments may 
be di f f i cult  to achi eve . DUnteman ,  et al . ( 1 9 79 ) , did extens i ve 
a nalyses to model the career se lecti ons of pa rt icipants in th e Nat i o na l  
Long itudina l  Survey , a study of people who f i n i shed high school i n  
1 9 7 2 .  These a nalyses showed that ba s ic i nte rest patte rns --roughly 
cha racte r i zed as an interest in • th i ng s •  as contrasted to an i nterest 
i n  •peopl e • --we re ve ry impo rtant in pred icting the l i k e l i hood that a 
sc ience or eng i nee r i ng maj o r  would be se lected . The re are la rge sex 
d i ffe rences in those i nte rest patte rns , and they can go a long way 
towa rd prov i d i ng an expl ana t i on of the sex di f fe rences in ma jor  se lec
t ion . Howeve r ,  desp ite analyses in wh ich many va r i ables we re either 
i nc luded - -such as the numbe r of h igh school math and science cou r ses-
or explo r ed  for explanato ry powe r --such as fami ly f o rmat ion p lans , 
Dunteman , et al . ,  st i l l  found unexplai ned negati ve effects of bei ng 
fema le on the l i k e l i hood that a sc ience or eng i nee r ing major would be 
selected . 

These negative eff ects probably repr esent the ba r r iers  of sex 
ste reotyp i ng . I t  seems l i kely that the i ncreased en rollments in the 
past decade mean that those ba r r iers  have dropped : i f  we we re to do a 
s imi lar mode l i ng of the se lect i on of major f ie lds using data from a 
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recent coho rt , perhaps the • u nexplai ned • s ex di f fe r ences wou ld be 
gone . Howeve r ,  it seems certain that the sex d i ffe rences in i nte rest 
patte rns wi l l  remai n  an important facto r determi n i ng cont inu i ng sex 
d i ffe rences in engi nee r ing en rollment . My own expe r ience revi ewi ng 
research on the issue of female en ro llment in high school mathema t i c s  
( Ch ipman a n d  Wi l son , 198 5 )  a l so suggests that ea r ly i nte rest patte rns 
and related career expectat i ons det e rmine en rol lments in the high 
school math and s c i ence cou r ses , not that cou r se enrol lments dete rmi ne 
l at e r  caree r  choic es . 

High school works hops des i gned to encou rage interest in sc ient i f ic 
and eng i nee r i ng ca reers a re f ine ,  but it is a lmost ce rtain that they 
a r e  • t oo li ttle , too late•  t o  have a ve ry sign i f icant effect . Indeed , 
we have ve ry l it t le u nde rstandi ng of what it would take to a lter those 
bas i c  interest patte rns . And--desp ite the di sadvantage that seems to 
acc r ue to those who ca re f o r  peop le i n  our soc i ety--one might ques t ion 
whethe r it i s  real ly a de s i rable  goal to attempt to reduce the propo r 
t i on o f  peop le i n  our soc i e ty who are  pr ima r i ly an imated b y  a n  i n
terest in and concern for people . 

A major  f ocus of LeBo ld ' s  pape r , howe ve r , is on what determines 
whethe r peop le stay in eng i nee r i ng stud i es once they have begu n .  Fo r  
these peop le , these women ,  the se lec t i on hu r d le o f  appr opr i ate inte r
ests has been ove rcome . Soc i al va r i ables --such as teache r encou r age
ment , mentor i ng ,  and f i nanc ial va r i ables--seem to be impo rtant factors 
at t h i s  poi nt . Not su rp r i si ng l y ,  for both sexes , cog n i t i ve va r i ab les 
a r e  the big det e rm i na nt of success and pe rsi stence in eng inee r i ng 
stud ies . Howeve r ,  there a re s i g ns that the soc i al va r i ables must s t i l l  
b e  work i ng to the disad vantage o f  women students in eng i nee r i ng .  
LeBold repo rts that men are somewhat mo re li kely to att r i te for aca
demic  reasons , whe reas women are somewhat more li k e ly to trans f e r  to 
a nother major and s uccessfully comp lete col lege . At PU r due , howe ve r , 
the ove r a l l  pictu re is one of neg l i g i ble sex di f f e r ences i n  the li ke
l i hood of completing eng i nee r i ng stud i es once they a re begu n . 

LeBo ld also cons iders the idea of spec ial  s i n g le -sex programs for 
women st udents , repo rting on an expe r i mental prog ram of  h is that did  
not  prove popula r with students and did  not have any effect on cog n i 
t i ve or  affect i ve outcomes with respect to t h e  sub j ect-matt e r  ( LeBold , 
et al . ,  1983 ) . Because women scient ists have come , di sproport ionately , 
from women ' s  col leges , peop le of ten suggest that a si ng l e -sex en v i ron
ment wou ld be he lpf u l  i n  incr eas i ng women ' s  part ic ipati on in  sc ient i f ic 
and techn i c al f i e lds . Although I have not tho roughly reviewed the 
i ssue , I h a ve ne ve r seen a rea l ly good study show i ng the pos i t i ve ef 
f ects of wome n ' s  col leges . In pa r t i cula r ,  I have not seen one that 
controls for the effects of soc ial class and econom i c  status . 

LeBold c ite s Auste r ( 1 98 4 )  as f i ndi ng that women in engi nee r i ng 
we re  more li k e ly than men to have high ly educated pa rents with high 
i ncomes . s c i enti sts gene r a lly tend to come f r om relat i ve ly advantaged 
bac kg r ounds , and thi s  is li kely to be st i l l  mo re true for women scien
t i sts , g i ven the · lesser wi l li ngness to i nvest i n  the advanced educat ion 
of women that both parents and inst itut i ons have shown . It  is not 
su rpr i s i ng,  therefore , that the Seven S i sters col leges would have a 
better  than ave rage record in  produc ing women sci ent ists . In the ab-
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s ence of strong evidence to the cont r a ry , I tend to sha re  the view of 
LeBold • s students that an i ntegrated educat ional env i ronment is mo r e  
real i st ic pr epa ration f o r  work  in  a n  i ntegrated wor l d . 

Howeve r ,  whether o r  not there is resea rch to suppo rt the con
c l usion , it seems only pr udent for a young woman to se lect an eng i nee r
i ng program l i k e  LeBold ' s  program at PU rdue , where women a re r easonably 
wel l  represe nted and supported by an encou rag ing inst itutional envi r
onment . 
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WOMEN GRADUATE STUDENTS: 
A LITERA 1URE REVIEW AND SYNTHESIS 

Ulli S. Hornig 

Introduction 

The pu rpose of this paper i s  to review the l ite ratu re on women 
g r aduate students in science and eng i nee r i ng ( S/E ) , focus i ng on the 
pe r i od  si nce 1 97 0 , in an attempt to ident i fy ma jor trends in wome n ' s  
pa rtic ipation and the maj o r  f acto rs that are respons i ble both for  the 
obse rved changes and for  certain d i ffe rences from the ma le pattern of 
pa rtic ipati on .  At the beg inni ng of this per iod , the conce rn of most 
s t ud i es of women in graduate programs focused on equ i ty i ssue s ,  with 
s econdary attent ion to the soc ial ut i l i ty of advanced education for 
women .  By the mi d-1 98 0s , howeve r ,  the dec l i ni ng i nte rest of wh i te men 
i n  S/E t r ai n i ng and careers has added more spec i f ic publ ic-pol icy 
concerns about the f uture adequacy of the S/E h uman resou rce pool to 
many i nve stigations of wome n ' s part ic ipation . A s imi la r  sh i f t  of 
f ocus , f rom the ea r l ier  emphasis on women ' s  att itudes and pe rsona l  
j udgments towa rd a mo r e  di spassionate examinat ion o f  data on actual 
outcome s ,  appea rs to be sti ll i n  prog r ess . The domi nant theme remains  
c oncern with  what is va r i ously descr i bed as • u nder representat ion , •  
• 1ow pa rticipat io n , • o r  • lack of i nteres t •  by women i n  S/E--despite 
the fact that ce rta i n ly by the end of th i s  per i od  the numbe r of new 
wome n S/E Ph . o . s  produced each yea r is we ll ove r th r ee times that of 
humani ties deg rees --5 , 1 1 9  t otal doctorates in the sci ences in 1 9 85 , 
compa red to a tot al of 1 ,  48 9 i n  the human i t ie s  ( Coyl e ,  1 9 86 : 51 ) .  
Addi t iona l l y , ma r i tal  and parental status a re often i nvoked to explai n 
some of the gende r d i ffe rences i n  graduate study ,  and i n  l ate r caree r 
outcomes , without much foundaton i n  emp i r ical f i nd i ngs . 

Sex d i ff e rences va ry ma r k edly among f i eld s ,  and it is the refo re 
essent ial to ana lyze most of the issues sepa rate ly for the va r i ous 
d i scipli nes to gain an unde r standi ng of the actual s i tua t io n .  Unf o r 
tunately , many empi rical studies account inadequately ( i f a t  al l )  for 
f ield d i ffe rences and thus tend to gene ral i ze thei r f i ndi ngs beyond the 
level sustai nable by the underlying data . In  pa rt ic ula r ,  very sign i f i 
cant d i ff e rences ex i st i n  such i nst itutional structu res as f i nanc ial 
aid mechani sms for dif ferent disc ipl i nes , and these account for d i f f e r 
ent patte r ns and t imi ng o f  graduate study i n ,  say , phys ics , eng i nee r 
i ng ,  l i f e  sc iences , and psychology . These unde rlying f ield di f fe rences 
aff ect both men and women ; si nce the distribution of students by sex 
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va r ies among these f i elds , a study that compa res , for example , the 
t imi ng of graduate study in  • the na t u ra l  sc iences • by sex would  produce 
an appa rent sex d i ffe rence that di sappea rs when f iel d-spec i f ic data a re 
used . 

The probl ems broadly refer red to as • c a reer c hoice•  a re trad i t ion
a l ly of great i nte rest in wome n ' s  educat ion . Prope r ly spea k i n g ,  they 
a re no longer  signi f icant at the graduate level if  the meani ng is taken 
to be • f i eld choice • ;  that choice is typica l ly made seve r al yea rs 
ea r l i e r  in the case of  S/E c a reers . What is relevant for g raduate 
education is the le vel of ca reer aspi rations in the f i eld al r eady 
chose n .  Tradi t iona! i nterpretat ions of women ' s  pa rt icipation in S/E 
suggested ,  we ll i nto the 1 97 0s ,  that the length and r igo r of graduate 
study in these f ields we re poo r ly su ited to women ' s  l i f e  cou rse ( e ven 
though more tradi tiona l ly femi n i ne f ields cha racte r i st ically requi re 
much longer graduate study ) and that women ' s  aspi rations were mo re 
cultu r al than profess iona l . In contrast , the unde r lyi ng a ssumpt ion of 
the present di scuss ion is only that women ,  li ke men ,  undertake graduate 
S/E study ( and probably all gr aduate and prof ess ional s t udy ) as ca ree r 
preparation rathe r  than simply as a form of intel lectual en r i chment . 

Mino r ity representation i n  S/ E i s  gene r a l ly sma ll except for h i gh 
As ian part icipation in eng i nee r i ng ,  physical , a

·
nd biolog ical sc iences , 

and women of the va r i ous su bg roups tend to fol low a f ield di s t r i but ion 
patte rn simi la r to that of ma j o r i ty women . As a group , howeve r ,  and 
agai n excepti n g  As i ans , mino r i ty women a re mo re li kely than wh i te wome n  
t o  obtai n Ph . o . s  compa red to simi la r men . Al though these stat i st ical 
patte r ns have been evident for some yea r s ,  empi r i c al stud ies that ad
dress combi ned race and sex di f f e rences ha ve not been ca r r i ed out . I t  
should be noted that trends i n  mi nor i ty pa rt ic ipat ion a re mo re d i f f i 
c u l t  to trace than those for women ,  since sepa rate data f o r  mino r ities 
we re not co l l ected before the mi d-1 9 7 0s ; in  many i nstances it wa s 
i llegal to col lect such data . 

The yea r 1 9 70 s e rves as an impo rtant reference poi nt , bei ng the 
last in wh ich it  was legal for institut ions to mai ntain d i ffe rent pol 
i c ies by sex with rega rd to adm i ss i ons c r i te r i a ,  f i nanc i a l  aid awa rd s ,  
resident ial requi rement s ,  and so on . Re vi sed Orde r Number 4 i n  
Decembe r 1 9 71 i naugu rated the e ra o f  legally  mandated equa l 
oppo rtu n i ty for women in  hi ghe r educat ion , and the Highe r Educa t ion 
Af fi rmati ve Ac tion Gu ide l i nes .  i ssued in Octobe r 1972 produced many of 
the changes documented he re . 

The Statistical Outlines 

Groduale Enrollments and Degrees Since 1970 

The bas i c  stat i stical f ramewo rk that out l i nes  the eno rmous changes 
in  wome n ' s S/ E pa rt icipation in the past 1 5  yea rs consi sts of two de
tailed su rveys , one of graduate enrollments in  f u l l -t ime and pa rt-t ime 
programs at docto rate-granting and othe r instituti ons ca r r i ed out by 
the Nationa l  Science Foundat ion ( NSF ) and a second that is an essen
t i a l ly comp lete annual census of docto rate recip ients ca r r i ed  out for 
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NS F and othe r f ede r al agenc i es by th e Nat io na l  Re sea rch Counci l .  
Inf ormati on i n  both su rveys i s  di saggregated by sex , r ace/ethn i c i  ty , 
c i t i zens h i p, and di scipl i ne ; and spec i al tapes and tabulations a r e  
a va i lable . Da ta from these su rveys cont inue to show some progress i ve 
u nd e r  representat ion of women among S/ E g raduates in  most f ields at 
pr og r ess i vely higher deg r ee le vels in the mid-1 9 80s , al though the 
di spa r it ies r e l ati ve to men have greatly d imi n i sh ed si nce 1 97 0 .  Thus ,  
wome n ' s  sha re of baccalau reate S/E d eg r ees --the necessa ry precu rso r s  
o f  g raduate study- -rose f rom 2 6  pe rcent i n  1 97 0  to almos t 3 8  pe rcent 
i n  1 9 8 3 , r epresenti ng a 68 percent growth rate for women compared to a 
2 pe rcent dec l i ne for men du r i ng this pe r i od . The number of wome n 
ea r n i ng S/E master ' s  degr ees rose by 9 9  percent in  that time , and the 
number of those ea rni ng docto rates had i nc r eased 1 81 pe rcent by 1 98 4  
( NSF , 1986 : 26 ) . 

Although wome n ' s part icipation i s  most often expressed as a 
pe r centage of total degr ees , proba bly pa rtly because that is  a 
r e le vant conside ration in  determ i ni ng sha re of employment , the use of 
such propo r t i ons for analytical pu rposes i s  f requently mi s leadi ng 
because men ' s  part ic ipation has also changed rapidly du r i ng thi s  
pe r iod .  The rate at wh i c h  S/E bacca lau reate degree-holde rs enter and 
complete graduate train i ng has dec l i ned for both sex es s i nce 19 70 , but 
muc h  faste r for men t han for women [ Nat ional Re sea rch cou nci l ,  
committee on the Ed ucat ion and Employment of Women in Science and 
Eng i nee r i ng ( CEEWISE ) 1 9 79 : 21 ;  NSF ,  1 9 86 : 17 3 -1 7 4 ] .  Both sexes reached 
t he i r  lowest Ph . D . attai nment rates i n  1980  a nd 1 9 81 ( 6 . 3  pe rcent for 
men and 4 . 4 pe rcent for wome n )  and ha ve shown a slow i ncrease s i nce 
then ( NS F ,  1 9 8 6 : 1 7 3-1 7 4 ) . Since the numbe rs of women S/E bacca lau re
ates we re growi ng rapid ly wh i le those of men stayed le vel or dec reased , 
t he net resu lt was a conve rg ence of graduate pa rt ic ipat ion patterns . 
ove r a l l , the number of S/ E docto rates g ranted to women annua l ly ha s 
g r own from 1 , 6 26 i n  1970  t o  5 , 1 1 9  i n  1985  whi le the co r respond i ng 
numbe rs for men a r e  1 6 , 71 7 and 1 4 , 04 5 ( Coy le , 1 98 6 : 4 8 - 51 ;  NSF ,  
1 9 86 : 1 71 -1 7 2 ) , yi eld i ng an increase in women ' s  sha re of these deg r ees 
f rom 9 . 2 pe rcent to  2 6 . 7 pe rcent . 

Summa ry figu res for male-fema le compa r i sons for S/E a s  a whole 
d i s tort the actual s ituat ion because about one -qua rter of al l 
bacca lau reate  S/E d eg rees in  eng i nee r i ng are awa rded to men and less 
t han 10  pe rcent to wome n ,  yielding compa rable di spropo rtions at 
g r aduate deg ree le ve ls ( NS F ,  1 9 8 6 : 1 6 9-1 7 0 ) . Since eng i nee r i ng i s  such 
a la rge f i eld , howeve r ,  these low propo rtions in  fact represent quite 
l a rge  numbe rs of women . · In  1 9 85 a bout ll , OOO  women ea rned bachelo r ' s  
deg rees i n  engi nee r i ng--a f igu re that compa res with about 1 5 , 00 0  i n  
Eng l i s h ,  the academic field cons ide red to be qu i ntessent ially  fem i 
n i ne . The i n c r ea ses in  numbe rs o f  women eng i nee rs ha ve been ve ry rap i d  
s i nce 1970 , when fewe r than 3 50 g r aduated . consequently , the propo r
t i on of  women docto rates , wh ich is  ba sed on the numbe r of  bacca lau re
ates eight yea rs ea r l ie r , appea rs smal l --5 . 2 percent in 1984 ( Coyle 
and Syve r son , 1 9 86 : 38 ) --compa r ed to t he propo rtion of baccalau reates 
in the same yea r .  In  fact , howe ve r ,  it shou l d  be compa red with the 
propo rtion of women bacca lau reate engi nee rs who g raduated in 1 97 6 ,  
which was 3 .  7 p e rcent ( Vette r and Babc o ,  1986 : 1 6 8 ) . These f igu res 
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F i g u re 1 Numbe r of docto rates awa rded to women , by decade and f ield 
group, 19 2 0 -1 9 8 5 . 

yield a highe r rate of per s i stence to the docto rate for women eng i 
nee rs than for  me n ,  an i ssue which i s  d i scussed i n  mo re det a i l  below .  

With i n  the broad area of the sciences , the re are al so cons ide rabl e  
sex d i ffe re nces in  the d i s t r i but ion among f ields . Mal e Ph . D . s  a re 
re lat ively concent rated in the eng i nee r i ng ,  mathematical , and physical 
( EMP ) sc iences , which togethe r account for almost hal f  of all  sc ience 
doctorates granted to men . In  cont rast , thi s  f ield group cu r rently 
accounts for  less than one -f ifth  of fema le sc ience Ph . D . s ,  wh i le a l most 
ha l f  are in  soc ial and behavioral  sc iences . The di f fe rences i n  these 
propo r t i ons , howeve r ,  a re less ma r k ed  now than they we re in  the ea r ly 
1 9 70s ; a s  more women students became bette r pr epared in quantitat i ve 
f ields , a s low r i se occu r r ed  i n  the propo r t i on o f  EMP doctorate s .  
These trends are dep icted i n  F i g u re 1 ,  which  i s  based on data from the 
Nationa l  Resea rch counci l ' s  a nnua l  su r vey of Ea r ne d  Docto r ates . 

Sh i ft s  in graduate field di s t r i but ions are fo reshadowed by under
graduate ma jors .  Si nce about 1 9 7 0 , the si ng le most s t r i k i ng change i n  
women ' s  underg r aduate ma j o r  f ie lds is a mass i ve sh i f t  out o f  education 
and i nto bus i ness ; i n  the remai n i ng f ields , a g radual redi s t r i but ion 
appea rs to be in prog ress with the mo re trad i t ional a reas l i ke human
ities and soc i al sc iences losing students to the nat u r al sc iences and 
eng i nee r i ng .  The se t rends are shown in  F i g u re 2 .  Based on these num
ber s ,  cont i nued mode rate growth can be expected for wome n S/ E docto r 
ates in al l f ields except soc ial sciences for  the rema i nder o f  the 
1 98 0s .  
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Fig u re 2 Bachelo r ' s  deg rees i n  se lected f i elds , by sex , 1 97 2  and 1 98 2 . 
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Attrition and Persistence 

An underg r aduate ma j o r  in  a g i ven f ield of sc ience ( a s di stinct 
from eng i nee r i ng )  does not necessa r i ly sign i fy a commi tment to a h i g h 
level profess i ona l ca ree r i n  that f i e l d  f o r  either women o r  men .  Many 
students of both sexes dec ide to pu r sue jobs rathe r than fu rther study 
on complet i ng a baccalau reat e .  such a dec i s i on is not necessa r i ly 
cor related with abi l i ty and undoubtedly has some relationsh ip to eco
nom i c  stat us and goal s .  OVe ral l ,  h ighe r proport ions of women than men 
do not attend gr aduate school i n  most sc ience f ields . 

Students who do cont inue can be categ o r i zed acco rd ing to type of 
institution ( Ph . D . -granting or  maste r ' s  only ) , type of contro l ( publ i c  
o r  pr i vate ) , and part-t ime o r  f ul l -t ime attendance . such categor i es 
a re usef ul in  assessing sex d i ffe rences in pe r s i stence because the 
proport ions of men and women va ry among them ; women a re gene rally le ss 
li kely to be f ul l -t i me  students ,  mo re li k ely to en r o l l  in  maste r ' s -only 
i nst itut ions , and mo re li kely to be in publ i c  un i ve r s i t ies . The se 
d i s t r i butions are sur veyed pe r i odically by NS F and repo rt ed  i n  detai l 
i n  it s se r i es , Academic Science/Eng i nee r i ng :  Gr aduate En rollment and 
Support . Di spropo rti onate enrol l ment of women i n  l owe r -prestige and/or  
lowe r-cost institutions is noted by va r i ou s  authors  in va r i ou s  contexts 
( Ber ryman , 1 985 ; ca rneg i e  Commi ss ion on Highe r Educat ion , 1 97 3 : 8 5 ; 
Feldman,  1 9 74 : 1 5 - 1 6 ; a nd Roby , 1 9 7 3 : 41 ) . Alt hough Fe ldman poi nts out 
that women graduate st udents a re relat i vely wel l -represented i n  medi um
qua l i ty and low-qual i ty col leges , thi s  f i nding is not espec i a l ly pe r
t i nent to S/E students ,  si nce vi rtua lly a ll graduate programs in such 
i nst itut ions a re in  educat ion or othe r human se rvice a reas . NUme rous 
other repo r t s  ( CEEWISE, 1 97 9 ; 1 98 3 :  2 . 2 -2 . 3 ;  cole , 1 9 79 : 2 1 3 ; Feldma n ,  
1 9 7 4 : 1 5 ;  Fo lge r ,  et al . ,  1 9 70 : 285 ) note the rema rkably even di st r i bu 
t i on of wome n S/ E docto ral graduates among d i ffe rent qua l i ty g roupi ngs 
of inst itut i ons , emphas i zi ng that , field for f ie l d , women are as 
li kely as men to rece i ve thei r doctor ates f rom disti ng u i s h ed  or st rong 
departments and that this has been true ove r a long per i od . 

Among these va r ious studies , only the repo rts o f CEEWISE d i sag
gr egate the data on qual i ty of docto ral depa rtment by field . Othe rs ,  
notably col e ' s ,  u se propo rti ons ave r ag ed  ove r  a l l  f i elds , which can be 
mi slead i ng because the f ield dist r i but ions di ffer  by sex . Howe ve r ,  
CEEWISE f ound signi f icant d i ffe rences i n  only fou r f ields : women we re 
ove rrepresented i n  highly rated depa rtments in  microbiology and psy
chology , and men we re ove r r epresented in s i m i la r  depa rtments of physics 
and math du r i ng the per i od  1 9 70 -1 9 80 ( 1 9 8 3 : 2 . 7 ) . 

These recent data represent a signi f i cant depa rtu re from the tra
d i t i ona l si tuat ion in wh ich women had much hi ghe r dropout rates than 
men . A much-c i t ed  study by Mooney ( 1 9 69 ) investigated the graduate 
school and deg ree histo r i es of nea r ly 7 , 5 0 0  men and women who had held 
Wood row Wi lson  Fe llowships between 1 95 8  and 1 9 6 3 .  By 1 96 6  the att r i 
t ion rate f o r  t he women sc ience students i n  thi s group was twice that 
f o r  me n  ( 5 4  pe rcent ve r su s  2 6  pe rcent ) .  Roughly s i mi lar results we re 
obtai ned in a study by Jo seph ( 1 9 71 ) , whi ch f ol l owed up the f i rst f i ve 
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c l asses of Nat i ona l De fense Ed ucat ion Acts Title IV fel lows . Mooney ' s  
analysis  was reviewed at length by Pa tte r son and Sell s ( 1 97 3 )  i n  a 
chapte r of Ross i and Ca lderwood ' s  Academ i c  women on the Move , a volume 
that has se rved as one of the bas ic texts of modern stud ies on 
academic women .  A study sim i la r  to Jo seph ' s  was ca r r i ed out by Ha rmon 
( 1 97 7 ) , spanning a longe r pe r iod ( 1 95 9 -1 97 3 )  and al so f i ndi ng sub
stant ial ly h ighe r att r i ti on for women than for men , as wel l  as much 
poo rer subsequent ca ree r  outcomes . 

A pr obl em al l uded to by some authors but not reso l ved i s  how to 
di stingui sh between sex-d i ff e rentiated rates of ente r i ng any graduate 
pr ogram ( o r ,  spec i f ically , a doc to rate program ) and rates of leavi ng 
such a program without compl eti ng any degree . Info rmat i on ava i l a bl e  
on g raduate enrol lments in gene ral ( f rom N S F  a nd the counc i l  o f  Gradu
ate School s )  does not discr i mi na te among those p lanni ng ma ste r ' s or 
doctorates or  even those not reg i stered for any degree ( Ga ret and 
Butler-Nai li n ,  1 98 2 : 3 3f f ) . It i s  possi ble to d i s t i ng u i s h , by sex,  en
r o l lments i n  master • s versus docto rate-grant ing departments ,  but many 
students in the latter may only be enro l l ed  for a maste r • s and many 
students from maste r • s -only departments may subsequen t ly pu rsue a doc
to r ate e l sewhe r e , so the di sti nct i on has l i mi t ed  va lue . ove r al l ,  as a 
report to the u . s . congress notes , the proport ions of women among S/E 
baccalau reates and among graduate students a re a l most identica l , so 
that no signi f i cant att r i t i on takes place in ente r i ng advanced study 
[ Of f ice o f  Technology Assessment ( OTA ) , 1 98 5 : 1 1 7-1 1 8 ] .  Only two maj o r  
d epa rtures from thi s  rule occu r :  i n  mathematical  sciences women were 
3 7  pe rcent of baccalau r eates and 27  pe rcent of graduate en rollments i n  
1 9 8 2 ,  and i n  l i f e  sciences they were 4 0  percent of B. A . s and 
52 pe rcent of graduate student s . The l a tte r f igu re probably ref l ects 
the ve ry high interest by women i n  the va r i ous  hea l th-re lated profes
s ions rathe r than in doctoral prog rams i n  b iosc iences . 

The OTA r eport , cit i ng Malcom ( 1 9 83 ) , states that • the problem 
appears to be with pe rsi stence in graduate schoo P ( 1 985  : l l 8 ) . com
pa r i son of the i r f igu res with degree atta i nment rates ( calculated f rom 
NSF 1 9 8 2 ,  1 98 4 ,  and 1 98 6 )  co r r ected fo r f ie l d -spec i f ic Ph . D .  complet ion 
t imes ( f i rst de r i ved by C EEWI S E ,  1 9 83 : l . l l -1 . 1 2 , and te rmed • pa r i ty 
i nd ices • ; see a lso Russel l sag e Tas k Fo rce ) a l l ows a somewhat more de
tai led descr i pt i on to eme rg e .  A s ample cal cula t i on us i ng NSF d eg ree 
dat a ( NS F ,  1 9 86 : 1 6 7 - 1 7 2 )  shows that 22  pe rcent of the 1 97 7  women bac
calau reates i n  physical sciences ea r ned master • s deg rees i n  1979 a nd 
that 11 pe rcent of the o r ig i nal group ea rned docto rates in  1 984 ; f o r  
men the cor respond i ng figu res we re 3 0  percent and 1 6  percent . Alterna 
t i vely,  women obtai ne d  2 0 pe rcent o f  phy s ical sc iences bachelo r ' s de
grees i n  1 9 77 , 18  percent of master ' s  i n  1 9 79 , and 1 5  percent of Ph . D . s  
i n  1 98 4 .  Mathemat ics shows a much greater loss , f rom 3 5  pe rcent of 
bacca lau reates to 1 5  percent of doc to rates . In  eng i nee r i ng ,  howeve r ,  
a ma r k ed i nc r ea se in  representat i on occur s , g oi ng f rom 3 . 7 pe rcent o f  
bachelo r ' s  deg rees i n  1 9 76 t o  5 . 2 perc ent o f  docto rates i n  1 9 84 ; women 
eng i nee rs in t hat pe r i od  we re the refore much mo re li kely than men to 
pe r s i st to the doc to rate . 
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Factors Affecting Continuation and Persistence 

Broad ly spea k i ng ,  only three factors determ i ne , in  some combi na 
t ion , a col lege student ' s  dec i s ion to conti nue to an advanced deg ree : 
abi l i ty , access , and mot i vation .  Each of these factors may in tu rn be 
a f f ected by a rather la rge numbe r of demograph i c ,  soc ioeconomi c, psy
cholog ical ,  and poss i bly gene t i c  va r i ables . Di rect causa l connect ions 
between any of these va r i ables and success in gr aduate st udy ha ve not 
been establ i shed , al t hough some highly suggest i ve co r re lat ions are wel l  
r ecogni zed .  Among these i s  the f a ct that bei ng f ema le lowe rs a stu
d ent ' s  chances of complet i ng a Ph . D . in nea r ly al l f ields , as shown 
above . S i m i la r ly ,  lack of f i nanc i al suppo rt is l i kely to lead to 
abandonment of study , or to pre vent its bei ng undertaken in the f i rst 
place . Mooney ' s  data on Wood row Wi l so n  Fe l lows as recomputed by 
Patterson and Sell s ( 1 9 7 3 : 89 )  s howed drama t i c  dec reases in dropout 
rates when any second-yea r suppo rt was off e r ed . 

The tac i t  assumpti on of most stud ies  on women in  gr aduate programs 
is that the obse rved sex d i ffe rences must be related e i ther to abi l ity 
o r  to mot i va t i ona l factors ; a ccess i ssues a r� not even ment ioned by 
most autho r s , with rathe r few except i on s  ( CEEWISE,  1 98 3 : 1 . 1 3 ;  Ho rn i g ,  
1 9 84 : 34 ; Na t i ona l Comm i ss i on on S tudent F i nanc ial  Ass i stance 1985 : 3 2 ,  
8 0 ; and Ru ssel l ·  Sag e Tas k Fo rc e ) . In pa r t i c u la r ,  many stud ies focus 
on ma r r i age and pa renthood as the putat i ve cause of women ' s  lesse r 
success without cons ide r i ng the r o le of munda ne f a cto rs such as money 
o r  job prospects in a woma n ' s dec i s i on ma k i ng .  

Ability 

As a gene ral rule and ac ross the spectrum of academ i c  f ields , 
women comp i le s i gn i f icant ly bette r pe rformance reco rds than men at al l 
l e vels of school i ng ,  inc lud i ng graduate study ( C EEWI S E ,  1 9 79 : 2 3-26 ; 
Feldman , 1 9 7 4 : 18 ;  Ha rmon , 1 96 5 :  2 8 - 3 2 ; Patte r son and Se l l s , 1 97 3 : 8 3 ) .  
Among ente r i ng col lege students who plan on S/ E ma jo r s , far  larg er 
propo r t i o ns of women than men ea r ned •A•  averages i n  h igh school , with 
the greatest ad vantage ( 5 9 p ercent of women ve rsu s 38 p ercent of men )  
occu r r i ng in  eng i nee r i ng and the sma l les t ( 2 9  pe rcent of women ve r sus  
2 4  percent of men ) i n  soc ial sc iences ( NS F ,  1 9 8 6 : 1 6 3 ) . Howe ve r ,  these 
trends are  not unifo rmly ref lected in sco res on standa rdi zed tests , a t  
any le ve l . on the Graduate Reco rd Exam i nat ion ( GRE ) , women S/ E stu
dents do somewhat bette r on the ve rbal and ana l yt i cal tests but s i g
n i f i cant ly less wel l  than men on the quant itat i ve port ion .  These 
di s crepanc ies , wh ich occur  to roughly the same extent on othe r stan
d a rd i zed tests , have so far eluded complet e cla r i f icat i on .  

Poss i b le sex d i ff e rences i n  t r ue mathematical abi l i ty ,  a s  d i sti nct 
f r om leve l  of achievement , have been the su b j ec t  of hund reds of stud ies 
ove r the last few dec ades , but no conc lus i ve o r  unambig uous results 
ha ve been repo rt ed . Many of these f i nd ings are reviewed in Women and 
the Mathemati cal Myst i qu e  ( Fox , et a l . ,  1 98 0 ) . Sex d i ffe rences i n  
pe rf ormance on certai n tests o f  mathematical  reason i ng are qu i t e  la rge 
among precoc i ous c h i ldren , but soc i al and c u ltu ral cau ses for th i s  
ef fect , r athe r than biolog ical ones , can by no means be ruled out .  An 
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a na logous probl em ex ists with respect to rac ial d i f fe rences , whe r e , 
f o r  example,  the lower sco res of black and Hi spa n ic c h i l d ren a re 
customa r i ly asc r i bed to soc ioeconom i c  di f ferences , although such an 
exp lanat ion tak es · no account of the unifo rmly h igher sco res o f As ian 
ch i ld r en . 

Sex di f fe r ences in mean quantitat i ve scores on the Scholastic 
Apt itud e  Tes t ( SAT ) a r e  la rgely explained by d i ffe rences in  high school 
cou rse-ta k i ng ( Fe nnema , 1980 ) and al so cor re late with demograph i c  and 
soc i oeconomic d i ff e rences among the poo ls of ma le and f ema le test
take rs ( Ho rn ig , 1 9 84 : 34 ) . Simi la r data for the GREs are not avai lable , 
a nd it is  therefore not poss i ble to so rt out these i ssues comp l etely . 
Howe ve r ,  the la rg e ,  r apid recent increases in women ' s  level of mathe
mat ical prepa ration and in the number of women pu r s ui ng quant itat i vely
based f ields suggest the absence of dec i s i ve genet i c  di f fe rences . 

Although fac i l i ty i n  mathematics i s  undoubtedly necessa ry for  most 
sc i ence f ields , the di rect relat ionship  between mathemati cal abi l i ty 
and abi l i ty in va r ious sc ience and e ng i nee r i ng f ie lds remai ns la rgely 
u nexplor ed . I n  part icula r ,  it is not known whethe r the k i nd of mathe
matical precoc i ty tapped by Stanl ey and cowo rker s ( Fox and cohn , 1 98 0 ) 
and demonst rated by so many more boys than g i r l s  i s  a facto r i n  later  
s c ient i f ic abi l i ty and pe rformance , although it seems i ntu iti vely 
obvi ou s  that it should be so . Less obvi ous is  whet her the score di f 
f e rences in  the  GRE represent d i ffe rences in  abi l i ty or i n  col lege 
cou rse-ta k i ng ,  an issue whi ch rema ins  to be stud ied for this  set of 
test s . On the SATs , howeve r ,  it i s  known that most of the d i fference 
d isappea rs when cou rae-tak i ng i s  held constant ( Fennema , 1 9 80 : 81 -8 2 )  • 
It i s  a l so not known for ce rtain that the res idual discrepanc ies be
tween women ' s  performance in cou r sewo rk and on standard i zed tests are 
not due to some b i as i nhe rent i n  test constr uct ion . 

Mean score di f ferences by sex a re not constant ove r t ime and have 
been d i mi n i shing qu ite rap idly in recent yea r s . FO r  phy s i c al sc ience 
ma jors , the score di f fe rences on the quant itat i ve GRE d ec reased f rom 
4 0  to 3 3  poi nt s ( out of a possi ble spr ead o f  6 0 0 ) between 1 97 9  and 
1 9 84 ,  for mathematical sc ient ists f rom 4 6  to 3 7 ,  for eng i nee r i ng ma jors  
f rom 58  to 10 ,  and for b i o logi sts f rom 49  to 29 .  For behavioral and 
soc ial science ma jors , howeve r ,  the di f fe rence increased du r i ng thi s  
pe r i od ,  from 4 3  to 48  an d 5 5  to  6 2  poi nts , respecti vely ( calcu lated 
f r om NSF,  1986 : 1 6 5-1 6 6 ) . These changes strong ly suppo rt the inte rpre
tat i on that wome n ' s  t r ad it ional def i c it i n  math is pr ima r i ly the resu l t  
of di f fe rent ial preparat ion . In  1 9 8 4  t he highest mean quantitat i ve 
sco res for both sexes we re in eng i nee r i ng,  fol lowed by mathemat i ca l ,  
physical , and biolog ical sciences and then by beha vi oral and soc ial 
sc iences . The total range for mean sco res is  nea r l y  20 0 point s , f rom 
6 6 7  t o  4 76 ( NS F ,  ibid . ) .  DUe to the lac k  of co r r e lat ion between 
wome n ' s  grade-point average s ( GPAs ) and test sco res , the latte r con
s i stently und erpr edi ct women ' s  actual pe rformance . NO evidence ex i sts , 
howeve r ,  to suggest that this eff ect is  g i ven cons ide rat i on in  admi s 
s i ons dec i s i ons . 

Ce rtai n proxy i nd i cators of abi l i ty ,  in add i t ion to measures such 
a s  GPAs and test sco res , are  widely u s ed  i n  sub j ect i ve appr a i s a ls of 
graduate students or new Ph . o . s--f o r  example , in  cons i deration for 
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academic appointments or othe r jobs . <:me su ch ind icato r ,  rece i v i ng a 
doctor ate from a h i ghly rated depa rtment , has al ready been di scussed . 
Anothe r is  be i ng r e lat i vely young at rece ipt of the deg ree , as a re re
lated ones such as short degree-comp l et i on t i mes . The se assessments 
have been sub j ec t  to much misinformat ion concern i ng women . Olde r 
studies typ ically compa r ed  ma le and fema le completion t i mes averaged 
across al l f ields , a spur i ous compar i son that yie lds long times for  
women becau se  there a re rel ati vely hi ghe r propo rtions of women in the 
humani t ies and i n  educat ion . The se f ields are cha racte r i zed by long 
comp let ion t i mes for both sexes , a facto r gene r a lly related to the 
amount of financ ial support ava i lable ( compa re coyle , 1 9 86 : 20-28 : 
Hor n ig an d Ekstrom ,  i n  prepa ration : Syve r son ,  1 98 2 : 1 3 -1 4 , 3 2 - 3 3 ) . In 
most physical , natural , and mathematical sc iences as we l l  as in eng i 
nee r i ng ,  women complete the i r  Ph . D . s  a s  fast a s  men o r  faste r ( CEEWISE,  
1 9 79 : 38 :  1 9 83 : 2 . 3 ,  2 . 8-2 . 9 :  c ompare the Nat iona l  Resea rch counc i l ' s  
Summa ry Repo rt se r ies , especi a l ly 1 98 5 ) . Notab le excepti o ns occu r i n  
two field s ,  compute r sciences and health sciences , which have been 
shown to have espec i a l ly unfavo rable graduate f i nanc i al suppo rt pat
te rns for women but not for men ( Nat iona l comm i ss i on for s tudent 
Fi nancia l Ass i stance , 1 9 85 : 3 2 ,  80 : Russel l Sag , Tas k FO rce : Syve r so n ,  
1 9 82 : 1 6 -1 7 ) .  

A f acto r pert inent to success in  a chosen f i e ld and related in 
some way to abi l i ty is  se l f -conf idence . In psycholog ical att r i but ion 
theo ry , se l f -conf idence is gene rated and rei nforced by achiev i ng pre
d i ctably successful and rewa rdi ng outcomes th rough factors unde r one ' s 
own control , such as effort , r athe r than through fortui tous events o r  
• luc k •  ( Kaufman and Richa rd son ,  1 98 2 : 51 -5 3 ) . A numbe r o f  stud ies show 
that young men ' s  and women ' s  se lf-conf idence in  both the undergraduate 
and graduate yea r s ,  espec ially  in the sc ience s ,  is aff ect ed in  oppos ite 
ways . Men ' s  se l f -conf idence is enhanced and women ' s  i s  dimini shed even 
t hough women ' s  grades , the fo rmal tokens of achievement , remain as h i gh 
as  men ' s  or  higher ( C EEWISE,  1 9 79 : 1 2 -1 3 : Fe ldman , 1 9 7 4 : 95-101 : Maccoby 
and Jac k li n ,  1 97 4 : 1 5 4 ,  1 5 7-158 : zappe rt and Stansbu ry , undated : 9 , 1 7 ) .  
These stud i es , whi le they demonstrate the effect convi nc i ng ly , have not 
traced its cau ses . Nonethe l ess , some of thei r f i nd i ngs suggest 
strongly that women ' s  loss of se lf-conf idence may be related to dif
fe rences i n  the nature and qua l i ty of ma le and fema le students ' con 
tacts with f aculty . I f  so , the ef fect i s  li kely to depend st rongly on 
the sex of facu lty membe r s ,  and this i ndeed appea rs to be the case f o r  
bo t h  undergr aduates ( Ti dbal l ,  1 9 7 3 : 1 3 0-1 3 5 :  1 9 76 ) a nd graduate students 
( Pe r r ucci , 1 9 75 : 1 0 9-1 1 0 ) . some poss i ble relat i onships with a less 
sat is f actory rewa rd structu re for women ( l ess recognit i on of success , 
restr icted ca ree r  oppo rtu n i t ie s )  wi ll be exp lo r ed  in the conc ludi ng 
d i scuss i on .  

Acce&f 

The ass umpti on that al l students with the requ i s ite abi l ity and 
i nte rest should have ready access to as much educat i on as they wi sh i s  
bas i c  to the na t ion ' s  system o f  educat i on , al though i t s  implementat ion 
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may be limited by f i nanc ial  constraint s  and/o r by pol i cy cons ide rations 
that favor some f ie lds over othe r s . Th is  a ssumpt ion d id not f u l ly i n 
c l ude women unt i l  passage o f  the women ' s  Ed ucat iona l  Equ i ty Act ,  al so 
known as T i t l e  IX of the 1 97 2  Highe r Education Amendments .  Unt i l  the n ,  
women ' s  access to both col lege and graduate education cou ld legally be 
restr icted ,  and of ten was ,  th rough va r i ous mea ns i nc l uding outr ight 
exclus i on ,  overt and/o r cove rt quotas , and substant ial sex di f feren
t i a ls in f i nanci al aid . 

Total exc lusion of women from graduate S/E programs as a matte r 
of i nst itut i onal po l icy was no longer widespread by the 1 96 0s ,  although 
it did per s i s t  into that era--e . g . , at Pr i nceton . Exclus i on of women 
by depa rtmental f i at o r  pract ice was qu i te common ; Ha r r i s ( 1 9 7 0 ) pro
vided a comprehens i ve catalog of methods by wh i ch women ' s  part ic ipati on 
was res t r icted or acti vely di scou raged . Howeve r ,  the fact that the 
ma jor  resea rch departments have for some yea rs now ed ucated simi la r 
propo r t ions of ma le and fema l e  Ph . D . s  a rg ues agai nst the cont i nued ex
i stence of rest r i ct i ve quotas and pol i c ies in gene ral , although it in  
no way di sproves thei r ex i s tence in spec i f ic case s . A deta i l ed stat i s 
t ical study o f  poss i ble sex bias in graduate admi ss i ons at Berke ley 
( B i c ke l , et a l . ,  1 97 5 )  found that no such gene r a l i z ed  b i as had e x i sted 
in 1968-1 9 7 3 but that some bias favo r i ng women deve loped at that time . 
stati st ica l ly s i g n i f icant b i as agai nst women was shown to have ex i s ted 
i n  an uni den t i f ied humani t ies depa rtment . 

The fact that att r i t i on of women between col l ege and g raduate de
g r ees va r i es so widely by f ield , from essent ial ly none in bi olog ical 
and beha v io r al sc iences to abou t 2 5  pe rcent in  phy s i c al sc iences and 
5 7 percent in  mathemat ics , suggests that structu ral bi ases may occ u r  
in s o me  f ie lds but not i n  othe r s .  S i nce attr it ion i s  i n  gene r al about 
evenly divided between graduate school ent ry and degree  complet ion , 
some as -yet-undemons trated factor i n  graduate admi s s i ons to certa i n  
d epartments may play a cr i tical  role . 

No preci se stud ies ex ist concerning the effects of women under
g r aduates ' t rad i t ionally skewed di s t r i butions among inst itut iona l  
catego r i es--i . e . , thei r ove r repre sentat ion in  publ i c  ve rsus pr i vate 
and lowe r -rank i ng ve r sus h i gher -ran k i ng col leges and unive r s i t ie s . 
Al t hough such sex di f fe rences have di m i n i shed somewhat s i nce 1 9 7 0  a nd 
desp i te legal mandates to the contra ry,  most major un i ve r s it ies en
rolled and graduated smalle r numbe rs of women than men into the 1 980s , 
beg i nning at a level of abou t 4 0 pe rcent in  the ea r ly 1 97 0s and cu r 
rent ly stand ing at about 4 7  pe rcent , compa red to ove r 5 0  pe rcent women 
baccalau reates nationa l ly .  An a nalys is  of the unde rgraduate o r igins 
o f  sci ence doc torates by coyle and Syve rson ( 1 9 8 6 : 1 9- 21 ) shows that 
pr i v ate inst itut i ons , i nc ludi ng many with re l at i ve ly sma ll fema le en
rollments , tend to be much more produc t i ve of futu re Ph . D . s  than those 
pub l ic i n s t itutions that typ ica lly graduate la rge numbe rs of wome n .  
Some of the female under representat ion in  S/E g r aduate programs , the re
f o r e ,  is probably the result of skewed u nde rgraduate en rollment s . 

Sho rt of actual exc lus i on o r  quotas , the ma j o r  f actor that af fects 
access to g raduate study is f i na n c i a l  aid . Prov i d i ng suppo rt for the 
t ra i n i ng of sc ient ists and eng i nee rs has long been the corne rstone of 
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a l l  publ i c  pol i cy concerned with the cont inued hea l t h  of sc ience . The 
a ssumpt ion that avai labi l i ty of i n i t i al a id and assu rance of conti nui ng 
suppo rt wi l l  gua rantee an adequate supply of h i ghly trai ned people has 
been bas ic t o  u . s .  manpowe r ( si c ) planni ng at least s i n ce Wo r ld Wa r 
I I .  The effect i vene ss of financ ial suppo rt in att ract i ng women to 
graduate t r a i ni ng has not been s t ud i ed expl i c i t ly , but Mooney ' s  ( 1 9 68 ) 
and Patterson and Sell s '  ( 1 9 73 ) f i nd ings su ggest a st rong co r r e lat ion . 

Fi nanc i al a id for women gr aduate st udents i n  S/ E is  not wel l 
stud i ed ; i ndeed , the topic  often has not even been ment ioned among the 
many poss i ble factors that i n f l uence graduate pa rt icipat ion . In h i s  
book-length study o f  women graduate students ,  Fe ldma n  ( 1 9 74 )  devoted 
one sma ll table and two br ief pa ragr aphs to a supe rf i c i al di scuss ion 
dea l i ng wit h  adequacy of f i nances for men and women students in  rela 
t i on to ma r i tal statu s . His lack of attent ion to the top ic i s  a l l  the 
mo re su rpr i s i ng because women students we re we l l  known to recei ve sub
stant i a l ly less a id than me n ( Haven and Ho rch , 1 97 2 )  and to come from 
weal thier  f ami l i es ( Ha r r i s ,  19 72 : Ch .  1 ) . ( 'Itle lat te r obse rva t ion was 
trad i t i ona lly i nte rpr et ed to mean that poo r e r  fami l i es were not mu ch 
i nterested in ed ucat ing daughters , although an obv i ou s  alterna t i ve 
i nte rpretat ion is that only daughters of weal thie r pa rents could 
af ford to study i f  they rece i ved le ss aid than men . ) Fe ldman stated 
( 1 97 4 : 1 36 ) : 

Mar i ta l  status has ve ry little relat ionship  with the receipt 
of f i nanc i al a id . The gene ral pattern is  that men a re mo re 
l i ke ly to rece i ve teach i ng o r  resea rch ass i stantships and 
women a re mo re l i kely to rece i ve fellowships . Dec i s i o ns con
cern i ng f i nanc ial  aid may take se x into account but probably 
not ma r ital status . ( Unde r l i ni ng added . ) 

W i th the poss i ble  exception of the f i na l  ph rase , these statements are 
bo rne out by the relat i ve ly spa r se data avai lable . 

Roby ( 1 9 73 : 47-5 0 )  noted that sex di f fe rences in  f i na nc ing graduate 
study a re mo re comp lex than for  co l lege students . She c it ed  a st udy 
by Creager ( 1 9 71 : 1 9 ) , which showed that women Ph . D . cand idates rece i ved 
substant ially less suppo rt than men f r om teach i ng assi stantsh i p s  ( TAs ) 
and resea rch ass i stantships ( RAs ) b ut more ai d f r om fam i l i es .  Roby 
noted that these patte rns d i s c r i m i nate espec i a l ly agai nst women f rom 
l owe r-i ncome backgrounds . Ast in ( 1 9 73 : 1 4 4-1 4 5 )  found , us i ng Na t i ona l 
Re sea rc h council  data , that for 1 95 0 -1 96 0 docto rate coho rts from a l l  
f i elds , only 1 2  pe rcent o f  women bu t 2 2  pe rcent o f  men rece i ved suppo rt 
from gove rnmental sou rces wh i l e  5 0  pe rcent of women but onl y  4 2  pe rcent 
of men reli ed on se l f -help . 

The Nat iona l Re sea rch Counc i l ' s  annual S u r vey of DOcto rate Recipi
ents reg u la r ly col lects data by sex and f ield on  a l l  sou rces of f i nan
c i al aid reported by students , but not on do l l a r amounts . The annual 
tabulations show a number of sex d i fferences that co r respond in gene ral 
to Fe ldman ' s  obse rva t ion . FO r  example , in phys ical , eng inee r i ng ,  and 
l i fe sc iences f ie lds in 1 98 3 , about one-qua rter more women than men 
held un i ve r s i ty fel lowsh ips whi le s i g n i f icant ly la rg e r  proport ions of 
men held re sea rch ass i s tantships ( Syve r son and Forste r ,  1 98 3 : 3 6 ) .  
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In 1 9 81 the su rvey of DOctorate Recip ients focused on f inanc ial 
suppo r t  i ssues and a nalyzed pr ima ry sou rces of graduate suppo rt by 
f ie l d , with somewhat su rpr i sing resu l ts .  Methods of f i nanc ing graduate 
s t udy va ry widely by f ield as we l l  as by sex , but almost a l l  f ields 
we re shown to have more ou t s ide support for men wh i le 4 5  percent of 
women but only 30 pe rcent of men we re prima r i ly se l f -suppo rti ng .  ( Note 
t hat the reduction in these proport ions f rom the data cited by Ast in , 
above , is  subs tant i a l ly more favorable for men . ) Espec i a l ly la rge 
g ender  g aps in se l f -suppo rt occ u r  i n  ea rth,  env i ronmental , and ma r i ne 
sc iences ( 1 9  pe rcent ve r sus 1 4  pe rcent ) ,  i n  computer sc ience s ( 21 pe r 
cent ve rsus 1 4  pe rcent ) ,  and in med ical sc iences ( 3 6  pe rcent ve rsus 
20 percent ) ,  a ll favo r i ng men . In most sc ience f ie lds the domi nant 
sou rces of financ ial  ai d  are TAs and RAs . Women held signif icant ly 
h ighe r propo rtions of TAs in ea rth sc iences , mat h ,  and computer sci
ences , but men held much higher  proport ions of RAs in those fields 
( Syve r son , 1 98 2 : 1 5 -1 8 ) . Th e Nat i ona l  commi ss ion on Studen t Fi nanc ial  
As s i stance ( 1 9 83 :  32 ,  8 0 )  noted that such skewi ng of  ai d  resu lts  in a 
d i sadvantage to women , who a re mo re l i kely to be pe rfo rmi ng teachi ng 
c hores for t he department and lo s i ng co r respond i ng research time wh i le 
ma le students a re able to uti l i ze mo re of thei r t i me  for re sea rch , 
benef i t i ng from greater professi ona l  soc iali zat ion in the process . 
C lea r l y ,  to the extent t hat more women sc ience students a re ha ving to 
r e ly on TAs , they are · bei ng tracked into the sex-typed occupation of 
teach i ng . 

The onl y  f i e ld group among the nat ural and mathemat ical sc iences 
with  an ega l ita r i an support pa tte rn--i . e . ,  few if any sex d i fferenpes 
in any of the support categ o r i es - -was bi osc iences , whe re only the di f 
f e rence in  the propo rt i on o f  RAs ( 5  pe rcentage point s )  remai ned .  Bio
s c iences and psychology,  wh ich also has fai rly equ i t able support pat
t e rns , a re the only maj o r  graduate f ie lds in  the sc iences that ha ve 
both la rg e proport ions of women and a high Ph . D .  pe r s i stence rate for 
them . Field , sex ,  and race d i fferences in graduate suppo rt patte rns 
have agai n  been revi ewed in the most recent summa ry Report on new doc
tor ate s ( Coyle , 1 9 8 6 : 2 4 - 28 ) , yieldi ng f i ndi ngs that st rongly sugges t  
sex- and race-d i f ferent iated pr act ices in the awa rd ing o f  graduate 
f i nanc i al aid . 

OVe ral l , access problems for women in S/E gr aduate stud ies have 
c lea r ly dimi ni s h ed since about 1 9 7 0 ,  when complete o r  pa rt i al exc lus ion 
of women f rom many S/E d epa rtments was probably st i l l  widely pract iced . 
S i nce then , most i nst itut ions have a stated po l i cy of adm i tt i ng equa l 
pr oport ions of male and female app l i cants., wh ich most of them er rone
ously designate as • sex-blind . • If graduate adm i s s i o ns we re to be 
t r u ly sex -neut ral and based only  on academic pe rformance , the data 
suggest that h ighe r propo rtions of women app l icants than of men would 
be admitted . 

Qu es t ions of equ ity in f i nancial  ai d cannot be reso l ved unt i l  a 
detai l ed  study exami nes not only f ie l d -spec i f ic sou rces and patte rns 
of support , but al so poss i ble systematic  sex d i f f e rences in dol l a r  
amounts . To the extent that s i zable d i fferences i n  fund i ng patte rns 
e x i st and that the nature of these di f fe rences is such as to impai r 
se r iou s ly the qua l i ty of some women ' s  educat ional expe r ience i n  gradu -
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ate school , the effect of such pract ices is plai nly de l ete r i ous a s  
we ll  a s  i l legal . I n  it s review o f  women ' s  progr ess i n  highe r educat ion 
si nce 1 9 7 0 , the Russe l l  sag e Tas k Porce notes t hat f i nanc i al a id data 
lead to a cu r i ou s  f i nd ing : t he f i e lds that requ i re high se l f-support 
con t r i but ions from a ll students a re a l so  those t hat ha ve high propor 
t ions o f  women ,  whi le the we l l -suppo rted f i e lds ha ve low fema le pa r t i 
cipat ion , yielding an almost l i nea r i nve r se relat i ons h i p .  The di rec
t ion of causa l i ty of th i s  phenomenon need s f u rthe r  i nvest igat ion . 

Fut u re stud i es of sex d i ffe rences i n  f i nanc i al a id should a ttempt 
to di s t ingu i s h  between suppo rt of fe red to ente r i ng graduate students 
and cont i n ui ng suppo rt for l ater stages of study ,  i n  an effo rt to shed 
l i ght on attr i t i on and persi stence issue s .  I n  t h i s  connection the 
greater success of women in gaining compet i t i ve f e l lowships , presumably 
because of supe r ior  abi l i ty and better  credent ial s ,  should be exam i ned 
in some det ai l . In the no rmal cou r se of events , r e l iance on conti nui ng 
support from a somewhat chancy sou rce is probably le ss conduc i ve to 
se l f-conf idence t han the mo re certain i ncome f rom a re sea rch ass i s tant
s h i p .  

Motivation 

The lite ratu re on women ' s  ach i evement mot i vat ion in  gene ral and on 
professional career -goal forma t i on is  eno rmou s ,  we ll beyond the scope 
of this review , but l i t t le of this wo rk is of spec i f ic ut i l ity i n  
i nte rpreti ng f i ndi ngs o n  women gr aduate st udents i n  S/E.  Ea r lier  i n  
t h i s  rev iew , it was noted that the bas i c  ca reer choice i s  no rmally 
made before ente r i ng graduate school but that su stai ned mot i vat i on is  
necessa ry for  persi stence . Suppo rt fo r high asp i rations may come f r om 
a va r i e ty of factors in  the pe r sonal and educat ional env i ronment , as  
we ll as from a rea l i stic expectat ion of futu re prof ess i ona l rewa rds . 

The volumi nous l iteratu re on wome n ' s  achievement mot i vat i on ha s 
been c r i t ica l ly ana lyzed by Ka ufman and Richa rdso n  ( 1 9 8 2 ) w ith part ic
ular refe rence to profess ional achievement . In b r i e f ,  these authors 
traced the deve lopment of the two ma j o r  histor ic approaches to the 
studY of mot i vat i on in women : ( 1 )  the establi shment in c h i l d ren of an 
i nt r i ns i c , stable mot i ve to achieve and ( 2 )  the soc ial i zat ion model 
that stresses the sa l ience of gende r -ro le lea r n i ng and the i ncongr uence 
between trad i t i ona l fema le gender role s and profess i ona l or publ i c  
achievement . The autho rs deve loped a synthesis that a rg u ed  f o r  a mo re 
f l uid interpretat ion of mot i vat i on as a response to somet imes chang ing 
or evol ving oppo rtu n it ies . The l a tter would certai nly acco rd better 
with the obser ved la rge-scale movement of women into S/E a nd other  non
trad i tional f ie lds and the ve ry rap id behavioral cha ng es that resu lted 
in t r ip l i ng the numbe r of women Ph . D . s  in a decade . 

Feldma n ' s  st udy ( 1 97 4 )  of women g raduate st udents i l lustrates t he 
l i mitat ions of both  the class i c  psycholog ical and the soc iolog ica l ap
proaches to mot i vat ion . Exami n i ng the stated academ ic ca ree r  goa ls of 
men and women graduate students ( a lmost 1 2 , 000  i nd i v idua l s  among the 
total samp le of 3 3 , 00 0  in 1 969 ) , he f ound that abou t 8 5  pe rcent of the 
men and about 7 0  pe rcent of the women ( e xcept for 81 pe rcent in so
ca l led •equa l ita r i a n •  f ield s )  aspi r ed to teach i n  co l leges o r  un i ve r s i -
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t i e s ; cor respondi ngly mo re of the women asp i r ed to teach in  j u ni o r  
colleges . The se sex diffe rences we re accentuated in female -ma jor i ty 
f ie lds and pe r s i st ed whether or  not a student expect ed to ea rn a Ph . D . , 
exp r e ssed strong interest in an academic  ca ree r , or  p lanned to spec i a l 
i ze .  Women who had a h igh i nte l lectual se l f-image and those who a t 
t ended highly ranked ins t it u t i ons expressed choices much l i ke the 
me n ' s ,  but the amb i t ions of men who rated themsel ve s  • not i ntel lectua l •  
o r  who attended low-rank i ng ins t it u t i ons we re not lowe red nea r ly as 
muc h  as s i mi la r women ' s .  Men in female-major i ty f ie lds held espec i ally 
h igh asp i rat i ons , but women di d not .  Fe ldman ' s  interpretat ion of h i s  
f i n d i ngs was both supe rf i c i al and conventiona l : 

In o rder for  a woman to aspi re to a more prest i g i ous caree r , 
she must have those qua l i t i es associated with that ca ree r 
choice . I f  she does not , she i s  much le ss apt to choose a 
prest i g i ous ca reer  than her ma le cou nte rpa r t .  • • women 
who asp i re towa rd un i ve rs i ty careers are more qua l i f ied than 
thei r ma le counte rpa rts . Tho se who a re not plan to end up i n  
j un i o r  col leges . Ql t he other  hand , men opt for uni versity 
academic ca reers whateve r thei r qua l i f icat i ons . ( 1 97 4 : 7 9 )  

He closed that rather ext r ao rd ina ry chapte r with the statement that • at 
the h i ghe r -qua l i ty i nst itut i ons , j u nior col lege teachi ng is not a pr ime 
ob j ec t i ve for students , but these ins t itut i ons may assume that mo re 
women than men wi ll  end up in such pos it i on s •  ( 1 9 7 4 : 1 0 1 ) . Fel dman did  
not comment on the se lf-f u l f i l l i ng nature of  that assumption . . 

Feldma n ' s  data , even for th e •femal e-mi no r ity•  f ie lds that i nc l ude 
most S/E d is c ip l i nes , are of limited value not only because the cond i 
t ions they ref lect a re now la rgely outdated , but a l so because the focu s 
on • t each i ng •  i n  the sense in wh i ch he used the te rm is  inappropr i ate 
to this f ield group and because the f a i lure  to d i sti ng u i sh between 
college and un i ve r s i ty caree rs is c r i tical . ove ral l , h i s  conc lus i ons 
reflect ei ther i nabi l i ty or unwi l li ngness to rel ate the f i ndi ngs to 
t he real i ty of academic employment pol i c ies in  the 1 9 60s , to the grad
uate students '  ent i rely accu rate appr a i sal of thei r li kely oppo rtu n i 
t ies , and t o  the real i st ic gender  d i f fe rences that de r i ved f rom tha t 
appr a i sa l . 

In another chapte r on ded i cation to graduate study , Fe ldma n  exam
i ned a va r i ety of cond i t i ons that su rely concern mot i vat io n ,  although 
h e  seemed not to view them in  that light . He found that about one 
t h i rd of ma le facu l ty and fel low st udents i n  sc ience f ie lds be l ieved 
women students to be le ss ded icated than men ( 1 9 7 4 : 1 0 4 ) , al though in 
fact mo re women repo rt themsel ves as subo rd i nati ng other aspects of 
l i fe to thei r wo rk ( 1 9 74 : 1 1 4 ) . Mo re women than men i n  several sc ience 
f ie lds sa id t h ey may drop out becau se of lack of abi l ity ( 1 97 4 : 1 1 7 ) , 
a lt hough at least S O  pe rcent mo re of them had high grades as under
graduate s ( 1 97 4 : 1 1 3 ) . women sc ience st udents descr i bed themsel ves as  
be ing much le ss sat isf ied than men with thei r abi l i ty to do or i g i na l  
wor k ,  wh i c h  Fe ldman i nte rpreted a s  lack o f  conf idence but wh ich cou l d  
equa l l y  we l l  ref lect d i f fe rent s i t uat ions wit h i n  depa rtments ( 1 9 7 4 : 1 18 -
1 19 )  or h i gher s tanda rds of o r ig i na l i ty bei ng he ld by wome n .  women 
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students a l so we re much less l i kely to have colleg i al o r  c lo se wo r k i ng 
r e lat ionships with facu lty , and thei r se l f - image was acco rd ingly qu i t e  
low compa r ed to me n ' s ( 1 9 7 4 : 1 20 - 1 21 ) . 

These f i nd ings on women ' s  appa rent underest ima t i on of thei r  abi l 
i ty, thei r rel at i vely low invol vement with f acu l ty ,  and the consequent 
low le vel  of se l f -conf idence desp ite cont inu i ng high g rades are cor 
r oborated by othe r i nvest igator s ( Be rg an d Fe rbe r ,  1 98 3 : 6 35 ;  zappe rt 
a nd Stansbu ry , und ated : 9 ) . Be rg and Fe r be r  found , among a cross 
sect i on of graduate students at th e Uni ve r s i ty o f  I l l i noi s ,  some espe
c ia l ly pe rt inent as soc iat ions between Ph . D . complet ion and hav i ng been 
t reated as a col leag ue by facu l ty,  a much less li kely e vent for women 
than for men . The authors conc luded tha t the mot i vat ion of women stu
dents could be better suppo rted by improved mento r i ng by facu lty . 
Zappe rt and Stansbu ry exam i ned a sample of Stanford S/E g r aduate stu
dents with respect to sex d i fferences in  va r ious measu r es of profes
s i ona l i nter est and commitment . A •cr eat i v ity i ndex • s howed some di f 
fe rences : mo re women f e l t  i t  essent i al that a ca r ee r  shou ld a l low them 
to use the i r  sk i l l s  and knowledg e ,  and mo re men felt  it was important 
to do semi nal wo rk in thei r f i elds , to gain soc i al r ecog n i t ion , and to 
have oppo rt un i t i es for r i s k -tak i ng . 

Ce rtai n di f f e rences ana logous to those reported by Fe ldman eme rg ed 
i n  rega rd to ca ree r  plans ; 6 2  pe rcent of men and  51  pe rcent of women 
expected to hold academic appo intments , and fewe r women than men en
v i s ioned themsel ves as d i recto rs of labo rato r ies , as ent repreneu r s ,  or 
as  corporate chief execut i ve off icers . Pa ral l e l  sex d i f f e rences oc
cu r r ed in ove r a l l  sat i s f act i on with thei r g raduate programs , degree of 
respons i b i l i ty held with i n  a research gr oup , respect for thei r ideas 
acco rded them by the i r  adv i se r s , and the gene r al qua l i t¥  of relat ion
s hips with faculty . on e-f i f th of the women and 7 pe rcent of the men 
repo rted hav i ng expe r ienced some d i s c r i mi nat i on at Stanfo rd . Ag ai n ,  the 
autho rs did not attempt to de r i ve any di rect r e la t i onsh i p  between the 
wome n ' s  lowe r  expectat i ons , thei r rea l i s t ic assessments of oppo rtun ity 
( e . g . , as i l l ust rated by the skewed se x di s t r i but ion of stanford fac
u l ty ) , and the man i fest d i ffe rences in the graduate expe r ience . 

As ment ioned ea r l i e r ,  ma r r i age and parenthood , whether  ex i st ing or 
ant ic ipated , a re widely be lieved to exe rc i se u nfavorable i nf l uences on 
women ' s  graduate study and su bsequent  ca reers , usual ly  through mak i ng 
greater demands on wome n ' s  t i me  than on men ' s  or  t h r ough cons t r a i ni ng 
women to pa rt ic ula r locat ions . Pe rhaps because t h i s  reaso n i ng seems 
so obvi ous , it has not been ve ry thoroughly explo r ed in the few em
p i r ical stud ies that actua l l y  deal with women S/E g raduate students .  
zappe rt  and Stansbu ry ( undated : l 3 )  repo r t ed  tha t 3 7  pe rcent o f  the i r  
s ample of stanford med ical and S/ E g r aduate students were either 
ma r r i ed or l i v i ng with pa rtne r s , and a total of onl y 6 pe rcent had 
ch i ld r en . Among new doc to rates in 1 9 8 5 , 58 pe rcent of the men and 
48 pe rcent of the women sc ient i sts and eng i neers we re ma r r ied ( Coyle , 
1 9 86 : 49 ,  5 1 ) .  Pr ed ictabl y ,  about twice as many of the women as the 
men at stanford repo rted expe r ienci ng d i ff icu l ty in i nteg rat i ng f ami ly 
and work  demands , and women we re s i g n i f icantly more li k e ly to ant ici
pate tak i ng t ime o ff fo r pa rent i ng . Howeve r ,  no study has y et at
tempted to co r r e late ma r i ta l  status and parent i ng respons i bi li t ies 
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w i th the more obj ect i ve ly measu rabl e  va r i ables that may affect graduate 
s t udy in the se f ie lds . Long ove rd ue  a re stud i es that investigate the 
r e lat ions h i ps •ong such factors as academic ach ievement ( e . g . , test 
sco res or GPAs ) , k i nd and amount of  f i nanc i al aid,  length of time to 
t he Ph . D . , mar ita l status i nc lud ing di vorce , numbe r  of ch i ldren if  any , 
presence or  absence of on -campus ch i ld care , and inst itutional po l i c ie s  
that may affect fami l i es di f f e rent ly from si ng le people ( e . g . , whethe r 
f i nanci al a id is avai lable to both membe rs of a coupl e ) . 

Discussion and Conclusions 

The la rge and not yet f u lly exploited data base on docto r al stu 
dents in science and eng inee r i ng ,  as we l l  as othe r academic disc i
p l i nes , ma kes evident the rap id conve rgence of ma le and fema le educa
t ional patterns that has taken place si nce about 1 9 70 , when art if icial  
constraints on wome n ' s  h i gher educat i on we re removed by law . Neve rthe
less , women remai n  under represe nted relat ive to men in most S/E f ields 
whi le having caught up or  su rpassed them in behavioral sc iences and i n  
some humanit ies and ed ucat ion f i e lds . Th i s  unde r representat ion i s  a 
growi ng cau se for conce rn in v i ew of dec l i n i ng inte rest on the pa rt of 
men in the trad i t iona l ly male -dom i nated areas at a time of heightened 
awa reness of e ros i on in our i nte rnat ional pos i t i on with respect to  
both nat iona l security and economic  compet it i veness . The publ i c  in
te rest requ i res actions to remedy these developing problems by the 
more effective inclusion of women and mino r i t ies . . 

Ob j ect i ve measu res of abi l i ty and pe rformance make it amply c lea r 
that women su ffer  no def ic it s  in these dimens i ons and that explana 
tions for lowe r  pa rt icipat ion and lower success rates in completi ng 
g r aduate study must be sought elsewhe re . TWo ma j o r  areas of inte rest 
for fu rther re sea rch and poss i b le i nte rvent ion programs eme rge . One 
of these is the issue of financ ial suppo rt , and the ot he r is the pos 
s i b le effect of improved educational envi ronment s ( especi a l ly with re
gard to more equ i table treatment by facu l ty ) and of equal i zat ion of 
ult imate rewa rds in recogn it ion , oppo rtun i ty ,  and ea rni ngs potent i a l  
on  women ' s  i n i t i a l  and cont inu i ng par t ic ipat i on in S/E f ields . The 
r ap id and la rge-sca le increases in wome n ' s  representat i on should lay 
to rest any li ng e r i ng doubts about nat ive ab i li t ies ; changes in genet 
ical ly dete rmi ned tra its do not occur in thousands of peop le in the 
space of a decade . 

The cons i stent fai l u re of resea rchers to explore sex di f fe rences 
in f i nanc i al a id patt e r ns  once thei r ex i stence bad been demons tr ated 
i s  ha rd to explai n .  such dif ferences are among the potent ially most 
compe l li ng in explai ning fema le att r it ion f rom graduate programs at 
a l l  le ve l s , yet few invest igators have pursued the ex ist ing leads . 
stud ies see k i ng to e luc idate relat ionships between funding patte rns 
that track women into lowe r-level teach i ng functions and men into pre
f e r r ed  facul ty ca ree rs ,  or  that d i s t i ng u i sh on gende r l i nes between 
those to whom facu lty devote full  profess i ona l attent ion and those on 
whom they rely to pe rfo rm depa rtmental chores , should rece i ve h igh 
pr i o r ity . The se issues are complicated by the fact that graduate fac-
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u lt ies are not ent i re ly di s i nte rested pa rt ies , s i nce they are respon
s i b le for  the training of those spec i a l i sts whom they wi ll eventua l ly 
h i re or reject as col leagues . such a dua l role should impose an espe
c i a l ly h igh s tanda rd of equ i ty and fai rness in the d i s t r i but ion of 
f i nancial ai d ,  personal attent ion , and nu rtu r i ng of h i gh aspi rations 
and in  the se lect i on of new col leag ues . Mass i ve ev idence ( see also 
Z uckerman , thi s  vol ume ) s uggests that such a standard has not yet been 
established or even a rt i culat ed in most uni ve r s i t ies . 

Fi na l ly ,  the we l l -documented d i sadvantages women face in  employment 
after the Ph . D .  must be explo r ed  with speci al attent ion to the dele
t e r i ous  effects they su rely exert on the hopes , expectations , and 
aspi rations of women students . An eno rmous amount of attent i on has 
been devoted to what have been rega rded as women ' s  int r i ns i c  limita 
t i ons in  ent e r i ng and pu r suing ca ree rs in  science and eng i nee r i ng .  
De f ic i t s  in mathemat ical abi li ty ,  i n  the pe rsona l i ty tra i t s  cons i de red 
essent i al to successf ul ca reers , and in st rength of mot i vat i on and 
commitment have al l been end le ssly exam i ned . In  cont rast , the ent i re 
i s s ue of s t r u ctu r al ba r r i e rs within graduate educat i on in the sc iences 
and eng i nee r i ng has been vi rtua l ly exempt from invest igation for morEt 
t han a dec ade . The state o f  re sea rch on women ' s  pa rt icipat i on suggests 
i t  is time to remedy thi s om i ss i on . 
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PERSISTENCE AND CHANGE IN 1HE CAREERS 
OF MEN AND WOMEN SCIENTISTS AND ENGINEERS: 

A REVIEW OF CURRENT RESEARCH 

Harriet Zuckerman 

Introduction 

The Nat i ona l Academy of Sci ences elected its f i rst woman member 
j ust a half centu ry ago . She wa s Florence Sabi n ,  an anatomi st and 
embryolog ist . Not only was Sabi n a fi rst he re , but her ent i re career 
was a s uccess i on  of  • f i rsts . • In 1 9 0 2 ,  she was the f i rst woman ap
pointed to the faculty of the Johns Hopk i ns Med i cal  School , arguably 
the most d i s t i nguished school of med i c i ne in the Un i t ed  States at the 
t ime . She was al so the f i rst woman to be made a full professo r there 
( 1 91 7 ) , the f i rst woman e lect ed  pres ident of  th e Ame r ica n Assoc i at ion 
of Anatomi sts ( 1 9 24 ) , and , upon lea v i ng the Hopk i ns i n  1 9 25 ,  the f i rst 
woman to be made a f u ll member of the Rockefe l l e r  Inst itute of Medical 
Resea rch ( now the Rockefelle r Uni versity ) , that be i ng the same yea r 
she was e l ected to the Academy ( Breige r ,  1 980 ; Ross ite r , 1 98 2 ) . 

Th i s  ar ray of posts makes it clea r that Sabi n was an insider and 
member of the scient i f ic estab l i s hment . She was a l so an outs ider and 
social  pionee r ,  being not just the f i rst  bUt often the only woman to 
be i n c l uded i n  the ci rcles in  wh ich she moved . ( on  ins ide rs and out
s iders , see Merton , 1 9 7 2 ; on soc ial pionee rs , see Zuckerman , 1 9 87 . ) 
Sabin was atyp i cal , i f  not uni que , among women sc ient ists of the time , 
i n  the extent to wh ich her work  was recogni zed and rewa rded by the com
mun i ty of sc ientists . By contrast , the h i stor i cal r ecord shows that 
many accomp l i s hed women were igno red or act i vely di scou raged . Those 
honors which came to them at a ll came ve ry l at e  ( Ross ite r ,  1 98 2 ) .  

How much has the lot of women sc i ent ists changed si nce the Sabi n 
e ra? Th is review of resea rch on the ca reers o f  Ame r ican men and women 
sc ient ists wi l l  show that this simple quest ion has no simple answe r .  
Rathe r ,  a s  I shall i ndicate , the pe rti nent data , drawn from cu r rent 
stud i es , show three sepa rate but interconnected patterns . Fi r st , 
there a re pe r s i sti ng d i ffe rences between men and women sc ient ists , on 
a ve rage , in role perf ormance and ca reer attai nments when vi ewed cross 
sect iona l ly . These d i ffe rences are almost a l ways in the d i r ect i on of  
compa rati ve di sadvantage for  women and are usua l l y  combi ned with  con
s ide rab le intra-gender d i ffe rences . Second , there a r e  s i g ns  of growi ng 
conve rgence between men and women in access to resou rces , r esea rch 
pe rfo rmance , and rewa rds --that i s ,  evidence for i ncrea s i ng gender simi 
l a r i ty ove r the last decade and a hal f ,  especial ly between younger men 
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a nd women .  Th i rd ,  the re is evidence for growi ng di ve rgence between 
men and women of the same profess ional age in pub l i s h ed  product i v ity 
and in some , but not al l ,  aspects of ca reer attai nment--that is , for 
g rowi ng i n t r a -coho rt d i ffe rences as membe rs move th rough thei r ca ree r s . 

Th i s  report di vides into fou r parts . The f i rst br i ef ly desc r i bes 
the populat i on o f  Ame r ican sc ient i sts and eng i nee r s . The second i n 
vento r i es the mai n  find ings of resea rch on compa rat i ve ca reer attai n
ments of men and women , ea rma r k i ng the th r ee  pa tte r ns  of s i mi la r ity 
and di f ference just noted . The thi rd reviews the pr i nc ipal explana 
t i ons , o r  •theo r ies , •  that ha ve been propo sed to account for gender 
d i f fe rences in ca reers and assesse s how wel l  the data square with 
these explanat i ons . The last ident i f i es some d i rect i o ns fo r f u r ther  
i nqu i ry ,  based on • speci f ied igno rance•  ( Merton ,  1 9 87 ) or  what we now 
know we need to k now and why we want to know it . 

Selected Demographic Characteristics 
of American Men and Women Scientists and Engineers 

Th i s  revi ew of data  on the size , sex composi t ion , and growth rates 
of the populat i on of Ame r i can sc ient i sts and eng i nee rs is not i ntended 
to be comprehens i ve .  Ins tead , it has two pu rposes : to set in  context 
the mo re deta i l ed but necessa r i ly mo re l i mi t ed  f i ndi ngs of resea rch on 
ca reers invento r i ed in the second part of th i s  paper and to provide a 
caut i ona ry note aga i nst the u se of simp le b i va r i ate d i s t r i butions of 
gender and sa l a ry ,  gender and rates of unemployment , or gender and 
o rgan i zat ional rank in des c r i b i ng the r e l at i ve status of men and women 
sc ient ists and eng i nee rs . such bi va r i ate di s t r i but ions mi slead as much 
as they i nform,  si nce they mask ma r k ed d i ff e rences between men and 
women scientists  in profess i ona l age , ed ucation , and scient i f ic f ield , 
these bei ng i ndependently related to sala ry,  unemp loyment , and r an k .  
These di f f e r i ng di str ibut ions of men and women must be taken into ac
count in gaugi ng the extent of gende r d i ffe rence in ca reer  attai nment s . 
So much then for intent . 

Whe re do things stand with respect to shee r numbe r s ?  In 1 984 , 
about four mi l l ion Ame r ica ns we re wo r k i ng as sc ien t i sts and eng i nee r s ; 
and of these , 51 3 , 0 00 ( o r  1 3  pe rcent ) were women ( Nationa l Science 
Foundat ion , 1 9 86 : 61 ;  he reafte r ,  NSF ) --not a la rge sha re but 2 . 8  t i mes 
as  many as the re we re a decade ea r l i e r , when just 1 8 5 , 0 00 women ( 6 per
cent of the tota l )  we re wo r k i ng in these occupat ion s  ( Nat iona l  Sc ience 
Boa r d ,  1 9 77 : 1 52 ; he reafte r ,  NSB ) . l Indeed , the number of women 
enter i ng the sc ient i f ic and technical population has grown even more 
rapidly than this populat ion as a whole , which almost doubl ed in the 

loemogr aph ic data on scient ists  and eng i nee rs a re rout inely reported 
by th e Nat iona l  Sc ience Foundat ion i n  its repo rt , Women and M i no r it ies ; 
by the Nat ional Science Board in  it s bienn i a l  Science Ind icators vo l
umes : and by agenc i es such as th e Nat i o na l Re sea rch counc i l  and the 
Nat iona l Instit utes of Heal t h .  
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same pe r iod ( NSB , 1 9 77 : 15 2 ) . Si nce the number of sc ienti sts and eng i 
nee r s  usual ly grows on ly by inc r ements of young people beg i nn i ng thei r 
ca r eer s ( few new ent rants a re o lde r peop le mo v i ng from other j obs ) , 
women sci ent ists and eng i nee rs as a group are apt to be younger ,  on 
ave r age , than men . Th is i nference is consi stent with the report that 
women are twice as li kely as men ( 6 0 pe rcent ve rsus 2 7  percent ) to 
have f ewe r than 1 0  yea rs of professional expe r ience ( NS F ,  1 98 6 : 4 ) . 2 

Women are also less apt than men to hold ad vanced deg rees , and 
t h i s  is so in every f ie ld of sc ience and engi nee r i ng . In all , 1 9  pe r 
c ent o f  men scient ists and eng i nee rs hold doc torates a s  agai nst 
1 1 pe rcent of women , but such d i ffe rences va ry cons ide rably from f ie l d  
to f i e ld ( NS F ,  1 9 86 : 1 ) . Gende r d i f ferences in  ed ucat iona l attai nments 
of men and women suggest that wome n ,  on average , may hold h igh -rank i ng 
pos i t i ons less of ten than men when the docto rate i s  a requ i red creden
t i al for  such h igh ran k .  

Even so ,  the proport ion of docto rates be i ng awa rded to women has 
been growi ng si nce 1 96 0  and growi ng pa rt icula r ly rapidly in the last 
1 5  y ea r s . By 1985 , 2 4  percent of docto ral deg rees in  sc ience and 
e ng i nee r i ng went to women as agai nst j u s t  7 pe rcent in  1 9 7 0  ( Vetter 
a nd Babco , 1986 ; s ee al so Vette r ,  1 9 81 ) . Such ma rked incr eases have 
occu r r ed  agai nst the bac kground of dec rea ses , not j ust in the relat i ve 
but al so in  the abso lute numbe rs of men rece i v i ng doctorates ( see F i g
u res 1 a n d  2 ) . It is not c lea r now whether the prest ige of sc ient i f i c 
occupat ions wi l l  change as they become more att r act i ve to women and 
l e ss attracti ve to men . What is c lea r is that such high  growth rates 
i n  the numbe rs of docto rates ea rned by women means that " women doctor
a tes a re cons iderably young e r  profess ional l y ,  on  average , than men .  

Men and women di f fe r  al so in the f i e lds they choose , and th i s  i s  
so both f o r  ho lde rs of docto rates a n d  f o r  those w i t h  lowe r level de
g r ees . 3 Women are concentrated in the li f e  and soc ia l  sc iences wit h  
compa r at i vely small  numbe rs wo r k i ng i n  the phy s i c al sc iences and eng i 
nee r i ng ( NSF , 1986 : 61 -6 2 , 7 1 -7 2 )  a s  Fi gure 3 s hows , and this  has been 
so for decades . Th ey compr i se j u s t  7 pe rcent of a ll docto rates in  the 
physical sciences and 2 pe rcent in eng i nee r i ng in  cont rast to 17 per 
cent of doctor ates in the l i fe sc iences and 2 2  pe rcent in  the soc ial  
sc iences , these compos i te fields  hav i ng once bee n desc r i bed as  the 
• di spass ionate • and th e •compassionate • sc iences . 4 ( It is not c lea r 
whethe r  gender d i f fe rences al so ex i st in spec i a l ty choic e . ) There are 

2s i nce I h ave not located any · data on large di s t r i butions of men and 
women sc ienti sts and engi nee rs cur rent ly at wo r k ,  I rely on i nfe rence s 
o f  thi s  so rt . 
3Ross i t e r  ( 1 9 78 )  propose s that such di f fe rences are responses to the 
d i ff e r i ng j ob ma r kets in va r ious sc iences . Wome n ,  she suggests ,  a re 
mo re apt to f i nd jobs in new and rapidly growi ng f i e lds , whe re sho rt
ages make the h i r i ng of wome n •tolera ble . • Th is hypothes is obv i ously 
needs ca reful exam i nat ion ove r f ai r ly lo ng pe r i od s . 
4Th i s  may be anot he r way of ident i fying fie lds with comparat ively 
low and compa r at i vely h i gh loadi ng of mathemat ical a nalys i s . 
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Figure 1 Sh a res of doctorates ea r ned by women .  
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F i g u re 2 Long-term trends in docto rate production . 
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Fi gure 3 Pe rcent of doctoral  degrees i n  sc ience and eng i nee r i ng 
awa rded to women , 1 97 0 -1 9 7 7 .  

marked d i f ferences i n  the repr ese ntat i on o f  women among spec ia l t ies i n  
psychology ( Ru sso and O ' Connell , 1 980 : 31 )  but no sign i f icant d i ffe r 
e nces i n  spec ialty choice among men and women i n  chemistry [ Nat iona l  
Resea rch counci l ,  committee o n  Educat i on a n d  Employment o f  Women i n  
Science and Eng inee r i ng ,  1 9 79 ( he reaf te r , CEEWIS E ) ; Syve rso n ,  1 980 : 24 ) .  
In any even t ,  the ma r k ed d i ffe rences that do ex i st between men and 
women in the fields they choose must be ta ken into account in exam i n i ng 
sala ry d i ffe rent i a l s  and d i ffe rent i a ls in  rates of unemployment , s i nce 
these di f fe r  g r eatly f i e ld by f i e l d . Recent data show that rates of 
unemployment a re h ighe r and sala r i es lower in the f i elds in wh ich women 
a re more nume rous , but this  has not always been so . Thus , these di f 
fe rences seem not to a r i se exc lusi ve ly f rom the gende r composition o f  
these f i e lds . 

Me n and women sci ent ists and eng i nee r s  al so wo rk in di f f e rent 
sectors of the economy . Re lat i ve ly mo re men than wome n ( 6 9  pe rcent 
ve rsus 53 perc ent ) work in  industry and relat i ve ly mo re women than men 
( 2 3 percent ve r sus 10 pe rcent ) wo rk in educat ional institut i on s ( NSB , 
1 9 8S : Tabl e 3 -7 ) . A s imi la r  pattern of under repr ese ntat ion i n  indus t ry 
and ove r representat ion in  educat i on holds for women docto rates , wi th 
some va r i at ion by f i eld , but gender d i f fe rences in sector of employment 
are not as great among doctor ates as among a ll scient i f ic and techn ical 
worke rs ( NSB , 1 9 8 S : Table 3 -8 ) . 
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Wh i le rates of unemployment for scientists and eng i nee rs  are rela
t i vely low compa r ed  to those for al l Amer ican wo rker s , they have been 
consi stent ly highe r for  women than for men ( e . g . , 3 . 4  pe rc ent ve rsus 
1 . 3  pe rcent in 1 98 4 )  ( NSF,  1 986 : 5 ) . Fo r  docto r ates , rates of unemploy
ment are even lowe r : 2 .  5 pe rc ent for women and 1 .  2 perc ent for men 
( NSF,  1 9 8 6 : 7 ) . Wh i le such pe rcentages are compa r ati vely smal l ,  they 
must loom la rge for those unable to f i nd wo rk . Wome n are al so more apt 
than me n ( 8  pe r cent ve r su s  2 pe rcent ) to be u nder employed--that i s ,  
i nvoluntar i ly work i ng part-t ime o r  outside sc ience and eng i nee r i ng ,  a 
d i fference that results in pa rt from the sma ll  numbe rs of women in  
f ields , li ke eng i nee r i ng ,  which ha ve compa rat i vely good employment 
prospects for both sexe s ( NS F ,  1 9 86 : 6 -7 ) . Rates of underemp loyment for 
Ph . o . s  are lowe r for  men and women--1 . 2  a nd 2 . 5  percent , r especti vely 
( NS F ,  1 9 86 : 7 ) .  

Al l thi s  means that women ' s  work  hi stor ies are br i efer , on aver
age , than me n ' s  and more often ma r k ed  by pa rt-t i me  wo r k .  Si nce these 
patte rns hold in eve ry field , f ield di f fe rences in employment rates 
cannot f u l ly account for them . NOr can they be at t r i but ed solely to 
women ' s  domest ic and parental respons i b i li t ies .  Labor f orce part ic ipa
t i on rate s  ( that i s ,  the propo rtions wo r k i ng or  see k i ng wor k )  for men 
and women sc ientists and eng i nee rs are now high and almost ident ical 
( 9 6  pe rcent fo r men and 94 pe rcent for women ) . Simi la r  patt e r ns hold 
for  doc torates ( NS F ,  1 9 86 : 4 ;  1 3l f f . ) . Yet la rg er  proport ions of women 
than men doctor ates i nte r r upt thei r ca reers  for a yea r or  mo r e  ( 1 7  pe r 
cent ve rsus 5 percent ) ,  and , as Centra ( 1 9 74 :  3 2 )  s hows , spel l s  of 
unemp loyment last longe r for such women than for me n .  on average , how
ever , wome n Ph . o . s  rema i n  out of wo rk for a br i ef time ( Ast i n ,  1 9 69 : 
5 8 ) . Yet ca reer i nte r r upt ions do not explain much of the d i ffe rence 
i n  sa l a ry pai d  to men and women sc ient ists ( Lewi s ,  1 9 86 ) . Cont r a ry to 
widely-held be l i ef ,  wome n ' s  wo r k  patt e r ns  a r e  wea k ly relat ed to the i r  
f am i ly obl i gat ions ; women scient ists wit h young ch i ld r en under  s i x  
yea rs o f  age a re more apt t o  be wo r k i ng o r  see k i ng wo rk than those with 
older child ren ( NS F ,  1 9 86 : 5 ) . Howeve r women ' s  fami ly obl i gations a re 
gene r a l ly assumed to aff ect thei r wo rk h i sto r ies , and these assumpt i ons 
a r e  soc ial ly consequent ia l . 

Prom thi s  br i ef repo rt , it shou l d  be evident , then , that the num
be r of women in science and eng i nee r i ng h as r i sen rapidly in the last 
15 y ea r s . Howe ve r ,  women sc ient ists and eng i neers  wo rk in di ffe rent 
f ields and in  d i ffe rent secto rs of emp loyment than me n ,  a re younge r ,  
an� ha ve le ss profes s i ona l exper ience and ed ucat ion . The se d i f f e r 
ences , obscu r ed  by simp le b i va r i ate d i st r i but i ons , cannot be igno red 
when compar i ng the ca ree r  at tai nment s of men and women sc ient ists and 
eng i neers . The sou rces of gende r d i ffe rence in the choice of f ields 
and secto r of employment are not wel l  unders tood and requ i re mo re in
tens i ve study than they have r ecei ved . 

Research on Career Attainments 
of Men and Women Scientists and Engineers 

Stud i es of ca reer atta i nments i n  sc i ence and eng i nee r i ng not su r
p r i s i ng ly ref lect resea rchers ' d i st i nct i ve d i s c ip l i na ry i nterests , 
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styles , and methods of inqu i ry . 5 These stud i es are sha rp ly focused : 

o On scient i sts , not engi nee rs--with the notable except i on of the 
resea rch pr ogram of LeBold and his group ( LeBo ld , et al . ,  1 9 8 3 ) .  
Th is l imitat i on is  s i g n i f icant , si nce eng i nee rs actual ly out
numbe r sci ent ists and compr i se 5 6  pe rcent of al l those work i ng 
i n  s c ience and eng i nee r i ng post s .  

o On academics rathe r than indust r i al or gove rnment sc ient ists , 
th is a l so  being a signif icant l imitat ion . Just 1 2  pe rcent of 
a l l  sc ient ists and eng i nee rs  worked in ed ucati onal inst it u
tions in 1 98 3 ,  although a la rge r sha re of docto r ate s ( 5 3  pe r 
cent ) d i d  so ( NSB,  1 9 85 : Tables 3 -7 a nd 3 -8 ) . 

o On holde rs of the docto r ate rathe r than those with lower leve l 
deg r ees , the former be i ng just 11 perc ent of the populat ion of 
sc ienti st s  and eng i nee r s  ( i b id . ) 

o On the cu r rent pe r i od  
o On i nd i v idual career hi stor i es , not the effects o f  inst it u

t i onal i zed processes of eval uat ion and a l locat i on  o f  resou rces 
and rewa rds on the careers of men and women sc ient ists or  thei r 
sub j ect i ve expe r iences and att i t udes . 

Thus , the f i nd ings of research rev i ewed he re are pa rt ial , limited to 
pa rticular subgroups and to a pa rt icular t ime ( see Zucke rman and cole , 
1 9 75 ,  for an ea r l i e r  rev i ew ) . They are al so compl ic ated . To make 
gender compa r i sons c lea r ,  I take up phases of the ca reer one by one 
rather than emphas i zi ng thei r connections in  a model . such models have 
been proposed ( Co le ,  1 9 79 ; Helmreich , et a l . ,  1 98 0 ; Long, th is volume ; 
Resk i n ,  1 9 78 ) , but long itud i na l  data for men and women are la rgely 
l imited to the f i rst 1 5  yea rs of the i r  ca reer s ,  ma k i ng models fo r the 
ent i re career more schematic and specu lat i ve than empi r ica l ly grounded . 

Initial Qualifications 

The qua l i f icat ions of men and women beg i nn i ng ca reers are now 
similar  i n  th r ee  impo rtant respects . Fi r s t ,  among docto r ates , the only 
g roup for wh ich data are ava i lable , the intel lectual cal i bre of men and 
women i nsof a r  as it is  measu r ed  by standa rdi zed tests and academ ic pe r 
f ormance is much the same . Women do as we l l  as o r  better than men on 
such test s ( Cole , 1 9 7 9 : 6 2 ;  CEEWISE,  1 9 79 : 2 3 -2 5 ) . Howeve r ,  measu r ed 
a b i l i ty seems un re lated to resea rch perf ormance in sc ience ( Baye r and 
Folge r ,  1 96 6 ) .  Second , the propo r t i o ns  of men and women getti ng 
degr ees from top-rank i ng resea rch un i versity depa rtments do not d i f f e r  
ove r al l . Th is i s  so when depa rtmental ran k i ngs a re measu r ed  by receipt 
of resea rch f unds or by rat i ngs of the qua l i ty of docto ral programs 
( CEEWISE,  1 9 7 9 : 3 7 ; 1 98 3 : 2 . 7 ) . Such d i fferences , howeve r ,  appea r i n  

5The se rese a rchers a r e  d rawn mai n ly from soc iology , but also f r om 
psychology and economics ; with a cadre of pol icy re sea rche rs bei ng 
a sso c iated with the Committee on the Ed ucat ion and Employment of wome n 
i n  Science and  Eng i nee r i ng of th e Nat iona l  Re sea rch counci l , re sea rch
ers  in federal  agenc ies have al so made impo rtant cont r i bu t i ons . 
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some f i e lds : si g n i f icant ly fewe r women than men get deg rees in  top
ran k ed depa rtments in mathemat ics and phy s ics , but s i g n i f i cantly fewe r 
men than women get degrees f r om these depa rtments in mic robiology and 
psychology . Gi ven the long te rm consequences of sc ientists ' docto ra l 
o r i g i ns for the i r  caree rs ( Long , 1 9 78 ; Long , et al . ,  1 9 79 ) , thi s  ove r
a ll s i m i la r i ty is wo rth under sco r i ng .  Th i rd ,  men and women a re much 
the same age when they get docto ral  degr ees . I n  the doctoral cohort 
of 1 9 81 , the med i an ages of men and women we r e  3 0 . 3 yea rs and  31 yea r s , 
respect i vely , with va r i at ion , of cou rse , among f i e lds ( CEEWI S E ,  1 9 8 3 : 
2 . 3 ) . In the mid 1 96 0s ,  howeve r ,  new wome n Ph . D . s  we re ma rked ly older : 
the compa rable f igu res we re 3 0 . 9  y ea r s  of age for men and 3 2 . 5  f o r  
wome n ( Ha rmon , 1 9 7 8 : 5 4 ) .  women a l so took long e r  to get thei r deg r ee s , 
and a la rger  sha re we re 4 0  y ea r s  ol d or ol der  when comp let i ng thei r 
deg r ee s  ( Ha rmon , 1 9 7 8 : 5 4 -5 5 ) .  By 1 9 81 , howeve r ,  women began ca ree r s  
substant ial ly la ter than men only  in the med i ca l  sc iences . In  al l 
othe r f i elds , thei r ages we re approx imately the same--that i s ,  with i n  
a yea r o f  one anothe r ( C EEWI S E ,  1 9 83 : 2 . 8 ) . 

Thus , women docto r.ates a re qu i te s imi la r  to men i n  whe re they got 
d eg r ees and when and in those att r i butes that are measu red by standa rd
i zed tests of abi l i ty .  Men and women a re a l so equa l ly apt ( 3 0 pe rcent 
and 2 8 percent , r espect i vely , in 1 9 81 ) . to ta ke pos tdocto ral appoi nt
ments i n  the sc iences and eng i nee r i ng ( Coggeshal l ,  1 9 81 : 1 48 ) , and a bout 
the same proport ions we re accepted for postdocto ral  fel lowships by 
top-rated i nst itut i ons . Such f e l l ows h ips help to t ransform r ecent 
g r aduates into independent sc ient ists and provide the oppo rtun i ty to 
establ i sh a program of resea rch before teach i ng beg ins . The gend e r  
simi la r i ty he re su ggests that men and women sta rt thei r careers  as 
equals  in th ese respect s as wel l .  

Howe ve r ,  f i ne r-g ra ined data ind icate that the gende r  simi la r i ties 
i n  postdocto r al appoi ntments a re not as g reat as they seem at f i rs t . 
The reasons that men and women g i ve for tak i ng postdoc to ral  fel lows h i ps 
d i ff e r .  Ma r r i ed women pa rt icula r ly emphas i ze the geograph ic locat ion 
of  the fellowship more than do s i n g le women and men , mar r i ed or  si ng le 
( Coggeshall , 1 9 81 : 1 5 1 ) .  Mo reove r ,  Resk i n ' s  ( 1 9 7 6 ) study of chemi sts 
suggests that women may rece i ve postdocto ral fel lowsh i ps as often as 
men , but those they hold have less prest ige . Th i s ,  Res k in con j ectu res , 
i s  ind i rect evidence that women mo re often than men accept postdocto ral 
f e l lowships becau se real jobs a re una va i lable . FU rther analyses of  
these same data show that holding a prest igeful fel lowsh ip  helped men 
mo re than women get tenu re-track pos i t i o ns afte r comp l et i ng thei r fel 
l owships ( Resk i n  and Ha rgens , 1 9 79 : 1 1 8 ) . Othe r stud ies show that men 
who had held postdocto r al appoi ntments ea r ned mo re than women in every 
f i eld se ven yea rs afte r the fel lowsh i p ,  after tak i ng sector of employ
ment i n to account ( Coggesha l l , 1 9 81 : 1 5 6 ) . Such d i ffe rences in ea rni ngs 
doubtless ref lect gender d i f fe rences in academic and organi zat iona l 
rank and possi bly the gender d i ffe rences i n  publ icat i on that beg in to 
appear at th i s  stage of the ca r ee r .  

Job Histories 

What happens to men and women when they sea rch for  the i r  f i rst 
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j obs ? In eng i nee r i ng ,  men and women fresh out of col lege encounter 
qu i te s i mi la r j ob oppo rtunit ies , at least as gauged by sala ry and by 
proport ions gi ven supervi so ry and technical respons i b i l i ty i n  the yea r 
fo l lowi ng graduatio n ( LeBold , et a l . , 1 98 3 : 2 2 -2 3 ) . Ci rcumstances a re 
mo re complex for new col lege graduates see k i ng jobs i n  the sciences . 
Women now do about as we ll  as me n ( again u s i ng relat i ve sala r i es as an 
i nd icator ) in the aggregate , in al l f i e lds bu t  the bi olog ical sc i ences 
( Vette r ,  1 9 81 : 1 31 8 ) ;  but the re is e v i dence that grade leve ls and sal 
a r i es di f fer  great ly for men and women sc ient ists start ing work  in 
i n dustry and gove rnment ( CEEWISE, 1 980 : 4 -5 ) . Among new Ph . o . s ,  gender  
d if fe rences in  job oppo rtun i t ies are less marked . Th i s  was not always 
so . The once common pattern of women doctorates ha ving to choose be
tween teachi ng in  a women ' s  col lege or se r v i ng as a resea rch assoc iate 
in a uni ve r s i ty labo r atory no longer holds . Al though women cont i nue 
to wor k  in  academ i a  more often than men , an inc r eas i ng sha re of new 
women doctorates f i nd j obs out s i de the academy ; and s imi la r  propo rt ions 
of men and women doctorates now plan to wo rk  in industry ( C EEWIS E ,  
1 98 3 : 2 .  1 3 ) • 

Conf in i ng ou r attent ion to academics and to doc torates , cur rent 
d ata show , contra ry to expectat ion , that men and women f i nd jobs i n  
much the same k i nds of ed ucat iona l inst it ut ions . About the same pro
po rti ons a re h i r ed  by top-rated uni ve r s i t ies , whether one uses reputa
t ional measu res or rank i ng s  based on  rece ipt of fund s for  resea rch . 
In 1 9 7 7 ,  for example , about 1 3  pe rcent of women doctorates employed i n  
a cademic ins t itut ions were aff i li ated with the top 2 5  i n  te rms of 
f u ndi ng as aga i nst 1 4  pe rcent of me n ( calculated f rom CEEWISE, 1 9 7 9 : 
Tabl e 4 . 3 )  . 6 These data are consi stent with those repo rted by Co le 
( 1 9 7 9 : 7 0 )  and by Ahe rn and Scott ( 1 9 81 : 4 7 )  for matched samples of men 
and women doctorates and are signif icant g i ven the impo rtant ef fects 
organ i zat ional context has on sc ient i sts ' resea rch pe rfo rmance-
a lthough these effects have been demons t rated only fo r men ( Long and 
McGinni s ,  1 9 8 1 ) .  

Howeve r ,  bei ng on the faculty at MI T o r  Berke ley is  qu ite a di f 
fe rent matte r f rom bei ng employed a t  these same i nst itut ions as a 
research assoc iate or in other of f-ladder pos i t i ons . Too few stud ies 
combi ne data on inst itut ional aff i l i at i on with data on o rgan i zat iona l  
rank . Those that do show that women a re sl i ghtly ove rreprese nted 
among assistant professors , g i ven the i r  numbe rs among Ph . D . s  gene r a l ly ,  
w ith some va r iat i on by class of inst itution . I n  1 9 77 , 1 9  percent of 
assistant prof esso rs in the sc iences at the top 2 5  uni ve r s it i es we re 
women , 15  pe rcent in  the second ti e r ,  and 1 8  percent in  ot he r inst itu
t i on s  ( calculated f rom CEEWISE,  1 9 79 : Tabl e  4 . -3 ) , this  at a t i me  when 
women ea r ned 1 2 -1 3  percent of al l doc to r ates in the sc iences and eng i 
nee r i ng . Howeve r , a la rge r propo r t i on o f  women than men a l so hel d 
i nstr uctorsh ips , lectu resh i ps , and othe r off-ladder posts--the outcome , 
in  pa rt but not ent i rely,  of fewer women propo rti onately ho l di ng the 

6Moreove r , the proport ions of women doc to rates hol d i ng faculty pos i 
t ions a t  a ll ran ks increased mo re sha rply in  the top 5 0  i nst itut ions 
i n  the 1 9 70s than i n  al l ot he r ins t itut i ons ( C EEWI S E ,  1 9 79 : 76 ) . 
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docto rate ( Baye r and Ast in , 1 9 75 : 79 7 ) , si nce the same patte rn holds  
among men and wome n Ph . D . s  ( CEEWISE,  1 98 3 : 4 . 1 1 ) .  

The same data look al togethe r d i f fe rent when exami ned from the 
perspect i ve of the d i s t r i but ions of men and wome n Ph . D . s  among academic 
ranks . The se cross -sectiona l data show , of cou r se , that women are 
hea v i ly concentrated in the lower ranks as compa r ed to men . FOr exam
ple , 37 perc ent of women scient ists and eng inee r s  held ass i stant pro
fesso rsh ips in  1 9 7 7  as aga i ns t  22 pe rcent of men ( calculated from 
CEEWISE , 1 9 79 : 6 0 ,  Table 4 . 3 )  whi le the situat ion was reve r sed at the 
top of the academic ladde r ,  whe r e  39 pe rcent of men held f u ll profes 
so rsh ips ve r sus 1 5  pe rcent of wome n ( CEEWISE,  1 9 79 : 61 ) . 1 Such con
cent rati ons are often taken to mean that women are not promoted but 
a re kept in  lower rank s . In fact , women do not get promoted to h i gh 
rank at the same rate as men , but such cross-sectiona l data cannot show 
th i s , s i nce they do not take i nto account the d i ff e r i ng age distr i bu 
t ions o f  the pools from wh ich men and women professo r s  a r e  drawn . 

So fa r then , compa r i sons con f i ned to new Ph . D . s  and to newly h i red 
a ss i stant professo rs show that women become ass i stant professo r s  at 
about the rate that wou ld be expected,  g i ven thei r representat ion 
among new deg r ee holde rs . 8 Fo r this  limited group and for the cur
rent pe r iod , it wou ld appear that g�nde r pa r i ty has been achie ved , 
e spec i a l ly at the top-r ated ins t it u t i ons . At the same time , it is  
c lea r that ea r l ier  coho rts of  men and women scient i sts encounte r ed 
qu ite di f ferent job prospects when they began thei r careers . Gender 
pa r i ty in  the h i r i ng of new Ph . D . s  in academia or i ndus t ry has not , 
the evi dence suggests , been around fo r long . 

LalerJobs 

What has happened to ea r l i e r  age coho rts--to men and women who 
began thei r ca ree rs a dec ade o r  mo re ago? Cross -sectional data on the 
ranks that they have attai ned in educat iona l inst itut ions , indus t ry ,  
and government a re less f i ne-grai ned than one would  l i ke , but they a re 
r e lentlessly cons i stent : such women ,  on ave rag e ,  sta rted out in lowe r 
ranks than men , and the di spa r i ty in t he i r  ran ks cont i n ues . 9 Avai l 
able long itud i na l  data on men and wome n of the same professi ona l ages 
do not con t r ad i ct the c ross -sect ional e v idence . FO r example , Ahern and 
Scot t  ( 1 9 81 : 1 8 ,  Table 2 . 5 )  r epo rt that among men and women sc ient ists 
who rece i ved  Ph . D . s  in the 1 94 0s and 1 9 5 0s and we re match ed fo r f ie l d , 

1 In industry , the di st r i but ions a re simi la r :  29 percent of men and 
1 6  pe rcent of women wo rk mai nly in manage r i al jobs ( CEEWISE , 1 98 3 : 5 . 3 ) .  
8Not al l ass i stant prof esso rs are newly mi nted Ph . D . s ,  but the great 
majo r i ty a re .  
9compa rable data on scient ists and eng inee rs in indust ry are sketchy 
but la rgely cons i stent with those for academics . The la rge d i ffe rence s 
i n  rank and manage r i al respons i b i l i ty for the agg r egate of men and 
women sc ienti sts and eng i nee rs wo r k i ng in i ndus t ry suggest that such 
d i f fe rences are concent rated among older  wor k e r s  ( C EEWISE , 1 9 8 3 : 5 . 3 ) .  
See Pe r r ucc i  ( 1 9 7 0 ) for  an ea r l i e r  a nalys i s . 
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reputat i on of degree-granti ng depa rtment , and race , 8 6  pe rcent of men 
had become full  professo r s  by 1 9 79 a s  agai nst 6 4  percent of women ( a  
rat io of 1 . 3 : 1 ) . In the coho rt that got Ph . D . s  i n  the 1 96 0s ,  a sma l l e r  
pr oport ion o f  both men ( 5 2  percent ) a nd women ( 3 0 percent ) had become 
f u ll profe sso rs by 1 9 7 9 ,  but men propo rtionately outnumbe r ed  women by 
a ratio of 1 .  7 : 1 ( calc ulated from 1981 : 25 , Table 3 .  5 ) . And f i na l ly , 
among those who had gotten deg rees between 1 97 0  and 1 97 4 ,  j us t 6 pe r 
cent of men and 3 pe rcent o f  women had al ready become f u l l  professo rs . 
Howe ve r , 41 pe rcent of the men and 2 9  pe rcent of the women in th i s  
young group , a rat io of 1 . 4 : 1 ,  had al ready been promoted to assoc iate 
professo rships ( calculated from 1 9 81 : 3 3 ,  Tabl e 4 . 4 ) . In sho r t ,  the 
e v i dence suggests that men are ranked cons i stent ly h ighe r than thei r 
age-pee rs among women . 

Gender d i f fe rences in  rank tu rn up in al l classes of academic in
s t itutions but a re most accentuat ed in the top-rank i ng one s  ( j ust the 
opposite of what is obse rved among ass i stant professo rs ) . On ave rage , 
the h ighe r the pres t i ge of the institut ion , the lowe r the propo r t ion 
of women in full pr ofesso rships ( CEEWI S E ,  1 9 79 : 61 ;  CEEWI S E ,  1 9 83 : 4 . 7 )  
a nd the sma l le r  the propo rt i on of women a s s i s tant professors who a re 
p r omoted to assoc iate professo rsh ips ( C EEWI S E ,  1 9 83 : 4 . 1 3 ) . The se d i f 
f e rences between i nst itut i o ns  need to be treated with some caut ion ,  
howeve r ,  s i nce women employed by the highe r-ranked inst it utions may be 
younge r ,  on average , than those employed in  othe r i nst itut i ons . 

Among those who ea r ned degrees i n  the 1 9 40s and 1 9 50s , women are 
d i spropo r t i onately bUnched in what are  cal led •of f -ladder appoint
ments • --that is , ins t r ucto rships and non-faculty posts  su ch as resea rch 
associ ateships and othe r misce l la neous resea rch j ob s ( Ahe rn and scott , 
1 9 81 : 1 8 ) . ESt imates va ry on the proport ion of women in these posts , 
rang i ng from 1 3 - 2 0  pe rcent or a bou t 2 - 3  times the propo rt i on of men 
( C EEWI S E ,  1 9 8 3 : 4-1 5 ) .  such pos i t i ons are insecure , espec i a l ly in times 
when resea rch money is sca rce . In many uni ve r s it ies , holders of of f 
l adder appo i ntments ha ve di f f iculty applying for resea rch f unds  as 
p r i nc ipal i nvestigato r s ; they a r e  dependent on others and cannot set 
the i r own research programs . Pe rhaps the only unm i t i gated vi rtue of 
ho lding such appoi ntments is  that they requ i re less frequent attendance 
at committee meet i ngs  than do regula r f aculty posts . 

Fi nal ly,  trend data on the d i s t r i but i on of women among academic 
ranks indic ate that importan t  changes ha ve occu r red . Since the 1 9 70s , 
there have been i n c r eases in the propo r t i o ns  of women sc ient i sts i n  
every academic rank i n  al l classes of ed ucat i ona l inst i t ut i ons , with 
the r ates of i n c rease being la rgest in the top-ran k ed  i n s t i t ut ions -
th i s  be i ng par t ly the resu l t  of  so few women be i ng on  the facult ies of  
these instituti ons befo re the 1 97 0s ( CEEWISE,  1 98 3 : 4 . 6 -4 . 1 3 ) . At the  
same time , it  is  wo rth emphas i z i ng that the top-ranked ins t itut i ons 
grew ve ry slowly,  if at al l ,  in  the 1 9 7 os · and ea r ly 1 98 0s . Inc reasi ng 
numbe rs of women faculty di d  not simply resu lt f r om inc reas i ng ove r a l l  
facu l ty s i ze .  These t rend data , l i ke those exami ned ea r l i e r ,  show 
gr owi ng s im i la r i t i es in  the ca ree r attai nments , pa r t ic u la r ly in aca
d emic r an k ,  of success i ve coho rts of men and women sc ient i st s . The g ap 
between them i s  na r row i ng but it has not been el i m i nated , espec i a l ly 
at the h i ghest rank s . 
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Tenure 

As with ran k , so with tenu re ( the two be i ng st rong ly inte rtwined ) :  
academic women sc ienti sts and eng i nee rs are  less apt than men to be 
tenu red and al so les s  apt to hold tenu re-track jobs ( C EEWI S E ,  1 9 8 3 : 
4 . 1 5 ) . Among those in t enu re-track posts i n  1 98 3 ,  two-t h i rds of men 
as  compa red with 40 percent of women were al ready ten u r ed ( NS F ,  
1 9 86 : 4 ) .  Such ma r k ed  cross -sect ional d i ffe rences sh r in k ,  of cou rse , 
when profes s i ona l age is taken into account , but they do not d i sappea r .  
Among men and women s c ienti sts stud i ed  by Ahe rn and Scot t  ( 1 9 81 )  and 
matched , it wi l l  be remembe red , for f ield , docto ral department , race , 
and age , women i n  each age coho rt were less apt than the matched men 
to be tenured .  Among those who too k degr ees i n  the 1 9 40s  and 1 9 50 s , 
9 8  percent of men and 8 8  pe rcent of women we re t enu r ed  by 1 9 7 9 , mo r e  
of cou rse than among those who too k deg rees in  the 1 9 60s . I n  t h i s  age 
g roup , 89 pe r cent of men and 78 pe r cent of women in  the sciences had 
recei ved tenu re . Gende r d i f fe r ences in  rates of tenu re are s i g n i f icant 
i n  some sc iences but not in  othe r s . Among younge r men and wome n ,  the 
t enu re picture is more complex . Among those who rece i ved deg r ees be
tween 1 97 0  and 1 97 4  and we re assoc i ate professo r s , women. we re j u st as 
apt as men to be tenu red--i n al l f i e lds , not just in  the sc i ences . But 
women sc ient i sts , it tu r ns out,  we re less li kely than men to have be
come assoc iate professo rs ( 2 9 percent ve rsus 41 pe rcent ) a nd thus less 
l i kely,  in  the aggreg ate , to be tenu r ed .  Other e v idence f rom la rge 
s amples of sc ient ists and eng i nee rs wo r k i ng in col leges and un i ve r s i 
t i es a re consi s tent with these data ; the d i fferences in the tenu re  
s tatus of men and women professo rs appea r  to  be na r rowi ng ( CEEWI S E ,  
1 98 3 : 4 . 1 4 ) , suggesti ng movement towa r d  gende r pa r i ty in t h i s  impo r tant  
a spect of  academic ca reers . 

Timing of Promotion and Tenure 

Fo r academics , it is not just hold i ng high rank and tenu re  that 
ma tters , but how long it takes to ach ieve them . Women a r e  promoted 
mo re sl owly than men ; a nd among those promoted , they are slowe r to re
cei ve tenu r e . Agai n ,  tu rni ng to the ca ref u l ly se lected match ed samples 
of men and women stud i ed by Ahe rn  and Scot t ( 1 9 81 : 27 ) , 24 perc ent of 
the women who took degrees in the 1 96 0s and who had tenure by 1 9 79 
wa ited n i ne yea r s  or more to get Ph . o . s  as compa red to 1 4  pe rcent of 
the me n ( these data are for a l l  f ield s ) . co r re lat i ve l y ,  younge r  women 
doctorates also wai t  longe r f o r  promot i on than men . A smalle r sha re 
of wome n ( 4 4  pe rcent ) than me n ( 6 2  pe rcent ) who ea r ned Ph . D . s  between 
1 9 70 a nd 1 9 7 4  a nd we re ass i stant professo rs in 1 9 77 had been promoted 
to associ ate professo rships th ree yea rs late r .  Howeve r ,  these data do 
not te l l  the whole story . Among those who had al ready been made asso
ci ate professors , equal propo r t i o ns of men and women we re promoted to 
f u l l  professo rships in thi s same pe r i od ( Ahe r n  and Scott , 1 9 81 : 3 5 ) . 
The domi nant patte rn in  a ll coho rts , howeve r , is that a la rge r  sha re 
of men are pr omoted to high rank than women in the same group and they 
a re a l so pr omot ed mo re quic kly ( CEEWISE,  1 98 3 : 4 . 13 ) .  Ta k en together , 
the greater incidence and more rap id promot i on of men enl a rge gender 
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d i f f e r ences in  attai nments among age peer s  ove r t ime . Othe r  data sug
gest that gender d i ffe rences in  •time to t enu r e • a re mo re pronounced 
in top-rated uni ve r s i t i es than in othe rs--that is , the mor e  prestig ious 
the i nst itut ion , the longer women wa it to be promoted ( Ahe rn and Scott , 
1 9 81 : 40 ) . I t  i s  wo rth reiterating , howe ve r ,  that without data pe r t i 
nent to ro le pe rfo rmance of men and women , it i s  d i f f icult t o  say much 
about the causes of gende r  d i f f e rences in rank and tenu re . 

In the ca se of rank and tenu r e ,  the gene r al patte rn of growi ng 
d i spar i t i es with age holds up to a point and then na r rows towa rd the 
end of the ca ree r .  La rge majo r it i es of men and women who r emain i n  
academia long eno ugh , do eventua l ly get tenu re and most do eventua l ly 
get promoted . Yet , di spa r i t i es in  rank and tenu re pe r s i st among olde r 
men and women scient ists . AIDong those who have had thei r docto rates 
for 3 0  yea rs or mo r e ,  as we have al ready see n ,  a cons ide rably la rge r 
sha r e  of men than women hold full  professo rships , al though the vast 
majo r i ty of both a re tenu red ( Ahe rn and Scott , 1 9 81 : 1 8 ) . 

In light of gender differences in  rank , it comes as no su rpr i se 
that women sc ient ists and engi nee rs ea rn less than men . em average , 
i n  1984 , thei r med ian sa la r i es we re 71  pe rcent as la rg e  as those of 
men ( NSF,  1 9 86 : 7 ) . 1 0  The dispa r ity va r ies among f ie lds , i s  sma l l e r 
in eng i nee r i ng than in the sc iences , and

· 
is a l so somewhat sma ller among 

Ph . D . s  than holders of master ' s  and bache lo r ' s  deg r ees . I n  1 9 8 3 , for 
example , women doctorates ea r ne d  78 percent as much as men . But si nce 
sal a ry is  closely tied to age , expe r ience , and rank and si nce women 
sc ientists and eng i nee r s , on average , a r e  younge r ,  have f ewe r yea rs o f  
e xpe r i ence , and hold lower ranks , some di f fe rences i n  sa lary are to be 
expected . Howeve r , among docto rates in the sc iences , • about one-ha l f  
o f  the di f f e rent ial in female -male sa l a r i es rema ins unexplai ned afte r  
s ta nda r d i z i ng fo r f i eld , race , secto r of employment and yea rs of pro
fess ional expe r ience•  ( NSF , 1 9 8 6 : 8 ) . 1 1  

I n  academia , thi s  patte r n  holds for men and women assoc iate and 
f u ll professo rs .  Women ea rn less than men in the same ran ks who got 
deg r ees in the same years . The most recent data ava i l abl e ( 1 9 81 )  s how 
that sala ry d i ffe rences between men and women a re la rge r fo r f u ll than 

l O The di f f e r ence is abso l utely la r g e ,  but women in  the sc i ences and 
engi nee r i ng in f a ct gene r a l ly do somewhat bette r than women col lege 
graduates , who ea r n  67  pe rcent as much as men with the same � ucat iona l 
attai nment s ( NS F ,  1 98 6 : 7 ) . 
l lAgain , the data ava i l able for indust r i al scient ists are far less 
detai led than those for academics . These are  qui c k ly summa r i zed : 
women sc i ent ists who wo r k  in i ndust ry have lowe r med ian sa l a r i es than 
men , the sala ry d i fferent i al i ncrea ses with yea rs of expe r ience , but 
( unl i ke acaclemics ) s uch diffe rences turn  up among newly hi red men and 
women as well  as among o lde r one s . It is not known whether such d i f 
ferences between men and women are exp l ai ned by thei r d i f fe rent f ield  
dist r i but i on s  ( CEEWISE,  1 98 3 : 5 . 5 ) .  
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for associ ate professo rs but absent for men and women a s s i s tant pro 
f esso rs ( C EEWIS E ,  1 9 83 : 4 . 21 ) . 

Among ful l professo rs , howe ve r ,  women ' s  sal a r i es are not lowe r 
than me n ' s  across the boa rd : they a r e  as la rge in some f ields --comput e r  
sciences , ea rth sc i ences , and eng inee r i ng--but far  sma l l e r  in  othe rs . 
The la rgest d i ffe rence--a med i an  of $6 , 20 0  pe r yea r ( 1 5  pe rcent less 
than men ' s  sal a r i es ) - -appears in the med ical  sciences , and thi s  is  
f o l lowed c losely by a d i fference of $5 , 80 0 in economic s ( 1 4  pe rcent 
less than men ' s )  ( C EEWI S E ,  1 9 8 3 : 4 . 2 2 ) . Among assoc iate professo rs , 
s imi la r  patte r ns a re ev ident . Women ' s  sala r i es are  compa rable to me n ' s  
i n  some fie lds but not in  ot he r s ,  with women do i ng least wel l  in the 
med ical sc iences and economic s  ( i bi d . ) .  Such d i ffe rences cannot be 
att r i buted to a la rge r  sha re of women than men wo rk i ng part-t ime , s i nce 
these data a re l imited to f ul l -t i me employees a lone . The se data a re 
cons i stent with those repo rted by Baye r and Ast in  ( 1 9 7 5 ) , whose de
tai l ed  analy ses r educe sala ry d i ffe rences between men and women at the 
f u ll professo r le ve l by hold i ng a va r i ety of . va r i ables constant , but 
do not el imi nate them altogethe r .  They repo r t  that a r e s i d ua l  R of 
- . 1 2  r emains between gende r  and sa l a ry for f ul l  professo rs afte r the 
effects of a ll stat i st ically s igni f i cant pr ed i ctors they stud i ed we re 
cons idered ( see al so Fox , 1 9 8 5 , on  gender  d i f fe rences in sa l a ry at
t r i butable to rank and fu nct ion ) .  

Al though it i s  use f u l  to cons ider  rank in compa r i ng the sa l a r i es 
of men and women scientists , doi ng so ma kes for systemat ic u nde rest i 
mates o f  gende r d i f fe rences in sa l a ry . Di sc r imina t ion against women 
in promot ion and appoi ntments has the second-o rde r eff ect of disc r imi 
nat ing agai nst them in  sa l a ry ,  an effect that is e rased when  compa r i 
s o ns  a r e  conf i ned to men and women in  the same ranks . compa r i so ns o f  
the sa la r i es o f  men and women i n  any gi ven yea r  al so systematically 
u nde rstate long-te rm gender d i ffe rences i n  sala ry , si nce these d i ff e r 
ences accumulate year by yea r .  Even modest med i an di f fe rences in  an
nual sala ry quickly add up to la rge d i ffe rences when cons ide r ed  over 
the cou r se of scientists ' caree r s . l 2  

As with rank , so then with sal a ry . The three patterns noted 
ea r l ier of pe r s i st i ng gende r d i ffe rence , g rowi ng ge nde r pa r ity- -pa r 
t ic u la r ly among the young--and inc reas i ng di f fe rence ove r the cou rse 
of me n ' s  and wome n ' s  ca reers ho ld f a i r ly wel l . But in the absence of 
l ong itud i na l  data on sa l a ry , it is not cle a r  whet he r the sa l a ry gap 
between men and women na r rows towa rd the end of the ca ree r  as women 
catch up to men in rank . Howe ve r , some hint that t h i s  does  not occ u r  
can be f ound i n  the data repo rted by Ahe rn and Scott ( 1 9 81 : 7 7 ) . They 
exam ined sal a ry residua l s  for  matched t r iad s  of men and women faculty 
who we re in  the same f i elds and who had rece i ved doctoral  degrees a t  

1 2As more than one old e r  woman scient ist has obse rved , having ea rned 
sma ll sala r ies and bei ng pr omoted late has the fu rther consequence of 
produc ing smal l  pens i ons on ret i rement . Since ret i rement pay is pegged 
to the amount of past sala ry and the numbe r of yea rs that con t r i but i ons 
to ret i rement plans we re made , women ' s  annu i ty incomes tend to be 
sma l le r  than men ' s .  
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the same t i me .  They showed tha t ,  on ave rage , women in these t r i ads  
e a r ned less than the men more often than the reve rse was so . Deficits 
in wome n ' s  ea rni ngs , as compa red to those of matched men , inc reased 
among older  Ph . o . s  and were gr eatest for those i n  the sample who had 
the docto ral deg r ee  longes t ( 1 6 - 21 yea r s ) . These cros s -sect ional data 
on scient ists of the same profes s i ona l ages suggest that di spa r i t i es 
in  sala ry may i nc rease with age , but they cannot , of cou rse , subst itute 
for the longitud i nal  data needed to dete rmi ne whethe r the gende r d i s 
pa r i ty i n  sala ry actual ly g rows la rge r with age . 

conve rgences in rank , tenu re , and ( to some extent ) s al a ry among 
men and women ove r the past decade and a hal f  coi nc i de with and may be 
the ou tcome of ef forts to comply with Af f i rmati ve Ac tion leg islat ion . 
Enacted f i rst in 1 9 7 2 , th is leg i slat i on made i nst itutions of h ighe r  
education respons i ble for cor r ect ing gender d i s c r i m i na t ion in  employ
ment , ran k ,  and sala ry.  Such conve rgences may be consequenti al for  
women ' s  later  caree rs . The re is good reason to suppose that high rank 
provides greater resou rces and oppo rtu n i t i es for resea rch , includi ng 
less teac h i ng ,  more access to g raduate students and postdocto ral  fel
l ows , and mo re space . Thu s , recent improvements in rank and the op
po rtun i ty str uctu r e  for resea rch for women ,  pos s i bly associated with 
Aff i rmati v e  Act ion , may enha nce wome n ' s  f utu re resea rch pe rfo rmance 
whi le impr oving the i r cur rent rewa rds . 

Role Performance 

So far , I have focused on gende r  d i f f erences i n  rank , tenu re , and 
sala ry and noted repeatedly that such d i ffe rences need to be exami ned 
in light of poss i ble gende r  d i f ferences in  the qua l i ty of role per 
fo rmance--that i s , how effect i vely men and women do thei r j obs . 00 men 
a nd women who do thei r jobs equa l ly wel l  recei ve the same rank , tenu re , 
and sala ry? Th is quest i on is  cent ral because some c laim that women a re 
not rewa rded at the same le ve l  as men because they do not pe r f o rm as 
we ll  as men . But wh i le this quest i on is cen t r al analyt i c a l l y ,  it can
not be answe red in qu i te the way it is  put . The re is no sat is facto ry 
agg regate measure of ro le pe rfo rmance of sc ient i sts and engi nee rs con
s ide red in thei r mult iple roles as teache rs , adm i n i s t rato r s , resea rch
e rs ,  manage rs , and c it i zens of the sc ient i f ic commu n i ty, e ven though 
we do attempt to measu re some of these sepa rately . Th us , wh i le we know 
that this  quest i on needs answe r i ng ,  we a l so know we cannot answe r i t  
now . 

Research Performance 

Some data are avai lable on one s i g n i f icant aspect of scient i s ts ' 
and eng i nee r s ' ro le pe rfo rmance : the extent to wh ich they con t r i bute 
to the ad vancement of knowledge through publ ication . The numbe r of 
pape rs that sc ient ists publ i sh and the numbe r of t imes that they a re 
c ited--that is , the numbe r of times that thei r pape r s  are used in  the 
resea rch l ite r atu r e--are , at best,  cr ude measu r es of resea rch pe rfo r 
mance . Howeve r ,  many stud ies show that these a re co r related with 
othe r ,  mo re d i r ect measu res of extent of con t r i but i on such as pee r 
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j udgments and hono r i f ic awa r d s  ( Co le and co le , 1 9 7 3 ; Ga rf ield , 1 9 7 9 ,  
1 9 82 ;  Gaston , 1 9 78 ; Z ucke rman , 1 9 77 ) .  The se stud ies suggest , in  the 
aggregate i f  not in any i nd i v idual cases , that the extent of publ i ca
t ion and citat i on do reg ister d i f fe rences in eval uat ion of cont r i bu
t i ons to sc ient i f ic knowledge . 

The use of publ i cation and citat i on counts is by no means uncon
t rove r s ia l  ( Edge , 1 9 7 9 ) . And it is impo r tant to note that some who 
f ind them acceptabl e for men sc ientists and eng i neers ob j ect  to thei r 
u se i n  the speci al ca se of assess i ng the relat i ve resea rch pe rfo rmance 
of women . The se cr i t i c s  claim that few women hold high rank in  the top 
resea rch uni ve rs i t i es and , thus , few women ha ve as much access as men 
t o  the reso u rces needed to do resea rch that leads to high rates of 
publ icat ion and c itation ( CEEWISE,  1 9 79 : x i v ) . The re is me r it in t h i s  
cr i tic ism insof a r  a s  i t  emphasi zes gender-re lated i nequa l i t ies in 
oppo rtu n i t i es to do resea rch and to publ i s h . 

At the same time , thi s  critic i sm is not ent i re ly val i d .  Fi rst , 
the numbe r of women in h i gh-ran k i ng pos i t i o ns i s  not too sma ll for  
comparati ve ana lys is  and , of  cou rse , the  numbe r of women in lowe r - l e vel  
pos i t ions is s ubstant i al enough to  al low fo r compa r i sons with  men who 
a r e  simi la r ly si t uated . Second , rese a rch perfo rmance is almost uni 
ve r sa l ly ta ken i n to account i n  sc ience in  dec i s i ons on a l locating re
sou rces and rewa rds . Li ke it o r  not , resea rch performance is conse
quent i al for the ca reers of men and women sc ientists , and it is 
i mportant to know how men and women compare in  th i s  respect . Th i rd ,  
it  is not only feas i b le to compa re men ' s  and womens ' pe rfo rmanc e ( usi ng 
these admitted ly cr ude ind icators ) ,  but it is necessa ry to do so i f  
the sou rces and consequences o f  gende r d i ffe rences in  resea rch pe r
f o rmance are to be ident i f ied .  And la s t , should we f i nd that men and 
women whose resea rch pe rfo rmance is much the same a re d i ffe rently re
wa rded , thi s  would provide just i f icat ion for conc lud i ng that gender , 
rathe r than funct iona lly rele vant c r ite ria , rea lly does a f f ect the 
a l location of reso u rces and rewa rds--bette r just i f ication than wou ld 
be avai lable i f  such assessments we re not made becau se they we re con 
s idered unacceptable and even taboo . 

Wi th that leng thy preamble , what is  known f i rst about the compa ra
t i ve access of men and women s c ient i sts to resou rces for r e sea rch and 
then about thei r resea rch pe rformance ?  Do men and women have equal 
access to resea rch s uppo r t? The e v i dence here is exceed i ng ly spa rse . 
Limi ted data on fund ing at the Na t iona l Instit utes of Health du r i ng the 
ea r ly 1 97 0s ( N I H ,  1 9 81 : 2 3 - 2 5 ) show that a sma ll propo r t i on of women 
apply for rese a rch f und ing , smalle r than thei r numbe rs in the pool of 
l i fe scientists . But among those who do apply,  wome n ' s  appl icat i ons 
a re as apt to be as successful as men ' s  . 1 3  The re a re sma ll gender  
d i f fe rences in the size  of  awa rds that N IH made , but  these appea r  to 
result f rom women mo re of ten than men applying to programs with smal l 
budgets . Ac cess to resea rch f und ing is crucial to rese a rch perfor-

1 3 These f i n d i ngs are cons i sten t with those repo rted for N I H  between 
1 96 6  and 1 97 2  ( Doug lass and James , 1 97 3 )  and f o r  NSF ' s  prog ram i n  
pol i t ic a l  science ( S igelman and Sciol i , 1 9 86 ) . 
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SOURCE :  From J .  R .  Co le and H .  Zucke rman , • Ma r r i age , Motherhood and 
Resea rch Pe rfo rmance i n  Science , • Sc ient i f i c  Ame r ica n 25 6 ( 2 ) : 1 1 9 -1 2 5 . 
Copy r i ghted 1 9 87 by Sci ent i f ic Ame r ican , I nc . Al l  r ights rese rved . 

Figu re  4 Mean cumulat i ve product i v i ty of men and women scientists who 
e a r ned Ph . o . s  in  1 9 4 2  a nd 1 9 70 . 

mance , and not nea rly enough i s  known about patterns of appl ication for 
funds by men and women , what success they have , how they fare in  the 
budget-cutt i ng process , and how much money they are ult imately awa rded . 

When it comes to rates of publ icat ion , more than 5 0  stud ies o f  
sc ien t ists  in a va r i ety o f  sc ient i f ic disc ipl i nes , types o f  ins t it u
t i ons , and d i ffe rent count r i es show that women publ ish f ewe r papers 
than men of the same ages --on ave rage , 5 0 -6 0  pe rcent as many ( see Co le 
a nd Zucke rman , 1 9 8 4 , for a rev iew of the stud i es s i nce 1 9 7 5 ) .  The 
weight of the data is persuas i ve . Moreove r , we f ind that gender d i f 
fe rences i n  publ icat i on a re sma l l e r  ea r l i e r  i n  the ca r ee r  than l ate r : 
data on matched pai rs of men and women sc i ent ists who recei ved Ph . D . s  
i n  the same depa r tments i n  the same yea rs i n  the same f i elds , i l lus
t rated in  F i gure  4 ,  show that gender  d i f f e rent i a l s  i n  publ ication sta rt 
ea r ly i n  the ca ree r  and grow as sc ient i sts get o lde r , and this has been 
so fo r some ti me ( Co le and Z ucke rman , 1 9 84 ) . · Such di f f e rent ia l s  a re ,  
of cou rse , reduced cons ide rably when rank and type of institut i on a re 
held constant , but they are not el i m i nated . 

Deta i led a nalysis of men ' s  and women ' s  publ icat ion patte r ns i nd i 
cate that the agg regate gende r  d i f ferences are mai nly the outcome of 
d i fferences in  the propo rt ions of men and women who publ i sh at a ve ry 
h i gh rate . As F i g u re 5 s hows , a sma lle r sha re of women than men tu r n  
u p  among those who publ i sh la rge numbe rs o f  pape r s . 

Howeve r ,  these data , when jux taposed with those for ea r l i e r  age 
coho rts , s uggest that this patt e rn may be changi ng . Jus t 8 pe rcent o f 
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SOURCE:  J .  R .  Co le and H.  Zucke rman , • The  Product i v ity PU z zle : Pe r 
s i stence an d  Change in Patte r ns o f  Publ ication o n  Men and Women S c i en
tists • i n  Advances i n  Mot i vat i on and Ach ie vement ,  P. Maehr  and M.  w .  
S tei nkamp , eds . , Gr eenwich,  Conn . : JAI Pr ess , 1 9 84 , pp . 2 1 7 - 2 56 . 

Figu r e  5 Dist r i but i on of total publ ications of men and women sc ien
t ists who ea r ned Ph . o . s  from the same depa rtments and in the same 
f i e lds , 1 96 8-1 97 9 .  

women sc ientists who got thei r deg rees in 1 9 57 -1 9 58 publ i shed as many 
as 2 0  pape rs in the f i rst dozen yea rs of the i r  ca ree rs as aga i ns t  
26 pe rcent o f  women who got thei r deg r ees i n  1 9 7 0 -1 9 71 ( Cole and 
Z ucke rman , 1 98 4 : 22 9 ) . Should these i ncreases conti n ue  among st i l l  
younge r coho rts of women sc ient ists , agg regate gende r  d i f f e rences in 
publ icat ion wi ll beg i n  to na r row . 

Fi gure 5 a lso shows cons i de rabl e int ra--gender va r i at i on in publ i 
cat ion . A great many men publ ish few pape rs , and a sma ll f r act ion 
publ i sh many . The same is true for women .  Mo reove r , the deg r ee of 
i nequal i ty in  r ates of publ icat ion with i n  each gende r is much the same . 
Gender is , the refo re , a poo r pred i cto r of publ i shed research perfor
mance . Knowing whethe r scient i s t-autho rs are  men o r  women wi ll tel l 
l i ttle about thei r rate of publ i cation . 

The reasons fo r gender d i ffe rences i n  publ icat i on are complex and 
not wel l  understood . TWo compa rat i ve ly simple exp lana t ions -- ( ! ) that 
women co-autho r pape rs less of ten and , therefo re , publ i sh l ess than 
men , and ( 2 )  that women have a ha rder t ime than men get t i ng pape rs 
accept ed fo r publ icat ion--do not squa re with the e v i dence in hand . On 
the fi rst , women are as apt as men to publ i sh co-autho red pape rs ( Co le 
and Z ucke rman , 1 98 4 ) .  On the second , the e v i dence usua l ly c i t ed  for  
th i s  claim is  a report showi ng that • bl i nded refe reei ng • ( that is , r e
moval of autho r ' s  names f rom pape r s )  increased the accepta nce rate of 
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women ' s  pape rs subm i tt ed  fo r presentat i on at the meeti ngs of the Mode rn  
La nguage Association ( Le f kowi t z , 1979 : 56 ) .  I t  is  not clea r whethe r 
data of th is sort from the huma n i t i es a re qu ite apropos . St i l l ,  a 
systematic assessment of r ates of r e ject ion of paper s  su bmitted by men 
a nd women is  in  o rder u nder refereeing systems i n  wh ich autho rs h ip i s  
bot h  anonymous and ident if ied . Close attent ion w i l l  have to be pai d  
t o  match subm i tted papers not j ust fo r substa nt i ve s i g n i f icance , but 
a l so for othe r att r i butes ( s uch as research method and spec ia l ty ) that 
might a f f ect the probabi l i ty of acceptance f o r  publ icat ion . 

I ncreas i ng dispa r i t i es in  rates of  publ icat ion by men and women 
as they grow o lde r may i nd icate that wome n ' s  access to resou rces rela
t i ve to men ' s  dim i n i shes with t ime and pos s i bly that the i r

· 
commi tment 

to resea rch and publ icat ion wanes as they rece i ve f ewer r ewa rds and 
i ncentives to cont inue . The se are reasonabl e  con j ectures that requi re 
f u rthe r inqu i ry before they can be prope rly assessed . l 4  

Impact or lnfl�nce q Research 

The extent to which  sc ient ists ' r esea rch is cited i n  the li tera
t u re is often used as an ind icator of the impact o r  i nf l uence of that 
resea rch . J u st as ana lysts di f f e r  on the usef u lness of publ ication 
counts in asses sing ro le pe rfo rmance , they a l so d i ff e r  on the usef u l 
ness of citat ion counts ( see Co le and Co le , 1 9 7 3 ; Edge , 1 9 79 ; Ga rf ie l d , 
1 979 ; Z ucke rman , 1 98 7 ) . Recent wo rk by Fe rbe r ( 1 98 6 ) suggests that 
c itation counts are pa rt ic u la r l y  biased agai nst wome n .  Her  stud ies 
s how a tendency fo r men to c i te men a nd women to c i te wome n , at least 
in economics . Gi ven the sma l l  numbe r of women in the pool of c i t i ng 
autho rs , wome n ' s  pape rs recei ve lower rates of c i tat ion . Th is i nte r
e s t i ng idea also  needs  to  be fol lowed up  in othe r f ie lds and in spe
c i a lt ies with gende r -neut ral and gende r -re lated sub j ect matte r s . How
eve r ,  the high f r equency of mixed gende r  autho r set s  i n  many sc iences 
should r educe the eff ects of this b i as shou ld it occu r out s i de econom
i c s . Othe r data suggest that women ' s  lowe r rates of citation have 
qu i te a d i ffe rent explanat ion . Analysis of c itat ions to the wo rk of  
matched men and women in s i x  sci ences i nd icates that gender d i f fe rences 
in c itat i on a re a funct i on of thei r d i fferences in rates of publ ication 
[ Cole and Z ucke rman , 1 9 84 ; He lmr e ic h  and Spence ( 1 9 8 2 ) report con t r a ry 
f i ndi ngs fo r psychology ] .  Pape rs by women authors a re ci ted , on ave r 
age , just as often as pape rs by men authors ; therefore , aggr egate d i f 
fe rences between men and women i n  numbe rs o f  publ icati o ns account f o r  
thei r d i fferences in citat io n . l 5  

1 4 co le and I ( 1 9 84 )  have al so suggested that women may respond some
what d i ffe rently than men to pos i t i ve and neg at i ve rei nfo rcement o f  
thei r wo rk  ( a s gauged by citation i n  the li terature ) .  Th i s  hypothesi s 
a l so dese r ves fu rthe r examinat ion . 
1 5As Long noted ( s ee h i s  pape r i n  th i s  volume ) ,  th i s  reco rd of equal 
c itat ion pe r pape r is  su rpr i s i ng g i ven the fact that wome n ,  i n  gene ra l , 
have poo r e r  appoi ntments than men ( a nd thus poore r research faci l i t ies ) 
and also less acti ve resea rch prog r ams . 
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Gender, Research Performonce, Olfd Ronlc 

Ar e  di f fe r ences between men and women in rese a rch perf ormance su f
f i c ient to explain wome n ' s  lowe r ran ks and slowe r r at es of  promot ion ? 
The answe r is that they are not . Ev i dence from ca r e f u l ly ana lyzed 
stud i es by Baye r and Asti n ( 1 97 5 )  for academics gene rally , by Res k i n  
( 1 9 76 ; 1 9 78 )  for chemi sts , and by cole ( 1 9 79 )  for sc ientists i n  f i ve 
f ie lds show , othe r things being equa l ,  that men and women with equ i va 
lent reco rds of rese a rch performance do not hold the same ranks . Men 
a re apt to hold h ighe r ran ks than women and th i s ,  Col e  ( 1 9 7 9 : 5 7 -58 ) re
ports ,  is espec i a l ly so in the prest igef u l  research un i ve rs i t i es . In 
rank and af f i l i at ion , then , compa rable men and women do not g et equal 
rewa rds . And , as I noted ea r l i e r ,  h igh rank and appo i ntments in un i 
ve r s i t i es that f ac i l itate resea rch a r e ,  i n  one se nse , rewa rds , but i n  
a nothe r sense , they are reso u rces for  f u rthe r wo rk . To the extent that 
this  is  so , these gende r d i ffe rences in rank and a f f i l i at ion may he lp 
account for women ' s  lowe r agg regate rates of publ ication later i n  the i r 
caree r s . 

Honor Olfd Repute 

How do women fare relat i ve to men in the al location of recognit ion 
for  con t r i but ions? Agai n ,  the e v i dence on hand is f ragmenta ry . Col e  
( 1 9 79 : Chap . 4 )  h a s  exam i ned the • reputations • o f  men and women sc ien
ti sts --that i s ,  how v i s i ble men and women scienti sts a re to the i r  
peers , how thei r wo rk i s  assessed , and how of ten they are named as ma
j o r  con t r i buto rs to thei r f i e lds . Women , he f i nd s ,  a re ,  on average , 
less v i s i ble than men ; thei r wo rk  is  pe rcei ved to be of lower qua l i ty ;  
and they a re rarely ment ioned as being major con t r i butors [ se e  Da v i s  
and Ast in  ( i n press ) for f u rthe r  evi dence on reputat i on--usi ng di f f e r 
e n t  measu res and ha ving somewhat d i ff e rent re sul ts J .  Co le a l so f i nds  
that  wh i le depa rtment , rank , awa rds , age , and doc to ral o r i g ins cont r i b
ute to sc ient ist s '  reputat i ons , resea rch pe rfo rmanc e ( he re the exten t 
o f  publ ication and citat ion ) i s  fa r and away it s st rongest cor re late . 
Once resea rch pe rfo rma nce is  ta k en i n to account , being a women does not 
det ract from or add to a sc ient is t ' s  reputat ion ( Cole , 1 9 79 : 1 1 9 ) . How
eve r ,  he a l so f i nds that women sc ienti s ts of the ve ry f i rst  ran k , Nobel 
l au reates and others of No be l  class , are le ss we l l  known than men ha v
i ng the same soc i al statuse s ( Cole ,  1 9 79 : 1 2 0 ) . In the absence of f u r 
the r evidence , i t  i s  di f f icult to say why th i s  i s  so . Moreove r ,  co le 
( 1 9 79 : 1 4 2 ) repo rts that the proce ss by which men and women ach ieve re
nown appears to di f fe r , aga i n  a f i nd ing that is not read i ly explai ned 
with the data in hand but plai nly impo rtant in unde rstand ing gende r 
d i f ferences in ca ree r atta i nments . 

Sc ient ists are formally hono red by an a r ray of pr i zes and awa rds . 
These may seem t r i vial , but they are  not--for r ecipients , the groups 
that gi ve them , or the sc ient if ic communi ty at la rge . They reas su re  
hono rees that the  wo rk they have done matte rs , they pro v i de i ncenti ve s  
for  f utu re wo rk , and they cal l  attent ion to exce llence and ind i rectly 
help in the i ntense compet it ion for resou rce s ( Zucke rman , 1 9 7 7 ) .  

The re are no great di f fe rences in  the sheer  numbe r of awa rds con
fe r r ed  on men and women scientists ; most ha ve rece i ved few o r  none 
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TABLE 1 :  Women Who a re Membe rs of  Nat i o na l Academi es of Sc ience and 
Nobel i sts in the Sci ences ( numbe r and percent ) and Pr oport ions of Women 
among Holde rs of Scient i f i c  DOcto rates in  the Selected countr ies 

Ac ademie de s  Sc ience s ( 1 9 8 2 ) 

Deutsche Akademie de r 
Naturfo rsche r Leopold i na 
( 1 9 8 2 ) 

Nationa l  Academy of S c ie nces 
( 1 9 86 )  

Royal Soc i e ty o f  Londo n ( 1 98 2 ) 

Nobel Lau reate s ( 19 01 -1 9 8 6 ) 

Al l 
Membe rs 
( N ) 

1 3 0  

l , oo oa 

1 ,  47 7b 

90 9 

3 9 1  

Women 
( N ) 

3 

21 

5 0  

2 9  

8c 

8Est imated f ig u re reported by the Akademie .  

Women 
( ' ) 

2 . 3  

2 . 1  

3 . 4  

3 . 2  

2 . 0  

Women among 
DOctorates 
( t ) d 

1 9 . 0 
( 1 9 70 )  

4 . 8 
( 1 9 73 )  

9 . 8  
( 1 9 60 -1 9 69 ) 

9 . 3  
( 1 9 68 )  

e 

bEx cl udes foreign assoc iates . Total membe rship may be sl i ghtly 
sma l le r  owing to delayed repo r t i ng of deaths of membe rs . 
CMadame cu r i e ,  lau reate in chemistry for 191 1 and in  physics for 
1 9 0 3 ,  is counted tw ice . Seven d i ffe rent women have been named Nobe l 
l au r eates . 
dDa ta on proport ions of women among holders of docto ral deg r ees ( o r  
in  the case o f  Eng land , holde rs of  • h i ghe r d iploma s• )  a re g i ven for the 
years ind icated in  parenthesi s .  Those for France , Ge rmany , and Eng land 
a re f rom the Off i ce  of Economi c  Coope rat ion and Deve lopment , Educa
t ional Trends in  the 1 9 70s : A QUant itat i ve Analys i s , New Yo rk : Un i ted 
Nat i ons , 1 98 4 ,  pp . 2 6 - 31 ,  and for the Un ited States f rom Li ndsey 
Ha rmon , A century of DOcto rates : Data Analys i s  o f  Gr owth and Change , 
Washi ng ton , D . c . : Nat iona l  Academy of Sciences , 1 9 7 8 , pp . 1 1 7 -1 1 9 .  
eThe re are no reli able est imates of the proport ion o f  women i n  the 
pool f rom wh ich  NObel lau reates a re d r awn . 

( Co le ,  1 9 79 : 59 ) . But among those who have , it i s  di f f icult to est imate 
whether women a re unde r represented and,  if  so , by how much . Litt le i s  
k nown about the demograph ic compos i t ion o f  the pool s  f r om wh ich awa rd 
wi nne rs of va r i o us so rts are drawn . As Tab le 1 shows , women now com
pr i se 2 -3 pe rcent of the membe rs of the ma j o r  academi es and 2 pe rcent 
of  NObel lau reates , the top-most leve ls of the rewa r d  system . We know 
that academ i c i ans and lau reates are typ ically se lected f rom among 
o lde r ,  f u ll prof esso rs or  senior resea rchers in ma jor re sea rch uni ve r 
s i t i es and that the numbe r o f  women in those pos ts is smal l .  Thus , the 
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extent of unde r r epresentation of women may be less  ma rked than the last 
column in Tab le 1 impl ies , si nce the popu lations of those holding doc
toral deg r ees in the sci ences , count ry by coun t ry , inc lude a la rg e r  
sha re o f  young peop le and pa r t i cula r ly o f  women than the populat i on o f  
potential lau reates and academ i c i ans . I t  is  not pos s i ble to say , then , 
whether women a re now u nde r represented in the major  nat ional academies 
and , if so ,  by how much . In  the Un i ted States , we do know that the 
propo rt ion of women e l ected r ecently to th e Academy pa r a l l e ls the i r  
representat ion on sen i o r  f acu l t ies ( C EEWI S E ,  1 9 79 : 1 0 2 ) ,  suggesting that 
women a re now bei ng e l ected in propo rt i on to the i r  numbe rs in the poo l .  
Howeve r ,  thi s  conc lusion holds on ly i f  it i s  assumed that women are on 
sen io r  facu l t i es in the appropri ate propo rti ons . Some would quest ion 

· whethe r thi s is so .  
In recent years , howeve r ,  the numbe r of women elected to the u . s .  

Nationa l Academy o f  Sciences has r i sen sha rply , by f i ve t i mes si nce 
1 9 72 ,  whi le the membe rship as a whole has grown 1 . 6  t imes . 

·
Mo reove r , 

resea rch done some yea rs ago on the ages of membe rs at the t i me  they 
were elected to the Academy ( 1 8 65 -1 9 69 ) s howed that women we re elected 
n i ne yea rs l ate r than men in the same f i e lds , yet the re was no reason 
to beli eve that the resea rch that led to the i r elect i on was done any 
l ate r ( Zuc ke rman and Co le , 1 9 7 5 : 9 8 ) . compa rable data fo r the pe r iod 
s i nce then shows that the ave rage age of women at the time of elect ion 
has been d ropp i n g ,  though it has not qu ite r eached the ave rages for  
men . 

on the ba s i s  of th i s  limited evi dence , it appears that two of the 
gene ral patte rns noted at the out set hold here : c ross -sectional d i f
f e rences persist  between men and women in reputation with the evi dence 
on awa rds bei ng scanty but providing some i ndicat i on of growi ng gender 
pa r i ty .  The absence of long itud i na l  data on awa rds that sc i ent ists 
rece i ve ove r the cou rse of thei r ca reers makes it impos s i b le to say 
whether gender  dispa r ities grow as sc ient ists age ; but the ove rall  
tendency, obse rved among me n ,  of  awa rds bei ng confe r r ed on those who 
a l ready have them ( Zucke rman , 1 9 77 ) wou l d  seem to suggest thi s  might 
be so . 

Ta ken togethe r ,  what does the evi dence te l l  us about ca reer dif
f e rences of men and women scienti sts and eng i nee r s? As  I i ndicat ed at 
the outset , it  provides a fragmenta ry quantitative pic ture focused 
ma inly on sc ient i sts , academics , docto rates , and resea rche rs in the 
c u r rent pe r i od . As a consequence , not much is  known systematically 
about the past o r  abo ut caree rs of the majo r i ty of sc ienti sts who wo r k  
i n  indus t ry and gove rnment or o f  eng inee rs . What is known suggests 
that the gene ral patte rns noted ea r l i e r  seem to hold : women s c ientists 
and eng inee rs in industry and gove rnment occupy lowe r ranks , advance 
mo re slowly, a re pa id l es� , and have less manage r i al respons i bi l ity 
than men ( CEEWI S E ,  1 9 80 ) , but noth i ng is known about the i r  relat i ve 
ro le pe rfo rmance . Among academics , a cons i s tent pictu re eme rge s : 
women sc ient ists ' ca reer attai nments , fo r the most pa rt , do not match 
those of men . In some measu r e ,  these d i ff e rences a re att r i butab le to 
thei r be i ng younge r ,  having di f fe rent work histo r i es , and bei ng in 
d i ffe rent f ie lds than men . We have a l so seen that they get deg r ees 
f r om equal ly di s t inguished inst itutions , have had postdoc to ral fel low-
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s h ips equal ly ofte n ,  and now a re propo rt ionately r eprese nted among 
a s s i s tant professo r s . Older coho rts of women scient i sts ,  howeve r ,  
d if f e r  f r om men in rank , sala ry , r esea rch performance ,  and reputat i on ,  
with these d i ffe rences being almost always i n  the d i r ect i on of compa ra
t i ve di sadvantage for women .  Howeve r ,  the re are al so signs of growi ng 
pa r i ty in ca r ee r  attai nments , pa r t i cula r ly among younger sc ient i st s .  
I t  i s  no t  yet clear whethe r thi s  trend wi l l  ult imately dampen the 
thi rd patter n ,  obse rved ea r l i e r ,  of increasing d i spa r i ty in me n ' s and 
women ' s  attai nments as they grow olde r .  

Some Explanations Proposed 
for Gender Differences in Career Attainments 

There is l itt le d isagreement that women s c ientists ' ca ree r  atta i n 
ments , on ave rage , do not equal those o f  men . The r e  is , howeve r ,  much 
d isagreement about why th is  is so . In gene ral , these f a ll i nto fou r 
c l asses that emphasi ze the fol lowing : 

• Gender d i ffe rences in s c ient i f ic abi l ity ,  
• Gender di f f e rences a r 1 s 1 ng from so c i a l  se lect ion , 

( a )  gende r discriminat ion o r  ( b ) gende r d i ffe rences in 
formance and the al locat i on of reso u rces and rewa rds 
with these d i ffe rences , 

based on 
role pe r 
in acco rd 

I Gender di f f e rences a r i s i ng from se l f-selection ,  includ i ng 
( a )  ma r r i age and motherhood and thei r consequences and 
( b )  gende r  d i f fe rences i n  ca ree r  commitment , and 

• Outcomes of accumu lat i on of advantage and d i sadvantag e .  

Bow wel l  does the ava i l able evidence square with each of these ex
planat ions? Not wel l . The ev idence on all is ambiguous , not because 
the theo r i es a re unclea r  but because the data are complex , often vex
i ng ly i ncohe rent , and f requently pa rt ia l . 

Gender Differences in Scientific Ability 

There is no s uppo r t ,  as  I not ed ea r l ie r ,  for the c laim that the 
d i ffe rent ca ree r attai nments of men and women sc ient ists resu lt from 
gender d i ffe rences in abi l i ty  o r  competence . To the extent that these 
can be measu red by intel l i gence tests or academ ic pe rfo rmance , women ' s  
abi l it i es equal or  su rpass those of me n . Howeve r ,  the re is e v i dence 
that gi r ls do less wel l  than boys in  mathematics and also that gi r ls 
tu rn up i n  d i spropo rt ionately sma ll numb� rs among youngste rs with h i gh 
sco r es on tests of mathemat i cal ab i l i ty . l 6  Benbow and stan ley ( 1 98 0 ; 
1 9 83 ) conclude that • s upe r ior male mathematical abi l i ty ,  an express i on 
of both endogenous and exogenous va r i ab les , •  accounts fo r t h i s  f i ndi ng . 

1 6see Ja ne B. Ka hle and Ma rsha L. Matyas ,  • Equitabl e sci ence and 
Mathematic s Educat ion : A Disc repa ncy Mode l , •  i n c l uded ea r l ier  in th i s  
vol ume . 
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Howeve r ,  the re is  a l so enough e v i dence for ma r k ed  gende r d i ffe rences 
in  soc i a l i zat i on and exposu re to mathemat ica l ? to rai se s e r i ous ques
t i ons about thi s  and to  war rant furthe r exam i nat ion of the i r  effects 
on va riabi l i ty in ach ievement sco res of boys and g i rl s . Fo r  ou r pu r 
poses , these f i nd ings are not qui t e  ent i re ly pert inent . Men and women 
who do sc ience a re a h i ghly �e l ected samp le of a ll adult men and wome n .  
Data on youngste r s ,  even highly se lected ones , are not helpfu l i n  un 
derstanding f i eld and spec i a l ty cho ice , much less d i ffe rences i n  
adults ' ca reer attai nments . Ye t women do ,  more often than men , select 
f ields and spec i a lt i es of s c ience that are compa rat i vely less dema ndi ng 
mathematical ly , but the re is no systemat ic evidence ava i lable i nd i 
cating why t h i s  is so . 

Processes of Social Selection 

Explanations of gende r d i f ferences in ca reer attai nments that em
phasi ze gende r disc r i mi nat ion ,  on the one hand , and wome n ' s  poorer  re
search perfo rmanc e ,  on the othe r ,  both  rest on not ions of soc ial  
select ion . Soc i al se lect ion processes invol ve dec i s ion mak i ng about 
i nd i v i duals ( he re ,  about thei r caree r s ) ove r  whi c h  they have li m i ted 
control . They cont rast with processes of se l f -select ion in wh i ch 
dec is i ons are control led by ind i vidua l s  and are not , except perhaps 
i nd i r ectly,  att r i butab le to soc i a l ly structu r ed  a r rangements for selec
t ion . In pract ice , soc ial se lection and se l f -selec t i on a re int e r 
twi ned ; but i n  pr i nciple , they a re and should be a nalyt ica l ly sepa rat e .  
When sci ent ists apply for research suppo rt , they engage i n  se l f -selec
t i on ; some apply, some do not . Those who do apply sub j e ct  themsel ves 
to social  se lection--in thi s  instanc e ,  to pee r review .  It is plai nly 
useful to know whethe r men and women d i ffer i n  patt e r ns  of se l f - and 
soc i al se lection and , if so ,  why . It is  not use f u l  to assume that 
gende r d i ffe rences a r i se exc lus i vely from one or the other select i ve 
process . 

Gender disc r i mi"nat ion occurs  when unequal treatment of men and 
women is ba sed on the functiona l ly i r re le vant c r ite r i on of gender  
rather than on f unctiona l ly rele vant c r i te r i a such as  role pe r f ormance . 
Di scriminat ion can aff ect me n ' s  and women ' s  ca reer attai nments when 
the i r  oppo rtun i t i es for role perfo rmance are unequa l , when the same 
qua l i ty of ro le pe rfo rmance is j udged acco rding to d i fferent s tanda r d s ,  
and when the same qua l i ty o f  role performance evokes di f fe rent rewa rds . 
Gender di s c r i m i nat ion , as with soc i al discr iminat ion gene ral ly, t r eats 
some soc ial status • a s  rele vant when int r i ns i ca l ly it is  func tiona l ly 
i r relevant• ( Me r ton , 1 97 2 : 2 0 ) . Proponents of the view that gender 
d is c r i mi nation best explai ns the unequa l ca reer attai nments of men and 
women poi nt to i nstances of women ha ving poo re r  faci l i t i es and re
sou rces for resea rch , to thei r be i ng judged by ha r she r standards , and 
to thei r bei ng pr omoted and pa id less than compa r able men .  

1 7see Ja ne B .  Kahle and Ma rsha L .  Matyas ,  • Equi table Sci ence and 
Mathematics Educat ion : A Discrepancy Mode l , •  i nc l uded ea r l i e r  in this  
vol ume . 
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It is  no easy matte r ,  howeve r ,  to assess the extent of gender d i s 
c r i mi nat i on and how i t  aff ects sc ient ists ' ca reers . Dis c r iminat ion i s  
often su bt le and , the refore , di f f icult  to ident i f y ,  much less measu re . 
It can be entang l ed  with othe r forms of pa rticula r i s m  ( age , for exam
ple ) ; a nd because it appears throughout the ca reer , a ful l  account ing 
of its eff ects is ha rd to make . As a consequence , re sea rchers have 
come to rely on i nd i rect rathe r than di rect measu res of discr imi nat ion . 
They have assumed that d i fferences in the ca ree r  atta i nments of men and 
women that rema i n  afte r  tak i ng al l f uncti ona l ly rele vant c r i te r i a  into 
account ( that i s ,  afte r  hol d i ng�ll  r e levant va r i ables cons tan t ) � 
be the outcome of gender d i s c r imi nat ion . Measu r i ng di scr imi nat ion by 
the u se  of res i dual d i ffe rences has its problems , not the least tha t 
i t  requ i res that appropr i ate  evidence be avai lable on al l  func ti ona l ly 
rele vant c r ite r ia that could account for  gende r d i ff e re nces in ca ree r 
atta i nment ( o n  • r esi dual i sm •  i n  it s var i ous guises i n  the law and in  
soc i al sc ience resea rch ,  see  cole , 1 9 79 : 3 6f f ) . 

When thi s  mode of ana lys i s  i s  used , the evi dence shows that gender 
discr iminat ion aff ects pr omot i ons , tenu re , and sala ry a l locat ion among 
academic men and women with simi la r reco rds of r ese a rch  perf o rmance . 
It also shows that dis c r i mi nat i on is r eceding,  espec i a l ly for younger  
women . Howeve r ,  ava i l able data are li mited only to pos i t ion and to 
salary and do not regi ste r gende r discriminat i on in  i nformal soc ial  
i nteract i on or  its su b j ec t i ve eff ects on women ( s ee , for  example , 
Br i s coe , 1 984 ; Ke lle r ,  1 97 7 ) .  . 

The re is al so evidence suggesting that gender d i sc r i minat ion may 
ope rate in d i ffe rent ways for d i ffe rent groups of women . Women who 
make important cont r i but i ons to science may fare le s s  we l l  relat i ve to 
compa rable men than do the jou r neywomen of sc ience r e l at i ve to the i r  
perf ormance pee rs . Cole ' s  ( 1 9 79 : 1 2 0 )  stud ies show that women who have 
done impo rtant s c ie nt i f ic wo rk a re l e ss apt to be cons ide r ed  maj o r  
cont r i butors to thei r f ie lds than a r e  compa rable men . Converse ly , it 
has a l so been suggest ed  that it is  the jou rneywomen of sc ience who fa re  
poorly compared to men in the absence of  any clea r-cut evidence of  r e
sea rch pe rfo rmanc e ( Zucke rman and cole , 1 97 5 ) . Thus , the i nc i dence and 
dynam ics of gender  discr imi na t i on i n  sc ience have ne i the r been sat i s 
facto r i ly des c r i bed no r f u l ly exp lai ned . 

Di sc r imi nat ion need not  be ref lec ted only in di f fe rences i n  ca ree r 
outcomes but can a l so be found in  d i fferent i al processes of status 
attai nment . Resk i n  ( 1 9 78 )  a nd Resk i n  and Ha rgens ( 1 9 79 )  s uggest that 
the connect ions between ro le pe rfo rma nce and rewa rds for women are  less 
cons i stent than those that apply in men ' s  ca reers ; women are mo re often 
r ewa rded fo r poo r perfo rmance and less of ten for good pe rfo rmance . 
And , as noted , Cole ( 1 9 79 )  obse r ves that the processes of reputat ion 
bui l d i ng d i ffe r fo r men and wome n . If so , then women do not have as 
clea r i ncen t i ves for role per f o rmance as men and may , as a resu l t , 
pe rfo rm less wel l . 

Social  se lection , as I h a ve ind icated , also includes dif ferent ial 
e va luat ion of me n ' s  and women ' s  ro le pe rfo rma nce on funct iona l ly rele
vant cr i te r ia and dif ferential  t reatment on th i s  ba s i s .  some bel i eve 
that women a re j udged f a i r ly and that ge nde r d i ff e rences in  ca reer  at
tai nments res u l t  f rom thei r performing less  wel l  than men . As I h a ve 
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repeated ly noted , we do not know how men and women do in thei r va r i ou s  
roles as teachers , admi nist rato r s , manage rs , and c i t i zens o f  the sc i 
ent i f ic communi ty .  We do know that , on ave rage , women publ i sh less and 
a re c i t ed  less than men . To the extent that these actua l ly gauge re
search perf ormance ,  then women ' s  poo r e r  performance is related to thei r 
l ower ca ree r  attai nments , espec i a l ly in those i nst itutions that put a 
pr emi um on publ ication . Howeve r ,  as we have a l so seen , women ' s  re
sea rch pe rfo rmance does not exp lain  a ll such d i ffe rences ; i ndeed , some 
rema i n  afte r resea rch perf o rmance and many ot he r va r i ables are taken 
i nto account . Mo reove r ,  the conc lus i on that women pe rform l e ss wel l  
than men does no t  take into account unequa l oppo rtun i t i es to do re
sea rch . The sou rces of d i ffe rent i al ro le pe rfo rmance may we ll res ide 
in st ructu red inequa l i t ies of oppo rtun i ty .  How much , we do not know . 

Gender Differences as Outcomes of Self-Selection 

ca ree r attai nments are , of cou r se , al so shaped by dec i s i ons ind i 
vi dua ls make for themse l ves , by se l f -se lect ion as we l l  as by soc i a l  
se lect i on . Women ' s  dec is ions t o  ma r ry and to ha ve ch i ld ren , to take 
on thei r d i s t i ncti ve domest ic and pa rental roles , a re said to i nte rfe re 
w i th the i r  sc i ent i f ic work  and to lead to ca ree r dec i s i ons that bene f it 
thei r fami l i es but damage thei r ca reers . The ev idence here i s  mi xed : 

• The wo rk hi stor ies of women sc i ent ists and eng i neers  di f fe r  
from those o f  men . They a re mo re often emp loyed pa rt-t i me o r  
not see k i ng work and a r e  out o f  wo rk  longer than men . Women 
at t r i bute these wo rk patte r ns to thei r f ami ly obl igat ions mo re 
o f ten than men . Howeve r ,  actual fam i ly obl igat i ons ( ha v i ng 
young ch i ldren ) are a poo r pred ictor of unemployment among 
women sc ient ists and engi nee r s . l 8  

• Marr i ed  and si ngle women academ ics are les s  mobi le geog raph i 
ca l ly than me n  ( Ha rwel l ,  et a l . , 1 97 9 ) , and ma r r i ed  women say 
that mobi l i ty dec i s i ons are aff ected by the i r  f ami ly obl igations 
( Coggeshal l ,  1 9 81 ; Rosenfeld , 1 9 8 1 ) . S i nce pr omot ion and pay 
i ncreases are often tied to chang i ng jobs , women ' s  l i m i ted geo
graph ic mob i l i ty may, in pa r t ,  account fo r gender d i fferences 
in ca reer . atta i nments . 

• Ma r r i age and motherhood a re widely be l i eved to account fo r women 
sc ient ists ' lowe r rates of publ icat io n ( e . g . , Leste r ,  1 9 7 4 : 4 2 ) .  
Howeve r , on ba l ance , the evi dence suggests that thi s is not so . 
Ma r r i ed  wome n Ph . D . s  in  the sc iences publ i sh as much as si ng l e  
women and hav i ng success i ve ch i ld ren i s no t assoc i ated w i t h  re-

1 8 Human cap ital econom i sts emphas i ze that wome n ' s  lowe r educationa l 
attai nmen t ,  i nte rmi ttent wo rk h i sto r ies , and pa r t-t i me  empl oyment ac
count in la rge measure fo r gender  d i f fe rences in  occupati onal attai n
ments in the wo rk force at la rge . Indeed , they do account,  i n  pa r t ,  
for  the gross cross-sec t i ona l diffe rences obse rved he re . They cannot 
be the who le exp lanat ion , howeve r ,  si nce gende r d i ffe rences in ca ree r 
attai nments hol d  wit h i n  groups with the same human cap ital investments . 
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duced rates of publ i cation ( Ast i n  and Baye r , 1 9 79 ; centra , 1 9 74 ; 
cole , 1 979 ; Co le and Zucke rman , 1 986 ; Fe rber and Hube r ,  1 97 9 ; 
Ha rgens , et al . ,  1 9 78 ; He lm reich , et al . ,  1 9 8 0 ; S imon , et al . ,  
1 966 ; and Wanne r ,  et a l . , 1 9 8 1 ) . 

• Moreove r ,  ma r r i age and parenthood are not assoc iated with lowe r 
rank and sa la ry among women . In some f ie l ds and c lasses of i n 
st itutions , the cor re lat ions a r e  pos i t i ve and i n  others nega 
t i ve .  ove r a l l , howeve r , they a re not la rg e ( Ahe rn and Scott , 
1 9 81 : Ch ap .  6 ) . Th i s  is so in spite of the widespr ead be l i ef 
that ma r r i ed  women have poorer  ca ree r  oppo r tu n i t i es than si ng l e  
women .  

I n  sho rt ,  women ' s  domestic obl i gat ions are no t  the s imple explana t i on 
of gende r d i fferences in ca ree r  attai nments since , in  many respect s , 
ma r r i ed  women and women with chi ld ren fare as wel l  or bette r than 
s i ng le and ch i ld l e ss women . Howeve r ,  the di ve r se ca r eer  consequences 
of  mar r i age and parenthood for men and women have not been id ent if ied 
in anyt h i ng l i ke the needed detai l .  The j udgment on th is explanat ion 
is sti l l  out . 

Gender Differences in Career Commitmelll 

'lbere is l itt le or  no systemat ic data on the ca ree r  commi tments 
of men and women sci ent ists and eng i nee rs , especi a l ly those hold ing 
docto ral degr ees . That i s ,  the re is no evidence bea r i ng on whethe r 
women care le ss , more , or the same as men about rank , sal a ry , r espons i 
bi l i ty,  and r ecognit ion . 'lbere i s  i nd i r ect ev idence that the prefe r 
ences o f  academic me n  and women di f fe r : f or teach i ng as agai nst re
sea rch ( or at least they d id two decades ag o ( Baye r , 1 9 7 0 ) 1 and for 
l i v i ng in u rban as agai nst  less populous areas ( Ma rwe l l , et al . ,  1 9 79 ) . 
But the connect ions between such career -re lated prefe rences a nd ca ree r 
commitments are not establ i shed , no r are the ways these preferences 
a re shaped by oppo rtun it ies pe rcei ved and rea l . Th is hypothes i s  lacks 
any support , pro or con . 

AccUJnJI/ation of Advantage and Disadvantage 

The not ion of the accumu lat ion of advantage and disad vantage has 
been repeated ly u s ed in  stud i es of s t r at i f icat ion in scienc e ( Al l i son 
a nd stewa rt , 1 9 7 4 ; s .  Co le , 1 9 7 0 ; CO le and Co le , 1 9 7 3 ; Ha rg ens , et 
!.b_, 1 980 ; Long , 1 97 8 ; M i tte rmei r and Knor r ,  1 9 79 ; Pr ice ,  1 976 ; and 
Zucke rman , 1 9 70 , 1 9 77 , 1 9 79 ) . It i s  plai nly pert inent al so to the 
dispa r i ty obse rved in the attai nments of men and women sc ientist s . 
Ac cumulation of ad vantage refers to soc ial  processes by which  certai n 
groups recei ve greater resou rces and r ewa rds ,  such that rec ipients a re 
enr i ched at an acce le rat i ng r ate and , converse ly , non -r eci p ients become 
r e l at i vely i mpove r i shed ( see Me rton , ( 1 9 4 2 ) 1 97 3 ; Zuc k e rman , 1 9 7 7 : 5 9-
6 0 ) . When greater  resou rces cons i stent ly go to those who can use them 
eff ecti ve ly--that i s ,  when they are a l locat ed on funct iona lly relevant 
c r i te r i a ,  the gap in  pe rf ormance that sepa rates rec i p ients from non
r ec i p ients grows i n c reasing ly la rg e  ( Zuckerman , 1 9 7 7 : 2 4 8 f f ) . Advantage 
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a l so  accumulates for ce rtain groups when resou rces a re a l located to 
them on func tiona l ly i r rele vant cr ite r i a ,  such as gende r .  The resu lt
i ng d i spa r i ty in achievement between th e • haves • and  • have nots • i s  not 
as great as when functi ona l ly rele vant c r i te r ia are appl ied , but i n  
both instances th e • have s •  pe rform bette r than th e •have-nots • and a re 
rewarded more cop iously . The idea of accumu lat ion of ad vantage helps 
to account for the obse rved cross -sect ional d i ffe rences between men and 
women sc ient ists in  research performance , rewa rds , and recognit i on ,  for 
obse rved i ntra-gender va r i at io n  ( si nce not a ll women a re equa lly d i s 
advantaged no r are al l men equa l ly ad vantaged ) ,  and ( not least ) for the 
growing di ve rgence in pe rfo rmance and attai nments of men a nd women sc i 
ent ists as they grow olde r .  I t  i s  al so cons i stent with or , mo r e  pre
c i sely,  does not exc l ude , the thi rd pattern we obse r v ed  of growing con 
ve rgence in atta i nments of men and women ,  espec i a l ly among the young . 

To the extent that processes of accumu lat i on of advantage and 
d isad vantage are supplemented by se l f -selection , by women mak i ng dec i 
s io ns  that benef it thei r f ami l i es but have the eff ect o f  damaging the i r  
ca reer s ,  di spa r i t ies between thei r attai nments and those o f  men wi l l  
be amp l i f i ed  and accentuated . Al though the ideas of accumulat i on of 
advantage and disad vantage have been fu rthe r elaborated and exami ned 
empi r ica l ly not j ust in sc ience but in other occupat i on s  ( e . g . , 
Broughton and Mi l l s ,  1980 ; Cl ark  and co rcoran , 1 9 8 6 ) ,  detai led evi 
dence is needed on the const i t uent proces ses . Although d i ffe rent ial  
access to resou rces plays a central  role in the  theo ry , not much is 
known d i r ect ly about how d i ff e renti al access to resou rces aff ects pe r 
f o rmance no r  i s  much known about how rewa rds are t rans formed into re
sou rces . Before ·we can con c l ude that accumu lat i on of advantage and 
d isad vantage and rel ated processes of se l f -selection rea l ly do explai n 
why the ca ree r  attai nments of men and women d i ffer and why these d i f 
f e r ences increase with time , these gender d i f fe rences i n  the al locati on 
of  resou rces and r ewa rds need to be exami ned . 

A Limited Research Agenda: 
Domains of Specified Ignorance 

Fi na l ly ,  a li m i ted number of quest ions should be ea rma rked as do
ma i ns  of spec i f i ed igno ranc e ( Me r to n , 1 98 7 ) , what we now k now that we 
need to know and why : 

1 .  On the research perf ormance of men and women sc ient ists : 
We need to know why women publ i sh less than men and the extent to 
wh ich th i s  resu lts from di scr iminat ion , di f fe rent ial  access to 
the mea ns of sc ient i f ic product ion , and wome n ' s  prefe rences o r  
choices . Mo re spec i f ica l ly , we need to know the relat i ve access 
men and women ha ve to such i mpo r tant re sea rch resou rces as f u nd s , 
space , appropr iate co-wo rke r s , and i ns t r umentat i on . How do 
women ' s  o rgani zat ional ran ks and i ns t i t ut ional aff i l i at i ons , i n  
comb i nation , affect thei r reso u rces and thei r research pe r
fo rmance over  the cou r se of  thei r ca ree r s ?  
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We also need to lea rn  whethe r the re are sign i f icant d i f f e r 
ences in the resea rch s t r ateg ies and pract i ces used by men and 
women scient ists . Are the re great e r  dif fe rences between men and 
women in these respects than among them? If so , do they a f f ect 
how much research is done and it s impact ? 

2 .  on di spa r i t i es in ca ree r  attai nments o f  men a nd wome n : 
Why do these dispa r i ties grow as men and women get older ? DOes 
the accumu lat i on of advantage exp l a in this pattern f u l l y, or i s  
the re evidence al so f o r  ot he r explanations su ch a s  women ' s  grow
i ng d i s cou ragement and reduced aspi rations ? [ See Z ucke rman and 
Co le ( 1 9 75 )  on the • Tr iple Pena l ty •  agai nst women ,  wh ich li nks 
discr iminat ion to l owe r ed  asp i r at i on s . 1 Long itudi n al stud i es on 
mu ltiple age coho rts a re needed to answe r these questions . l9  

Why do women fare  bette r in ce rtai n sciences and  less wel l  in  
others?  Is it  the case , a s  Ross ite r ( 1 9 7 8 ) s uggests , that women 
do bette r in new and growi ng f i e lds ? Ar e  the • c ultu res • of  some 
f i el ds mo re consistent with f emi n i ne va l ues than othe rs , as Ke l l e r  
( 1 9 85 )  a nd Traweek ( 1 9 84 )  imply? 

3 .  on gende r discr iminat ion--its i nc idence , fo rms , and consequence s : 
To what extent is discr imi nat ion cond it iona l or practiced agai nst 
a ll women , rega rdless of thei r status cha racte r i stics?  How does 
d iscr imina t i on in it s les s  bl atant fo rms affect women ' s  informal 
relations with the i r  co l leag ues and thei r netwo r ks of assoc i a 
t ions ?  Rose ( 1 9 85 )  obse rves that the networks of young men and 
women sc ienti sts d i ffer not only in compo s i t i on but a l so in how 
u se f u l  they are be l i eved to be .  More research attent ion needs to 
be pa id to the consequences of i nfo rmal assoc i at i o ns for scien
t ists ' ca ree r s . And , fina l ly ,  how does the expe r i ence of gender 
discr imi nat ion aff ect women ' s  mot i vat ion a nd ca ree r  commi tme n t ?  
Do men have equ i valent expe r i ences not assoc iated w i t h  gende r  
that have simi la r eff ects ? 

4 .  on changing labor ma rkets : 
In what measu r e  are the ca reer attai nments of men and women sc i 
enti sts and engi neers dete rmi ned by changi ng labor ma r k et cond i 
t ions ? Is the move towa rd gende r par i ty l i kely to be pe rmanent ,  
o r  wi ll it wa ne i f  jobs become sca rce? 

5 .  on the ca reer consequences of ma r r i age and pa renthood : 
To what extent is wome n ' s  l im i t ed  geog raph ic mob i l i ty ( pe r cei ved 
a nd rea l ) r elated to thei r poo rer attai nments?  How do the re-

1 9 It would  be use f u l  to have simi l a r  stud i es done on women and men 
in othe r professi ons , si nce there is reason to be l ieve that gend e r  
d ispa r i t ies in the ca reer attai nments o f  lawyers and managers al so 
grow as they age [ C . Epstei n ,  1 98 7  ( pr i vate commu n icat io n ) ; Ga l lese , 
1 9 85 ; Wh i te ,  1 9 67 ) .  
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qu i r ements of dua l -ca ree r couples affect thei r attai nments ?  Th i s  
is o f  no sma ll  moment g i ven the f a ct  that a majo r i ty o f  ma r r ied 
women sc ient ists  are mar r i ed  to men sc ient i s t s . 

6 .  on commi tment to ca ree rs : 
So li ttle is known about the ca reer comm itment of men and women 
s c i en t i st s ( and othe r prof essional s )  that th i s  is a thoroughly 
u ncha rted doma i n . I t would indeed be use f u l  to know whethe r men 
and women d i ffer or are the same with respect to ca ree r  asp i r a 
t ions , concern with pr omot i on , income , and fame . Beli evi ng that 
they do , some at t r i bute gende r d i ffe rences in ca ree r  attai nments 
to these att i t ud i nal di f f e rences . Othe rs contend that such d i f 
fe rences a r e  neg l ig i ble and that s t r uct u r al ba r r i e rs f a c ed  by 
women account for d i f f e rences in ca reer attai nments . In either  
event,  t h i s  doma in of  spec i f i ed  ignorance abo ut att i t ud es requ i res 
f u rther ex am i nation and needs to be li nked to evi dence on the 
beha vior of men and women sc ient i sts . 

So much for the future  resea rch agenda . How much have women sc i 
enti sts ' ca ree rs changed si nce the Sabin pe r iod? They have changed 
cons ide rabl y ,  but it has ta ken a long ti me . Sabi n ' s  ca reer , then a 
s uccess i on of • f i rsts , • is now far  less atyp i ca l . It wou ld have been 
i nconcei vabl e in  1 9 25 t hat women sc ient ists would be hi red as faculty 
membe rs by uni ve r s i t i es at about the rate they we re ge tti ng Ph . D . s ,  and 
i t  wou ld have been though t  high ly un l i kely that women would be promoted 
i nto se nio r posts in a l l  classes of uni ve r s i t i es at the rate they have . 
At the same ti me ,  the i r career attai nments cont inue , on ave rage , to be 
mo re modest than those of men in a l l  secto r s - -academi a ,  i ndus t ry ,  and 
government--a nd the gap in  atta i nment s grows as men and women age . 
Mo reove r ,  wh i le d i stinguished women sc ient i sts and eng i nee rs have be
come ins i ders  and membe rs of the sc i ent i f ic es tabl i shment , some st i l l  
cons ide r themsel ves to be outs ide rs and on the ma rgi n .  It is not c lea r 
at th i s  junctu re whethe r par i ty w i l l  be ach i eved i n  the ca reers of men 
and women sc ient i sts and eng i neers and,  i f  so , when . It  is  c lea r that 
equal attai nments , on ave rage , wil l requ i re equal  access to oppo rt un i ty 
for h i gh-le vel ro le pe rfo rmance . It wi ll a l so requ i re the appl icat ion 
of func ti ona l ly r ele vant c r i te r i a fi rst in assess i ng role pe rformance 
and then in  the a l locat i on o f  resou rces and rewa rds . 
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PROBLEMS AND PROSPECfS FOR RESEARCH 
ON SEX DIFFERENCES IN THE SCIENTIFIC CAREER* 

J. Scott Long 

Introduction 

The l ite r atu re on the g raduate educat ion and ca ree rs of women i n  
sc ience i s  di ve rse , r ich,  and complex . unf ortunate ly , the li te ratu re 
is a l so f ragmented and cont r ad i cto ry,  with fundamental questions re
ma i n i ng unanswe red . Many of the limitations of th i s  li te ratu re can be 
att r i buted to a set of common , methodolog i cal f laws . If resea rch i n  
th i s  area i s  to contr i bute ful ly to unde rstand ing the sci ent if ic 
ca ree r ,  f uture resea rch must be guided by an unde rsta n d i ng of the com
plex ity of the scient i f ic ca ree r and the impl ications of th i s  complex 
i ty for the des ign of resea rch . 

To provide a framewo r k  for a methodolog ical c r i t ique of the lit
e r atu re on women in sc ience , two classes of  facts , related to pa r t ic i 
pati on and to per f o rmance , are suggested and must be explai ned . 
Explanati o ns  for these facts a re then reviewed and c r i t i qued , with a 
focus on the methodo log ica l l i m i tations of past rese a rch . 

The Facts To Be Explained 

The preced i ng reviews by Hornig and Zucke rman suggest two set s  of 
f i ndi ngs that a re f undamental , c lea r ly estab l ished , and demanding of 
explanat ion . The f i rst set i nvolves the demograph ics of science ; the 
second set i n vol ves ge nde r d i ffe rences in sc ient i f ic pe rfo rmance . 

Participation in Science 

The re are two compone nts of pa rt ic ipation i n  sc ience that requ i re 
explanat ion . Fi rst , bei ng a fema le decreases one ' s  chances of obta i n 
i ng a deg ree i n  sci ence . Second , if  a deg r ee is  obtai ned , bei ng a fe
ma le decreases the chances of the degree -ho lde r progressi ng th rough the 
• no rmal • s tages of a ca ree r ,  whe re the no rmal ca reer may be thought of 

*The author would  li ke to than k Lowe l l  L. Ha rgens , Li l l i  Ho rn i g , 
Robe rt McGin ni s ,  and Rache l A. Rosenfe ld for thei r comments on an 
ear l i e r  ve r s i on of th i s  pape r .  
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as a typ i cal ma le ca ree r .  In sho r t ,  women a re less l i kely to be sc i 
entists , ei the r through fai l ure to obtai n degrees o r  to keep mai n l i ne 
s c ie nt i f ic pos i t i ons . 

Ar l ie Ru sse l l  Hochsch i l d  ( 1 9 75 )  q uotes f igu res f r om the Un i ve r s i ty 
o f  Ca l if o r n ia at Be r ke l ey that h i gh l i ght the demograph ics of the aca
demic secto r : 

Why , at a publ ic un i ve r s i ty li ke  the Un i ve r s i ty of Ca li 
fornia at Be r ke ley in  1 9 7 2 ,  do women compos e 41 pe rcent of 
the ente r i ng freshman , 37 pe rcent of the graduat i ng sen i o r s ,  
3 1  pe rcent of the app l i cants for admi s s i on to graduate 
schoo l , 28 pe rcent of the graduate adm i ss i ons , 24 pe rcent 
of the docto ral students , 21  pe rcent of advanced docto ral  
students , 12  pe rcent of  Ph . D . s ,  3 8  pe rcent of  ins t r uctors , 
9 pe rcent of a s s i s tant professo r s , 6 pe rcent of associ ate 
professo r s , and 3 pe rcent of full  profes so r s ?  

These f ig u r es g i ve a n  exagge rated impress i on o f  at t r it i on s i nce the 
i ncreas i ng ly sma l l e r  percentages of women found in the h ighe r ranks 
ref lects the sma lle r pe rcentages of women obta i n i ng Ph . D . s  in the past  
a s  wel l  as  the highe r att r i t i on of women .  Nonetheless , they vi vidly 
po rt ray the fact that being a women dec reases one ' s  chances of a suc
cessful  career i n  sc ience . 

Recent figu res suggest that the percentage of deg rees i n  sc ience 
and eng i nee r i ng that a re ·  g i ven to fema les has inc reased dramat ically .  
Yet the re is li ttle evi dence that the di f fe rences i n  att r i t i on between 
men and women afte r the receipt of the deg r ee  have dec l i ned . If t h i s  
i s  true , the gai n s  made i n  grant ing deg r ees to fema les may have su b
stant i a l ly less impact on sc ience than they might . 

Performance and Recognition 

The ba s i c  facts rega rding the pe rformance of women in science are 
a l so c l ea r .  Fi r s t ,  the pe rfo rmance of women in the cou rsewo rk a nd i n  
the standard i zed exam i na t i ons lead i ng up to the Ph . D . are , as noted by 
Ho r n i g ,  supe r i o r  to the pe rfo rmance of men . Second , women a re less 
pr oducti ve than men as indicated by numbe rs of pape rs  publ i shed and 
c i tat i on recei ved . The ave rage femal e Ph . D .  publ i s hes fewer a rt i c les 
a nd rece i ves fewe r c itations pe r yea r than the ave rage ma le Ph . D .  Th i s  
f i nd i ng of lesse r product i v i ty must be unde rstood i n  the context o f  a 
th i rd ,  int r iguing , al t hough les s  wel l -establ i shed dimens i on of pro
duct i v i ty .  Name ly,  the ave rage fema le sc ient ist recei ves f ewe r c i ta 
t ions for he r wo rk  ove r the cou r se of her caree r and often f i nds he r
se lf  in ma rgi nal sc ient i f ic employment , but i nd i v idual pape rs by women 
rece i ve as many citat ions as ind i v i dual  pape rs by men . Rese a rch I have 
recently completed , bas ed on nea r l y  4 0 , 00 0 a rt i c les publ ished by 5 5 0  
ma le and 6 00 f ema le bioc hemi sts , ind icates that whi le the ave rage male 
publ ished approx imately 60 pe rcent mo re a rt i c les than the . ave rage fe
ma le , the ave rage publ ication by a fema le rece i ved approx imate ly 
20 pe rcent mo re c i tat i ons than the ave rage pape r by a male . 
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Each of these facts is important for understand ing the pos i t i on of 
women in sc ience . It is a mi sta ke to focus solely on the le sse r pro
d uc t i v i ty of women .  

The Explanations 

Resea rch on gende r d i ffe rences i n  sc ience must come to an unde r 
stand ing o f  the proces ses that gene rate d i f fe rent i a l  pa rt ic ipation and 
pe rfo rmance . Yet in going beyond the statement of these bas ic fact s , 
resea rch i s , to bo r row a ph rase from Zucke rman ' s  pape r ,  • vex i ng ly 
i ncohe rent and f requently pa r t ia l . • The exp lanat ions that have bee n  
pr ovided are les s  con v i ncing than the facts that requ i re expl ana t i on .  

Ho rnig ' s  and Zucke rma n ' s  re v i ews have s uggested f i ve potent ia l 
sou rces of gender d i f ferences in part ic ipation and pe r f o rmance can be 
isolated : ( 1 )  d i ffe rences in abi l ity ; ( 2 )  processes of eva l uat ion 
gove rned by both un i ve rsa l i st ic and pa rt icula r i st ic c r i te r ia :  ( 3 )  d i f 
fe rences in  mot i vat i on and ded icat ion ; ( 4 )  r o le expectat ions o f  women 
with respect to the fam i ly ; a nd ( 5 )  processes of cumu la t i ve ad vantage 
and d i sadvantage . Wh i le these exp lanat ions a re d i s t i ng u i s h ed  fo r pu r 
poses o f  presentat ion , they should not be viewed in  iso lation . They 
ope rate togethe r ,  reinfo rcing one a nothe r ,  and consequent ly must be 
unde rstood as a whole . FU rthe r ,  none of these exp l anat i ons is fully 
satisfacto ry . In most cases t he evidence is  mi xed . 

Ability 

Ho rnig and Zucke rman point out that the re is no evi dence that 
mal es have mo re abil i ty than fema les . Not only a re d i ffe rences between 
sexes absent in measu red ab i l i ty ,  but what research the re is suggests 
that va r i at i on i n  such abi l i ty does not expla in va r i at i on in produc
t i v i ty with i n  se xes ( Co le and Co le , 1 9 7 3 : 67 ,  6 8 ) . I t  is  impo rtant to 
note that both rev i ews we re ca ref ul to add the qua l i f icat ion that 
abi l i ty is be i ng ope rationa l i zed as pe rf o rmance on standard i zed exams 
and cou rsewo r k .  Th is suggests that d i ff e re nces in abi l i ty may s t i l l  
b e  a use f u l  explana t i on o f  pe r f o rmance if  the def i n i t ion i s  broadened 
to go beyond that commod i ty that a l lows a pe rson to f i ll in  the 
co r rect ci rc les on an exam i na t ion . Th i s  broad e r  def i n i t ion i nvo lves 
the concept of tac it knowledge . 

Wh i le graduate educat i on involves the mastery of the tec hnical  
knowledge that is of ten measu red by s tanda rdi zed exams , the re is  a lso 
an emphasi s  on the transm i ss i on of tac it knowledge .  Such knowledge 
results in  a d i ffe rent sort of ab i l i ty that is essent i al for scien
t i f ic success . M ic hael A .  ove r i ngton ( 1 9 77 : 1 4 5 )  e xplai ns tac it knowl 
edge in  th is way : 

Tac i t  knowledge--requ i res an engagement in rese a rch on the 
model of some s k i l l f ul pract i t i one r in who se pe rson · the re 
i s  inca rnated both the gene ral culture of sc ience and pa r 
t icular t r ad i t io ns with in the cultu re . One can no mo r e  
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discove r the cul tu re of scient i f i c  resea rch f rom i ts w r i tten 
resu l ts than one can construct a Stradi va r i us f r om measu re
ments of an o r ig i na l . 

Tacit  knowledge , by it s ve ry nature , is d i f f i c u l t  to meas u r e . No ne 
the less , that dimens i on o f  abi l i ty that ref lects maste ry o f  the tac i t  
k nowledge of a di scipline should  not be di smi ssed a s  a n  explana t i on of 
d i ffe rences in sc ienti f ic pe rfo rmance . Gi ven that tac it knowledge i s  
often t ransmi tted through info rmal contacts , fema le qraduates may be 
at a d i sadvantage , in pa r t  d ue to discriminat i on based on sex . 

Discrimination and Evallllllion 

Di fferences in pe rformance and par t ic ipation may resu lt  from the 
evaluat i on of fema l es by membe rs of the scient i f ic commu n i ty .  TO the 
extent that un i ve rsa l i s t ic cha racte r i stics  are used in the eva l uat i on , 
the system is  fa i r  and ope rates as a me r i toc racy . TO the extent that 
pa rt ic u la r i stic cha racte r i stics a re used , discr iminat ion occ u r s . 

Di scr imi nat ion exi sts in both blatant and subt le fo rms . Ho r n i g  
i n  thi s  vol ume des c r i bes discr imina t i on i n  fund i ng du r i ng graduate 
schoo l . Vi v ia n  Go r n i c k  ( 1 98 3 )  documents many cases of a more v i r u lent 
d iscr imi nat ion by exclus i on ,  whe re males simply deny fema les the r i ght 
to be f u l l -f l edged sc ient ists . 

In add i t ion to bl atant fo rms of di sc r imi nat ion , it is li kely that 
subtle fo rms discou rage women from act i ve ca ree rs  and keep them f r om 
be i ng as produ c t i ve as thei r male counte rpa rts . Subt le forms of 
discr imi nat ion u ndoubtedly occur  in i nte rpe rsonal relati onships . It 
may occur through di sparag ing rema rks about a woman ' s  ab i l i ty to have 
a f ami ly and be a sc ient ist . It can occur when f ema l es a re exc luded 
f r om • e xt ra-scient i f ic •  a cti vit ies that may res u l t  in the t ransmi s s i on 
of essent ial , tac it knowledge . 

The importance of more su btle forms of discr imi na t i on , which may 
appea r to some to be minor i nconve niences , is th rough processes of 
cumu lat i ve ad vantage , which are discussed be low . 

Wh i le discr imi nato ry eva luat io ns may be the focus of gende r d i f
f e r ences in sc ience , it is  impo rtant to keep in mi nd that di f ferences 
in advancement and pa rt icipat ion can a l so result f r om uni ve rsa l i st i c  
eva l uations . � r  example , slowe r  advancement in rank may resu lt f rom 
the lesser senio r i ty and f ewe r publ icat i o ns of women . Howeve r ,  such 
explanations requ i re the answe r to the pr ior  ques t i on of why women 
d i ff e r  in  eithe r senio r i ty or publ icat i ons . 

Motivation and Dedication 

Di ffe rences in  mot i vation are undoubted ly impo rtant in explai n i ng 
the f ewe r fema l es than ma les app lying to graduate school . Evelyn Fox 
Ke l l e r  ( 1 9 77 : 1 3 0 ) , in he r f eminist cr itique of science , has suggested 
tha t •pe rhaps the s i ng le most powe rf ul inh i b itor ( of women ente r i ng 
sc ience J was the widespread bel i ef in the int r i ns i c  mascu l i n ity of 
sc ient i f ic thought . •  
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Di ffe rences in moti vat ion and ded ication may al so explai n di ffer
ences in pe rfo rmance and ca reer advancement . Wh i le Zucke rman repo rts 
no strong evidence for thi s ,  thi s  poss i b i l i ty requ i res fu rthe r cons i d 
e rat ion wi thin the context o f  domest ic obligati ons . FU rthe r ,  if  a 
woman drops out of science due to lac k  of moti vati on or ded i cation , it 
is impo r tant to know whethe r discr i mi nation or  demands of fami ly re
qu i red levels of dedicat ion exceedi ng those of the most ded icated male . 

D�stic Obligations 

Di fferences i n  moti vation and ded icat i on a re l i kely to a r i se f rom 
conf l i cts between the demands of fami ly and the demands of sc ience .  
Wh i le there i s  evidence that women are more strongly affected by fami ly 
and domest ic obligations , the consequences of these obl igations a r e  
unc lea r i n  the lite ratu re and , I beli eve , underest imated . 

Cons ider the two seemi ngly contrad i cto ry effects of fema le s ' 
greater  f ami ly obl igations that we re repo rt ed  by Zucke rman.  Fi r st , 
fami ly obligations cost women in te rms of unde remployment and unem
ployment . Second , mar r i age and mothe rhood a re not associated with 
l ower le ve ls of publ icat ion among fema le sc ient i st s .  Ma r r i ed women 
and women wi th child ren publ i sh as much or more , on ave rage , as si ng le 
and childless wome n .  FU rthe r , pa renthood is pos iti vely cor related 
with rank and sa l a ry for women as wel l  as men .  

These conc lusions seem contrad i cto ry and contra ry to much of what 
we know about the institut i on of sc ience and the ins t itut ion of the 
fami ly . Fi rst,  sc ience demands a great deal of time . Ar l i e  
Hochsch i ld ( 1 9 75 )  h as made thi s  point with respect to the cost of 
rai s i ng a fami l y : 

The academ i c  ca reer i s  based on pecul i a r  ass umpti ons about 
the relationship between wo rk and compet i ng with othe r s ,  
competi ng and getting credi t ,  get t i ng credit  and bu i ld i ng a 
reputa t io n , bui ldi ng a reputat i on and doi ng it wh i le young , 
doing it whi le young and hoa rd ing time , hoa rd ing time and 
min i mi z i ng fami ly l i f e ,  mi n i mi z i ng fami ly l i fe and leavi ng 
i t  to you r wi f e .  EVen if  the mer i tocracy worked perf ect l y ,  
e ven if  women d id not cool themsel ves out , I suspect the r e  
woul d  rema in in a system that def ines ca reers  thi s way only 
a handf ul of women at the top . 

Gi ven that the numbe r of hou r s  a wee k may be an important factor af
f ecti ng produ cti v ity ( Cole and Cole , 1 97 3 : 7 1 ) , 1 and to the e xtent 
that greate r domest ic demands a re placed on women ,  it is  ha rd to 
imag i ne that this wi ll not adve r sely aff ect the s c ienti f ic ca ree rs of 
women with chi ld ren . 

l aowe ve r ,  Ha rgens , ( 1 9 75 ) found support for this re lationsh ip in  
chemi s t ry , but  not i n  mathematics and pol it ical sc ience . 
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Second , fami ly obl igations for women are repo rted to inc rease 
u nde remployment and unemp loyment ,  wh ich in t u rn should adve rsely a f f ect 
l ater  part ic ipat i on and pe r f o rmance . In  academia , col leagues who take 
a te rm in admi nistrat i on o r  a re absent fo r i l lness lament the d i f f i 
c u lty o f  reente r i ng resea rch at the i r pr i o r  le ve l o f  producti v i ty . 
Women face th is d i ff i c u l ty in reente r i ng the ca reer afte r  ra i s i ng o r  
g i v ing bi rth to a child . The re i s  l i ttle ev i dence that the un i ve rsity 
or  othe r emp l oye rs of women sc ienti sts accommodate the i nte r r upti ons 
of ten requ i red by gi v i ng bi rth and rai s i ng a ch i l d . 

In a sense , by not accommodating the b i olog i c al fact that women 
g i ve bi rth , and the consequences of that inte r rupti on on the ca ree r , 
the re is what might be cal led cross -insti tut ional d i s c r imination--the 
demands of the inst itut i on of fam i ly place women as a group at a d i s 
advantage in the i nst i t ut i on o f  sc ience . 2 

How , then , is the repo rted resu lt of no effect of fam i ly on pro
duct i v i ty to be exp la i ned?  Th is wi ll be di scussed in the sect i on on 
methodo log ical conce rns . 

Cumulalive Advantage 

A l i ne of rese a rch gene rated by Robe rt Me rton ' s  ( 1 9 68 )  essay on 
the Matthew eff ect has c lea r ly establ i shed the i mpo rtance of 
c umu lat i ve advantage in sc i ence . Scient ists  a re expe rts at press i ng 
the i r  advantages , in  reinvesting success to gene r ate greate r succes s .  
In understand ing sex di f ferences i n  pe rfo rmance , i t  is  important also 
to cons ide r the conve rse , the acc umu lat i on of d i sadva ntage . 

Sma l l  di f fe rences that resu lt  from any of the abo ve explana t i ons 
can be expanded with t ime . A sho rt i nt e r r upt ion due to the b i rth of a 
ch i ld may ini t i a l ly be a sma l l  disadvantage . To the extent that it 
accumu lates , pe rhaps as the result of opi n i ons that mothe rhood and 
ded icat i on to sc ience are incompati ble ( e ven i f  they a re not ) ,  the 
d i sadvantage may grow , and the ca r ee r  may dec l i ne .  Subt le fo rms of 
d is c r imi na t i on may encou rage se l f-eval uat ions that def i ne onese lf  as 
u n l i kely to succeed , an evaluat i on that may be a se l f -f u l f i l l i ng 
prophecy . 

The impo rtance of accumu lat i ve ad vantage/d isad vantage l i es in  its 
abi l i ty to ampl i fy othe r d i ffe rences , the reby g i v i ng othe r exp lanat ions 
g r eate r effect . Th i s  fact is es sent ial  fo r unde rstand i ng the impact 
of seve ral of the methodolog i cal f l aws that a re now to be cons ide red . 

2 In cons i de r i ng the effects of domest ic obl i gations on the produc
t i v i ty and pe rfo rmance of fema le s c ient i sts , it must be kept in  mi nd 
that fema le sci ent ists are much le ss li kely to be ma r r i ed than male 
sc ient i sts , and among those who a re ma r r i ed ,  fema l es a re less l i ke ly 
to ha ve ch i ld ren . Consequently , the lowe r le ve ls of produ c t i v i ty and 
pa r t i c ipat i on by women who a re not ma r r i ed must be exp la i ned by othe r 
facto rs .  
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Methodological Problems in Research 
on the Scientific Career 

It is c lea r  from the revi ews of the l iteratu re that resea rch i s  
f ragmented , and al l too often cont rad icto ry . Stud ies that might have 
added c r it i cal pieces to an u nde r s tanding have of ten resu lted in i n 
f ormati on that cannot be reconc i led with past rese a r c h .  To a la rge 
extent this can be exp lai ned in te rms of f i ve methodolog i cal f laws : 
( 1 )  incomplete spec i f ications ; ( 2 )  agg regat i on ove r time ; ( 3 ) assump
tions of uniform e f f ects ; ( 4 )  samp l ing on the dependent va r i able ; and 
( 5 )  incons i stenc ies in measu rement . Many of these e r ro rs are eas i e r  
to point out than to solve . Howeve r ,  if g reate r attent ion had been 
g i ven to avo i d i ng these e r r o r s  in past rese a rch , we would know 
cons ide rably mo re than we do abo ut ge nde r d i ffe rences in s c i ence . 

Incomplete or Alheoretical Specifications 

As the revi ews by Ho rnig and Z ucke rman make c lea r ,  resu lts a re 
often incompatible o r  un i nformati ve . I n  many cases th i s  is the resu lt 
of i ncomplete and/or atheo r et i c al spec i f icat i o ns of the process bei ng 
stud i ed . A f ew examples wi l l  su f f ice : 

o It is clea r that know i ng academic rank without knowi ng cha rac
te r i st ics of i nst itutional locatio n ( e . g . , prest ige ) or knowi ng 
cha racte r istics of the inst itut i ona l location without knowing 
academic rank provides an i ncomp l ete p i ctu re of a sc ient i s t ' s  
location in the st rati f icat i on system . Fi nd i ngs based on 
e i ther of these va r i ables witho ut contro ls fo r the othe r  w i l l  
b e  inconc lusi ve . 

o With i n  an inst itut ion , as wel l  as ac ross i ns t itut i ons , ana lyses 
of the relat i onship between sex and r a nk a re uninfo rmat i ve 
w i thout con s i de ration of suc h  va r i ables as sen i o r i ty and pro
ducti v i ty .  

o As Ho rnig notes , any stud ies of g raduate fund i ng that leave out 
level of funding prov i de amb iguous and/o r  i ncomp lete results . 

By lea v i ng out key va r i ables that are known to be causa l ly rele vant , 
too many resu l ts se rve only to des c r i be d i s t r i but i ons , rathe r than e x 
plai n how those di s t r i but ions are gene rated . Too often des i gns  sac r i 
f i ce deta i l  in the i nformat ion co l lected for the s i ze of the samp l e . 
La rge samples al low one to es t imate with great preci s i on the di s t r i bu 
t i on o f  the va r i ables o f  i nterest , but unless a l l  necessa ry i ndependent 
va r i ables a re inc l ud ed in the study , expl ana t i ons of the di s t r i bu t i ons 
wi ll be impo s s i b le to obtai n .  Th is  is  not to say that any g i ven st udy 
i s  critica l ly flawed with i n  the scope of its ob j ec t i ves , but that by 
ma k i ng that scope too n a r row,  designs commonly e a i l  to make the con
t r i but i ons that they might . 

Consequences of inadequate spec i f icati ons are also great when 
discr imi nat ion is assessed by the me thod of residual s . Th is  method 
explai ns di f fe rences in pe rfo rmance and ach ievement in te rms of 
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caus a l ly relevant va r i ables . The di rect i on of the res i dua l s  for one 
g roup as oppos ed  to a nothe r g roup a re used to assess discr imi nat ion . 
I f  the prediction is  for 10 u ni t s  and the obse rved value is  5 u nits , 
di scr imi nat ion is sa id to have occu r red . If the pred i ct ion i s  5 
units , and the obse r ved val ue is 1 0  u ni t s , unfai r advantages a re sa i d  
to have occu r red . Fo r  example , i f  ma les cons i s tently have pos i t i ve 
residua l s , and fema les con s i s tently have negati ve res i duals ,  the 
conc l u s i on is that f ema les have been disc r iminated aga i nst . The 
probl em with thi s  approach is that it assumes an acc1,1 rate spec i f ica
t ion . If one we re testing for di s c r i mi nat i on in rank promot ion 
w ithout controls for sen i o r i ty and product i v i ty ,  the method of 
residuals wou ld s uggest far mo re d i s c r imi nat i on than in fact ex i sts . 

Aggregation Over Time 

As a part ic u la r  f o rm of mi sspec i f ication , exc l ud i ng time has ex
t remely det r imental eff ects . Wh i le the lesse r cost and g reate r ease  
of cros s -sec t i ona l stud ies are def i n i te advantages , these sav i ngs may 
be obta i ned at the cost of bei ng a b le to answe r the questions bei ng 
a sked . cons i de r  se ve ral examples : 

• In a system in wh ich  the part ic ipati on ot women is chang i ng 
rap i d ly ove r t i me ,  c ross -sect ional stud i es cannot i solate the 
f acto r s  explai n i ng di f ferent i a l  pa r t ic ipation and/o r succes s .  
The f igu r es quoted by Hochschi ld for the Un i ve r s i ty o f  cal i 
fornia at Be rke ley are qu i te mi s l ead i ng ,  s i nce the effects of 
d i fferent i al rates of advancement are  confounded with t ime
va rying rates of ent rance into academia . 

• If a c ross -sect ional study f i nds that l ess product i ve women 
have les s  prestig ious pos i t ions , it is unc lea r whethe r the 
lesse r product i vity resulted f rom being fo rced i nto a pos i t ion 
less conduc i ve to resea rch or  whethe r the les se r  pos i t ion re
sulted from poo r pe rfo rmance . 

• Pr ocesses of cumu lat i ve ad vantage un f old ove r t ime and can onl y  
be adequate ly assessed i n  long i tudi nal stud ies . In cross -sec
t iona l stud i es , a lac k  of recognit i on by  the sci ent i f ic com 
mun i ty mi<;Jht be explai ned by a lack o f  pe rfo rma nce . But i f  
that lac k  of pe rformance is a resu l t  of di s c r imi nat ion , whi c h  
wou ld requ i re a long itudi nal design to uncove r ,  an ent i re l y  
d i f fe rent conc lus i on woul d  be drawn . 

Wh i le ret rospect i ve designs a re an improvement ove r c ross -sect iona l  
des i gns , they are limited i n  the i r ab i l i ty to get a t  changes i n  pr i vate 
aspects of the ca ree r .  That is to say ,  wh i le it is  poss i b le to obta i n  
accu rate informati on on jobs and publ i cations us i ng vitas and publ i shed 
sou rces , it is quest ionable whe ther r e l i a b le i nfo rmat i on about pas t  
e xpe r i ences ( e . g . , r easons f o r  accept i ng a pa rt ic u la r job ) can be ob
ta i ned ret rospect i ve ly .  Sc ient ists , l i ke othe r humans , have a wonde r 
f u l  capacity to rat i ona l i ze the past . 

The greatest retu rns a re li kely to be obtai ned ' f rom pane l des i g n s  
in wh ich a samp le o f  sc ienti sts a re fol lowed through t ime , f rom e n -
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t rance i n to graduate school , th r ough g r aduate school , and th rough 
employment for the rest of thei r caree r s . 

Assumptions of Uniform Effects 

Even in long itud i na l  des i gns o r  in the ana lys i s  of data that con
tain what a re cons ide r ed  the most i mpo r tant exp lanato ry va r i ables , 
biases are int roduced by the often impl ic it assumpti on that ef fects 
a re uniform ac ross f ie l d ,  coho rt , sector of employment,  or sex . Some 
examples a r e  as fol lows : 

• In some reg r ess i on mode l s  the effect of gende r is  int roduced 
s i mply as a dummy va r i able . In eff ect , it is  ass umed that the 
way in which independent var iables affect the dependent va r i 
a b le a re ident ical for ma les and fema les . As a consequence , 
estimates of the effects of independent va r i ables are ave raged 
across sex . Sex -spec i f ic effects a re mas ked , and impo r tant sex 
d i ffe rences may be lost . 

• S tud ies of 
'
the effects of doc to r a l  t rai n i ng ,  fel lowships , pro

duct i v i ty ,  and pos i t i on a re l imited if  a nalyses do not cons ide r  
the poss i b i l i ty of the processes ope rati ng di f fe rent ia l ly by 
sector of employment . stud i es that collapse across sector of 
employment igno re the dif fe rent demands and expectations for 
publ i sh i ng in d i ffe rent secto r s . To the extent that ma les and 
fema les ente r those sec tors  at di f fe rent rates , and such evi
dence e x i sts , sex d i ff e rences a re mas ked . 

Mode l s  must be spec i f ied to al low effects to d i f fe r  ac ross groups , 
unless the re a re good reasons s uppo rting the equa l i ty of effects 
ac ross groups . 

Sampling on the Depentknt Variable 

To state that •women who obtai n tenu red pos i t iona in  research 
unive r s i t i es a r e  as  s ucces s f u l  as  men •  is not equ i va lent to stat i ng 
that • f ema le Ph . D . s  are as successful  as ma le Ph . D . s . • The fi rst 
statement is bas ed on a subset of the popu lat i on of f ema l e  Ph . D . s  that 
is de f i ned in te rms of success , and consequently cannot be gene r a l i zed 
to the enti re populat ion . Yet too f requent ly, stud i es imp l i c itly 
select the sample on the ba s i s  of the va l ue of the dependent va r i able 
bei ng stud ied . 

cons i de r  a study of scient i f ic producti v i ty . I f  the pr ima ry re
sea rch quest ion is  to unde rstand what d i s ti ng u i s hes a product i ve sc i 
ent i s t  f rom an unproducti ve sci ent ist , a sample that i s  represe ntat i ve 
of a ll leve ls of product i v i ty must be studied . If only product i ve 
scien t ists  are se lected , inferences on facto rs affect i ng les s  produc
t i ve s c ient i sts can only be made i f  one is wi l l i ng to assume that fac
tors affec t i ng producti ve sci ent ists  ope rate in exactly the same 
fash i on as they do for u nprod uct i ve sc ient i sts . And e ven if  such a n  
assumpti on can be made , seve re sta t i s t i c a l  problems must be add ressed . 
The stat i s t i cal consequences of samp l i ng on the dependent va r i ab le a re 
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we ll known in the l ite ratu re on samp le se lect ion model s ( Be r k , 1 9 8 3 ) . 
Infe rences f rom the oon represe ntat i ve sample wil l not apply to the 
popu lat i on of i nte rest . 

'!he appa rent ly cont rad i c to ry findings on the ef f ects of fam i ly 
may be exp lai ned in te rms of samp l i ng on the dependent va r iable s . 
Fami ly obl igations can keep women out of full -time pos i t iona ; a t  the 
same t ime , those who a re not kept o ut of such pos i t i ons may expe r ience 
no effect of fam i ly on thei r produ ct i v i ty .  

The problem of samp l i ng on the dependent va r i ab le i s  pa rticular ly 
i mportant in compa r i ng male and fema le sc i ent ists , si nce it i s  more 
d i f f i cult  to co l l ect complete i nf o rmat i on on f ema l es than ma les . The 
g r eate r  percentages of women who drop out of science , or  are underem
ployed , mea ns that a g reate r pe rcentage of f ema le s c ient i sts wi ll be 
professi ona l ly inv i si ble . Biog r aph ical  info rmati on is less  li kely to 
be found in standa rd sou rces ; add resses a re less l i k e ly to be found i n  
sc ient i f ic di recto r i es .  FU rthe r ,  to the extent that women change 
the i r  names with ma r r i age or divo rce ,  or change thei r names back to 
the i r  maiden names as a consequence of chang i ng soc ial  trends , they 
appea r to d rop o ut of sc ience when , in fact only the i r  names have 
changed . Such women may be lost  in d rawi ng a sample . The consequence 
is a samp le that is not representat i ve of a l l  deg r ee  recip ients but i s  
s kewed to more successful  o r  unma r r i ed sc ient ists . TO unde rstand 
gende r d i ffe rences in sc ience , it is not suf f i c ient to unde rstand pro
cesses that on ly af fect more success f u l  women sc ient ists . 

It is c r i t i cal that stud i es be ex t reme ly sens i t i ve to the i r  
s ampl i ng .  Samples should be drawn f rom the populat ion o f  Ph . D . s  that 
a re g ranted,  o r ,  better st i l l ,  the app l i cants to g r aduate programs . 
Wh i le the re are reasons for samp l i n g  othe r popu lat ions ( e . g . , scien
t i sts at a g i ven i nst i t ut io n ) ,  but it is c r i t i cal that gene ral i zat i ons 
not be made to the ent i re popu lat ion of women Ph . o . s  and that ca re is 
taken to avo id i nt roduci ng stat i sti cal bia s .  

Problems in Uniform Measurement 

Va r i at i ons  in the meas u rement of rese a rch produ c t i v i ty can cause 
d i ffe rences in results , and possi bly gene r ate spu r i ous f i ndi ngs of sex 
d i f fe rences . TO .  take one example , con s i d e r  the treatment of art ic les 
in wh ich a samp le membe r is  not the f i rst autho r .  When Sc ience 
Ci ta t i on Index is used to col lect such data , a rt ic les by jun i o r  authors 
a re missed . The extent of d i ffe rences i n  co-authorship patte r ns among 
males and fema les can resu lt in a r t i f i c i a l  di f fe rences in producti vity . 
standa rd i z at i on in our measu rement of product i v i ty is necessa ry . 
Stud i es are needed to dete rmi ne the effects of al te rna t i ve methods of 
measu r i ng product i v i ty .  

Solutions 

So l ut i o ns depend on dea l i ng with the problems di scussed above . 
The biggest gai n s  can be made by de velop i ng a prog ram of rese a rch that 
is bas ed on a mu l t i va r i ate , long i tud i nal concept i on of the ca ree r . 
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He re much can be gai ned by cons ide r i ng the ca ree r  as a se r i es of 
events . While th i s  approach has a long trad i t i on ,  the fol low i ng di s 
cus s i on wi ll draw o n  ca r r-Hi ll and Macdonald ( 1 97 3 ) , who di scuss 
soc i a l  mobi l i ty ,  and Elder ( 1 9 78 ) ,  who considers stud ies of the fami ly . 

ca r r�Bi ll and Macdonald ( 1 97 3 : 6 3 )  suggest : • rt a rguably · ma kes 
mo re sense to see a li f e  • • •  as the outcome of a sequence of events , 
and to concentrate upon predicting o r  expla i ni ng the probabi l i ty of 
occ u r rence and the nature of those events , than it  does to ta ke a li f e  
a s  an add i t i ve funct i on o f  ce rta in bac kground va r i ables p l us a sto
chast ic e r r o r  te rm . • Th i s  statement suggests that the sci ent if ic 
ca ree r  must be viewed as a se r i es of cr i t i cal events occu r r i ng at 
unique times for each ind ividual .  TO study the location of ind i v i duals  
in the strat i f icat i on of  s c ience at  thei r tenth year a fte r the Ph . D . 
i s  arbi trary and potent ia l ly mislead i ng .  Rathe r ,  the di f fe rent events 
t hat resu l t ed  in each i nd i v idual obta i n i ng the job ( that ult imately 
l ead to the i r  location in the tenth yea r )  must be stud i ed .  Simi la r l y ,  
t o  me rely compa re the product i v i ty of ma les and f ema les in t he i r tenth 
postdocto ral  yea r is uni nformati ve without consi deration of the events 
t hat a l located th'em to the pos i t i ons that fac i l itated or h i ndered 
the i r  producti v i ty .  

Elde r a rgues for a simi l a r  program of • l i fe cou r se ana lys i s • for  
s tud i es of the fami ly . Be w r ite s  ( 1 978 : 21 ) : • The l i fe cou rse refers  
to pat hways through the  age-d i f fe rentiated life  span , to soc i a l  pat
terns in the t i me ,  du r at ion , spac i ng ,  and o rde r of events ; the t i me  of 
an event may be as consequent ial for li f e  expe r i ence as whether the 
event occurs  and the degree or type of change . • In the l i fe cou rse , 
t iming , not just occu r rence of events ,  is impo rtant . He makes the 
i mpo r tant add i t ional poi nt that the fami ly must be u nde rstood in the 
context of oth e r  ins t i tutions ( 1 9 78 : 2 2 ) : 

Trad i t iona l ly,  the l ife cou r se of an i ndi v idual has been 
v i ewed in te rms of a si ngle l i f e  path , such as the cou r se 
of a pe r son ' s  wor k l i fe o r  ma r r i age . This  approach neg l ects 
a cent ral feature  of li f e  expe r i ence in complex soc i et ies -
that of mu ltiple , i nte rdependent pathways f rom bi rth to 
death--and is complet e ly inadequate fo r hand l i ng the complex 
proce ss of ma r r i age and fami ly dynamics . 

Conve rse ly ,  women in sci ence must be understood i n  the context of the 
l i fe cou rse--i ncludi ng the fami ly . Too of ten we ope rate on the bas i s  
of  the myth o f  a un i d imens i ona l scient ist--who eat s ,  sleeps , and 
d reams s c i ence . 

To i l l ustrate how this approach can be appl ied , cons ider  aga i n  
the i s s ue  o f  the eff ect o f  domest ic obl igat i o ns on the ca reers of  
f emale sci ent ists . Without provid i ng a critique of  the ind i v i dual  
a rt i cles repo r t i ng the  lack of eff ect of  domest ic obl igat i ons , and 
speci f ically of rai s i ng Chlld r e n ,  on scient i f ic · perf o rmance , con s i de r  
how t h i s  quest ion might be addressed within the cont ext o f  a l i f e
cou rse ana lys i s . 

Fo r most sci entists thei r caree rs  beg i n  in graduate school . Th i s  
suggests that the f i rst s i te for dete rmi ni ng the eff ects o f  hav i ng 
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child ren on the product i v i ty of a sc ient ist  is du r i ng g raduate educa
t ion . One might reg ress the numbe r of publ ications on the numbe r of 
c h i l d ren . Gi ven the a rgument that events unfold ove r t ime ,  def i n i 
t ions of produ c t i v i ty and numbe r of ch ild ren must  be ca refully re
s t r i cted to a spec i f ic pe r i od  of t ime . Product i v i ty must be measu red 
to inc l ude onl y  those publ ications occ u r r i ng du r i ng graduate school . 
If it we re def i ned as a summa ry measu re of ca ree r product i v i ty ,  i t  
would inc lude publ i cat i ons occu r r i ng afte r the rece ipt o f  the Ph . D .  
S i nce l ate r product i v i ty is l i kely to be the funct i on of events occ u r 
r i ng af te r the Ph . D . , it wou ld be inappropr i ate for the quest ion at 
hand . S imi la r ly ,  it is i nappropri ate to measure number of chi ldren 
as the total  numbe r of ch ild ren at some arb i t r a ry po i nt in the ca ree r ,  
a s  may be done in  a cross -sect ional s u r vey . I t  i s  unl i kely that late r 
c h i ld ren af fect pr ior produ ct i v i ty .  Th i s  suggests count ing the numbe r 
of c h i l d r en at the yea r of the docto r ate . FU rther ref lect ion suggests 
that th i s  may be inadequate . The demands of ch i l d ren on pa rents gen 
e r a l ly decl i ne  ove r t ime .  Wh i le ve ry young c h i l d ren may have maj o r  
effects on time ava i l able f o r  resea rch , older  c h i l d ren may not . con 
sequently,  ou r measu re o f  c h i l d r en shou ld be res t r icted to the numbe r 
of  young ch i l d ren ,  say ch i l d ren under si x yea rs of age . The resu l t ing 
a nalyses would relate the numbe r of young c h i l d ren to docto ral produ c
t i vity , con t r ol l i ng for cha racte r istics  of graduate educat i on ( e . g. , 
prest ige of the docto ral depa rtment,  cha racte r i s t ics of the mento r ) . 
Fu rthe r ,  it is poss i ble  that the demands of young ch i l d ren on thei r 
pa rents ' t i me  are greate r fo r fema les than ma les . Consequently,  the 
ana lyses must al low d i f f e rent i a l  effects by se x .  P r e li m i na ry ana lyses 
by the autho r for a samp le of b iochemists suggest that such steps a re 
necessa ry to uncove r the ef fects of chi ld r en on the produ c t i v i ty of 
t hei r pa rent s . 

Conclusions 

FO r  prog ress to occu r ,  s tud i es of gende r d i fferences in the sci 
entif ic ca ree r must be un i f ied at the le vel of common unde rstand i ngs . 
Resea rch needs to be guided by mo re ca reful  des igns and a f u ller  con 
s i de ration of the process bei ng stud i ed . The a rea of rese a rch needs 
c ross-d i sc ipl ina ry pa nel stud ies , sta r t i ng with the r ece ipt of the 
Ph . D .  NOt on ly wou ld th i s  lead to a greate r understand ing of sc i ence , 
h u t  a l so of sex d i ffe rences in sc ience . 
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SUMMARY OF OPEN DISCUSSIONS 

In the open di scussion per i od , Thomas B i lton as ked about the use 
of minimum SAT sco res fo r col lege admi ss ion when the sco res have been 
s hown to corre late weakly with retention and thei r use seems to di s
c r iminate agai nst wome n . In  response , D r . LeBold s a id that he pe rson
ally  deplores the exclus i ve use of test scores for admi ss i ons , academ i c  
schola rships , and fellowships and v i e ws  extens i ve use o f  test sco res 
as  a real ba r r i e r  to women ' s  part icipat ion . 

Anna Ha r r i son spoke about rationa les for i nc r easing women ' s pa r 
t ic ipation i n  science and eng i nee r i ng .  On e  rationale is  atta inment of 
equ ity--equal oppo rtun i ty for all  to pa rt icipate . Another is attaini ng 
pa rity--5 0 percent part icipation as a group . A f ina l rat ionale is in 
serving the national need . She noted that at the t i me  she made her 
dec i s i on rega rd i ng f ield of study , 5 0 y ea rs ago , equ i ty was the only 
i s sue . She s a id she was exc ited by the progress of women du r i ng thi s  
per i od  i n  te rms of numbe rs , but even more so because the a rg ument seems 
now to have moved beyond questions of equ i ty and pa r i ty to that of 
serving the nat ional need . women must play an act i ve role in the tech
nological soc iety of which a ll a re a pa rt . Thi s ,  she felt , was the 
image that chi ld ren should meet . 

Di scus s i on tu rned to the top ic of women and role model s .  Judith 
Ba r r is expressed conce rn about r etention

· 
of fema le students in sc ience 

and eng inee r i ng :  What can be done about the high att r i tion rate in the 
f i rst two yea rs of col lege? D r . LeBold s a id that in h is studies on 
retention , women seemed more ready to drop out if  thei r ave rages were 
below • a •  because they were accustomed to ve ry high grade s . suppo rt 
groups and access to appropr i ate  role models a re needed . H e  sa id that 
role models we re once al l • sta r s , • but now the suppo rt groups t ry to 
u se someone who fai led a test once or got a • c •  i n a cou rse . El i zabeth 
Tidball said that her re sea rch showed repeatedly that s heer numbe rs of 
role models were as important a facto r as the qua l i ty of the role 
models .  She said she would choose to b r i ng in  th r ee dozen o rd i na ry 
women as role model s  for young women rather thai) one • star . • Marsha 
Matyas reminded pa rticipants that r o le models do not have to be people 
who are mid-ca ree r and descr ibed a semi na r  conducted by Jane Kahle at 
PU r du e  Uni ve r s i ty with women b iology ma jors who we re i nterested in re
sol v i ng fami ly and career conf l icts . In  an ass i gnment to work  with 
h igh school biology students in the labo rato ry , h i gh school students 
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benef i ted from the presence of these wome n ,  but the b iology ma jo r s 
bene f ited as much f r om be i ng role models as f r om other  aspects of the 
semi na r s . use o f  role models not too di stant in  career levels c an thus 
provide a double benef it . 

Robe rt McG i nn i s  quest ioned Dr . Zuckerman • s statement that the re 
was no relationship between wome n ' s  ma r ital and pa rental status and 
the i r  research pr oducti v ity . Th i s  was contra ry to what one wou l d  
expect . could Scot t Long ' s  suggestion that the re sea rch might b e  
s kewed by inc lud ing only wor k i ng women sc ient ists be a n  explanation?  
Had others dropped out because of  ma r ital o r pa rental demand s ?  
Dr . Zuckerman sai d  that about 2 0  d if fe rent publ icat ions , r eport ing 
data from va r i ous sou rces , consi stent ly f ound that among wo r k i ng women 
sc ient i sts , ma r r i ed women and women with child ren we re as  product i ve 
as si ng le women or  mo re so . Her own resea rch on women who had d ropped 
out of scient i f ic  ca reers showed that the demands of ma r r i age and 
f ami l ies we re a s i g n i f icant f a cto r ,  but not the only one . She and 
Dr . Ho rnig stated that the re was essent i a l l y  no evi dence that women 
with Ph . D . s  drop out of the labo r f o r ce i n  any s i gn i f icant numbe r s , 
a nd Betty Vetter added that women with Ph . D . s  in  sc ience do not leave 
for sign i f icant pe r i ods when they have ch i l d ren and ra rely leave the 
l abo r f orce completely . In fact , men somet imes inter rupt the i r  ca ree rs 
for longe r pe r i ods than wome n .  Ala n Fechte r c i ted a recent study by 
Gwendolyn Lew i s  concern i ng caree r inte r r upti ons of men and women 
Ph . D . s . In response to a quest ion i nc l uded i n  the 1 9 8 2 su r vey of DOc
torate Recip ients , 17 p ercent of fema le respondents ind icated ca reer 
inte r r upt ions of at least a yea r compa red t o  5 pe rcent of male respon
d ent s .  The effect on ea r n i ngs--an average drop of 5 pe rcent--was the 
same for men and women . D r . Hornig noted that the st udy had not d i f 
f erent iated between voluntary and invo luntary inter rupti ons ; r esea rch 
shows that wome n ' s  caree r  i nte r r upt ions a re mo re l i kely to be fo rced . 

Pa ula S tephan noted that many of the patte rns in  career d i f fer
ences between men and women in sc ience and eng i nee r i ng have been f ound 
by econom i sts in  other di s c ipl ines as we l l . Because the patte r ns , in  
fact,  a re f a i r ly gene r a l i zab le across f i eld s ,  it would be use f ul to 
l oo k  at ca reer d i f fe rent ial s  in that . contex t .  

Da ry l chubin commented o n  poss i b le f ede r al i ntervent i ons . could 
some ma jor  leg i slat ion at the federal leve l regard ing aff i rmat i ve ac
t ion in va r ious k i nds of i nst itutions produce eff ects that would show 
up in the facto rs mentioned by Dr .  Ho rnig?  Dr . LeBo ld recogni zed fed
e r al pol i cy aspects to this pro blem :  ( 1 )  to become effect i ve ,  a ff i r 
mat i ve act ion should be accelerated , but instead it has dec r eased ; 
( 2 )  f ede r al programs that we re i n c r easing the f ema le pool in sc ience 
and eng i nee r i ng have been cut from the budget ; a nd ( 3 )  the re are more 
f ede r al dollars than ever at the preco l lege leve l , but none of the 
money is ded i cated to increas ing the pool . 

Ala n Fechte r conc luded that there remai ns a ve ry la rge gap between 
the products of r esea rch on di spa r i t i es between males and fema les in 
science and eng i nee r i ng and the fo rmulation of prope r i nterventions to 
cor rect the di spa r i ties . Th i s  suggests that a strong evaluat ion com
ponent is need ed in the deve lopment of models and demonstrat ion pro
grams . The re is a tendency to env i s i on the locus of dec i s i on ma k i ng 
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as a si ng le sou rce .  There are , in real i ty , hund reds of dec i s i on make rs 
involved and , pa rticula r ly at the preco l l ege leve l , un resolved ques 
t ions about the prope r di v i s i on of respons i bi l i ty between fed e ra l , 
state , and loc al governments .  Inte rvent ion strateg i es cannot be e f 
fect i ve ly deve loped without tak i ng th i s  need structu re into account . 
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APPENDIX A 

wo rkshop o n  the Unde r representation and ca reer D i f ferent ials  
of women i n  Sc ience and Eng i nee r i ng 

October 9 ,  1 9 86 

Chai r :  M .  E l i zabeth Tidba l l , Professo r 
George washi ngton Un i ve r s i ty Medical School 

8 : 30 Cof f ee 

9 : 00 Welcome 

9 : 30 Stat i st ical ove r v iew 

9 : 45 Precol lege Educat ion 

1 0 : 1 5 Di scussion 

1 0 : 3 0 Break 

Prank Pr ess , Nat ional Resea rch counc i l  
Ma ry Clutte r ,  Nat ional Sc ience Foundat ion 

Michael F .  crowley , Nat ional  Science 
Foundat ion 

Ma rsha Matyas , Ame r ican Assoc iat ion for 
the Advancement of Sc ience 

susan Ch i pman , Off ice of Nava l Resea rch 

1 0 : 45 Underg raduate Educat ion Wi l l i am LeBold , Pu rdue Uni ve r s i ty 

11 : 30 Di scuss ion 

1 2 : 00 Lunch 

1 : 3 0 Graduate Educat ion 

2 : 1 5 Ca ree rs 

3 : 00 Break 

3 : 1 5 Di scuss ion 

4 : 00 Ad j ou rnment 

susan Ch ipman , Off ice of Nava l Re sea rch 

Li l l i  Ho rnig , We l l e s ley Co llege 

Ha r r iet Z uc ke rman , Co lumbia uni ve r s i ty/ 
Russe l l  Sage Foundation 

J.  scott Long , washi ngton state Uni ve r s ity 
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