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damental level, asking about priorities and outcOmes of pamcy'lar re- .
search projects. It is not desirable to cut off any line of |'Lul.'|'|ﬂn inquiry. . : 9
Given a world of limited resources, however, d:fﬁacult.dacc:smns must h.r. ‘!! g

made about which projects are to be pursued and which are not. In this

context one must ask: Science for whom? Who stands to benefit in terms

b and well-being from a particular project, and who does not? '. :
of wealth and well-being Ph},SICS and Math

HW‘: Teminism C.Mﬂor\ Sc-?mcd.?

C_) L\ : r L ,':r aél ] E\’F-N some of the severest critics of studies of science—the physicist
ol v)} ' Alan Sokal, for example—are willing to acknowledge thar examples
abound of how gender has molded particular aspects of the life sciences.
Many critics of feminism continue to claim, however, a certain purity for
math and physics. The challenge goes something like this: Is there a con-
crete example of gender in the substance of physics or math? Can you
point to gender distortion in Newton's laws or Einstein's theory of rela-
tivity? If not, the feminist critique is insignificant,

Can we, in fact, identify gender in the physical sciences as we have done
in the life sciences? Does the fact that electrons do not have gender in the
same way as some of the objects of inquiry in the life and social sciences
make physics immune to feminist analysis?

Is Physics Hard?

What is it about physics that so vehemently excludes women? It seems
odd that in the biological sciences (where, as we have seen, multiple neg-
E ative understandings of females as passive or substandard abound) 38
b percent of the Ph.D.'s are now awarded to women, while in physics, where
b far fewer examples of overt gendering have been discovered, only about
& 13 percent of new Ph.D.'s are women. [n 1996 women constituted 3
£ percent of full professors of physics, 10 percent of associate professors,
b and 17 percent of assistant professors in Ph.D.-granting departments. In
~ 1994 a full 36 percent of Ph.D.-granting departments had no women
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faculty members; among departments granting only bachelor's degress,
three-quarters had no women faculty members.! KRR
This modern pattern belies women's long participation in the held.
Laura Bassi, a physicist at the University of Bologna, was one of two or
three women who held positions as professors in rl:u: eigheeenth ocntu;by
{see Chapter 1). The French physicist Emj].ie du Chiteler was perhaps {i ]
most celebrated woman scientist of the eighteenth century. Her transla-
tion of Newton's Principia mathematica with a commentary I:pubhsh[;d
after her death in childbirth) remains roday the st:.,\nd.m!. F::u_ich transla-
tion of that work.* In the twentieth century Marie !:url_e, Lise Mel_[ﬂcﬂ
and Maria Goeppert Mayer all made major contributions, sometimes
without the benefit of regular academic positions or even proper labo-
mf'?;ﬁcr}- scarcity of women in physics may be illqu:ll:i!'Ig the disclphrltt
from feminist critique. There have been very few a-'.tudjes of g;;;i;rdm
physics: Evelyn Fox Keller and Helen Longino, who in 1336 publishe : a
collection of “classics” in gender and science, named the physical sciences
as one of two major areas in need of further work (the other was non-
TT SCIENCEs|. .
w;i:ularship tul dare on gender in physics has En!!uwafd sl_-wer-.?l I"“:.E of
investigation. Sandra Harding has questioned the prestige physics erqfrys
as the model science. Sharon Traweek and a number of women ph!_.rz_‘]ms't's
have emphasized the noisy arrogance of the culture :har.t:nd_s [ﬂd&I ence
women (see Chapter 4). The physicist Karen Barad has |1.'|J:11t|ﬁ|? a pczd-
agogical style in physics that teaches students to value fun and irrespon

sibility over meaning and understanding. Others have emphasized how 3

physicists military ties have held women at a distans:l. 5:1“. mb.u:r: Iha-.';
analyzed how the fortress mentality of “value n.eu"alllt}f has_ insu ?rcr_
the physical sciences from gender Cl'jtiqllt..l' As m..ned in the case }c: ::d
chaeology, feminism has made its greatest impact in fields least ancho

in positivist epistemologies, fields that have strong trad.i.[ionsl uf_mu:r]:rrel- 1
tative understanding, including critical and self-reflective thinking.* It I;
worth noting that the proportion of women in pa.rtlv:'.u]ar dlSCII‘IlII':IEE fol i
lows a hierarchy of perceived prestige of the disciplines, at least in U5

universities and research communities.

Ohne common explanation for the low numbers of women in physics i§8

that physics is “hard.” We are told repeatedly that the physical scie

are hard and that the life sciences, like the humanities and social sciencesy
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are soft, It is possible to distinguish three different meanings of the sup-
posed hardness of physics. First and foremost, the physical sciences are
held to be epistemologically hard. As disciplines, they are considered
mathematical, yielding "hard and fast™ (also known as “robust™) results,
and grounded in stringently reproducible (to the eighth digit) fact, while
the soft sciences and the humanities are characterized as having consid-
erable breadth, permeable boundaries, and open-ended epistemological
structure. In their ethos and telos, the so-called hard sciences are said to
be “dispassionate,” distant, abstract, and quantitative, while the soft sci-
ences are considered “compassionate” and qualitative, perhaps introspec-
tive, and closer to everyday concerns.* Physics and the physical sciences
are also supposed to be ontologically hard. They study hard, inanimare
things—matter in motion—while the life sciences and humanities study
soft, animate organisms—plants, animals, humans, and their behaviors.
Finally, physics, chemistry, and the other physical sciences are seen as
i didactically hard, chat is, difficult, requiring a high degree of abstract
g thinking, strong analytical skills, arduous work, and long hours.

The notion that the physical sciences are hard {in all three senses)
¢ emerged from a stringent brand of positivism in the early part of the
b century that has roots going back to the rise of British empiricism in the
i seventeenth century. Bertrand Russell wrote in the 1920s: “I mean by
 ‘hard’ data those which resist the solvent influence of critical reflection,
band by ‘soft’ data those which, under the operation of this process, be-
feome to our minds more or less doubtful, The hardest of hard data are
pof two sorts: the particular facts of sense, and the general eruths of logic.™
EDoubt about these data, Russell stated, “would be pathological.” Among
hard data Russell also included facts of introspection, spatial and tem-
poral relations, and some facts of comparison such as the likeness or
'_: plikeness of rwo shades of color. Soft data included common beliefs,
Much as the belicf in other people’s minds, beliefs that require inference,
Pollowing from Russell’s definition, the physical sciences are hard because

fhey study things (facts of sense existing separately from us) and employ
thematics. Thus hardness and softness follow a continuum from the
Budy of the external world, where little human inference and emotion

ke employed, to the study of the human condition and ies products, Rus-
Bll referred to Descartes in this regard, but was also reformulating dis-
iictions made by the early empiricists (David Hume, John Locke, Bishop
rkeley, among others) between primary and secondary qualities, Pri-
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mary qualities {matter, shape, and motion) were conceived as external to
us and thus more “real” than secondary qualities [color, taste, smell) or
things known to us through an admixture of human intellect.®
“Hardness” is thought to define a hierarchy of the sciences. According
to this paradigm, hardness is determined by the degree to which the sci-
ence is thought to be built on fundamental laws that describe realicy.
Physics ranks first. According ro the Harvard physicist Gerald Holton,
theoretical physics is the quest for a “Holy Grail," which is nothing less
than “the mastery of the whole world of experience, by subsuming it
under one unified theoretical structure.” The biologist Scort Gilbert has
suggested that modern academic disciplines follow a “Grear Chain of
Being™ with the universe replaced by the university: “Biology deals with
dirty matter: frogs, snails, puppy dogs’ tails, blood, sweat, tears. Chem-
istry deals with matter purified and quantified: 2M H,50,, 4 mg/ml
KMNO,. Physics deals with idealized martter (when it deals with marter at
all): ideal gases, electron probability clouds, frictionless surfaces. (If phys-
ics deals oo much with material, it falls down a branch of the Chain to
become engineering.) Finally, mathematics claims to have escaped marrer
altogether.” Many physicists would probably be the first to agree that this
hierarchy of the sciences also follows a scale of intelligence: physics is
tough, hard, and analytical, not for the faint at heare. Its analytical meth-
ods and presumed ability to reduce complex phenomena to simple prin-
ciples have been taken as the model to which all other sciences should
aspire. Even the humanities went through a period of intense scientism in
the 19705, in which the goal was to quantify human endeavor to the

greatest extent possible in order to arrive at greater certainty and insti- §

tutional respect.”
The hardness of the science—in what it studies, how it studies it, and

the degree of difficulty attributed to it—correlates with prestige, with ¢

funding, and, negatively, with the number of women in the field. The

Mational Research Council has found thar the more math that is required 3
for a particular job, the higher the pay and the lower the rate of female
participation, Conversely, the “sofrer” the science, the higher the rate of ;
fernale participation (see Chapter 1). The elaborate gendering of discis
plines has led Robert Westman to suggest that the history of science is]
“androgynous,” combining the “hardness™ of science with the “softness™
of history. The imputed *hardness” of physics may not, however, explain
the low numbers of women in the field: the gendering of physics as “hard,%
“analytical,” and so forth is to some extent circular. Which came first, tigl
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few women in physics or the notion that it is hard and not welcoming ro
women? Thar physics is more difficult than other fields of study is part
of its cultural image.? .

The epistemological hardness of physics may be illusory—the result of
narrowing the boundaries of investigation. The cosmologist Martin Rees
has suggested that the question of the origins of the universe is “a grand
problem but perhaps a more straightforward problem . . . and far easier
than anything in the biological world.” So while evolutionary geneticists
are prone to suffer from “physics envy,” it may turn out that biclogy is
altimately “harder” in the sense that the problems it undertakes Encoms-
pass complexity not amenable to reduction to a few simple laws.®

.As the physicist Karen Barad has pointed out, while Newronian physics
might be considered “hard” in a strictly positivist sense, quantum physics
seems no “harder” than history or literary criticism considering that the
phenomena labeled “elementary particles” depend on extensive instru-
mental and theoretical interpretation, The notion that physics yields cer-
tainty developed from MNewtonian classical realism and its vision of a real
wu.rld existing apart from us and knowable through objective inguiry.
This notion of “objectivity” rests on a classical notion that physical prop-
erties are observer-independent attribures of objects. In quantum physics,
by contrast, what are identified as properties of physical objects [ms|.:j1.|.n.5r
and velocities of especially subaromic particles) cannot be artributed to

b cither the object or the measuring instrument alone. The descriptive con-

cepts of physics characterize our interaction with the world: they are not

b attributes of objects.”

The hardness of the physical sciences has been secured by the Cartesian

_ clea.r and distinct separation of the practice of science from the critical ex-
| amination of science. Barad sees “gerting the numbers out,” as the defining
. feature of contemporary physics and a uniquely American style of physics.
' She traces the development of this style to the 19205 and l_-arl;,' 19305 when
¢ theoretical physics gained professional status in the United Stares: “As the
center of physics shifted westward across the Atlantic, the disciplinary
boundaries shifted as well: meaning, interpretation, and critical reflection
were l'la!'lishcd from the domain of physics.” In the aftermath of the U5,
i victory in World War II, this approach to physics became hegemonic
¢ around the world," Questions of meaning, consequences, or social re-
g sponsibility are not considered to be part of physics proper but to belong
L to other realms, such as philosophy, ethics, or history.

This may help explain the curious state of modern physics, which ar
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fter the development of radar and nuclear weapons in World War 11,
e occupied an unparalleled position of prestige and power. ™
MWarrime science spawned what historians call “big science™: large-scale
e with multidisciplinary reams engaged in “mission-oriented™ re-
grch working with capital-intensive equipment. Ties between science
i industry characteristic of big science had already begun in the 19205
h}-sjcists and engineers joined efforts to provide hydroelectric power
fCalifornia, for example. The Manhattan Project represented big science
Fits apogee: a cooperative, nationally coordinated, government-funded
arch project involving thousands of the best researchers and directed
fward the creation of a single product—an atomic bomb, The physicist
prrold Zacharias said of this period: *“World War IT was in many ways a
Warershed for American science and scientists. It changed the nature of
that it means to do science and radically alvered the relationship between
icicnce and government, the military . . . and indusery.™*
By the 19505 the rapid growth of research and development funded by
Fthe military (though pursued chiefly in industrial and university labora-
ries) was of crucial importance for all those who worked in physics in
£ America, In this period military R&D made up about 30 percent of all
b federal RACDY; in 1986 military R&D continued at about 70 percent of
b all federal R&D. The physicist Paul Forman estimates that, in the 1980,
* 55 percent of all American physicists and astronomers engaged in research
t and development activities worked on projects of direct military value. ™
& As late as 1989, 27 percent of job-seeking physics graduates found work
E in the military (25 percent took jobs in manufacturing and 24 percent in
service industries), In 1995 American universities received $1.3 billion
from the Pentagon. In 1998 the United Stares had not yet achieved its
goal of striking a ffty-fifty balance between milicary and dvilian R&D
funding. The end of the Cold War hit physics (and mathematics) hard,
leading new Ph.D.’s to seek employment in nontraditional fields, such as
finance, business, or occasionally even secondary school teaching”

In the postwar period funds for what is called “basie, pure, or funda-
mental” research increased hand-in-hand with funding for applied re-
search. Though insisting that the value of this research was not tied to its
utiliry, Washington was clear that national security and economic strength
rested on superior science, Military funding has shaped science by stim-
ulating the growth of specific fields to the detriment of others. Graduate
students in all fields rend o go where the money and jobs are. The De-
partment of Defense’s enormous financial resources led to the growth of
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ghey tend not to be in charge of large organizations such as the armed
gees (Sheila Widnall, former Secretary of the Air Force, and Sara Lister,
stant Secretary of Army Manpower and Reserve Affairs, are among
few) or Fortune 500 companies. Some fields of physics, such as high
jergy physics in which large accelerators are used, employ up to 500
3,D.%s on a single experiment. Big physics projects require teamwork
long with what Lew Kowarski of the European Center for Nuclear Re-
_ ch has characterized as milicary-like hierarchies, autocratic leaders,
jommittees, big money, and the participation of respected and strong
personalities.® Women have not yet been considered prime candidates to

irect these or other big science projects, such as archaeological digs

{Chapter 7).
¢ In addition to the question of women's participation in defense-related

ces or in big science, there are other questions abour physics that are

_5:3' ubject to femninist analysis, such as women's poor representation in theo-
¢ retical physics—even though it does not depend on access to large pieces
of equipment and the kind of organization this equipment breeds. The

astrophysicist Andrea Dupree says that it is not the mathemarics or phys-

' ics that keeps women out of cutting-edge conjectural theory but that “ex-
b tra bit of chutzpah, or aggressiveness or assertiveness.” “To be a conjec-
¢ tural theorist,” she continues, “requires a certain sense of inner strength,

a certain sense of ego and the ability to be verbal, to be articulate, and ro
be aggressive ... Theorists love to rank all the other theorists in the
world.” Women tend to choose problems whose solutions can be dem-
onstrated more directly, perhaps because women have lower status in
intellectual cominunities and their results tend to come under sharper
scrutiny. Women often work on small-scale problems, like the surface of
the sun, while men choose large-scale problems, like the structure of the
universe, not because of inherent gender differences but because men are
more likely to have the security and financing needed for large-scale prob-
lems, which may require ten to fifteen years to get resules.®”

Feminists are also asking about the relegation of applied physics to
second-class status within the hierarchy of subfields, the structure of the
physics community, how research groups are organized, how students are
educated, how resources are allocated, what questions are considered im-
portant, and what answers are accepted. The answers to these questions
have a bearing on the content and character of the physical sciences.

In 1996 the unemployment rate for women Ph.D. physicists remained
twice that of their male peers (3.8 percent compared with 1.9 percent)




after controlling for job experience. As the MIT physicist Vera Kisel :

korw?k}' has remarked, “Why would a woman want to get a Ph.D.
ph}'m: when she knows she can't get an interesting job and the .

lousy?" Even in a field as *female-friendly” as medicine, a woma ad
top nf_the profession remarked: “I have to be twice asrsmar: anI:I -l
three times as hard to ger three-fourths the pay and one-half the cred\:ft !

Math and the Female Brain

Almost half of the math majors in the United .

States are women, b ¥
a quarter of the math Ph.D.'s, less than 10 percent of tenured fau:u!l:;'c:un] :
3 percent of tenured professors in Ph.D.-granting departments. Mura.: te ;

ingly, in 1992 women held only 5 of 288 tenured positions in the ten

bud.lr.s that sometimes become pregnant and give birth. Third, math
matics provides certain, eternal, and universal knowledge ar:r" d “
thmugh deductive reasoning and formal proofs,’? it
Henrion's vivid portrayal of gender in the professional world of math
Eic:kahlcnge;vn}- toward explaining the unease many women feel. Lirtle
2 hns en :ton_e, however, on analyzing the content of mathematics

om the point of view of gender; my review of the literature yielded b
one example. The mathematicians Kenneth Bogarr and Perer Doyle b .
suggested that cerrain problems have not been solved {or not easil ysuh:{e
hecaus:: of sexist assumprions. They cite the “ménage pmbl.efn " fi :I
pll'.'n!cd in 1891, which asks for the number M, of ways of seatin,é “arrs:
;:f:li;a t?‘t:rin m;m:}:.llh couples, l;:us bands and wives alternating, so that

next to his own wife," Bogart
the fradirien of seating one of the pair ﬁrﬂfufl?}?tchzuﬁfzﬁt:tczzi
:::«I:;:k; —-rpad.: Ihi..s problem seem difficult and speculate thar had it
. or this tradition the problem would have been solved fifey

earlier. The easiest solution requires that both be seated at once. [Bi;:?

and Doyle do not comment on the highly Vietori igi i
character of the problem itself, ) T s

prestigious math departments, Despite near equality ar the undergrad l - ]
level, potent myths siurruunding mathematical genius work to txc;:ad
L-.r_am at the professional level. The mathematician Claudia Henrion has |

:gh.l_.lghlre.d several of these myths. First, math is a field inhabited by rug- 2
ged individuals who, working alone, creare great mathematics b}- udug .
sheer sT.r:ngth of their imaginative genius, Second, being a mathemaz an
and being a woman are incompatible: math with its emphasis on mi '2:‘_” 3
not a profession for the females of the species with their inc.urrunu:lninulj 1

Eome feminist critiques of mathematics have emphasized its limirations
b4 tool, Evelyn Fox Keller, for example, has emphasized that the avail-
bility of certain techniques and rools, such as highly developed mathe-
ftics, has pushed biology in certain directions to the exclusion of others.
be notion of a single central governor, where fundamental characteristics
§ life derive from a single molecule (Watson's “master molecule”), she
rgues, has benefited from the face that these models are more casily ma-

ipulated mathematically than models emphasizing global and functional

nterrelationships.*™

" There is in these critiques of reductionism nothing peculiar to women

or 1o gender. Attempts to connect them to women are situated in an in-
L defensible brand of difference feminism, such as Luce Irigaray’s notion

at the historical lag in elaborating a theory of fluids {in hydra ulics) had

o do with an association of fluidity with femininiry.*

Let me delve here into but one of the debates especially pertinent to the

. question of women's advancement in science: women's mathematical abil-

ity. Math, as we have seen, serves as the critical fileer for science careers.

| The prestige of a science often depends on its degree of mathematizarion,

and the more math required for a particular job, the higher the pay and
lower the rate of women's participation. It is popularly believed that boys
are good at math while girls are skilled verbally, It is also popularly be-
lieved that these skills reflect innate sexual differences—that the differ-
ences we see in boys' and girls’, men's and women’s mathematics abiliry
are a function of sex-specific brain organization.™
To what extent do men exceed women in mathematical abiliry? The
German neurclogist P. J. Mibius painted a bleak picture in 1900, esti-
mating that it took one million women to find one with mathematical
talent. Most women, he claimed, detest mathematics. Mibius was fond
of saying that mathematics, which expresses masculine exactitude and
clarity, stands in natural opposition to both “womanliness” and love: “A
mathematical woman is an unnatural being, she is in a certain sense a
hermaphrodite [Zswitter].” The great Swedish dramatist August Serind-
berg, opposing the appointment of Sofia Kovalevskaia as a professor of
mathematics at the University of Stockholm in 1889, wrote: “As decidedly
as that two and two make four, what a monstrosity is a woman who is a
professor of mathematics, and how unnecessary, injurious and out of
place she is."
Today the answer to the question “Are men better than women at math-

ematics?™ differs according to which measure one chooses, Standardized
tests such as the Scholastic Aptitade Test (SAT), which are seen as mea-



suring raw mathematical abiliry, favor boys; class grades, often dismisse

as measuring mathematical achicvement or learned skills, favor girls. C
rent orthodoxy holds that young boys and girls display few gende
differences in mathematics. Differences begin to appear ar age thirteg
and grow throughout the high school years, with the starkest distinetiof
in mathematical and spatial ability appearing among high achieveq
Nearly all sex-related differences are found among those scoring in chi
top 10-20 percent of students tested. For example, § percent of boys bl
only 4.5 percent of girls scored at the highest math levels on the Nationg
Assessment of Educational Progress (NAEP) test,

Math is one area where naturists and nurturists continue to lack horns
There are a number of unresolved issues: Do gender differences in verbal
and math ability actually exist or are they artifacts of the WAy tests arg
constructed and administered? Do gender differences in skill result fro ]
hard-wired brain structure? Or do they result from social experience, suchy
as parents” and teachers’ encouragement, courses taken, gendered stereo-§

types and expectations, and so forth?

Marurists offer a variety of biological explanarions for what they take |

to be confirmed gender differences. One is the theory of greater male
variability. Mathematical ability is taken to be genetic, carried on the X
chromosome. Because a male inherits only one X chromosome, male in-

telligence is said to be highly variable. Female intelligence is considered

less variable because a female inherits two X chromosomes, and the in-
telligence quotient contribured by one X chromosome may cancel out the
intelligence quotient contributed by the other. Thus female intelligence,
produced by two inherited chromosomes, hovers in a middle range, while
male intelligence, unmediated by a second X chromosome, may be high,
medium, or low.” There are at one and the same time more male geninses
and more male idiots,

A second explanation for greater male achievement in math has to do
with degrees of brain lateralization, Studies of brain lateralization Suggest
that women do poorly in math because their brains are not as highly
specialized as men's, Lateralization—the increasing specialization of the
two hemispheres of the brain—continues until a child passes through pu-
berty. Boys mature approximately two years later than girls, and thus are
likely to have more highly lateralized brains with spatial and verbal fune-
tions located in separate hemispheres. (For right-handers, the left side of
the brain specializes in verbal skills while the right side specializes in spa-
tial skills.) Bilateralization, or lesser division between the left and right

: - in girls and women creates competition witlni.n I:'l'_tﬂ. h:m:sp}:;cs:
ducing spatial and mathematical ability, The Iq;:‘_o?;nmm crowdi :.d
pthesis suggests that because women's w:r'l:.lal a.bdmes are rcprels:n
ot hemispheres, verbal processes tend to impinge upon nl:ura spadﬁ
fhe right hemisphere that in men is devoted more exclusive Zl':;j];wml-
§oning, Women derive certain benefits from I.hel.r presume 4 be !
: , the greatest being that they have luwclr mctdx}::::e of aphasia, o
Sech disorders, after damage to the left hemisphere. .
Brain research has emerged as a hot new ﬁeld.. pusb_sed by new tec
Blogics such as funcrional magnetic resonance :Imagmg an:I pc;smi
Mission tomography (PET) that measure changes in clerebral c'l;;b ,-..
Mlowing researchers to identify more exactly the location of speci : md
nctions. The neurologist Richard Haier recently PET-scanned T :;T_-}-
emale students as they solved SAT math pmbl.em? and fcr!md that iy
ed their brains very differently in this regard. High-scoring men {

[ 700 or above) used their temporal lobes in:enswrlg.r_—murr than

; DI::: T:wicuring men (scores of 540 or 59] ar i."igh_sf:c.mni wnrllnen:

| High-scoring women showed no difference in brain activity from low

lmn'n,g women, suggesting that the high-scoring men’s a:hm:m:{nt wa;

b associated with efforr.” The high-scoring men anrd. women pe; orme
. equally well. Nonetheless, they seem to use their brains differently.

Nurturists offer markedly different explanations for boys' domination

1 of the upper-level test scores. A common one is that a larger pen;:n;;g:
b of boys than girls take the highest-level math courses offered in high

school. A more controversial explanation is that girls tend l.'l::! cmﬁlmr
conventional strategies in solving problems, tlluings th:.r learned in Lgh
school, while boys use unconventional strategies, maqug h-u:.rs_ L:on: m:
dependent and successful on current tests.® Girls' aversion to r']|.r. or u:t:h
willingness to engage in unconventional problem solving corre :Ius wi ¥
studies reporting lower self-confidence among young wcmlen. hau:;:g :
suggest that different approaches to problem mllvm; between the =
reflect brain organization. Because of girls” brain h:la:erﬂ:zatm;:, :h
strong verbal abilities may prompt them to use verbal cognitive style when
i tial problems, : :

m]‘}r'lﬂgniir ch:ﬁmng explanation today is that matherr}amal. apmu.d:
tests are biased, Naturists tend to assume that the SAT is a Flcutral ::rlln
strument, But do current tests measure native ability as advertised, or +
they favor young men? Take the example of the SAT, prepared by ; ;
Ea:ll:u:atiunﬂ Testing Service in Princeton, New Jersey, and taken by 1.




million :sixtcen-tn-mght::n-year»u]ds annually. The purpose of the teitd
to predict first-year college performance, As every hopeful high sched

student knows, the stakes are high. Top scores are required to enter ghy

most prestigious colleges and universities and ta receive the best schigy
arships, '.
The SAT has two parts: the verbal and the mathematical. Despite th
fact th..?[ cognitive studies generally show that girls are more verbal tha
boys, significant gender differences do not show up on the verbal porrig
of :!_1: SAT. Currently boys outscore girls by abour 10 points (considess
statistically insignificant). This was not always so. Before 1972 girls .
scored boys, and they still score higher than boys on the verbal secti
of two other major surveys: the NAEP and the Narional Educatiorig
Longitudinal Survey, Whar happened with the SAT? It has been rac

nized since 1942 that “incellect can be defined and measured in such

manner as to make either sex appear superior” and that
r:g,ard.j.n,g sex differences in mental ability “must be artribured o diffe
ences in tests.” The original Biner test of 1903 showed girls to be n
intelligent than boys according to its measures, Binet fiddled with the

until both sexes tested equally. As Phyllis Rosser of the Center for -

Policy Studies has documented, in the early 1970s the Educati

test 66 percent more br_]}r\s than girls ; :
girls answered the foll
correctly: ¢ tollowing question

Although the undefeared visitors triumphed over their un-

derdog opponents, the g i
game was hardly the i
had predicred. * it

A, formunately . . . ., upset
B. unexpectedly . . , .. classie
Colinally..... rout

D. casily..... stalemate

E. utterly . .. .. mismatch,

G::I:er;fll}r bays outperform girls on questions related 1o Sports, science,
or business, and on questions dealing with concrete information. Girls

contlicring da

Service set out to make the SAT-Verbs a2 el
: “Verbal more “sex-neutral.” Its efforrs’

n:sul_red in a shift of 3-10 points from girls to boys—a result thar ETS |
considered gender neutral, though one that in fact favored baoys slightly.+ |
The male advantage was achieved by increases in science and sports |
content in the reading-comprehension passages. On the November 1987 4

e boys on questions relating to aesthetics, philosophy, human
jonships, and on questions using abstract concepts and ideas.*
§5 has made no comparable effort to balance the SAT-Math, on which
poutscore girls by berween 41 and 52 points, or one-half of 2 standard
ion. The gender gap in math scores has persisted since 1967, when
sex differences were first collected. Women's scores have not risen
8ite the increased number of math and science courses they now rake **
here is good evidence that the SAT-Math could be manipulated to
peasc the current difference between boys' and girls' scores. The psy-
gists Elizabeth Fennema, Janet Hyde, and Susan Lamon argue that
th gap berween males and females is narrowing, though this change
reflected in SAT scores. Az early as 1973 Thomas Donlon of ETS
that the gender gap on the SAT-Math could be reduced by an in-
fensc in the number of algebra questions (on which women excel) and a
gcrease in the number of geometry questions (on which men score bet-
fr). A study of the November 1987 SAT-Math confirmed this finding and
juggestcd that the content of verbal problems can favor one sex over the
pher. Students tend to skip questions with unfamiliar content, and girls
ppically complete fewer problems than boys. On the 1987 test boys out-
gored girls by the widest margin on a question having to do with bas-
kerball ream statistics. Finally, the current formar of the test—timed and
multiple-choice—can influence boys' and gicls” performance. Girls tend

;L-- score higher on essay and open-ended questions; they also do well on

pontextual questions such as those asking about the amount and rype of

¢ information needed to solve a problem. Girls tend to react badly to time
b pressure, As critics of the test have peinted our, it is not clear char em-
¢ phasizing speed—requiring snap judgments rather than analysis and re-
. flection—tests the most important aspects of intellect. Girls are also less
b likely than boys to risk guessing at the right answer. Girls' scores improved

dramatically when testmakers removed the *T don't know™ option from

¢ the NAEF, forcing girls to guess when they did not know an answer.*

Considering the gender bias built into it, how useful is the SAT? Its
purpose is first and foremost to predict grades for che first year of college.
As mentioned in Chapter 2, the SAT tends to underpredict women's
grades and overpeedict men's. A study of 4,000 Maryland high school
studenrs, for example, found that girls who earned higher grades than
bays in pre-calealus and calculus classes scored significantly lower (37-47
points) than the boys on the SAT-Math, The ETS's own studies indicate
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that women do as well in college math courses as men with significgl
higher scores on the math SAT. Hyde, Fennema, and Lamon also fg
thar the SAT showed larger sex differences in math than any of the of
college-admission tests. (On the NAEP, for example, in 1992 boys g
performed girls in math by only a small margin.) In light of these findigy
Federal District Judge John M. Walker ruled in 1989 that the SAT b
criminates against girls, and prohibited the New York State Deparmeg
of Education from using SAT scores as the sole basis for awarding mg
scholarships. In the late 1980s MIT also took steps to counterbalance
apparent bias in the SAT by admitting students, especially girls with god
math preparation, who scored under 750 on the SAT-Math.*
In her study of the SAT Phyllis Rosser found that largest gender di
parities berween test scores and academic performance occurred amay
boys and girls with the highest grade point averages (A-plus to A). Gi
receive § percent more A-pluses than boys in subjects relating to verky
skills and 10 percent more A-pluses than boys in math classes. Yet theg
gitls score significantly lower on the SAT than boys with equivalent GPAS
This means that “the highest achieving girls are penalized the most by
SAT gender gap.” These girls, who on the basis of their grades might ha
been accepted ar prestigious colleges and won distinguished scholarship
are often disqualified by their test scores. Scholarships awarded using te
scores alone are twice as likely to go to boys as to girls. Low scores af
standardized rests can also exclude girls early on from academic enric
ment programs and accelerated courses, including programs for t

“gifted and ralented.” Lower rest scores also tend to lower women's sl
ademic aspirations as well as their perceptions of their own abilities 3
Women often apply to less prestigious colleges than their grades would§

support,**

One might argue that grades and aptitude rests measure different skills.

Grades may evaluate a variety of qualities—neatness, diligence, ability to

complete work or follow directions, improvement over time—in addirion |

to mastery of the marterial. Teachers may factor in social skills such as
“good citizenship.” Standardized rests, in contrast, evaluate a smaller
range of skills, such as analytical reasoning and the ability to work under
pressure. It is not clear, however, that the larter skills are the most im-
portant for long-term success or scientific creativity. Perhaps the most
telling finding in this area is that ability as measured on standardized rests
is not closely related to research performance in science

Hents in Germany and China. Their results showed the same range of sex

hat indeed “sex differences may partly be biclogically induced.” As bio-
Hlogical factors, they suggest greater brain lateralization and exposure to

faphere and thereby enhance the development of the right hemisphere
b {where spatial abilities are located). Whatever male achievement may be
b in the United States, American students—neither boys nor girls—do not
L do well by world standards, In 1989 U5, thirteen-year-olds placed ninth
among twelve nations in science skills.**

States show some surprising results. Girls in Hawaiian public schools, for
3 example, outperform boys both in the classroom and on standardized

Ir' g and Math &b

Bl mathemarics as in many other felds, few efforts have been made to
gender differences in relation to other important variables, su-:l_m as
Micicy, culture, or class. If for a moment we assume that standardized
$ts do sccurately measure a difference in mathemartical .sbi.lih_. between
and girls in the United States, is this difference consistent across
Bltures and across time? Naturists, soch as Camilla Benbow and Julian
fanley, argue that it is. They see the superior male nmrhcmzric:_tln abili-

uantitative and spatial abilities as well as field articularion—as
ard-wired in the male brain. In order to test the fixity of gender differ-
bnces in mathcmatical ability, Benbow and Stanley had the U5, SAT-Marh
branslated into German and Mandarin Chinese and administered to stu-

erences in these radically different cultures, leading them to conclude

high levels of testosterone that slow the development of the left hemi-

Studies of boys and girls from different ethnic groups within the Unired

tests, especially among Filipino, Hawaiian, and Japanese populations.
Differences are found as early as the fourth grade and increase as students
mature. Other studies have suggested that African-American and His-
panic high school girls test higher than boys of those cthmcitiﬂ. in math-
ematical ability. It should also be pointed out thar Asian-American boys
outscore European-American boys by 26 points on the SAT-Math, .111':-1
that European-American boys average only 14 points higher than Asian-
American girls (not considered statistically significant). The few compar-
ative studies of mathemartical ability that have been done suggest that sex
differences in mathematical achievement vary by ethnicity along a con-
tinuum ranging from moderate differences favoring girls to large differ-

ences favoring boys,*
Class can also affect gender differences in scores on the SﬁT-:‘wlillh..][
has long been known that the SAT test scores correlate highly with family
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e seen what these questions may be in the fields of physics and m;;;h.
Ming the right answers—turning the crank— may be gcndrr {rt;r. 1..1t
11 in sesting priorities about what will and what will not hu:l nu'-khn
it gender has an impact on science, It is also perhaps here that the
Rarest feminist contributions will be made.

income and tend to reflect elass and educational advantages. Bur the g
relation between class standing and test scores is highest for boys, @
at every income level score lower than boys with comparable family
comes, ;
It is generally assumed thar high mathemarical ability is crucial
SUCCESs OF even interest in science. Indeed, as the math convent of 2 scieg
increases, the number of women in thar science decreases. Althoug
cility in mathematics is undoubtedly necessary for most scientific
the direct relationship between mathematical ability and success in scigg
has yet to be explored.” A U.S, Department of Education study show
that when math scores were the same, nearly twice as many meny
women pursued physics. It is not, then, only a lack of ability that is keeg
ing women out of science; something else is producing the disparities]
men's and women’s participation in academic mathematics, |

The question of gender in the content of physics and math is complican !
and requires further investigation. This is a task for the best physicistl
philosophers, and historians of science with rigorous training in gencde
studies of science. Physics has been insulated from gender critiques pa
because so few people are trained to undertake them, Members of a new
generation of physicists, however, either have training in gender srudigg
or are actively seeking to collaborate with those who da.

Empirical study may reveal that gender does not permeate the m
abstract level of human endeavor, It does not necessarily follow, howeve
{as some would have it), that the feminist enterprise stands or falls on
finding such examples, What has been demonstrated is that gendet’
abounds in the cultures of math and physics, determining to a cereain
extent who gets educated, gets funded, enjoys prestige, and can build
upon opportunities. The content of physics is not distince from its cul- §
tures; cultures—shared beliefs, expectations, “taken-for-granteds,” and
material well-being—mold many aspects of the various sciences. The
greatest physicists have been those who have asked the right questions,
Newton asked why the moon fell (when everyone else assumed it did not);
Einstein asked whar the world would look like if you rode along with a
beam of light.* Ultimately, the culrure of physics sets conditions for who
has the training and the opportunity to ask questions, Feminism has made
significant contributions by asking new questions, questions that often
stand ar odds with the foundational assu mptions in a discipline, It remains
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