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(BABY) STEPS TOWARD FEMINIST PHYSICS

�������ȱ�ǯȱ���Ĵ��

Physics Department, Feminist and Gender Studies Program & Environmental 
Program, Colorado College, 14 E. Cache la Poudre, Colorado Springs, Colorado 
80903, USA, �Ȭ����Ǳȱ� ��Ĵ��ȓ���������������ǯ���ǯ

In this exploration of some possible pathways into feminist physics, I take ideas from feminist philoso-
phers of science and feminist science studies scholars about what feminist science should be. I look at 
���ȱ ���ȱ��ȱ��������ȱ����������ȱ��ȱ�����ȱę����ȱ��ȱ����ȱ������ǯȱ�����ȱ�����ȱ����������ǰȱ�ȱ�������ȱ����ȱ���-
egories of projects that are feminist or potentially feminist. I illustrate these categories with examples 
of contemporary physics research. With this work I hope to guide the steps of feminist physics and 
encourage other feminist scientists to develop these and other projects. 
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1. INTRODUCTION

Over the past two decades or so, feminist philosophers of science and feminist science studies 
scholars have produced a rich and complex body of work on the feminist critique of science. For a 
feminist scientist the natural next step is to ask what feminist science might be. What does a feminist 
scientist actually do when she steps into her lab? Or sits down at her computer to do a calculation? 
Or walks into her classroom? And how do these practices differ from those of nonfeminists?1 This 
is a very different question from that addressed by most feminist critics—what Subramanian calls a 
project of reconstruction rather than deconstruction: 

Most of feminist science studies seemed to me to be loosely called a project of de-
construction-that is, taking apart the visible workings of science to highlight the in-
visible factors that shaped the interconnections between nature and culture, science 
and society. The project I wished to embark upon was one of reconstruction-to use 
WKHVH�LQVLJKWV�RI�GHFRQVWUXFWLRQ�WR�UHEXLOG�D�SUDFWLFH�WKDW�ZDV�VFLHQWL¿FDOO\�ULJRURXV��
but also informed by the rigors of feminist politics and scholarship.” (Subramanian, 
2001, p. 57) 

+RZ�GR�ZH�EHJLQ�WR�GH¿QH�WKH�SUDFWLFH�RI�IHPLQLVW�VFLHQFH"�.HOOHU��������DUJXHG�WKDW�0F-
Clintock’s “feeling for the organism” amounted to a more holistic, almost mystic, method of 
SUDFWLFLQJ�VFLHQFH��WKRXJK�VKH�VWRSV�VKRUW�RI�FDOOLQJ�LW�IHPLQLVW��+DUDZD\��������GHVFULEHV�KRZ�
Altman used her feminist principles to design methods of observing primate behavior that were 
recognized by the community as more objective––an irony considering the feminist critique of 
objectivity. 

1��ȱ��ȱ���������ȱ��ȱ����ȱ����ȱ�ȱ��ȱ���ȱ���������ȱ����ȱ ���ȱ���������ȱ��ȱ�����¢ȯ�� ȱ��ȱ��������ȱ
����ȱ ����ȱ��ȱ��¢����ǰȱ��ȱ�� ȱ��ȱ����ȱ���ȱ��¢����ȱ��������¢ȱ������ȱ����ȱ�������ǯȱ�����ȱ���ȱ
���������ȱ������ǰȱ���ȱ�ȱ�������ȱ����ȱ����Ě¢ȱ��ȱ���ǯȱŘǯŝǯȱ���ǰȱ����ȱ�ȱ��ȱ����������ȱ��ȱ�� ȱ���ȱcontent 
��ȱ��¢����ȱ�����ȱ������ȱ��ȱ����ȱ��¢�������ȱ�����ȱ��ȱ��� ȱ�����ȱ��������ȱ�������ȱ�ȱ��������ȱ����ǯ
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$QG�WKHUH�DUH�SURMHFWV�WKDW�DUH�FOHDUO\�IHPLQLVW�LQ�WKHLU�RXWFRPHV��IRU�H[DPSOH��.LQJ¶V�LGHQWL-
¿FDWLRQ�RI�DQ�DOOHOH�RI�WKH�%5&$��JHQH�WKDW�FDXVHV�VRPH�EUHDVW�FDQFHUV��/HH���������2U�&ROZHOO¶V�
study of Vibrio cholerae, and her discovery that eight layers of sari cloth would reduce the popula-
tion of V. cholerae in drinking water, and would reduce the incidence of cholera in Bangladesh by 
KDOI��&ROZHOO���������

5R\��OLNH�6XEUDPDQLDQ��LV�IRUPDOO\�WUDLQHG�LQ�ERWK�VFLHQFH�DQG�IHPLQLVP��6KH�KDV�ZULWWHQ�HIIHF-
tively of her anxieties about carrying on her doctoral research in reproductive neuroendocrinology 
DV�D�IHPLQLVW��6KH�EHOLHYHG�KHU�RXWFRPH�ZRXOG�EH�EHQH¿FLDO�IRU�ZRPHQ¶V�KHDOWK��EXW�ZRUULHG�DERXW�
³KRZ�WR�DSSO\�IHPLQLVW�DQDO\VLV�WR�WKH�µWHFKQLFDO�FRUH¶�RI�VFLHQFH´��5R\���������%\�VWXG\LQJ�VHYHUDO�
different philosophies of science, she develops a feminist methodology for science.

These examples are useful and interesting, but they all deal with life sciences. In the physical 
sciences, where the objects of inquiry are not gendered, where women are scarce, and where femi-
QLVW�YRLFHV�DUH�DOPRVW�QRQH[LVWHQW��ZH�KDYH�WR�ORRN�KDUGHU�WR�¿QG�D�IHPLQLVW�SDWK��,Q�KHU�WKRXJKWIXO�
book, Has Feminism Changed Science?��6FKLHELQJHU�WDFLWO\�DFNQRZOHGJHG�WKLV�GLI¿FXOW\�ZKHQ�VKH�
left physics and math until the last chapter, and then talked mostly about equity. She concluded, “In 
physics and math, we wait for people with the proper training and opportunity to explore the impact 
RI�JHQGHU�RQ�WKRVH�ERGLHV�RI�NQRZOHGJH´��6FKLHELQJHU��������S��������

Physicist Bug, building on Schiebinger’s work in a paper titled “Has Feminism Changed Phys-
LFV"´���������¿QGV�LQWHUHVW�LQ�WKH�SK\VLFV�FRPPXQLW\�IRU�EULQJLQJ�PRUH�ZRPHQ�DQG�XQGHU�UHSUHVHQW-
HG�PLQRULWLHV�LQWR�SK\VLFV��DQG�LQ�LQFRUSRUDWLQJ��XVXDOO\�XQDFNQRZOHGJHG��IHPLQLVW�SULQFLSOHV�LQWR�
SK\VLFV�SHGDJRJ\��%XW�VKH�¿QGV�QR�LQWHUHVW�LQ��HYHQ�KRVWLOLW\�WR��WKH�LGHD�WKDW�WKH�FRQWHQW�RU�PHWKRGV�
of physics might be changed by feminism. She points to the poor match between the principles of 
feminist science and those practiced by physicists, and concludes that feminism has had essentially 
no impact on the content of physics. Nevertheless, she suggests that “feminism and women studies 
KDYH�LQVLJKWV�WR�RIIHU�SK\VLFV�LI�SK\VLFLVWV�ZRXOG�RQO\�SHUPLW�LW�´��%XJ��������S��������

In this paper I use my knowledge of physics and of the feminist critique of science2 to explore 
the possibilities for feminist physics. I use what might be called a “bottom-up” approach to physics, 
LQ�ZKLFK�WKH�TXHVWLRQV�JURZ�RXW�RI�WKH�FRQWH[W�UDWKHU�WKDQ�WKH�FRQWHQW��,Q�PRVW�¿HOGV�RI�FRQYHQWLRQDO�
physics, like high-energy or condensed matter physics, we start with a set of assumptions, an ac-
cepted body of knowledge, and a list of important questions open to investigation. A student enters 
WKH�¿HOG�E\�WDNLQJ�JUDGXDWH�FRXUVHV��¿QGLQJ�D�PHQWRU�WR�ZRUN�ZLWK��DQG�EHJLQQLQJ�WR�ZRUN�RQ�RQH�RI�
the outstanding questions. Given this model, it is hard to see what feminist physics might be. What 
would be the subject matter? What would the graduate courses consist of? Who would teach them? 
What research projects would grow from these courses?

%XW�WKHUH�LV�DQRWKHU�VHW�RI�VXE¿HOGV�RI�SK\VLFV��H[HPSOL¿HG�E\�ELRSK\VLFV�RU�HQYLURQPHQWDO�
physics. Here we begin, not with a set of assumptions and theories and experimental methods, 
but with a set of problems tied together by their context. A student begins in such an area with a 
SUREOHP��SHUKDSV�LPSURYHG�PHGLFDO�LPDJLQJ�RU�KLJKHU�HI¿FLHQF\�VRODU�SDQHOV��7KHQ�VKH�OHDUQV�
the physics relevant to this problem, perhaps optics for medical imaging, or condensed matter 
physics for solar panels. 

If we take this approach, we can look for projects that grow out of questions suggested by 

Ř�ȱ����� ȱ��ȱ���ȱ��������ȱ��ȱ�������ǰȱ����ȱ��������ȱ���ȱ�����ȱ������ȱ��ȱ��� ǰȱ����ȱ���ȱ����ȱ� ���¢ȱ
��ȱ��ȱ¢����ȱ��ȱ��¢���ȱ���ȱ�����ȱ��ȱ����ȱ�����ǯȱ�¢ȱ����������ȱ���ȱ��ȱ�����¢�������ȱ����ȱ��ȱ���ȱ ���ȱ
����ȱ���ȱ����ȱ���������ȱ��ȱ��ȱ��ȱ����������ȱ�¢ȱ�����ȱ�����ȱ���ȱ���������ȱ���ȱ��������ȱ��¢����ǰȱ
���ȱ������ȱ���ȱ��ȱ�����ȱ��ȱ�������������ǯ
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IHPLQLVW�FULWLFV�RI�VFLHQFH��2U�ZH�FDQ�ORRN�DW�WKH�ZRUN�RI�IHPLQLVW�VFLHQWLVWV�LQ�RWKHU�¿HOGV�DV�UROH�
models. Or we can look for work on the borders of physics that might change the community of 
physicists, or might change the way that physicists think about our science. Then a number of cat-
egories of research projects in physics present themselves as partially, or potentially, feminist. Using 
my knowledge of feminist science studies, along with my understanding of physics, I develop a 
QXPEHU�RI�WKHVH�FDWHJRULHV��DORQJ�ZLWK�VSHFL¿F�H[DPSOHV�RI�FXUUHQW�SK\VLFV�UHVHDUFK�SURMHFWV��7KLV�
list of categories is not comprehensive—there are certainly other lines of inquiry that might be fol-
ORZHG��1RU�LV�LW�FRKHUHQW²,�GUDZ�RQ�GLIIHUHQW�VWUDLQV�RI�IHPLQLVW�WKHRU\�DQG�¿QG�P\�H[DPSOHV�LQ�
GLIIHUHQW�VXE¿HOGV�RI�SK\VLFV��7KHUH�DUH�XQGRXEWHGO\�VRPH�ZKR�ZRXOG�OLNH�WR�UHDUUDQJH�DQG�UHGH¿QH�
these categories.3

The very undeveloped nature of feminist physics means that these really are the staggering 
VWHSV�RI�D�EDE\�OHDUQLQJ�WR�ZDON��,I�RWKHUV�¿QG�LGHDV�LQ�WKHVH�FDWHJRULHV�DQG�H[DPSOHV�WKDW�WKH\�FDQ�
develop, then these small uneven steps can grow into productive paths.

2. CATEGORIES OF FEMINIST PHYSICS PROJECTS

2.1 Projects that Problematize the Knowing Subject/Object of Inquiry Split

The subject of knowledge-the individual and the historically located social commu-
nity whose unexamined beliefs its members are likely to hold “unknowingly,” so to 
speak-must be considered as part of the object of knowledge from the perspective of 
WKH�VFLHQWL¿F�PHWKRG���+DUGLQJ��������S������

Situated knowledges require that the object of knowledge be pictured as an actor 
DQG�DJHQW��QRW�D�VFUHHQ�RU�D�JURXQG�RU�D�UHVRXUFH��DQG�QHYHU�¿QDOO\�DV�VODYH�WR�WKH�
master that closes off the dialectic in his unique agency and authorship of “objective 
NQRZOHGJH�´��+DUDZD\��������S�����

As the two quotations above demonstrate, feminist standpoint theory demands that the all-
NQRZLQJ�LQYLVLEOH�VXEMHFW��ZKDW�+DUDZD\�FDOOV�WKH�³YLHZ�IURP�QRZKHUH´��DQG�WKH�SDVVLYH�REMHFW�
of knowledge be treated on a more equal plane—that the subject be considered to be part of the 
process of knowledge acquisition, and that the object be considered an active agent in the process 
of observation. 

The development of quantum mechanics at the beginning of the twentieth century brought 
the nature of the subject/object split to the attention of physicists. In order to the test the predic-
WLRQV�RI�DQ\�VFLHQWL¿F�WKHRU\��ZH�QHHG�WR�PDNH�D�PHDVXUHPHQW��ZKLFK�LV�FOHDUO\�DQ�LQWHUDFWLRQ�
between the subject making the measurement and the object being measured. 

7R� WDNH�D�VLPSOH�H[DPSOH�� WR�VHH�DQ�REMHFW�ZH�PXVW�VKLQH� OLJKW�RQ� LW��/LJKW��E\� LWV�ZDYH�
QDWXUH��LPSRVHV�OLPLWV�RQ�KRZ�DFFXUDWHO\�ZH�FDQ�VHH��L�H���REVHUYH�WKH�SRVLWLRQ�RI��DQ�REMHFW��QR�
wave can localize an object on a scale smaller than its wavelength. In addition, light waves carry 
PRPHQWXP�WKDW�GHÀHFWV�WKH�REMHFW�DQG�OLPLWV�KRZ�DFFXUDWHO\�ZH�FDQ�SUHGLFW�LWV�IXWXUH�EHKDYLRU��
In prequantum physics, physicists thought that we could reduce the effects of both these interac-

3����ȱ �������ȱ �����ȱ ������ȱ ǻ��ȱ ����ȱ ���ȱ ����� ��ȱ ���ȱ ������Ǽȱ ����ȱ �ȱ ����ȱ ���ȱ ��������ȱ �ȱ
�������������ȱ��ę������ȱ��ȱ ���ȱ��������ȱ��¢����ȱ��ǰȱ��ȱ�����ȱ��ǯȱ��ȱ�������ȱ ���ȱ���ȱȃ��Ĵ��Ȭ
��Ȅȱ��������ȱ��ȱ����ȱ�����ǰȱ�ȱ��ȱ��¢���ȱ��ȱ��ę��ȱ��������ȱ��¢����ȱ�¢ȱ����������ȱ�������ȱ �¢�ȱ��ȱ
 ����ȱ�����ę�ȱ��������ȱ�����ȱ��ȱ����������ȱ��������ǯȱ�����ȱ����������ǰȱ�����ȱ��������ǰȱ����������ȱ
�¢ȱ��ę������ȱǻ��ȱ��ȱ�����ȱ�ȱ�����ȱ��ȱ�ȱ��ę������Ǽȱ��ȱ ���ȱ��������ȱ��¢����ȱ�����ȱ��ǯ
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WLRQV��ZH�FRXOG�ORFDOL]H�WKH�REMHFW�PRUH�DFFXUDWHO\�E\�XVLQJ�OLJKW�ZLWK�D�VKRUWHU�ZDYHOHQJWK��$QG��
we could reduce the effect of the interaction by using dimmer light that carries less momentum. 
This means that we could measure position as accurately as we liked, with as small a disturbance 
to the object as we liked. In this circumstance, it makes sense to assume that we could clearly 
separate the observer and the observed object, and claim that the object does the same thing 
whether we are looking or not. 

This assumption breaks down in quantum mechanics, where we discover that light does not 
interact with matter as a wave but as a photon, a particle that carries momentum inversely propor-
tional to its wavelength. We can indeed localize an object more and more carefully, using shorter 
wavelength photons. But as we do so, the momentum of the photon increases, causing greater and 
greater disturbance to the object. So our assumption that an object will do the same thing whether 
we are looking or not is clearly false. 

Quantum theory of measurement was of great interest for early theorists, and the subject of an 
important debate between Bohr and Einstein.4 It was Bohr who most fully explored the implications 
of quantum measurement, not just for the subatomic world but for our interactions with the world in 
general. He argued that properties like position and momentum do not exist in themselves, but are 
created by the interaction of measurement. 

But the issues raised were so disturbing, and quantum mechanics was so successful at solving 
SUREOHPV�WKDW�PRVW�SK\VLFLVWV�DGRSWHG�D�³VKXW�XS�DQG�FDOFXODWH´�DSSURDFK��GH¿QLQJ�WKH�SUREOHPV�
UDLVHG�E\�PHDVXUHPHQW�DV�³SKLORVRSKLFDO´��L�H���QRW�RXU�SUREOHP���$�IHZ�WKHRULVWV��PRVW�QRWDEO\�
Bohm and Bell, continued to explore the epistemological issues raised by quantum measurement.5 
But the only physicist to take Bohr’s philosophical legacy seriously, and to develop it in explicitly 
IHPLQLVW�GLUHFWLRQV��LV�%DUDG��'UDZLQJ�RQ�D�FORVH�UHDGLQJ�RI�%RKU¶V�SKLORVRSK\�SK\VLFV��VKH�VD\V�KH�
GRHV�QRW�GLVWLQJXLVK�EHWZHHQ�WKH�WZR�SUDFWLFHV���KHU�RZQ�WUDLQLQJ�DV�D�WKHRUHWLFDO�SK\VLFLVW��DQG�FRQ-
WHPSRUDU\�IHPLQLVW�VFLHQFH�VWXGLHV��VKH�¿QGV�D�PLGGOH�JURXQG�EHWZHHQ�WKH�QDwYH�DQG�RIWHQ�DSROLWLFDO�
realism of many physicists, and the often antirealist social constructivism of many science scholars. 
She constructs agential realism, which she describes in a 2007 book with the evocative title Meeting 
the Universe Halfway��%DUDG��������

In contrast to Bohr, who focuses on the interaction between the observed object and the mea-
suring apparatus, Barad expands this view of measurement to include as well the human observer. 
The object under observation, the measuring apparatus, and the person making the measurement are 
entangled together in a “phenomenon”—a relationship that is prior to any of its parts.6

According to Bohr, the central lesson of quantum mechanics is that we are part of the 
QDWXUH�ZH�VHHN�WR�XQGHUVWDQG���%DUDG��������S������

4����ȱ�����ȱ����������ȱ����ȱ���ȱ��ȱ�������ȱ��ȱ���ȱ��Ĝ�������ȱ�����������ȱ���ȱ�������ȱ�����¢ȱ��ȱ
�����������ǯȱ���ȱ����ȱ������������ȱ����������ȱ��ȱ�¢ȱ��¢�����ȱǻŗşŜŝǼǰȱ ����ȱ�ȱ�����¢ȱ���������ȱ
��ȱ �����ȱ ����������ȱ ��ȱ��������ȱ ���ȱ �����ǯȱ�ȱ���¢ȱ��������ȱ����������ȱ��ȱ��������ǰȱ ���������ȱ���ȱ
��������ȱ������ȱ�¢ȱ����ȱ���ȱ��������ǰȱ��ȱ��ȱ��ȱ�����ȱ��ȱ�������ȱ���ȱ�����ȱǻŗşŞřǼǯ
5��ȱ ��ȱ ��������ȱ ����ȱ ���ȱ ���������¢ȱ �� ȱ ę���ȱ ��ȱ �������ȱ �����������ǰȱ  ����ȱ �����ȱ �������ȱ
����������ȱ��ȱ�ȱ��������ȱ������ȱ����ȱ�ȱ����������ǰȱ��¢ȱ����ȱ�����ȱ��¢�������ȱ��ȱ���������������ȱ��ȱ
���ȱ���������������ȱ������������ȱ��ȱ�������ȱ���������ǯ
Ŝ�ȱ ��ȱ ���������ȱ ����ȱ �ȱ ������ȱ ��ȱ ��ȱ ������ȱ �����ȱ ������ȱ ��ȱ ���ȱ ���¢ȱ ��������ȱ ��¢������ȱ �����ȱ
�¡�������¢ȱ ��������ȱ��¢����ǯȱ����ȱ�����ȱ����������ȱ������ȱ�������¢ȱ��ȱ �������ȱ ��ȱ�����Ȃ�ȱ������¡ȱ
���ȱ�������ȱ�����¢ǯȱ��ȱ����������ǰȱ�¢ȱ����������ȱ��ȱ�������ȱ��ȱ���ȱ������ȱ��ȱ��������ȱ�������ȱ��ȱ
�������ȱ�����������ǲȱ�����ȱ��������ȱ��ȱ���������������ǰȱ�����������ǰȱ���ȱ�������ȱ�����������ȱ��ȱ
���ȱ�����ȱ���ȱ��������ȱ �����ǯȱ���ȱ�ȱ��������ȱ����������ȱ���ȱ�����ȱǻŘŖŖŝǼǯ
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Apparatuses are not static laboratory setups but a dynamic set of open-ended prac-
WLFHV��LWHUDWLYHO\�UH¿QHG�DQG�UHFRQ¿JXUHG���%DUDG��������S������

([SHULPHQWDO� SK\VLFLVWV� DUH� QRW� QDwYH� REVHUYHUV� SDVVLYHO\� UHFRUGLQJ� ZKDW� ³QDWXUH´� WHOOV�
them. They are highly trained, very clever physicists who design and build complex instruments, 
carefully calibrate them, track down and eliminate systematic errors, and perform sophisticated 
data analysis. Each of these activities involves active choices by the physicist, and each of these 
choices helps to determine the phenomenon that ultimately decides the result of the measure-
ment. New and different experimental results are often the result of new and different choices by 
the experimenter.

Sometimes the gender, race, class, and other demographic characteristics of the experiment-
HU�FDQ�EH�FOHDUO\�VHHQ�WR�EH�D�IDFWRU�LQ�KHU�FKRLFHV��5XELQ��IRU�H[DPSOH��FKRVH�WR�VWXG\�WKH�RXWHU�
reaches of galaxies because, as the mother of small children, “I didn’t want to compete with 
ZKDW�RWKHU�SHRSOH�ZHUH�GRLQJ�´��5XELQ���������6KH�GLVFRYHUHG�WKDW�WKH�RXWHU�UHDFKHV�RI�JDOD[-
LHV�FRQWDLQ�PXFK�PRUH�PDVV�WKDQ�H[SHFWHG��WKLV�LV�WKH�PRVW�GLUHFW�HYLGHQFH�IRU�WKH�H[LVWHQFH�RI�
'DUN�0DWWHU��5XELQ���������6HH�6HF������IRU�IXUWKHU�GLVFXVVLRQ�RI�'DUN�0DWWHU�LQ�FRQWHPSRUDU\�
cosmology.

2.2 Projects that Reconceptualize Physics in Less Reductionist Directions

Science has been about a search for translation, convertibility, mobility of meanings, 
and universality-which I call reductionism, when one language (guess whose) must 
be enforced as the standard for all translations and conversions. What money does in 
the exchange orders of capitalism, reductionism does in the powerful mental orders 
RI�JOREDO�VFLHQFHV��WKHUH�LV�¿QDOO\�RQO\�RQH�HTXDWLRQ���+DUDZD\��������S�����

The eventual goal of science is to provide a single theory that describes the whole 
XQLYHUVH���+DZNLQJ��������S�����

The enforced universality described by Haraway and Hawking is one aspect of science 
most criticized by feminists. Here physicists are the most vulnerable—our science deals with 
the smallest objects known, with matter at its most fundamental level, and we gain great status 
among our fellow scientists from that position. 

…if everything obeys the same fundamental laws, then the only scientists who are 
studying anything really fundamental are those who are working on those laws. In 
practice, that amounts to some astrophysicists, some elementary particle physicists, 
VRPH�ORJLFLDQV�DQG�RWKHU�PDWKHPDWLFLDQV��DQG�IHZ�RWKHUV���$QGHUVRQ��������S������

Anderson usefully distinguishes between a hyper-reductionist hypothesis that he calls “con-
structivist” and a somewhat softer version that he calls “reductionist.” The reductionist hypoth-
esis states that everything does obey the same fundamental laws, and is probably believed by 
most practicing scientists. All objects, whatever their complexity, obey the laws of physics—a 
living organism, for example, falls according to Newton’s laws when dropped off a cliff. The 
FRQVWUXFWLYLVW� K\SRWKHVLV� VXJJHVWV� WKDW�ZH� FRXOG� �DW� OHDVW� LQ� SULQFLSOH�� VWDUW�ZLWK� WKH� ODZV� RI�
physics and construct the universe, including living organisms and human society. It is rare for a 
scientist to explicitly claim the constructivist hypothesis, and there is no evidence that it is cor-
UHFW��1HYHUWKHOHVV��SK\VLFLVWV�OLNH�+DZNLQJ��������GR�VHHP�WR�WDFLWO\�DVVXPH�WKDW�LI�WKH�SUREOHPV�
RI�TXDUNV�RU�VWULQJV�DUH�VROYHG��DOO�RWKHU�VFLHQWL¿F�SUREOHPV�ZLOO�EH�WULYLDO�DQG�XQLQWHUHVWLQJ��%XW�
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even in physics there are counter trends, and physicists who are working to make less reduction-
ist connections between different levels of science. 

An example may be helpful here. About a century of work by atomic physicists has taught 
us a great deal about atoms, ions, and small molecules. By devising clever calculational tools and 
ingenious experimental methods, atomic physicists have measured and calculated the electronic 
structure and energy levels of most individual atoms, and how they interact by twos and threes. 

A constructivist scientist might assume that this highly detailed and accurate information 
about the properties of individual atoms and molecules would be applicable to understanding 
atoms and molecules in bulk––the properties of gases, liquids, and solids. Yet despite their dif-
IHUHQFHV�DW�WKH�DWRPLF�OHYHO��DOO�JDVHV�DUH�YHU\�PXFK�DOLNH��DV�WKRVH�RI�\RX�ZKR�UHPHPEHU�WKH�
LGHDO�JDV�ODZ�IURP�LQWURGXFWRU\�FKHPLVWU\�FDQ�DWWHVW���$�KLJKO\�SRODU�PROHFXOH�OLNH�ZDWHU�YDSRU�
IRUPV�D�JDV�YHU\�VLPLODU�WR�D�YHU\�QRQ�LQWHUDFWLYH�DWRP�OLNH�KHOLXP��DW�OHDVW�ZKHQ�WKH�FRQGLWLRQV�
RI�WKH�JDV�DUH�IDU�IURP�WKH�FRQGHQVDWLRQ�SRLQW���7KH�IHZ�SDUDPHWHUV�WKDW�ZH�QHHG�WR�XQGHUVWDQG�
the behavior of gases are actually quite hard to calculate from atomic properties––it is easier and 
more accurate to measure them, and that is what, in practice, people do. The properties of solids, 
OLTXLGV��DQG�JDVHV�DUH�FROOHFWLYH�SURSHUWLHV�WKDW�GR�QRW�GHSHQG�VLJQL¿FDQWO\�RQ�WKH�SURSHUWLHV�RI�
the individual particles that make them up. So, all the work done by atomic physicists is not 
particularly useful for a better understanding of gases or, indeed, any large system of particles. 

Even more amazing, collections of atoms or molecules have properties that are unique to the 
collective states. Properties like the rigidity of solids or the viscosity of liquids have no analog in 
WKH�DWRPV�WKHPVHOYHV��7KH\�DUH�FROOHFWLYH�SURSHUWLHV��$QGHUVRQ�FDOOV�WKHP�HPHUJHQW�SURSHUWLHV��
WKDW�DSSHDU�JUDGXDOO\�DV�WKH�QXPEHU�RI�DWRPV�LQ�WKH�V\VWHP�JHWV�ODUJH��ODUJH�LQ�WKH�WKHUPRG\-
namic sense means very large––1020�RU�VR�DWRPV���

If we think of this example in Anderson’s terms, we see that it is reductionist but not construc-
tionist. The individual atoms and molecules in a solid do obey the rules of atomic structure. But it is 
not possible to use these rules to create a solid or deduce its collective properties––we cannot con-
struct the solid from the rules concerning the individual atoms.7 A carbon atom has the same number 
RI�SURWRQV��HOHFWURQV��DQG�QHXWURQV��DQG��PRUH�RU�OHVV��WKH�VDPH�VWUXFWXUH�LQ�D�GLDPRQG�FU\VWDO�RU�LQ�
a protein, as when it is alone. But we cannot deduce the properties of diamonds or proteins from our 
understanding of carbon atoms. 

$�JURXS�RI�SK\VLFLVWV�LQFOXGLQJ�TXDQWXP�¿HOG�WKHRULVWV�DQG�VWDWLVWLFDO�PHFKDQLFLDQV�KDV�EHHQ�
working to understand more rigorously the relationship between one layer and another. In the pro-
cess they have solved some of the most important problems of mid-twentieth-century physics. They 
KDYH�SXW�TXDQWXP�¿HOG�WKHRU\�RQ�D�VRXQG�PDWKHPDWLFDO�EDVLV�E\�OHDUQLQJ�KRZ�WR�HOLPLQDWH�FDOFXOD-
WLRQV�WKDW�UXQ�DZD\�WR�LQ¿QLW\��$QG��WKH\�KDYH�GHYHORSHG�QHZ�PHWKRGV�WR�GHDO�ZLWK�SKDVH�WUDQVLWLRQV�
like the boiling of a liquid.8 Perhaps even more important, each group learned from the work of the 
other, confounding the reductionist idea that knowledge only moves up from lower layers. 

ŝ��ȱ ����ȱ ����������ȱ ����ǰȱ ���ȱ �� ȱ ���ȱ ������¢ȱ ����������ȱ ę���ȱ ��ȱ �����������ȱ ��ȱ ����¢���ȱ ���ȱ
����������ȱ ��ȱ �����������ȱ ��ȱ �����ȱ ����ȱ ���ȱ ��� ���ȱ ���ȱ ������ȱ ���ȱ �����������ȱ ��¢���ǯȱ ��ȱ ����ȱ
�¡���������ǰȱ��¢�������ȱ���ȱ����¢���ȱ���ȱ�����������ȱ��ȱ����ȱ����������ȱ����ȱ����������ȱ�����������¢ȱ
��ȱ���ȱ������ȱ��ȱ�����ȱ���������ǯȱ
� ����ǰȱ���ȱ����������¢ȱ����ȱ����ȱ��ȱ���ȱ�����������ȱ��� ���ȱ
��¢���ȱ���ȱ��ȱę����ȱ��ȱ����ȱ���ȱ����ȱ����ȱ���ȱ�������ȱ��ȱ��������������ǯȱ�ȱ��ȱ��������ȱ��ȱ�������ȱ����ȱ
���ȱ��������ȱ����ȱ���ǯ
Ş�����ȱ��ȱ�ȱ�����ȱ���ȱ������¡ȱ����������ȱ����������ȱ�����ȱ���������ǯȱ� �ȱ������ȱ�������������ȱ
����������ȱ ���ȱ������ȱ ǻŗşŝşǼȱ ���ȱ ��� ����ȱ ǻŗşşřǼǯȱ��ȱ �����������ȱ ������������ȱ �����������ȱ ��ȱ
�����ȱ��ȱ�������ȱŚȱ��ȱ��������ȱǻŘŖŖśǼǯȱ
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7KLV�ZRUN�KDV�YHU\�SURIRXQG�HIIHFWV�RQ�KRZ�SK\VLFLVWV�DQG�RWKHU�VFLHQWLVWV�WKLQN��RU�VKRXOG�
WKLQN��DERXW�VFLHQFH��,I�WKH�ODZV�RI�DWRPLF�EHKDYLRU�GR�QRW�DIIHFW�LQ�VLJQL¿FDQW�ZD\V�WKH�ODZV�RI�
collective atomic behavior, then there is no most fundamental bottom layer that is more important 
WKDQ�DQ\�RWKHU�OD\HU��3DUWLFOH�SK\VLFV�LV�QR�PRUH�SURIRXQG�WKDQ�HFRORJ\��HDFK�KDV�LWV�RZQ�FRQFHSWV�
and laws, and each is equally important. 

Rather than a Theory of Everything, we appear to face a hierarchy of Theories of 
Things, each emerging from its parent and evolving into its children as the energy 
VFDOH�LV�ORZHUHG���/DXJKOLQ�DQG�3LQHV��������S�����

I do not mean to argue here that it is always wrong, bad science, or nonfeminist for scientists 
WR�DSSO\�UHGXFWLRQLVW�PHWKRGV�WR�VROYH�SUREOHPV��5HGXFWLRQLVP�KDV�JLYHQ�XV�SRZHUIXO�PHWKRGV�
WKDW�DUH�YHU\�VXFFHVVIXO�LQ�¿HOGV�OLNH�SDUWLFOH�SK\VLFV�RU�PROHFXODU�ELRORJ\��.LQJ��DIWHU�DOO��XVHG�
UHGXFWLRQLVW�PHWKRGV�WR�FRPSOHWH�WKH�IHPLQLVW�SURMHFW�RI�LGHQWLI\LQJ�EUHDVW�FDQFHU�JHQHV��/HH��
�������,�DP�DUJXLQJ��UDWKHU��WKDW�WKHVH�HQRUPRXV�VXFFHVVHV�KDYH�OHG�VRPH�FRQWHPSRUDU\�SK\VL-
cists to overemphasize reductionist and even constructivist thinking. A feminist physicist need 
not abandon reductionism, but she should remember that taking things apart is not always the 
best way to understand them, and that they need to be put back together again afterward.

2.3 Problems that Use Local Solutions to Solve Local Problems and Achieve 
Global Understanding

Nonhuman nature, therefore, is not passive, but an active complex that participates 
in change over time and responds to human-induced change. Nature is a whole of 
which humans are only one part. We interact with plants, animals, and soils, in ways 
that sustain or deplete local habitats. Through science and technology, we have great 
power to alter the world in short periods of time. The relation between human beings 
and the nonhuman world is thus reciprocal. Humans adapt to nature’s environmental 
conditions; but when humans alter their surroundings, nature responds through eco-
ORJLFDO�FKDQJHV���0HUFKDQW��������S�����

Living cultures grow from the earth, emerging from particular places and spaces 
while simultaneously connecting all humanity in a planetary consciousness of being 
members of our earth family. (Shiva, 2005, p. 7)

,Q�WUDGLWLRQDO�DFDGHPLF�LQVWLWXWLRQV��WKH�QDWXUDO�DQG�WKH�VRFLDO�DUH�ULJLGO\�VHSDUDWHG��WKH�QDWX-
ral world is studied by natural scientists, and human culture by social scientists and humanists. 
(YHQ�HFRORJLVWV��ZKR�DUH�LQWHUHVWHG�LQ�LQWHUDFWLQJ�V\VWHPV��XVXDOO\�FRQ¿QH�WKHLU�DWWHQWLRQ�WR�WKH�
interactions of “wild” ecosystems, untouched by human cultures. 

The growth of environmental science programs that study the interaction between human 
beings and the natural world, often including both natural and social science methods, is starting 
WR�EUHDN�GRZQ�WKLV�VHSDUDWLRQ��(FRIHPLQLVWV�OLNH�0HUFKDQW�KDYH�KHOSHG�XV�XQGHUVWDQG�KRZ�RXU�
interactions with the natural world structure are structured by our cultural history. Shiva asks us 
to view environmental issues from the perspective of Third World women, a good example of 
Harding’s advice to start from marginalized women’s lives. Proper environmental solutions, ac-
cording to Shiva, take account of local cultures and local environments. She envisions a network 
of local cultures connected together into a global network. 

Physicists are much better at global than local thinking. Our methods emphasize universal 
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principles like coQVHUYDWLRQ�RI�HQHUJ\�DQG�PRPHQWXP��DQG�¿QGLQJ�VLPLODULWLHV�EHWZHHQ�SUREOHPV�
WKDW�DUH�VXSHU¿FLDOO\�YHU\�GLIIHUHQW��OLNH�TXDQWXP�¿HOG�WKHRU\�DQG�SKDVH�WUDQVLWLRQV��DV�LQ�WKH�VHF-
RQG�FDWHJRU\���:H�FDQ�OHDUQ�IURP�RWKHU�DUHDV�RI�VFLHQFH�ZKHUH�ORFDO�SDUWLFXODULWLHV�DUH�LPSRUWDQW��

Uttal is an atmospheric physicist working for National Oceanic and Atmospheric Adminis-
tration who studies polar regions, which she calls the “climate bulldozer,” driving global warm-
ing in a positive feedback loop that accelerates the cycle. Polar regions are poorly understood and 
GLI¿FXOW�WR�VWXG\�EHFDXVH�RI�KDUVK�FRQGLWLRQV��H[WUHPH�VHDVRQDO�YDULDELOLW\��DQG�D�ODFN��DW�OHDVW�LQ�
WKH�1RUWK��RI�ODQG�EDVHG�REVHUYDWLRQ�SODWIRUPV��%XW�EHFDXVH�WKH�WHPSHUDWXUH�DQG�VDOLQLW\�RI�SRODU�
water drive global circulation, polar regions are critical to understanding global climate. 

With an interdisciplinary team of polar scientists, Uttal carried out a project called SHEBA 
�6XUIDFH�+HDW�%XGJHW�RI�WKH�$UFWLF�2FHDQ���$Q�LFHEUHDNHU�VKLS�ZDV�IUR]HQ�LQWR�WKH�$UFWLF�SDFN�
ice and left to drift for a full year while the team studied the atmosphere, ocean, sea ice, and 
VQRZ�FRYHU��7KH\�¿HOGHG�GR]HQV�RI�LQVWUXPHQWV��WKH�JRDO�RI�ZKLFK�ZDV�WR�PHDVXUH�WKH�WUDQVIHU�RI�
energy and matter into, through, and out of a column reaching from the atmosphere through the 
snow and ice and into the ocean. Figure 1 shows a sketch of the project, and some of the measure-
ments made. The project was designed to collect information that can be fed back into the Global 
&OLPDWH�0RGHOV�WKDW�XVH�D�JULG�RI�VXFK�FROXPQV�WR�SUHGLFW�IXWXUH�FKDQJHV�LQ�WKH�HDUWK¶V�FOLPDWH�
�8WWDO�et al����������

Environmental problems like global warming show that ecofeminists are right to emphasize 
the interaction between natural and human history, and SHEBA demonstrates an ecofeminist 
approach to understanding and solving these problems. An interdisciplinary group of scientists 
applied universal principles like conservation of mass, energy, and momentum to understand 
the complexities of a particular place. The rich understanding of this place gained by SHEBA is 
recycled back into computer models to lead us to a better understanding of the global problem 
of climate change.

2.4. Problems that Apply Physics to the Solution of Human Problems

On the one side stand “pure nature” and the “pure science” that can tell the one 
true story of pure nature’s order. On the other side stand various “impure” objects 
of knowledge and the disciplines or methods of knowledge seeking that try to under-
stand them…Sciences that study objects of mixed natural and social knowledge-such 
as health sciences, agricultural and environmental sciences are far more the object 
of [Third World] feminist interests. Such sciences must themselves combine theoreti-
cal frameworks and skills found both in the natural and social sciences. Should we 
call them “mestiza” sciences, in reference to Anzaldua’s eloquent elaboration of the 
FKDUDFWHULVWLFV�RI�SHRSOH�OLYLQJ�RQ�WKH�ERUGHUODQG"��+DUGLQJ��������S�����DQG�QRWH�
����S�������

As Harding aptly describes, physicists and most other scientists privilege pure over applied sci-
ence––applied, that is, to problems generated by people’s lives. For most of the twentieth century, 
the fundamental problems of physics, the solutions to which won the Nobel Prize, were ques-
tions about the material universe at the smallest accessible scale. This work originally had very 
important applications in chemistry, molecular biology, and materials science. But as the century 
progressed, the fundamental questions moved to smaller distances and higher energies and be-
came more remote from human life. 

Waymouth is a recently retired atomic and molecular physicist who spent his entire career 
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working on lighting technology for Sylvania. In 2000 he received the Will Allis Prize of the 
American Physical Society, and in his acceptance speech said:

I spent my entire working life using physics to grub for paydirt in an industrial set-
ting…In such a setting, any project that yielded only meeting presentations or pub-
lications in refereed journals had to be considered essentially a failure…Academic 
scientists can point to their publications as the validation of their life’s work. I can 
see mine whenever I go to the mall and look up at the lights. (Waymouth, 2001) 

FIG. 1: The approach of the SHEBA project was to consider a column of material from the top of 
WKH�WURSRVSKHUH��WKH�ORZHVW�OHYHO�RI�WKH�DWPRVSKHUH��GRZQ�WKURXJK�WKH�VQRZ�DQG�LFH�RQ�WKH�VXUIDFH�
DQG�LQWR�WKH�RFHDQ��HQGLQJ�DW�WKH�WRS�RI�WKH�S\QFQRFOLQH��WKH�ERWWRP�RI�WKH�XSSHUPRVW�OHYHO�RI�WKH�
RFHDQ���7KLV�DSSURDFK�ZDV�FKRVHQ�WR�PDWFK�WKH�IRUPDW�RI�FRPSXWHUL]HG�*OREDO�&OLPDWH�0RGHOV��
VR�WKDW�WKH�LQIRUPDWLRQ�JDLQHG�FRXOG�EH�XVHG�WR�LPSURYH�PRGHOLQJ�RI�SRODU�UHJLRQV��0DWHULDO�DQG�
UDGLDWLRQ�ÀX[HV�ZHUH�PHDVXUHG��ERWK�KRUL]RQWDOO\�DQG�YHUWLFDOO\��WKURXJK�DOO�WKH�OD\HUV�RI�WKH�
column. For the atmosphere: precipitation, winds, temperature, humidity, clouds, and radiation. 
)RU�LFH�DQG�VQRZ��GHSWK�DQG�VWUDWLJUDSK\��WHPSHUDWXUH��WKLFNQHVV��DQG�UHÀHFWLYLW\��)RU�WKH�RFHDQ��
WHPSHUDWXUH��VDOLQLW\��GLIIXVLYLW\��KHDW�ÀX[HV��DQG�FXUUHQWV��
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WD\PRXWK�GHVFULEHV�WKH�GHYHORSPHQW�RI�KLJK�LQWHQVLW\�ÀXRUHVFHQW�OLJKWLQJ±±D�PDMRU�VXF-
FHVV�RI�KLV�HDUO\�FDUHHU��&UHDWLQJ�DQG�VROYLQJ�D�PRGHO�RI� WKH�SODVPD�GLVFKDUJH�ZDV�D�GLI¿FXOW�
problem in those precomputer days. The solution led him to propose some changes in the makeup 
of the gases inside the tube. This was, Waymouth says, the end of the physics. But he still had 
WR�ZRUN�ZLWK�HOHFWULFDO�HQJLQHHUV�WR�GHVLJQ�DQG�IDEULFDWH�QHZ�HOHFWURGHV��¿JXUH�RXW�KRZ�WR�SXW�
them into mass production with the line engineers, think about the economics of the process, and 
persuade managers to keep funding his project until he could demonstrate that his new lights 
could be mass produced reliably and economically. This very interdisciplinary work has some of 
the characteristics of the “mestiza” sciences described by Harding above––it involves economics 
and other social sciences as much as physics. 

6WDQGSRLQW�HSLVWHPRORJLVWV�OLNH�+DUGLQJ��������DUJXH�WKDW�IHPLQLVW�VFLHQFH�VKRXOG�EHJLQ�E\�
taking everyday life as problematic, and by starting from marginalized lives. The working class 
ZRPHQ�ZKR�DUH�FOHUNV�LQ�VKRSSLQJ�PDOOV�DUH�JUDWHIXO��RU�ZRXOG�EH�LI�WKH\�NQHZ��WR�:D\PRXWK�IRU�
SURYLGLQJ�EULJKW��HI¿FLHQW�OLJKWLQJ�IRU�WKHLU�ZRUNSODFH��6RPH�SK\VLFLVWV�DQG�HQJLQHHUV�DUH�ZRUN-
LQJ�RQ�WKH�GHVLJQ�RI�WHFKQRORJ\�OLNH�ZKLWH�OLJKW�HPLWWLQJ�GLRGHV�RU�VRODU�SRZHUHG�ZDWHU�SXUL¿HUV�
LQWHQGHG�WR�PDNH�WKH�OLYHV�RI�SRRU�7KLUG�:RUOG�ZRPHQ�VDIHU�DQG�OHVV�GLI¿FXOW��

2.5 Problems that Set Contemporary Physics Research in Its Social and Political 
Context 

Cultural agendas and assumptions are part of the background assumptions and aux-
LOLDU\�K\SRWKHVHV�WKDW�SKLORVRSKHUV�KDYH�LGHQWL¿HG��,I�WKH�JRDO�LV�WR�PDNH�DYDLODEOH�
for critical scrutiny all�WKH�HYLGHQFH�PDUVKDOHG�IRU�RU�DJDLQVW�D�VFLHQWL¿F�K\SRWKHVLV��
WKHQ�WKLV�HYLGHQFH�WRR�UHTXLUHV�FULWLFDO�H[DPLQDWLRQ�ZLWKLQ�VFLHQWL¿F�UHVHDUFK�SUR-
FHVVHV���+DUGLQJ��������S�������HPSKDVLV�KHUV��

7UDGLWLRQDO�VFLHQWLVWV�DQG�SKLORVRSKHUV�RI�VFLHQFH�VHSDUDWH�WKH�SURFHVV�RI�VFLHQWL¿F�GLVFRYHU\�
LQWR�WKH�³FRQWH[W�RI�GLVFRYHU\´�DQG�WKH�³FRQWH[W�RI�MXVWL¿FDWLRQ´��.XKQ���������&DUHIXO�PHWKRG-
RORJLFDO�FRQWUROV�DUH�DSSOLHG�RQO\�WR�WKH�ODWWHU��WKH�IRUPHU�LV�GHVFULEHG�DV�RXWVLGH�WKH�ORJLF�RI�WKH�
VFLHQWL¿F�PHWKRG��+DUGLQJ��������REMHFWV�WR�WKLV�GLYLVLRQ��VKH�VD\V�WKDW�LW�OHWV�VFLHQWLVWV�RII�WKH�
hook by allowing us to ignore the context out of which our work grows, and into which applica-
WLRQV�RI�RXU�ZRUN�ZLOO�¿W��6KH�VXEVWLWXWHV�WKH�SULQFLSOH�RI�VWURQJ�REMHFWLYLW\��ZKLFK�VXJJHVWV�WKDW�
to obtain the most reliable and authentic information about the natural world, scientists should 
subject the questions of how their research agenda arise, and to what uses their results are put, 
to the same rigorous investigation that we give to the path from questions to answers. This, she 
argues, will allow science to serve politically liberatory goals.

/DQH��DIWHU�D�GLVWLQJXLVKHG�FDUHHU�LQ�WKHRUHWLFDO�DWRPLF�DQG�PROHFXODU�SK\VLFV��GHYRWHV�PXFK�
RI�KLV� WLPH�WR�EHLQJ�ZKDW�KH�FDOOV�D�FLYLF�VFLHQWLVW��XVLQJ�KLV�H[SHUWLVH� LQ�SK\VLFV� WR� LQÀXHQFH�
SROLF\�GHFLVLRQV��+H�GLUHFWHG�WKH�1DWLRQDO�6FLHQFH�)RXQGDWLRQ������±������DQG�VHUYHG�DV�'LUHF-
WRU�RI�WKH�:KLWH�+RXVH�2I¿FH�RI�6FLHQFH�DQG�7HFKQRORJ\�3ROLF\������±�������&XUUHQWO\�KH�LV�
8QLYHUVLW\�3URIHVVRU�RI�3K\VLFV�DW�5LFH�8QLYHUVLW\��DQG�6HQLRU�)HOORZ�IRU�6FLHQFH�DQG�7HFKQRO-
RJ\�DW�-DPHV�%DNHU�,QVWLWXWH��+LV�PRGHO�IRU�D�FLYLF�VFLHQWLVW�LV�)UDQNOLQ��/DQH���������$OWKRXJK�
KLV�SODFH�LQ�$PHULFDQ�KLVWRU\�LV�GRPLQDWHG�E\�KLV�SROLWLFDO�ZRUN��)UDQNOLQ�DOVR�PDGH�VLJQL¿FDQW�
contributions to the early development of the theory of electricity. His Experiments and Observa-
tions on Electricity �������ZDV�ZHOO�NQRZQ�DQG�UHVSHFWHG�LQ�(XURSH��DQG�KLV�VFLHQWL¿F�HPLQHQFH�
SUREDEO\�PDGH�KLP�D�PRUH�HIIHFWLYH�DPEDVVDGRU�WR�)UDQFH��/DQH�XUJHV�RWKHU�VFLHQWLVWV�WR�SOD\�D�
larger role in politics, and has developed “Franklin’V�/LVW´��VKRZQ�LQ�7DEOH����RI�VWHSV�)UDQNOLQ�
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ZRXOG�XUJH�VFLHQWLVWV�WR�WDNH�WR�DSSO\�WKHLU�VFLHQWL¿F�H[SHUWLVH�DQG�DXWKRULW\�WR�VRFLDO�FRQFHUQV��
Other scientists place their expertise and authority at the disposal of grassroots or disem-

SRZHUHG�JURXSV��5HGVWHHU��VKH� LV�QRW�D�SK\VLFLVW��EXW�VKH� LV� WRR�JRRG�DQ�H[DPSOH� WR�SDVV�XS��
LV�D�PHPEHU�RI�WKH�&URZ��$EVDORRND��1DWLRQ�DQG�D�86*6�JHRORJLVW�ZKR�VWXGLHV�WKH�HIIHFWV�RI�
drought in the Navajo Nation. Her interdisciplinary project involves geomorphology, hydrology, 
ERWDQ\��DQG�DQWKURSRORJ\��6KH�VSHQGV�D�VLJQL¿FDQW�DPRXQW�RI�KHU�WLPH�DW�&KDSWHU�+RXVH�PHHW-
ings explaining her project and her results to the local people. Her graduate students who take 
the time to talk to local people and treat them with respect do better work than those who try to 
distance themselves in order to be “objective.” This respectful attitude is more important than 
HWKQLFLW\��RQH�RI�KHU�PRVW�VXFFHVVIXO�VWXGHQWV�ZDV�DQ�$QJOR�IURP�:LVFRQVLQ��5HGVWHHU���������
7KLV�VHHPV�WR�PH�WR�EH�D�YHU\�YLVLEOH�H[DPSOH�RI�ZKDW�+DUGLQJ�PHDQV�E\�VWURQJ�REMHFWLYLW\��E\�
ZRUNLQJ�ZLWK�WKH�1DYDMR�FRPPXQLW\�DQG�OHDUQLQJ�IURP�WKHP��5HGVWHHU�DQG�KHU�VWXGHQWV�REWDLQ�D�
more complete picture of the effects of drought, and do better science by considering and respect-
ing the cultural setting of their work. 

5HGVWHHU�DOVR�ZRUNV�ZLWK�1DWLYH�VWXGHQWV�LQ�DQ�HIIRUW�WR�LQWHUHVW�PRUH�\RXQJ�1DWLYHV�LQ�VFL-
HQFH��EHOLHYLQJ�WKDW�WULEHV�ZRXOG�EHQH¿W�IURP�VFLHQWL¿F�DXWKRULW\�RI�WKHLU�RZQ��+HUH�DJDLQ�VKH�LV�
taking pains to consider the uses to which her science is put, so that it will serve the needs of the 
disempowered. 

0DQ\�VFLHQWLVWV��LQFOXGLQJ�SK\VLFLVWV��DUJXH�WKDW�RXU�UHVSRQVLELOLW\�LV�RQO\�WR�RXU�QDUURZO\�GH-
¿QHG�VFLHQFH±±ZH�DUH�UHTXLUHG�WR�EH�PHWLFXORXV�RQO\�DERXW�RXU�PHDQV��7R�WDNH�SROLWLFDO�SRVLWLRQV�
DV�VFLHQWLVWV�UHGXFHV�RXU�REMHFWLYLW\��)RU�VFLHQWLVWV�OLNH�/DQH�DQG�5HGVWHHU�WR�DUJXH�WKDW�ZH�KDYH�D�
responsibility as scientists to consider our ends as well, moves science in very feminist directions. 

2.6 Projects that Reintegrate Physics into Its Cultural and Environmental Setting

7KLV�QH[W�JURXS�RI�FDWHJRULHV�LV�VRPHZKDW�GLIIHUHQW��PRVW�SURMHFWV�DUH�QRW�³UHDO�SK\VLFV�´�LQ�WKH�
sense of being publishable in Physical Review or some other physics research journal. Some 
physicists do this work, and so do people in history of science, education, and social science. I 
include them as feminist physics projects because they broaden our view of who physicists are 

TABLE 1: Franklin’s List

Steps that (according to Lane) Franklin would urge scientists to take to apply their scien-
WL¿F�H[SHUWLVH�DQG�DXWKRULW\�WR�VRFLDO�FRQFHUQV�
��� (QFRXUDJH�VFLHQWLVWV�WR�UXQ�IRU�&RQJUHVV�DQG�RWKHU�SXEOLF�RI¿FH��DQG�HVWDEOLVK�D�ELSDUWLVDQ� 
 science caucus.
2.  Organize a series of science seminars for policy makers.
3.  Work to increase the nation’s overall science literacy.
4.  Assemble a science literacy handbook that includes dos and don’ts for scientists.
5. Educate students about science and civic responsibility. Scientists could volunteer to help in  
 settings from preschool child development centers through the entire educational system.
6. Gather the best scientists and science writers to reform and rewrite science textbooks and  
 curricula.
��� 0DNH�EHWWHU�HGXFDWLRQDO�XVH�RI�WHOHYLVLRQ��FRPSXWHUV��DQG�FRPSXWHU�JDPHV��
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and what physicists do. This broader view makes the path toward feminist physics more clear.
In other words, we can think of strRQJ�REMHFWLYLW\�DV�H[WHQGLQJ�WKH�QRWLRQ�RI�VFLHQWL¿F�
research to include systematic examination of such powerful background beliefs. 
�+DUGLQJ��������S������

$QRWKHU�DSSOLFDWLRQ�RI�VWURQJ�REMHFWLYLW\� LQYROYHV�VHWWLQJ�VFLHQWL¿F�SURMHFWV�RI� WKH�SDVW� LQWR�
their social and political contexts. One important group of feminist physics projects is the restoration 
of Western women physicists and physicists of color to their proper place in history. These people 
KDG�EHHQ�VR�WKRURXJKO\�HUDVHG�IURP�RXU�KLVWRU\�WKDW�LQ�������+DUGLQJ�ZURWH�WKDW�WKH�SDWK�WR�IHPLQLVW�
VFLHQFH�FDQQRW�EH�WKH�VDPH�DV�LQ�RWKHU�¿HOGV�EHFDXVH�³WKHUH�DUH�IHZ�ZRPHQ�ZRUWKLHV�WR�UHVWRUH�WR�
WKH�VFLHQFH�KDOO�RI�IDPH�´��+DUGLQJ��������S�������7KDW�VR�SURPLQHQW�DQG�WKRXJKWIXO�D�SKLORVRSKHU�RI�
VFLHQFH�FRXOG�VD\�WKLV�WHVWL¿HV�WR�WKH�HIIHFWLYHQHVV�ZLWK�ZKLFK�ZRPHQ�DQG�PLQRULW\�VFLHQWLVWV�KDYH�
been erased from our history. And the explosion of work��VLQFH�WKHQ�VKRZV�KRZ�ZURQJ�ZH�DOO�ZHUH��
no matter how high the barriers placed before them, some strong and determined women and men of 
color have always found ways to practice science. The substantial body of work that has been done 
in recent years to resurrect and restore the work of women physicists and physicists of color to their 
SURSHU�SODFH�LQ�KLVWRU\�KDV�PDQ\�EHQH¿WV��,W�FRUUHFWV�WKH�KLVWRU\�RI�RXU�VFLHQFH�DQG�PDNHV�LW�FOHDU�
that physics is less white and less male than conventional history might imply. It creates role models 
for diverse students and shows them that they, too, can have a place in physics. And it’s only fair to 
restore the reputations of people who have been systematically erased from the history of science. 

A second group of projects in this category is the study of the physics of other cultures. Harding 
�������KDV�FDUHIXOO\�GRFXPHQWHG�WKH�(XURFHQWULVP�RI�PXFK�RI�WKH�ZRUN�RQ�WKH�KLVWRU\�RI�VFLHQFH��
DQG�WKH�VHOI�VHUYLQJ�TXDOLW\�RI�PRVW�GH¿QLWLRQV�WKDW�VD\�WKDW�RQO\�(XURSHDQ�FXOWXUH�GHYHORSHG�³UHDO´�
science. We need to study the physics of other cultures for two important reasons. First, we must 
set the record straight. Other cultures should receive the credit that is due their inventiveness and 
HIIRUWV�WR�XQGHUVWDQG�WKH�SK\VLFDO�ZRUOG��$QG�VHFRQG��³PLQLQJ´�>WR�XVH�*RRQDWLODNH¶V��������HYRFD-
tive term]10 the knowledge of other cultures will provide additional resources to help contemporary 
global science solve the problems of our time.

1HHGKDP¶V� H[KDXVWLYH� VWXG\� RI�&KLQHVH� VFLHQFH� ������� LV� YHU\�PXFK� LQ� WKH�(XURFHQWULF�
tradition, written to explain why the Chinese never developed modern science. Nevertheless, 
he makes a number of important points about Chinese physics. For example, he argues that the 
Chinese view of an organic world governed by natural cycles leads more easily to a wave picture 
of physics that complements the particle picture prevalent in much of European physics. It was 
natural then for the Chinese to develop optics and acoustics. The wave theory of light, for ex-
ample, was invented in China long before European physicists developed it, and they may have 
learned from Chinese examples. 

We have much to learn about the physics of other cultures. There is a good deal of work on 
HWKQRVFLHQFH�LQ�¿HOGV�VXFK�DV�PDWKHPDWLFV�DQG�ERWDQ\��EXW�OLWWOH�RQ�SK\VLFV�>VHH�6HOLQ��������IRU�
an overview of the science of non-Western cultures]. There is much to be learned if physicists 
study how other cultures conceptualize physical reality. What is the world made of? How are 
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matter, energy, and life categorized? How do people think about gravity? How do they think 
about material cycles like energy, water, air? How do they use materials to construct their physi-
cal environment? How do they construct and use technology? 

Further work on the physics of other cultures will give us a more complete view of how the 
human race views physical reality. And, it may give us new ideas, new metaphors, and new ap-
proaches to understand and solve the complex problems facing us. 

2.7 Projects that Increase the Diversity of the Physics Community

1HOVRQ��������KDV�DUJXHG�WKDW�LW�LV�WKH�VFLHQWL¿F�FRPPXQLW\�DV�D�ZKROH��QRW�LQGLYLGXDO�VFLHQWLVWV��
ZKR�DUH�WKH�DJHQWV�RI�VFLHQWL¿F�NQRZOHGJH��

In suggesting that it is communities that construct and acquire knowledge, I do not 
PHDQ��RU�³PHUHO\´�PHDQ��WKDW�ZKDW�FRPHV�WR�EH�UHFRJQL]HG�RU�³FHUWL¿HG´�DV�NQRZO-
edge is the result of collaborations between, consensus achieved by, political strug-
gles engaged in, negotiations undertaken among, or other activities engaged in by 
individuals who, as individuals, know in some logical or empirically “prior” sense…
My arguments suggest that the collaborators, the consensus achievers, and, in more 
general terms, the agents who generate knowledge are communities and subcommu-
QLWLHV��QRW�LQGLYLGXDOV���1HOVRQ��������S�������HPSKDVLV�KHUV�

$�EULHI� ORRN� DW� WKH� SK\VLFV� FRPPXQLW\� FRQ¿UPV�1HOVRQ¶V� DUJXPHQW��1R� RQH� EHFRPHV� D�
physicist without years of instruction in what constitutes a physical theory, how one performs a 
calculation or measurement, and what we regard as evidence. Almost no one practices physics 
without obtaining support from a network of funding agencies staffed by physicists. Almost no 
RQH�ZRUNV� LQ� LVRODWLRQ��D�JODQFH� WKURXJK�DQ\�SK\VLFV� MRXUQDO�VKRZV�KRZ�UDUH�VLQJOH�DXWKRUHG�
papers are. No one’s work become a part of physics until it is reviewed and accepted by the com-
munity of peers. In Nelson’s sense, it is the community of physicists rather than an individual 
physicist who is the primary knower.

The conception of value-free, impartial, dispassionate research is supposed to di-
UHFW�WKH�LGHQWL¿FDWLRQ�RI�DOO�VRFLDO�YDOXHV�DQG�WKHLU�HOLPLQDWLRQ�IURP�WKH�UHVXOWV�RI�
research, yet it has been operationalized to identify and eliminate only those social 
values and interests that differ among the researchers and critics who are regarded 
E\�WKH�VFLHQWL¿F�FRPPXQLW\�DV�FRPSHWHQW�WR�PDNH�VXFK�MXGJPHQWV��,I�WKH�FRPPXQLW\�
RI�³TXDOL¿HG´�UHVHDUFKHUV�DQG�FULWLFV�V\VWHPDWLFDOO\�H[FOXGHV��IRU�H[DPSOH��DOO�$IUL-
FDQ�$PHULFDQV�DQG�ZRPHQ�RI�DOO�UDFHV�DQG�LI�WKH�ODUJHU�FXOWXUH�LV�VWUDWL¿HG�E\�UDFH�
DQG�JHQGHU�DQG�ODFNV�SRZHUIXO�FULWLTXHV�RI�WKLV�VWUDWL¿FDWLRQ��LW�LV�QRW�SODXVLEOH�WR�
LPDJLQH�WKDW�UDFLVW�DQG�VH[LVW�LQWHUHVWV�DQG�YDOXHV�ZRXOG�EH�LGHQWL¿HG�ZLWKLQ�D�FRP-
PXQLW\� RI� VFLHQWLVWV� FRPSRVHG� HQWLUHO\� RI� SHRSOH�ZKR�EHQH¿W�LQWHQWLRQDOO\� RU� QRW�
IURP�LQVWLWXWLRQDOL]HG�UDFLVP�DQG�VH[LVP���+DUGLQJ��������SS�����±����

Harding’s argument shows that the nature of the physics community is an important deter-
minant of the quality of the knowledge we generate. The physics community is one of the most 
KRPRJHQHRXV��HYHQ�LQ�VFLHQFH��PRVW�UHFHQW�VWDWLVWLFV�VKRZ�WKDW�GRFWRUDO�OHYHO�SK\VLFLVWV�LQ�WKH�
86�DUH�������PDOH�DQG�����ZKLWH��16)��������7DEOHV�����DQG������UHVSHFWLYHO\���7KLV�ZKLWH-
ness and maleness is a limitation, not only for equity and social justice, but for the quality of 
the science we do. Projects that are designed to increase the diversity of the physics community 
are therefore feminist projects that will lead to a more value-free, impartial, dispassionate, and 
feminist physics. 
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Included in this category are projects that document, especially quantitatively, the subtle bias 
WKDW�SHUVLVWV�DQG�SXVKHV�DOO�EXW�WKH�PRVW�GHWHUPLQHG�ZRPHQ�DQG�PHQ�RI�FRORU�RXW�RI�WKH�¿HOG��
Other projects are designed to interest girls in middle school and high school in science, to make 
physics departments more female-friendly, and to support women and men of color in physics 
careers. 

Projects like these are often criticized by feminists as liberal feminism, designed to increase 
the access of women and minorities to physics as usual, without changing the assumptions, con-
WHQW��DQG�PHWKRGV�RI�D�VFLHQFH�WKH\�¿QG�PXFK�IDXOW�ZLWK��,�GR�QRW�GLVDJUHH�ZLWK�WKLV�VHQWLPHQW��
EXW�,�GR�WKLQN��WR�ERUURZ�7XDQD¶V�SKUDVH���������WKDW�WKHVH�OLEHUDO�SURMHFWV�KDYH�D�UDGLFDO�IXWXUH��
If we change the makeup of the physics community, if we attract to physics a larger proportion 
of women and minority students, if we support those few women and students of color who do 
choose a physics career, we will change the nature of the physics community, the kinds of ques-
WLRQV�ZH�DUH�DVNLQJ��DQG�WKH�XVHV�WR�ZKLFK�RXU�VFLHQFH�LV�SXW��:H�KDYH�VHHQ�RWKHU�¿HOGV�FKDQJH�
VLJQL¿FDQWO\�DV�ZRPHQ�HQWHUHG�WKH�¿HOG�DQG�JDLQHG�D�GLVWLQFWLYH�YRLFH��5LFKDUGVRQ��������GH-
VFULEHG�KRZ�IHPLQLVW�FULWLFLVP�KHOSHG�GH¿QH�FXUUHQW�LGHDV�DERXW�WKH�JHQHWLFV�RI�VH[�GHWHUPLQD-
WLRQ��:\OLH��������GHVFULEHV�KRZ�WKH�HQWU\�RI�ZRPHQ�LQWR�DUFKDHRORJ\�H[SRVHG�WKH�DQGURFHQWULF�
underpinnings of the “man the hunter” paradigm of early human history. I believe that this will 
also happen in physics as our community becomes more diverse. 

2.8 Projects that Change the Way Physics Is Practiced and Taught

…in order to teach our subjects we must adopt the language and ideas of our fathers-
ideas that often exclude us as women or describe us in ways that at times have been 
RSSUHVVLYH���%ULFNKRXVH��������S������

%ULFNKRXVH�SRLQWV�RXW�WKDW�LQFOXGLQJ�VRPH�ZRPHQ�DQG�PHQ�RI�FRORU�LQ�WKH�VFLHQWL¿F�FRP-
PXQLW\�ZLOO�QRW�HIIHFW�VLJQL¿FDQW�FKDQJH�LQ�VFLHQFH�DV�ORQJ�DV�WKHVH�GLYHUVH�SHRSOH�DUH�HGXFDWHG�
to be just like the white men who are already there. A more radical category of projects are those 
that try to modify the way physics is taught and practiced. Science education has been the subject 
RI�PXFK� IHPLQLVW� FULWLFLVP��5RVVHU� �������������SURYLGHV� D�SDUWLFXODUO\� FRPSOHWH�GLVFXVVLRQ��
%ULFNKRXVH��������DQDO\]HV�VHYHUDO�HGXFDWLRQDO�PRGHOV�IRU�WKHLU�IHPLQLVW�SRWHQWLDO��,Q�WKH�SDVW�
WZHQW\�\HDUV�RU�VR��WKH�SK\VLFV�FRPPXQLW\�KDV�GHYRWHG�VLJQL¿FDQW�HIIRUW�WR�PRGLI\LQJ�WKH�LQWUR-
GXFWRU\�SK\VLFV�FRXUVH��7KHVH�HIIRUWV�DUH�QRW�H[SOLFLWO\�IHPLQLVW��DV�5RVVHU�SRLQWV�RXW��EXW�WKH\�
do draw on feminist pedagogy, and one of the stated goals is to make physics more appealing to 
a broader range of students. 

(TXLW\�SURMHFWV�WKDW�IRFXV�RQ�SHHU�UHYLHZ�KDYH�D�SDUWLFXODUO\�VLJQL¿FDQW�HIIHFW�RQ�WKH�SUDFWLFH�RI�
science. As Harding describes above, submitting one’s work to the scrutiny of one’s peers is crucial 
to the elimination of bias, so inequities in peer review are particularly threatening to the quality of 
our science. Peer review is ubiquitous in science, not only in publication, but in the awarding of 
JUDQWV��IHOORZVKLSV��DQG�KRQRUV��5HFHQW�ZRUN�KDV�XQFRYHUHG�JHQGHU�ELDV�LQ�UHYLHZLQJ�IHOORZVKLS�DS-
SOLFDWLRQV��:HQQHUnV�DQG�:ROG���������FKRRVLQJ�LQYLWHG�VSHDNHUV��%UXP¿HO���������DQG�DFFHSWDQFH�
RI�SDSHUV��%XGGHQ�et al���������11�7KHUH�LV�OLWWOH�GLVFXVVLRQ�RI�WKLV�LQ�WKH�SK\VLFV�FRPPXQLW\��D�GLV-

11�����ȱ�������ȱ����ȱ���������ȱ�ȱ�����ę����ȱ������ȱ��ȱ ���ǰȱ���ȱ����ȱ����������¢ǯȱ�������ã�ȱ
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cussion of peer review in Physical Review �6FKXKPDQQ������� made no reference to either potential 
JHQGHU��RU�RWKHU��ELDV�RU�WR�GRXEOH�EOLQG�UHYLHZLQJ��3K\VLFLVWV�LQ�JHQHUDO��EDVHG�RQ�PDQ\�SHUVRQDO�
FRQYHUVDWLRQV��KDYH�OLWWOH�XQGHUVWDQGLQJ�RI�XQFRQVFLRXV�ELDV��DQG�HTXDWH�ELDV�ZLWK�GHOLEHUDWH�VH[-
LVP��,W�LV�GLI¿FXOW�WR�GLVFXVV�WKHVH�LVVXHV��WKHUHIRUH��ZLWKRXW�RIIHQGLQJ�SHRSOH��

Another potentially feminist category of projects are those that reorganize research groups 
DORQJ�OHVV�KLHUDUFKLFDO�OLQHV��$V�GHVFULEHG�LQ�6HF�������5HGVWHHU¶V�FDUH�WR�H[SODLQ�KHU�UHVHDUFK�WR�
the communities affected, and her efforts to involve younger members of the community in her 
work, offer a model of how a feminist science project might be more community based. 

Some astronomy projects build collaborations between professional and amateur observers 
in potentially feminist ways. During the International Geophysical Year, Whipple of the Smithso-
nian Astrophysical Observatory organized teams of amateur astronomers, including high school 
VWXGHQWV�DQG�*LUO�6FRXW�WURRSV��WR�WUDFN�WKH�QHZO\�ODXQFKHG�DUWL¿FLDO�VDWHOOLWHV�LQ�RUGHU�WR�FDO-
FXODWH�WKHLU�RUELWV��0F&UD\���������$�UHFHQW�H[SHULPHQW�LQ�³RSHQ�VRXUFH�VFLHQFH´�LV�H[SORULQJ�
WKH�SRVVLELOLW\�WKDW�DQ�RSHQ�WHDP�RI�PDWKHPDWLFLDQV�FDQ�DFKLHYH�VLJQL¿FDQW�UHVXOWV��7KH�WHDP�RI�
PDWKHPDWLFLDQV��UDQJLQJ�IURP�D�KLJK�VFKRRO�WHDFKHU�WR�)LHOGV�0HGDO�ZLQQHUV��DUH�VKDULQJ�LGHDV�
over the Web. Several papers on the work of the Polymath Project have been published in math-
HPDWLFV�MRXUQDOV��*RZHUV�DQG�1HLOVRQ���������

7KH� UHODWLYHO\�QHZ�SKHQRPHQRQ�RI�&RPPXQLW\�%DVHG�5HVHDUFK�RIIHUV� DQRWKHU�PRGHO�RI�
research organization. Science shops, which originated in the Netherlands in the seventies, are 
³RUJDQLVDWLRQV�FUHDWHG�DV�PHGLDWRUV�EHWZHHQ�FLWL]HQ�JURXSV��WUDGH�XQLRQV��SUHVVXUH�JURXSV��QRQ�
SUR¿W�RUJDQLVDWLRQV��VRFLDO�JURXSV��HQYLURQPHQWDOLVWV��FRQVXPHUV��UHVLGHQWV�DVVRFLDWLRQ�HWF���DQG�
UHVHDUFK� LQVWLWXWLRQV� �XQLYHUVLWLHV�� LQGHSHQGHQW� UHVHDUFK� IDFLOLWLHV��´� �/LYLQJ�.QRZOHGJH�� QG����
7KH\�DUH�FROODERUDWLRQV�EHWZHHQ�D�FRPPXQLW\�JURXS� WKDW�QHHGV�H[SHUWLVH�DQG�VFLHQWLVWV� �ERWK�
QDWXUDO�DQG�VRFLDO��ZKR�FDQ�VXSSO\�LW��:HDVHO�GHVFULEHV�KRZ�WKHVH�RUJDQL]DWLRQV�DQG�WKH�SURMHFWV�
they undertake have the potential to reorganize both how science is done, and what science is 
GRQH��³%\�LQFOXGLQJ�PDUJLQDOL]HG�DQG�µRXWVLGHU¶�SDUWLFLSDWLRQ�LQ�DOO�VWDJHV�RI�WKH�VFLHQWL¿F�SUR-
cess, this approach allows for a more thorough reorientation and reconstruction of science, not 
RQO\�E\�UHGH¿QLQJ�WKH�W\SHV�DQG�NLQGV�RI�TXHVWLRQ�WKDW�DUH�DVNHG�EXW�DOVR�E\�FULWLFDOO\�HYDOXDWLQJ�
DQG�UHIRUPXODWLQJ�UHVHDUFK�PHWKRGRORJLHV�IURP�D�PDUJLQDOL]HG�SHUVSHFWLYH�´��:HDVHO��������S��
�����

A still more radical step along this path is what is being called the “democratization” of 
VFLHQFH��ZKHUH�JURXSV�RI�QRQVFLHQWL¿F� VWDNHKROGHUV�SOD\�D� UROH� LQ� WKH�SURFHVV�RI� VFLHQFH��:H�
have important role models in medicine where breast cancer and AIDS activists have helped to 
UHGH¿QH�UHVHDUFK�LQWR�DQG�WUHDWPHQW�RI�WKHVH�GLVHDVHV��:RUN�RQ�VXVWDLQDELOLW\��JOREDO�ZDUPLQJ��
and other environmental issues might also follow along these lines, and include physicists in 
LQWHUGLVFLSOLQDU\�JURXSV��%lFNVWUDQG��������KDV�GLVFXVVHG�VRPH�RI�WKH�DGYDQWDJHV�DQG�SLWIDOOV�RI�
this process. 

2.9 Projects that Increase Our Respect and Awe for the Natural World

To disclose this ambiguity, however, it is necessary to renounce any pretension to im-
pose upon nature our own preconceived notion of what “elements of reality” ought 
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to be, and humbly take guidance, as Bohr exhorts us to do, in what we can learn from 
QDWXUH�KHUVHOI���5RVHQIHOG��������S������

Now my own suspicion is that the Universe is not only queerer than we suppose, but 
TXHHUHU�WKDQ�ZH�FDQ�VXSSRVH���+DOGDQH��������S������

Where advocates of difference within science critically depart from and effective-
O\� FRXQWHU� WKDW� WHQGHQF\� LQ�SRVW�PRGHUQLVP� WRZDUGV�DQ� LQGH¿QLWH� SUROLIHUDWLRQ�RI�
difference is in their reminder of the constraints imposed by the recalcitrance of 
nature-their reminder that, despite its ultimate unrepresentability, nature does exist. 
�.HOOHU�������S�����

0\�IHPLQLVW�WUDLQLQJ�KDV�WDXJKW�PH�WKDW�VFLHQFH�LV�D�VRFLDOO\�FRQVWUXFWHG�DUWLIDFW�RI�KXPDQ�
FXOWXUH��0\�VFLHQWL¿F�WUDLQLQJ�KDV�WDXJKW�PH�WKDW�VFLHQFH�LV�DQ�HPSLULFDOO\�EDVHG�DQG�WKHRUHWL-
cally constructed description of the natural world. It is important to understand both sides of this 
SLFWXUH��WR�VHH�WKDW�SK\VLFV�LV�D�VRFLDOO\�FRQVWUXFWHG�SURMHFW�WKDW�LV�VWURQJO\�FRQVWUDLQHG��WKRXJK�
QRW�GHWHUPLQHG��E\�WKH�QDWXUDO�ZRUOG��

Feminists are certainly correct to criticize contemporary science as oppressive and aligned 
with the rich and powerful, and for contributing to the destruction of the natural world. This is 
an important part of the legacy of science in the contemporary world. But, as the quotes above 
attest, many scientists are motivated by a deep love of the natural world, and a humble respect 
for its complexity. If we will listen, science can teach us humility for our ignorance and respect 
for the Universe we study. 

Astronomy offers a wealth of examples of our ignorance in the face of a complex Universe. 
2QH�SDUWLFXODUO\�WHOOLQJ�H[DPSOH�LV�JOHDQHG�IURP�D�EULHI�VWXG\�RI�FRQWHPSRUDU\�FRVPRORJ\��&DU-
UROO���������%HJLQQLQJ�ZLWK�WKH�GLVFRYHU\�LQ������RI�WKH�FRVPLF�PLFURZDYH�EDFNJURXQG��RXU�XQ-
derstanding of cosmology exploded because it was now possible to test predictions in a far more 
TXDQWLWDWLYH�ZD\��,Q������WZR�JURXSV�VWXG\LQJ�WKH�VSHFWUXP�RI�VXSHUQRYDH�LQ�GLVWDQW�JDOD[LHV�
LQGHSHQGHQWO\�GLVFRYHUHG�WKDW�WKH�H[SDQVLRQ�RI�WKH�8QLYHUVH�LV�DFFHOHUDWLQJ����7KH�RQO\�NQRZQ�
force operating at cosmological distances is the attractive force of gravity, which would slow the 
expansion down. To explain this contradiction, cosmologists have invented a mysterious sub-
stance known as Dark Energy, and that is pretty much all anyone knows about it. Current models 
VXJJHVW� WKDW� WKH�P\VWHULRXV�'DUN�0DWWHU� GLVFRYHUHG� E\�5XELQ� FRPSULVHV� WZHQW\�WZR� SHUFHQW�
of the Universe, the even more mysterious Dark Energy is seventy-four percent, and ordinary 
matter is four percent. So, an important effect of our increasingly quantitative understanding of 
cosmology is that we now do not know what approximately ninety-six percent of the Universe 
is made of. 

Feminist critics argue that in order to understand the natural world, we must place our sci-
HQWL¿F�WKHRULHV�LQ�WKHLU�VRFLDO�DQG�FXOWXUDO�FRQWH[W��,�DP�VXJJHVWLQJ�KHUH�WKDW�WKH�FRQYHUVH�LV�DOVR�
true––that we cannot solve feminist and other social justice problems without considering the 
natural and environmental setting of the society and culture. The rapidly evolving environmental 
crisis makes it clear that starting from women’s lives will involve a deeper understanding of the 
environmental setting of those lives, a respect for the natural world, and an attitude of humility 
that acknowledges our ignorance. 

Finally, an important part of practicing feminist physics is to claim that one’s feminist values 
DUH�SDUW�RI�RQH¶V�VFLHQWL¿F�SUDFWLFH��,�DP�ZHOO�DZDUH�RI�WKH�PDQ\�GDQJHUV�RI�GRLQJ�WKLV��7KH�ULVNV�
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of being marginalized and discounted and criticized for “mixing science and politics” are real for 
physicists, and particularly so for younger women and men of color. To do so, however, gives 
courage to our colleagues and perhaps will make such a declaration less dangerous in the future. 

3. CONCLUSIONS

In taking these baby steps toward feminist physics, I have drawn on different strains of feminist 
HSLVWHPRORJ\�IRU�P\�FDWHJRULHV��DQG�IURP�GLIIHUHQW�VXE¿HOGV�RI�SK\VLFV�IRU�P\�H[DPSOHV��5HDG-
HUV�PD\�¿QG�PXFK�WR�GLVDJUHH�ZLWK�KHUH��6RPH�PD\�DUJXH�ZLWK�P\�FDWHJRULHV��ZKLFK�DUH�QHLWKHU�
comprehensive nor coherent, and wish to rearrange them. Some may be troubled by the fact that 
many, perhaps most, of the physicists I describe would not consider themselves to be feminist, 
or to be doing feminist physics. Some may argue that I fall between two stools, that some of the 
examples are physics but not feminist, and others are feminist but not physics. 

,�ZHOFRPH�DOO�WKHVH�DUJXPHQWV��ZKLFK�ZLOO�KHOS�GH¿QH�ZKDW�IHPLQLVW�SK\VLFV�PLJKW�EHFRPH��
And I hope that feminist physicists will build on this preliminary work, and elaborate my catego-
ULHV�RU�GHYHORS�QHZ�RQHV��RU�¿QG�RWKHU�H[DPSOHV��:KDW�,�PRVW�KRSH�LV�WKDW�\RXQJ�IHPLQLVW�SK\VL-
cists will see these examples and be inspired to work on these or other projects. If these projects 
are seen through an explicitly feminist lens, they will develop in new and interesting directions, 
and we will have something we can truly call feminist physics. 
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