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NOW BOYCOTT 

The AWMhas Joined the NOW economic boycott llst (against states which have not 
ratified the ERA). NOW understands our problems with the locations of AMS meetings 
and will not regard AWM activities at these meetings as a breach of faith. Please 
support the NOW effort to extend the seven-year deadline on the ratification of the 
ERA. 

AWM PANEL: HELSINKI 

The AWM is sponsoring an international panel discussion on women inmathematics 
at the International Congress of Mathematicians to be held in Helslnkl. The dis- 
cussion will take place August 18, 1978, from 20:00-21:00 in Torthania, Room P III. 
Judy Green, AWMVice-President, will represent the United States. The other panelists 
will be announced in the next issue of the Newsletter. 

AWMMEETINGS: OHIO 

by Jessie Ann Engle, Associate Professor 
Ohio State University, Marion Campus 

An AWMMeeting was held at the Ohio State University on March 24, 1978, in 
conjunction wlth the 753rd Meeting of the American Mathematical Society. It was 
billed as the "First Ohio Meeting of the Association for Women in Mathematics," 
which turned out to be a misnomer, as there have been at least two meetings previously. 

There was a panel discussion "On being a woman and a mathematlcian--some 
possibilities and responsibilities," moderated by Jessie Ann Engle (The Ohio State 
University) with Bhama Srinivasan (Clark University) speaking on "Activities of the 
Boston Area AW~'; Cynthia Yang (Miami University) speaking on "Responsibilities as 
aMath Educator"; and Suzanne Damarln (The Ohio State University) speaking on "What's 
Happening at Ohio State". Discussion after the talks centered on the problem of 
reaching and teaching those, particularly girls and women, who have little mathe- 
matical experience, and who avoid mathematics when they can. Several programs for 
helping students now in college were described. There was general agreement not to 
use the term "math anxiety" and to support strongly the notion that it is essential 
to have mathematicians involved in any programs for helping those with mathematics 
learnlng problems and mathematics fear problems. 

Possible participation in the MAAWomen and Mathematics (WAM) secondary school 
lecturer program was brought up. We were fortunate to have Lenore Blum at the 
meeting. She described the large network of women mathematicians and scientists who 
work together in the San Francisco Bay area to encourage 7-12 grade women to stay with 
m a t h e m a t i c s .  

A b r e a k f a s t  m e e t i n g  o f  t h e  AWMwas h e l d  A p r i l  29 a t  t he  U n i v e r s i t y  o f  Akron 
i n  c o n J u n c t i o n w i t h  t h e  MAA Ohio S e c t i o n  s p r i n g  m e e t i n g .  

NEW AT~4 MEHBER-AT-LARGE 

M a r J o r i e  S t e i n  has  r e s i g n e d  h e r  p o s i t i o n  on t h e  A ~  e x e c u t i v e  c o m m i t t e e .  
Bharm S r i n i v a s a n ~ r a s  f i r s t  r u n n e r - u p  i n  t h e  r e c e n t  e l e c t i o n  and h a s  a g r e e d  to  f i l l  
t h e  p o s i t i o n .  
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SENATOR KENNEDY INTRODUCES WOMEN IN SCIENCE BILL 

On February 22, 1978, Senator Edward M. Kennedy (D.-Mass) introduced legislation 
establishing a ten-year program to encourage the participation of women in scientific 
and technical careers. 

In introducing the Women in Science and Technology Equal Opportunity Act, Senator 
Kennedy, Chairman of the Senate Subcommittee on Health and Scientific Research, said: 

"This legislation is the result of a growing concern that there has been virtually 
no increase in the number of women in scientific careers over the last fifty years. 
The percentage of women in the scientific workforce, just 10.4Z, has not changed since 
the 1920's. Moreover, those women who are working as scientists and engineers are 
earning less than men in every field, at every degree level, at every level of experience 
and in every employment setting. Further, those women who are trained in scientific 
and technological fields are experiencing an unemployment rate from three to five times 
that of men in every field of science. 

"Full participation of women in the scientific and technical workforce is not a 
goal which we can expect to reach in one or two years. Nor is it, however, a goal 
which we can afford to put off for another fifty years. The Women in Science and 
Technology Equal Opportunity Act establishes a ten-year program to remove the educa- 
tional, cultural and institutional barriers which have resulted in the serious under- 
representation of women in science and technology. Rather than focusing on increasing 
the total scientific and technical workforce, it attaches highest priority to programs 
which will change the mix of students deciding to pursue higher education in scientific 
and technical fields. 

"It is my conviction that the full implementation of this legislature will enhance 
this nation's scientific and technical strength, contribute to the standard of 
excellence which has been the hallmark of our scientific and technical enterprise, and 
assure that all of our talented students and researchers are given a full opportunity 
to pursue careers which are among the most challenging and rewarding that our nation 
has to offer." 

Highlights of the Women in Science and Technology Equal opportunity Act, cosponsored 
by Senators WLlllams, Pell, Hathaway and Javlts, follows. 

TITLE I - - STATEMENT OF FINDINGS, PURPOSE AND POLICY 
F i n d i n g s  
The Congress finds that it is in the national interest to promote the full use of human 
resources in science and technology; that skills in science and mathematics contribute 
substantially to achievement in a wide range of professional fields; and that men and 
women have equal potential for excellence in scientific and technical flelds. 

Declaration of Purpose 
It is the purpose of this Act to encourage the full participation of women in scientific, 
professional and technical fields through programs to improve science education; to 
promote literacy in science and mathematics and educate and inform the public concerning 
the importance of the participation of women in science and technology; to increase 
employment and advancement opportunities for women; and to encourage the participation 
of minority and handicapped women in science and technology. 

Statement of Pollcy 
The Congress declares that it is the policy of the United States to assure equal 
opportunity for women in education, training and employment in scientific and technical 
fields and thereby promote the full use of human resources in science and technology. 

TITLE II - - EDUCATION 

E l e m e n t a r y  and S e c o n d a r y  E d u c a t i o n  ProETamm ~ 
The N a t i o n a l  S c i e n c e  F o u n d a t i o n  i s  d i r e c t e d  to  s u p p o r t  a c t i v i t i e s  to  s t r e n g t h e n  e l e m e n t -  
a r y  and s e c o n d a r y  s c h o o l  p r o s r a m s  i n  s c i e n c e  and ma thema t i c s .  The a c t i v i t i e s  s u p p o r t e d  
must  d e m o n s t r a t e  p o t e n t i a l  t o  i n t e r e s t  and i n v o l v e  female  s t u d e n t s  and p r i o r i t y  i s  to  
be  g i v e n  to  a c t i v i t i e s  f o c u s e d  on s t u d e n t s  i n  g r a d e s  s e v e n  th rough  t w e l v e .  

H i g h e r  E d u c a t i o n  Pro  Stares 
The National Science Foundation is directed to support activities which demonstrate 
potential to increase the participation of women in courses of study leading to degrees 
in scientific and technical fields, to encourage" women to consider and prepare for careers 
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i n  s c i e n c e  and t e c h n o l o g y ,  and to  p r o v i d e  t r a i n e e s h i p  and f e l l o w s h i p  o p p o r t u n i t i e s  
f o r  woman i n  s c i e n c e  and t e c h n o l o g y .  

Continuing Education 

The National Science Foundation is directed to initiate a program of continuing educa- 
tion and science and engineering, with particular emphasis on the participation and needs 
of women, to enable persons who (i) have been in the workforce for at least three years, 
(ii) hold degrees in scientific and technical fields; and (ill) have had careers inter- 
rupted for at least three years to acquire new sk/lls and/or strengthen existing skills. 
The program includes the development of curricula and education techniques in cooperation 
with industry and academic institutions, as well as fellowships. The fellowships are to 
be allocated in a manner which attracts highly qualified applicants and encourages the 
participation of women. 

TITLE Ill -- PUBLIC ~qDERSTANDING 
Research Program 

The National Science Foundation is directed to conduct a comprehensive research program 
to increase understanding of the potential contribution of women in science and tech- 
nology and of means to facilitate the participation and advancement of women in scientific 
and technological careers. 

Community Outreach 

The National Science Foundation is directed to support community outreach activities 
designed to attract substantial numbers of young women and girls, to emphasize the 
importance of equal opportunity in scientific and technical fields, to stimulate the 
interest of girls and young women in science and mathematics and to encourage girls and 
young women to continue in and complete courses of study in science and mathematics. 

Visiting Women Scientists Program 

Each year the Director of the National Science Foundation is to name at least thrity 
women scientists who will visit secondary schools and institutions of higher education. 

TITLE IV -- EQUAL EMPLOYMENT OPPORTUNITY 

Agency R e s p o n s i b i l i t  7 

The head o f  each F e d e r a l  agency ,  n a t i o n a l  l a b o r a t o r y  and f e d e r a l l y  funded r e s e a r c h  and 
development  c e n t e r  which s u p p o r t s  o r  c o n d u c t s  r e s e a r c h  and deve lopment  i s  t o  t a k e  a c t i o n  
t o :  ( i )  p r e v e n t  d i s c r i m i n a t i o n  a g a i n s t  women i n  s c i e n c e  and t e c h n o l o g y ,  (2) i n c r e a s e  
o p p o r t u n i t i e s  f o r  the  employment and advancement  o f  women in  s c i e n c e ,  and (3) e n c o u r a g e  
the  p a r t i c i p a t i o n  o f  m i n o r i t y  and p h y s i c a l l y  hand icapped  women i n  s c i e n c e .  In m e e t i n g  
t h e s e  r e q u i r e m e n t s  a c t i o n  i s  t o  be t aken  d e s i g n e d  to  i n c r e a s e  t he  number o f  q u a l i f i e d  
women i n  permanent  s c i e n t i f i c  and t e c h n i c a l  p o s i t i o n s ,  r e a l i z i n g  o p p o r t u n i t i e s  f o r  
p romot ion ,  s e r v i n g  on p e e r  r e v i e w  and a d v i s o r y  p a n e l s ,  and s e r v i n g  a s  p r i n c i p a l  i n v e s t i -  
g a t o r s .  

Data C o l l e c t i o n  Program 
The Director of the National Science Foundation is to make an accurate accounting of the 
participation and status of women in all disciplines and Job categories of scientific and 
technological fields in the public sector, private enterprise and academic institutions. 

De monstratln8 Projects 

The National Science Foundation is to support demonstration projects to encourage the 
employment and advancement of women in science and technology through: (I) flexible work 
schedules and Job-sharing arrangements, (2) eligibility for fringe benefits and tenure 
for parttime employees, (3) removal of antlnepotlsm employment conditions and (4) other 
similar arrangements, including day care, which show promise of encouraging the employ- 
ment and advancement of women in science. 

TITLE V - -  GENERAL PROVISIONS 

A u t h o r i z a t i o n  o f  A p p r o p r i a t i o n s  

For fiscal year 1980 and for each of the succeeding nine fiscal years $25 million is 
authorized to carry out the provisions for this Act. 

e 
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DATA ON WOMEN IN SCIE~TIFIC, RESEARCH: part two 

TABLE l :  

S o u r c e :  

TOTAL SCI~ISTS & ENGINEERS 

SCIENTISTS AND E~GI~EEP~ IN THENATIONAL SAMPLE WHOWERE 
WORKING IN RESEARCH 19Th 
C h a r a c t e r i s t i c s  Of t h e  N a t i o n a l  Sample o f  S c i e n t i s t s  and 
Engineers-19Th, Part 2, ~plo~aent. NSF 76-323 

RESEARCH AND DEVELOPI,~NT 

t~ I~ .I 

A l l  Fields 

M~th. ~c~. 
Compute r  

0 N I 

3~3~5 

It,.~, 

~ I  
I. bSi: 

In Basic Research 

13, 

15,1 ~.tSl s 

| 

) 

! 

m 

I 

i 

I 

| 

I 

i i n 

In Applied Research 
TYPE OF E,~LOYER 
F e d e r a l  Othe r  

Government  Government  

i ,30211c ,31 8,  55 i 
7: ~i :1 ~ 1  ~Sl  i; , 7 . o ,  

i , i ,  i :.71 ~,~ot ~,~..., 

Business. 
Indust 

TYPE OF E~PLOYER 

Co]" 

el, ol 
111 tJu 
. ; I  
. l i  ',~1 
"~1 ~ 

.si ,,0, 

.~1 I , I ;  

a cIAnic, s 
1.7k3 0.61 
i 

6,i~ I~; k 
1 i 

m l w  

A~o q.8 

0r~s, 

.%q oo I S.q 
:o5 I_~.1 

~Zi j . s  
!o51 i i.~. 

ST_~ ,q.5 

O v e r v i e w  

The number  o f  women s c i e n t i s t s  and e n s l n e e r s  employed i n  r e s e a r c h  and d e v e l o p m e n t  
i s  o n l y  a s m a l l  f r a c t i o n  ( l e s s  t h a n  6Z) o f  t h e  t o t a l  542 ,000  s c i e n t i s t s  and  e n g i n e e r s  
s o  e m p l o y e d  i n  1977. I Very  l l t t l e  i n f o r m a t i o n  e x i s t s  on women maployed  i n  r e s e a r c h  
b e l o w  t h e  d o c t o r a t e  l e v e l ,  a l t h o u g h  t h e  a v a i l a b l e  d a t a  i n d i c a t e  t h a t  t h e  p r o p o r t i o n  
o f  a l l  women s c i e n t i s t s  and  e n K i n e e r ~  who l i s t  t h e i r  p r i n c i p a l  work a c t i v i t y  as  
r e s e a r c h  i s  g e n e r a l l y  c o m p a r a b l e  t o  t h e  p r o p o r t i o n  o f  men who make t h a t  i n d i c a t i o n .  
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Within the National Sample of Scientists and Engineers surveyed in 1974, only 
5% are women. 2 This sample is derived from the 1970 Census and therefore includes 
only persons who were already employed before1970. It includes scientists and 
engineers at all degree levels, and no cross tabulations by sex and degree level are 

available. 
Among scientists and engineers in this sample whose primary work activity was 

basic or applied research, 9.6% were women, 3 a higher proportion than their proportion 
in the National Sample (Table I). However, 30% of men and only 25% of women scientists 
and engineers were engaged in R & D, with the proportions highest in the physical 
and environmental sciences and lowest in the social sciences, psychology and computer 
sciences. The proportion varied from less than one percent of all researchers in 

engineering to 23.1% in psychology. 
We cannot distingulshthe degree level of women working in research from this 

National Sample, nor can we distinguish differences between men and women working in 

research by type of employer. (Table i) 
The National Sample is one of three parts of the National Science Foundation's 

}~npower Characteristics System (MCS), where data are pulled together in even- 
numbered years from a combination of the National Sample, a survey of New Entrants 
since 1970, and some input of new doctorates from theDoctorate Roster. Table 1 
shows the number of men and women scientists and engineers in the National Sample in 

1974 and the number of each who were worklngln research. Table ~ shows the nu~er 
of men and women scientists and engineers in the Manpower Characteristics System and 
the number who were working in research in 1974. 4 The proportion of women among 
employed scientists and engineers is higher in the MCS (5.8%) than in the National 
Sample (4.3%) and the proportion of basic and applied researchers who are women also 
is higher (13.7% and 8.3%). Both of these data sets include persons at all degree 
levels, and both sets indicate that women are proportionately more likely than men to 
be working in basic or applied research and less likely to be in development, with 
some exceptions by field, as in the life sciences. 

TITLE 2 :  

Source: 

SCI~ISTS ~ID ENGINEERS IN THE ~,L~FO~,FER CHAPACTERISTICS SYST,~4 
~0 ,^~RE WORKING IN RESEARCH 1It 197h 
U.S. Scientists and Engineers, 1971~, NSF 76-329 

TOTAL SCIL~TISTS & ENGINEERS P~SEARCE ~/ID DEVELOP~,~q~T 

RESEARCH AND DEVELOPMENT 
In Basic Research .. In ApElied Research 

Allyle!ds i~g,--__~-~O,! 5 ' ~  
+.+~th, .S c.i.. +, ~,oo 
C o m ~ ]  I. 200 I.Z 
Env~ir~ ~ci ,  �9 i, ~',~176 q'$ 
Eng!n.eers �9 ! ~ , l a o O  

Life I : . . . . . .  Sci,. 11, moo I i o.Z I 

+ .Ocla l  Sel. I +.3ooI  ,.oi 
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TABLE 3 :  

Source: 

PROPORTION OF ALL DOCTORAL SCIENTISTS ~{D ENGINEERS AND OF WO.X@/N 
DOCTORAL SCIENTISTS fd{D ENGINEERS IN VARIOUS ~4PLO~,~NT SER'TINGS, 1975 
National Science Foundat ion,  NSF 77-309 

Number 262,062 
Business & Industry ~,I*Io 
Educational Institutions Sg.5 

Colleges & U n i v e r s i t i e s  (6b,5) 
Two-year Colleges (I.%~ 
Elem,/Sec, Schools (b.~) 

Hospitals & Clinics ~.~ 
Non-~rofit Organizations 3. A 
F e d e r a l  Government ~ .~  
Other  Government ~ . 0  

22,386 
gnu. 

(2n) 

i.z 

As shown in Table~, women doctoral scientists and engineers are more likely 
than men to work in educational institutions, hospitals and clinics, and non-profit 
organizations; and less llkely to be employed in business and industry or in govern- 
ment.8 

We have no data to tell us what proportion of women were working in research 
within each of these various employment settings or whether the proportions for 
women are different than for men. We can see that the employment setting of men and 
women doctorates is significantly different. 

There is no substantial difference by field in employer categories of women 
except in psychology, where only 58Z work in educational institutions, and 20Z 
are employed in hospitals and clinics. 

Among employed doctoral scientists and engineers in 1975, 26.7Z of women and 
28.6 of men llst basic or applied research as their primary work activity, down 
slightly from 27.0Z and 29Z in 1973. (Table ~). An addltlona114.3Z (15.1Z of 
employed men and 6.1Z of employed women) report that they are primarily administrators 
of research and development. 9 As can be seen in Table ~, doctoral women appear some- 
what more likely than men to be working in basic research and somewhat less likely 
than men to be working in applied research. This is true when all fields are combined, 
and ho lds  t r u e  in  t h e  p h y s i c a l  s c i e n c e s ,  computer s c i e n c e s ,  e n v i r o n ~ e n t a l  s c i e n c e s ,  
t h e  l i f e  s c i e n c e s ,  and t h e  s o c i a l  s c i e n c e s ,  In  psychology,  a~proximate ly  equal  p ro -  
portions of men and of women are working in both basic and applied research and in 
the mathematical sciences, a higher proportion ofmen than of women are engaged in 
both basic and applied research. There are few women engineers, and statistics on 
their research participation probably are not as significant as in other fields 
where they make up a higher proportion of the total. 

The National Sample does not include any women who entered the labor force after 
1970, and the Manpower Characteristics System has added mostly women at the bacca- 
laureate level who graduated after that date. Because the proportion of women re- 
ceivlng advanced degrees in science and engineering has climbed rapldly during the 
decade of the seventies, neither the data from the National Sample or from the 
Manpower Characteristics System in 1974 are as likely to show the picture in 1977 
as are studies of doctorate scientists and engineers in 1975. 

Doctoral Scientists and EnBineer.s 

Although persons holding a doctorate degree make up only one-fifth of the total 
research manpower, both better and later data are available on doctoral women 
scientists and engineers than on all women sclentlstsand engineers. 

Among all working scientists and engineers in 1974, 7Z of men and 15Z of women 
llst teachlnE as their primary activity, while 8.6Z of men and 16Z of women indicate 
that their primary activity is in the area of basic or applied research. 5 

Among all doctoral scientists and engineers, about 39,100 where employed in basic 
research 33,780 in applled research, 11,600 in development, and36,815 in the manage- 
ment of R & D In 1975.6 Only 2.5Z of Chose in the management level are women. The 
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NL%~ER AND PERCE~ OF ~LOYED DOCTORATES REPORTING WORK ACTIVITY 
WHO ARE WORKING IN I~ESE~hRCH AND DEVELOP:~h"f, 1973& 1975, BY SEX 
Characteristics of Doctoral Scientists and Engineers in the U,S., 
1975, NSF 77-309 and Characteristics of Doctoral Scientists and 
Engineers in the U.S., 1973, Detailed Statistical Tables,'NSF 75-312A 

All Fields 1973 
1575 

Phys.'S~, 1973 
1975 

Math. Sci~ 1973 
1975 

Com�dter Sci. 1973 
1975 

Environ Sci. 19731 
1975 

Engineers 1973 
1975 

Life Sci. 1973 
1975 

TOTAL NL~ER 

L'en ',/or.en 
19 7 o 

RESEA~CE A~ DEVELOPId~{T 
Total 

~,s'~'~l ,~.zi 1,7-m~ ~.~ i'% ~s ~a 

27.9 
@% 7 

Sq% 55.~ 
qTS ~o.0 
Gq S.q 
qS ~o.,I- 

%t#3~l~gq.~ i 5;~S'~;Io.S~ %Oalqq.i',1.'1 a,751 ~S.W 

~sych. 1973 lq,oT&i~o.S i %bg~iI'15 1 z, Ss511~.I ~ql 10.~ 

Social Sci. 1973 AS, oqS Sq.~ Z,~$c' 1 IO.3. 7 5 , ~ t  I~.$i 5q? l~.q 

All Fields 1973 

In basic research 
Men % MiWomen.% W 

Zdath. Sci. 1973 I,%~X~ II.5 ~ ~ll I 
1975 1,5~b ~ II.5i &7! ~.5 

In  a2~plied r e s e a r c h  
.'.en ,~ .'. 9:omen I, 

Computer Sci. 1973 

!;~,4511 ~ !~.s ! l , ~ . ! l & . l _  

s~.a.~ ~.~t ~.3 

5 t ~  IO.§ ~7! I a . 5  

19.1~ ~@.~ i!.q'~ s~ ~ ~s.qi_~,ISS~ ,r.~ ! r.~ 
kngineers'l�73 I#053.:: ~.I '[ Si t.~ q~O~6 P.O.$ i ~0 &~.b 

1975 ,~G~.~ 5.5~ a~! 11.5 ~ ! q . l '  lq.t~ r ~IO. I 
Life CCci. i973 13,G03: ~ b . l ! ~ S b l ; ~ 7 . b i  q,O'~o. I,.I..')~ 5G5! b,q" 

1 9 [ 5  , I~,~o79 ~. ab. I ! ~t,~15~.i ~'~1.b! s,12.,4-~ ,q.t! tt,~91 &~ I 

Soc'la'iScl. 1973 ,,el~ I $.G ~II ~.~ l,'rll ~ 9. i 155 | I.@ 

d o c t o r a t e  groop makes up about  o n e - f i f t h  o f  a l l  s c i e n t i s t s  and e n g i n e e r s  employed  
i n  r e s e a r c h  and d e v e l o p m e n t  and R & D engaged  t h e  s e r v i c e s  o f  abou t  t w o - f i f t h s  o f  
t h e  t o t a l  278 ,000  d o c t o r a t e  s c i e n t i s t s  and e n g i n e e r s  i n  1975. 

Among a l l  d o c t o r a l  s c i e n t i s t s  and  e n g i n e e r s  employed i n  r e s e a r c h  and d e v e l o p m e n t ,  
abou t  40% a r e  employed i n  p r i v a t e  i n d u s t r y ,  37% i n  academic  i n s t i t u t i o n s  and 14% i n  
t he  f e d e r a l  g o v e r n m e n t . 7  

The number of doctoral women'sci~ntist~ and engineers as well as the number 
and t h e  p r o p o r t i o n  o f  women among t h o s e  w o r k i n g  i n  t h e  a r e a s  o f  r e s e a r c h  i s  shown 
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by field in Table 5 for 1973 and 1975. Their proportion of the total climbed 
from 8.7% to 9.4% in those two years and their proportion of doctorate researchers 
also increased from 7.2% to 8.0%, although it remains below their proportion 
in the total doctoral population. This is largely accounted for by the 

T~JdLE 5 : 

Source : 

DOCTORAL SCIF.NTISTS AND ENGINEERS IN RESEARCH, BY SEX AND FIELD, 

1973 AND 1975 
National Science Foundation, NSF 77-309 and NSF 76-312-A 

All . 

:.~7,5171 
�9 ;%) q ' ; ~  
iq, "..{,,"/. 
+"+1 t~i+ 
+to "lgfl' 

~ , e l S  
~. g q 2  

L , 1 2 q  
I) 55 I  ~ 
1, 1113 
%,qq3 
..%t,,~Z 

TOTAL 
Women 

; t~",l,l~t: 
; ,~oql 
laqSo 

5 q 5  
RqA 

I, o q l  
q 1 5  
q ~ 5  

i "77 

q~ 

All Pields 73 ! 
75 ! 

~r,y-s Zca~ :I3 ' 

~cz '75  q"l' I Chemists 73 
75 

Physicists 73 Iq i ra  
, 7 .~ ~o,,.+ t~l, 

+.a~n; ~cz .  %, 5I S I 
75 ~, 5 q ~ |  

75 ~.  "7 =~q| 
S t a r .  73 

75 

' ~ n v l b b n .  ~ c z .  i3 1 1 , 0 7 ~ 1  
75 i ~,Te~ ! 

Z~=~h eel. 73 % l~Z  I 
73 75 1 0 , o ' %  I 

Ocean. I a ~.&'l | 
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slightly larger proportion of women than men who were out of the labor force in each 
of these years. Table 4 deals with slmilardata but includes only employed scientists 
and engineers in the totals, and indicates the proportionate segment of each sex en- 
gaged in research. 

According to the 1975 survey of a sample of all U.S. doctorates, newer graduates 
are more likely than those from earlier years to be working in research. For the 
survey in 1975, 30% of all doctoral recipients from 1974 compared to only 25% of 
those from all earlier years were principally doing research in 1975. 10 This may 
result from the higher proportion holding postdoctorate appointments a year after 
receipt o~ the doctorate. 

Footnotes 

i. NSF, "K&D Spending Reaches Nearly $41 Billion in 1977," NSF 77-306, p.l 
2. NSF, Characteristics of the National Sample of Scientists and Engineers 1974, 

Pa__r~ i, Demographic an__ddEd__ucatlonal, NSF 75-333, p. 7 
3. NSF, Characteristics o_ff th___~eNational Sample of Scientists an__ddEn~ineers 197___~4, 

Part 2, Employment, NSF 76-323, pp. 53,144 
4. NSF, U.S. Scientists and Engineers, 1974, NSF 76-329, pp. 27-28 
5. p. 27 
6. NSF, "Largest Increase of Employment of Doctoral Scientists and Engineers is 

in industrial Sectors: 1973 to 1975," NSF 76-326, October 28, 1976, p.2 
NSF, Characteristics of Doctoral Scientists and Engineers in the United States, 
1975, NSF 77-309, pp. 50-53 
ibid., p. 115 
ibid., p. 62, 115 

i{~ticnal Research Council, Doctoral ~Sclentlsts . . . . .  --~nd En~ineers.~,....in -..-the Unlted .... 
1975 Pro?lie, 1976, ~, 17 
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CORRECTIONS TO AMERICANWOMEN IN MATHEMATICS - THE FIRST PH.D'S 

by Judy Green 

Another  name should  he added to  t he  l i s t  o f  women r e c e i v i n g  d o c t o r a t e s  i n  m a t h e m a t i c s  
between 1886 and 1911 - - 1893 - Ida Martha Metcalf-Cornell. She did not marry and 
should be grouped among the women who had non-academic careers as she was a statistician 
for the City of New York. 

Although Gottingen is in Hanover it was referred to as a Prussian university since 
in 1893 it was in the Prussian Empire and therefore consent for the admission of women 
to the university had to come from Berlin. 

Finally, Grace Chlsholm's name was incorrectly spelled. 

INSTITUTIONAL MEMBERS OF THE ASSOCIATION FOR WOMRN IN MATHRMATICS 

Adelphl U n i v e r s i t y ,  N.Y. 
Asso. of American Colleges, Inc. 
Bryn Mawr, Pa. 
University of Calgary, Canada 
California State Univ., Fullerton 
Univ. of California, Berkeley 
Univ. of California, Santa Barbara 
Chatham College, Pa. 
Colgate University, N.Y. 
Dartmough College, N.H. 
Howard U n i v e r s i t y ,  D.C. 
University of Maryland 
Mass. Institute of Technology, Ma. 
Michigan State University 
Mount Holyoke College, Ma. 
New Mexico S t a t e  U n i v e r s i t y  
S t a t e  Univ. o f  New York, B u f f a l o  
S t a t e  Univ. o f  New York, Stony Brook 
Northwest Missour i  State U n i v e r s i t y  
Nor thwes te rn  U n i v e r s i t y ,  I l l .  

Ohio Wesleyan U n i v e r s i t y ,  Oh. 
Co l l ege  o f  t h e  P a c i f i c ,  Ca. 
R u s s e l l  Sage C o l l e g e ,  N.Y.  
San F r a n c i s c o  S t a t e  U n i v e r s i t y  
Smith C o l l e g e ,  Ma. 
Sou thern  I l l i n o i s  Univ . ,  Carbonda le  
Southwest  S t a t e  U n i v e r s i t y ,  N.M. 
S t a n f o r d  U n i v e r s i t y ,  Ca. 
Syracuse  U n i v e r s i t y ,  N.Y. 
U n i v e r s i t T  o f  Texas,  A u s t i n  
U n i v e r s i t y  o f  Tennessee  
T u f t s  U n i v e r s i t y ,  Ma. 
U n i v e r s i t y  o f  Utah 
Union C o l l e g e ,  N.Y. 
Vassar  C o l l e g e ,  N.Y. 
U n i v e r s i t y  o f  V i r g i n i a  
U n i v e r s i t y  o f  Washington 
Wayne S t a t e  U n i v e r s i t y ,  MI. 

, W e l l e s l e y  C o l l e g e ,  Ma. 
Univ. o f  Wiscons in ,  Madison 
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RE_LATED TO REQUIRED MATHEMATICS FOR WO~.~N STUDENTS 

by  E m i l i e  N. M a r t i n ,  Mount H o l y o k e C o l l e g e  
r e p r i n t e d  f rom American M a t h e m a t i c a l  
Month ly  2 3 ( 1 9 7 7 ) ,  pp.  394-398 

Thanks tO J u d y  Green f o r  u n c o v e r i n g  t h i s  a r t i c l e .  

In  r e c e n t  months  I have  b e e n  p r e s e n t  a t  many i n f o r m a l  d i s c u s s i o n s  in  r e g a r d  to  the  
r e q u i r e d  work  o f  a c o l l e g e  c o u r s e .  The b a c k g r o u n d  of  such  d i s c u s s i o n s  has  been  the  woman's 
c o l l e g e ,  and t h e  aim o f  a l l  t h e  p a r t i c i p a n t s  has  been t o  f i n d  the  b e s t  method o f  t r a i n i n g  
t h e  woman s t u d e n t  f o r  h e r  p a r t  i n  t h e  work o f  t h e  w o r l d .  

Some a r g u e  t h a t  w i t h  t h e  l a r g e  amount o f  r e q u i r e d  work in  c o l l e g e  a s t u d e n t  has too  
l i t t l e  t ime  i n  wh ich  t o  sample  new c o u r s e s  o r  t o  d e v o t e  h e r s e l f  t o  a s u b j e c t  f o r  which 
she  shows an a p t i t u d e .  T h e i r  demand i s :  " L e s s e n  the  r e q u i r e d  w o r k . "  O the r s  a rgue  t h a t  
t i le  r e q u i r e d  work o f  a c o l l e g e  c o u r s e  i s  se ldom more than  s u f f i c i e n t  t o  g i v e  t he  s o l i d  
f o u n d a t i o n  o f  g e n e r a l  c u l t u r e  upon which  tile s t r u c t u r e  o f  s p e c i a l i z e d  s u b j e c t s  may be  
s a f e l y  and p e r m a n e n t l y  r e a r e d .  

Some o f  t h e  a r g u m e n t s  o f  t h e  o p p o n e n t s  o f  r e q u i r e d  ma thema t i c s  have a c u r i o u s l y  
f a m i l i a r  s o u n d .  To be  s u r e  t h e y  a r e  n o t  p u t  as  c r u d e l y  as  i n  t he  wor ld  o u t s i d e  t he  c o l l e g e .  
T h e r e  no one h e s i t a t e s  t o  a s k :  "What i s  t h e  u s e  o f  mathemat ics  f o r  a g i r l ?  She w i l l  neve r  
n e e d  more t h a n  t h e  e l e m e n t s  o f  a r i t h m e t i c . "  The opponen t s  o f  t he  s u b j e c t  i n  a woman's 
c o l l e g e ,  e s p e c i a l l y  i f  t h e y  a r e  t h e m s e l v e s  women, a re  samewhat wary o f  a s k i n g  t h a t  t i m e -  
h o n o r e d  q u e s t i o n .  They know t h a t  t h e y  a r e  supposed  t o  c l a i m  t h e  same s t i f f  i n t e l l e c t u a l  
t r a i n i n g  f o r  women as  f o r  men, so  t h e y  a v o i d  s t a t i n g  t he  q u e s t i o n  in  b a l d  te rms o f  s ex .  
I n s t e a d  t h e y  s a y :  " E v e r y  s t u d e n t  ~fllo e n t e r s  ou r  c o l l e g e  has  a l r e a d y  had s e v e r a l  y e a r s  o f  
m a t h e m a t i c s .  She h a s  enough f o r  a l l  p r a c t i c a l  p u r p o s e s .  [This  i s  n o t h i n g  b u t  the  o l d  
q u e r y  r e v i s e d .  ] She has  a l r e a d y  found ou t  w h e t h e r  or  no t  she  has  an a p t i t u d e  f o r  t h e  
s u b j e c t .  I f  s h e  c a r e s  f o r  i t ,  by  a l l  means l e t  h e r  e l e c t  i t ,  b u t  i f  she  has  no a p t i t u d e  
f o r  t h e  s u b j e c t ,  l e t  h e r  t a k e  some th ing  t h a t  i s  r e a l l y  w o r t h  he r w h i l e  i n s t e a  d o f  w a s t i n g  
h e r  t ime  on a s u b j e c t  sh e  w i l l  n e v e r  u s e . "  

My b e l i e f  i s  t h a t  i n  s p i t e  o f  h e r  s c h o o l  t r a i n i n g ,  however  t h o r o u g h ,  t h e  s t u d e n t  
n e e d s  some c o l l e g e  m a t h e m a t i c s  i f  she  i s  t o  have  an e d u c a t i o n  t h a t  w i l l  send he r  ou t  i n t o  
l i f e  w i t h  t h e  b e s t  g e n e r a l  e q u i p m e n t .  Ma thema t i c s  as t a u g h t  in  c o l l e g e  i s  v iewed  from an 
a n g l e  d i f f e r e n t  f rom t h a t  u s e d  in  t he  s c h o o l - r o o m .  This  s t a t e m e n t  does  no t  a p p l y  t o  s o l i d  
g e o m e t r y  wh ich  i s  o n l y  an e x t e n s i o n  o f  t h e  p l a n e  geometry  o f  the  s c h o o l ,  and which we hope 
some day  t o  s e e  p u t  b a c k  i n  i t s  p r o p e r  p l a c e  i n  c o n n e c t i o n  w i t h  p l a n e  geome t ry .  Take ,  
h o w e v e r ,  c o l l e g e  a l g e b r a  and t r i g o n o m e t r y .  Both o f  t h e s e  s u b j e c t s  make u se  o f  m a t e r i a l  
i n  t h e  way o f  i d e a s  and methods  t h a t  t he  s t u d e n t  has a l r e a d y  worked w i t h  in  s c h o o l ,  b u t  
t h i s  m a t e r i a l  i s  h a n d l e d  i n  a v e r y  d i f f e r e n t  way.  In he r  a l g e b r a  t h e  s c h o o l g i r l  i s  
c o n c e r n e d  a l m o s t  e n t i r e l y  w i t h  p r o c e s s e s .  She needs  b u t  l i t t l e  t h e o r y .  Th i s  l i t t l e  i s  
s o m e t i m e s  e x p l a i n e d  t o  h e r ,  somet imes  she  has  t o  rememSer and r e p r o d u c e  i t ;  b u t  even i n  
t h e  l a t t e r  c a s e  t h e  a v e r a g e  s t u d e n t  seems t o  have  a c q u i r e d  l i t t l e  g r a s p  o f  the  u n d e r l y i n g  
p r i n c J p l e s .  The c o n s e q u e n c e  i s  t h a t  a l m o s t  e v e r y  c o l l e g e  f reshman has  a d e f i n i t e  i d e a  
o f  l o g i c a l  r e a s o n i n g  a s  c o n n e c t e d  w i t h  t h e  s u b j e c t  o f  geome t ry ,  b u t  has  l i t t l e  i d e a  o f  i t  
in connection with any other, part of methemetlcs. 

In college the freshman, while once more dealing with symbols and processes that 
were familiar in school, is now concerned with them from the standpoint of logical com- 
binations. She i s  a p p l y i n g  t o  them t h e  methods  t h a t  she  had t hough t  c o n f i n e d  t o  geomet ry ,  
d e d u c i n g  t h e  l aws  t h a t  r u l e  i n  t he  s u b j e c t  o f  h e r  s t u d y ,  and e x p r e s s i n g  t h e s e  laws i n  
e x a c t  m a t h e m a t i c a l  l a n g u a g e .  U n l e s s  much emphas i s  i s  l a i d  upon t h i s  s i d e  o f  ma themat i c s  
i n  t h e  f r e s h m a n  c l a s s e s ,  t h e  c l a i m s  o f  i t s  enemies  would seem t o  me t o  have some found-  
a t i o n .  The a p p l i c a t i o n  o f  t h e  t h e o r y  t o  s p e c i a l  p roblems i s  n e c e s s a r y  a s  making t he  s u b -  
J e c t  more v i v i d  and a s  p r e p a r i n g  t h e  s t u d e n t  f o r  the  a p p l i c a t i o n  o f  a b s t r a c t  r e a s o n i n g  
t o  a l l  manner o f  p r o b l e m s  s t a t e d  i n  advance ;  b u t  the  t r u e  v a l u e  o f  t h e  c o u r s e  l i e s  i n  
t h e  t r a i n i n g  i t  g i v e s  i n  a p p l y i n g  l o g i c a l  p r o c e s s e s  t o  t he  m a t h e m a t i c a l  c o n c e p t s  a l r e a d y  
f a m i l i a r  f rom s c h o o l  d a y s .  

The a v e r a g e  s t u d e n t  may no t  l i k e  t o  f i n d  t h a t  t he  m e c h a n i c a l  work o f  h e r  s c h o o l  
a l g e b r a  i s  r e p l a c e d  i n  c o l l e g e  by t h i s  demand upon he r  r e a s o n i n g  powers ,  y e t  she  i s  
o r d i n a r i l y  a b l e  t o  m a s t e r  t h e  r e q u i r e d  amount o f  freshman ma themat i c s  i n  s p i t e  o f  the  
extra difficulty. On the other hand ther~ are "always a few students to whom such a 
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treatment o t  mathematics offers an insuperable difficulty,-- students who seem to have 
no idea of logical sequence. In their statement of a geometrical construction no 
attention is paid to the logical order in which the lines must be drawn, in their state- 
ment of a proof the effect precedes the cause, and their minds are so constructed that 
it seems impossible to convince them of error--one order seems to them as good as another. 

This latter class of students is always cited by our opponents as the stroi1gest 
argument for dispensing with a general requirement of mathenmtics. "Wily torture such a 
student," they say, "with a subject for which she has no fitness? Why should she not 
take the subjects for which she shows some aptitude, and let mathematics severely alone?" 
They usually omit to name the college subjects that do not require at least some modicum 
of reasoning ability. My feeling, on the contrary, is that no matter what other subjects 
such a student has to omit, mathematics is one subject absolutely essential to her 
training. Such a student needs to develop her reasoning powers, and fresh~n mathematics 
gives her the best field for practice. Other subjects also require logical abillty, but 
often the logical framework is so obscured by the newness of the material, the unfamil- 
iarity of the nomenclature, and the large number of strange concepts, that the value of 
the subject from the standpoint of logical training is quite lost. 

As for the examples that the opposers of required mathematics quote from time to 
time of women brilliant in other lines of college work who found themselves totally 
unable to do even enough work in freshman mathematics to gain a passing grade, I cannot 
deny that such woman may exist, but I wish to record my deep conviction that the majority 
of these cases have been diagnosed incorrectly. I have seen so many students of mediocre 
abilities fight their way through the difficulties of required mathematics by sheer 
common-sense and will power, that I am sure that most of the cases cited so solemnly are 
cases of "I will not" and not of"l cannot." Because they did not want to master a 
difficult subject, they were willlng to profess incompetence in order to get their own 
way. 

Here the question of sex enters in. Parents and guardians who would suffer keen 
mortification if the boy for whose education they are responsible were in danger of being 
rejected by his college because of his failure in required mathematics will ~ondone 
any shortcomings of the glrl in that line with a deprecating, "You know that one does 
not think so much of a failure in mathematics for a girl." But if sex must be considered 
in this matter, why not consider it from this other standpoint, namely that the woman 
is prone to look at everything from the personal side? Her own feelings and her back- 
ground, or lack of background, color the medium through which she views such subjects 
as history and literature, and affect her judgments of the facts. The personality of 
her instructor is a factor in inclining her either to believe or disbelieve his inter- 
pretations of the theories of economies or philosophy. Of course there are fundamental 
laws in all these subjects so well established that the personal element cannot enter 
into their consideration, but there is also a large body of conclusions from these laws, 
and it is these conclusions from laws that are sometimes only partially understood that 
are now in question. Herein lles a great advantage of mathematics; it furnishes the 
woman student with a subject in which the validity of the conclusions drawn from its 
laws can easily be tested, and in which the personality of the instructor and the bias 
of the student can play no part. 

The foes of the mathematics requirement then say: "Suppose we grant that our students 
need training in reasoning, and that as women they need especially training in reasoning 
upon an impersonal subject. Why not then require a course in a science that shall be 
the equivalent of the mathematics course in these two respects? Any science gives a 
student the opportunity to acquire the habit of assembling data, rejecting the 
extraneous elements, and forming the fitting conclusion. No one can bring any personal 

prejudice into the interpretation of the phenomena that would be discussed ~n a required 
course in any established science." Such a suggestion seems quite to overlook the fact 
that the only sciences that furnish a training at all equivalent to that of mathematics 
are those that have mathematics as their foundation. Without a preliminary training in 
mathematics that almost necessitates the inclusion of trigonometry the most rigorous of 
sciences can only be treated from the more or less popular point of view. The training 
so acquired is no doubt valuable, but it cannot satisfactorily replace the required work 
in mathematics. 
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Another argument that is often brought against this college requirement is that it 

gives a subject in which the students have already had several years' experience an un- 
fair advantage over others that are not begun nntil after college is entered, for each 
year of required work in a familiar subject postpones the opportunity for them to become 
acquainted with new subjects in which they may later desire to specialize. This argu- 
ment does not take into account the fact of which I have already spoken, that even in 
freshman mathematics the methods are used that must be used in any further study of the 
subject, so making a break between the character of the work in school and that of the 
work in college. There are sometimes freshmen whose work in all school studies has been 
so good that no one subject seems to stand out as more particularly suited to them than 
another, who first realize that mathematics is the subject that they want for special work 
when they become acquainted with it afresh in their required work. Without this require- 
ment these students will probably be lost to the subject. They may of course elect mathe- 
matics, but, under the false impression that the rather mechanical methods of mathematical 
work already familiar to them are to be continued in college, they usually prefer entering 
upon some new subject. Given the recognized attractions of the new and untried, mathe- 
matics, if not required, will be at a disadvantage as compared with other subjects. 

In addition to this unfortunate effect upon the department of mathematics there are 
other deleterious effects upon both school and college that seem to me bound to follow 
the dropping of mathematics from our required work. With the best of intentions on the 
part of the hlgh-school teachers the grade of work is lower in a subject that is necessary 
for entrance to college but that is not to be tested in the college class room than it is 
in a subject that will be so tested. In this I speak from experience. I once saw the 
effect upon the preparation in algebra, when the college with which I was connected elim- 
inated college algebra from the required work, retaining solid geometry and trigonometry. 
The school work in geometry was kept up to the standard, for that work was expected to 
have its class-room test. The college work in trigonometry, however, revealed very clearly 
the fact that, while the required subjects of algebra had been nominally studied in school, 
the work had been done very superficially. Furthermore there will be a disastrous change 
in the quality of the teaching, in so far as it is done by women, if m0re-and more women 
go out to teach in the schools who have had no mathematics beyond that of their high 
school course. The lack of background is at least as serious a fault in the-teaching of 
m a t h e m a t i c s  a s  i n  t h e  t e a c h i n g  o f  any  o t h e r  s u b j e c t .  

I n  t h e  c o l l e g e  i t s e l f  t h e r e  w i l l  p r o b a b l y  b e  a marked  e f f e c t  upon t h e  s c i e n c e  d e p a r t -  
m e n t s .  I f  t h e  s t u d e n t  i s  p e r m i t t e d  an u n f e t t e r e d  c h o i c e  o f  h e r  r e q u i r e d  s c i e n c e - - a n d  no 
o n e  s e e m s  t o  h e s i t a t e  a moment a s  t o  t h e  n e c e s s i t y  o f  s u c h  a r e q u i r e m e n t - - t h e  n o n - m a t h e -  
m a t i c a l  s c i e n c e s  ( i f  s u c h  s c i e n c e s  t r u l y  e x i s t )  w i l l  b e  o v e r r u n ~ r l t h m o r e  s t u d e n t s  t h a n  
can  b e  h a n d l e d  e a s i l y ,  w h i l e  t h e  s c i e n c e s  known a s  m a t h e m a t i c a l  w i l l  h a v e  o n l y  t h e  f ew 
s t u d e n t s  who h a v e  b r o u g h t  f r o m  t h e i r  s c h o o l  d a y s  a l o v e  o f  m a t h e m a t i c s  and no d r e a d  o f  
i t s  s y m b o l s .  I f  t h e  c u r r i c u l u m  c o m m i t t e e  m e e t s  t h i s  s i t u a t i o n  b y  r e q u i r i n g  t h e  c h o i c e  
o f  o n e  o f  t h e  m a t h e m a t i c a l  s c i e n c e s ,  e v e n  t h e n  t h e r e  w i l l  b e  a d i f f i c u l t y  b e c a u s e  o f  t h e  
p o o r  e q u i p m e n t  i n  m a t h e m a t i c s  p o s s e s s e d  b y  t h e  s t u d e n t s .  Under  s u c h  c i r c u m s t a n c e s  t h e  
s c i e n c e  r e q u i r i n g  t h e  l e a s t  amount  o f  m a t h e m a t i c a l  k n o w l e d g e  w i l l  n a t u r a l l y  b e  g i v e n  t h e  
p r e f e r e n c e ,  and  t h e  i n s t r u c t o r s  i n  e v e n  t h e  m o s t  m a t h e m a t i c a l  o f  t h e  s c i e n c e s  w i l l  h a v e  
t o  c o n f i n e  t h e m s e l v e s  t o  a r a t h e r  p o p u l a r  t r e a t m e n t ,  i f  t h e y  w i s h t o ' h a v e  a f a i r  p r o p o r -  
t i o n  o f  t h e  s t u d e n t s  e l e c t  t h e i r  s u b j e c t .  In  any  c a s e  much o f  t h e  v a l u e  o f  t h e s e  s c i e n c e s  
as aids to exact thinking will be lost. Of course, for any furtber work in the selected 

s c i e n c e  some m a t h e m a t i c s  i s  n e c e s s a r y ,  and u n d e r  t h e  s u p p o s e d  a r r a n g e m e n t  t h e  s t u d e n t  mus t  
t a k e  i n  h e r  m a t u r e r  y e a r s  i n  c o l l e g e  t h e  f u n d a m e n t a l  work  t h a t  s h e  now a c q u i r e s  i n  her  
f r e s h m a n  y e a r .  

Wi th  t h e  two  a p p a r e n t l y  c o n t r a d i c t o r y  t e n d e n c i e s  a t  p r e s e n t  n o t i c e a b l e - -  o n e ,  t o  m i n i -  
maze  f o r  women e v e n  i n  t h e  s c i e n c e  c o u r s e s  i n  c o l l e g e  t h e  n e c e s s i t y  o f  any  m a t h e m a t i c a l  
t r a i n i n g  b e y o n d  t h a t  o f  t h e  h i g h  s c h o o l  c o u r s e ;  t h e  o t h e r ,  t o  e n c o u r a g e  t h e s e  same s t u d e n t s  
t o  p l a c e  more  and more  e m p h a s i s  upon  t h e i r  w o r k  i n  s c i e n c e ,  e s p e c i a l l y  i n  t h e  l i n e  os  
l a b o r a t o r y  r e s e a r c h , - - i t  i s  e v i d e n t  t h a t  t h e  m a j o r i t y  Of women w o r k e r s . i n  s c i e n c e  w i l l  
s o o n  b e  f o r c e d  t o  l i m i t  t h e m s e l v e s  t o  t h o s e  f i e l d s  i n  s c i e n c e  t h a t  c a n  b e  c u l t i v a t e d  b y  
means  o f  t h e  v e r y  s i m p l e s t  m a t h e m a t i c a l  t o o l s .  These  f i e l d s  may b e  w i d e  and t h e y  may b e  
fertlle, but b y  permlttlng thls l i m i t a t i o n  women a r e  d e n y i n g  t o  t h e m s e l v e s  t h e  e q u a l i t y  
o f  o p p o r t u n i t y  w i t h  men t h a t  h a s  b e e n  won f o r  them a t  such  a c o s t  b y  t h e  p i o n e e r s  i n  t h e  
struggle for the right of women to share in the higher education. 
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RUTH MOUFANG~, 2905-1977 
by Bhama Srlnlvasan 

Ruth Houfang was bo rn  a t  D a r m s t a d t  on J a n u a r y  10, 1905. Her f a t h e r  was an 
i n d u s t r i a l  s c i e n t i f i c  c o n s u l t a n t  and he and h i s  w i f e  had two d a u g h t e r s  E r i c a  
and Ru th ,  Ruth b e i n g  t h e  y o u n g e r  c h i l d .  Ruth had a h i g h  s c h o o l  t e a c h e r  named 
Schwan who seems to  have  been one o f  h e r  e a r l y  m a t h e m a t i c a l  i n f l u e n c e s ,  f o r  she  
and h e r  s i s t e r  made t h e  d r aw ings  f o r  a monograph o f  h i s  on the  f o u n d a t i o n s  o f  
geometry. In fact, Erlca went on to become an artist, and the artistic skills 
of Ruth are very much in evidence In her drawings In her papers on geometry. 

The two sisters appear to have been encouraged in their Intellectual interests 
and pursuits by their family, as was common among the educated German middle class 
of that period. Moufang studied at the University of Frankfurt from 1925 to 1930 
and obtained her Ph.D. under Max Dehn In 1930. She had a Fellowship at Rome in 
1931-32 and a Lehrauftrag ~ectureshi~ at Konlgsberg in 1932-33. At K~nlgsberg 
she was encouraged by K. Reidemeister, who was very impressed by her work. In 1934 
she returned to Frankfurt and held a Lehrauftrag there until 1936, when she finished 
her Habllltation thesis. The logical course of events would have been, of course, 
that she would have become a Prlvatdozent at this time. However, in March 1938 
she received a letter from the Minister of Education of the Third Reich informing 
her that she could not be appointed to a university teaching position since she 
was a woman. She was told that the policies of the Third Reich required a profes- 
sor to be a "leader" of the students in more than just the academic sphere, and 
since the student body was almost exclusively male, they did not think it feasible 
to appoint women professors. They did not, however, have any objection to her 
holding a job which involved only research. Since there were no permanent posi- 
tions in universities which consisted of research alone and no teaching, Moufang 
left academic llfe at this point and Joined the Krupps Research Institute in Essen 
where she remained until 1946. (A few years earlier, Emmy Noether had been dis- 
missed from her position at Gottingen.) 

After the war the University of Frankfurt was looking for flrst-rate mathe- 
maticians who had not joined any Nazi organization under Hitler. In 1946 Moufang 
was given a position as Prlvatdozent, which she had deserved ten years earlier. 
Wolfgang Franz was instrumental in getting her the promotions that were her due in 
succeeding years, and she became a full professor in 1957. She remained at the 
University of Frankfurt until she retired. She dled in Frankfurt on November 26, 
1977 after a brief illness, and is survived by her sister Erica. 

The work that Moufang is best known for was done in the period 1931-37, before 
she went into industry. During the period that she was wlth Krupps and soon after 
returning to Frankfurt she wrote some papers [9], [i0], [ii], [12] In theoretical 
physics which were apparently influenced by and arose out of the requirements of 
her Job in industry. Although she did not publish much in later years she had 
many Ph.D. students who were influenced by her. One can only speculate on what 
her mathematical output might have been i f  she had not had to spend ten years in 
i n d u s t r y  a t  a p r o d u c t i v e  s t a g e  i n  h e r  c a r e e r .  

M o u f a n g ' s  e a r l y  work c o n s i s t s  o f  a s e r i e s  o f  p a p e r s  on t h e  p r o j e c t i v e  p l a n e .  
Max Dehn had p roposed  t h e  problem of  c o n s i d e r i n g  t h e  r e l a t i o n s h i p  b e t w e e n  v a r i o u s  
" t h e o r e m s  o f  c o n f i g u r a t i o n "  i n  a p r o j e c t i v e  p l a n e .  Assume the  ax ioms  o f  p r o j e c t i v e  

g e o m e t r y  as  g i v e n  by H i l b e r t  i n  h i s  famous work " G r u n d l a g e n  d e r  G e o m e t r i c " .  A 
theorem o f  c o n f i g u r a t i o n  i s  a t heo rem which  g i v e s  a s e t  o f  p o i n t s  and l i n e s  and 
r e l a t i o n s  o f  t h e  s o r t  t h a t  c e r t a i n  p o i n t s  a r e  i n c i d e n t  w i t h  c e r t a i n  l i n e s  and 
c e r t a i n  p o i n t s  a r e  n o t  i n c i d e n t  w i t h  c e r t a i n  l i n e s ,  and t h e n  c o n c l u d e s  t h a t  t h e r e  
a r e  some f u r t h e r  i n c i d e n c e  r e l a t i o n s  be tween  some p o i n t s  and l i n e s .  F o r  e x a m p l e ,  
t h e  Theorem o f  Desa rgues  (Theorem D) and t h e  Theorem o f  Pappus (Theorem P) a r e  
t heo rems  o f  c o n f i g u r a t i o n  and Theorem D f o l l o w s  from Theorem P. F u r t h e r m o r e ,  
Theorem D i s  e q u i v a l e n t  t o  c o o r d t n a t i z t n g  t h e  p r o j e c t i v e  p l a n e  by a d i v i s i o n  r i n g  
and Theorem P to  c o o r d i n a t t z t n g  by a ( c o m m u t a t i v e )  f i e l d .  A f u r t h e r  t h e o r e m  o f  
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this type is the Theorem of the Complete Quadrilateral (Theorem CQ) on the unique- 
ness of the harmonic conjugate, which can be stated as follows. Suppose A, B, C 

are colllnear points. Let A'B'C'D' be a quadrangle 
(i.e. no 3 of these 4 points are collinear) such 
that none of these points lles on A8, and such that 
B'C', A'D' intersect in A,C'A', B'D' in B and A'B', 
AB in C. Let C'D' meet AB in D. Then (I) D is 
independent of the choice of A'B'C'D', (ll) D~C. 

c' 

j' 
A projective plane is said to be generated 

by a set S of points and lines if we can obtain all 
the points and lines in the plane out of S by the 
process of constructing lines Joining points and 
taking intersections of lines. In her first paper 
[I] Moufang considers a projective plane generated 
by four points (no 3 of which are on a line) and in 
which a theorem of configuration (which she calls 
Satz I )  holds, this theorem being equivalent to a 

special case of Theorem D, where the vertices of one triangle lle on the sides of 
the other triangle. She shows that t~e plane can be coordlnatized by the rational 
numbers. A M~bius Net ~ee [21]) is a Desarguesian plane which can be generated by 
f o u r  p o i n t s  (no 3 o f  w h i c h  a r e  on a l i n e ) ;  s u c h  a p l a n e  can be  c o o r d i n a t l z e d  by a 
p r i m e  f l e l d .  T h u s ,  Moufang  showed t h a t  a l l  c o n f i g u r a t i o n  t h e o r e m s  o f  a M~blus Net  
a r e  c o n s e q u e n c e s  o f  o n e  s i m p l e  c o n f i g u r a t i o n  t h e o r e m .  In  two f u r t h e r  p a p e r s  ( [ 3 ] ,  
[ 4 ] )  s h e  c o n s i d e r s  p r o j e c t i v e  p l a n e s  g e n e r a t e d  b y  (1) f i v e  p o i n t s  1 , 2 , 3 , 4 , 5  such  
t h a t  5 i s  n o t  on t h e  p l a n e  g e n e r a t e d  b y  1 t h r o u g h  4 and 3 , 4 , 5  a r e  c o 1 1 1 n e a r ,  ( i l )  
f i v e  p o i n t s ,  no t h r e e  o f  w h i c h  a r e  on a l l n e ,  and p r o v e s  s i m i l a r  r e s u l t s .  In  t h i s  
w o r k  s h e  u s e s  H i l b e r t ' s  Axioms o f  C o n n e c t i o n  and Orde r .  In  t h e  n e x t  two p a p e r s  o f  
t h e  s e r i e s  ( [ 6 ] ,  [ 7 ] )  w h i c h  r e p r e s e n t  h e r  m a j o r  work and e x h i b i t  a d e l i c a t e  i n t e r -  
p l a y  o f  g e o m e t r y  and a l g e b r a ,  s h e  shows t h a t  t h e  v a l i d i t y  o f  Theorem CQ i n  a p r o -  
J e c t i v e  p l a n e  i s  e q u i v a l e n t  t o  c o o r d l n a t l z l n g  b y  means o f  an a l t e r n a t i v e  d i v i s i o n  
r i n g  ( o f  c h a r a c t e r i s t i c  n o t  2 ) .  F u r t h e r m o r e ,  s h e  shows t h a t  Theorem CQ, o r  an 
e q u i v a l e n t  t h e o r e m  w h i c h  s h e  c a l l s  D 9 ( y e t  a n o t h e r  s p e c i a l  c a s e  o f  Theorem D, where  
two v e r t i c e s  o f  a one  t r i a n g l e  l i e  on s i d e s  o f  t h e  o t h e r  t r i a n g l e )  i s  d e f i n i t e l y  
w e a k e r  t h a n  Theorem D ( n o t  a s s u m i n g  t h e  Axioms o f  O r d e r ) .  

A projective plane which canbe coordlnatlzed by an alternative division ring is 
nowadays called a Moufang plane (see [18], [21]). It can be characterized as a 
projective plane in which a certain transitivity condition holds, which is the 
fo!1owing. A perspective co111neatlon of a projective plane is an isomorphism of 
the plane which fixes every point on an axis L and every llne through a center 0. 
If 0 lies on L we say the colllneatlon is an elation. The transitivity condition 
is t h a t  f o r  e a c h  p a i r  (O,L)  w i t h  0 on L t h e  g roup  f i x i n g  e v e r y  point on L and e v e r y  
l i n e  t h r o u g h  O i s  t r a n s i t i v e  on e a c h  l i n e  t h r o u g h  O. J .  T i t s  h a s  r e c e n t l y  i n t r o d u c e d  

the concept of a Houfang buildln~ in his theory of buildlngs[22]; this is a building 
on which some groups act with certain transitivity 
c o n d i t i o n s .  Eve ry  simple a l g e b r a i c  g roup  g i v e s  
r i s e  t o  a b u i l d i n g  i n  a n a t u r a l  way;  f o r  e x a m p l e ,  
t h e  g r o u p  SLs g i v e s  r i s e  to  a p r o j e c t i v e  p l a n e .  
We migh t  a s k  w h e t h e r  a l l  b u i l d i n g s  arise i n  t h i s  
way;  in r a n k  2 t h i s  i s  a d i f f i c u l t  p r o b l e m  and 
so i t  sakes  sense t o  look a t  r a n k  2 b u i l d i n g s  
s a t i s f y i n g  t h e  Houfang  c o n d i t i o n .  T i t s  ha s  shown 
t h a t  i f  a g e n e r a l l z e d  n -gon  i s  Moufang and n~4 t hen  

i t  a r i s e s  f rom an a l g e b r a l c  g r o u p .  

I n  h e r  p a p e r  [7] H o u f a n g  s t u d i e s  t h e  s t r u c t u r e  o f  a l t e r n a t l v e  d i v i s i o n  r i n g s .  
The d e f i n i t i v e  t h e o r e m  on a l t e r n a t i v e  d i v i s i o n  r i n g s  was p r o v e d  by  Bruck  and K l e i n -  
f e l d  [15] who showed t h a t  a n y  a l t e r n a t i v e  d i v i s i o n  r i n g  o f  c h a r a c t e r i s t i c  n o t  2 i s  
e i t h e r  a s s o c i a t i v e  o r  a C a y l e y - D l c k s o n  a ~ g e b r i  o v e r  i t s  c e n t e r .  The n o n - z e r o  e l e m e n t s  
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of an alternative division ring form a loop in which the identity (xy)(zx) ffi [x(yz)]x 
holds�9 Bruck [14] has called such a loop a Moufang loo R. Moufang proved that if 
3 elements a,b,c in this loop satisfy a(bc) = (ab)c then they generate a group. 
Bruck has given another proof of this theorem�9 As regards more recent work on 
Moufang loops we might mention the work of Glauberman [16] who studied finite 
Moufang loops and proved certain theorems which are analogues of theorems in finite 
group theory. 

Manln [19] has introduced Moufang loops in another context. He shows that if 
V is a cubic hypersurface in some projective space, the set of points of V can be 
divided into equivalence classes such that the set E of classes can be given the 
structure of a commutative Moufang loop. 

Since ordered division rings arose in her work, Moufang was led to consider the 
problem of what group rings can be ordered. She showed in [8] that the group ring 
of the free metabelian group of 2 generators can be embedded in a division ring 
which can be ordered. This was followed by a paper by B. H. Neumann [20] on ordered 
division rings of which she wrote the review [MR Ii, 311]. 

Moufang had many Intellectual interests besides mathematics. She was very modest 
about her work; when I contacted her last year about the possibility of writing an 
artlcle about her work she wrote back that she did not feel it was important enough 
to be written about. 

I am very grateful to W. Magnus for his generous help in providing me with In- 
formation about Moufang's llfe and career. I also thank J. Jantzen and W. Zlller for 
their assistance in translating Moufang's letters to me and the letter from the Third 
Reich. Finally I dedicate this article to the many mathematicians that I met, young 
and o l d ,  male and f ema le ,  famous and not  so famous, who e x c l a i m e d ,  "You mean Moufang 
i s  a woman?l", and i n s p i r e d  me to  p u b l i c i z e  tile f a c t  t h a t  y e s ,  i n d e e d ,  Moufang was 
a woman. 
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Lecture Notes No.  386. 

NSF ROTATOR PROGRAM 

Herbert Harrington, Jr., Director, Office of Equal Employment Opportunity, 
NSF, has asked mathematical organizations to help in their continuing efforts to 
increase the responsibilities of women, minorities and the handicapped in the 
National Science Foundation's Rotator Program . Rotators are appointed by NSF for 
one or two years in non-career positions at NSF and are chosen from faculties of 
colleges and universities. Usually a rotator serves as a program director or 
associate program director. In general, the requirements are a Ph.D. degree and 
6 years of ncientlflc research experience. There is no fixed deadline for applica- 
tions. Individuals applying after all rotators have been selected for a given 
academic year are considered for the next year. The next assignments will be for 
September 1978. If you are interested, write to Herbert Harringtou, Jr. at NSF, 
1800 G Street, N.W., Wasltlngton, D.C. 20550 (202/632-9178). 

WO}~N IN ENGINEERING: CAREER FACILITATION PROJECT 

Women are s~gnlficantly under represented in the scientific workforce (see statistics 
in "Women in Scientific Research", this issue). The field of engineering, in partieu!nL, 
has traditionally been-perceived as inappropriate for women, to the extent that curre1~t]y 
fewer than one percent of the one million engineers in the United States are women. The 
Women in Engineering Career Facilitation Project at California State University, 
Northrldge, an NSF-supported program directed by Bonita J. Campbell, Assistant Profe~()r 
of Engineering at CSUN, is designed to aid the career entry of women previously trained 
in the physical sciences who have not entered the scientific workforce in positions 
commensurate with their abilities into engineering. 

The twelve-month program (from July, 1978 to June, 1979) at CSUN is designed to 
provide the following: 1) review and update of basics in mathematics, physics, chemistry, 
and computer programming; 2) kn~cledge of fundamental englneerlng core (i.e., mechanics, 
fluid mechanics, thermodynamics, mechanics of materlals, electricity and electronics, 
engineering economics); 3) part-t~ employment in a specific end~eerlng discipline to 
provide internship instruction and experience; 4) intensive academic instruction in a 
specific engineering dlsclpline; 5) a Certificate in Engineering and the option of coA,~- 
pleting 30 additional semester unlts of stud T to obtain a Master of Science in EngLueeri~g; 
6) services to obtain financial assistance in addition Go that received through the intern- 
ship; 7) extensive personal counseling and assistance in such matters as family or~enta- 
tlon, flnal Job placement, child care, and other personal, family, or Job-related problems. 

Inquiries should be sent to" Professor Bonita J. Campbell, School of Engineering and 
Computer Science, Callfornla State University, Northridge, CA 91330 (213)885-2146. 
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OF POSSIBLE INTEREST 

AWIS (Association for Women in Science) is compiling a computer registry of women 
in science. The information will be placed on file in a storage and retrieval system 
and will be available on a non-confldentlal basis to persons seeking to fill vacancies 
on advisory bodies and to potential employers. It will also serve as a source of 
statistical data. The cost is $10.00 if you can afford it. Forms may be obtained by 
writing to: AWIS, Suite 1122, 1346 Connecticut Ave. N.W., Washington, D.C. 20036. 

Eu,ny Noether T-shlrts are available in sizes S/34-36, M/38-40, L/42-44 and colors 
lemon yellow or sky blue with royal blue ink. Cost: $5.00 plus 50r postage and handllng. 
Send to: New Victoria Printers, 7 Bank Street, Lebanon, N.H. 03766. 

DEADLINES 

The next deadline for all material for the Newsletter (except ads) Is July 8�9 
Copy should be sent to Anne Leggett, Dept. of Math., Univ. of Texas, Austin, TX 78712. 
Anything else should be sent to AWM, ZDept of Math., Wellesley College, Wellesley, 
MA 02181. The ad deadline is July 15. 

JOB ADS 

Institutional members of AWMreceive two free ads per year. All other ads are 
$5.00 a piece and must be prepaid. The vacancies listed below appear in alphabetical 
order by state�9 All institutions advertising below are Affirmative Actlon/~qual 
Opportunity employers. 

Univ�9 of Santa Clara, Asst Prof., 1/yr., Pall '78�9 PhD in math or statistics req'd. 
Applicants with specialization in probability and statistics stron~y preferred. Teacb/ng 
responsibilities will include 8-12 hrs of undergrad teaching per wk. Evidence of research 
competence expected. Send resume to Prof�9 G.L. Alexanderson, Dept of Math, Univ. of Santa 
Clara, Santa Clara, CA 95053. 

Metropolltan State College, Dept of Mathematical Sciences, position available Sept. 1978. 
Teaching load 12 hrs per semester. PhD plus 1 yr full time college teaching experience 
required. Deadline for applications June 15th. There is also the possibility of a position 
for someone whose speclallty is elem ed. Send resume, 3 letters of reference and, if 
possible, concrete evidence of effective teaching to Dr. Kenneth A. Rager, Chairman, Dept 
of Mathematlcal Sciences, Metropolitan State College, 1006 llth St. Box 38, Denver, CO 80204. 

Univ. of Bridgeport, Asso. or Asst. Prof. PhD,or hear completion, in computer science reqd. 
Person expected to lend leadership in the development of newly established computer science 
program, initiate new courses in computer science and teach math courses. Should have 
practical as well as theoretlcal knowledge in computing. Send resume to Grace Ho, Chairman, 
Math Dept., Univ. of Bridgeport, Bridgeport, CT 06602. 

Trlu/ty College, Asst. Prof. Sept '78. PhD in math with strong background in mathematics 
generally, demonstrated excellence as a teacher and continuing research interests. Know- 
ledge of numerical analysis and competence in computer-oriented math sought�9 Teaching load 
3 courses per semester. Submit curriculum vitae and academ4c record to R.C. Stewart, Chair, 
Dept of Math, Trinity College, Hartford, CT 06106. June 15th deadline. 
Univ. of Conn., Asso Prof. Salary co~aensurate with experience. Position ave/1. 9/1/78- 
8/31/79 to teach one math course at the grad or undergrad level each semester. Participate 
in dept. research activities in areas of expertise. Assist grad students with dissertation 
work where applicable. PhD in math from recognized institution; record of published research 
in math and experience teaching at college level required�9 Apply to J.V. Ryff, U-9, Univ. of 
Conn., Storrs, CT 06268. 

The American Unlv�9 Teaching specialist for remedial math. Must have experience in secondary 
school teaching and in teaching FORTRAN. 4/5 time appointment for 9 mos start Sept. 1978. 
Contact Mary Gray, Dept of Math/Stat/CS, American Univ., Washington, DC 20016. 
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ASSOCIATION FOR WOMEN IN MATHEMATICS 
MEMBERSHIP APPLICATION 

Name and 
Addre s s  

I n s t i t u t i o n a l  affiliation, i f  any. 

Make checks 
payable t o :  

and mall t o :  

ASSOCIATION FOR WOMEN IN MATHEMATICS 

Association for Woman In  Mathematics 
c/o Department of Mathematics 
Wellesley College 
W e l l e s l e y ,  Mass. 02181 

The A~4membershlp  y e a r  i s  October  1 
to October  I .  

New Renewal 

Individual $8.00 

Family $i0.00 

Retired, Student, Unemployed $3.00 

Institutional $20.00 (Two free advertise- 
ments in the Newsletter) 

Contributions are tax deductible, welcome 
and needed .  

A s s o c i a t i o n  f o r  Women i n  Ma th ema t i c s  
c / o  Depa r tmen t  o f  Ma th ema t i c s  
Wellesley College 
Wel lesley, MA 02181 

July 1978. 
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