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Introduction

en’s love affair with technology is something we take for granted, Only

when that affatr runs amok is 1t likely to clicit any serious commentary

at all. The edicors of 7he New York Limes considered the subject of
male technophilia sutficiently newsworthy to devote a tront-page article to it in
1986 when Robert Morris, [r., gencrated “the biggest computer gridlock” ever
known. His program jammed over 6000 computers in the United Szates, includ-
ing some in the military computer network. Women and girls “use computers;
men and boys love them. And thar difference appears to be a crirical reason that
computers in America rematin a predominandy male provinee,” the ardicle de-
clared. It went on o report that women “are almose without excepiion bystanders
in the passionate romance that men conduct with these machines, whether in
computer science laboratories, video game parlors, garages ot dens.”

Not only journalists recognized the gendered aspeets of the compurer incident.
When commenting on his son's obsession with computers, the student’s own fa-
ther, one of the governmend’s most respected computer seeurity experts, wryvly re-
marked: "1 had a feeling this kind of thing would come to an end the day he found
out abour girls.” Fle added, “Girls are more of a challenge.™ Both the #7mes jour-
nalist and Morus Sr. suggested that 2 widespread male culoural pattern of passion
with technology had endangered America’s military and nadional security iner-
ests. If raken ro the extreme, thar passion might have dire consequences, indeed.
Most commentators paid attention to the cffects rather than to the underlying
source of that love affair: after all, men’s attraction to technology was, and still is,
considered a matrer of fact that needs no further explanation.

Whenever women enter computer roots and construction sires as designers,
hackers, and engincers. however, they necd 1o be accounted for and explained. For
decades scores of newspapers have reporred, commented, and claborated on the
many “first” women whao trespassed the male rechnical threshold as engineers, pre-
senting them often as news. During the nineteenth century Emily Rocebiing
(1841-1902). her hushand’s business partner during his twenoy-year-long illness,
clicited commentary when she helped supervise the conseruction of New York

Ciey’s Brooklyn Bridge. For years, Kate Gleason (1865-1933) was touted to be the
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first women engincer even though many lesser known women were also working
in the ficld at the time. No doubt responding to the governmental campaigns to
recruit women as technical personnel, Yhe Chrissian Science Monitor claimed in
1943 that Isabel Ebel was “the only woman acronaudcal engineer of the United
Alrlines staff.” Even after the war emergency, The New York Times considered the
graduation of Audrey Muller newsworthy enough to call her “the first woman in
the history of the University of Michigan to receive a bachelor in naval archicec-
ture.” In the home town of General Electric Co., an employer of scores of women
in technical positions for many decades, The Schenecrady Gazere still claimed in
1960 that Leonore Traver was just one of the very few women in che country pur-
suing a career in civil engineering, ignoring the thousands whe had preceded her.
And as late as 1970, a Philadelphia city paper celebrated Candace Mardin, “the first
woman member of the Local 4 E International Union of Operating Engineers,
fwho is] a tield engineer on the construction site.™ From New York to California
enginecring journals, corporate newsletters. and local newspapers singled out
women who trespassed on the male domain of engincering. often adding local
touches and highlighting them with photographs to suit the particular occasion.
The publicity on women engineers — one might even call it overexposure — shows
how we continue to view their entry into the technical domain as an exotic but
more likely an exceptional, strange, and alien event. It also itlustrates how we for-
get, crase, and (reinvent the history of women. More importantly, these repores
show how we consider technelogy men’s nawwral domain — a penchant thar does
need explanation. however,

Morris® male romance with technology has a history, albeit it ashorr one. There
is nothing inherently or naturally masculine about technology. The representation
of men's native and women's exotic relationship with technology claborates on a
histarical, if reladively recent and twenticth-century Western tendeney to view
rechnology as an exclusively masculine affair. The public assoclation between
technology and manliness grew when male middle-class attention increasingly to-
cussed its gaze on the muscular bodies of working-class men and valorized mid-
dle~class athletes, but disempowered the bodies of Native Americans, African
Americans, and women, Similarly the erasures of workers, Narive Americans, Afri-
can Americans, and women from the technical domain was not accidental. “This
occurred when scores of working-class women entered the labor market and con-
fronted new machines in their jobs as cigar makers, secretaries, swirchboard opera-
tors, and dress makers; when middle-class women organived both inside and
outside the women's movement to stake out new terrains and implement new
agendas; and when educared middle-class women sought access to literacure,
chemistry, medicine, and law, shaping new protessional identicies. The links be-

wween technological change and gender relations developed neither in isolation
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nor independently. Instead, they shaped each other. In the coltural grammar of
the owentieth century, the simultaneous erasure and  overexposure  of
flesh-and-bloed women engincers like Ebel, Muller, and Traver evolved together
with the shaping of a new technical world inscribed as male.

Making Technology Masculine explores the historical origins of Morris Jr.'s love
affair with computer nerworks in which women had no place; it traces the devel-
opment of 1 masculine mystique with and of a ferale fear of technological change
in the fast hundred years; it examines how American engineers began to lay claim
to a new knowledge domain they called technology while making universal claims
for it; it describes how American engincers and cheir allies employed discourse,
language, and narrative strategies and practiced a style of enginecring that came to
support this gendered division of cultural labor. In these settings, women entered
the scene acrively plotting their own narratives around ficdonal engineers to coun-
ter their male colleagues on the subject as professional women writers; they turned
up insisting on taking their place in the technical arcna as engineers. They also ap-
peared silenced as wives and daughters in the autobiographical accounts male en-
gincers constructed. The book is thus a venture that goes beyond a narrative of
women's participation in or exclusion from past technological undertakings to
chart how notions of gender and technology construct cach other, Tt treats the ab-
sence of flesh-and-blood women in rechnological matters in its relation to their
persistent and haunting metaphorical presence.

Men, too, quite emphatically enter these pages at work in cheir relatonships
with both women and other men difterent in class and cchnicity. They enter the
stage 1n search of their own version of male idenuity as professionalizing engineers
looking for cultural resources o upgrade their occupation; as struggling rank-
and-file members living in fear of being declassed and demasculinized; and as wric-
ers, visual artists, and social scienosts in search of their own professional identities
by clecting engincers as their new models of white manliness and charting a revi-
talized male identity for the middle class. This book therefare does not deal wich
women simply as the exclusive bearers of gender. Tt focuses its gaze on men as
gendered male as they shape thelr stories, professional strategies, and identicies.”

Focussing one’s gaze on men helps to understand why technology developed
into a powerful symbol of male, modern, and western prowess; how machines like
cars, bridges, trains, and planes have become the measures of men, from which
women have been excluded as a matcer of course; why corscrs have been banished
to the basements of the modern elassification systems of weehnology; why women
—when they do appear on the scene as engineers and invencors — function like deqe
ex machina. Like the Greeks, who used dramatic devices to lower their gods onto
the stage by @ machine, our contemporary mythologies often produce women as
goddesses whose lives are essentially off-stage, who appear to come from nowhere,
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and whosc plots are enginecred elsewhere. In this construction, women whao enter
the male-defined technical stage alwayvs look like amateurs.

Engineers and their advocates were important actors in the construction of
such a plot. They came 0 be seen as the exclusive bearers of a domain we have
come to call technology — both as an intellectual conseruct and material practice.
They emerged as the shock troops of modernity from the tracks deep into the
western territories, the bottom of South African mines to the basements of New
York drafring departments and the laboratories of Gieneral Electric bringing good
things to life. Berween 1870 and 1950, the number of engineers grew 17 times faster
than the 1S, labor foree as a whole. In the ninercenth century chey specialized in
civil, mining, and mechanical engineering; at the end of the century the chemical,
electrical. and acronautical industries demanded new kinds of engineering, skill
and knowledge. Engineers could be found in any function, industry, or geograph-
ical location, working for local, municipal, siate, or federal governments, for large
corporations, or as independent operators. Engineers helped orgavize capical,
hired labor, calculated estimates, signed contracts or carried out research. Since
the end of the nineteenth century, American engineering has expanded the most
rapidly of all occupations, reflecting the growth and consolidation of modern in-
dustry and the spectacular expansion of middle management in the emerging cor-
porations and federal burcaucracies. It was also transformed from an elite
profession inte a mass occupation, Morcover, it became a segmented and divided
profession: by 1935 there were 2,518 differenc job titdes under its rubric. Few could
call themselves chiet or consulting enginecers; most worked in poorly-lighted,
crowded, and dirty drafting deparements tracing, detailing, lettering, checking,
and copying maps, grade profiles, steel structures, phnr lay-outs, and under-
ground niine surveys.”

In America engineers thus belonged to a deeply divided, segmented occupa-
tion. [t lacked such classic gate-keeping mechanisms of professionalization as
credentialling and licensing. [t also lacked a clear-cut identity —an irony, to say the
least, given the role engineers were to play in the modern meanings of rechnology.
Diespire its relative open, eclectic, and segmented character American enginecring
remained the most male deminared of all. The number of women who received
engineering degrees increased overall, but i did not inarease proportionalty: they
consistently accounted for about three percent of the profession during the first
balf of the century or probably a few thousand women employed in engineering
jobs in the United States by the 1920s, and about six thousand by the end of the
second World War.

Why so few women figured in engineering is asking the wrong question, how-
ever. Aggregace figures are a matter of definition. An exclusive atrention to figures

tends to blame women lor their inadequate socialization and to ignore the profes-
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sional politics behind the crearion of such statistics. Government statistics and en-
ginecring school records fatl to do justice to the daughters and wives who agquired
technical knowledge informally through family furms without ever attending a
specialized school, to those who obtained engineering positions through corporate
on-the-job training after completing a science cducation, to the daughters of
lower-class and immigrant families who attended evening classes in the hope of
improving their chances {or career advancement, or to the hundreds of thousands
of women who trained in engineering during the wars.” More imporeanty, any es-
timates on the number of women engineers depend highly — if not primarily — on
onc’s definition of engineering. Should it include the underbelly of the profession:
lab assistants, draftsmen, chemists, detailers, checkers, tracers, and testing techni-
cians? These arc hardly innocent choices for these definitions also have a history.
Census figures have been subject ro the changing definitions of engineering, re-
flecting not only statisticians” desire for more preciston, but more importantly, the
profession’s aspirations for higher status by barring more and more groups previ-
ously included in the definition. These attempts at professionalization often
helped in reinscribing and maintaining engincering as 2 male middle-class domain
in the course of the twentdieth century. Such attemprs to upgrade the profession in-
volved cultural work.

Engineers buile bridges. They also constructed culrural infrastructures and en-
gaged In narrative productions, Strategies of professionalization, the compilation
of encyclopedias, the writing of autobiographies, the singing of songs, and the tell-
ing of jokes were all part and parcel of the cultural work of maintaining engineet-
ing as male occupation. As engincering transformed ro a mass prolession, students
ar the leading engineering school MT'T proudly, if jokingly, reestablished the male
premise of their profession when confronred with a few women on campus, Ina
boisterous and rowdy mood, the male engineering students joked with their fe-
male colleagues in a “co-cd’ song entitled A Son (7) of the M1 1. composed in 1907.
They sang, “1 would not be 2 Yale man, Reformers to annoy. Nor yet a Harward
studient [sic]: deteat [ don’t enjoy...Such models I'd not choose....[bue] I'm a son
of the MLLT.” Alternatvely — and this is the humorous point of the song ~ the few
women who at the time attended the engineering school would interject, “I'm noz
a son of the MLLT." In the narrow space of one cighth note, “I'm #or” they sang,
“certainly not, and I'm glad of it!” or, “the idea is preposterous!”™ That eighth note
in the musical phrase represents the narrow space allotted to women entering the
engineering profession since as 2 poinc of entry it did not allow for passage inte the
bastion. Humor, a grateful tool, helped to relieve the tensions that were part and
parcel of 4 society that opened its doors to new social groups. For these male and
female voices were engaged in more than mere incidental banter. The songs
showed the kind of negotiation in which men and women were engaged ac the
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rurn of the century when older enginecring clites confronted scores of sons of im-
migrants, some African Americans, and a number of women starting (o demand
their rightful place. The entry of immigrant sons through the system of American
engineering education required a lot of work to keep class within its bounds. They
helped to revitalize the workings of middle-class manliness when boundarics of
class were under negotiation and to recast the profession as a middle class, white,
and male jurisdiction by the cnd of the nincreenth century. In these setcings, racial
and gender lines were thercfore more carcfully drawn than those of class. Like all
jokes, they released a host of tensions, and with them, new meanings in a society
that sought to negotiate the challenges posed by many of its citizens who were

suriving to be part of the polity.

Historians employ the nineteenth-century term “useful arts™ and the modern
word “technology” interchangeably, as if they were synonymous.” As the history of
the term technology suggests, however, they are not. Between the “useful arts™ and
“technology” lay a world of difference.” The change in terminology flagged a pro-
found rransformation in American society in both material and linguistic terms
that came to be challenged along the way. Technology is a neologism. Only in che
1930s did technology become a keyword of American grammar and an all encom-
passing concept that could explain human life itself. It then came to denote the
useful application of scientific knowledge for che benefit of humankind, and engi-
neers were designated as the sole bearers of that form of knowledge. Racher than a
neatral term, technology is itself pare of a narrative production ar plot of modern-
ism, in which men are the protagonists and women have been denied their part.
Technology presents us with an irony: the term technology could muster such
universal claims for iself in the rwentieth century, but the modern meanings of
the term are of very recent vintage. Despite the evacative power of zechnologyin the
late twentieth century, it failed to enjoy any currency in the nineteenth century.
First introduced by engincering advocates in the nineteenth century and theorized
by social scientists in the 920s, the term gained wide and popular currency only
after the second World War. Yer the meaning of technology has been contested
and gendered chroughout its history as women, workers, and African American
rights advocates sought to argue on the grounds of the international fairs, within
the halls of the patent office, and in the pages of dicdonaries. As used by Raymond
Williams and applied in this book, a "keyword” locares both the descriptive and
prescriptive aspects in a defining process through which different groups - be they
industrialists, cstablishment engineers, social sclentists, or women righl‘s advacates
— helped shape meaning by contesting and contrasting these interpretations,
These historical actors rake on rhetorical positions and use words that operate as

weapons in the contest with other. Words also produce meraphors — the very met-
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aphors we live by — thus producing new meanings and experiences. More impor-
tantly, metaphors have the power o neglect and suppress information about ha-
man experiences of the world that does noc fic the relation fmplied by the
metaphor. It is words, keywords, and meraphors thac provide historians with win-
dows through which to view a segment of the history of ideas and experience.” An
understanding of their workings is therefore cssential for 2 history of gender.
Words matter. Technology is no exception.

We need ro understand then that our use of the term as a keyword of American
culture is fundamentally new and to revisit its territory. The Encyelopedia Britan-

nica included an entry on “Technology™ for the first time only in 1978." It asserted,
that technology is the exclusive knowledge domain of engineers, best embodied by
machines as the measures of men. The aurhors used technology to describe human
nature itself — the idea thar & human being is essentially Homo Faber, a producer of
goods encompassing an entire system of people. means, processes, and artifacts.
“Technology is,” the most revered encyclopedia concluded, “any means ov actviey
by which man secks to change or manipulate his environment.”™ However appeal-
ing a metaphor, the notion of Man the Maker (Homo Faber) was a powerful intel-
lectual construct thae alse had the power of neglecting the experiences and
material practices that did not fic the relation implicd by the metaphor.

Most telling, the entry on Technelogy replaced and reworked an carlier entry on
Ingineering Schools thar described the emergence of American formal engineering
institutions like MIT, where its students engaged in banter to negotiate new
knowledge claims.” Most scholars have elected MIT as the lens through which o
view cngineering education and the occupation at large, but to look at engineering
through that lens only runs the risk of myopia. In the country as a whole, schools
like MIT, the California Tnsticute of Technology, and The Stevens Institure of
Technology were a minority within the ranks of technical education even though
they came o wicld enormous ideological influence over the hodgepodge of other
engineering institutions. [n the course of the ninetcenth century, these insttutions
began to claim a new kind of knowtedge they called rechnology. Britannica's
renewed entry on Technology foremost obscured its origins from these academic
surroundings, enhanced the role of engincers in neutral sounding terms, and dis-
guised contests over its meaning.

We therefore need to examine rechnology’s transtormation from an ill-defined,
litde-used, and narrow concepr to a keyword of American culwure in the course of
the nineteenth and twendeth centuries: we need o rescue the original uses of the
word, follow its trajecrory o understand why technology has become such a
deeply idiomatic and powerful expression in American culture that communicaces
a gender-neutral set of meanings at the exclusion of others. To locate these strug-
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gles and understand their outcome, we need to go back to the many communities
that played a role in its formation.

Because the emergence of industrial capitalism involved both material realities
and rherorical strategies, I use a varicty of sources ranging from engincering jour-
nals to dictionaries throughour this book. The chaprers that follow shaw how the
modern meanings are of recent vintage becoming widespread only after the second
World War and after women and African-American rights groups had challenged
its ascendancy. The embodiment of academic engineering knowledge incorpo-
rated machine aesthedcs exclusively associating it with what Western men do, it
also overlapped and compered with anthropological notions of muaterial culiure
and civilization, Throughout the nineteenth century, women activists and women
inventors’ advocates like Gage and Charlotee Smith challenged the emergence of a
new ideology that began to foreground establishment engineers and their corpo-
rate allies.

The second chaprer takes a closer look ar how the foot soldiers of industrial
capitalism came te monopolize the term and practice of technology. Tt traces how
nodons of white manliness helped to revitalize class boundaries through chree his-
torical cpisodes when engineering was transformed from an elite profession to a
mass occupartion, and was remade into a middle-class occupation.

Engineering also helped build cultural infrastructure between 1890 and the
1930s. While at work on production floors, construction sites, and in the laborato-
ries, engineers produced culture as well as goods. The construction of 2 male fra-
ternal world in which women are merely bystanders is told through an exploradion
of the autobtographices of engineers at the turn of the century when Ameriea’s im-
perial project came to a head, scores of younger engineers came to question the
professional standards, and establishment engincers were looking for ways to gain
cultural authority. The chaprer shows how engineers of an older generation re-
worked a middle-class white man’s world through the explicit exclusion of family
and the people with whom they worked on a daily basis. Engineers spun their fra-
ternal plots over the heads of (immigrant workers) as a play without women and
non-western peoples. The issues of class identity shaped a male identity for engi-
neers that focussed on technical details w che exclusion of workers at 2 historical
juncture when engincering became deeply divided, segmented, and a mass mid-
dle-class occupation.

‘The nexr chapter further explores how this whire, middle-class, and gendered
male engineering identity was shaped in competition with female professional
models during the decades of American overseas expansion in the 1890s. In the de-
cades after the Chicago Columbian Exposition, popular Victorian writers like
Richard Harding Davis and Rudyard Kipling brought this male white engineering

identity into a broader cultural circulation. They cast 1t into a middle-class iden-
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tity birmly linked to overscas expansion, aligned engincering and writing profes-
stonalism into a malce alliance of sorts, and pitched it inta sharp relicf to Victorian
womanhood. In their scarch for their own professional identity, male novelises
magnified engineers as modern male heroes; but cheir late Victorian women col-
leagues like Mary Hatlock Foote and Willa Carher questioned them. Earning a liv-
ing with writing, they challenged the alliance between engineers and male authors
who cast enginecring as the antithesis of women’s professional ideals and articu-
lated an alrernarive language. Their articulaton of a separate female culture both
empowcered them as professional writers and reinforced a separation berween a
male rechnical and a female artistic world.

A younger generation of modernist artists and writers who came of age just be-
fore the first World War began to caricature the sharply drawn Victorian divisions
in malc iconagraphy of the technical world. With biting irony and exaggeration,
Paul Haviland and others belonging to the modernist New York circle, used the
sexualized machime meraphors as 4 means to bend Victorian notons of gender in
search for modern models. Some early modernist women boldly appropriaced and
exploited the new male subject macer of machines and engineering. But in the
culeural hierarchies, women artists who trespassed had to deal with different
power structures than their male counterparts. In the end. modern artsts also
helped remscribe rather than subvere the male iconography in technical objeets
through their graphic, often sexually and gendered explicir, language and tmages
in the period berween the world wars.

If the women writers, artists, and activists stood in a Jong tradition allowing
them to articulate an alternative language, their slide-rule sisters within the engi-
neering profession emulated rather than questioned male models of professional-
ism. The fifth chapeer concentrates on the story of women engineering “firsts”
whose history has been forgotten, erased, and reinvented in the fust hundred years,
It analyzes the kind of narrative devices avatlable to women engineers. decodes
their silence, explores why they became invisible both to themselves and o others,
and how government propaganda and corporate practice helped cast them as by-
standers 1o the rechnological enterprise.

As suggested by historian Mary Riwer Beard in the epilogue. however women
have always been a force in, rather chan bystanders, of history to quete her pioncer-
ing book of history. Beard, whosc life goal was to show that history would be in-
complete if women were to be left out, rescued them as inventors, enginecers, and
urban planners supervising sewer systems, designing houses, and sponsoring public
services. She also demanded women’s righttul place in the modern canon from ar-
chives to encyclopedias. Bur in the modern narrative productions of the twentieth

century like encyclopedias, women werce left ouc of the story. As wold through the
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lemma of the Fucplopaedia Brirannica, technology is a narrative production and
plot of our modern myth making.

Taken together, the chaprers suggests why in our modern mythologies we con-
sider middle-class white men like Morris [r. as nawral allies of the technical world
that defies any explanation; they show how modern definitions of technology de-
termine why we enter bridges under the definiton of technalegy, but consider bras
as outside its domain; they suggest why we believe that women when they enter the
male constructed stage indeed fooked like deae ex nuzching and why we continue o
see them a2s suffering from the truest stage fright of all: technophobia. Foremost,
these episodes show that throughour the last hundred years women have always
been part of the cast of characters and have been engaged in an ongoing negotiation
of their roles in this male play. We need to go back and review the history of engi-
neering to re-examine what it meant not to be the son but the daughter of the occu-
pation. "The story of the term “technology™ as used in the Britannica is both a

curlous and a crucial step in that reexamination.
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echnology has been neither a keyword to American cultural grammar nor
the exclusive preserve of engineers.” Language, quilts or corsets, all impor-
tant objects of women’s inventive acrivity in the nineteenth cencury, do
not come readily to contemporary minds as signiticant inventions or as markers of
rechnology today, yer they once were, An early nineteenth-century speaker could
discuss manufacturing, industry, and industriousness, referring to any kind of
production mechanical or otherwise that could even include agriculture; could
mention science and useful knowledge in one breath without sensing any contra-
diction; could marvel abour the wonderful inventiens and discoveries thar van the
whole gamut from languages to mechanical deviees; and could speak of technol-
ogy referring to academic knowledge as well as to the skills of millers, bakers, farm-
ers, teachers, and innkeepers. This was a rich world, proudly displayed at world's
fairs ~ the nineteenth-century carnivals of induserial life. Over the course of the
century, different historical actors began to label, classify, and lay claims on these
objects, activities, and knowledge domains, privileging some and discarding oth-
crs; other lobby groups offered their own classification systems of knowledge and
objects to counter this process. A century larer, however, agricultural production,
non-mechanical devices, languages, teachers, farmers, bonnets, and corsets were
banished to the basements of the modern classification systems of technology.
‘Then machines were put center stage as the measures of men and markers of mod-
ern manhness. These selections were hardly innocent choices, but the outcome of
hard-fought batiles. The history of the selection, labelling, and designation of ob-
jects as technologyis essential for our currenc understanding of who is believed to be
a true wechnologist or an inventor, who possesses the right kind of technical knowl-
edge; and who or what may be the authentic bearer of wechnology. These struggles
- conducted in both linguistic and material terms — went to che heart of the ques-
tion of what constituted technology and what was to be excluded from it
Long before engineering became a clearly defined profession, middle-class men
began to stke oue their claims to the mynad of actividies associated wich industrial
production as a uniquely male prerogative. Regardless of its eventual outcome, the
historical evolution of the word technology was neither seraightforward nor
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sclf-evident. In fact, as a rerm rechnology was rarely used, if ac all. Initally, in a
rheworical effort ro establish their legitimacy, social groups ranging from industri-
alist boosters, leading scientists, engineering advocates, and public intellectuals ro
wonien's rights advocates, African-American educators, and anthropologists mo-
bilized such terms as wseful bnowledge, inventive genius, applied science, and the ma-
chine rather than sechnalogy to claim their right and place in the poliry, Among che
great variety of‘groups anthropologists, academic engineers, advocates of machine
acsthetics, and corporate spokesmen provided che terms ehat eventually would be
incorporated ino our modern neologism technology. By appropriating the idiom
of science, industry, engineering, and anthropology these loosely defined associa-
tions bolstered a new male authority at the end of the century. The outcomes off
these struggles have coalesced into our current understanding of what rhe term
technology connotes, burt only after much struggle during which the rerm shed
many of its intimate associations with induserial labor only to become an emblem

of Western man’s superiority and civilization.

From e Userui. ArRTS TO APPLIED SCIENCE

The Useful Arts were a keyword to the American cultural grammar of the carly
nincteenth century. The founding generation of the Republic committed fiself to
the creation of a new American empire through cconomic growth. From Alexan-
der Hamilton's Repors on Manufactures (1791) to 'Thomas Jefferson’s grudging re-
alization that industry would have to join agriculture and commerce to safeguard
the nation's hberty and prospenty, the se called useful arts were seen as the key
the Republic’s internal, westward, and imperial programs. Manutacturing advo-
cates began to employ che idea of the useful arts as an alternadive to the aesthetic
arts to bolster the emerging economic power of the bourgeoisie. Placing them-
selves in opposition w the aristocracy — or the “parasites of wealth, as they were oc-
castonally called - advocates of manufacture argued that artstocratic forms of art
were unproductive and worthless and served no purpose other than the aestherde.
In their discourse on the usetul ares, manufacourers and heir republican political
colleagues borrowed from  the Enlightenment philosophers Denis Diderot
(1713-1784) and Jean Le Rond d"Alemberr (1717-1783)." In North America, capital-
1st boosters did so by defining idlencss and i opposie, induscriousness or produc-
tivity, in monetary terms.” In these early discussions. in which manufacturers
spoke of manufactring, industrivesness, and indusery, this new branch of economic
activity wias not necessarily ded to machine production, but merely referred to a

certain kind of production, which could even include agriculeure.
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In the carly American Republic, the discussions on idleness and industrioussies
were conducted increasingly in gendered terms. The textile indusery emerged as
one of the first imporane manutacturing industries through which women and
children entered the marker cconomy as wage carnets for che first ume. Rapid eco-
nomic changes during the 1830s began to mandate a reincerpretation of the young
Republic’s tanguage of polirics and gender. The texdle industry became rapidly
mechanized along with the important industries of Hour grinding, saw milling,
and iron production; it blossomed by embracing a system of bounties, patents,
public tunds, industrial espionage, organized emigration, trial-and-errar practice,
reading of technical traces, informal talk, and illegal importation of machines and
skilled workers from Britain. in a short period of dme weaving workshops
were transformed inro massive textile factories where the many young farm
women were drafred as wage laborers. In the carly American Republic, the em-
ployment of women in the Lowells” cotton and Berkshire’s paper mills was polici-
cally reformulated and justified. Not only did manufacturers argue that the
employment of young larm women prevented men from being diverted from the
agricultural sector, they also asseried that productive labor in textile factories res-
cued women from their inherent idleness. 'The heroic figure of the female wage
carner in texrile and paper mills sustained a unique American argument issued
from the belief that the voung Republic embodied a communiry of vigorous free-
holders who had a civic stake in the polity. Female employment in the rextile mills
bolstered the idea thar American indusirialization could be different from its Eu-
ropean counterparts. The healchy and upright farm davghters who moved from
the family homestead to employment in textile or paper mills in New England
would humanize and moralize a male body polidcs that exuited in dectoral poli-
tics and rituals from which women were both implicitly and expliciely excluded.
‘I'he rhetoric of American poliricians and industrialists heralded female wage labor
as a public boon, because women’s work would preserve male work for the chub-
lic's essential virtuous agricultural secror. Women and children were the wsefied ars
Incarnate.”

In these sertings, the work of women and children operacives in factories also
became semantically linked to machines — i.e. the ubiguitous industrial apparaws
that in the discourses of carly industrial capitalism received striking names like
Spinning Jennies. In the imagination of factory owners, women and children
could perform their labor in the same seeady, predicrable manner as machines that
went through thelr repetitive mechanical operations, torever memorialized in
Herman Melville's shore story “Maidens of the Tartarus.” The rextile indusery
thus introduced the prism of gender by inserting women workers into the equa-

tion of men and machines.
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A number of industrialists made common cause with the blossoming women's
movement supportng women's education in the Arse half of the century. Ameri-
can industrialists, champions of the wsefel arts, sponsored educational institutions
designed “ro educate labor and set knowledge to work”, welcoming the enroll-
ment of farmers’ daughters into the ranks of the necessary and disciplined work
force that would feed the engines of American economic growth. The idea of use-
ful knowledge firsc identified with the useful application of knowledge fashioned
after the formulations of Enlightenment philosophers, increasingly included che
notion of profitability. Thus, the idea of wsefud knowiedge or nsefiel arts became
identified not only with practical and useful application as the philosophers of the
Enlightenment had formulared, but also with wages and commercial profics. In
these scttings, wefil knowledge included needlework and meralwork as well as
spinning and miningf:

The industrialises might have been eager to invest in establishments of learning
that could set knowledge to work by constructing a notion of the innare utiliry of
useful ares, but the emphasis on profitabilicy of knowledge elicited a response. Ear-
licr in the century seience and wseful knowledge were mentioned as if there were no
contradiction. In the growing urban cenrter of Philadelphia of the 14208, managers
established the Franklin Insticute for the Promotion of Science and the Useful Arcs
modelled after the mechanics” institutes. Here as elsewhere science and uscful
knowledge operated side by side, bur the Franklin Instrute began to shed its broad
commirment to rechnical knowledge for all designing separate lecture serices for
different groups: elevarion for mechanics; instruction for youth; and rarional
amusement for women. A newly professionalizing group of pure-science advocartes
increasingly suessed the disinterested, not-for-protic motive in their search for
knowledge. Science boosters like the Presidenr of the American Association for the
Advancement of Science, Alexander Dallas Bache (1806-(867), or chemical scien-
rist [ra Remsen (1846-1927) and physicise Henry Rowiand, both ar the Johns
Hopkins University, invoked the growing authority of science in order 1o set
themselves apart from the association of the usefud wrts with commercial enter-
prises. With increasing tenacity, sciensists — also a new term in the 18305 - insisted
on the insulation of science from profies; they depended for cheir professional
identities on their ability to show the disinterested, pure, bur nevertheless useful
narure of their enterprise. In these struggles for professional recognition, Bache,
Remsen, or Rowland’s employment of the term sivence served as a rhetorical
weapan against the perceived corrupting influence of those they feared most: the
proponents of the useful arts. Their stress on impartiality and service, used as a
counter argument to the useful-arts advocates” emphasis on the innate utility and
profitability of knowledge, was also a matter of numbers; a growing army of prac-

ticing scicntists and engineers working out in rhe field at the Erie canal, the indus-
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trial mechanics shops, and the railroad tracks began to outnumber scientists and
physicises.”

Beeween these positions, a small band of engineering educarars began o lay
claim on anocher domain. Within the academic walls of some newly esiablished
engineering schools, technology emerged as a label of self-identification for a few
ambitious engineering cducators who self-consciously carved out a space between
the useful arts and science during the second half of the ninetcenth cenwury.” The
term fechnology was not exclusively reserved for engineers, burt also sporadically
used 1o include the kind of skills and procedures milless, bakers, farmers, teachers,
and innkecpers needed in their occupations.” Farly academic engineers reintro-
duced the term rechnology by extricaring it from these artisanal associations and al-
lying it to a more pristine scientific discourse. In this new sense, the term had first
tentatively appeared in 1829 in the title of a series of lectures published as Elemnenes
of Technology by Harvard professor and physician Jacob Bigelow (1787-1879), who
held a chair in the “application of science to the useful arts.” By conjuring up the
term, Bigelow sought to lay claim te a new domain of knowledge berween science
and the useful arts that soraddled the genteel tradition of sclence and the plebetan
cthos of hard work, endurance, and dirty fingernails on the shop tloor, in the field,
mine shafts, and engine rooms. Qutside the small circle of academic engineers and
students, however, few used the term “rechnology” to refer o a new form of
knowledge or reality. Tven few practicing engineers and scientists employed the
term, ifacall. Bigelow’s term would be mostly forgotten for the rest of the century,
It elicited so litde response and recognition that even Bigelow dropped his own
newly minted term only to revert back to a more current expression for the ex-
panded version of his book ten years later, now called The Usefud Arts. Indeed no
other nincteenth-century lexicographers followed Webster's cue on granting tech-
nology its own lemma for over a century,”

Industrialists, practical engineers, scientists, and engineering educators found
the term applied science a much more powerful weapon for their rhetorical con-
structions than the term wechnology. Fven so both terms, gpplicd scienceand tech-
nology, ran far ahead of nincteenth-century material and social realivies. While a
few plonecring schools like Massachussets and California Institutes of Technology
fostered the incorporation of scientific language in their search for legitimacy and
financial resources during the final decades of the nineteenth century, the over-
whelming majority of engincering insticurions were unwilling or unable o spend
significant funds on seieniific research tn order to burtress such grand claims even
as late as the 19408,

Not everyone was allowed to criploy these rerms however liede used or ill-
defined. Northern and Southern industrialists considered the labor of African

Americans useful in most social settings, but their skills, expertise, and experience
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were never to be labelled as applied science. In the Reconstruction era when a small
band of Northern engineering educators began to claim applied science as their
domain and expertise, African-Americans interested in technical ficlds were sent
onto different educational paths. Berween the Civil and the first World Wars,
freed slaves were trained in the industrial arts ac separate African-American man-
ual training, industrial, normal schools, and land-grant institutions. At these sepa-
rate institutions like Booker T. Washington's Tuskegee Normal and Industrial
Institute in Alabama (1883) marerial praciices might diverge from the rherorical
positions. T'he politcal realiies of the American Souch prohibited  Afri-
can-American educators from claiming scientific labels, but they some devised
novel strategies by teaching science subjects under other rubrics while caretully
avoiding that contested discourse.”

‘I'he famous controversy between the Southern ex-slave Booker T. Washington
and rhe Harvard educared Bosronian W.E.B. Du Bois (1868-1963) centered on
what “useful” meant to African Americans and focussed on the issue of Afri-
can-American vocational and technical education. Supported by Northern busi-
nessmen-philanthropists and  Southern  whites, Washington  believed  thar
technical education {uscful knowledge) would turn African Americans into
self-sufficient workers and dignified first-class citizens, but Du Bois radically op-
posed the norion thar knowledge should always be useful, profitable, and
commodified. Inthe lig]‘lr of their slave labor past and their cconomic c‘xpk)ir;ir[ml,
the greatest liberation of African Americans and the finest marker of their manli-
ness was the right not to be useful, Du Bois believed. He preferred the right to be
genteel, intellectual, and professional in the cultural world of Shakespeare and
Soul, over joining the ranks of skilled labor in the employ of industrial capitalists.”

Thus communities ranging from industrialises to African-Armerican educarors
began to lay claim on the late ninetecnch-century world. The world of the useful
arts from antebeltum to Gilded-Age America enclosed different constituencies
that converged and overlapped, bur also contradicted, clashed. and contested cach
other.  Industrial  advocates, philosophers,  engincering  educators,  Afri-
can-American leaders, and practical and academic scientists gave meaning co their
experiences and hopes through the employment of terms like wsefed arts, urilivy, ap-
plied science, and techirology that operated as weapons; they articulated intellectual
constructs and material practices. Words and concepts like technology fell our of
favor while others were readily used. In cheir disputes and communications, these
historieal actors also created new shades of meaning, embracing some historical ac-
rors, and excluding others. The nineweenth-century international fairs became the
prime sites for this selection process thar eventually would separace the alphaber,

corset, and bonners from stcam engines, rrains, plancs, and cars as the orue,
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gendered, and racialized objects of technology. The ninetcenth-century world’s
fairs became an important podium on which the usefil ares were staged.

In the years before motion pictures, radio, and welevision, ninereenth-cenrury
contemporaries went to see worlds’ fairs to sample and experience the world.
Praised as world universities and workshaps of the world by their boosters, world’s
fairs were the encyelopedias of civilization, ritwals of display, and competition between
nations of the ninetcenth century. Fair-goers from all social classes visited chem o
be amused, instructed, and diverted from the industrial sorrows that were raging
around them. Before the expansion of such forms of communication as technical
magazines, catalogues, advertising, and professional engineering convenrions,
world's fairs also provided manutacturers, new professionals, and activists with a
primary forum, meeting point, and international network. it was the place where
manutacrurers and engineers sold their goods and ideas, disseminated information
abour new products and scientfic discoveries, and bolstered their knowledge
claims on the nincteenth-cenrury world.” Many other ninereenth-century aspir-
ing professionals — including librarians, historians, scientists, and engineers —
gathered there to launch their professional organizations o lay their own chaims
on the world around them.

in the U.S., the Smichsonian Institution supervised most fairs and provided the
intellectual frameworks for them. Organizers did not merely pue dresses, bonnets,
corsets, books, reapers, and steam engines on display, buc also helped devise sys-
tems that became instrumental in classifving both knowledge and objects for che
nineteenth century. No wonder fair grounds were contested terrains. Manufac-
eurers sought to promote their products, nations competed tor prominence and
investments, and different lobby groups — ranging from engincering advocates to
women rights groups, African Ametican activists, and labor leaders — fought for
the inclusion of their causes into these encyelopedia’s of civilization. The public
exposure of these tairs was as farge and effective as any lobby group could hope for:
between 1876 and 1916 nearly one hundred million people visited 12 world’s fairs
throughout the U.S. Women and African-American rights advocates cagerly
scized these occasions to challenge the new juncture of civilization, inventions,
and white manliness as they would demonstrate in the Eastern industrial hubs of
New York in 1853 and Philadelphia in 1876, the Western gateway in Chicago in
1893, or the cotton capital of Atlanta of the New South. Fairs were the true staging
ground where conflicting understandings of technology were put on display.
From 1876 the Smithsenian Institution provided the crucial support, personnel,
and materials for the ethnological displays from its ethnological and anthropologi-
cal departments. Most importantly i proved to be instrumental in helping to lay-
our the exhibits in a classification system of the nincreenth-century world thae

included women and non-western people. Significantly, atter the first World War
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the National Rescarch Council {(NRC) and the Deparements of Commerce both
closely connected to the corporate-military complex would take on that role for

the twentieth cenrury,” This change would be as significant as far reaching.

Frmary Fasrics virsus MaNLy MacHINES

Well into the twentieth century. fnventive genius was not necessarily understood o
be machine-bound. Inventions included the entre gamue that ran from fabrics,
language, arts, and mythology to mechanical devices. In the decade leading up o
the 1876 fair in Philadelphia, definttions of innovation and human mngenuiry were
still in flux and subject to negotiation, as the work of the culwural anchropolegist
Lewis Morgan and women's rights activists shows.

Social anthropologists, among whom Smithsonian scientists played major
roles, lent stature to theories on the course of civilization and the primary defining
role of inventions. In mid-century, social anthrapologists began to mobilize the
idea of inventive genius as an index of civilization, This measure, peripheral at
first, found its way inte many a social anthropologist’s overarching theory of the
development of civilization, and eventually turned into the yardstick of a nation’s
overall progress. Lewis Morgan (1818-1881), the patent lawyer, businessman, rail-
road investor, and social anthropologist, accorded the notion of inventiveness a
special place in human evolution theories in his Anciens Sociery published a year at-
ter the Philadelphia Centennial exposition in 1877. He considered the rate of in-
ventions as the prime mover in the evolution of socictics, pointing o “inventdons
and discoveries” as the keys to socicry’s ability to move up or down che evolution-
ary scale. In the first parc of his thesis, entited *Growth of Intelligence chrough In-
ventions and Discoveries,” he asserted that “the most advanced portions of the
human race were halted...until some great invention or discovery, like the domes-
rication of animals or the smelting of iron ore, gave a new and powerful impulse
forward.™

Morgan’s overarching theories on inventions included women because he in-
corporated the nineteenth-century nonmechanistic interpretation of inventions.
This inclusion occurred inan accidental manner but proved to be nevertheless im-
portant. After all, Morgan’s purpose was to validare a hotly debated proposition
that absorbed the acrention of intellectuals in both Lurope and the U.S. in the era
after Charles Darwin’s publication of the Origin of Speciesin 1859: all human races
shared a common origin and were monogenetic rather than polygenetic. Because
the study of non-Western cultures served as a thme machine for Morgan and his
colleagues, one that allowed them to look at the origins ot human evolution, he
sought to cstablish linkages in kinship systems, customs, and cultural acitades
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among the Troqueis and other American Indian peoples. Despite his practice as a
patent lawyer for the railroads, Morgan did not limit his understanding of inven-
tions exclusively ro patent activity because of his focus on domestic institutions ~ a
natural outgrowth of his carlicr work on the structure of family tics. He included
in his genealogy of inventions artifaces handled by men, like bows and arrows, bue
also female skills like basker weaving, By juxtapesing inventiveness and domestic
institutions — at least for other cultures — Morgan unintentionally presented
women’s daily work as an useful activity on a par with men’s. He suggests thar
women, too, Were inventors.

Early in the century, inventions sl embraced an array of human products
from intellectual to practical skills, from corsets to cutting machines, bue in the
1890s true and important inventions increasingly took on the form of ma-
chine-bound and patented objects. This change of emphasis would eclipse the
nonmechanistic and nonpatented formulations of inventions then fashionable in
the ficld of anthropology; it alse would eclipse the role that social anthropologists
had ininally accorded to women as inventors of nonmechanistic objects. "I'he place
that inventions came to oceupy in the emerging understanding of technology be-
came so central that ir served as a stock political argument and benchmark for gen-
der and racial differendiation. Over the nexe century, much was ar stake in the
question of which narion state, social COIMUTIN Y, OF racial group could |;1_\,' claim
to the highest rate of inventions. In the emerging paradigm, the answer to the rhe-
totical question of whether or not women possessed inventive genius was thoughe
to bear on the issue of women'’s worthiness as full participants in the body policic.
Because of the enormous political weight accorded to them. inventions were a
hotly contested terrain throughour the century, and the scrutiny of women's in-
ventive capacity was no cxeeption to the national pastime of counting patents.”

The changing meanings of chese terms categorizing inventions did not oceur
without the intellectual intervendon of women aciivists. In mid century women'’s
rights advocates questioned the appropriation of inventive ability as a male pre-
scrve. They challenged the new idea that invendveness represented an exclusively
male prerogative. More fundamentally, early ferinises positioned women a “the
handle of the erank”™ women were the catalysts who pushed human evolution up-
ward and onward ro the next stage of progress.” Several feminist crivics went so far
as to question the premises of male inventiveness altogether. Women activises tar-
geted an array of male institutions that increasingly canonized technology as a
male preserve; they voiced their dissenting opinions again and again on the
grounds of the World's Fairs in 1853, 1876, and 1892 and in the halls of the Patent
Office on the occasion of its Centenntal Celebration in 1890. They would contest
the nineteenth cenrury’s invenrories of the world such as archives, dictionaries,

and encyclopedias. These occasions also served as rallying poines for feminists
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Figure 1. Anexamiple of nineteenth-century feminine ingenuity authorized by the LS. Patent
Office. Ida Rew's 1895 athletie suic engineered a balance bevween freedom of movement and
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forge an alliance with the hundreds of female inventors — working wives and wid-
ows like Martha Coston, Harrier Hosmer, Helen Blanchard, Josephine Cochrane,
and Ida Rew who worked to reap the profics of their ideas — and o advance their
broader political agenda.[Figure 1] Women intellectuals rom Marilda Joslyn
Gage, Ida Tarbell, Charlotte Smith, Minnie Reynolds to Mary R, Beard champi-
oned female Inventive actvity in the post-Civil War period. Their strategics
ranged from lobbying for women's equal representation to confronting the
exclusionary policics and the building of alternative but often segregated insticu-
tions — whether the establishment of separate pavilions. the mounting of fairs, or
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Figure 2. Portraic of Josivn Gage, theorerician of the radical wing of the women's movement,
who criticized the newly sanctjoned centrality of patented invendons and demanded equirable
disteibution of resources for men and women. Here portrayed in the pensive pose of an intellec-

twal. Courresy of Schlesinger Library, Radeiffe College, Cantbridge, MA.

the composition of women's encyclopedias and biographical dictionarics entirely
devored to women's conuributions to civilization. ‘They countered the emerging
male genealogy of inventions that sought to prove that only men had the inwellee-
tual acumen ro produce significant invenrions.™

Women rights advocare Matilda I, Joslyn (age (1826-1898) was the first Amer-
ican woman to challenge the male gencalogy of inventions and to formulate the

clearest ideological statement on female inventiveness as carly as 1870.[Figure 2]
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Together with Elizaberh Cady Stanton, Gage was the intellectual force behind the
radical wing of the women’s rights movement. Active in the women’s rights cam-
paign since the 18505, she held the position of president of the Natonal Woman
Suffrage Association, from which she resigned in May 1876, just before the open-
ing of the Philadelphia Centennial Exhibition, in order to give center stage to the
more famous Stanton. Years before the Philadelphia Exhibition of 1876 and Mor-
gan's ruminations on the importance of inventions as an index to the ontogenetic
stages of civilization, Gage had argued in a 1870 suffragist pamphlet that women
tnventors did indecd exist. In this pamphlet, entitled “Woman as invenrtor,” she
had rescued Cacherine Littlefield, the widow of General Greene, from oblivion by
describing her as the principal mind and financial sponsor behind the cotton gin
patented under the name of Eli Whitney, Gage's argument was quire ingenious
because she positioned women at the center of both national cconomic develop-
ment and the inventien of silk production. Engaging emerging nationalistic argu-
ments, Gage maintained that “these two inventions by women of silk and the
cotton-gin have done much to build up the State, to define social and political po-
sitions and to further the interests of mankind.” She challenged the individualist
understanding of inventions by arguing, first, that progress was a result of smali
and incremental changes: “All progress in the arts, in science, in wisdom, is the re-
sulr of successive steps; and it is impossible to foresee the consequences which may
arise from the omission of an act by even the mosc obscure person.” Second, she
pointed out that many inventions could not be traced to a single author or era.
Third, she contested che patent system and the manufacturing industry as society’s
exclusive sources for understanding inventive behavior, since “the patentee is not
always the inventor; neither is the manufacturer always the originator.” Her cri-
tique centered in part on the narrow interpretation of the inventive process. To
consider patents the only angible evidence of inventive behavior was incorrect.
Gage based her argument on the same - and ac the dme widely accepred - tax-
onomy of inventions as Morgan's. In her 1870 treatise, she included a range of hu-
man products she considered important inventions: mechanical devices, fabrics,
fanguage. arts, and mythology. Thirteen years later, however, when she wrote a
second version of her trearise on women inventors, the crux of hier argument had
shifred. reflecting the emerging understanding of human inventivencess as being
inexericably linked to the search for bigger and better machines. Tn 1883, her defi-
nition of inventdveness was confined to things mechanical, Writing for a national
audience in the well-respected Nerth American Review, Gage st out to show that
woimen were not only genuine inventors but that they possessed “mechanical ge-
nius” on a par with men.” Her article marginalized such nonindustrial or non-
object-related fields as literacure, arts, and language. The connection she now drew

berween inventiveness and polideal freedom flormed the crucible of her argument:
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“T'he inventions of a nation,” she argued, “are closely connecred with the freedom
of its people,” and omitting women trom the inventive process would endanger
the progress of human evolution. At this point echoing Morgan, she concluded:
“No less is the darkness of the world kept more dense, and its civilization retarded,
by all forms of thought, customs of society, or systems of law which prevent the
full development and exercise of woman's inventive powers.” It martered licde to
her whether or not women possessed mechanical genins — whar matiered more was
an equitable distribution of, and access to, sociery’s economic resources. Given
that women lacked the maosi basic economic and political rights, Gage argued, she
thought it remarkable thac women should be capable of inventing anyching at all.

In her 1883 treatise, Matilda Gage tacitly acknowledged and engaged in the
paradigmatic shift towards a machine-bound interpretation of inventions. But
these more explicity gendered definitions of human creativity proved problematic
tor women, since the tendency to glorify machines was associated increasingly
with new developments in the machine-twol and steel industries. Few women
worked on these production floors, as reformer journalisc and business historian
Ida Tarbell would peint out in her article on woemen inventors. In particular, the
steel industry’s capital-intensive apparatus like Bessemer converters from the hills
of Pennsylvania to the city limits of Chicago functioned as a symbol of power -
onc might label it a fetish — among capitalist entrepreneurs.

Thus Cage's paramerers of the debate concerning human ingenuity shifred
dramatically in the period between 1872 and 1883, In just ten years Gage moved
from viewing human inventiveness as an gender-neutral activity to a talene that
was the prerogative of men — from mere discoveries to machines, from genderless
activitics to male marked objects. Her shift in focus reflected an array of acual so-
cial changes and class tensions in American socicty. On the heels of major labor
dispures in Pennsylvania and a national cconemic panic, the 1876 Centennial cele-
bration ac Fairmont Park in Philadelphia, with the Machinery Hall and ies Corliss
engine on center stage, both visually and viscerally foregrounded and forged the
machine-bound interpretation of inventions. T'he machine, cmbodied in the
smooth-running and huwmming Corliss” engine, became a national tcon marked as
male and middle-class. Characterized as “an athlere of steel and iron.” the Corliss
engine appropriared a sense of national uniry that belied the major divisions be-
rween capital and fabor, between men and women, and between white and black
in American society. The allure of machines would continue to increase in che
twentieth cencury, when technological sophistication became a trope designed to
authenticare male autherity in Amcrican society and o corroborate the inherent
superiority of the Western world.” Soon machines would mark male middle-class

power in the West.
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The prominent display of glant engines and massive machines in Philadelphia
clicited negative commentary from women'’s groups, however, under the leader-
ship of the conservative woman activist Llizabeth 13, Gillespie, the granddaughter
of Benjamin Franklin, various women's organizations raised enough funds to con-
struct a Woman's Pavilion at the Philadelphia Fair, to “give to the mass of women
who were laboring by the needle and obraining only a scanty subsistence, the op-
portunity to see what women were capable of attaining unto 1n other and higher
branches of industry.™ [Figure 3] Although women contributed and won prizes
throughout the Fair — in the fine arts, education, and farming, for example — the
point of the Woman's Pavilion was to highlight women's share in industrial life.
T'o lend greater authority to the Centennial sisterhood, Gillespie devoted special
attention to altracting women inventors. In an cffort to destabilize that other
“humming” metaphor of industrial life — the giant twin-cylinder Corliss steam en-
gine towering over all other equipment on display in the Machinery Hall - the or-
ganizers appointed a female engincer named Emma Allison as “the presiding
genius of the engine room” in the Woman’s Pavilion. 1n this separate women’s do-
main Allison became a beloved artraction by operating a portable Baxeer steam en-
gine that drove six power looms at which women wove carpets, webbing — and
silks. She thought herself quite capable of running these machines and declared
that it was far casier for her to operate the steam engine than it was for mothers wo
“operate” their children. Allison’s stcam engine supplied sufficient encrgy for a
carpet loom, a quill wheel and a spooling machine. a ribbon loom, a Jucquard
loom, as well as the cylinder press which princed The New Century for Women tor
the duration of the Fair. The world of the Lowell textile mills had been a female
arena for decades, but the twin-cylinder Corliss steam engine so dominaced the
public’s imagination at the Philadelphia Fair that a woman reporter of The New
Century for Women criticized visitors who watched the Corliss engine in awe but
failed to admire the intricate machinery operated in che texcile mills by women,™
Her remark lay the foundation of a serics of competing images as the true objects
of technology that would linger on throughout the century: female fabrics and
male machines.[Figure 4]

Women activists were hardly united on the issue of fermale pardicipation in the
fair. In the opinion of radical women’s rights advocates like Matilda Gage, Susan
B. Anthony, and Cady Stanton, however, Gillespic’s efforts to parade women’s
work and their inventiveness were useless. They argued that the Woman's Pavilion
and the female presence throughout the exposition, calling attention to the ac-
complishments of women’s inventors, failed to disguise the grim fact that women
were still denied the righr to vore.” Gage and other women suffragists dismissed
the Woman’s Pavilion because it did nothing to reveal a “true exhibit of woman’s
work.” Most of the work done by women, they thought, took place in a business
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Figure 3. Women's Centennial Txecutive Commireee planning to parade women's skills,

products, and inventions to demonstrate women's equal worth in civilization ac the Philadel-
phix Centennial Exposition af 1876. These conservative women were apposed by radical aceiv-
ists, who protested against women’s legal and political inequality chroughour the fair.

Reproduced from Framk Leslie’s Hustraved Jornal Historieal Regtster of 1876.

cnvironment they neither owned nor controlled. According to the most vociterous
champions of women’s rights, no matter how many women inventors might have
been present ar the exposition — chere were about seventy women who were dem-
onstrating their talents to the public — “the most fitting contributions to the cen-
tennial exposition would have been these protests, laws and decisions which show
[women’s] political slavery.” If married women were not cven granted che right
to control their own earnings, as Gage wrote later, “should such 2 woman be suc-
cessful in obraining a patent...Would she be free ro do as she pleased with i€ Nov
atall... She would possess no legal right to contract or to license any one to use her
invention.” While Gage criticized the newly sanctioned centrality of {patented)
inventions, she nenctheless conceded thar the patent system was an imporeant site
of Inventive behavior; Gage, in other words, altered her views without giving up
on her desire to confront the dominion of men in the field of mechanical ingenu-

y.
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Figure 4. Corliss's giant steam engine located in the middie of Machinery Hall - here serin

motion by President Granc and Emperor Dom Pedro Il to open the Philadelphia Centennial
Exposition on May 10, 876 — cune to symbaolize America’s manly industrial caphalism, Called
"an athlete of steel and fron,” s size. status, and posidon competed with the fess visually spee-
tacular women's skills and preducts on display ar the Woman's Pavilion. Reproduced from

Frank Leslie’s Wustrared forrnal Fistovieal Regrsier of 876,
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Figure 5. Business historian, muckraker, and moderare women's activist, [da Tarbell
{(1857-1944) at work in 1917, She argued thas women's needle and men’s machine work were

cqually valuable creations. Permission and Courtesy of Culver Pictures, New York, NY.

"T'he journalist, business historian, and lecturer [da M. Varbell (1857-19.44), best
known later in life as a muckracker against Standard Oil chose a different serategy
when she questioned the male genealogy of inventions. |Figure 5] In an cffort wo
subvert che newly deminant paradigin, the then thirry-year-old Tarbell who still
felt strong affinities for the women’s movement at that time and worked on the
saff of the Chautanguan magazine in the hills of Pennsylvania, tried to clevate the
stature of women's domestic inventions in the hope they would no longer be dis-
missed as insignificant and inconsequential. Instead of rrving o beat men on their
own turf, she reclaimed the older meanings of inventions. She placed women's in-
ventive creativity fumly in the framework of the separate-spheres ideology that
had become a stock argument of the middle class and her circle of educated
women. In her 1887 ardicle for the Chantangian, a magazine that offered adule ed-
ucation to rraditional women who had come to subscribe w the cultural premises
of separace spheres, she pointed our thar women did not work in machine-toof re-
lated industries.” She argued that because “itwas reasonable to expeet that ingenu-
ity will e exercised propordonately to opportunity,” one had to look elsewhere.
Tarbell then rescued women’s practical selutions at honme as legltimate inventions

because they were effective and valuable, thereby undermining the new discourse
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concerning women's supposed idleness. “An invention is an invention whether it
be for house work or mill-work, and the kind of mental quality it requires is the
same,” she contended. Much creativity and skill were required for mothers to alter
their daughters’ dresses and then use the same fabric for bed quiles. “It is the habir
to speak of these women as *handy’” or ‘full of ideas,” but she insisted that “such
waomen are invencors; their work, inventions.” In spite of her recapirulation of the
older meanings of inventions in her own reformulation, Tarbell could not escape
the emerging machine-bound understanding of inventions because, like Gage, she
felt compelled o argue that women could indeed be successful in devising things
mechanical.

At the end of the decade, Charlotte Smith (1843-1917) followed in Gage’s foot-
steps and took up the cause of women inventors by entering the hallowed halls of
the newly constructed remple of inventions, the U.S, Patent Office in the nation’s
capital. She championed working-class women ratcher than Tarbell's middle-class
women who worked ar home. Smith, president of the Woman’s National [ndus-
trial League of America, directly challenged the Patenre Office in a blitz campaign
on the veeasion of its hundredth anniversary in 1890, Unwittingly, her challenge
only reinforced the notion that genuine inventive activity was to be found in the
patent business, lending it a kind of authority that Tarbell had denied and Gage
had questioned. A flamboyant campaigner for working women and a shrewd con-
gressional lobbyist, Smith defended women inventors because she recognized that
inventions could be a significant source of income for women. She published 74
Wonuen Invesirer, a magazine designed 1o coincide with the Centennial celebration
for the Patene Office. (Figure 6] In preparation for the anniversary and her own
campaign, she tirse managed to persuade the Patent Office in Washington to com-
pile a list of all women inventors since 1790.” But as historian Autumn Stanley has
documented in her study of female patentees, when the Parent Office’s well-
intentioned clerks compiled a list for Smith in 1892 they glossed over women’s me-
chanical invenrions - a further indicacion of the growing importance acributed
machinery and women’s exclusion from its domain. By reexamining the parents
issucd for 1876, when the Gillespic-sponsored women inventors exhibited in the
Woman's Pavilion at the Philadelphia fair, Stanley found that the compilers had
omitted one woman's inveation for every four they recerded; she also concluded
that these omissions on the list generated for Charlorre Smich were not random.
Machines represented the largese single category of the omitted Inventions, com-
pared with categories like agriculure, chemistry, furnishings. health/medicine,
h::zltitlg, C()()Hng, domesnie [:1[3()1‘—s;i\a'i|'|g devices, and L;|mhing. Morcover, St;ll![cy
found that the mechanical devices the patent clerks omitted from the list were
“strikingly nondomestic or what might be called nontraditional inventions for

women.”" Thus, despite Smith’s feminist intervention and the help of cooperative
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Figure 6. Fiching in 7he Woaan fventor dramatiming o group of women inventors who peti-
tioned tor recognition and i treamment in the newly canstructed Hall of the Patent Office
churing irs centennial celehration in April (8yo. Courtesy of Archives Center, National Museum

of American Hisrory, Smithsonian Instituden, Washingron, DC.



38 Making 1 echuology Maseuline

clerks, the late nincreenth-century Patent Office’s list of women inventors pro-
vided z fascinating example of how new mentalitics obscured the vision of federal
employees in Washington [DC, who appcared unable or unwilling to even see the
tangible results of women's “mechanical genius.” Such a suppression reflected a
paradigmaric shift in American perceptions of che narure of inventiveness as ma-
chine-bound and masculine.

In her challenge to the masculine and middle-class axonomy of inventions,
Charlotee Smith did noc imit her efforts to the national preoccupation of count-
ing patents. In her call for action, Smith went even further in reclaiming inven-
tions for women by demanding that the Federal Government protect wornen
inventors and prosecute “those who infringe or fraudulently obtain their inven-
rions.” She argued that the Patent Office should establish a special office for
women which would display their invendions and label them properly. She also
calied for solidarity among women inventors: “We have the genius, buc it requires
development and encouragement, hence let us...encouragle] one another.™

Oris 'T. Mason (1838-1908), the Smirhsonian [nstirution’s anthropologist, cura-
tor, and classifier, answered Smith’s bold challenge to the male institutionalization
of parents. As chief curator of the Smithsenian’s Department of Ethnology, Ma-
son was principally responsible for popularizing the evelutionary scheme of hu-
man development and the scientific racism that went along with it ac the American
International Fairs in the ninetcenth century. He firse visualized his view of
women's industrial role in the grand scheme of evolution in his ethnographic dis-
play starting with the 1893 Chicago Fair exhibic “Woman's Work in Savagery™ he
installed for the Woman's Pavilion ar the request of women activists. Mason, a dis-
ciple of Lewis Morgan and influenced by German chinkers, had a vested interestin
placing inventions in an evolutionary rank-order. He also regarded the frequency
and innovative quality of human nventions as an inventory of social progress
which served, therefore, as an essential key that might be able to unlock the mys-
tery of differential evolutionary paths on the basis of cross-cultaral comparisons.”
Lilling in the broad outlines Morgan had provided, he el a special intellectual ur-
geney to examine the role of female creativity. Mason explicated his overall theo-
ries in his writings on women's inventiveness, and he popularized and visualized
them through his design of the ethnographic displays at World’s Fairs — some at
the request of women’s champions. He also endowed them wich furcher public
stature in his centennial address av the Pacent Office. In his specch on the occasion
of the hundredch anniversary of the Patenr Office in 1890, Mason argued for a
much longer genealogy of invenrions than the advocates of industrial capitalism,
who had gathered 1o “glorify the ninetcenth century.” Both men and woinen, he
emphasized, had always functioned as inventors. He posed a rheworieal question:

who “quarricd the clay, manipulated it, constructed and decorated the ware,
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burned it in a rude furnace and wore it out in a hundred uses?” To an audience of
manufacurers, politicians, government officials, and engineering educators who
had assembled for the Patent Office centennial occasion he argued: “Over and
over again, those who have preceded me on this platform have pointed to James
Wate as the true deliverer of mankind. Far be it from me to take one leaf from his
laurel crown; but the inventor of the alphaber, of the decimal system of notadion,
or representative government, of the golden rule in morality, were grearer than
he.” While Smith lobbied to protece women inventors. Mason pondered the
meaning of women's real patent: “The best woman to cook or sew or carry loads
got the best husband. That was her patent.™

In the halls of the Patent Othice, Otis Mason continued on the path chareed by
Lewis Morgan, buc he also kept a safe distance from Smich’s working-class women
inventors. He promoted the evolurionary and comparative approach: at the
Southern Expositions in Adanta and Nashville a few years Jater, he mounted
fife-size replicas of Native American, African, and Polynesian women performing
productive work, as he labeled it. He showed women of other cultures weaving
baskets and netting, and he held chem accountable for humankind’s inventions
because “Women, among all the primitive peoples, were the originators of most of
the industrial arts.”™ Mason read in his objects — tools, artifaces, and skeletons -
“the stories of their owners many centuries ago” and concluded that most of the
artifacts he examined had been invented and used by women. Hle argued his case
in Waman'’s Share in Peimitive Culture (1894). In excerpred and popularized form
it also appeared as “Woman as an Inventor and Manufacwurer” in Popucdar Science
Magazine. a journal that served as an importanct forum for debates on the social
and political consequences of gender differences. Mason used Lewis Morgan's no-
tion that the rate of inventions is an index for human progress to suggest rhat
woman, as food-bringer, represented “the earliest inventor” and thac her “ingenu-
ity has been an important dlemenc of progress” since the carly stages of human evo-
lution.” Like Morgan, Mason considered food preparation, weaving, art, and
language to be important discoveries and inventions.

Mason devoted much time and attention to highlighting women’s economic,
industrial, and invenrive activiries in his all-embracing theory, tor which he would
be gracefully quorted by feminises, bue he viewed women'’s skills as atavistically be-
longing to an carlier era. By equating working-class women with women of
“dusky” and “savage” cultures, Mason racialized working women.” The compari-
son went beyond the analogy; he considered working women as actual remnants
of an archaic, less civilized age of the past. To Mason, in other words, wage-
carning women i America’s urban neighborhoods resembled a primicive tribe in
the midst of civilized middle-class America. Inn the end, he dismissed women like
Charlotte Smich and her working-class proteges as well as ferale inventors as irrel-
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evant and inconsequential in the larger scheme of human evolution. The cross-
cultural representarions at the fairs reinforced the notion that middle-class
women s lelsure time in American society signified progress. Machine-bound
technology remained thus safely inscribed as male and Western.

In the years leading to the 1893 Columbian Exposition, prominent women in-
cluding Susan B. Anthony had done everything in their power to question the
course of cvilization as an exclusively male endeavor which Mason and other Vie-
torian anthropologists were promoting. Early on, they pressed the fair organizers
to place placards informing fair-goers what proportion of cach exhibic was pro-
duced by woman’s labor, urging women to submit special exhibies chroughout the
fair, and trying to make sure these submissions received equal treatment in the se-
lection process. Their desire to show thar women were an integral part of civiliza-
tion met with complete resistance. As a last resort, they sertbed for a separate and
segregated building, “I'he Woman's Pavilion,” designed by the young MIT archi-
recture graduate Sophia G. Hayden under the auspices of the officially sanctioned
Lady Board of Managers headed by Chicagoan socialite and feminist Bertha
Honoré Palmer (1849-1918). Choosing from among, 3000 patents submitied by
women and available on file at the Patent Office, the Lady Managers arranged the
display of what they considered cruly useful inventions in an Invention Room
where Olivia Flynt demonstrated her healch corsee, Josephine Cochrane her dish-
washer, and Martha Coston her night signalling system adopred by the Navy.”
[Figure 7] Reflecting women's small space of negotiation, Hayden's pavilion was
the smallest of all and precariously located between the official White City and li-
centious Midway Plaisance, berween white manliness and the dark effeminare
races, between the manly Court of Honor = celebrating the seven virwues of civili-
zation through Manufactures, Mines, Agriculture, Are, Administration, Machin-
ery, and Electricity — and the effeminate uncivilized, barbarous dark races. Fven if
the Lady Managers questioned the linkage berween manliness and civilization,
they did not dare to upset the racial hierarchy in the Columbian “exhibition of the
progress of civilization in the New World.” They made common cause with the
racial taxonomy through their sponsorship of Mason’s ethnic display and their re-
fusal to answer calls from leading African Americans including journalist 1da B,
Wells and Frederick Douglass for inclusion.” In the end, the machinery of the
brave new world was not only safely inscribed as male, middle class, and Western,
bur white as well.

Following the decades of the Columbian Exposition, the modern art move-
ment exploded burt ultimately reinforced the male, white notions of machines in
their celebration of the machine aesthetics. Their evocation of the machine in
word and image turned into a powertul pillar tor the modern understanding of

rechnology. In the carly teens, the machine became a buzzword of modernism
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Figure 7. Patent drawing of Josephine G. Cochrane's dish washer exhibired in the Woman's
Building Inventon Room and used in most large restaurants ar the Chicago World's Fair of

1893,

with explicit male iconography. American artists —among whom the Precisionists,
luturists, and Dadaists most graphically — explored machines as male models,
metaphors, and microcosms of modern life. Late Victarian wrirers and a new gen-
cration of modernists mobilized older transcendentalist writers like Carlyle for a
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new understanding of machines that was understood to be at once material and
metaphorical. This linkage had not been expressed so clearly up to this point. The
metaphorical and visua! allure of machines continued to be immensely appealing,
precisely because of their conereteness and materiality. T'o the modern world, they
also turned into fetishized objects of technology, As the world's fairs had done,
they became the materialized gauges of Western identicy, superiority, and hege-
mony. As such, machines funcrioned as measuring devices by which Western cul-
tures gauged themselves with increasing confidence and assessed other cultures
with increasing condescension. The selection, labelling, and designation of abjects
as technological proved essendal for a new understanding of whar conseeured
technology, and what did nor. Language, quilts, or corsets, all important objects of
women's inventive activity throughout the nineteenth century, were increasingly
filtered out of contemporary minds as significant inventions or as markers of true
technology. Under the auspices of a generation of cultural anthropologists, the
American Smichsonian Insdtution had proved to be instremental in helping o
layour the exhibits in a classification of the nincteenth-cencury world char could
still include women and non-Western people, but after che firse World War chis

would become less viable.

VEBLEN AMALGAMATING, ENGINEERS, MACHINES, AND
TECHNOLOGY

The events of the first World War and the modern arts discourse mobilized che
once discrete and dispersed discourses of the useful arts, applied sciences, technol-
ogy, inventive genius, and machines into the more unified one we now call tech-
nology. By the 19205 technology was conceived as a self-contained, self-generative,
and machine-bound object devoid of human agency, and engineers came to play a
prominent role in it; they were thought to devise and supervisc it. This remarkabie
and dramatic twenticth-century revision of technology had little o do with
Bigelow's usage or even with engineers” employment of the term. As lare as 1932,
the public intellecrual, political scientist, and historian Charles Beard (187.4-19.48)
could still believe that the rerm technology “is freely employed in current writings
|but} its meaning as actuality and potentiality has never been explored and de-
fined.™ Once the term had moved into Beard’s Progressive intellectual circles
through discussions about the notien of technological unemployment, it migrated
out in the late 19308 to become rather clichéd. As a keyword in a new cultural
grammar, it first appears in the work of the institutional economist Thorstein B.
Veblen (1857-1929). Because of his status as major public inrellectual ar the turn of
the century, we can trace the cransformadion from the Victorian to the modernist
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cultural grammar chrough his work, While for Gage, Morgau, Tarbell, and Mason
it had once been possible to conceive of women as active agents, inventors, and
workers in the development of human evolution, Veblen further privileged male
engineers, and excised women and workers — a rhetorical strategy later canonized
by The Encyclopedia Briransica slexicographers. [t is through his work that we can
carefully trace the migration of the rerm and witness its paradigmatic and semantic
shift, which makes his oevre warth a careful reading. Veblen not only helped to re-
vive the term technolagy, bur also merged che three divergent nineeeenth-century
thetorical positions into one: male machine metaphors, engineering professional-
ism, and cultural anthropology.

Trained as an economist and anthropologist, Veblen was acclaimed by many
disciplines as their paragon. When in 1938 7he New Republic asked leading intel-
fectuals 1o name the books thac had shaped their minds, the marginal academic
Veblen was frst on the list. During the late 19105 and 19208, “everyone of intellec-
tual precensions read his works,” as the conservative cultural eritic H.L. Mencken
remarked. “There were Veblenists, Veblen clubs, Veblen remedies for all the sor-
rows of the world.” Rooseveld's intellectual spokesmen {c.g. Rexford Tugwell and
Felix Irankfurter), Veblen’s colleagues at the New School {c.g. Charles Beard and
Wesley Mitchell), leading lefi-wing publicists {e.g. Stuarr Chase and Max Lerner),
social scientists (e.g. Robert Lynd and William Ogburn), and advocates of Tech-
nocracy all considered his work blliant and seminal. Veblen crossed many disa-
plinary boundaries, profoundly shaping the public discourse through his own
work and his disciples in the period between the world wars.” By the 1940s, female
fabrics and the usetul arts were no longer viable in the culeural grammar of the
u.s.

Thorstein Veblen was above alt a wordsmith, a master crafter of the English
language, and an inventor of words, in short, a coiner of keywords for which he be-
came famous. Always witty, ironic, and biting, he focused on the changing mean-
ings of words and would analyze them, turning commonplace terms upside down.
In a memorable characrer sketch, the writer John Dos Passos described Veblen as
“a man without smalltalk... [whose] ...language was a mixture of old mechanics’
terns, scientific latinity, slang, and Roget’s theswrms.” To many, his style scemed
difficult, epaque or odd. But it could be casily argued that Veblen's style consti-
tuted his ideas: a turn of phrase, a string of metaphors, or 2 salient expression of-
fered new points of view. He would continually change course and switch
discourse to ourmancuver his opponents. In his hands, words turned into power-
ful weapons that inspired gencrations of intellecruals,”

I his mostinfluential books. 7he Theory of the Lefsuve Class (1899) and The En-
gimeers and the Price System (1920), Veblen mobilized different nineteenth-century

discourses for technology, with a particularly gendered twist. In The Theory of the
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Leisure Class (1899), Veblen showed how the various culrural forms and instiru-
tions of the leisure class functioned economically, and ostensibly had merely a dec-
orative value — as exhibited in the possession of dogs, the wearing of corsets, or the
mounting of international expositions. In one of his more memorable passages, he
argued, in effecr ignoring the arguments of Tarbell and other women reformers,
that women of the leisure class had primarily a decorative role, deriving economic
value only by virtue of the men with whom they were associated. To the men of
the leisure class, women’s uselessness or idlencss served as a token of men'’s lei-
surc-class status. Woman “is man's chateel...she is uscless and expensive, and is
consequently valuable as evidence of pecuniary strength,” for the man who “sup-
ported [her] inidleness.” Veblen opposed the notion that marker relavions decer-
mined value, because he believed that its true standard ought to be ser by whar is
produced through socially useful labor; giving the cconomists’ understanding an
ironic twist, he showed how uselessness and idleness could turn into valuable and
usefrel assers. For this twist, he became famous, of course. Nevertheless, he only re-
inforced thar middle-class women were merely decorative because in the cruest
economic sense they failed to produce any goods. Theoretically, his definition did
not constder engincers or managers as producers, but when confronted with a sim-
ilar theoretical dilemma in the case of engineers, Veblen expanded che classical
ceonomists’ definition of utility to include engineers under its label.” In his second
book, The Engineers and the Price System (1920), Veblen classified engincers as
valuable by designating them as producers. Having gone this far, he was chal-
lenged by the question: if engineers were produocers, what indeed did they pro-
duce? Veblen argued that engineers were the actual producers of echnical
knowledge, or a thing he now called technology.

Veblen's straregy of portraving enginecrs as the sole bearers of technology is
rather surprising. Int his earlier work, he not only reserved a role for skilled workers
but — more importantly in this stage of his intellecrual development — during the
first World War he wholcheartedly endorsed che goals of the Industrial Workers of
the World (LY. W.), who sought to claim technical knowledge for workers.™ In-
spired in part by Veblen's book, the 1.W. W lcadership developed a theoretical po-
sition in November and December 1919 with regard to the use and ownership of
“the joine stock of knowledge of past experience,” and launched the idea of com-
piling a systematic “Tndustral Encyclopedia” for workers. The LW W, called for
all workers to join the effort in order to make a smooth and orderly transiton from
capitalism to socialism. The encyclopedia “would serve as a pracrical guide to che
workers in fitting themselves to take over and run their industry.” Ies initiators
expected that the “joint stock of knowledge” would empower skilled and unskilled
workers technically and would also prepare workers properly for the imminent
takeover of the industrial system in the event of a revolution. For his part, Veblen
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also had intimate ties with the Wobblies and sympathy with the plight of women.
Nevertheless, in the course of defending engineering knowledge, he began to ob-
scure the contrel of skilled workers and to omit the women's tradition of Philadel-
phia’s Emma Allison, the female texdile workers of Lowell, or women’s parent
activities of Smith’s sisters,

As a word, fechnology was the key to Veblen’s argument presented in a series of
articles for The Dialin 1919 when the air was filled wich talk of revolurion. He con-
sidered American engineers the only suitable candidares for leading a peaceful rev-
olution that could unscat the vested interests of business monopolies and national
unions because engincers belonged to a small, disinterested, and apolitical com-
munity: their only wue interest was in the advancement of neutral technical
knowledge and the working of the system, which he construed as a machine, As a
General Staff of the industral system, they could therefore bese serve as the impar-
tial, dispassionate caretakers of industry.

With his definition of technology, he forged a bridge berween the nine-
teenth-centuwry discourse of the industrial arts and the twentieth-century talk of
technology. “l'echnology — the state of the industrial arts — which takes in effect in
this mechanical industry,” he wrore, “is in an eminenc sense a joine stock of knowl-
edge and experience beld in common by the civilized peoples.” Here, Veblen re-
ferred to the old nineteenth-century meaning of technology as an inventory of
industrial crafts that could be studied, but he also broached the idea thar technol-
ogy represented a disembodied object, devoid of any human agency. He now de-
fined technology as an aggregatc of knowledge and experience thar could be held
jointly, withour exclusive rights 10 its ownership. In his formulation, technology
was also an index o the level of civilization, as the anthropologists Morgan and
Mason had argued.” Finally, Veblen pointed to mechanical industry as the locus
of the “joint stock of knowledge and experience.”

The designation of technology as an object resulted to a large extenc from his
frequent invocation of the machine as a metaphor — an image he exploited to the
fullest, no doubt sensing the Dadaist vibrations also in the air ar the time. Veblen,
a historicist by training, often explained social phenomena in their insecutional
sereings. Still, he made his unwitting contribution to the new economic and mod-
ernist language of machine efficicney that was devoid of social contexe. He spoke
not only literally abour mechanical enginecring, but also metaphorically about the
machine, to evoke both the industrial system and society at large. In his metaphor-
ical language, he represented the industrial system as a self-generative and sclf-
coneained machine, where human beings were no longer needed. “The industrial
system,” he wrote, “is notably different from anything thac has gone before. 1t is
eminently a system, self-balanced and comprehensive; and it is a system of inter-
locking mechanical processes, rather than of skillful manipulation. [t is mechani-
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cal, rather than manual.”™ Independent as the machine might seem to be, Veblen
argued that production engineers would be needed at the helm and were the only
ones who could be entrusted with its supervision.

The notion of technology and the figure of the engineer entered Veblen's work
as an afterthought. It nevertheless proved to be a crucial one. His metaphorical
language enbanced a modernist mode bur also suppressed important experiences
that did not fit the analogy. While he acknowledged the place ol workers’ skills, he
saw engineers as the chiet bearers of technical knowledge. In the American lan-
guage, Veblen was the first to use the term “technology” so trequencly and lavishly.
He explicidy linked it with engineersand productivity. Throughouc his life, he had
been concerned principally with monopoly capitalism and in particular with the
“corporation financier” as the embodiment of the non-producing classes, buc his
main narrative strategy was to exploit engineers as a counterpoint to the corpora-
tion financier. To make this argument stick, however, he needed to extend the
economists’ definition of what constiruted productive labor, and also had to make
sure that engineers would be producers of a product. Farlier, he had not used the
word “technology,” but the term was now liberally sprinkled throughout the pages
of The Engineers and the Price System, along with a host of machine metaphors.” As
the bearers of “the joint stock of knowledge of past experience,” he insisted in this
1920 writing, engineers were producers of income. In Veblen's vocabulary, tech-
nology had become a product, and engineers were the producers of thac product.
Bur Veblen had been listening to a minority position in the engincering profes-
sion. Ironically, differenc engineering communiries — ranging from academic engi-
neers, industrial researchers, and science-policy makers — sill preferred the erm

applicd seience over techmology.” This would soon change.

TECHNOLOGY-AS-KEYWORD ON [DispLay

‘T'en years after Veblen had argued that a government should be formed by rechni-
cally competent leaders, his work sparked the short-lived Technocracy movement.
The discussion proved to be a watershed in the political alignment in the modern
discourse on technology. Abour 1930, “technology™ became a buzzword incorpo-
rating anthropological notions of civilization, engineering professionalism, and
machine metaphors. Tt also became heavily invested with ideological weight when
the Technocracy movement caprured the ongoing debate over the idea of techno-
logical unemployment in the thirties.” Technocracy helped popularize the notion
of technological unemployment, giving currency to the view thart there was a prob-
lem with the currene relationship between mechanization and work. as historian

Amy Bix argucs. Supported by social scientists including William Ogburn, Stuart
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Chase, and Elizabech Baker, mainstream labor leaders like William Green of che
American Federation of Labor and John L. Tewis of the United Mine Workers be-
gan to sound the alarm over what they called “technological unemployment™ the
displacement of labor by mechanizarion as a fundamental feature of industrial
capitalism. Carcfully avoiding any Luddite associations, labor leaders worried
about mechanization’s “human scrap-heap.” They neither insisted on halring
mechanization nor on suspending science research, but suggested that the burden
should be carried evenly by the labor, business, and science communities. While
several labor leaders and social scientists offered remedial measures like the reduc-
tion of hours and aid for displaced workers to soften the blow, many proponents
of the Technocracy movement criticized or opposed industrial capitalism alro-
gether. “The Technocracy movement otfered a Veblenesque soludion to the per-
ceived problem: the restructuring of the price system and the governmenr by
engineers and scieatists. According to its powertul opponents, however, the claim
of the Technocracy movement to engineering knowledge was a damaging and
oncrous one that demanded forceful rhetorical answers.™

The established engineering community disavowed the Technocracy move-
ment with exceptional ferocity despite the many personal and incellecrual links
berween the Technocracy movement and engineering — especially the newer, cor-
porate, and laboratory-oriented branches like electrical engineering during the
Depression. Business leaders, research scientists, and academic engineers includ-
ing Karl Compton, Robert Millikan. Michael Pupin, Charles Kettering, Frank
Jewerr, and Archur Little quickly closed ranks on the issue. The corporations ag-
gressively sponsored the 1933 Chicago and 1939 New York World's Fairs as part of
an elaborate public relations campaign o divert avention away from the discus-
sion about the issue of technological unemployment and the unemployment
among cngineers. The 1933 and 1939 displays shifeed the focus from the early inter-
est on producers and their products to the wonders of consumption instead.” Like-
wise, cstablishment engineers and scientists balked at the suggestion thar rhey
should be blamed for the human misery. In this controversy. the rhetorical use of
the term “technology ™ proved to be essential. Ichad been offensive enough to sug-
gest that scientists and engineers were responsible for the human misery of the De-
pression, but the mere suggestion that ‘l'echnocracy’s leadership laid claim to the
mantle of engincering knowledge to advance its radical agenda was even more un-
settling. Business leaders, establishment scientists, and engineers swiftly mobilized
by denying the charges, ridiculing the movement, and Insisting chae sciensific ad-
vance, economic success, and the progress of civilization were indisputably linked.

‘The mobilization of the notton of rechnology againse Technocracy served a
rhetorical purpose. Responding to the claims of the Technocracy movement,

physicist, President of MIT, and public spokesman for the science and engineer-
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ing community Karl T. Compton (1887-1954) wrote in 7echnology’s Answer to
Lechnocracy that neither the movement, nor its analysis of an economic crisis, nor
its concern for workers displaced by labor-saving machinery amounted to any-
thing new. As the rank-and-file members of the profession experienced a decline
of wages by a third as well as bouts of unemployment, the engineering establish-
ment reacted with ferocity o the association of their profession with technological
unemployment and to the ‘misuse’ of engineering credentials by many of lech-
nocracy's proponents, whom they labelled “pseudo-engineers” and “quacks.” In
1933, Arthur Sheridan, a former president of the New York State Society of Profes-
sional Engineers, blamed political scientises for trying “to place Technocracy upon
the doorstep of engineering” and “seeking to discredit engineering as a social fac-
tor in civilization through condemnation of l'echnocracy.”™ Arthur [). Litde
(1863-1935), the industrial chemist, spokesman of engincering professionalism,
and founder of the oldest and best-established firm in research and developrment
contracting, contested even more sharply the claims of the Technocracy move-
mencand the use of the word fechnocracy. “In happy contrast to the gloomy fucili-
ries of Technocracy stand the solid achievements of that very different thing,
technology. In a little more than 100 years technology has increased, immcasur-
ably, the wealth of the world... Technocracy is destrucrive; technology is creative.
Ler us not confuse them.”” He thus linked Technocracy ro the pessimism of the
[epression, and technology with progress.

The public answers of Compton, Sheridan, and Littde disavowed the revolu-
tionary role Veblen had suggested for engineers, denied any links between engi-
neers and unemployment issues, and above all reclaimed technology for
engineering experts. As Veblen had ironically anricipared, Compron and Lictle
resolutcly aligned technology with a conservative agenda, cleansing it of any
anti-capitalist contaminations and pro-labor associations, and casting engincers
and scientists as producers of wealth. If, as Bix has argued, in the short run, the
"I'echnocracy movement popularized the discussion over technological unemploy-
ment, in the long run, it harmed the case of those willing ro argue thar rechnologi-
cal unemployment posed a serious problem. Engineers like Sheridan, Litle, and
others did much to define and protect the boundaries of engineering. Claiming se-
mantic ownership of the term served this eftort.” The discourse on technological
unemployment and the fate of the Technocracy movement proved o be crucial
factors in determining who could claim the true parentage of technology. The
question of who owned technology, or who could claim its progeny, fundamen-
tally redirected the discussion.

In the 1930's, social scientises like the University of Chicago's William F.
Ogburn reworked Veblen’s ocuvre and the anthropological tradition of Morgan,

granting scientists and engineers an active role as agents of history over and against
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politicians and statesmen. They elaborated on Mason’s genealogy of invention
even further in merging the two discourses of academic engineering and culeural
anthropology. In Abbote Payton Usher's words, sclentists, engineers, and inven-
tors were twentieth-century incarnations of Carlyle’s heroes: small, anonymous,
burt essential.” These early sociologists of invention rejected biological racism and
firmly agreed with culwural anthropologises like Franz Boas and Alfred Krocber
that inventions could occur simultaneously in different cultural settings and were
scidom creations of an inventive genius. But in cheir cross-cultural comparisons
between primitive and civilized cultures, they also reiterated that inventions — un-
derstood as mechanical and patented — explained the difference.” When faced
with an explanatory gap berween the premise that all cultures shared the same hu-
man nature and the nodion char in a shore period of time the Western world had
generated muany patented inventions, theortsts of invention including Ogburn,
Usher, S, Colum Gillifan, and the popularizer Waldemar Kaemiert — the science
editor of Scientific American, Popular Science Monthly, and The New York Times —
allotted a crucial place to inventors with extra intelligence: the great men in his-
tory. More explicitly than Veblen, these sociologists turned engincers inte male
heroes using images from popular fiction. Like Mason, they recoiled from taking
their monogenctic theory to its logical conclusion. They induded neither other
cultures nor women in their theory to explain the difference berween Western and
other cultures, but fixed scientists and engineers as male agenrs of history, who
produced what they now called technology.

The rise of the Nartional Research Council (NRC) and the Departments of
Commerce atter the first World War surpassed the Smithsonian in classitying and
in laying claims to the objects of the twentieth century. Up to the firse World War
the Smithsonian had been inscrumental in fostering the material world char seill
could include a range of inventions from clay pots, and corsets ro cars, buc when
the NRC joined hands with corporate sponsors in organizing the 93os World’s
Fairs it legitimized a new language of technology closcly associared with industry,
the military, and the professionalizing communities of science and enginecring,
Listablished by Woodrow Wilson, the NRC would become the primary agency for
promoting the cooperation of science, industry, and the military. Big science and
big engincering became ever more closely tied to the military-corporaze complex. [f
the Smithsonian-organized fairs still included a hodgepodge of artifacts from clay
pots, and bonnets to reapers, the NRCs staged aftairs resolutely resembled clean
corporate machines. More importantdy, the tise wo prominence of the NRC in
staging the World's Fairs shaped the emergence of a new paradigm that put scien-
tists, engineers, and corporations center stage as the producers of rechnological ar-
tifacts and cast women, workers, and African Americans as consumers.” In the

course of a century, technolngy had been turned into a producr, enginccrs meo
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Figure 8. Corporate ;i[]{:gm"\-’ of a manly partnership between Labor and Capital witnessed by
a female Consumer, Reproduced from autobiography of cogineer and caprain of indusrey Paul

VWecks Livehficld, Asiwann Leanes: Reflections of ai Dudustrral Livetenane (1945).

producers, and women and workers into consumers who were mere onlookers of
the technical enterprise, As ime went by, technology would come to mean the his-
tory of corporate engineering. [Jigure 8]
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From Elite Profession to Mass Occupation

ngineers emerged as the shock troops of industrial capitalism. Nevertheless

there was something curious abourt the engincer’s success to command

male culeueai authority, While intellecruals, arrises, and soctal scientists en-

dowed them with great cultural meaning and importance, many engineers fel
misunderstood. disrespected, and undervalued. They suffered from existential
anxieties what it meant to be an engineer and where the boundarics of its knowl-
edge domain lay - anxieties that came to the forefronc at three historical juncures.
From che World’s Columbian Exposition in 1893 through the aftermath of the
first World War, many advocates for the engineering profession argued over the
definition of engineer in countdess articles that appeared in the echnical press.
These spokesmen for the occupation included engineering educarors and reform-
crs, editors of technical journals, and leaders of accupational organizations. Com-
ing on the heels of bitcer industrial struggles, their articles expressed intense status
anxieties of patrician enginceers who faced an aggressive industerial development
and who felt threatened by a sense of class war and a menacing procession of immi-
grant cultures. In this serting, contests over the eriteria for membership of the pro-
fessional organizations between the various factions wichin engioeering did not
merely define the term engineer. They helped ¢laim a special knowledge for engi-
neers and legicimized their cultural authority coded in terms of a revitalized mandi-
ness. The leading American bridge engineer John AL, Waddell (1854-1938), born
of lrish-American parentage and closely associared with America’s imperial pro-
jects at home and abroad, had built the larger pare of his career on overseas work in
Mexico, Cuba, New Zealand, Russia, and Japan. Waddell liked to lecture students
and his peers on the many tactics of upgrading the status of engineers and ex-
pressed his concerns about the proper class, gender, and ethnic boundaries of the
engineering profession before a crcle of academic engineers in 1903 thus: “We
have the man who fires the boiler and pulls the throtele dubbed a locomotive or
stationary engineer; we have the woman who fires the stove and cooks the dinner
dubbed the domestic engineer; and iv will nor be long before the barefoored Afri-
can, who pounds the mud into the brick models, will be calling himself a ceramic
engineer,” Through his figure of speech, Waddell belitded the skills of mechanics,
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women home cconomises, and bricklayers as a rherorical strategy that sought to
upgrade the profession. He incorporated a scientific racisin that became mare co-
herent and articulated in the decades after the World's Columbian Exposition in
1893: it was a racism that clected James Wate racher chan Mason’s African women
as carly technologists. Establishment engineers — among whom academic engi-
neers were most vocal — insisted thart the distinetion and the term engineer be re-
specied, as if to counter the occupational ambiguity that always seemed to be
furking in the background.

American engineering transformed from an clite to a mass occupartion, grew
the fastest of all, and differentarced at a great pace from che 18gos onwards. It was
also a deeply divided and segmented profession whose practitioners could be
tound working anywhere from boardrooms to drafting departments, mechanics
workshops, and chemical labs as executives, managers, designers, draftsmen, de-
wailers. checkers, tiacers, and testing technicians: by 1935 chere were 2,518 different
engineering job titles. Lacking the dlassic gatckeeping mechanism of a central
agency, the state, or professional organization, American engincering neither be-
came a closed profession associated with science as in France where the stare
groomed a small elite for leadership positions; nor did it fashion itself after the
British engineering cuiture of small family firms, craft tradicions, working-class as-
sociations, and kinships. Instcad, American enginecring would evolve inte some-
thing beeween the French and British models: a mass middle-class occupation
with a hybrid form of professionalism and an almost knee-jerk aversion against
classical blue-collar unionism.” When the gates were opened to newcomers from
lower-class and different echaic backgrounds, maintaining the middie-class posi-
tion proved to be tenuous, however, In an immigrant society where upward mo-
bility marked a bone of contention, the rhetorical positons on manliness and race
often masked the rensions of class.

Engincering advocates were engaged in a balancing act of maintaining the class
status of the profession when it cransformed from a small elire profession to 2 mass
occupation. Nineteenth-century engineets, many of whom had been employed by
the railroad corporations, formed a class of middie managers who invented, inno-
vated, and arbitrated in the emerging federal and corporate burcaucracies. When
the state and the corparations expanded dramatically in the early twenticth cen-
tury, new generations of engineers — many now {rom ethnic backgrounds — starred
1o fill positions in the lower rungs of the middle class.” As a group, engineers found
themselves not merely caught in the middle, they also acted as an active and
self-conscious constituent as a middle class in formation.” Lstablishment engineers
like Waddel! tried to advance their lofty professional ideas within the pristine walls
of engineering schools, the pages of technical journals, or the hails of professional
organizations. Educational standards did not manage to lay a foundation for a mo-
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nopoly or serve as a benchmark of competence. Subsequent movements of engi-
neering reformers failed to inrroduce a professionalism along the lines of their
medical brothers. Closely associated with industry, establishment engineers re-
jected uniform education and credentialing rules. The efforts of Progressive engi-
neering reformers like Morris Cooke to sever the ties with the American business
community failed during the pivotal period between the 19108 and 19308 when the
discontent came to the fore. Nor were academic engineers successful in restricring,
access to their ranks through educartion.’

The insistence on a proper definition of the field stemmed in part from the am-
biguous and loose nature of engineering, the inability to find clear garckeeping
mechanisms. At a time when Waddell worried abourt the proper race and gender
boundaries of the profession, the fastest growing occupation transformed into a
muass carcer for many. In the balancing act, gender and race were more rigidly
maintained in a socicty where upward mobility marked a bone of contention. Ra-
ctal and gender lines were therefore more carefully drawn. Often the rhetorical po-
sitions on manliness and race masked the tensions of class that were parc and parcel
of the most greatly expanding occupation of all. Waddells rhetorical position fell
squarely with the leading engineers’s search for professionalization.

In the negotiations over boundarics of class, three major cultural contlicts
shaped enginecring that sought to renew its middle class character through a lan-
guage of manliness and whiteness. The first cultural conflict erupted over the
question of where the true path lay toward an engincering carcer and technical ex-
pertise and knowledge: through the doors of the rough workshop or the genteel
schoolroom. It pitted propricty engineers and academic engineers against each
other in a struggle over renewing male authority based on class relations of the
workplace or on science. This contest, at its height during the 1890s, has entered
the secondary literature as the tensions beeween the shopfloor versus the school
culture. In the decades that followed, establishmene engineers and the rank-and-
file engineers struggled over the direction of professionalism and engineering
unionism. In this struggle, the danger of being declassed and demasculinized
threatened the status of the engineer as a middle-class man. Finally, as the govern-
ment-military complex gradually emerged as a resubt of the first World War, aca-
demic scientists and industrial rescarchers like Karl Compron, Robert Millikan,
Arthur Sheridan, and Arthur D). Licde argued abour the meanings of applied sci-
ence and technology. The thetorical contest centered on the corporate sponsor-
ships, federal rescarch and development resources, and the enginect’s proper
cultural authority and status as a corporate man. The contest culminated in the
struggles over the meaning of rechnology during the 1930s that recaptured and re-
worked carlicr episodes and came o mean how we understand technology raday: a
white, middle class, and male enterprise that sought to claim an exclusive experrise
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for engineers over other forms of technical knowledge while ac the same time
making universal claims for iv. Although cach culwural conflict has received ateen-
tion, they have been considered neither in terms of class, gender, and echnicity nor
in relation to each other. When immigrant and lower-class sons began to enter
through the system of American enginecring education, the boundary work of
class became an ongoing process of redefinition, while at the same time gender and
race boundaries werc upheld. The sons of the lower middle class and immigranes
joined, but, with few exceptions women and African Americans were kepeon sep-
arate educational and employment tracks. The boundary work of class was re-
worked, rejuvenared, and remade through these three historical episedes.

‘SHOr1r1.00R CULTURE AND THE WORKPILACE As MORAL
(GYMNASIUM

In the middle of the ninetecnth century when America laid a grid over the newly
conquered western territories wich canals. turnpikes, and railroad tracks, and ur-
ban centers sprang up along the way, engincering offered aspiring men soctal sta-
tus and, later, the promise of upward mobility. It promised a more securc income
and opporrunities for advancement to a young man who had decided the rime had
come to be a serious breadwinner, Alfred West Gilbert (1816-1900), the son of a
tenant farmer, explained how he settled on engineering when he fell in love with
his future wife and saw the rapidly expanding public works projects in the
mid-Atlantic region.” After his father offered to pay for his education, Gilbert be-
came a city engineer, surveyor, and lawyer in Cincinnatd, a ciry then emerging on
the banks of the Ohio river — the center of steamboar building and repair, home of
many steamboat-related industries of general machine work and machine-tool
manufacture. His career was closely associated with the building of the city's water
infrastructure. In a similar fashion and of the same generation, James Worrall
(1812-1885), the son of an Irish-born bookseller in the manufacturing city of Phila-
delphin, aspired to the lite of genteel culeure but abhorred the idea that intellectual
ideas could be sold as books just like any other commercial goods. He wondered
after meeting his furure wife how he could escape his father’s business and find a
job, and decided on engineering in the 18405 when “everywhere around me [ saw
constructors, builders of churches, of wharves, of canals, of fortifications.”™ Some
men went into engineering to affirm or replicate their comfortable backgrounds.
Others — like the sons of impoverished Southern plantadon owners who became
the shock troops of the New South after the Civil War — did so in an effort to re-
capture their social status after family fortunes had been fost. In America, engi-
neering was an occupation of the middle class. Unlike France, in the U.S. shared
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expectations, aspirations, and goals — not family backgrounds — came to shape the
social cohesion of engineering since it was linked to induserial capialism rather
than state service. [n America, engineering did nort reproduce old elites or middle
classes; it groomed young men into a sense of class through distinet rituals, narra-
tives, and self-representations when it expanded dramatically.

During the first half of the nineteenth century, ir was quire common for engi-
neers to be trained exclusively on the job. In the absence of engineering schools it
had been standard praciice on Erie canal’s building sices to recruiting engineers by
promoting capable chiefs of survey crews. This kind of informal recruitment and
apprenticeship carried over from America’s internal improvement projects o
other sectors including the building of the railroads. The building of the first ma-
jor American railroad, the Baltimore & Ohio, served as a laboratory for training
many civil engineers, and a generation later the construction of many railroad
bridges spanning the major arteries gave many engineers the necessary experience
to become bridge specialists, later used in countries as far away as Uganda. In the
gold and silver fields of California and Nevada, engineers learned new rechniques
in decp gravel and hard-rock mining. Two generations of mining and civil engi-
neers, following the wacks of the federal government’s topographical engineers
since 1824, extended the American sphere of influence, ventured into the Ameri-
can West in the 1840s only to move into Mexico, Cuba, Panama, the Philippines,
Australia, and South Africa from the 1870s through 18g0s; they sampled ore.
staked out claims, supervised triaf drifling, furnished drawings, calculated esti-
mates, and acted as promoters of mines on behalf of investors with interested
stockholders or as managers in hiring immigrant or foreign labor.” On-the-job
tralning on the construction sites of canals, railroads, and urban centers became a
common method of producing civil and mining engineers. Here aspiring young
men worked in sex-segregared workplaces and shantytowns alongside common la-
borers and skilled workers from England. Ireland, Scodand, Germany, Taly, and
Mexico from whom they expected to learn all the aspects of their trade in order w
move up and out of the lower ranks as soon as possible. Starting as laborers respon-
sible for clearing land alongside the Irish and slave African-American workers, on
the railroad and canal building sites. they worked with the expecration chat they
would move up che ladder from chatnman o rodman, t ransiuman, to surveyor,
and evenrally o assistant engineer. The labor camps along dhe tracing lines of
projected canals and crain tracks were largely societtes of men, where hard living,
hard working, and hard drioking were cherished values, reminding many an aspir-
ing engineer of the kind of proletarian manhood they were determined ro avoid at
all costs. Always terrains of labor contlicts over wages, working conditions, and
control, emerging unscathed from the rough and tumble culture of the labor

camps became rites and sites of passage into manhood shaped by a contest over
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class relations. “Cannallers,” writes their historian Peter Way, “participated in
sport, fighting, boozing and various contests of strength, in the process developing
a proletarian sense of virility and physical prowess.™ Rough amusement of drink-
ing, laughter, and boisterous fighring expressed the deepest solidarities and resent-
ments of lower-class men, who came to embrace this rough code of manhood as a
way of deriding and resisting respectable and moralistic manliness of the middle
class into which the engineers entered.

In this context, practical rraining was not only an important channel for the
formation and social repreduction of middle-class tdentity, it also represenred a
formalized ritual of male socialization of middle-class men.™ Born into a family of
lawyers, Robert Ridgway (1862-1938), who would become an important urban en-
gineer of teeming New York later in the century, had received only a minimum of
academic instruction because the panic of 1873 forced his lawyer father to move his
children back to the family farm. Instead of going to college, Ridgway went off
west to the ficld-school of engineering — the expansionist projects of the large rail-
road construction in the West. The young Ridgway rode the wave of the railroad
building boom in the period berween the economic busts of 1873 and 1893, enter-
ing upon his engineering carcer at the age of 20 as a rodman on a surveying cxpedi-
tiotr in Monaana during the summer of 1882, only to continue with the Northern
Pacific Railroad in Wisconsin. He reccived his first engineering training on the
building sites and in the labor camps in the newly acquired Western Territories i
Montana where he hoped to find his manhood. After his initiation into manhood
in the West, he returned East because “the fronder today is in the cities — not on
the prairies.” He builc his carcer by participating in the new engineering infra-
structure of streers, sewers, warer supply, tunnels, elecrrical lines, and subway sys-
tems that were Jaid out for the booming urban center of New York - the poru of
entry for millions of immigrants at the curn of the century. He obrained his first
promotion to the position of leveler three years later, when he joined the building
of New York State’s aqueduct system at Croton. There, he had an explosive con-
flict with the [taltan masons over the lining technique of the tunnelling. The con-
flict berween engineering knowledge and the skilled ealian masons was a classic
contest over who possessed the best technical knowledge and controlled the work-
place. Ridgway and his engineering corps won. Ridgway worked ten more years
before moving up from senior assistant engineer in New York Cicy's Rapid Transic
Systemn building projects to division engineer on the New York Fast River Tunnel
construction works in 1900.

It would take more than twenty years of informal recruitment procedures,
on-the-job training, and careful negotiation with workers and contractors over ex-
pertise, command, and control on the building sites from Montana to New York

before Ridgway could call himself an engineer.” To help negotiate the tension be-
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Figure v, Civil engineer Rohert Ridgway posing in front of the field office near Old Croton

Dam in 1887 and seated tap step on the leftamidst young engineering wainees. Note the skilled
Tralian mason at the vxereme nght whose knowledge of tunnding weehnique Ridgway and his
engineering crew contested. Reproduced from Robert Ridgway, "My Appremtice Days,” Civdd

Ernpineoring (1938). Courtesy of Delft University of Technaology, Delft, The Netherlands,

vween capital and labor, between field engineers and skilled workers, between
white collar and blue collar, Ridgway's generation dressed for their outdoor activi-
tics on the building site while keeping a safe distance from their working-class sub-
ordinates through carcfully chosen headgear and shoes. [Figure 9] Well into the
twentieth century, this kind of on-the-job training made up an important segment
of the engineer’s overall schooling. In the exdle industry, practical training also
known as the “tour of the mill” was still the centerpiece of mechanical engineering
training and rounded offa formal education until the 18gos. In the nincreenth and
carly twenrieth centuries, proprictors’ sons were no longer expected to master a
trade, but because of the increasing complexity of the manufacturing process they
still trained in the plant 1o acquire a working knowledge of all the facets of che
firm, including the materials used, processing, production, sales, and repair.”
The belief in and practice of shopfloor knowledge became canonized in the no-
tion of the importance, if not the necessity, of hands-on and ficld Cralning repro-
ducing for a new age a patriarchal authority thar was based on class relations rather
than on science. The ideological base for this shopfloor caliure came firse of all
from the machineshops in Pennsylvania. In Philadelphia and other castern indus-
trial centers, advocates and managers of the shop culture formed a class-conscious
elite with a network of family connections resembling Bridish recruiument pat-

terns. Many sons of this culture of Family-owned business found chemselves ina
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Flonwre 1o, Bethlehem Sreel’s Machine Shop na, 2, sive of Frederick Taylor's metal-cucting ex-

periments around 1900, Mechanical engineers” moral gymnasium framed as a production tloor

without workers. Courtesy of ]-Iziglr:}-' Musenn and Library, Wilmingron, DE.

period of rransition when their opportunities for proprictorship was shaped by
ill-defined, middle-level positions in large organizations. Working at the Baldwin
Locomotive engineering shop, Raffe Emerson, the son of Taylor disciple Harring-
ton Emerson thought the experience would make a man of him physically, some-
thing he believed mere strenuous exercise would not do. As he wrote to his father
in 1904, “A few months of this kind of work will...be the best kind of a brain reast
(sic] and body builder for me. Sailing a boat, or hunting might be somewhat more
healchful, but not nearly so profitable as experiences.” Young men of Emerson’s
circle cherished Emerson’s brand of manliness chat valued bodily prowess, indi-
vidualistic assertiveness, and valuable experience as measures of manliness. The
machinists Emerson worked with, by contrase, defined their manliness in terms of
skill and solidarity. These nineteench-cencury male working codes not only served
as an iniriation rize for the profession, but for middle-class manliness in the 1890s.
For sons raised on a work cthic, the accumulared riches of successful fathers posed
a threat to proper character development. The aura of independence, the esprir de
corps, and the sense ol scrvice to socicty embodied in the cthos of

professionalization offered an acceptable way out of the dilemma.”



From Efire Profession ro Mass Occupation 59

For men of Frederick W. Taylor’s generation, the factory and the field consei-
tuted a moral gymnasium for the exercise of character developmene. |Figure 10]
Taylor (1856-1915) was not the only one of his generation and class who, after fail-
ing health, would abandon his classical education and turn to the field of engincer-
ing. After Reconstruction, many of his contemporaries treated the field or the
shop as a site where they could reconfirm their quintessential manliness defined by
class.” In arguing over what constituted the rrue mechanical engineer, members of
the ASME. discussed where the honor of engineering lay or what distinguished
them from stationary, locomotive, or marine engineers — the kind of skilled work-
ers that Waddell also contested. In 1895, one member “disavowed meaning any
disrespect to overalls or greasy hands, and said he had worn overalls and had his
hand and face as black as anybody else ever had, and was not in the least ashamed
of it.”™ Nevertheless, such provisional dress was carefully coded o flag class dis-
tinctions in the workplace.

The rites of passages of grease, overalls, and blackface on production floors.
building sires, and in mine shafts were closely linked to the nerwork of kinship
connections. ot most of the nincreenth century male socialization resulted from
paternal relations berween fathers and sons, which developed in tandem wich the
fraternal relationships beoween fachers and their peers. These family nerworks and
informal relations took their most institutionalized form in the more elite engi-
neering socicties and provided the sons with a platform for becoming engineers
and advancing in their career, The well-traveled mining engineer, author and edi-
tor Thomas Rickard (b.1864), who boasted an international career in the mines of
Colorado, France, Australia, and New Zealand, relied on his extensive experience
when as late as 1906 he sull advised tha a good stare “such as a father able o pay for
the necessary education, a kind uncle to give the graduare a job. and friends glad o
give 2 push when most necded” was viral for success.”

This patrern of soctalization and acquisition of technical knowledge occurred
not only in small proprictary firms but continued in the emerging corporations
that were based on the patriarchal culture of family firms. Even when the chemical
firm DuPont Company went through a large organizational transformation from
a Delaware family-run firm o a major vertically integrated corporation, expand-
ing from 1,500 to 60,000 employees from 1902 to 1915, the old social networks and
functions still guided some aspects of the managerial routines, As mining engineer
Thomas Rickard had advised castier, Flarry Pennington turned to his social peers
on behalf ot his nephew to request another position for him because of the arduous
nature of the work he faced on his first job as a day laborer ar the DuPont Com-
pany in 1915, In an apologeric response, Dulont’s General Manager Hamileon
Barksdale arranged a less srrenuous job for Penningron’s nephew, but he pointed

o, “he is, of course, at the present rime filling a miner position, as his lack of ex-
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perience necessitates, but [ should say that his future advancement depends only
upon his making good the impression he has already created.” Barksdale found
the assumption that Peanington could interfere quite aceeprable, butalso cited his
nephew’s lack of skill to underscore the rules of the system, The system combined
paternal protecrion with the principlies of meritocracy or “making good.” Paternal
protection meant that seniors would recognize, encourage, and foster the aspira-
tions of a young man who started ar the bottom of the corporate ladder as a day la-
borer. To a cermin degree, plant expericnces were vestiges of an apprenticeship
system that had sought to integrate voung malces into the ranks of skilled workers,
and had symbolized cheir passage into their adule roles as husbands and fathers.
"These rites of passages of the workplace reviralized a middle-class manliness for in-
dustrial capitalism when old patrerns of male socialization had been broken. Such
passages denied, but also resolved differences of class.

On the shop floors of the steel industry in Philadelphia, in the mine shafts of
Colorado, along the railroad tracks in Monrana, in the drafring deparements in
New York and at the labs in Dupont, enginecrs encountered a host of other groups
of workers like powerful iron puddlers, independent miners. unruly canallers,
low-level clerks, and ill-paid chemical analysts. They competed with chese male
workers for authority and control, and sought ro diflerentiate themselves from
them as well, bur = and this was the crux of the matter — the engineers also de-
pended on these workers as they needed w learn the tricks of the trade from them.,

As engineers became increasingly channcled inta white-collar jobs as managers,
“rubbing shoulders™ with the men on production floors and building sites as-
sumed a panticularly symbolic meaning as markers of manliness. Lngineers in
managerial positions for the most part soughe to control the process of production
and the performance of workers in the plant, bur their association with work-
ing-class manliness also “rubbed off,” as it were, onto them. Their aurhority over
other men depended on an ability o speak thedr language wigh them without be-
coming of them.” The true engineer neither simply emploved the chemical for-
mulae once memorized at school nor learned the rechnical aspects of production,
bur perhaps more imporantdy, also sought to command a cultoral fluency of the
wortkplace — the men who could alk shop with the workers, while simultancously
supcrvising and keeping a safe distance or, 1o put itin the words of civil engineer
Oteo Garman, the faciliey to “adjust yvour vocabulary to the shop, the camp or che
trench lwithout forgetting] thar there is a different vocabulary and suitable sub-
jects 1o be used in the drawing room.™ In order to gain authority over the Trish,
Welsh, Scourish, Canadian, and lalian workers they supervised, management en-
gincers needed 1o be able to speak the fanguage of the workplace. In the case of
skilled workers, this learning process rested on the willingness and cooperation of

workers to share their knowledge, Unlike the fields of medicine and law, socializa-
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ton in engineering occurred through the association wich and the simulaneous
rejection of the manhood of the class of lower professionals, skilled workers, and
common laborers with whom engineers worked in the workplace. Abstaining
from alcohol and proper dress became importane markers of class difference.

When engineering changed from an ¢lite profession to a mass occupation and
when management practices sought to reduce skilled workers to mere physical la-
borers by extracting skills and by removing work decisions from production floors
and building sites and placing them in the hands of personnet officers and middle
managers, middle-class men became even more heavily invested in the ideal of
bodily prowess and hands-on experience. ‘The romance of the shop floor, its culdi-
vadion of stamina, and bodily prowess gained ideological expression ac the very
time thar management practices started to separate manual from mental labor and
engineers became more removed from the tough ralk on the production Hoors and
building sites.” This tdeal of manliness located manly characteristics in the body
and in individual achievement. Tn contrast to the late eighteenth century’s empha-
sis on refinement and status in the community or the body politic, the emphasis
on the male body found its most forceful expression in upper-class men’s celebra-
tion of sports like basketball, volieyball and rughby.” This cmphasts had a particular
meaning for management engineers. While men like Taylor, Raffe Emerson,
Ridgway. and John Fritz celebrated cheir feelings of fraternity with skilled work-
ers, they also participated actively in reducing and controlling workers™ skills. In
recalling their work days, engineers portrayed themselves as active builders when
they merely had the supervision over others carrying out the actual construction
work. Thus, a switch occurred in both language and image. Managemenr engi-
neers and engineering educators appropriated nor only the mental labor of skilled
warkers, but also metaphorically appropriated their bodies. Racher chan speaking
of their supervisory functions, they seized the language of building and design as
the eangible result of their own engineering creativity.

‘The association of engineering's identity with rough-and-tumble and hands-
on experienee of production floors and buitding sites was both real and idealized.
Business enginecrs came to articulate their shopfioor identity when they became
overwhelmed by the selentilic claims of academic engincers and by the unions” de-
fense of workers” rechnical knowledge against management encroachments. The
affection that engineering managers cherished for their workers had discinet limits
for they showed unmistakable hostility o the desire of skilled workers like British
mechanics, Welsh miners, and lealian masons for control over their work, and
their aspirations to have their own unions. Only rarely did successtul engineers
show support for workers” unions. or, for that maceer, for engineers” unions. When
lower ranking engineers articulated their own desire for an organization that
would address their pay scales and working conditions, welephone engineer Garri-
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son Babeock (b. 1879) insisted thar the new organization of engineers “must over-
come the Impression thar beeause we are an association of engineers we are a
union.””" Engineers had a knee-jerk aversion against blue-collar unionism. If a
skilled industrial workers” organization based its strengeh on economic and social
solidarity among workers, the social cohesion of engineering rested on the promise
of individual social upward mobility and the stmultancous acknowledgment of

such aspirations by men in the higher echelons.

‘ScHOOL CULTURE AND THE DOMESTICATION OF QUTSIDERS

Those who ¢dlebrated the production-floor manliness of grease also responded to
other contenders of their technical authority. After the Civil War, proponents of
formal schooling began to advocate a contrasting vision of engineering skills. En-
gineering schools openly challenged the experience-based education so firmly en-
trenched in the industrial craft rraditions in the machine shops, mine shafts, and
on the building sites of the canal, turnpike, and railroad projects throughout che
LS. and beyond. Catering to the new demand for young recruits to statf the in-
dustrial expansion, academic engineers soughc eredenrials o monitor admission
into the engineering ranks. They claimed wo offer their students "methodical and
scientific application to everyday actions,” instead of the unregulated and despised
rute-of-thumib method.” Wichin the engineering establishment, the conflice be-
rween the tvo models of education — one based on formal education, the other on
on-the-job-training — came to a head during the 1880s and 18yos. Despite the
growing numbers of school-educated engineers over the following half-century,
however, as late as the 19405 abour 45 percent of male engineers and chemisis who
worked i or had applied for engineering positions had yet to complete their col-
lege educations.” Only after the second World War would engineering schools
win this struggle over credentialling and acquire the kind of male privilege the old
patriarchal culture of the family firms had once possessed.

On the eve of the Columbian Exposition, academic engineers began o rally
forces in establishing in 1891 the Society for the Promotion of Engineering Educa-
ton. It way before thiy organization that bridge engineer and the profession’s
prominent promoter Waddell entertained his brethren by ridiculing railroad driv-
ers, women home economists, and “the barcfooted African, whe pounds the mud
into the brick models,” but called themselves enginecers. His sneer was less a play
on words as it appeared ac first, than a rherorical strategy thac sought to fix clear
class, gender, and race boundaries ac a1ime when American education was ex-

panding dramatically 10 extend s promises o lower class youths and a few
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women and African-American graduates who scaled the engincering bastion.
Waddell drew on several vocabularies and reworked it into a new discourse.

In the decade tollowing the Civil War, diversity and openness characterized
American engineering education. [t nevertheless came to be bound by gender and
race. Hailed as the landmark legislation aimed at pushing higher education to un-
precedented levels, the Morill Land Grant Act of 1862 helped cstablish several
schools of engineering at land-grant state universities, colleges, polytechntic nsti-
tutes, and private universities throughout the land. During the Civil War, the
Northern Congress had legislared the Act for the express purpose of educating the
children of farmers and industrial workers, Tes drafiers had not stipulated with pre-
cision what they meant by “agriculearal and mechanic arts,” however, and in the
carly days. women, workers, and farmers attended courses given at insticuttons like
MIT. Industrialists who had sponsored the Act not only had been the firse in sup-
porting education of the “industrial classes™, they had also been ac the forefront in
sponsoring the instruction of women’s in a temporary alliance wich women's
rights activists. As sponsors of the “uscful ars,” they welcomed the enrollment of
women, viewing them as a potential disciplined workforee.

"This broad commirment continued in the early davs of the Morrill Ace, but this
would change in the course of the cenwury, Under the acgis of members of Con-
gress from the North, seate officials, local business men, and engineering educators
“the agricultural and mechanic ares™ often came to mean induscrial rather chan ag-
vicultural education, technical rather than artisanal training, and school-based ¢n-
gineering rather than a Brivish-style apprenticeship. More often than not the
allocations came to respond to the need for engineers in the development of indus-
trial centers in the Ease or in the exploitation of the rich mineral resources and the
expansion for mining and railroad lobbies in the Western Territorics.

Over time, educators and local bustness men began to upgrade the various in-
dustrial education programs and instituted policies which kepr ac bay those groups
that had been the bill's main mission initally. The push of upgrading the field
through the infusion of professional ideals resulted in the masculinization of
higher education of engineering in the U.S. that historian Margaret Rossiter has
demonsttated for the sciences as well. Leading enginecring educators affiliaced
with the Massachusetts, the California, and the Stevens Instiauies of Technology
tried to formalize engincering knowledge by linking it with scientific tradition, or
what they came to call applied science. Breaking with che rraditions of vocational
training, these advocates managed to seize all che atcributes of scientific rhetoric,

The term applied science seized the older terms uscful arts and mechanic arts
and imbucd it with the cachet of science. After the depression of 1873, MI'1"s Fran-
¢is Walker and his crew of young professors thoroughly transformed vhe institu-

tion from the original design of founder William Roger and his abolidontst and
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unionist circle. They closed down the school of mechanic arts and deemphasized
popular lectures and the society of the ares thac catered to the local communiey. [n
this effort, the werms applied science and 1echnology marked rhetorical positions
that allowed them o cleanse and sanitize the profession from the sweat, dire, and
callouses associated with labor. Jacob Bigelow's title of his chair at Harvard, “ap-
plication of scicnce o the useful arts”, expressed thar middling position between
the skilled workers of the mechanics insticuces and Harvard’s gentlemen of sci-
ence. {echnalogy, as MIT students sang in their college songs at the end of the cen-
tury, was founded on science and arr, not on the skill or experience associated with
workmen. And with an eye to the gentlemen rhen residing across the Charles
River, the reformers of rechnical educadion ar MIT eventually appropriated the id-
iom of science to drive a wedge between Harvard's genteel education for the “gen-
tlemen of science” and the more vocational and shopfloor-oriented instruction
advocated by the mechanics” institutes. 1n the process of professionalization, phys-
icists had dropped opics like hydravlics and mechanies, while engineering advo-
cates appropriated chem. Both sanidved their fields from any working-class
associations,

Liven if the thetoric of science began to enter the walls of some leading engi-
neering schools, the funds such institutons and the hodgepodge of other engt-
necering schools spent on scientific research did not refleet this ideal atall. Shifting
coalitions between practical engineers, science-onented academics, and curricu-
tum reformers batiled over the direction of education all over the country in the
period hetween 1880 until che second World War. Pecuniary reasons also pro-
tracted the ideal from becoming reality. Scientific rescarch at engineering schoaols
would become an option only after 1940 when the federal government earmarked
large sums for rescarch as a result of major wartime allocations.” The rhetorical po-
sition in mid-century anticipated rather than followed social reality, yet it served a
clear purpose. From Boston to Hoboken, leading academic engineers began sever-
ing technical education’s intimace ties to local communities and shedding work-
ing-class roots and its alliance with women’s righes’ advocates, I in the early years
of building an institution most engineering programs admitted a few women as
special students o increase enrollment numbers, once the educators felt on firmer
ground, they started ro spurn them as part of whar Margaret Rossiter has called the
masculinization of the professions. Significandy oo, the co-educational land-
grant institutions were the first to sponsor home economics as separate career
tracks for women which diverted many rural women, interested in rechnical
fields.”

The chicfarchiteet of the ideology of “school culture” and shaper of the profes-
sional boundaries of mechanical engincering was engincering educator Roberr H.
Thurston (1839-1903}. I'hurston was descended from the early setders of Rhode 1s-
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Figure 1. Cartoon of civil engineering studenes at the Land-grant insticution Purduce Univer-
sity presenting themselves as Individual hridge builders working in the ficld racher than as par-
ticipants in large labor-intensive projects. Reproduced from engineering cliss book Deferrs of

893,

land as the eldest son of a prominent manufacturer of steam engines, but had no
knack for business to follow in his father’s footsteps. Instead, be pursued an aca-
demic career as a professor at Stevens Institute of Technology and ar the land-
grant institution Comnell University, where he inaugurated the frst mechanical
laboratory and shop courses in the country, and became the first president of the
ASME 1n 1880, and a member of the AAAS. He developed his argument regarding
the academic aspect of engineering knowledge (“the application of scientific theo-
rics to the useful arts™) in a debate with a Johns Hopkins physics protessor, Henry
Rowland, who espoused the notion that science racher than enginecring stood at
the pinnacle of true knowledge. Carving out a space between advocates of pure sci-
ence and those extolling the virtues of practical engineering as a moral gymna-
stum, academic engineers like Thurston never grew tired of lobbying for formal
technical education as the rrue pach towards engineering knowledge.™ In the hope
of achieving their aims, academic engineers increasingly relied on tactics of
professionalization and adjusted their educational goal forging ties with national
industrial corporations and visiting local factories with their students.
Nevertheless, graduates from engineering schools found themselves unpre-

pared for the resistance {rom scasoned feld engineers, powerful employers, auto-
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cratic foremen, and skilled workers alike, who had little use for academic attitudes
and continued to put their faith in knowledge learned through their craft’s tradi-
rion, their own experience, or existing plant routines, and who accomplished in-
novation through a method of trial and error racher than through the scientific
procedures advocated by the academicians. [Figure 11] The experienced field engi-
ncer Ainsworth remembered the four enginecring students and an assiscant profes-
sor from the land-grant institutions lowa State, Wisconsin, and Michigan
Universitics who had been assigned on a survey job for the Chicago-Missouri and
St. Paul railroad in che 1880s. Tt was not a happy meeting of work cultures: “'These
men seem to think they were our for fun only, and T had to say to them, that it
made no difference whether they were from the slums of a city, or a State Univer-
sity; if they remained in my camp they must behave decently.” Ainsworth con-
cluded: “the work should be done in my way.””

Others agreed. “That the professional schools can make engineers is absurd,”
wrote one rcader of the widely read New York journal the Engineering News in
1915, expressing a strong belief in shop-floor knowledge.” And even educators had
to concede that, “engineers are not made in college.” Many agreed that only a
“long apprenticeship of practice” marked the true rice of passage into engineering,
The engineering student “learns o be an engineer by his post-graduate course in
life, where he is rubbed bright by continual practice.”” Such instruction in the
workplace directly challenged the autharity sought by engineering educators. The
editors of Fugineering and Contracring of Chicago, for instance, quored their man-
aging director, the civil engineer and scientific management adept, Halbert P
Gilleree {b. 1869), who had argued that a “complete education should give @ man
habics as well as ideas and raining in logic. The habit of going among men, the
habit of studying their habits...[are]...certainly not less important than a training
in science. ] fear they are, however, the very things that few educators have tried to
cultivate in their studenes.”™ The “habit of going among men’ represented a mana-
gerial ideal of engineering that carried a heavy political load. It thus linked engi-
neering professionalism closely to management and business.

Educational reformers like 7' hurston who sought to upgrade engincering train-
ing faced a dilemma, however. Their form of engincering knowledge was based on
the authority of science rather than on the authority of the workplace where class
shaped the relations between management and labor. In the eyes of employers
who were supposed to hire their students, academic knowledge did not prepare
them for the rough-and-tumble realities of the production floors and building
sites, Many engineering educators tried to imitate “the methods and manners of
rcal shop-life” in college shops that housed steam engines, blacksmith tools,
foundries and the like. Here hands-on experience could be acquired while presery-
ing academic ideals. ‘The issue did not turn on machines but on men, However
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well-equipped, the problem with the college shops was that the true confroneation
with the attitudes of independent workers and bullying foremen could not be
tested, The ability to “handle men” remained the true hallmark of the successful
engineer of a management professionalism of engineering. This managerial ideal
of engineering balanced precariously between working-class manliness and aca-
demic genality.” Work in the laboratory, the shop, and the field, tough jokes, and
overalls all added luster to the male rites of passages into the profession. [t served
not only an educational geal, but also sought to enhance the prestige of engineer-
ing education. In these enviconments, women students were encouraged to take
math classes burt often excluded from raking shop or field trips to factories manda-
tory for graduation.

"I'he balancing act beeween labor and capital, bevween working-class manliness
and female geneility found visual expression in the representational straregios of
advocates of engineering education. ‘The young California School of Technology
chose as the cover of its new magazine the image of Douglas Tilden’s sculprure
Mechanics Fountain, which celebrated the muscular masculinity of working-class
men, The sculpture, which fashioned a fanciful machine correct in mechanical de-
rail {lever, fixed pivor, and pivor link} but with an unworkable design, offered a
sanitized vision of the union between capiwal and [abor — the ideal that engineering
cducators espoused. The image of virile working-class men catered ro a thoroughly
middle-class audience. It also featured young apprentices dangling dangerously
from the lever arm of the punch press. [Figure 12| Consciously or not, the Califor-
nian engineering educators promoted an image that was scrangely appropriate for
the thousands of engineering students who, upon graduation, were desperacely
seeking entry-level jobs in the tighe market of the 1890s.”

As engincering cducators were aware, many graduates found themselves seuck
in drafring departments rather than climbing the promotional ladder towards
full-fledged engineering carcers. Educators were caught berween their own desire
for further formalization to meer the standards of academic colleagues of the sci-
ences and the demand from industry for practical training of cheir personnel. They
depended for the most pare on the willingness of powerful employers w accepr en-
gincering graduates. To cireumvent such contests over control and command in
the American workplace and the dwindling opportunitics in the American West,
academie engineers helped their graduates gain practical experience on the build-
ing sites of the fast-expanding American empire from Cuba, Panama, Nicaragua
to Hawait and the Philippines in the attermarh of the Spanish-American war. In a
debate over the most appropriate engineering education, bridge engineer and ad-
vocate Waddell insisted that Spanish rather than French should be trught becaiuse
"l am fully convinced that the United States will soon dominate the foreign busi-

ness of Latin-America; and chat such a resule must come abour primarily through
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Figure 2. Academicengineers projecting an achletic, muscular, and working-class but precari-
ous manliness on the caver of the first issue of #he Califorsia forwrnal r.ff"a"}.’c'f)uﬂfo@- 1. {February
19o3). Apprentices are dangling dangerously from the lever arm of the punch PLUss correct i
mechanical detail but with an overall dysfunedional design. Courtesy of Universiey af Califurnia

Library, Berkeley, CAL
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the efforts of American engineers.”™ For many, the emerging empire became the
moral gymnasium for voung graduates to gain entry into the field through the rices
of passages outside the U.S. in the period after 1898.

In the American South, Norchern industrialists and philanthropists helped
draw racial boundaries around technical expertise during the same period of ex-
pansion. Many African-American slaves had received technical training through
apprenticeships that had been used to teach slaves the vocational skills needed to
keep plantarions self-supporting. They worked as skilled stone masons, black-
smichs, and inventors. Funded by Northern industrialists, promoters of the New
South movement realized that after the abolition of slavery they needed the scores
of freed slaves as a new labor force to industrialize the South and defuse the hostil-
ity of white young men to do work rainted with the association with manual labor.
Technical education for the freed slaves seemed a logical step after Abolition, but
African Americans did not benefit from the allocations of the 1862 Morrill Act, in-
tended ro democratize higher education for the sons and daughters of farmers and
workers, Instead, a coalition of missionarics, freedmen's bureau’s officials, and
Northern industrialists helped fund separate institutions for African-Americans
including the Hampton Normal and Industrial Institure in Virginia (1872}, At-
lanta University, and the Tuskegee Normal and Industrial Tnstitute in Alabama
{1883} to inculcate a Northern work cthic and induserial skills, Even the revision of
the Act in 1890 stipulating that no state would recetve tederal money if ic did not
admit people of color to its land-grant colleges failed to solve the problem because
it also mandated that the states could provide such an education in “separate but
equal” institutions, As a result of the second Morrill Act, sixteen federally sup-
poried and separate African-American land-granc institutions and seven state-run
African-American normal schools and colleges were established between 1890 and
1915. African-Americans were shunned and sent onto separate educational and
employment tracks in the useful arts, bur not the applied sciences.

The addittonal funds for African-Americans provided separate cducational
paths towards technical work. carefully redrawing the lines of race when many
Southern African-Americans started to move to the North in the hope of escaping
the growing oppression in the South. This legistation eftectively kepr African-
Americans from joining the ranks of the expanding engineering occupation. In the
hardened racism of the 189os, African-Americans relied on several straregies to ne-
gotiate the narrow space left to them. At the Southern black schools, engineering
topics were taught under the disguise of the useful arrs, while Howard University
in Washington DC started a genuine engineering program wirhin its own walls as
carly as 1912. Individual African-Americans tried to scale the bastion by applying
to white Northern engineering schools including Ghio State University, Yale, and
MI'T. The racrics ro train African-Americans for technical ficlds was at least sue-
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cesstul enough that by 1927 a newly established engineering organization, the Na-
tional T'echnical Association, could boast 125 academically trained members. Fven
though they were engineers by training. it is significant they were careful to avoid
the term and instead chase ro idenafy themselves as technicians. Similarly, for AF-
rican-Americans, the mechanic arts might have been usetul and profitable, buc
they were not allowed to be termed applied science.” The African-American lead-
ers Booker T. Washington and W.E.B. Du Bois disagreed on what strategies to
follow in this armospherc of hardened racism during the 1890s. The Southern
ex-slave Washington opted for a tacric of camouflage by which he mobilized the
rhetorical positions of the useful arts for his own use. To the vounger Harvard-
educated 3 Bois, true liberation would suceeed only if African-Americans had
the right to be Shakespeare scholars and engincering professionals on the same

terms as whites.

REVITALIZING MALE AUGTHORITY THROUGH PROFESSIONALIZATION

At the end of the nincteenth century pressures for inclusion came from all sides: la-
bor, women, and African-American advocates all demanded their place. Through
the language of the medical moded of professionalism advocates of engineering re-
cast a male middle-class discourse of technical mastery and control that had also
been part of the patriarchal culture of business model of professionalism. "The firsc
contest of class Identity between the advocates of the shopfloor and those of
school-culture socialization had been limited to the establishment enginecring.
‘T'he second challenge to the reproduction of old patterns of male authority be-
tween establishment engineers and the rank-and-file was fought in terms of differ-
ent models of professionalization. Academic engineers, engineering advocares,
and establishment engineers employed rhetorical serategies and colned new words
to support these efforts. Their border disputes with other workers grew out of a
small elite’s efforts to establish professional organizations which reflected a larger
movement of professionalization also witnessed in many other specializations like
law and medicine.”

As an occupation, American engineering both resembled and differed from
other new professions because it was a divided house that was never able to estab-
lish the classical gatekeeping mechanisms like licensing laws, uniform education,
and credentalling, other professions were able to mobilize. 'The conflicts over the
true path towards an engineering career came to the fore in a battle over the kind
ol professional model engincering would ke, As engineering rransformed into a
mass occupacion and leaders tried wo control the process. three professional models

competed for prominence in the frst half of the twendieth century. Business lead-
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ers and establishment engincers working for private business patronized a protfes-
sionalism steeped in management ideals of command and control. It had an
ideological base in the shopfloor culture of the Eastern industrial establishment
and had been reworked to suit the circumstances of industrial capitalism.

By contrast many academic, consulting, and urban engincers supported a pro-
fessionalism modelled after the medical profession’s emphasis on autonomy and
ethics thar would keep a distance from the business ethics of profitibility. Rank-
and-file engineers rejected both management ideals and ethics; instead they fo-
cussed on employment services, working conditions, and pay through separate en-
gineering unions and bargaining units within blue-collar unions. In acceprance
speeches, professional journals, and anniversary banquets, engineering advocates
began to claim infinite expertise in aspects and direcrions far beyond purely tech-
nical knowledge, but they simultaneously expressed the need to establish clear and
unambiguous boundaries within an occupation where anybody from the board-
room and the research lab to the drafring departmenc could claim o be engineer.
Engincers engaged in different forms of boundary work because they did not suc-
ceed in drawing on the classical gatckeeping mechanisms of the ocher professions.
T'he establishment of the early occupational organizations provided one means for
developing the much-needed sense of unity that engineering lacked. These organi-
zations helped ro fix firm boundaries at points where they seemed particularly po-
rous. In 1867, the older generation of civil engineers had established the first
professional association (ASCE), which sheltered older, wealthier, and conserva-
tive members and upheld exclusionary requirements for new members for many
years to come. In response to these elite organizations, more inclusionary local or-
ganizations that could better deal with the regional working conditions and wel-
comed young graduates sprung up everywhere in the urban centers of Picsburgh,
Chicago, St. Louis, San Francisco, and many other industrial communities. In San
Francisco, the Technical Society of the Pacific Coast served as a focal point for en-
gincers as far as Hawaii, while the Cleveland Engineering Society tended to the lo-
cal politics of the city’s reform mayors. By 1915, onc abserver estimated that about
20,000 engincers had banded together in local clubs and the same number in na-
tional associadions. These initiatives were so successful that wichin thirty years,
200,000 engineers had erganized themselves in national societies; another 12,000
belonged ro state associations, 27,000 to lacal ones, and 72,000 joined engineering
honor societies and fraternicies.” Many held multiple memberships, knitting the
growing fraternity together that came to carve out an important niche of male
middle-class identity, authority, and values. Professional organizations played im-
portant roles in serting occupational boundaries on both edges — upper and lower.

Just as America expanded its induseries westward and onward Into countries in

South America and the Pacific and the field of engineering became a mass occupa-
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tion in the process, engincering advocates left no stone unturned o define and re-
strict the ficld in their struggle for professional standards. In their effores to clarify
the social boundaries of their occupation, they often defined their identity in
exclusionary 1erms. Instead of specifying which skills warranted che title of engi-
neer, their definitions centered on those who failed ro qualify for certificacion asan
engincer and should therefore be excluded from the field. For example, in support
of the new constitution of the American Society of Civil Engineers (ASCE),
Herman K. Higgins, who had worked for the railroads for many years in the U.S,
and had reached the level of an assistant engincer on the politically tainted,
ill-managed, and malaria-plagued anama Canal project, forcetully argued in
1907 that “the definition of the term engineer should exclude the surveyor per se.”
Higgins call for a clear professional boundary came on the heels of a major reorga-
nization of the demoralized labor force and engineering staff ar his workplace in
the Panama Zone after the management structure of the railroads. Leading urban
engineer John A. Bensel (b.1863), who had been formally educated at Stevens In-
stitute of Technology in the 1880s and practically wrained on site in urban building
projects such as water, sewage, and tunnel consuwruction in New York Clicy, sec-
onded Higgins a few years later. As the then President of the ASCE, Bensel,
warned that “in our accomplishments we are not to be measured as skilled artisans
but the fact remains that...society at large does so rate us.” In like manner, another
member of the engineering establishment deplored in 1910 “the loose manner in
which the term “engineer’ is applied to men in many departments of work, and of-
ten appropriated by those who have ne proper claim o be so called.” In 1917, the
editor of Fagineering and Contracting in Chicago offered some pracrical advice on
how to curb the “usurpation of this professional title by mechanics,” proposing
that both railroad officials and unions be persuaded “to drop the use of the word
‘engineer’ as a designation of locomotive-drivers,” and endorsing those who spon-
sored licensing laws for engineers. He expected that such legislation would be che
ntost effective instrument in restricting the (rec use of engincering itles.”
Champions of professionalization of the electrical industry took similar rhetor-
ical positions aimed at exclusion. In the 1880s, there had been no offense in calling
businessmen-engincers like Alexander Graham Bell and Elihu Thomson electri-
cians or telegraph operators. 1o put an end to this practice, the newly established
professional organization, the American Institute of Llectrical Engincers (AIEL),
interfered Linguistically with the introduction of the wrm “clectrical engineer” as
the field became too crowded. Thomas Lockwood, a fong-time telegrapher, ex-
plained to the members of the AIEE in 1892, for example, thar the term “clectrical
engineer” had been adopted when a great number of people called themselves elec-
tricians and “the word [eJectrician} fell into some disrepute.” He recalled dha, i

was necessary to coin another and more cuphonious one,” and also pointed to the
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irony that “thus it came about that before we had any institutions for learning in
thac line, we had clectrical engineers.™

For similar reasons, leaders in the chemical industry like Arthur D, Litde intro-
duced the new rerm “chemical engineer” to enhance their professional identity, [n
the case of chemical engineering, this act grew out of deliberate attempts to offser
the inadequate pay, low status, and lack of promorion of chemists — many of
whom were women who worked in corporate research laboratories. Chemical en-
gincering advocates like Arthur D, Little were determined to distinguish them-
selves from ill-paid research chemists and analydical chemists. Chemises carned
considerably lower wages because their work in chemical rescarch and testing labs
was often routine, monotonous, and dangerous. These chemical research jobs ot-
fered white men few opportunities for promotion to move up and out of these un-
pleasant working condidons, although it did provide the tew opportunities
available to women and African-American sciencdists. When asked by the
Woman's Bureau after che first World War, Little asserted that chemical research
offered excelient employment opportunities for women, but he rejected these oc-
cupational models for men. T'o offser the problematic reputation of chemistry
work, Little and other founding members of the American Insttute of Chemical
Engincers (est. 1908) deliberacely associated themsebves instead with che produc-
tion process and with male management after Taylorite fashion rather than with
induserial research departments or academic science.™

Thus, the semanric shift from chemist to chemical enginecer established an
alignment with management rather than with science work. The shift was nota
rhetorical construce alone. Tt sealed a professional struggle that was in pare politi-
cal. It linked chemical engineering to the patriarchal authority of business and
management practices in a time when the chemical industry was consolidating
into large corporations. As a consequence of this intense boundary work, chemical
engineers could become plant managers racher than lab vechnicians,

Engineering reformers shared many of the same professional and class ambi-
tons as lawyers and doctors, but there were also importanc differences between
them. It doctors and lawyers served largely unorganized clients, engineers faced
the formidable force of powerful political and corporate organizatons.” Engineers
faced the challenge of mastering both the ability of businessmen to offer tangible
proof of their rrade’s worthiness, and the knowledge and skill of che specialized
workers whom they sought ro manage and on whose cooperation they depended
so considerably. Their managerial demeanor acquired a more distant scyle when
they supervised contracrors and gangs of common laborers like the [rish diggers of
the North American canals, the Tralian masons and the Chinese track workers in
railroad construction, or African-American convicts in both industries. In chis

workplace conrext, the engineers with managerial skills were understood w0 be
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male and white, as a marter of course. Increasingly engineers found themselves not
merely caught in the middle negotiating a narrow space between labor and capial,
burt also acted as an active and scif-conscious constituent of a middle class in for-
mation. Engineers remained distinct in that they straddled the capitalist fence be-
tween the interests of proprictary firms, large corporations, and political machines
on the one hand, and skilled and unskilled workers on the other, “The technical
man,” wrote one engineer in an engineering advocacy journal in 1918, “will join
with neither capital nor labor but stand upon professional and correct ethical prin-
ciples.”™

This position in the middle turned out to be an increasingly tenuous one. In
Dccember 1917 when the U.S. had entered the war and many in the profession be-
gan to articulate their worries, the chief engineer of the Indiana Public Service
Commission, Otco H. Garman {b. 1880) fashioned the ideal of successful engi-
neers in politically loaded sartorial subdetics. “Let me say it is all right to wear the
overalls durtng the day, but have a different suit of clothes and use fine soap and
water before going home in the evening,” he advised his enginecring colleagues.™”
Educated ar land-grant institution Purdue University and employed as an urban
engincer connected with the urban management movement that soughe to cir-
cumvent local politics, Garman projected an ideal world where engineers defily
shurtled back and forth between the world of work and leisure, building site and
office, working-class and upper-class, labor and capital, and men and women. By
donning the proper garb, engineers could hold these opposing domains together,
he believed. Garman belonged to a group of city managers who maintained renu-
ous relationships with corporate leaders, who sought to wrest control of ciries from
the working class and the political bosses, and who worked for the kind of issues
advocated by the many women's clubs pushing for civic improvements. During
the 19105, this middling position became idealized in the noton that engineers oc-
cupied a unique and privileged space between labor and capital. [Figure i3] For pa-
trician and urban engincering reformenrs like electrical engineer Morris Cooke, the
only guarantee of preserving independence in the middle was through the tactic of
classical professionalism, with its emphasis on autonomy and cthics, shedding, like
the rhetorical siraregy of rechnology, its working-class, classic blue-collar associa-
tions. However, this precarious position was rather idealized and notattainable for
all. Garman, Higgins, Bensel, Cooke, and other advocates ol an enginecring pro-
fessionalism that emphasized ethics and estheties represented only a minarity.”
[Figure 14]

For rank-and-file engineers the abiliey to maineain this middle ground involved
much more than donning the proper garb. They sought an enginecring profession-
alism less preoccupied with ethics than with bread and bucter issues including pay

scales, medical insurance, and vacations without being associated with blue-collar
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Tdealized engineer in a Veblenesque position of Conftdence berween Labor and

Figure 13,
Capiial published in the enginevring's advocacy journal, Phe Professionad Eugineer, (1924). Note

the archerypical but subtle sartorial distinecions of head and foar gear.
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Figure 14, ldealized male path of promotion from survevor on the building site 1o o manage-
inene position at the corporate otfice when all was nocwedl in the profession. Reproduced from

The Professioaal Engineer {January 1923).

unionism. T'heir professionalism was neither modelled after dhe business commu-
nity nor after the medical occupation. Whereas engineers secking management
professionalism saw themselves primartly as proprictary-managers and the reform-
ers viewed themselves as city managers or academics in public and university em-
ploy, rank-and-file engineers came to accept their status as employces.

Worrying about the working and social conditions, rank-and-file mechanical
engineer Norman Mcleod (b. 1879), the son of an Trish immigrane facher and a
graduate from Cornell with work experience at the large elecurical corporations,
expressed the sentment of scores of others who labored on the lower rungs of the

oceupation at the beginning of the century. In the same year thac Garman pro-
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posed his sartorial politics, McLeod senta letter to the newly esiablished American
Association of Engineers (AAE) to express his frustracion wich the society’s leader-
ship. It might be very well for the AAE to talk abourt raising ethics and status, he
wrote, but instead of blaming engineers for the working conditions, he believed
that “The ignorant capitalist...is the place to begin [raising cthics] and not with the
engineer.” The specter of a medical model of professionalism, with its emphasis on
raising standards and ethics, might be 2 promising actic for engineers in improv-
ing salaries but, MclLeod warned, the organization failed to address the more basic
need of finding engineers jobs: “Do not continue to advertise engineering students
and practical men ‘for positions at small salary with the prospect of advance-
ment.”” Meleod, whe had been trying to find a job on his own for twao years when

“w-

che U.S. was preparing for war, wryly concluded his letter: *This advancement
usually comes when the man is dead.”™ Another letter writer agreed with
Meleod’s sentiment thar the patrician leaders” emphasis on ethics was out of
touch wich the daily concerns of most engineers at the botom rung of the profes-
sion. He employed a military and engineering metaphor to ventitate his anger and
charged: “If you are going to raise the standards of ethics very much higher, you
will have to provide it with an oxygen tank so that it does not start frothing at the
mouth. What you need 15 an organization provided with gz-centimeter
anci-aireraft guns o puncuure the bag of cthics and bring i a livde nearer wo the
earth. Just now we are so full of ethics chat there is no room for your cconomic and
social welfare stuff.”” Thus the engineering rank-and-file had differene prioricies
than their more successtul brothers at the top.

Many historians of the prolession, however, have preferred to study the con-
cerns of Garman and his peers rather than those of Mcleod.”™ They regard
Garman's search for status and for professional autonomy as a classic expression of
middle-class aspirations resulting from responses to social pressures from above. In
this view, the process of professionalization functioned as a mechanisny by which
engineers attempted to appropriate cheir stacus mainly from their social superiors
or competitors — a status that could be shown by donning finc business suits and
maintaining clean-shaven faces. This interpretation should come as no surprise
given the choice of sources to which mast scholars have resorted in mapping the
terrain, If one thumbs through the pages of professional journals and takes the
wotds of articulate establishment engineers ar face value, the expressed anxieties
about status can easily be seen in terms of the relationship berween engineers and
their superiors. To be sure, establishment engineers like Garman dealr in their
daily work with a host of businessmen, scientists, and politicians on whose power
and favor they depended for employmentand recognition. Bur rank-and-file engi-
neers often felt the pressures from below, as McLeod insisted. The danger of being
declassed abways presented a threat — a risk that entailed having to replace a white
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Figuse 15, Many engineering graduares” final destination was corparare drafting rooms like

this one at the Baltimore and Ohio Railroad in 18yy. Courtesy of Division of Engincering and

[ndusiry. National Muscum of American History, Smithsonian [nstitudon, Washingron. 1XC.

with a blue eollar and facing the peril of falling otf the pay scale into the trench.”
Mecleod's concerns serve as @ reminder thar middle-class solidarity of American
engineers did not result from contests with politicians, businessmen, and scienusts
alone. Most rank-and-file engineers articulared their sense of middle-class entide-
mentand privilege in a contest with those they encountered on a daily basis in the
workplace, like accountants, chemical analysts, draftsmen, surveyors, electricians,
telegraph operators, common laborers, migrant miners, and skilled mechanics.”
Unlike in Britain where engineering was more closely bound to the culture of fam-
ily businesses or in France where s madhematical and theoretical orientation
linked the profession to the state and to science, in the U.S. boundaries on both
edges — upper and lower — defined the very tabric of American engineering iden-
tty. On the lower edge of the occupation, the struggle of rank-and-file engineers
with skilled and unskilled workers — subordinate or competing — equally shaped
thetr unstable middle-class identity.” Thus, a crucial but neglected mechanism of
the engineers’ identity also stemmed from the dynamics in the workplace. I¢
Smlg}lt o rcprn)dllcc a distinetly male, white, and middle-class identity for a new

era.
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BrokeN ParerNal PrRoOMISES OF PROMOTION

Despite the cansiderable sociological and historical literature on the subject of
professionalization, younger and rank-and-file members thus felt more concern
with personal opportunities for promotion than with professional ethics or ideals
of national progress. Rank-and-file engineers like Mel.eod had litde interest in
professional autonomy and found their way to the AAT because of ts employment
5ErvICes.

The fine lines between engineers and blue-collar but increasingly also white-
collar workers came to fashion engineers” distiner American middle-class identity.
Berween 1910 and 1930 when businesses merged and consolidared, the opportuni-
tics for promotions in large corporations dwindled. This thereby jeopardized the
paternal promise of promotion that had been essenttal when engineers belonged to
an clite. The vast majority of engineers — young graduates and rank-and-filc se-
niors — found themselves doing routine, monotonous work as surveyors, drafts-
men, tracers, copyists, and calculators in drafting departments behind desks, with
little hope of advancement, as one young graduate observed at the American
Bridge Company in Philadelphia. Like so many other big firms, the company em-
ployed thousands of draftsmen who designed, traced, and blueprinted bridges
from New York to Uganda. Robert W. Shelmire (b. 1881), an enginecring reformer
and municipal engincer at the Bureau of Design in Chicago, was very concerned
with the possible explosive nature of the issue. He stated the unspeakable when he
said: “most of the young men are draftsmen. Even competent engineers also are
drafismen. If the cruch were known, one would probably find that the bulk of the
entire profession werc leaning over drafting tables.™ [Figures rs and 16] To be sure
some engineers still adhered o the managerial or classical professional ideal and

Figure 16, Drawing lusiradng the reugh working condidons and long hours of maost drafts-

mien leaning over drafting whles. Reproduced from The Dvaftsmn (tgon).
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worked as proprictors, entrepreneurs, managers, consultants, and professional ex-
pert witnesses, but the majority worked in the employ of others as draftsmen, trac-
ers, blue printers, or lab assistants. “The engineer as a rule works for someonc clse,
and is not his own boss unless he is so fortunate as to be able to engage in privarte
practice,” as one commentator remarked 1n 1917." These working conditions were
not limited to the field of civil engincering. Few mining enginecrs worked as oper-
ators or had jobs in managerial positions, as the idealized images of popular writers
would have it. Many carned their livelihood in claims offices from the anthracire
district in southeastern Pennsylvania to the coal and silver mines in the northwest
region of Coeur d’Alene in Idaho. The increased division of fabor in engineering
waork meant that young engineers found their upwards pach cut off. For instance,
about 20 percent of mechanical engineering students who graduated before 1896
eventually became members or partners in a firm, That number rapidly dropped
to ten percent in 1904. It is doubtful if 10 per cent of graduate engineers become
engaged in business for themselves, either as consulting engincers or contractors”™,
ane contempory asserted. * At the same time, the number of graduates who be-
came or remained draftsmen increased. This was the other side of the increased di-
vision of labor and segmentation.” As the opportunitics for enueprencurial
ventures decreased, large corporations began to hire lower middle-class youths and
some well-trained middle-class women tor low-level jobs, resulting in shifting pat-
terns of mobility.

By the 19105, the engineering occupation showed serious points of tension be-
vween established engineers and the vast majority working in large corporations
many of whom were draftsmen working as copyists, tracers, blueprinters or de-
signers. The frictions were not new; they had existed throughout the history of
engineering. In earlier times when discontented with the establishment’s busi-
ness-as-usual attitude, individual engincers had refused to pay their dues for
professional organizations while mining engincers in Colorado seriously contem-
plated joining the unions.” But for a long time these conflices never took any orga-
nized form. This friction became articulated and organized only 1n the 19105 and
19208 when engineers faced the increasing consolidation of businesses into large
corporarions in the aftermath of the first World War.

{11 the ensuing confrontation, enginecring identity became maost idco]ngica”y
explicit in a variety of organizations and also found articulation in the politics of
the workplace. Shelmire, learning his engineering skills through correspondence
school and practice, warned just after the first World War, “Engincers have been
raising themselves as it were by keeping the draftsmen down. Naturally draftsmen
have become discontented; hence the prevailing and nationwide unrest in dratting
rooms.” In the aftermath of the first World War, the discontent of engineers in

low and midlevel positions Interested in bread-and-bucter issues and the cricicism
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of patrician reformers who pursued a classic form of professionalism led to a tem-
porary but powertul ailiance both in the American Association of Engineers (AAE)
and in its predecessor the Technical League. Under the leadership of pacrician re-
formers C.1D. Drayer and F. Newell, the AAE atrracted some 22,000 members in
1921, about 15 percent of the profession. [t not only pushed for 4 code of ethics, a
major concern of the patrician reformers, but also campaigned for licensing re-
quirements and a salary scale for enginecrs. In 1909 its predecessor organization,
the Technical League, had already launched a direcr attack on the limited oppor-
tunities for promotion aud the exclusionary policies of the fraternicy of the Ameri-
can Society of Civil Engineers (ASCE).

Welcoming the establishment of the Technical League in 1909 “with delight,”
a young engineer from New York City then wrote: “ler us no longer disguise our
poverty under a mask of dignity.” Younger engincers, he asserted, “can expect very
little encouragement from the generals of the profession who are mainly responsi-
ble for the conditions in which the young engineers find themselves.” Most engi-
neers were “herded rogether as chick as the size of che room will permit with no
other accommodations than a rough table or part of it, a stoal, and a drawer.”

Even ifmost no longer expected to set up their own Hiom. it was a true affronc to
the engineers’ self-esteem and manhood to be treated as if they belonged to the
class of clerical workers, like bookkeepers or low-level clerks. Worse still, this ju-
nior engineer implied that because engineers did not have unions to protecr them,
the senlor engincer in charge “generally exhibics less respeet for the individuality of
the young engineer than for that of a mechanic who has the manhood to wll him
what he should be paid and how many hours he is to work.”™ He acknowledged
that although a cciling prevailed for the relacively high salaries of mechanics. by
contrast, the wages of engineers had no roof. Buc here lay the erux of the matrer.
‘The viability of promarion and the ability 1o move through the ceiling of the wage
scales was very much in question, “The proportion of adequately paid engincers to
the total number engaged in the profession is so small chat, unless he be a genius,”
the disgruntled and indignant engineer stated, “his opportunities for earning a
comfortable salary even ar middle age may be considered extremely limiced.” An
cditor of a draftsman’s journal in Cleveland, Ohio warned thar drafismen who did
mental work but whase employers paid and treated them as workmen were most
envious of the “better paid union workmen in the machine shop.™ 1'he editor of-
fered the tactic of drawing Jinguistic boundaries around the draftsmen’s occupa-
tion by reserving the term engineer for the “draftsman who is a responsible
designer, and whose work is as truly to be ranked with the work of professional
men as thac of engineers in any other capacity” ac the expense of copyists and trac-
crs who “mighr berter their situation by trade union methods.™ A chief draftstman

“is in reality a conustructing engineer,” pontificated another.”



82 M’fzki}fg Technology Masculine

To counter the overcrowding of the engincering labor market, young and for-
mally educated engineers pushed for licensing legislation and succeeded in spon-
soring the first law in Wyoming in 1907.” The scrategy of licensing as a way to
limir the access to the labor market had been highly successful with acher aspiring
professional groups like tawyers and doctors, but as the editor of the liberal Engi-
neering News retorted, such comparisons did not apply because “doctors and law-
yers arc almost invariably independent operators; they neither hire nor are hired
by their colleagues. Engineers, on the contrary, in their carly years, and sometimes
all their life, are in the employ of other engineers, and this brings up the crernally
disturbing relacion of master and servant.” Engincers” direct dependence on the
workings of industrial capitalism made them more vulnerable and less protected
than lawyers and doctors. Generally sympathetic to the grievances of young engi-
neers, the cditor conceded that unionization would be an cffective way to safe-
guard betrer pay and working conditions, but argued that the solidarity of workers
which buttressed the strength of unions was precisely the point where engineers
differed. Although unienization mighe financially benefit engineers in general, he
thought it would void the promise to the individual engincer of becoming a man-
ager: “If such a subordinate {junior engineer] ever expecred to become a com-
mander, he will hardly join a sociery the end of which will be the establishment of
a lower grade of engineers, where the salaries, 1o be sure, will be higher than in the
lower grades now, but whose members must remain ac this slightly elevaced level
with small hope of advance.™ At the heart of the self-esteem of engineers, as the
young aspiring engineer and the outspoken editor understood it, was an accep-
tance of low pay and middle-class solidarity in exchange for the promise of promo-
tion and the opportunity to become a commander or a caprain of indusery.

Thus, the promise of promoton expressed a parernal pledge bewween junior
and sentor men of the middle class, albeit one severely tested and frequently bro-
ken in the first half of the ewentieth century. This broken promise made eminently
clear the very tenuous “middling” posicion in which the majority of junior and
rank-and-file enginecrs found themselves. In an ardicle entided, “What is Wrong
with the Engineering Profession?” a civil engineer assessed the grear disconrent
among engineers in 1915: The great body of enginceers...are on a par with the arti-
sans, and there is small distinetion berween the ordinary drafisman or field man
and the mason and mechanic. This is forcibly brought home by the facr that the
wages paid o cach are practically the same.™ For engincers on the periphery of
the occupational hicrarchy, the prospect of further advancement greatly dimin-
ished and caused grear anguish. They expressed their anxicties by evoking images
of stavery. Such characrerization was an exaggeration. to say the least, buric did re-

fleer the false image of mastery held out by the “commanders™ of the profession
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who resided in corporate boardrooms to the bulk of younger and rank-and-file en-
gineers who were leaning over drafting rables.

The evocarions of slavery, however overstated, had their bearings on the oend
ol dedlining engineering wages. Before the second World War, tocal markets had
depended on a variety of factors including the price of labor, the particular indus-
try, and material resources, and the infrastrucrure largely determined wage differ-
entials. Bue even if wages varied according to locale, specializadon and industry,
on average, wages had been higher chroughout the nincteenth century. In the mid-
dle decades, civil engineers had been among the highest paid railroad employees.
Mining engineers continued to carn high tncomes, particularly between 1895 and
1914 — the Golden Age of mining — when American engineers wich experience in
the mining practices of the western United States were in great demand both ar
home and abroad from Chili o China. Furthermore, the discovery of precious
metals deep below ground in countries like South Africa resulted in a plethora of
job opportuniries. Chemical engineering salaries Huctuated most often, whereas
civil engineering pay tended to be lower but more stable. Regardless of their spe-
cialization, young engineering graduates would stace cheir first job on the same sal-
ary. At the begiuning of their waining, civil engincer trainees who worked as
rodmen received the same pay as common laborers, while the lower assistant engi-
neers stood to earn slightly more than skilled laborers. Buu the wage differentials
could become quite substaneial as the engincers entered their thirties and had
worked for abour wn years — the very moment young engineers teaded to get pro-
moted.” If they managed to dlimb the promotional ladder, successful engineers
carned very high salaries. Only a few managed o command such generous in-
comes, however.

Engineering wages —and this became a sore point for engineers — declined pro-
portionally to orher professions with which they competed for social standing.
From 1929 to 1954, a period characterized by cconomic booms and busts, available
dara indicate that the average pay of engincers declined in relation o doctors” in-
come although it sall remained well above that of college teachers. The decline in
wages occurred when the profession enjoyed considerable presiige and when pub-
lic opinion polls regarded engincering as once of the most desirable carcers for a
young man. Ar the same time, the enginecring establishment continued to lobby
for more funds for rechnical education, arguing chat a shortage of technical per-
sonnel was neae at hand which threatened to stune nacional cconomic growth. The
warning of an imminent shortage was not borne out by the continuing decline of
engineering wages, however. More importantly, perhaps, their claim symbolized
their ongoing push for public recognition and professional prestige instead of a re-
alistic assessment of the narion’s needs. In the twentieth century. especially afeer

the second World War, cngineering wages decreased more sharpf}f relarive to the
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Figure 17, Carcoon "lHang on!” expressing engineers” anxiery of unemployment and sense of
precarious position between labor and capital in the past-war depression. Reproduced from 7he
Yepfessiosad FEngineer, journal calling for berer payv and pramotion eppoertunicies during the

) g, al calling pay and pr es during the

1910% and 1920s.

incorue of other salaried employees.” Clearly this was not slavery but to those men
who had been promised a place in the middle class it fele that way.

Thus, behind the continuing worries about pay scales lurked a maore baste fear
of being declassed and demasculinized.!Figure 17] When the federal government
decided o reeruit women for the war economy, a 1917 editorial on comparative
wages singled our the following: “our governmenc is paving typists direcr from
business college $100.00 per month. They are paying expericnced rracers on elec-
trical and mechanical design, $75.00 per month; general drafismen, $100.00 per
month; experienced detailers $125.00; and engineers with training and experience
for responsible designing, $150.00." Spokesmen of the chemical industry
“blushed” when a 1921 Herald {ribune artcle hinted that chemists might be
classed with char women and laborers. The message was clear: the promise of up-

ward mobility would wrn into a joke if typists just out of school carned the same
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or even niore than aspiring engineers. On the way to upward mobility from drafts-
man to engineer in responsible charge, one had to leave bebind the office where
the typists spent their days. Similar precarious boundaries had to be maintained
berween engineers and working-class men, if engineers “had any chance for being
raised out of the class of high grade mechanics among whom he now accepus his
place.” In a more joking fashion, municipal engineer MUY, Crowdus at the City
Enginecrs” Office in Nashville, Tennessee, vented his anxiety about the wage level
of engineers when he offered a rhyme w his engineering fraternity: It gives my
heart a painful wrench/ to know the fellow in the trench/ That I designed, draws in
three days/ more than my weekly striving pays.”™

Although money accounted for a large part of the discontent voiced by engi-
neers, the issue had a direct bearing on the engineers” self-image and served as 2
living proof of the viability of upward mobility. Lacking the gatckeeping mecha-
nisms of uniform licensing or education, the defining process of engineering ook
place in contests with other men and women in the workplace, where the space for
negotiation continued 10 narrow. The decline in wages seriousty challenged the
dignity, self-respect, and expectations of engineers.

While the urban workshops of Philadelphia and the expanding ficlds of the em-
pire of American industrial capitalism had been & moral gymnasium lor male so-
cialization for men of Taylor’s class and an carly generation of young graduates of
newly esiablished engineering programs, the boundaries beeween white-collar and
bluc-collar work grew porous in the large corporate burcaucracies after the first
World War. Thus, a dual peril lurked behind attcempes to preserve an engineering
identity as it became bureaucratized on the once hand, the danger of loss of stacus,
and on the other, the threar to middle-class manliness. The majority of engineers
began to acknowledge this threat as the gap narrowed berween cheir wages and
those of skilled workers, ro whom they considered themselves superior. The dan-
ger of being declassed, therefore, presented a frighiening prospect to an engineer’s
sense of identity. Yer when radical reformers put fortl the possibility of unioniza-
tion as a way our, the idealized image proved a major obstacle. The young engi-
neer, who had been so critical of the "commanders™ of the engineering ficld,
keenly observed the dilemma: skilled mechanics had unions w protect their man-
hood, bur engineers lacked such lobbies because they continued to believe in indi-
vidual distinction rather than economic solidarity. [n cffecr, the belief in
promotion prevented them from joining or forming unions. As once engineer
wrote, “there is no halfway landing, An engineer ts either a professional engincer or
a union man — he can’t be both.™ In the aborted movement of the AAL from 1915
until 1925, engineers like Garman and Mecl.cod had argued over what direction the
organization of engineering reform should take. At the end of a period beeween

1870 to 1920 when engincering became a mass occupation, most American engi-
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neers preferred a male professional identity, however symbolic, over convendonal,
blue-collar unionism. Unlike cheir British counterparts, they could differenciace
themselves from manual workers because of their access to schooling and the
promised management positions, and from women engineers, techniclans, drafis-
men, and c¢hemists who labored under various job titles often masking their high
cducation and training. But thar middle-class identity could only be tenuously

maineained.

Making TecuNoLecy A Mask ror DisuNiry

Lngineers had an almost knee-jerk aversion against blue-collar unionism, even if
during the downturns in the engineering labor market during the 19308 and 19405
their middle-class lovalties were severdly tested. By the end of those decades, many
engineers had accepted their emplovee status. New engineering organizations
sprung up in the period berween the 19308 and the early 19508, In the 19308 depres-
sion, those engineers who were able co find jobs saw their wages decline by a third,
while 34 per cent of their colleagues experienced bouts of unemployment. Unem-
ployment hit 20,000 chemists and chemical engineers in New York City. In
Cleveland, Ohio, 1,400 of the 4,500 were out of a job; some of them were sent 1o
farmland ouwside the ciry w “cultivate rruck sardens, raising crops for their own
use or for barter,™ The government-financed construction spree amounted o
$6,500.000,000 and was responsible for tunneling mountaing, damming rivers,
laying aqueducts, digging canals, restoring national landmarks, clearing shums,
and building school houses. For engineers who had been clinging to their male
middle-class idenuty finding themselves digging renches was a true affront that
demanded marshalling all cheir psychological resources in these times of cconomic
bust. One married mechanical engineer with seven children, who dug ditches for
the Civil Works Administration in 1935, wrote anonymously of his adjustment o
blue-collar work: “The biggest thing to learn is to bring your mind down ro the
ditch.” " Nevertheless, he was fortunate to be digging acall. Nora Stanton Barney,
a feminist and civil engineer, correctly pointed our in 1933 that the Rooseveltian
reforestation, highway, building, and reclamation programs were all closed o
qualified women of her generation. Moreover, the National Recovery Board still
specitied lower minimum wages for women than men while mobilizing men at
lower wages far away from their homes, leaving women to head their houscholds.”
In response to the cconomic crisis, independent and self-employed engincers
resorted to the classic tcric of licensing that had proved to be so successtul for the
medical profession in an cffort to protect the engincering labor market from
crowding. Working oueside the large corporations, these largely sclf-employed en-
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ginecrs of small firms established the National Society of Professional Engineers in
1934. In the period between 1937 and 1957, rank-and-file engincers, many of whom
worked in large corporate and federal burcaucracics as technicians, organized into
engineering unions. After the passage of the Wagner Act in 1935, industrial unions
began to recruit engineers inta their ranks. The AFL affiliate American Federation
of Technical Engincers and the 1934 established CIO athliate International Feder-
ation of Architects, Engineers, Chemists and “T'echnicians recruited the lowest of
the profession Hke draftsmen. Even so, because the CIC engineering union, like
other labor organizations, failed 10 support the Equal Rights Amendment for
women, equal pay for equal work remained an illusion for many women at the
lowest rung of the profession. More popular were the exclusive engineering unions
united in the umbrelia organization the Lngineers and Scientists of America,
which kepu a safe distance from traditional blue-collar unions. ©

Engincers did not succeed in lending authority to the occupation through li-
censing controlled by a central state agency like thetr counterparts in France or in
the American medical protession. 'The authors of the 1930 Wickenden report on
engineering education refused to standardize education or support licensing. In-
stead l']‘lt'}" ()ptcd toran apen, hctm'ugcncmls, diversified, and stradified educarional
system, fully aware that not everybody could — nor should - rise 1o the wp. The
strong opposition of powerful employers prevented such licensing laws from be-
coming cffective, while the federal government did not push for a centralized
agency. As a result, the locus of the defining process of engineering — what it meant
to be an engineer — hay neither exclusively in educational instiwtdions nor in li-
cense-granting agencies. Instead, the workplace was an important arena where
engineering identity, authority, and control were shaped. Unlike continental Lu-
ropean models, working experience rather than education represented the mose
importang marker for American engineering identity and authority. Getting a pro-
motion was the crucial marker of an engineer’s identicy. IF, in the course of the
nincteenth century, most of his middle-class idendty had been shaped in the
noisy, dirty, and pedestrian surroundings of the production floors in the Eastern
corridor, the railroad beds in the Mid and Farwest, and the mine shafts in Califor-
nia and Colorado, by the twenticth century, his identity was more tenuous as he
tried 1o hold his ground in the basements of drafting departments without falling
ofF the pay scale into the ditch.

The encroachment of industrial corporations increasingly rendered the male
professional ideal of autonomy and control an illusion. [Figure 18] The corporace
ideal ran counter to a middic-class manly ideal based on individual autonomy, ini-
tiative, control, and creativity: it demanded that employees reserain thelir individu-
alism and give in to the corporate collective. The public-relations department ar
DuPent Co., in 1951, phrased it thus: “The induserial chemist today stands in
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Figurc 8. Dupumt advertising of 1922 projecting corporate image of the "lone-wolf invencor”
when the company was consolidating into a giant enterprise employing thousands of ill-paid

chemists. Courtesy of Hagley Museum and Librarv, Wilmingron. I

sharp contrast with the lone-wolfinventor common even a firtle more than a gen-
ceration ago. Although the initiative and creative thought of the individual is still of
prime importance, the modern researcher is a team player wich a strong sense of
cooperative effore.”[Figure 193, The remaking of this corporate manliness, coined
the “Organization Man” by General Mortors’s President Alfred Sloan, did not go
withour a hitch. * Because salaried engincers had 1o contend with pressures from
both above and below, relinquishing building sites and production floors to
women would have endangered the delicate balance of mastery and middle-class

manliness that was increasingly under ateack in the growing federal and corporate
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Figure 9. Dupone public-relations’ depaniment self-consclous 1951 caprion to this photo-
eraph rar: "The induserial chemist roday stands in sharp contrast with the lone-woll Invenror
common even a little more than a generation ago. Although the mitiative and ercative thoughe
of the individual s still of prime importance, the modern rescarcher s o ream plaver with 2

strong sense of cooperative effore.” Courtesy of Hagley Museum and Library, Wilmingron, DE.

bureaueracies. The exclusion of women from the production tloor scaled a wcit
pact between the fraternity of elite engineers and che rank-and-file engineers. It
keptalive the promise, often unfulfilted, that upward mobilicy was sull a viable op-
tion for middle-class men in the twentieth century,

By the 19305 engineers’ professional status proved o be largely symbolic as en-
gineering elites blocked any cffective mechanism of closure or cffeceive profes-
sional unions. Business leaders, rescarch scientists, and academic engineers
including John Waddell, Arthur Liule, Karl Compron, Robere Millikan, Michacl

Pupin, Charles Keteering, and Frank Jewent continued o upgrade engineering by
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establishing schools, associations, and journals; they mobilized scientific authority
and new funds through such organizations as the National Science Research; and
they projected an overarching vision at America’s World Fairs. Together with cor-
porations like Dupont and General Motors they pushed the 1933 Chicago and
1939 New York World’s Fairs as part of an elaborate public-relations campaign to
divert attention away from the discussion about the issue of technological unem-
ployment and the unemployment among engincers.

Engineering might have been a divided house and a segmented occupation, buc
it was precisely this disunity that prompeed engineering advocates to claim the
universe for it. They laid claim to the entire universe and needed a catch phrase to
articulate their vision of their professional legicimacy in part because of the ambi-
guity ot lacking a specific technical object. The refurbished term “Technology™ —
now incorporating the discourses on machine aesthetics, academic engineering
knowledge, and anthropological notions on civilization — provided that. Estab-
lishement engineering advocates defined their domain of expertise as “the exploi-
tation of nacural forces.”™ This self-proclaimed mandate was so broad, and the
skills nceded for it were so varied, that the definition offered little common techni-
cal ground for its practitioners. “’I'he true object of engineering is not o create ma-
chines...|but]...a mastery in the application of the laws of nature,” as John J. Carty
(1861-1932) told an audicnce of his fellow clectrical engineers in 1928 at the end of
his very successful career in corporate employ. The chief telephone engineer super-
vising more than 2,000 researchers at the Bell Corporation’s research and develop-
ment department, he went on to say that *man will be liberated, and...the forces of
the universe will be employed in his service.” ™ He echoed the frequently quoted
formulation of Thomas Tredgold (1788-1829), a British engincer of an carlier gen-
eration who had defined the field of enginecring for the Charter of the British In-
stitution of Civil Engincers as “the art of directing the grear sources of power in
Nature for the use and convenience of man” — a formulation which feli squarely
within the tradition of useful knowledge and borrowed from an ideology of pos-
sessive individualism not available to the corporate employees he supervised. * To
be sure, Carty spoke about man meraphorically, but the singular also suggested a
kind of individuality unavailable o most working in the consolidated corpora-
tions. After the second World War “Technology” employed as a keyword became
an important rherorical device weaving competing threads together into a corpo-
rate fabric when the profession was deeply divided and its main tenets were ques-

tioned.
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Bargaining for the Fraternity

ngineers not only created bridges. They also produced culture in the gray

arcas of privately printed autobiographies and speeches at birthday parties.

While ar work on the production floors, building sires, and in laboratories,
engincers produced culture as well as goods. They engincered plots thae carved out
a space in the middle: between labor and capital, Anglo-Saxon culture and ethnic
strife, technical reports and literary autobiographies, crass Gilded-Age industrial-
ism and genteel liberal arts. Thar position in the middle was a tenuous one which
they tried to maintain by reviralizing a code of manliness. More than forty civil,
mining, and mechanical enginects believed their lives worthwhile enough to write
about them.” Without apology, they traced the turning poines of their lives along a
chronology of work and promotion, cataloguing the formation of the most
male-dominared occuparion of all. Even it all had much ro say abouc their pioneer-
ing efforts neither women like Emily Roebling of the Brooklyn Bridge and the first
engineering graduate Josephine Zeller nor African-American engineers like suc-
cesstul engineer-entreprencur Archic Alexander and che induserial rescarcher
Gordon Grady pur pen to paper. Autobiographics constituced an approved licer-
ary genre for white middie-class men, who mobilized the genre when they faced
profound changes in their profession.

Autobiographers related their lives and emotions to their colleagues, addressing
the fraternity of their fellow enginceers, exhorting voung men to follow their exam-
ple, and exeluding blood relatives and women from the narracive. In cheir male ad-
dress from one generation w the next, engineers attempred o reproduce a younger
generation of men bound by class, gender, and race.” Working in different indus-
rries covering a wide geographical arca, these scribbling engineers might have led
diverse lives, butin cheir autobiographics most employed a similar seyle of surveil-
lancer unnel-vision observations, dry technical descriptions, and disembodied
prose. This style served a rthetorical suategy for 2 managerial professional male
identity that sought to transcend the field engineers” day-to-day associations with
the smell, dirt, and noise of the workers they supervised. They did so by reaching

out o their prolessional brethren across the nation. In the depth of the depression
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and debates about technological unemployment, these autobiographics were re-
worked into stories of success, manliness, civilization, and natdonal identicy.

The first of these autobiographical products — often printed privately or en-
dorsed by professional socicties — entered the literary scene on the heels of the eco-
nomic crisis of 1893 that ushered in a period of industrial warfare, corporate
mergers, imperial expansion, and urbanization. "T'he majority of autoblographics
were published during the 19305 depression when the civil building boom had lev-
eled off and America’s imperial projects — from the transnational Pacific raifroads
in the LS. to the Panama Canal and the urban infrastructures ranging from Ha-
vana, Manila, and Kyoto — came to a close. More often than not, the engineers
who sat down to write abour their lives came from the middle stragum of Amer-
ica’s first modern business and government enterprises, notably the railroads and
urban centers. Our 1n the field, railroad engineers often faced disappoinunents
about their status and, in writing their autobiographics, worked through, sorted
out, sclected. and made sense of the confusing experience of thetr *middling’ posi-
tion in capirtalist production. On the hissing production floors in the steel indus-
uy, mechanical engineers contested powertul skilled workers and cheir unions,
and in writing an autobiography they claimed a technical expertise over and
against them. In the scaffolded cities, nunicipal engineers came 1o see themselves
as the stewards of good government etching our a position between working-class
ward politics and aggressive business communities. They too celebrated their posi-
tion in the nuddle.

Written in the decades following the 1893 economic crisis and cultural reorien-
tation to the 1930 depression, the forty-odd autobiographies mark a collective mo-
ment of memory thar was at once nostalgic and gencrative.” To be sure, they
expressed the characeeristic desire of autobiographers to invest in forms of work
that will outlive the self, but, even if Incffectively, they also responded o the new
demands for role models in a vastly altered and rapidly changing profession when
the profession was transformed into a mass occupation.’ The midlevel engineers
crafted their narratives when American corporations consolidated into large bu-
reaucratic structures, the number of job opportunities for engineers dropped, and
rank-and-file members of the profession began ro articulate their discontent with
their seniors. Ifin che 18905 the authors merely addressed other men wichin the es-
tablished engineering fraternity, from the 19105 onwards, the narratives began to
exhort a new generation of young men anxious about career perspectives to emu-
late the lives of their predecessors when the paternal pledges for promotion were
broken. T'hey waxed nostalgic as chey deseribed lives and carcers no longer open to
the young men they addressed during the depth of the 19308 depression. Collee-
tively they marked a moment when rank-and-file engtneers and young engincer-

ing graduates were beginning to give voice to their discontent over the increasing
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lack of opportunitics for promotion and employment. When discussions about
technological unemploymenc chreatened to implicate the scientific and engineer-
ing communities in the human misery and many rank-and-file engineers tound
themselves out of a job, a wave of engincering autobiographies appeared on the
commercial marker. The octogenarian engineers who wrote and published cheir
autobiographies during these pivotal decades spoke to, but not necessarily for, the
young cngineers or, for thar matter, the rank-and-file, who had not been pro-
moted as expected.” From a literary point of view, however, they failed as authors
because they rarely made themselves the center of their narrative focussing instead
on rechnical details, Yer their liverary progeny helped revitalize a middle-class
identity for men when the profession was transformed from an elite profession

IO A Mass oCCupation.

CARVING OUT A Seact BErwieeN Lasor AND CAPITAL

The engineers who chose to put their lives in writing often came from the nine-
teenth-century world of canal, wrnpike, and railroad conseructon, mduseries
driven by cut-throar competition and operating at a relentless pace, which hired
thousands of lrish. Chinese, and African-American laborers, who graded, shov-
cled, chiseled, and blasted their way through mountains, deserts, and swamps.”
Few specialists who worked in the new science-based corporations like the General
Flectric Company chosc to put their professional lives on paper. Ninereenth-
century railroads spearheaded modern management facing powerful railroad
workers, who ploncered modern methaods of collective bargaining, grievance
procedures, and union organization. The railroads were America’s tirst big corpo-
rations responsible for producing a major segment of America’s middle manage-
ment. Most aspiring civil engineers gained their initial training along the railroad
eracks riding the employment waves from boom to bust in the industry before
maving on to other stations in their work [ife. Their experiences wich the volatile
railroad industry and the labor conflicts shaped their identities in profound ways.
Despite the ditferent work practices, they held in common their experience with
America’s large-scale operations and first corporations. Engineers constituted the
larger part of the emerging modern managerial project.

The Southern civil engincer James M. Seatles was one of the first to put pen to
paper as the 1893 economic crisis ravished the country. Scarles exemplified the
post-Civil War wedding berween old Southern elites and the northern capicalists
who sought to mobilize the freed staves for an induserial base for the New South.
Trained with the U.S. Coastal Survey, he quickly moved beyond his firse stintwich

the railroads after deciding that the low pay and the back-breaking labor of a
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chainman logging a 30 pound transit through the dusty fields was beneath his
warth. Instead, he picked the date of the beginning of his carcer with an appointc-
ment as a manager of the levee work in the Mississippi Delta “as it was then and
there [ was first clothes with the responsibilities attendant on a commanding posi-
tion.” Scarles sought to justify himself, to promote the expertise of the engineering
fraternity, and to convince Congress w allocate funds for the Mississippi river. *1
propose, in writing of the life and times of a civil engincer,” Scarles explained in
1893, “1o speak of my experiences and thereby, perhaps, be instrumental in guiding
my professional brethren amid the rocks and shoals which are to be met in the cur-
vent life of real practical engineering.” He hoped rthat Congress “may be convinced
that the Mississippi river problem can be best, mose cconomically, and perma-
nently solved, by outlets, levees, and reservoirs.”™ He also mapped his involvement
in many building projects. including the drainage of Cac Island, levee construction
down in the Mississippi Delta, wban developments in Nebraska, and railroad
building in Kansas, Kenrucky, and Alabama — all of which, however, left him bit-
ter and disappointed. Although be had a sense of belonging o the engineering fra-
ternity and maintained various management positions as resident chiet engineer,
Searles never joined the newly established American Society of Civil Engineers.
He belonged to the engineering rank-and-file working as a ficld engincer near con-
struction sites, but never held a policy position at company headquariers thae
would have enabled him (o influence or direct the plans of conseruction in any sig-
nificant fashion. Scarles, the son of an impoverished Southern family whose
“stomach had been aristocratically trained,” had no capital to invest in the projects
he believed to be technically sound and commercially profitable. His opposition
to raising the levees on the Mississippi River placed him at odds with the estab-
lished political opinion and the finaneial interests of the planters, bue his minority
opinion signalled his allegiance to an emerging understanding of engineers’ special
claim to technical knowledge.”

Scarles introduced his narrative with a promise to tell the reader all; how engi-
neers had been cheated out of rewards for technical solutions righefully theirs that
had been appropriated by those “who have been negative factors in the work-
ing-out process.” The outcome courted disaster beeause “arrogance can blind the
eyes of capiial.” By the time he was through with his narracdve, however, Searles
decided “to go back on the promise [to tell all because] 1should be obliged to men-
tion names — for the owners of which, in their personal capacity, | have high re-
spect —and whatever may be my estimate of their professional worth, is a matter of
no concern to the general public.” He felebound by the “echical code of the frater-
niry” thar demanded full loyalty and reluctant to divulge any informarion about
his employers. In his loyal accempre ac self-restraing, however, he sdll siruggled for

1

self-conrol and continued o write, “I will, however, say this much, that the
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proper adaptability of means at hand never fails of legitimately corresponding re-
sules.”™ On first reading, Searles’ opaque phrase seemed not to tell much atall. 1t
contained no action and no players.

Searles” depersonalized prose is acrually very revealing. His reluctance to name
names and his choice of disembodied language expresses the narrow space he and
his fellow engineers occupied professionally berween capital and labor. He en-
joved the owners socially but he mistrusted them professionally and felt vastly su-
perior to the Irish, African-American, and convict laborers he managed on the
raitroad tracks and the levee construction, even though their employee status re-
sembled his own, Searles defended the engineering fracernity instead of publiciz-
ing the capitalists’ malpractices he had witnessed, but he considered “ira duty 1
owe to the many comrades who have faithfully roiled along the hard road of “out
door’ Engincering, and to the profession at large, to protest against the money esti-
mate of their services.” Before he was done telling, however, he made his allegation
and posed his vexing question: “Why don’t these small salaried fellows [engineers]
climb to the top rung of the ladder?” Having asked no onc in particular, he
promptly answered his own question: “hecause money and influential circum-
stances, uncoupled with true merit, presh so many up char ladder char the worthy
ones can only feekup.”™ In this closing accusation lay the foundation of a powerful
argument for mernit and expert knowledge chat ocher engineers and professional
organizations would develop in the following decades. Promoting expert knowl-
edge oftered a way out of the precarious position he held as a “small salaried fel-
low” in facing the “arrogance of capiral.”

Most engineers ranked ameong the frst salaried middle managers and experi-
enced the contradictions of capitalise production as professional workers. Oc-
cupying an ambiguous space between capital and labor, engineers epitomized this
class conflict. Like wage carners, they faced scasonal unemployment, wage pres-
sures, capital and political control, burt like managers, they were also in a position
of authority over other wage carners and felr a sense of loyalry to their employers.”
Scarles could pur an exact price on his own engineering labor and derermine che
profit it generated by king on his employers’ perspective, but he also articulated
the powerlessness of bis position as he described how helpless he felt afier che Ship
Island Company was sold and merged with the Huntington and Wilson Railroad
withouc his prior knowledge. In expressing his discovery of the merger, he drew on
the image of slave labor — unquestionably the most horrifying image available o
the son of a family of planters. He recalled his anger over the loss of control of the
project as a consulant and chief engineer in these scrong words: *7 found rnyself
sold [his emphasis], and he concluded, “T have thus written in justice to mysel £
Through writing his autobiography he bargained for his rightful place. He left no

other trace in the writeen historical record.
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The writing of an autobiography remained a singular act for many of these
field engineers, whose lives would otherwise have been untraceable, The majoricy
had never written books before embarking on their autobiographies. This is not to
say that engineers shunned writing altogether. On the contrary, the writing of
logs, diaries, account books, reports, specifications, and contracts formed an inte-
gral part of the life of an engineer. Moreover, his daily work required the writing of
proposals and of technical IePOrTs for public interest groups, investors, and em-
ployers. An engincer who advised against the feasibility of a project also lostan em-
ployment epportunity; but one who wrote himselt into a project often became
responsible for its execution and success.” Doubtless Scarles’s appeal to Congress
for the building of an integrated system of levees, outlets, and reservoirs for the
Mississippi river in 1893 showed his incerest in the technical issues in the debare,
but the autobiography also amounted to a job application for the new enginecring
jobs should the federal government decide on financing such a large-scale under-
taking. Through writing an engineer bargained for his livelihood.

Searles, raised with Southern disdain for manual labor and hands-on training
so celebrated by sons of the North, composed an autobiography uniquely his own.
As a middle-level manager, Scarles occupied a half-way position in the capiralise
production and the politcal system of the New South. He recase his identity from
a plancer’s son to a civil engineer in the aftermarh of the Civil War.” Several other
Southerners also insisted on a depoliticized, neutral sounding life story.” Scarles's
autobiography contained themes common to the dozens of other engineers — both
from the South and the North — who followed him in the decades to come. By
writing an autobiography, he and his colleagues pried open a space for the engi-
neering fraternity. He expressed the horror engincers felr at the narrow space for
which they had wo negotiate as employees in one of America’s earlicst corporate in-
dustries. [n his efforts both o tell and to suppress his story, Searles unveiled a male

engineering identity in the making at the end of the nineteench century.

WRITING A WORLD WITHOUT WORKERS

The engineering autobiographics constitued 2 curious heerary genre. They drew
on a variety of literary forms including biographical sketches, portraits, memoirs,
and obiwuaries thar appeared in engineering journals alongside numerous articles
discussing the proper definition of an enginecer. From a literary point of view,
however, these were “failed” autobiographics, as the engineers spun their narrarives
along claborate descriptions of engineering projects thar read like technieal repors

rather than narrations of che self.
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No doubt the engineers’ professed unwillingness ro reveal their lives followed a
nincteenth-century autobiographical convention: they often claimed 1o have be-
gun writing only after insistent cajoling from family, friends and - more signifi-
cantly perhaps — out of a sensc of loyalty to the engineering fraternity.” Buc
engincers had many legitimate reasons for their reluctance. In the words of one
self-reflective autobiographer, engineers possessed poor penmanship. Accustomed
to rendering three-dimensional forms on paper and trained to thinking visually
and spatially, engineers disliked expressing their thoughts in writing. Another en-
gineer recalled how he was “once told that an engineer who wrote a book was not
an engineer,” reflecting a hardened sentiment of anti-intellecrualism in engineer-
ing that is widely prevalent in engineering self-representations in America.” Fully
aware of the engineers’ poor penmanship, academic engineers, organized in the
Society for the Promotion of Enginecring Education in 1891, worried about “the
disgraceful ignorance of their native language on the part of a large majority of
our students and alumni,” in the words of leading bridge engineer John AL,
Waddell.” Pushing for the inclusion of liberal education in the curriculum of engi-
necrs proved to be one of the many tactics they employed in raising the status
of the profession. Beyond the lack of liberal preparation and literary practice,
aspiring autobiographers had other worries. Engincers ranked among the first pro-
fessionals to confront corporations that often forbade them to divulge any infor-
marion about the projects they had worked on —and engineers had no intention of
questioning the rules of an entreprencurial class o whom they owed cheir suste-
nance and loyalties, as Searles made clear.

As middle managers engincers felt responsible for the company and internal-
ized their employers’ demand for secrecy in their dealings with investors, competi-
tors, and subordinates. Investors demanded the utmost secrecy from surveyors and
engineers during the projecting and surveying srages, when large sums of money
and potenual profits were at stake. “Secrecy as well as haste is frequendy a good
qualification for an engineer,” counselled field engineer Danforth H. Ainsworth
(1828-1904) with a long carcer behind him in railroad employ in the wide expanse
of the Northwest across the Mississippi river. As a company man, Ainsworth had
struggled with esrablishing his authority among villagers charging high prices for
food, shelter, and water, with maintaining control over local contractors, forenien,
teamsters, and rodmen unwilling to obey his orders, and with keeping land specu-
lators at bay. “It sometimes calls for a good deal of policy on the part of the engi-
neer to avoid publicity,” he asserted.” In a similar vein, one mining engineer told a
young aspiring man to be tacit when handling different competing commercial in-
terests. He advised, “Be as Cold Blooded and as Unenthusiastic as a Clam.™ This
strice sense of loyalty could welgh so heavily on an enginecr thar he might refrain

from publishing his auroblography altogether. Sworn o secrecy for the sake of a
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company’s success and profits, civil and mining engineers confronted the contra-
dictions of corporate loyalty and the circumseribed space allowed for individual
promotion and expression chat was so critical to middle-class idenciry and male
prowess. They were in the position of entreprencurs withourt the capital to see a
project through; they also worked as employees with full responsibilicy withour
any of the entrepreneur’s power and freedom to negotiare, Mid-level managerial
engineers like Scarles and Afnsworth were wedded so much o the ideals of capital-
ist production thar they wore their discretion like badges of professional pride; but
their faich in the business ideology was severely tested when many projects came to
naughe because of local politics, failed capital, mismanagement, or contlicting vi-
sions.” Their autobiographies expressed both their need and their reluctance ta
bear witness. For these mid-Jevel engincers to publicize themselves at all was both
remarkable and painful.”

Ainsworth showed how excruciating it could be for engineers o reveal themn-
selves in a direct and acuve voice. He had participated in the official engincering
fraternity as a member since 1886, but as a field engineer with his boots deep in the
mud supervising construction sites and organizing labor camps along projected
railroads west of the Mississipi expanding inte llinois, lowa., Missouri, Minne-
sta, the Dakoras, Nebraska, and Colorado, Ainsworth could not afford to partia-
pate in the ASCE’s day-to-day discussions held far away in the smoke-filled rooms
on the Last Coast. He had beneficted from the boom in railread construction dur-
ing the 1870s, enjoyed managerial command, and could call himself a certified
member of the fraternity, but Ainsworth nevertheless occupied the lower stratum
of the managerial hierarchy. When he wrote his autobiography at the end of his ca-
reer, he was finding it increasingly difficult to get work at his usual rate, feeling the
brunt of the collapse of the railroad construction indusery. Recalling his precarious
situacion as a civil engineer in railroad location and construction, Ainswordh re-
ferred to himsell' in the third person, using a passive voice: “His position,” he said
of his own situation, “was never a source of pride to him, and was anomalous to say
the least. He was the company’s disbursing agent, and deemed himself the ever ac-
cessible dog o be kicked whenever anyrhing went wrong.” Ainsworth used the
same stylistic devices in describing his anger at the State of New York for [osing his
job on the Lrie Canal: “Possibly one knows he is hure when crampled upon, even if
he has no corns. There is quite a distinet recollecrion,” he said of himself, “chat a
tongue was nor under complete control, and perhaps the interest of fellow-
sufferers were not for the time considered. The Srate of New York still owes what
was then justly claimed.™ The occupational demands for secrecy shaped the
mode of expression of Ainsworth and other engineers. They were nor only cau-
riots with information, bur also practiced an cconomy of expression, prized rerse-

ness as a professional asset, and employed disembodied prose.
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"I'he engineers replicated their occupational stance of inspection, supervision,
surveying and surveillance that objectified land, environs and people.”™ Like the
style of the survevor who takes meticulous notes on the profiles of che land and the
inhabirants with litcle personal involvement, civil engineer and surveyor Henry
Root phrased his surveying work with the Central Pacific Railroad in a rg21 recol-
lection thus: *On July 5, 1866, [ went by train to Secrettown and by stage from
there paying $6.20 stage fare and scopping at Durch Flat for dinner. | lived in a log
cabin on the cast side of Crystal Lake from this rime undl December 23, 1866,
when [ moved with McCloud’s party to camp 471 to go into winter quarters to give
lines and grades in Tunnels 3, 4, 5 and to work on estimates.™ Root was not alone
in wriring short sentences, using simple syntax, and cmphasizing materials, di-
mensions, and production instead of dwelling on the labor practices on the build-
ing sites, an angle of reposc in their home lives, or the magnificant landscapes they
were about to transform. Nor was Ainsworth's use of a third-person narrative and
passive voice exceptional. Through these conventions engincers established chetr
distance, objectivity, and veracity.

T'he journalist Bess Demarce observed the disembodied landscape that engi-
neers constructed, oo, ‘Like many other engineers,” she wrote, John 1. Littlepage,
an American mining engineer who worked in the gold industry for the Soviet
Gold Trust Company between 1927 and 1937, “can deseribe a mine with complete
clarity and accuracy, but seldom bothers o deseribe a person or scene. And he
thinks, more often than not, in terms of production.” ” This tendency also srruck
Cecile Hulse Martschat (1895-1976), the wife of an engineer, who highlighted the
gendered  differences berween hersell and her husband in observing  the
South-American [andscape. “My husband was so absorbed with the odd little en-
ging, whose chief funcrion seemed 1o be to hook the cars ro the cable,” she wrote of
ajoint trip, “that he paid no atrenton o the magnificent view. But 1 refused to be
enchusiastic over what looked o me like a glorified clevator. 1 thoughe the scenery
was stupendous.”™ Landscape was an asset to the professional fives of both hus-
band and wife, but, as a boranist, Marschat looked at the landscape as a source of
knowledge, beauty, and culinary resources: her gaze was expansive, peopled, and
colortul. By contrase, her hushand Louds could not see beyond the engineering as-
pects of the sie.

The rerse narrative style of engineers also reflected the changes in communica-
tions within the emerging corporations. As employees in modern enterprises, en-
gineers regularly used new forms of communication like the telegraph and
telephone o transmic messages across the grear distances separating the office
from the construction site. Civil exchanges of information beoween Eastern finan-
ciers sitting in board rooms and managers far away in the field mareered liale o

the railroad corporations when haste and the high operating costs of telegraph and
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telephone were involved. Field engineer Ainsworth recalled how the corporations
showed “little disposition to be communicative” to management engineers like
himself and pushed employees for economy of expression. Once when he wired a
message to ask: “Will che company build 100 miles this year?” The answer
promptly returned was ‘No,’ and when he sent another asking: "“Will 60 miles be
buile this year?” he got the same negative reply followed by curt instructon: ‘You
will be censured here if sixty miles are not built this year.” Of course, the corpora-
tions” demand for economical use of language also embedded a form of command
and control in the emerging corporations. In a 1913 report in which officials of the
chemical corporation Dupant Company ordered the use of more efficient lan-
guage for internal corporate communication, they asked managers to replace a
phrase like ‘we are in receipt of a request from St. Louis office for” wich “St. Louis
asks for.” Similasly, they urged managers to replace a request which began with ‘we
would be glad to have you make an examination and advise,” with the formula
‘please cxamine and report.”” As managing the overload of information became a
serious concern of growing public and private corporations, engineers helped to
shape a new, more economic language of command and control without subtle
negotiations. They confronted and participated in the historical shift away from
face-to-face communication toward increasingly mediated and indirect forms of
exchange between superiors and subordinates.

The engineers thus wrote their autobiographies along the lines of the dry narra-
tive style of technical reports and the form of their daily communications more
than along any literary conventions. The intense descriptive gaze of Matschat's
husband, Ainsworth, and other engineers also turned the readers’ attention away
from the surveyor himself.” From a literary point of view, these were ‘failed” auto-
biographies that read like technical reports rather than like narrations of the self.
Poor liberal education, corporate control, secrecy, informacion overload, a desire
to transcend local circumstance, and a claim of rechnical expertise all shaped the
engineers’ characteristic writing style: dry technical dezails, short sentences, ¢co-
nomic modes of expression, and disembodicd prose. They spoke over and across
building sites, beyvond the horizon to imagined communites of other engineers.

Bur the disembodied prose also went along with an embaodiment of gender.

BurLping THE ENGINEERING Famiry Wrrnour WoMEN

Engineers might have been — contrary to autobiographical conventions — slow to
positton themselves ar the center of their own narratives, buc they were rarely
self-effacing when discussing cheir dealings with men they considered their social
peers or workers whose skills and organization posed a threat to their identities and



Bargaining for the Fraternity 101

the knowledge they were claiming for themselves. At these two points ~ when
discribing fraternal feelings or contests with competing workers - critical ruptures
appear in their otherwise disembodied narratives.

Many engineers portrayed themselves as independent builders and producers,
thus ebscuring the intricate labor relations involved and the bitter industrial dis-
putes that left deep imprints during these decades. They appropriated the physical
activitics of building and cxecution characteristic of the skilled workers they super-
vised while, in reality, they merely designed, organized, and supervised those
workers who actually shovelled dirt, laid bricks, worked lathes, and lifred
steelplates. In their writing, they often asserted their technical authority over
skilled workers. John Fritz (1822-1913}, a mill foreman who climbed up the mana-
gerial ladder in the Pennsylvanian steel industry, had supervised the construction
of a stecl mill complex by bringing under one roof Bessemer converters that could
burn carbon out of molten iron by blowing cold air through it under high pressure
producing steel more cheaply and introducing rolling mills that shaped red-hot
iron into sheets. He appropriated the language of building, implying that he had
built a Bessemer plant and a rolling mill with his own bare hands. “I built 2 good
substantial stone building,” he said of a construction job that required a great deal
of time and involved squads of masons, bricklayers, and common laborers.”

Fritz and other mechanical engineers often appropriated the skills of other
workers in their narratives, if only to [re]claim a position of authority over them.
Electrical and mechanical engineer William LeRoy Emmet (1859-1941), raised in a
family left in financial ruins by the after shocks of the Civil War and with lictle in-
terest in formal learning, gained on-the-job training in the hicrarchical work cul-
ture of the American navy and clectrical corporations like Westing House and
General Electric. In one of his first jobs for the Sprague Illuminating Company as
a troubleshooter on electric streetcars in 1888, Emmet organized a group of Tralians
into a team of mechanics to assist him in the overhaul of 120 electrical motors for
the Railroad Company in Allegheny City. In his recollection fifty years lacer,
Emmet appropriated the work and skills of the [talian mechanics to highlight his
own contributions in the development of an insularing material of varnished cam-
bric, a material he would later develop in the shops of General Electric Co. in Chi-
cago, New York, and Schenectady. Desaribing his work for the clectrical company
Spraguc in the 1880s, he wrote: “I stripped all the wire from the one hundred and
twenty new motors and replaced it in a very different way. I completed one barch
of morors before T dismantled another...I made the insulation of varnished embric
with no shellac...Talso rebuilt alt che controllers making radical changes.” He then
continued: “[ also built new trolleys of greatly itnproved design and sold them to
the Railway Company.” Only at the point where @ contest of skill erupred bevween
himself and the mechanic whom he had ordered to improve a swivelling trolley,
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however, does he inrerrupr his narrative of creation, swirching back and forth be-
tween 2 language of making and a language of supervision: “I built them,” ~ he
wrote of the trolleys in terms of creation and chen corrected himself in terms of su-
pervision = “or had them built...in a little machine shop run by a young fellow
named R.D. Nurttall.” Although he frankly acknowledged the collective process of
innovation when he spoke of his peers at General Electric labs in Schenectady, he
disavowed this kind of teamwork when it came to discussing the work of the
skilled Ttalian mechanics.”

Searles, too, showed how slippery and problematic the language of singular
creation could be when he recounted his story. *l was ordered to reconsteuct [the
bridge],” Searles wrote of one job he supervised, “and had bur liule difficulty in
stopping the rush of water that had destroyed the bridge.” He then significancly
added, “as [ was well supplied with sand-bags and Negro cavalrymen...” Cacching
himsell using the language of building rather than supervision, he self-consciously
interrupes his narradve for a clarification. The clarificavion of the labor process
briefly restored the hicrarchy of command and control, but inadvertently exposed
the racial distance beeween himself and the African-American laborers. Ridiculing
the abolitonists” fraternal love as effete, Searles added parenthetically, “for fear
some supersensitive, render-hearted commiserator of che colored brother mighe
think that I dumped him in the crevasse hole instead of the sandbags, ic should be
remembered thar the corton of which the bags were made were worth more...than
the negroes.™ In presenting his managing job as an ace of physical building, his
slip of the pen opened up the problematic race and class relations particular to the
South. Painfully awarc of his Northern allics, he sought o cover the rension with
an intervention of sarcasm, bur the damage was done. His wwo identities, one as a
professional engineer and the other as a white Soucherner, were in contlict. In his
correction, Searles tried to reestablish the proper order of supervision and mastery
so vital to the white men of Brady's New South. Searles’s narration might have
been particularly his own. but his crasure of workers or his self-conscious idenafi-
cation with command, control, and whiteness was far from atypical.

Enginecrs also suspended their disembodied prose when writing about men of
their own social class and often deseribed them as family members. Some authors
conventionally began their life scories as a genealogical record, only to mold itinte
a resuwme of their professional life.” Iven when the authors gave genealogical rea-
sons for writing their autobiographies, close relatives like parenes and siblings
barely figured in the narrative. More often than not they excised spouses and chil-
dren — including sons — altogether from the genealogy and story line.

If engineers seldom included family members in their life stories or displaved o
sense of indimacy, they ofien wove their narratives around emoronat passages in-

volving other men of their social class or their mentors, whom they did trear as
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family members. Onward Bates {1850-1936), an establishment civil engineer with
little formal education, had received his craining in the ficlds of the railroad bridge
construction during the Gilded Age betore moving to the urban frontier of Chi-
cago to become a contractor. As an octogenarian looking back on his years as
Charles Shaler Smith’s apprentice, Bates noted in 1933, “I have always regarded
him as my professional father,™ Alfred West Gilberr (1816-1900), who later be-
came a municipal engineer in Cincinnati's waterworks and sewersysterms when
the city expanded as a result of the shipping business along the Ohio river, recalled
a fecling of kinship within the community of engineers on his first surveying mis-
sion in the hills of Pennsylvania, bur he restricted the sense of family to social
cquals. Like so many other engineers, Gilbert conveniently excluded their day-to-
day dealings with foreign-born common laborers responsible for clearing the path
and setting up camp. "

Sometimes the fraternal feelings berween social equals would go so far as wo ex-
clude blood brothers cven when they worked side by side. John Tricz, whose
brathers George {1828-1873) and William {1841-1884) worked with him in the stecl
industry at Bethlehem Steel mills in Pennsylvania and ac a rolling mill ar Charea-
nooga, 1ennessee, failed to portray etther brother in a particularly intimate or
familial fashion, excepr for one passage where, ironically, he argued the impor-
rance of fraternal love among engineers over and against that of blood relatives.
With pathos, Fritz recalled in 1912 the early history of the Bessemer process when
his colleagues Alexander Holley, Robert Hune, William Jones and his brother
George would frequently come to Bethlehem to discuss their work in implement-
ing the new steel making process in the plant that produced rails and armor-plate:
“We did nor meet as diplomats...but we met as a band of loving brother engineers
trained by arduous experience, young, able, energetic, and derermined to make a
success. | doubt if ever five natural brothers were more loyal to each other than the
five brother engineers above named.™

Urban engineer Onward Bates most explicitly showed how literally this male
world could supplant parriarchal family life when he deseribed his engineering
work in terms of love and marriage. Fondly recalling the emotions he felt the day
he was offered a job with the Edge Moor Company in Wilmington, a firm that
specialized in bridge construction: “All I could think of at the moment was what
the lady said when she recaived a proposal of marnage, “This is very sudden.’ |
wired Mr. Whittemore: ‘T accept Mr. Smich’s proposal,”” the man he had earlier
described as “my professional father.” Bates failed to regard marriage with the
same affection, however. He likened marriage to an engineering specification and
contract: “We learned thar matrimony is not 2 joke, buta most serious matzer, the
most important of all contracts, lasting throughout the lives of both parties...

These specifications almost warrant one to avoid marriage as too great a risk w be
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arrempred...” Bates and other engineers erased women, and their wives in partic-
ular, from their narratives altogether despite the fact that wives, daughters, and
other relatives lived with them in isolation in the engineering camps and often
acted as the midwives of many engineers’ autobiographical offspring in their voles
as collaborators, writers. typists, and sponsors.”

The crasure of women's presence and the celebration of the homo-social world
elicited commentary from the women who observed them. [n her own autobiogra-
phy, professional botanist and geographer Cecile Hulse Matschat presented her-
self wryly, yet seriously, as the duciful wife of an engineer during the fime she spent
in South America, where she had followed her husband on his job. She articulated
the erotic but threatening undercurrent of the fraternal feelings that ran berween
her husband and his South-American engineering assistant. Matschat opened her
narrative with a vignette of her husband’s assistant, Macéo, and ¢losed it with his
tragic death on the job.

With great derail and much pathos, she described their murual resenement and
competition for her husband’s actention and love. “They greeted each other like
old friends,” she recalled the moment when she firse metr Matéo as she artived as a
young bride in South America with her husband. "No one could mistake the
warmth of feeling beeween them. Buc there was nothing of affection in the beady
black eyes thar swept me from head to foot.” Matschat considered her husband’s
assistant physically “monstrous,” and as she told the story, cach disliked and re-
sented the other not only physically but — only barely hidden under the surface -
sexually. After her husband had introduced her to Matée as the new bode, the as-
sistant exclaimed: “ Fhar your woman?” His tone expressed complete disbelief.
“Holy cow’s blood!” The gaucho shook his head in disgust. “Damn skinny
woman!” Cecile Maeschar wrowe of the incident, “1 thonghrof a lot of things to say,
butdidn’t. 1 feltlike a rag withour a bone and a hank of hair.” She felt betrayed and
abandoned by her hushand’s failure to perform his duty to speak out for her. She
then continued to describe her assessment of Madde's capaciry for love and sex,
echoing a racial stereotype American whites invoked when talking about African
American men. “1 feel certain, now, that Matéo never loved a woman...He boasted
three women, not wives, and to him they were merely goods or chattels, ficonly to
work and ro perform their natural functions.” And in support of her claim, she as-
serted in conclusion thar Maréo’s women merely “awaited the infrequent visits of
their master and the resuliane visics of the stork.”™" Her husband’s failure to speak
up for her parucularly offended Cecile Hulse Matscha because she expected his
heterosexual and Anglo-Saxoun loyalty in this far-away corner of America’s expand-
ing industrial capiralism. Matschac's sense of duty to follow her husband to South
America and abandon her career as a professional was predicated on her expecta-
tion of the priority of heterosexual love and Anglo-Saxon solidarity. The fraterniz-
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ing between her husband and his Latin-Amertcan assistant challenged her
authority as a white North American woman. Matéo's position in the engincering
hierarchy placed him in the same social class as the Matschars, bur his echnicicy
called for other manners, she believed. The assistant’s skills might have been essen-
tial to her husband’s engineering wark and survival bur they were not ¢rucial w
her, or so, at least, she had assumed. To Martschat, her husband’s declining for-
tunes and mood swings following Matéo’s death showed how dependent he had
been on his assistant for his livelihood. In the manner she framed her autobiogra-
phy. Matschat made her resentment of her husband’s mixed loyalties quite vis-
ceral,

Martschat had not been the first to explore the homo-social world of engincer-
ing where the fraternal feelings posed a threat to the women married to cthem. The
sensc of loyaley that these corporate men felt towards each other and had internal-
ized vis-i-vis thelr employers directly compered with the women whom they
married or the women who were making professional claims for themselves. Pro-
tessional women writers including Mary Hallock Foote, Anna Chapin Ray, L.
Frances, Elizabeth YFoote, and Willa Cather gratefully explored the theme of engi-
neers who were married to the job at the risk of losing the women they were sup-
posed to wed. As we will see, women wrirers engineered cheir plots differendly than
their male colleagues to counter these professional models. As these professional
women made clear they resenced the way management engineers like Bates substi-
tuted marital and blood relations for corporate families. They objected to the con-
struction of communities of men as a world without women; a world where male

friendships were marriages and marriages enginecring specifications.

APPROPRIATING THE WORKER'S BoDY

Civil engineers involved in canal, bridge, and railroad construction maintained a
great social distance from the common laborers whom they supervised. The work-
ing camps of the diggers of the North American canal system, for example, were
characrerized by spore, fighring, boozing, and other contests of virile strength thac
helped to develop a proletarian sensc of virility closely associated with manual la-
bor and physical prowess. Keeping a social distance created its own difficulties,
Civil engincer James Worrall (1816-1885) might have disliked the pressure to drink
with the laborers with whom he worked, yet he also noted that it was impossible to
remove himself from the ritual if he wanced to reain their tespect for his genteel
manliness and auchority, He called Benjamin Franklin's famous abstention from
alcohol an isolated case, saying that “[the! men who followed his exemplary of life
were called eccentric and individual — a kind of prigs... The growing youth of a
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people naturally prefer to be like the average manly character, and thar characrer is
not to be priggish nor exclusive.”

Most of his scribbling colleagues ignored the uavails of the Irish, Scouish, and
French-Canadian canallers, who dug the ditches with shovel and barrow. They re-
moved from their stories the Chinese graders who shoveled, chiseled, blasted and
bored their way through mountain ranges und deserts, the lrish workers who
grabbed the rails with tongs, guided them over rollers and put them in place, the
laborers who started the spikes, secured the fishplares and tightened the boles, the
track levelers who lifred ties and shoveled dirt, or the thousands of tampers who
finished the track-laying work with shovels and iron bars,” The Southerner Isham
Randolph {1848-1920) chronicled his railroad employ of sevenreen yvears from his
apprenticeship in clearing the way with axes to his arrival as management engineer
before settling in the booming city of Chicage, where he helped plor the railroad’s
round houses, shops, terminals, and freight houses and then moved to the urban
frontter in the Chicago of the Progressive Era. For the next fourteen years he pros-
pered as an urban engineer, gaining local fame for his design of the ciry's water sys-
tem — the Chicago Prainage Canal that changed the direction of the Chicago
River so thar its warers would flow inro the Mississippi instead of into Lake Michi-
gan — an experience that landed him a job as a consuluanc on the Panama Canal
lazer in life. Bur Randolph never mentioned the thousands of African-American,
Polish, and Irish quarry men and canalers who were driven hard to shovel forty
miles of sand and solid rock for the much acclaimed Chicago Drainage Canal, nor
did he dwell on the events of 1893 when these workers went on a wildear strike o
demand higher wages.” Again and again, civil engineers skipped over the building
stees and indusurial struggles in their stories, and instead fixed their gaze on techni-
cal details and reached our w engincering communities across the land. [Figure
20]

The social distance berween mechanical engineers and mechanics was more
complicated. [n the tron and steel industries, mechanical engincers faced the for-
midable power and skill of tightly organized Welsh and English induserial crafrs-
men, whose bond was forged by pride of skill and an ethical code of murualism. In
many industrial workshops, skilled master mechanics had been at the center ot the
enterprise, whose repository of technical knowledge had often been the driving
force behind mechanical innovation. T'hese well-organized workers had developed
crafe-union solidarity as a strategy against the fallout from the 1873 panic and in-
creasing management encroachments on the organization of their work in the
heated years during the 1880s. In termys of ethuicity and skill, the Welsh and Eng-
lish mechanics claimed a more intimare link to the social class of mechanical engi-
neers to which Frirz belonged as the son of a German immigrane than the largedy
unorganized African-American, Chinese, and convict laborers that Secarles,
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Figure 20, Plagued by political intrigue. dire working conditions, and outbreaks of malaria,
the Panama Canal was builc by a work force of 17,000 and organized on the managemenr princi-
ples of raitroad constructdon. Here allegoricatly represented as the work of one man: 4 modern
day Hercules, forcing apart the Culebra Cur ter creare the Panama Canal. Official poster for the

1915 San Franeisco Panama Pacific Infernational Exposition by Perham W. Nall,
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Ainsworth, and Worrall faced in their supervisory duties as civil engineers, If com-
mon laborers were safely removed from nearly all narrarives of civil engineers, by
contrast, the bodies of iron rollers, puddlers, heaters, and mechanics filled the
pages of The Autobiography of Joln Fritz. Mechanical engineers like Friw partici-
pated in the rhetorical strategies that attempted to invigorate middie-class notions
of manliness and civilization through a focused attentdon on working-class men,™

LEngincer-manager John Fritz could look back on a truly prominent career in
the steel indusery that had been a creation of the railroad and war induseries. He
was best known for his inventon of the three-high rail mill that saved the
arm-breaking labor needed to form square bars of iron into finished rails. As super-
intendent of the Bethlehem Steel mills, he had helped organize the fargest plant of
its kind in the LS. in 1860. His life, as he portrayed it in 1912, had been so success-
ful because of his superior technical knowledge even if workers and higher man-
agement alike had opposed and reprimanded his bold moves. Maost civil engincers
who wrote their antobiographies did so on their own, but Fritz's autobiography
was almost a collective act of self confident capeains of industry who found him
the ideal corporate man.

The professional association of mechanical engineers, The American Society
of Mechanical Enginecrs, actively shaped, endorsed, and published Friv’s Autabi-
ography as the life of a man who represented the ideal of the mechanical-
engineering establishment. His autobiography articulated the growing confidence
and aggressiveness of the northeastern industrial establishment, shaped a manage-
rial engineering identity, and cast it as a simple master mechanic (“iron master”)
who stood by his workers, purging the difticulties that gave rise to it, This was a re-
markable fear indeed. The endorsement came when both inside and ourtside the
association tensions rose over the true pach toward engineering knowledge. The
challenge came from both craft unions whao fought the encroachments of manage-
ment and {rom a growing band of enginecring educators like Thurston who
sought o link mechanical engincering with science and its prestige. In marketing a
male managerial middle-class identity for engineers, the association played an ac-
tive role in sponsoring the autobiography of Fritz and other book-length biogra-
phics of mechanical engincers including Walter Clark, Fred Colvin, Edward
Hewitt, Embury Hitcheock, and Howard Pedrick during che 19208 and 1930s.
Lriez’s autobiography was published by Willlam H. Wiley (b. 1842), a school-
trained mining engineer at Rensselaer Polyrechnic Institute and the Columbia
School of Mines, a loyal member and treasurer of the organization of mechanical
engineers, Wiley and other leading publishers of technical literature like McCraw-
Hill steadfastly supported the leadership of industry and management engineers,
playing a prominent culeural role in effores to build their identities through their

publications.” Fritz's Awusobingraphy well suited the purposes of the emerging pro-
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tessionalism of mechanical engincers in their claim to a special kind of technical
knowledge which labor unions were challenging during the decades of intense in-
dustrial struggle.

Fritz’s narrative showed how among mechanical engineers pressures from be-
low were resolved in a celebration of a shop-floor manliness when it was no longer
viable. This celebration of the male working-class body went cogether wich che val-
orization of the bodics of middle-class athletes, a disempowerment of Afri-
can-American, Native American bodics, and an erasure of women’s presence
altogether. As the son of a farmer-millwright, Fritz had acquired an early familiar-
ity with the machinery of the cotton mills in Pennsylvania’s rural disericts where
his facher carned a living with maintenance work. This was as good a technical ed-
ucation as any young man could hope for. Later, as a supervisor of a arge iron and
steel operation, he had depended on the tacic knowledge of boilermakers, rollers,
and puddlers at the Pennsylvania industrial machine shops of Norriscown (1846-
1849), Safe Harbor (1849}, Cambria (1854-1860), and Bethlchem Steel (1860-1892).
Fritz's life exemplified the trial-and-crror era of industrial capitalism, when skilled
machinists and millwrights (like his father) improved and tinkered with new ma-
chines, materials, and merallurgical processes. From a technical point of view
young Fritz had not been the sabula rasahe and his colleagues made him out to be
decades later in 1912. The ASME promoted John Fritz's autobiography as the nar-
rative of a self-made man who had lcarned by doing. This portrait was quite
self-serving because formal education was generally uncommon during the carly
nineteenth century, only to become retrospectively an issue when schoal-trained
engineers began to overwhelm traditional upper-class engineer-proprictors in
their claim for true engineering skills. Fritz's autobiography merged three histori-
cal and politically important moments into one powerful argument. The book in-
cluded reports of the ostentatious birthday parties which the ASME staged in
Friez's honor in 1892 and 1902 — years thar turned out o be politically significant.

In the late summer of 1892, the captains, managers, and engineers of the steel
industries gathered to celchrate Friez's sevendieth birchday ar che Opera House in
Bethlehem. Afrer the guests sat through a sumpruous banquet, sipping their coffee,
puffing their cigars, engaging in rounds of “mernry jest...as friends were recognized
up or down the tables...amid a babel of sounds mingled wich bursts of uncontrolla-
ble laughter™, the fraternity not only toasted the story of a self-made man and his
manly individualism, but also put the man they had come o celebrate to a mock
trial. [Figure 21] Through the practical joke, they charged Fritz with rwo offenses,
accusing him first of having “misled the public into the belief thac he was an engi-
neer, and an iron and steelmaker™ and, secondly, of having “disturbed the peace.”
Fritz, so the indictment read, had “changed beyond all recognidion the old time
peaceful hamler of Bethlchem.” If it had not been for Fritz, “Bethlehem would
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Figure 21, ULS. steed dinner in 1yo1 celebrating corporate organization similar to Frite's birth-
d;ly dineer partics t:ulogixing his m;m]}-' corporate characrer. Courresy of Camegie I.ibr;ir}-’ of

Pittshurgh tneg. A-146).

have remained ro this day the quier place [it was and] the waving grain would still
be bending to the summer breeze over lands now..,” so the jesters charged. The la-
mented loss of a golden pastoral past common in the writings of many European
and American writers acquired a particular meaning for engineers. Many engineers
presented their participation in engineering as contibutions to the march of prog-
ress and as an Hlustration of their own self-improvement, but coming, as many did,
from an agricultural background, the authors often expressed ambivalence about
the pastoral world their very profession had helped to destroy. *The indictment
showed,” the fraternity charged, “how the prisoner [Fritz] growing up, turned his
back ... on the old farms, sought out a country blacksmith and machineshop,
where he thumped his fingers, greased his clothes, and grew black in the face,
thinking he was becoming an engineer.” The creation of a professional autobiog-
raphy attempted to recapture a past that engineers had helped to destroy, and
served to memorialize a past made obsolete by the very carecrs they described.”
This concern with a loss of the pastoral past also displaced the contest berween

skilled steel workers and managers - a conflict that was on everybody’s mind in
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September 1892, Three hundred miles away from the celebration at Bechlehem's
Opera House, the ongoing and birter strike ac the Carnegie Steel Company in
Homestead just outside Pittsburgh in Pennsylvania divided the community if not
the counery. At the beginning of that summer the conflict had scemed to center
merely on pay, but as the months wore on the workers” demands, strategies, and
arguments focused on workers” control over the organization of their work. Ac the
heart lay a classic contest over knowledge and skill berween workers and manage-
ment,” In this highly charged political atmosphere and amidst a decpening eco-
nomic crisis, the ASME establishment put John Fritz on mock trial during a
banquet given in his honor just as he had retired from a long carcer as the quintes-
sential manager and corporate man. The invited guests ar his table included steel
barons like Andrew Carnegie, Henry C. Frick, and Abram 8. Hewiu, all of whom
were involved in the decisive labor contese at the Homestead steel works. Against
the backdrop of the bitter labor-management conflices at Homestead, the guests
found their practical joke so “merry” that chey were overcome with “uncontrolla-
ble laugheer.” With a nod to the labor battles being fought in the courts, the orga-
nizers accused Fritz of the pretense of possessing rechnical knowledge and calling
himself an engincer; in the opinion of the ASME establishment, the Homestead
steel srikers showed an exaggerated confidence in their technical knowledge, as if
their skills could not and would not be replaced. Fritz’s sccond offense against
Bethlehem's pastoral peace went beyond the tnroads the steel industry had made
into the agriculwural world. A depoliticized narrative of the lost Golden Age thus
allowed the ASME establishmenr to work through their role in, and anxiety over,
the transformation of labor relations. Male gendered language obscured and re-
solved the existing contests berween managers and skilled workers in che sceel in-
dustry. Fritz and the ASME appropriated che skill and manhood of the workers
they supervised in language and images: “he thumped his fingers. greased his
clothes, and grew black in the face.” The accusadon of having posed as an engineer
playtully referred to Fritz's lack of formal education, increasingly demanded by
engineering cducators, but in the politcally charged air of thar summer, it also
played on the professional skills engineers claimed vis-a-vis mechanics and man-
agement on America’s production floors,

The male-gendered language of calluses, dirt, and sweat became more polici-
cally coherent in the narrative of 1902 — in the decade characrerized by the bitter
strikes ar the Homestead steclworks, the Cocur d’Alene silvermines, Pullman and
Chicago railroads that proved to be decisive in the changing labor-management
relations when government intervened in these industrial conflicts on behalf of the
owners and managers. This time che mechanical engincering establishment gath-
ered to celebrate John Fritz's eightiech birthday and chose the Waldort Astoria in
New York Ciry as their setting racher than the local Opera House in Bethlehem;
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this was a sign of the growing confidence of ASMLE members in their national im-
portance, and a reflection of their exclusive orientation towards the financial cen-
ters of the East Coast. Several guests sitting at Fritz's table had come to despise
organized labor — the product of their conflicts with unions in the decades after the
1873 national depression, the Haymarket scare, and the Homestead strike. Rossicer
W. Raymond (1840-1918}, president of the American Institute of Mining Engi-
necrs (AIME), an influential writer for his profession and an arch opponent of un-
jons, pitched the manliness of John Fritz against that of craft unionism embodied
in his enemy John Mitchell (1870-1919}, presidenc of the United Mine Workers of
America (UMW}, Rossiter had developed his vicriolic antagonism against labor
unions when he was working as a consulting engincer for iron manufaceurer Coo-
per, Hewitt & Company during the 1880s; an antagonism he articulated more
publicly and bluntly during the Homestead strike in the carly 1890s. Ar Fritz's
birthday party, Rossiter ridiculed the UMW’s struggles for recognition and pay.
“You will not find a great many pages about raising engineers. You will not find
one single plan for shortening a day's work or diminishing the quantity of labor
that an honest man gives for his labor (applause). You will find char Sociery
fAIMLE] recognizing individual manhood.” Closing his rousing speech, he asserred
that the American manhood of individualism had been divinely inspired.”
Abram 5. Hewitr (1822-1903) further gendered Raymond’s definition of a mid-
dle-class manhood. A steel baron and ex-mayor of New York, he had been the
president of the Cambria Iron Works in Johnstown, Pennsylvania, where he had
hired Fritz as a superintendent during the 1850s, and had been Rossiter’s bass dur-
ing the bitter labor disputes in the later part of his life. Hewite celebrared the frarer-
nal feelings that had blossomed in spite of — and thar had also counterbalanced —
the competition that lay at the heart of their relationship. *At times of competitive
struggle, the friendship which has existed between us has never in the slighreste
been disturbed,” he insisted of his loyal employec. “This happy experience is due,
doubtless, to the amiable traits of Mr. Fritz's nacure, which, with all jes masculine
energy, is tempered with the sweetness of the gentler sex,” Hewite added in a nod
upwards ro the balcony where their wives were segregated in the Angels Gallery
and entertained with a watered-down version of the celebration that went on
downstairs.” To the ASME business community, John triez's life came explicitly
to represent acquisitive individualism. And in a classic refnstatement of the ideol-
ogy of the separate spheres, the ruthless competition berween husbands was trans-
lated into fierce male love, buc held in check by the sweer silence of their wives in
the Angels Gallery upstairs. Through its narrative, the fraternity thus framed John
Fritz’s life as a paragon of American business and individual manhood, omitting
the struggle thar was part of it. For the steel barons and their associates who had
been embroiled in the changing labor relations in the steel industry, Frive's engi-
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neering management professionalism became their ideal vehicle. T'o emphasize it,
they instituted the John Fritz gold medal in 1902,

John Fritz allowed the members of the ASME to shape his life story, bur his
autobiography — written 10 years later in 1912 — also diverged in subtle and signifi-
cant ways from their construction. In the third narrative layer of the book, John
Fritz recounted his life as a defense of his engineering knowledge, comperence,
and expertise while carefully steessing his good feelings and relations both with the
workers and upper management. Following the tradition set by other engincers,
Fritz rold his life story through claborate descriptions of the technical problems ke
had faced with the staff ar the Norristown, Cambria, Safe Harbor, and Bethlehem
Steel plants and of his selutions to them. He described conflices with skilled work-
ers, foremen, formally trained engineers, managers, boards of direcrors, and bank-
ers alike, many of whom had accended his birchday pardes — conflices frem which
he emerged victorious over his skeptical, ignorant, and recalcitrant opponents be-
causc of his technical expertise. If the ASME defended an ideal manhood of indi-
vidualism, Fritz’s own definition of ideal manhood was to be “a man among men,”
or projected back into his yourh, “a boy among boys” — a theme commaon among
engineers often echoed in the pages of enginecring magazines.”

The masculine romanticization of the shop floor conveniently disguised the
fundamental changes that had raken place and the tensions that gave rise to it. The
engincer’s ability to withstand workers” jokes and pranks, and his skill in speaking
the salty language of the shop floor — coarse to the ear of the intended readers of his
autobiography and to his own middle-class sensibilities, bur vital for gaining and
maintaining his credibility with and authority over the workers = had been forms
of initiation into the male world of industry. Fritz insisted, “T do not now forget
the laboring man, and especially the able, brave, and noble men who loyally stood
by me in times of severest urials...who were ever ready (o face any hardship or dan-
ger.T'o these kind and loyal men much credic is due for success as T have ar-
tained.” In his autobiographical tle of 1912, Fritz sidestepped the rensions
between the skilled workers and managers and rhe industrial warfare that had
raged around him: “1 wish, alse, to give credit to the brave and noble wark-
nien...All that needed to be said was ‘Come, boys,” but never ‘Go, bovs'....too
much credit cannot be given ro these fearless and energetic men for the marvelous
progress that has been made in the manufacture of iron and sweel in this country.™
His insistence on the skilled workers' high level of confidence doubtless repre-
sented Fritz’s feelings and own social background. It mighe even have been a subtle
oriticism of the ruthlessness of the steel barons, but it also masked the sharply con-
tested changes that had occurred in the relations berween management and skilled
workers at Bethlchem Stecl, Cambiria Iran Works, and clsewhere in the sceel 1n-
dustry throughout his lifetime. Fritz had been celebrated for his invention of the
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Figure z2. This 18408 “hook tool” was used by che skilled machinist who rucked i wooden
handle under his armpic o steady the cutting edge againse the rapidly spinning work pieee in the
lache, Presenced by John Fritz in his Presidential sprech to the American Society of Mechanical
Engineers in 1896, it functioned as a relic of the mechanists” skills. a material trophy of corporate
progress, and a fetish of working-class manliness. Courtesy of Division of Engineering and In-
tillst!'}-’, Narional Museum of American History, Smithsontan Insticution, \Y":ls.hingt(m, (3.

{neg, g5210-A).

three-high rail mill thar saved the arm-breaking labor needed to form square bars
of iron into finished rails, Yer Fritz was also intimately involved and directly impli-
cated In the transformation of another aspect of the labor process: heled the intro-
duction and improvement of the Bessemer Steel process that eliminated the job of
the puddler, who constitured the aristocracy of labor and the vocal part of the in-
dustrial eraft unions” movement.” I his 1896 Presidential speech Fritr presented
the hook tool as a token of his own and the steel industry’s youth to the American
Socicty of Mechanical Enginecrs. It was also a relic of the machinises” skills, a ma-
terial ophy of corporate progress, and a fetish of working-class manliness. Shop-
floor manliness might have been viable in Philadelphia’s machine shops of the
18408 the hookrool represented, buc in the lare i8gos this was no longer a reality
and fargerly symbolic.|Figure 22] The development of industrialization paralleled
Fritz’s rise to prominence in ron and steel manufacturing — an indusery that had
been the major engine tor the railroad and war industries. Tewould become an icon
and metaphor for industrialization ieself — symbolized at the World's Fairs and
sanirized in the presentation of clean machines.

From engineering's basement sounded dissonant licerary voices, however. In
ill-lit drafting rooms a few steps below cthe level of the sidewalk, thousands of
draftsmen worried abour the heighr of their stools, the fumes, dust, and noise
coming from boiler rooms and foundries, or the rreatment they received from
their supervisors. The young graduates from the engineering programs, corre-
spondence schools, and evening classes cared little about maintaining managerial
modes of manliness. They had come to expect their position in life as employees of
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TH An
Whs 15 it thit u:bs ptrened on a high rickety chair
PBraws 17nes ah dag with & ledrned avr
And wears In the, seat of his troustrs a3 shiny glaee:
he drafisman.
Who is it that syre Post be wondrous wise
And for 3 fow dollars on the blink puts his cyes
And whym it bthotves ntw things o devite
_ ) The drafisman,
Wha s /F when a job q2es wyen
Fram the Boss gets Hail Columbia gond « strong
Arnd siacts to whistle a chee rful Song,
The drafisman,
Whe 151t that works Vike a slave 1y chaing
Then htars the Bosstell him of his zims
Bnd sy, surely haven't _I_ some wonderful brains
The draftzman.
Who 15 it that gets 3l the credit and praise
A pet on the bbck ang & goodly raise

For thinge You have done and warked onfor days

Th: 6055!
85

Figure 23, Sarcastic poem published in the rank-and-fle engineering journal $he Drafiswian
(l’hi!;ldclp}li:l} in 1928 s}mwing thar the p;ilcmal |:lcdgc and promise nf-prummi(m to manage-

ment position was not readily avaitable to most i:t|)()ring in the basement of che profession.

such large corporations as the American Bridge or the Dupont companies.
Through organizations including the Technical League, the American Association
of Engineers, and the Internatonal Federation of Technical Engineers’, Archi-
tects” and Draftsmen’s Union they began to articulace their demands tor berter
working conditions and pay. When in 1919 the air filled with talk of democracy
and revolution, engineering reformer Robert Shelmire articulated the sense of
class berrayal many aspiring engincers stuck in drafring depariments fele when the
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paternal pledge of upward mobility was broken. He questioned the refusal of engi-
neering organizations like the ASME to furnish employment services. He asked
rhetorically if there was any excuse for failing to help “the younger men who are
growing up in the profession and will succeed them. ... The exploication of young
engineer-draftsmen constitutes a most shameful chapier of the history of ergineer-
ing... Much of the responsibility for the draftsman’s predicament is placed on the
older engineers. The engineers, the men who swyle themselves #he profession,...
who have tried the draftsman out of the engineering profession.” Instead of com-
posing autobiographies, these draftsmen wrote poems or circulated the verses writ-
ten by writers like Rudyard Kipling. Poctry counselled the scores of sons from
lower-middie and immigrant classes, and some African-Americans and women on
how to keep their dignity, helped release the tensions sutfered in the drafting de-
partmients, and ventriloquized the anxicties at the botrom of the engineering lad-
der. From the basements, draftsmen approvingly read lines as: “Tomorrow, we
will sweep all {ears away/ Tomorrow — we'll be dead/Go, fool — and play.”™ They
counselled on how to maintain dignity in the basement “Don’t be afraid of the
dirt/ I'hat comes from the furnace of the file/Fach man who is great... Has worked
in the dirt for awhile.” They ventilated their anger abour bosses. “Who is it chay
gets all the credin and praise/A pat on the back and a goodly mise/For things YOU

[Figure 23]

LIRS

have done, and worked on for days/The BOSS.

(Re)MakinG THE HisTORY OF ENGINEERING

Numerous auoblographies chronicled the many conflices which civil engineers
taced and inrernalized during the second half of the nineteenth and the carly twen-
tieth centuries, and many were, as Searles had made so painfully clear, neither suc-
cess stories nor narratives of autonomous, self-directed men, bur rather bore
witness to the narrow space for negotation which mid-level engineers oceupiced.
This sense of failure and bewilderment shaped the way many authors structured
their narratives. Engineering autobiographies, however imperfect they may be as
literary works, thus often expressed the confusing experiences faced by individual
engineers from che middle strata of corporadions. They established cheir own liter-
ary genre characterized by detailed technical desenipions, disembodied prose, and
the erasure of workers” knowledge. Above and across the ditches, tracks, and ca-
nals, they reached out to the imagined communities elsewhere through cheir auro-
biographics. In them. engineers displayed their own rechnical knowledge, seeking
to stake out an arex of knowledge and skill entirely their own, while celebracing
male bonds. Writing an autobiography became a personal and collective way of re-

working past experiences in order to understand, interpret, and recast the present



Bargaining for the Fraternity 17

in which the occupation had become deeply divided. Berween dhe poliically sig-
nificant years of 1892 and 1912, the engineering establishment revitalized Urite’s life
into an example of a self-made man who had pulled himself up by his own boot-
straps — a siory articulared in a language of shopfloor manliness that was dislodged
from its original political context.”

Following the publication of firies’s autohiography, the ideal of the self-made
man increasingly became a coherent narrative, a dominant straregy, and market-
ing device for those engineering autobiographies published by commercial presses
during the 19305 when it became codified as a belief in initiative, aggressiveness,
competitiveness and forcefulness. Commercial publishers and sponsors in the
1930s promoted enginecrs’ lives as clear expressions of rugged individualism. Bue
the construction of rugged individualism was more a product and a marketing de-
vice than an actual reflection of the dime recalled in the autobiographics. “To me,”
wrote the publisher Routledge in his 1936 foreword to the autobiography of Sam-
uel Traylor (1869-1947), “|he] has always represented what 1s best in rugged Amer-
ican manhood. 1 never knew him co exaggerate a statement.”™ Likewise, Alfred
West Gilbert's son thought his father’s autobiography exemplitied “the simple
seory of a quict, modest man, with no claims to either greatness or wealth.” He en-
dorsed its publicarion in 1934, almost fifty vears after it had been written, because
“[tir is good in this distracted time to pausc and give thought to those of an carlier
day who served their country..for its development.” As if to counter the
Rooseveldan version of state socialism and calls of solidarity, he continued ro stress
the importance of individualism as a source of inspiration during a time of eco-
nomic hardship: “we must depend upon individual characrer ro sustain the nation
which our farhers so laboriously buile.” Tn part because of the growing power off
the Jarge corporations, another civil engineer, Paul Starret (1866-1957), who super-
vised the construction of several of the classic temples erected on the Columbian
Exposition’s midway for Chicagoan architects Burnham and Root, stated in 1938
with an air of nostalgia that the era of individualism had already passed: “There
will always be individualism but the era of Fricks and Stillmans and Blacks is of the
past, and with it the builders of that era they are like those vanishing Indians of my
childhood.™ The autobiographics appeared on the liverary scene as the daily press,
weekly magazines, and popular fiction devored considerable attention to engineers
and their work, thus enhancing and enshrining the profession of engineering. One
establishment engineer noted with pleasure in 1936 that “it s gratitying to the en-
gineers to know that year by year the great importance of the profession is realized
by the general public,..™ This recognition was perhaps best symbolized by the
clection of Herbert Hoover, a mining engincer by training, profession, and politi-
cal conviction, to the Presidency in 1927, but conerasted with the experience of the

rank and file.
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If the authors wrote about the nincteenth century, their zutobiographics were
also important products of the early twentieth century as they expressed the
cpocl’s taste, tendency, or need for memorializing. 'heir production and market-
ing rook place during a period which coincided with the passing of the Golden
Age of ¢ivil, mining, and mechanical engineering. Taken together, the writing and
publication of the four dozen autobiographies constitute a significant narrative
production and a professional and collective moment of memorializing, During
the 19305, the genre became more firmly established as presses like Wiley and Sons
and McGraw-Hill — major publishers for rechnical, vocational, and engneering
schools and active participants in the campaign against the debate over technologi-
cal employment — publicized the stories of small heroes in the spirit espoused by
Ogburn, Giedion, and Usher, who sought to write a new social and anonymous

history.”™ The spate of commercially promoted autobiographies was also a defense
against the demand of some social scientists thar engineers and scientists share re-
sponsibility for the cconomic crisis of the 1930s; they came when the project of
building an empire was in decling, corporations consalidated further, and the Fed-
eral government was investing heavily in major building through Roosevelt’s pro-
grams of public-work administration. "It is good in this distracted time to pause
and give thought to those of an carlier day who served their country and labored to
lay a surc foundation for its developmenc. Wieh all our laws, restrictions, new in-
ventions, and so-called improvements, we must depend upon individual character
to sustain the nation which our engineers so laboriously built,” justified a widow
of an engineer upon the publication of her husband’s autobiography, which he
had written some forty years carlier.” The autobiographies were responses to the
growing worrics over technological employment during the 19305 and the call for
responsibility of engincers and scientists. If their awtobiographies had not been
commercially viable in carlier decades, during the 19305 commercial presses began
to cater to a market thar had come wo believe that engineers and scientists racher
than politicians and statesmen were the small heroes of America and the crue
shapers of history, These publishers helped name and shape a new area of expertise
and knowledge that could for the first time be designated as technology. This his-

tory of engineering would be cast as the history of technology.
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(De)Constructing Male Professional Bridges

ate Victorian male wrirers of romance and modern arists of the visual arcs

began to build professional bridges between themselves and engineers.

Over the span of two and half decades from 1890 to the first World War,
male commercial writers staged the engineer as a male cultural hero, A decade
later, the modern avanc-garde followed their popular writing brothers by acstheri-
cizing the visual language of machinety and by inscribing machines as explicidy
male symbols. Together these two professional groups shaped the symbols of wech-
nology. Engineers and machines became the markers of modern manliness but not
without protests from women professionals.

[f in the autobiographies of male engineers women were removed from the ser,
in popular enginecring novels they occupied center stage. Waomen played a cructal
role in lending engineers cheir virility. Authors introduced the heroine often 1o
counterpoint ot eriticize the world of engineering work. No doubt because of hiter-
ary convention, authors of Hetlon inserred women as lovers, mothers, and daugh-
ters into the engineers” world of work and threw them into sharp relief with male
engineers. Within the pages of theiv own autebiographies, by conurast, engineers
deseribed their work as an affair beeween men only and replaced women and their
family of blood relatives by a family of enginecers, proving their manhood through
their struggles with other men including owners, fellow engineers, and laborers.
Bur in the world of fiction, engineers won rtheir badge of manhood through their
associations with women; here the men of ficdon acquired their distinctiveness
through the women's presence and prodding,

There was another major difference berween writers and engineers, however.
Male engincers placed their autoblographies in the tradition of vocational litera-
ture, which cagerly solicited the attention of young aspiring men, while the writers
of popular fiction catered to the preferences of 1 mass audience dominated by fe-
male readers. “It s said that the success of a book,” wrote a father-and-son team of
writers in the foreword to their engineering novel Web of Steel, “depends upon
women; that women buy. read, discuss, and promote a novel, and if the baok has
no appeal to women it s forever doomed.” Slyly, the authors, one a popular writer
of romance, the other a civil engineer, congratulated themselves for having defied
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women’s dominance in the literary markes and “at least proved themselves men of
courage, the publishers likewise, for it cannot be too insistently set forth thac this is
primarily a book...for men, about men, and written by men.™ As a concession to
the female market, the anchors constructed their story about men “around the
cternal feminine whom the authors have striven to make as feminine and c¢harm-
ing, as appealing and delightful, as their large experience with the other sex permits
and warranes!” The story line of their engincering novel revolved around the col-
lapse of a bridge and the love between father and son, showing how the demands
of engincering work and male honor were incompatible with women's demand for
tamily and communiry.

The authors of Web of Steefarticulated a decade-long war of words between fe-
male and male authors who had been reflecting on the astonishing rise of both cric-
ically and commercially successtul women of letters throughout the middle and
late nineteenth century. In the winter of 1872, a famous conversation between
Mark Twain and Charles Warner and their wives generated the classic answer to
the nineteenth-century cultural wars of gender when the husbands questioned the
state of popular fiction dominated by such succesful female writers as Harricr
Beecher Stowe and Louisa May Alcotr. The wives challenged their husband wric-
ers to compose a berter tale. In answer to the challenge. they published their
best-selling The Crilded Age: A Tale of Today (1873}, a novel about the male indus-
erial world of scoundrels and schemers that would give the era its name.

Recasting this struggle in new terms for the modern age, male and female ariists
minted the engincer as cultural hero between the economic downeurn of the 1890s
until after the first World War. Artists often portrayed engineers as visionaries aud
artists who stood for design, imagination, and leadership, rather than mere execu-
tion.|Figure 24] This portrayal fell squarely in line with the cagerness of engineer-
ing advocates to show thar engineering works were in fact works of art, in an cffort
to obtain professional recognition from culrural elives.” The portrayal of the engi-
neer as an artist depicted him as a visionary free agent who stoad above the mere
concern of making money and offered engincers an appealing professional role
model.

But the mutual mirroring between engineers and artists reflected a particular
male affinity and infatuation, perhaps even a male middle-class alignment of sorts
between the male authors” search for social and cconomic status and the engineers”
quest for cultural authority. The gender convergence of the artist-as-engineer and
the engineer-as-artist infused both the engineering profession and the writing pro-
fession with manly qualities of independence, control, and physical vigor ara time
when both professions were increasingly incorporated into modern, burcaucratic,
and mass institutions ar the turn of the century. Women novelists and artists,

however, cared ro disagree and devised their own narrative and visual strategics. Tf
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Figure 24, Engineers as male protessional role model for middle-class bovs and popular au-
thors stressing the outdoors. Book cover for The Youug Engincers in Mexicoas parcof a juvenile

SUTIES DN engineers, 113,

men ruled in the engineering profession. male authors believed thar women domi-
nated the arts. The popularity of the engincers as a protagonist helped ro recast
that contest in new terms. The manliness of the engineer bridged the protessional
asprirations of male writing and engineering professionals. Modernist artists also
increasingly projected themselves as engineers; they rejected academic traditions
and the arduous apprenticeship system of the studio, celebrating instead design
aver craft. Avani-garde visual artises similarly adopred the machine’s aethetics as
badges of male versions of modernisin to air our the Victorian parlors associated
with genteel women, For them, Victorianism represented comfortable and over-
stuffed female parlors where women wrote and read in leisure. They adopted engi-
neering aesthetics and devised an identity to counter it. The representation of
outdoorsy male enginceers, the protagonists of a great many popular writers, served

as thedr agents to air out the scubfiness of the nincteenth-cencury parlor.
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ScrigsrLiNG MEN DesiGN ENGINEERS

Promorers of an engineering professionalism looked for cultural stamps of ap-
proval by enlisting writers to enhance their prestige. *The soldier has long been the
hero pai exceflence of the writer of romance; the statesman, lawyer, physician, and
minister have received their share of glory, and even the business man has not been
overlooked. . But whar of the engincer and his work?” queried Edgar A. Van
Deusen in the Professional Engineer, home journal of revolting engineers, in 1922.
At 38, Van Deusen (b. 1884) could claim an impressive heritage o the Hudson
Dutch and to the British engineering profession, and a sound engineering educa-
tion, but he had been employed in che lower ranks of the profession as chief drafes-
man with various corporations for almost ten years, After reviewing a number of
popular writers” treatment of engineers published in the previous decades, Van
Deusen advised that such literature should serve “to give the public a clearer con-
ception of the value to the community of the engineer and his work...Both the
profession and the public would owe the authors a debr of graticude.” Van
Deusen’s call {or literary recognition expressed the engineers’ more general sense
of cultural reglect and public indifferenie to cheir professional claims and echoed
an cwlier plea of J. H. Prior, chief engineer of the [llinois I'ublic Utlities’s board,
tor raising the “social, cconomic and cultural status™ of engineers.” Engineering
patricians like Prior and Van Deusen canvassed for financial reward and social sta-
tus buee also soughr to increase engineers’ cultural capital. To engineering advo-
cates, reading popular novels and poctry was more than a letsure activiny: it
signalled a porential asset that could increase engineers’ much needed culural
capital.’

Male wiiters of popular fiction fought their own bactles with women authors
and with a predominantly female audience. To male authors the “feminization” of
the writing profession threatened their professional presuge or whatr Hawthorne
had called a “damned mob of scribbling women™ as early as 1855 when he wit-
nessed the sicllar tise of wrirers like Harmer Beecher Stowe and Mary Elizabeth
Barrete Browning in the literary marketplace.” T'he engineers’ search for culwural
authority paralleled the male professional writers” own quest for independence
and financial reward. The creation of the figure of the engineer bridged these mu-
tnal male professional aspirations. In the period from the Columbian Exposicion
to the first World War, prior to Van Deusen’s rherorical question, ar least 20 nov-
cls and short stories appeared on the literary scene in which writers of romance cast
the engineer as a white middle-class hero. Published during a relatively shore pe-
riod i the decades preceding the first World War, novels like Soldiers of Foreune,
The Bridge Builders, and Still Jim enjoyed immense popularity at che time of publi-

cation, but have long since been forgotten. John Fox |r.'s The Trail of the Lonesome
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Pine (1908}, Harold Bell Wright's #he Winning of Barbara Worth (t9n), and Zance
Grey's The ULP. Trail (1918) ranked among the number one bestsellers in the his-
tory of American publishing, cach selling over a million copies.

The engineer of genteel fiction was a ruling class fignire, a visionary, and a leader
who was portrayed as an ideal professional: “social, civil, and stable,” But this
managerial professional ideal was also distinctly male and middle class, and did
not include women. In his ruggedness, the engineer became the male suceessor to
the cowboy, the embodiment of physical vigor and contral, who conquered and
mastered female nature; he symbolized the romande loner who roamed the coun-
try in an attempt to escape the weakening influence of civilization associated with
female values. In the portrayal of these male professional writers, the wellspring of’
the enginect’s true manhood was his body. Yer he was also a professional who
mapped and civilized the American West, and embodied the middle-class ideal of
Lhe Seremons Life” Most fictional engineers were ¢ivil or mining engineers who
supervised the construction of bridges, railroads, and dams, or the extraction of
precious ores for the expanding American empire; few, if any, dealt with mechani-
cal, chemical, or electrical problems. The ficrional engineer was muscualar and did
not hesitate ro ger his hands dirty, bur he was never confused with the laborers he
supervised. e was a leader and a loyal company man married to his job, and as
such he became the premier male and middle-class role model of work during the
19108 for which the patrician Van Deusen longed.

One enginecring story first serinlized in MeClurey and llustraced by Charles
Dana Gibson before being published as @ book was Richard Harding Davis’s Sof-
diers of Fortume (1897); it was emblematic for the new genre. Tt tells of a mining co-
gincer, Robert Clay, who exploits the Valencia Mining Company for American
absentee pwners ina small South American counury called Olancha. As ajournalise
and short story writer, Davis (1864-1916) was closely associared with the male chiv-
alrous Ideals most succinedy expressed in Theodore Roosevelt's doctrine of the
“strenuous life.” Inhis novel, Davis explodeed the themes of strenuosity and viriliey
to the fullest, explicitly linking them to American capitalist expansion abroad.
One character in the novel explains that engineers “were Hghting Narure at every
step and carrving avilization with them. They were dotng better work than sol-
diers, because soldiers destroy things, and these chaps [engineers] were creating,
and making the way straight,” but doing so without recognition. In fact, “the civil
engineer,” he contnued, “is the chief civilizer of our cencury.™

The linkage between male conquest and the domestication ol nature — at once
sexual, female, primitive, and wild ~ found its mast cloquent and unambiguous
expression in Harold Bell MWright's best-selling novel The Winning of Bavbara
Worth (1911). The novel's tide barrowed from the fronter manliness encoded in

Rooseveld’s Winning of the West 1866) and his other writings. In popular-culture
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representations, the West, in danger of becoming civilized and thus “feminized,”
figured as a place of male initiation by overcorming hardships.” In Wright's novels,
women's moral and civilizing influence threatens male enterprise and is therefore
replaced by the kind of civilizing effore of engincers that Davis had in mind. Har-
old Bell Wright (1872-1944), a preacher turned writer of at least five besc-sellers,
reached millions of readers in American rural areas and small rowns through a so-
phisticated advertising campaign of the Book Supply Company, a Chicago
mail-order firm. Through his novels, readers learned to treasure middle-class val-
ues even if they had not yer joined the middle class in economic terms. Wright's
writings romanticized the West, unspoiled nature, arduous labor, clean living, and
neighborliness, all attributes of a Rooseveltian Srrenuons Life.” His plots tried to
reconcile engineering construction with the exploitation, scarring, and rape of the
land, and the demands of capitalist individualism with the ideals of community
and service. In these and other narratives, novelists portrayed engineers as battling
greedy investors and taming nature, who fought both the forces of nature and che
greed of financiers threatening their designs. Many of the plots turn on how the
engincer-hero overcomes these barriers by virtue of his vision, hard work, and ex-
pertise. In the end, engineers of fiction reclaim nature and heroines, while they
bactle with irresponsible politicians and greedy capitalist adventurers.

The sales Agures reflect the large audiences which the engineering novels were
able to attract, but the authors’ handling of the subject macter also accounts for
their ongoing fascination with enginecers in their plots. The outdoorsy masculine
professional engineer carried great allure for male authors of popular fiction, who
were writing and producing for a mass marker, when popular magazines began to
include articles on business, the professions, and politics in an attempt to court
male readers.” The introduction of new publishing techniques and the emergence
of popular magazines transformed not only publishing but alse the marker posi-
ton of writers i relation to audiences, editors, and reviewers, Before the Civil
War, writing had been on the whole a leisure pursuit for which authors did not re-
ceive any payment; but by 1900, writers entered a well-established and centralized
market facing pressures similar to those of engineers. Not surprisingly perhaps, in
looking for a new male reading marketr magazines like Seridners’ and McClure's
were the first ro serialize the engineering novels. Because the representation of the
engineer could address male readers in a predominandy female reading public, as
the father-son team understood so well, it had a specific markert value to writers
and publishers looking for new markets. Thus, engincers were not alone in their

OllgOillg search I'OI status and rccogniti(m.
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KirpLIinG AND MARTHA'S MANLINESS

Rest-selling authors like Harding Davis, Bell Wright, Fox, and Grey endowed ¢n-
gineers with a new cultural authority that clite enginecrs Van Deusen and Prior
thought cngineers so desperately lacked when the profession transformed into a
mass occupation; but the English-American poet and writer Rudyard Kipling did
even more. Of Thorstein Veblen’s gencration, Rudyard Kipling (1865-1936), the
most popular poet and writer in the English-speaking world of his day, explored
the male version of the engineering genre in a number of works. Like Veblen he
was extraordinarily popular and a late Victorian helping o transform the age into
one of Modernism. Kipling's readers were extraordinarily tond of quoting him,
precisely because his work had different if contradictory layers and could be rai-
lored to suit each occasion. Around the turn of the century, he reached stellar com-
mercial success and could claim to be the most frequently quoted poet of the
English-speaking world. He had te his credit 5 novels, 250 short stories, more than
800 pages of verse, and several books of nontiction prose; 15 million copies of his
collected stories were sold. His popularity paralleled the tise of modernism, to
which his work bore little resemblance ar first.” Most importantly perhaps for his
popular success, Kipling presented himself as the voice of the ordinary worker and
established the world of worlk as an appropriate subject for literarure, in contrast to
many contemporary writers who were primarily concerned with aesthetic subjects.
He made labor the subject of his work and appropriated many working-class im-
ages of physical toil. Nevertheless, his celebration was thoroughly middle-class in
appeal.

Kipling wrote many short storics and poems about engineers and their work
such as The Devil and the Deep Sea (1893), “MacAndrew’s Hymn” (1896), ooy
(1897}, The Bridge Butlders (1898), and “'I'he Sons of Martha” (1907) in the span of
fifteen years. In these storics, he used technology in various ways: he inserted solid
technical descriptions and anthropomorphized eechnical devices or emploved en-
gincers and cheir work in his narratives and verse.” The affection berween Kipling
and engincers was mutual. Not only did Kipling use engineers in his plots, but
many cngineers relished his work. He became their unofficial poet laureare. Engi-
neers sponsored, quoted, appropriated, and reworked his verse when writing
about themselves. Engineering magazines often published his poetry.” Ralph W,
Lawton (1869-1943). an American civil engineer who managed the installation of
sewer and water systems in India for the British government, wrote his autobiogra-
phy in the form of a dialogue with Kipling’s verse.” C.LE. Moorhouse, a professor
of electrical engineering, reportedly “made it a practice of commending Kipling
[to his students] as a model of clarity in deseriptive writing” because he considered

Kipling's technical descriptions quite proficient.” In the pages of Engineering
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Figure 25, Kipling's poem, “The Sons of Marcha™ with focussed artention on the working-

class male body illustrared in Gothic-symbolic stvle, The Neww-York Trvifnime (April 28, 1907).

News, Robert T. Gebler of the Technical Supply Company in Scranton, Pennsvi-
vania, apologized to Kipling for attempting a verse very much like that of the mas-
ter himself, which read in part: “Buc as I've often read it/ The bloke who gets the

credit/ls noc the dusty khaki'd engincer/Bue the guys who “ave the shillins.™
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Figure 26. Portrait of the most popular poet of the English-speaking world, R. Kipling, an-

nouncing his latest pocm "The Sons of Martha,™ in The New-York Frifune {Apl'i] W)

‘I'hese and other engineers helped rework the working-class body for middle-class
consumption.

Engineers found in all of Kipling's work the recognition and the culeural au-
thority they thought they facked. But ane poeem in particular, entited “The Sons
of Martha”, resonated deeply with them because of the class issues embedded in I,
expressed in gendered terms. [Ligure 25] I thar poem he wuched them in a vis-
ceral way. In i, he placed the issuc of gender squarely in the middle of the discus-
sion of work, and reinforced a male iconography that represented engineers as
workers rather than as managers. Despite its ephemeral appearance one weekend
in 1he New-York Tribune, Philadeiphia Press, and the London Evening Standard in
1907, the poem acquired a subeultural following and became one of his more cele-
brated verses even though it never mentions engineers by name.”™ [Figure 26] En-
gineers saw themselves mirrored in the poent. It appeared to deal with engineers’
social class and position, exalting “simple service simply given,” as a middle-class
ideal of work. Kipling's representation was in accord with nineteenth-century
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ideas of the work ethic {“lt is their care thar the wheels run cruly; it is their care to
embark and entrain/Tally, transport, and deliver duly the Sons of Mary by land
and main.”}. The import of the poem lay in its celebracion and validation of the
thankless, subjugating nature of hard physical labor.

"The wide circulation and recirculation of Kipling's pocn: show how his readers
interpreted and rewrote 1t to suit the occasion.” “As in "I'he Sons of Martha,”
which my engincer-brother delights in,” one reviewer reported, Kipling “has a way
of pounding in his ideas with admirable economy of words.” In 1928, the con-
tracting company of Mason and Hanger published a book marking the centennial
anniversary of the firm; they called it The Sons of Martha, appropriating the image
of labor and building, as engineers were bound to do. No explanation of che citle
was offered, since the writer apparently assumed that his readers would be familiar
with the poem.” During the Great Depression the poem surfaced again, quoted in
part in the editorial pages of The New Yerk Times when a reporter attempred to
capuure the heroic efforts of the reliet workers following the devastation caused by
a hurricane that vear: “It was then [at the moment of disorder] — that the Sons of
Martha put on their boots and sou’westers and went out into the gathering dark-
ness.” Iu response to the editorial, one reader wrote cestarically chat che article was
“one of the finest picces of writing that has appeared in any paper. Every newspa-
per...should reprint it, and it should be read from every pulpit and from cvery ra-
dio station one Sunday in every year in honor of the men wha do difficult things of
life for no reason other than their belief in the necessity of doing them.” And as
late as 1989, the Society of American Civil Engincers published an anthology enti-
tled Sons of Martha, once again affirming their {engincering) readers’ familiarity
and ongoing identification with the poem.”

Engincers responded to the poem with pangs of recognition. In the poem,
Kipling sang the praise of noble bur unappreciated labor after the biblical story of
Mary and Martha (Tuke 100 38-42). He turned dhe hiblical Martha into a mother
of men and fashioned a new icon of engineering masculinity: robust, strenuous,
muscular, honeorable, and anonymous. Kipling employed gendered images of
work in establishing a contrast between producers and non-producers, Martha's
and Mary's, men and women, and engincers and capitalists. In the circles of
women readers, the story of Martha and Mary had served as a parable of women's
soctalization as (retting housewives. The Woman's Home Companion, tor example,
ran stories in which women who were called Martha invariably perforimed domes-
tic duries. Even 1n a spoof on the image, Marion Harland’s short story for the
Women's Home Companion “Martha and Her American Kitchen” retained the es-
sential outlines of the parable by associating it with women's socialization into

good housewives.” Kipling had te dispell these notions.
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In the traditional interpretation, Jesus's remark to Martha, that she should nor
be overly concerned with her domestic labor and should let Mary attend to her
calling, became a canonical statement about the importance, if not the superiority,
of spiritual labor for God’s great work on earth. Contrary to this traditional exege-
sis, Kipling glorified menial work. He could only accommodate Martha by exuri-
cating her from the biblical role of feminine toil and recasting her in a modern,
masculine role as an engincer. Instead of domestic representations of female toil,
the poer laureate painted vistas of male work in engineering now associated with
physical labor. In Kipling’s reshaping of the parable, Martha had become a man.
Thus, “The Sons of Martha” is based on women but is about men; it assumes
ceascless labor, but envisages toil as ennobling; it disparages the Word, bur spiritu-
alizes work.

Kipling added a class dimension to the portrayal of engineers; but to do so he
mobilized images of women, however idealized, that engineers had so carefully ig-
nored in their autobiographies. In choosing this parable, the poet used gender not
to expound on women and their sons of flesh and blood, but racher to address is-
sues of work and art. Kipling introduced gender into the discourse on labor
whether he had inrended it or not. As the ritle “The Sens of Martha™ indicated,
modern-day sons had inheriied the tradition of toil from their biblical mochers.

The stanzas in which he extolled on labor rather than on the Bible were quoted
most often. As Kipling realized only later, the explicit, irreverent teatment in his
poem of those who did not get their hands dirty — God and Mary’s sons alike
{"They have cast their burden upon the Lord, and the Lord lays it on Martha's
Sons,”) — suggested to many readers that he had in mind the exploitation of work-
ers by capiralists. In an introduction to a broadside reprint of the poem, Arthur M.
Lewis explained why “it scems almost impaossible to find chis splendid poem in
print nowadays.” He had heard “thar Mr. Kipling himselt opposed its further cir-
culation, supposedly on the ground of its class spirit.” Lewis confessed he could
not find any trace of class antagonism, buc at least one reader-writer did.”

An anonymous poet in The New-York Tribune excricated the notion of labor
from Kipling’s ambiguous tangle and restored the class and gender hicrarchy left
dangling. In November 1919, the reader-wiiter rewrote Kipling’s poem by revers-
ing the roles of Martha and Mary, and entitled his “The Sons of Mary.™ The poet
rejected Kipling's choice of Martha as an appropriate image of engineers-manag-
ers. 1n introducing the revised poem to readers, the editor explained that given
“the labor conditions in all pars of the world,” he believed the revision came
“rimed ro the hour.” The year 1919 was particularly dramatic for labor-manage-
ment relations. In thar year workers staged a series of strikes in response ro sky-
rocketing increases in the cost of living during the war vears. The many strikes
such as the general strike in Seacde in February, the Boston police strike and che
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nationwide steel walk-ourt, both in September, and the general coal serike in No-
vember left the middle classes in shock.™ Reworking Kipling’s poem to suit the
highly charged political climate of the postwar period, the anonymous writer de-
fended management interests. He left no doubt about who he thoughe the real
workers of this world were and whose toil constituted true dignified labor. "The
“Sons of Martha” lacked judgment, design, and initiative. Lest there be any doubt,
the author made it plain thac he viewed workers as mere instruments with no rech-
nical knowledge, resourcefulness or motivation — a description absent from
Kipling's earlier evocation of [abor, Instead, the poct in 1919 associated labor with
untons and a rioting rank-and-Ale, while manager-engincers embodied the mental
forces that directed and shaped producton. Casting manager-engineers as the

Sons of Mary, the auchor thymed:

The Sons of Mary in all the ages have dared the venture and taken the chance;
They explore earth’s riches and plan the bridges, invent the machinery, design
the plants.

[tis through them that on every work-day the Sons of Martha have work wo do,

It is through them that on every pay-day the Sons of Martha ger every sou.
And while:

They draft the maps and they paint the pictures; they carve the statue; che
speech they speak
...the Sons of Martha secking solely to do less labor for more per week.”

In short, in its 1919 revision, the poem became a vehicle for redefining class rela-
tions, shifting notions of labor from nincleenth-century ideas of male crafts — in
which ar least a rhetorical harmony existed berween meneal and manual labor — o
ewentieth-century managerial images of work. In 1907, Kipling’s toilers still wore
badges of physical labor, but by 1919 this poct identified design as the most impor-
tant marker of engincering identiey. By his reversal of Martha and Mary, the
reader-writer cleansed Kipling's construction of work of any troubling work-
ing-class or fenule gender associations. Engineers were not alone in aspiring to a
distinction beeween craft and design, between workers and engineers, or between
manual and meneal labor, This was also the vear Veblen recast engineers as the true
producers of rechnical work.

Professional writers drew similar lines. If Kipling consciously positioned him-
self against the cffete aestheticism of an Oscar Wilde by aligning himself with vig-

arous craftsmen, while keeping a safe distance from unionized workers, modernist

artists no longer saw themselves as erafumen but as designers and professionals
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They removed themselves from the crowds precariously assoctated with the mass
of reading women. Modernists saw Kipling as representing everything chey were
not, but the gap berween Kipling and the modernists was not so much a matter of
content ot style as a difference in the authors' relationships to their readers and the
markets they sought o targer. TS, Elior (1888-1965}, the male modernist poct par
excellence, once accused Rudyard Kipling of catering to the commercialized mass
market, arguing that true artists would only write exclusively for the “one hypo-
thetical Intelligent Man who does notexist.”” Kipling did nocsimply funcdon asa
straw man for an emerging, modernist agenda, but his greatest talent, Eliov aceu-
rately observed, was his ability ro hold an audience beyond his own rime. Kipling's
very cordial relationship with a large and varied audience formed the basis for
Eliot's critique and that of many male literary entics whe came after him: com-
mercial success and the mass of female readers became closely connected in the

male modern mind.

WoOMEN ENGINEER ALTERNATIVE PLOTS

1f male writers sought a new professional identiry on gendered rerms in the belief
thar women dominated the literary markets, women of the world of letters had to
deal with the social realities of carning a living in a man’s world, even if they cn-
joved seellar sucees.

In the tate Vietorian era, women audhors who explored the engineering genre
problemarized the newly forged alignment between engineers and male authors.
The famed illustrator and writer, Mary Hallock Foote (1847-1938), the wife of the
not-sa-successful mining engineer Archur De Wince Foote, was the first female
author to venture into the male domain of engineering, and perhaps also the firse
to clatm it as an appropriate literary topic for women writers. Mary Foote followed
her husband in his mining career and enterained influential men of mining and
geology including Clarence King, Samuel Emimeoens, Thomas Donaldson, and
Rossieer Raymond. She used the engineering camps of Almaden, Leadville,
Morelia, and Boise in the Western territories as the setting and subject marter of
many of her stories and Hlustrations. [Figure 27) Foote did this so successtully chac
she became the sole breadwinner for periods of time when her husband’s engineer-
ing projects failed in che decades from the lace 1870s uncil the first World War. Liv-
ing in the West, she provided East Coast readers of Harpers” Weekly, St. Nicholas,
and Seribners’ Monthly (laver Century Magazine) with images of the West complere
with homes and tamilies which differed radically from the howling wilderness and
manly adventure that Frederick Remington, Teddy Roosevelr, and Harold Bel!

Wright constructed in their depictions. They also differed from the colorless grids
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Figure 27, Engraving "The Engineer's Mate,” llustration for an article promoting serrlememm
and exploittion of the Nevada desert for Contary Magazaae 1895 by author, Uluserator, and engi-
neer's wile Mary Halluck Foore, Cxpressing her ambuvalence abour moving west with her hus-

band. (:(mrtcsy of Linmversity of Amsterdum Lihr;iry, Amsterdam, The Netherlands.

male engineers laid over the Western Territories in their autobiographical narra-
tives.

Mary Foore's images of the West struck a responsive chord with her engi-
neer-readers, whom she lovingly called “The Sons of Martha.™ These Sons of
Martha, she wrote in a reworking of Kipling s first stanza, “seldom saw themselves
in printin any respect not connected with the pavcheck or the announcement that
the work didn’t need chem or had shut down.” She received their letrers in the en-
gineering camp of Boise Caiton, Idaho, where she and her family suffered from
isolation and the disasters that beset the irrigation project on which her engineer-
ing husband worked for almost 20 years. She reminisced how, “Most of [the let-
ters] were in men’s handwritings with queer postmarks, forwarded by the Century
Company, from places as out of the world as the canon itself. They followed every
serial or short srory dealing with the lives of our engineers in the field, and they
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came from mines and railroad camps on the far-flung lines of work, pushing new
cnterprises from Honduras to Manitoba.™ Bur the engineers were critical readers
who closely followed every detail of her ventures into the male domain: “They
took these storics with delightful seriousness, not bothering about my technique
but jealous for their own. They warched cvery term | used, every allusion where a
pretender mightslip up, when [ undertook to speak the language of the sacred pro-
fession.” In the engincering camps, her stories would be collectively read and dis-
cussed for technical content: “These letters would be signed sometimes by a group
of names from the ‘Old Man’ to the *Kid.” The Old Man, they said, had just been
reading aloud to them the last scory {or installment of a serial} under discussion,
there being only one copy of the Cenniry in camyp; and would 1 please rell them
how I came to know these things which the eye of woman hath nor seen,” she later
recalled. “Tanswered delightedly and told them that I had married one of their lot
and knew them, in their remotest hiding places.”

As the wife of an engineer and as an artist who took herself and her writing seri-
ously, Foote had wedded herself to engincering in more than one sense. Reflecting
on her own difticulties and chose of her family, she later playfully wrote, “often |
thought of one of their phrascs, ‘the angle of repose,” which was too good o waste
on rockslides or heaps of sand. Fach one of us in the cafon was slipping and crawl-
ing and grinding along seeking to what to us was that angle, bucwe were notany of
us ready for repose.” This passage gave author and the historian of geology,
Wallace Stegner, the title for his Pulitzer Prize-winning novel Augle of Repose in
which the protagonist Susan Burling Ward closely resembles the tife and corre-
spondence of Mary Hallock Foote.” In many narratives - and Foote was not alone
in employing the theme — the female protagonists routinely voiced criticism of
industrialization and of the technical developement symbolized by engineers.
Women writers had, of course, a body of literature and public discourse on which
to basc their eriticism of the industrial commercialism associated with engineer-
ing. The early ninetcenth-century canon of domesticity formulated values of fe-
male disinterestedness, service, and sacrifice to councerbalance and remper the
male world of business and politics. Bue the cmphasis in writing of these late nine-
teenth- and early twentieth-century women, whoe depended for cheir livelihood on
publishing, shifted o a critical exploration of a male professional ideal. In the de-
velopment of their plots, the authors usually harmonized the apparent contlict be-
tween ruthless male enterprise and female love, sacrifice, and civilization — all
ideological attributes of the female culture of domesticity. And Foote seemed no
exception, even if she had conquered engineering as her literary subject marter ina
novel way.

In a central passage of Foote’s short story “In Exile” (1894), written at a time

when her husband was scruggling wicdh carcer setbacks and aleoholism, Foote pit-
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ted a female teacher against the engineer, the world of domesticity against che
world of industrialization and immigration. Arnold, who is responsible for che
construction of the mining camp’s water supply system, orders the destruction of a
natural spring, the site of their first budding romance: “The discordant voices of a
gang of Chinamen profaned the stillness which had framed Miss Frances™ giclish
laughrer; the blasting of the rock had loosencd, to their fall, the clustering trees
above, and the brook below was a mass of trampled mud. The engineer’s visits to
the spring gave him no pleasure, in those days. He felt that he was the inevitable
instrument of its desecration.™ The pervading discomfore in this passage — the
presence of timmigrant labor and the destruction of the spring — expresses ambiva-
lence abour the engineer’s work, but, wedded as she was to the premises of engi-
neering, Foote would never fundamentally question it, as the story’s ending makes
clear. Despite their differences, the engineer and the schoolteacher reconcile their
worlds.

Foote depended on the values and the patronage of her East Coast publishers
and readers and defended the expansion and the industrial development of the
American West. As she was married to a mining enginecr, with whose carcer her
life was inextricably linked, it would have been impossible for her to draw any
other conclusion. By the dme she wrote “In Exile,” Foote had decided o stick
with her husband, even though she had seriously contemplated leaving him and
his engineering schemes.” Where engineers described the same sites only with
technical detail and without people, women writers like Foote filled the engineer-
ing camps they described with families and workers.

Another woman writer, the Westerner Charlotre Vaile {1854-1902), porirays
one of the women characters in a similarly eritical manner in her novella 7he
MAM.C: A Story of the Creat Kockies (1898), in which the wife of 2 Coloradao silver
mine supertntendent exclaims in the critical rone assigned to women. “The gold
and silver niight stay in the ground for all of me! T don’t believe “twas ever meant
that men should spend their lives, burrowing like moles in the dark, for the sake of
digging them out.” Yer Vaile never allows her character to challenge fundamen-
rally the inherently exploitative nature of the husband's work.” An even more crit-
ical distance from engincers’ work and their emorional welfare is evident in short
stories by two other women writers, Rlizabeth Foore and L. Frances, published in
1905 and 1911 respectively.” With empachy, rances focused on the discrepancy be-
tween @ man'’s strenuous work and his poor emotional health in a scory entitled,
“The Engineer.” And written from the “Girl of the Engineers” point of view, the
highly educated New York reformer, librarian, and author Elizabeth Foowe (b.
1866) — not to be confused with the famed writer and illustrator discussed above —
explaited the same theme o the fullest and builr a sarcastic story around the cogt-

neers lack of emotional expressions and the resulting failure to communicare be-
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tween the sexes. The emotionally segregated middle-class world led to close
emotional relationships between women, binding them together in physical and
emotional intimacy: middle-class women buile a sororial world of love and ritual
as historian Carroll Smith-Rosenberg demonstrated many years ago. To support
her argument, Rosenberg culled some of her most salient quotes from che volumi-
nous correspondence and dairies of engineer’s wife and renowned author Mary
Hallock Foote to her friend Helena spanning half a century from adolescence into
widowhood.” Foote’s Victorian life became emblematic for a genteel alternative
female but segregared world as seen from the residental side of the engincering

Camps.

BurnING ProressioNaL BripGes

A younger generation of women writers including Anna Chapin Ray, Willa
Cather, and Mary Pickthall went further than Hallock Foote in challenging the
opposition berween the male world of engineering and the female world of mar-
riage, community, and art by their critical employment ol a bridge collapse in their
plots. They directly contronted the professional bridges that male writers and en-
gincers constructing between the two professional cultures by burning them. All
three women-authors suggested that the work ethic of men and the professional
chivalrous code idealized in engineering were Incompatible with genteel female
culture. In the construction of their plots around disaster and collapse, Ray,
Cather, and Pickthall had two other precedents, one historical and one literary.
‘The widely publicized collapse of the Quebec Bridge in 1907 provided the dra-
matic backdrop. This cantilever structure spanning the Sr. Lawrence River was
first roured as the greatest enginecring achievement to date. When che bridge col-
lapsed on August 29, 1907, killing 81 workmen and leaving an enormous tangle of
rwisted and broken steclwork, both the engineering press and the daily newspapers
questioned whether the design for the enormous span had not gone beyond what
was theoretically possible.[Figure 28 a and b] A well-publicized investigation even-
tually exonerated engineering theory and blamed the collapse on human error.”
In cheir novels, author of children’s literacure Anna Chapin Ray (1865-1945),
novelist Willa Cather (1873-1947), and the poer and magazine wrirer Mary
Pickihall (1883-1922] expanded on the conclusion of official reports faulting not
just human but male error. Ray and Cather dramatically had their enginecr-heroes
fall with the bridges they had designed, while Pickchall made the collapsc of the
bridge the key metaphor in an engineer’s failure to own up to his responsibilicy for
the consiruction disaster,” All three women drew a closc parallel becween a faulty
design in bridge construction and the flawed characrer of the hero. All three em-
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Figure 28, The building (a) of the Quebec Bridge spanning the St. Lawrence River. Its collapse
(b) o August 29, 1907, came to symbolize faulty design of male character and professional ideals
in several plots engineered by women novelists. Photographs both courtesy of Division of Fngi-
nt,‘f.rring and |l'ldll$l'l"\_’, Mational Museum of American History, Smithsonian [nsottution, Wash-

ington, DC. (neg. 91-6y90 and 91-6981).
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ployed their metaphor as a criticism of engineering and the process of industrial-
ization embodied by engincers. And through their plot design, Ray and Cather
also implicitly rejected the engineering professional as an appropriate professional
model for writing women.

The literary framework of collapse as a theme was provided by Kipling's short
story “The Bridge Builders™ (1893). If “I'he Sons of Martha” resonated with engi-
neers above all because of its celebracion of producers and its condemnation of
non-producers, Kipling's “The Bridge Builders” held a special appeal for these fe-
male authors, who reworked his theme in a differently gendered fashion. No
doubrt, as a literary theme the bridge offered many symbolic possibilities.

Set in India, “The Bridge Builders” first appeared in the /ustrated London
Newsand was later published in The Day'’s Work (1898). The story’s opening would
later become a madel for American writers, bur the plot development alse embod-
ied preoccupations specific to British rule and economics in colonial India.
Kipling begins the story as British engineers are finishing the construction of the
Kashi railroad truss bridge over the river Ganges. The “bridge builders,” Chief bn-
gincer Findlayson, his assistant, Hitcheock, and Peroo, the faithful Tndian assis-
tant, arc suddenly faced with a flood of biblical proportions thar threatens the new
bridge - a wriumph of Western engineering ingenuity. The issuc Is whether
Mother Gunga, the river, will accept the confinement of her Hloods and the mar-
ring of her banks by the new bridge. Although the depiction of the river Canges as
female {mother} was consistent with Indian cosmology, goddesses and animal
gods were partcularly disconcerting o the Brirsh colonial mind. Kipling ex-
ploited the association by extending this femininity to the colonial peoples as well,
a trope that would become part of the cultural repertoire of Western racism.

Kipling specialized in abrupt and unexpected plot vwists. Just as the bridge is
about to collapse, the narrative shifts from engineering realism to the world of fa-
bles inhabited by Indian gods, demi-gods, and heroes and — this is uncharacteriseic
of the American elaborations of the theme ~ through the engincering crew’s trans-
forming experience with opiun. Faced with the kind of crisis that would ordi-
narily invite the engineers of American fiction to flaunt their manly resolve,
Kipling's Western bridge builders resort to drugs and are subsequently incapaci-
tated. “lr scemed that che island was full of beast and men alking,” is all the engi-
neer later recalls of the erisis, while the Indian assistanr gains insight from the
experience. Hearing Mother Gunga's case for the preservation of Indian cradition
and religion, the council of Indian gods votes to override her by accepring engi-
neering progress. The decisive argument presented in favor of the engineers is that
the “fire carrtages™ (Kipling's mythological concoction for trains) will biing more
pilgrims to the gods’ shrines.” T'he final scene shifts back 1o a rather unfavorable

depiction of the viceroy, the archbishop, and the colonial administrarion, who
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praisc the engincers for their work, because thanks to the gods, but not to the engi-
ncets, the flood has receded and the bridge has been saved. The dramatic shift in
narrative type from realism to fabulism and in character focus from the British en-
gincers to the Indian assistant suggests the dissonance berween the Western world
of engineers and Indian society.” In other words, even though Kipling’s story
might be interpreted on one level as a simple endorsement of British colonial rule
and industrialization — as many have argued — his plot development and resolution
actually undermine or at least complicare such a conclusion. The plot subverted
the general scheme of the story.

Because of their very multiplicity, Kipling's stories, fike his poem “The Sons of
Martha,” offered writers a palette of possible themes and made his work eminently
quotable. Anna Chapin Ray entitled her novel Bridge Builders (1909) but set it in
Quebeg, the site of the bridge collapse over the St. Lawrence River the previous
vear. In her novel, Ray reworked Kipling's gendered imagery. She transformed
Kipling's conflict berween tradittonal Indian socicty and Western technology by
staging a dramatic contrast bevween the male profession of engineering and the fe-
male profession of writing. Fducated ac Smich College (class of 1885), Anna
Chapin Ray wrote ar Jeast 40 volumes, some of them under the male pseudonym
of Sidney Howard. She had spent mose of her life in New Haven and Quebec,
where she closely followed the reports on the collapse of the Quebec bridge. She
was well prepared 1o write about the world of engineers: she regularly corre-
sponded with her brother, Nathaniel Chapin Ray (1858-1917}, a civil engineer
working on railroad construction for the Burlington & Quincy, the Union Pa-
cific, and the Oregon Short Line, in various parts of lowa, in Boulder, Butce, and
San Francisco. Over the years, brother and sister maintained a lively correspon-
dence and exchanged details on their professional lives as a writer and a engineer.™
She sent him clippings from technical journals. He advised her abour marketing
her work,

When Ray rurned fifty, she wrote her own version of Kipling's Bridge Builders.
Her plot revolves around two men, an artist named Kay Dorrance and an engineer
named Asquith, both competing for the love of an exuberant young woman
named Jessica. Her father, Peter West, a raflroad contractor, appraises the manli-
ness of his daughter’s artist-suitor, observing to his surprise, “I'hac fellow's very
much a man, even if he does write books.” He considers wriring a “womanish”
profession. contrasting it with Asquith’s chosen career of engineering: “that’s a
man, all over, takes the best of a man’s body and mind and soul.” And Dorrance.
the writer, muses, while assessing his rival in love, “What a man [the engineer] the
fellow looked, dashing off like that. And after all, his was 2 man’s profession, infi-
nitely bigger, infinitely more virile than the mere knack of sitting in a corner and
writing on a pad of paper.” After an initial romantic rapprochement with the engi-
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neer, Ray’s heroine falls in love with artist Dorrance, “a most unheroic for a hero,”
a man endowed with red hair, freckles, piercing brown eyes, brains, and money,
hut encumbered nevertheless by a “distresstul limp,” while the engineer is “tall,
graceful, vigorous, virile.” The story’s climax comes at the moment when the art-
ist and the heroine are about to confess their love to cach other on the very banks
of the river the engineer has attempred to span. At this point the bridge collapses,
and Asquith, the engincer and the embodiment of manliness and viriity, disap-
pears, crashing into the water with his bridge, which he has finally realized is his
real love,

Ray apparently did not dare to dramatize the story’s implications as Willa
Cather did two years later in her novel Alexander’s Bridge. For in Ray’s novel,
Jessica, portrayed as a New Woman, is a competent swimmer who scoops the en-
gineer out of the water. Despite the rescue, she rejects the engineer’s proposal of
marriage, for she has come to realize that “this bridge of yours [is] the love of your
whole life.” Her father concludes likewise that “his very heart was in thac
bridge...I4¢'ll never care for any woman, as he cared for that sceel arch.” [n the end,
Jessica reconciles herself wich the world symbolized by the genteel world of the
writer. Thus, where Kipling's “Bridge Builders™ ultimately, if precariously, ac-
cepted industrialization, Ray reworked her ploc in order to reject unequivocally
the male professional model of engincering. In particular, she rejected the engi-
ncer’s total absorption in his work and his “marriage” to the company. As the artist
concludes in the closing passages, “to me [writing] is the one great profession in
the universe.... Thar doesn’'t make me forger that the universe holds a few other
things. thoughs love, family, friends.™

Willa Cacher followed Ray’s path to its logical literary conclusion. Alexander’s
Bridge, Willa Cather's first novel, went a step further in the rejection of the engi-
neer as a professional model. In her plor, the collapse of the bridge kills the engi-
neer. Familiar with The Bridge Builders, as a young writer Cather had admired
Kipling calling him “a force to be reckoned with.” Lven if modernist male writers
like Eliot rejected Kipling's mingling with the masses, Cacher thought char “no
man has ever written more persistently or more vividly of che affairs which engage
the daily life of men.” As a young writer, Cather had associated Kipling with Alex-
ander the Great, the name she chose to give to the protagonist of her first novel.
Unable to inregrace the self of his youth with that of adulthood, Alexander, the en-
gineer, dies with the bridge he has helped to design. The novel's premise — the en-
gineer's faulty design and the collapse of the bridge — represent Cather’s rejection,
or so critics have argued, of the male perspective of Henry James and Rudyard
Kipling, whom she had ence considered her literary heroes.”

Cather’s choice of an engineering theme for her first novel was a caleulated one

and the year 1912 was crucial. After years of working as managing cditor of
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MecClure's from 1905 to 1911 — the magazine that had featured Hallock Foote and
sought to appeal to male readers by including more arricles on business, profes-
sions, and politics — Carher was well aware of the new trends in publishing. She left
her editing job at the publishing company to devote herself fuil-time to writing as
her protession. Considered in the light of Cather’s literary career after her firse
novel, the theme of a collapsed bridge symbolized a break with her male mentors
and cleared the literary pach. Unencumbered by male precedents, she shortly
thereafter entered a new domain she could claim as her own and found her own fi-
erary voice the nexc year in O, Pioneers (1913) and later in My Antonia (1919), stak-
ing out and reaching her own audience,” Instead of the Jamesian drawing room or
Kiplingesque engine room, she recreated the lives of immigrants in Nebraska,
whare she had spent her vouth. Deliberately chosing the engincer as the protago-
nist for her novel, she chose to display her competence in a male genre for the pur-
pose of casting it aside, thereby signalling a new relationship with their readers.

In various degrees and with different points of emphasis, these engincering
short stories and novels deal with the demands of total commitment to the com-
pany — a relationship the writers were wont to describe In terms of marriage and
love. In the male authors’ plots this commitment excluded women but in explor-
ing the hero-engineer, women authors oftered an aiternative. They subverted the
popular male genre of the period and rejected the engineer as a professional role
model for female authors. Their engincer-protagonists failed because of shoddy
workmanship, pressure of the market, or flawed characters thae failed o integrare
past and present, love and work. Chapin Ray, Cather, and others rejecred not
merely the industrialization engincers siood for, but also dhe masculine and mus-
cular claims of the engineering occupation as an inappropriate professional mirror
for authors.

As ilustrated by the negative appreciation shown by male professionals for
Cather’s subseguent work, modernist taste makers rejected this female licerary her-
itage and made male realism increasingly the standard for an American literary
canon during the 1930s.” Despite Cather’s phenomenal commercial suecess and
critical acclaim from the literary establishment in the 19208, she received increas-
ingly disparaging reviews during the 1930s from a group of academic reviewers that
was defining and establishing a distinctly male American lierary canon. Tn re-
sponse, Cather ried o forge her own relationship with her audience by circum-
venting the new male group of professional reviewers altogether, as her biographer
Sharon O’Brien has argued. Despite, or because of, the large presence of women in
the field, the process of professionalization of literary culture reinscribed it as a

male provinee.
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MODERNIST MOMENT: MACHINES, SEX, AND WaR

If popular writers of romance had staged engineers as a cultural hero, the modern
art community did much o aestheticize the visual language of machinery and in-
scribe machines as cxplicitly male symbols. In eelebrating the engineer, they fol-
lowed the cue of popular romance writers. By the end of the first World War,
engineers and the machines of industrial capitalism became closely linked in the
literary imagination and visual grammar. After the cconomic crisis and cultural
reoricntation of the 1890s, the association between white Western men and ma-
chines was put center stage, finding its most powerful expression in the identifica-
tion of male modern artists and writers with male-engincered machines. The
modernists carried their rebellion forward in highly gendered terms in tone, im-
age, and pracrice. A generation of modernist artists and writers who came of age
just before the first World War began to caricature the sharply drawn Victorian di-
visions between male iconography of the technical and nontechnical world. They
employed the machine simultancously as a metaphor, model, and microcosm of
modernity in the making.” In the vears leading up to the war, many artists ex-
plored this discourse as a self-conscious way to becoming modern. By the 1920s, it
had become quite common, if somewhat clichéd, to speak metapharically aboue
the Muchine Age. This rherorical position became a pillar of the modern under-
standing ot technology and would be incorporated in the corporace image at the
World Fairs in Chicago in 1933 and New York in 1939, no longer under the super-
vision of the Smithsonian bur the Nartonal Research Council.

As abstracted and metaphysical entines, machines funcrioned in several ways in
the visual language of modern art. Tools, devices, and machines like the drill, in-
candescent lamp, camera, and radio were generalized metaphors and lost the spe-
cific and local industrial surroundings of their production, yet acquired an aura of
universal authority. With few exceptions, modernist artists represented technolog-
ical devices from the consumer’s point of view, with lirtle concern tor their pro-
duction.” Such images neither smelled nor lefe behind any noise. This stainless
consumer image of indusrrial production became incorporated in and mobilized
for the new twentieth-century visual understanding of technology. But the pris-
tine and sanitized visualization also jettisoned the graphic language of the Progres-
sives’ scaching eritique of living conditions and omitted fingerprints lefi behind by
industrial workers. Instead of heeding the wadition of the women's reform move-
ment that was helping to built urban infrastructures, their formal language co-
alesced into a corporate engineering vision of processes and design. The visual
language stressed mechanically and struceurally infused masculine codings of
prowess.” Dadaists neither invented these gendered and engineering images of

machines, nor siood alone among modernist artises in choosing this subject mat-
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ter. They merely, albeit brilliantly, exaggerated its latent meanings wich biting vi-
sual irony. With anarchistic flamboyance and playful provocation, they turcher
elaborated on the male alignment between engineers and artists that emerged in
the popular licerature during the previous decades as a strategy to escape from Vie-
torian overstuffed female parlors. And male engineers, ahways seeking recognition,
cagerly welcomed such a cultural stamp of approval.

As the US. began to prepare for the war, modern visual artists and writers were
among the first cultural commentators to explore graphic and gendered language
of what we now understand to be technology by linking men’s control over ma-
chines and women. And when they did, they exploited its potendal to the fullest.
The Dadaist artists Francis Picabia (1879-1953), Marcel Duchamp (1887-1968), and
Paul Haviland, all residing in the scaffolded city of New York during the tg10s,
sexualized the machine metaphor by playing up gendered associations of machin-
ery and appropriating the male iconography of engineers and mechanics. Like
many of their modernist colleagues, they experimented with the ols and visual
language of the engineering curriculum. Visual artists claborated on che fascina-
rion of the male popular writers with the engineer as a male professional model,
but like the mechanical engincer John Friz and Kipling, Dada artists flirced wich
male blue-colfar work by their sartorial identification with overalls. * Wich biting
irony and exaggeration, the New York group of Francis Picabia, Marcel
[Duchamp, Paul Haviland, and others often used the sexualized machine meta-
phors as a means to bend Victorian notions of gender in search for modern mod-
els. As an act of transgression some modernist women like Frances Simpson
Stevens boldly appropriated and exploited the new male subject matter of ma-
chines and engincering without any apology. After meeting the Futurists in 1913 in
Florence, the young American Frances Simpson Stevens (b. 1895), who had been
raised in the genteel halls of New England womanhood, explored the new ma-
chine language and wrespassed into the male domain by her speedily painced 1914
work in oil and charcoal, Dynamic Velocity[Figure 29] Her 1916 one-woman show
in New York was a happening in good modernist fashion. Although reviewers did
not know what 1o make of it, she received the most praise from 2 New York mu-
nicipal engineer who recognized the engineering visual vocabulary in herwork.™

By 1915, the year that gencrated many works of art in New York, the European
war and the “sex war” were so thoroughly internwined that one combar suggested
the other, as Mina Loy’s biographer Carolyn Burke has suggested. Sensing these
vibrations in the air, Marcel Duchamp and Francis Picabia developed a formal vo-
cabulary of whar they called mechano-sexual metaphors, all showing a kind of sex-
ual impasse and miscommunications between the sexes. Picabia’s 1915 series of
machine portraits of his artisc friends In exile best represent the sexualized and

gendered visualizations of the new emerging noton of technology in New Yaork,
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Figure 29, Only surviving work of American futurist woman painter Frances Simpson Stevens
apprapriating the male encoded engincering style and subjeet for modernist women, Ol and
charcoal on canvas Painting entitled “"Dynamic Velocity; Inter-Borough Rapid Transie Power
Sration” of 1914, Permission Louise and Walter Arensherg Collection, Philadelphia Muscum of

Art, Philadelphia, PA,
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Figure 30.  Dadaist engineering porerait by Francis Picabia of *a Young American Woran in
Naked Condition” drawn as a screwing device and spark plug representing the women col-
leagues ol his modernise circle in New York. Published in Stieglitz’s New York magarine 210

nos. 5-6 {July-August 1915).

the ciry that acquired a mythic status as the capital of modernity during the teens.
Among them, Picabia drew photographer Alfred Stieglitz, Mexican caricaturist
Darius De Zayas, and patron Paul Haviland, He laid out simple blueprings of os-
tensibly functional and operational devices like a camera, a radio diagram, and a
lamp, which upon closer inspection turn out to be slightly out of joint and
non-funcrional. Mischievously, Picabia called his drawing of a screwing device
“Portrait d'iene jeune fille amiéricaine dans Uétat de nuditd” (or, "« Young American
Woman in Naked Condition”).[Figure 30] He played up the sexual cransgressions
and battles tn their avant-garde community. In another porerait of his Mexican
friend, entitled De Zapas! De Zayash, Picabia drew a microscope with its gaze on a
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Figure 31 Pigabia’s Dada poreeait of his friend Mexican friend. de Zayas, engineers a rension
between the male gae and the female body in Dada visual vocabulary. Reproduced from

Stieglite’s New York magarine 279 nos. 5-6 {July-August 1915).

corset. Here, Picabia juxeaposed a seriously encaded male instrumenc with a sym-
bol of female frivolity and sexuality. He surely meant to parody the newly drawn
gendered boundaries between the technical and the non-technical. His patent-like
depiction of the corset also alluded to a long-standing tradition of women's in-
venting practice and turned i into a figure of irony."[Figure 31]

Marcel Duchamp, following Picabia’s ironte and sexualized depictions of ma-
chines, engaging in ene of his most claborate and extended modernise jokes. He
entitled his more notable avt piece * The Bride Stripped Bure by her Bachelors, Even,”
on which he worked for eight vears (1915-1923). Tt represented the bachelors as me-
chanical devices going through a scemingly functional treadmill, while it por-
trayed the bride as a stacic, separate, and shapeless space. Whatever his ineent - the
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subject of heated debates in the literature — Duchamp engineered a tension be-
tween the enigmatic messages of gender relations and the simplicity of che lines
thar mocked, modelled, and commented on the male engineering ethos of simple,
clean, funcrional, and minimalise lines.” T'o symbolize sexual intercourse in such
bare, stark, and mechanistic terms was a severe affront 1o Vicrorian aestherics and
cpitomized the modernist rebellion againse it.

In the same year thar Picabia drew his mechanical poreraics and Duchamp be-
gan to ¢ngineer his mechanical Bride, the Dadaist Paul Haviland, lawyer, patron,
and member of the Alfred Stieglies circle in New York City. elaborated on the new
and cxplicidy male vocabulary of technology his friends were developing. Mar-
veling at such new technologies as the hand-held camera, the phonograph, and
clecrricity, Haviland called for the mastery of men over machines. He offered an
explanation for men’s technophilia: “the machine is his “daughter born withour a
mother,” that is why he loves her. He has made the machine superior to himself.
That is why he admires her.” 'l'o emphasize the sense of male mastery implied in
his metaphor, he concluded: “she brings forth according ro his conceprions.™ He
likened machines to women’s bodies — something already implicitin che Spinning
Jennies of the textile mills of an carlier age ~ but Haviland made an explicic
gendered connection of what would become a common trope: men’s mastery over
machinery and women. Men were producers, while women were merely instru-
ments,

If the Victorian male and female writers had worked separately and in tsolation,
the modernist men and women mingled freely, often visiting cach others” studios
and apartments on a daily basis. 'The French-speaking women artists including
Mina Loy, Picabia's wife Gabriclle Buffer, and Julictre Gleizes who frequented che
Arcnsberg soirees in New York all fele awkward, distressed, and ill at ease when
watching their male colleague Duchamp encourage their American female col-
feagues to enact their loss of sexual innocence and perform his exeended sexual lin-
guistic plays ar the expense of the American women who were less versatile in
French.” To avant-garde women it might have been tiberating, but to contempo-
raries, sexual liberarion, women's sutfrage, artistie innovation, and political pro-
test were all pare of the same controversial landscape. To be sure, Mina Loy,
Frances Simpson Stevens, and Baroness Elsa von Frevuag-Loringhoven fought
their own batties to become modern as women and as artsts, but increasingly ree-
ognition for women artists had come just as modernists began 1o question the
academy system. Modernist women also flouted bourgeois manners and criticized
the hegemony of classical antiquiry, romantic love, painting from the model, and
established cubiural instirutions like are academies and museums, but their gen-
der-bender bacles took other Torms. Not in the least because for women the act of

trespassing had a different price tag artached than i did for men.
¥ 8 I £
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Frances Stevens's older friend, the English-American artist Mina Loy, a
painter, poet, and playwright, cxplored but ultimarely criricized this new modern-
ist sexualized language. In her Feminist Manifesto, she wrote that she belicved men
and women were encmics: “The only poinr at which the interests of the sexes
merge is the sexual embrace.” And in a poem, enrided “Fluman Cylinders,” she
first adopred, then disregarded the Futurist vision which likened humans to ma-
chines in answer to her futarist lovers Martinect and Papint. Intercourse was just a
collision of bodies and “Love with me is a mechanical interaction,” she wrote.” As
Mina Loy understood only too well, gender bending carried a higher price for
women than v did for men arvisis. Nurrured in distinet women’s tradidions, Victo-
rian women writers had been able to enginecer their own plots, but for modern
wamen artists whose work and social life were so dosely linked to men, it was
much harder.

In the end, modern artists too helped reinseribe rather than subvere the male
iconography in technical objects through their graphic, often sexually and
gendered explicit language and images. Despite the ironic sexual negotiations and
the explorations by other women artises, by the 19205 the machine aestheties of are
was thoroughly reviralized as a modern male icon in which a new gencration of
public inrcllecruals, social scientists, scientists, and engineers began to participate

with new vigor. In the end, gender bending too was not the same for all.”
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Women Reweaving Borrowed Identities

fwomen writers, artists, and activists artieulated an alternative language, their

slide-rule sisters within the engineering occupation enlated rather than

questioned male models of professionalism. American women engineers have
Jeft few writren traces of their existence, unlike their male colleagues or their sisters
in the world of literature. They could have flaunted dheir pioneering struggies in
the manner typical of autobiography, but they neither adopted autobiographies as
a formt of selfexpression nor ereaced alrernarive plots of their own. Steeped in the
cthics of self-discipline, stoicism, and overqualification, they bad few narracive de-
vices available to them.

Among American women engineers, only one searted an autoblography, Nora
Stanton Blatch (1883-1971), whose rich feminist heritage enabled her to envision a
narrarive device in which to frame her life story. [Figure 32] As a third-generation
ferminist fighting for suffrage, Nora Blatch could project herself into a well-defined
feminist genealogy. She descended from a line of famous feminists — her mother,
Harrior 5. Blawch, and her grandmother, Elizabeth Cady Stanton — and cam-
paigned for suffrage a Cornell University, where she had chosen civil engineering
as her major because, she said, it was the most male-dominated field she could
find. Her generation of women engineers grew up in the nineteenth century, when
the bond of solidarity among women was more firmly entrenched, but Blawch
went a step further than her contemporaries. She contested the American Society
of Civil Engineers (ASCE) on grounds of gender discrimination when in 1916 it
wried o bar her from full membership; morcover, she campaigned for pay equity
between men and women through the National Woman's party for many years.
Where Blatch found litrerary and organizational models in the feminist movements
of her mother and grandmother, she found note among her women colleagues in
engineering.” Raised on the expectation of the government’s propaganda for more
technical personnel during the firse World War, the next generation of women en-
gincers grew up in an era where suffrage had been won and professional women
seemed to be making headway. They adhered o a belief in gender neutrality and
the merit of professionalism. Few women engineers publicly rallied 1o feminist

causes.” This disincerest was mutual, The American women’s movement invested
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Figure 32, Nora Staton Blarch, civil engineer and descendane af owo generaions of waomen
rights activists shown on suffragist campaign on horseback in New York Suee in g3, chal-
lenged the engineering establishment in 1916 on charges of discrimination. Reproduced from

Civil Engineering (1971). Courtesy of Dellt University of Technology, Deltt, The Necherbands,

in the sciences rather than in engineering because it lacked the same culrural au-
thority. American women's education activists and female philanthropises neither
paid any special attention to the engineering profession as a vehicle toward
women's equality nor helped establish separate engineering insticutions.' Rapidly
becoming a mass occupation, eagineering failed to artract bright American young
women of high standing looking for a suitable vocadion. On average, women in
engineering came from a higher class background than their male councerparts.
Most American women engineers ignored the kind of bridges Nora Blatch
tried to build berween the women in the technical field and those working in the
woman's movement. They bonared the model Nora Blatch’s contemporary
Lillian Gilbreth (1878-1972) offered instead. Gilbreth borrowed Rudyard Kipling's
rewording of the biblical allegory of Martha (“simple service simply given™ thac

was supposed to be the inspiration for women engineers. Gilbreh, carning a
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Ph.I>. in psychology, had received her technical knowledge and her legitimacy in
engineering through her husband - a “borrowed identity” she expertly managed.
Although acrually a widow for the larger parc of her life, she projected herself as a
mairied career woman.' Avoiding the open confrontation {or which Blatch opted,
she advocated a professional strategy for women engineers based on hard work,
sclf-reliance, and seoicism. Her employment of Kipling’s poetry embodicd her
conservative straregy and showed all the ambivalence of the position of women en-
gineers as rank-and-file members.

Such strategy involved ractics of “quict but deliberate over-qualification, per-
sonal modesty, strong self-discipline, and infinite stotcism,” as historian of science
Margarer Rossiter has pointed out to describe “the classic tactics of assimilation re-
quired of those secking acceprance in a hostile and competitive atmosphere, the
kind of atmosphere women heading for bastions of men’s work encountered ac
every turn.” Indeed American women engineers maineained their Joyalty to male
models of the profession at great personal cost. Vera Jones MacKay, a chemical en-
gineer who had managed to find work on pilot plants for fertilizer production with
the Tennessce Valley Authority, recalled the painful memories when looking back
on her career in 1975: “it is hard to discuss my working days as an engineer without
sounding like one of the most militant of the women’s libbers.™ Jones's public ad-
mission of the personal costs involved in her carcer choice is unusual because most
women engineers kept a stiff upper lip. Yer her sentiment ofters a rare glimpsc into
the struggles and strategics of women engineers in the period before affirmative ac-
tion. Most women engineers who preferred as their role model Lillian M. Gilbreth
over her contemporary Nora Blatch followed this surategy. They drew their licer-
ary models and organizational forms from their engineering fathers rather than
from their feminist sisters. They culuvared silence as a survival strategy and
ventriloquized, bur never directly articulated their discontent. As rank-and-file
members of the profession working for corporate and military establishments,

women engincers became invisible not only to themselves, but also o history.

SURROGATE SONS AND THE INSIDE JOB

A great many American women, most of whom never appeared 1n any statistics,
claimed family ties to engineering through their fathers, brothers, and husbands.
They found their pathway into engineering through what might be called parri-
monial patronage and marrimonial sponsorship, Supported by kinship ties, such
familial patronage and marrimonial sponsorship often oftered relatively easy ac-
cess but also resulred in what German historian Margot Fuchs has called a bor-
rowed idenrity. Most did not have female models bur looked to their fachers and
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brothers for orientation, Their identity as engineers was therefore largely one “on
loan,” even if sume, like Gilbreth, managed to stretch the terms to socially ap-
proved limirs,”

Formal wraining might have been an important credential for continental Eu-
rope and served as a wedge into other professions in the U.S., but it did not play
such a decisive role in employment opportunities in American engineering before
1945. By the end of the Forties and beginping of the Fifties, only 55 percent of
American men — and even fewer women (20 percent) — in engineering had com-
pleted an engincering education. [n the nineteenth century bue probably also welt
into the twentieth century, a few hundred women continued to manage their hus-
bands’ engineering work after his death, having received enough informal techni-
cal training to call themselves engineers.” They acquired technical knowledge on
the job or through an informal system of education within tamily firms without
ever attending a specialized scheol, Famous examples of women who learned the
rade through their family or husbands include Lillian Gilbreth and Fimily Warren
Rocbling {1841-1902), who kept the family firm going when illness incapacitated
her husband, a chicf engincer, from leaving his house. She acted as his proxy
throughout most of the building of New York’s Brooklyn Bridge during the 1870s
and 1880cs. Trained in mathematdics, Rocbling learned to speak the language of en-
gincers, made daily on-site inspections, dealt with contractors and materials’ sup-
pliers, handled the technical correspondence, and negotiated the political frictions
that inevitably emerged in such a grand public project. "The Brooklyn Bridge had
been a Rocbling ideal on which the family’s forunes depended, and Emily
Roebling had been her hushand's proxy for decades. Less famous than Roebling,
most wives worked in anonymity in family businesses. As late as 1922, a woman ac-
tive in civil engineering wrote the editor of The Professional I'ngineer that she
greatly appreciated that the journal finally acknowledged the wives of engincers
without specialized degrees: “My training in engineering began with marriage and
I have filled about every job... from rodding and driving stakes ro running a level
party, or serting grade and figuring yardage in the office.™

These women would be largely forgorten. Lillian Gilbreth, however, became
America’s most celebrated woman engineer in part because she managed to ex-
pand the limits of her borrowed identty into soctally permissible terms. IFrank
Gilbreth’s unuimely death in 1924 might have been devastating for a maother with
twelve children bur, aided by a weam of domestic hands, it also allowed Lillian
Gilbredh ro enjoy considerable freedom in her role as a widow for nearly fifty vears.
She expertly managed her image, tostering publicity that cast her in the role of a
married carcer woman. This public persona provided perfect protection against
the possible disapproval of her carcer ambitions. Similarly, she allowed her mar-
riage, long after Frank Gilbreth’s death, w be promoted as the most cHicient way
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of lite: as a business-love partnership — analogous to her hushand’s advocacy of ef-
ficiency by performing tasks in the “one-best-way,”™ As Gilbreth’s strategy shows,
women might also have invoked family connections as a way of protecting them
from public scrutiny. Newspaper reports and government propaganda keenly
played up women engineers’ strong family ties to men in engineering as a way to
ward off the possible threat of these female incursions inro the male domain. The
effort 10 ‘domesticate” women’s talents into familiar categories prevailed during
the second World War, when war propaganda emphasized women’s family ties to
engineering. Most of the available biographical information on the soctal back-
ground of women engineers was generated as part of the war propaganda cam-
paign during the Lorties; historical narrative sources on women enginecrs
theretore tend to overexpose women with family connections. Nevertheless, it is
evident thar formal engineering education with or without a degree in hand could
be particularly useful for some, like the daughters of proprictors of small manufac-
turing firms. Beatrice Hicks trained at the Stevens Institute of Technology to be-
come first chief engineer, then Vice-President, and finally owner of her father’s
Newark Conrtrols after his deach. Afrer their graduarion in enginecering, Jean
Horning Marburg supervised the plant construction for her family's mining prop-
erty in Alaska, while Florence Kimball worked ar her family’s elevator firm,
drafted plans for the remodeling and building of its real estate property, and drew
several blueprints for patents — the most exacting of all drafemanship. Small family
firms like the Kimball and Horning companies not only tried to maximize pro-
duction and profits. They were also in the business of perperuating a family
legacy.”

Suceession in patedarchally organized family firms was exclusively an affair be-
tween fathers and sons, but circumstances sometimes pushed daughzers ino the
positions of surrogare sons. The most celebrated and best-documented case is that
of Kate Gleason (1865-1933), the eldest daughter of William Gleason, whe had
starred his own toolmaking shop, the Gleason Gear Planer Company in Roches-
ter, New York, that would be one of the largest of tts kind. Gleason combined her
feminist independence with acute business sense and family intereses which ap-
pealed to both women engineers and popular writers. Encouraged by feminist Su-
san B. Anthony’s example and prompred by the carly death of her halt-brocher ar
the age of 20, Kate Gleason began to work for her father after raking courses in me-
chanical engineering at Cornell University and the Mechanics Institute in Roches-
ter. Her rraining followed the course of many sons of other family manufacturing
fiems, who were no longer expected to master a eraft completely, but to have a
working knowledge of all the various aspects of the Arm. Gleason was her family
firm’s business manager for many vears when the business expanded dramatically

and successtully into a major player in the industry.” Patrimonial patronage thus
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encouraged daugheers like Kate Gleason to seck formal education with or withour
completing a degree because it fic into 2 family business’s strategy.

For similar reasons husbands encouraged their wives to seek formal raining,
Such active matrimonial sponsorship not only provided women with a legitimacy
their engineering accomplishments would otherwise have lacked, but also ottered
them the hope of establishing a family firm in parmership with their husbands.
The pooling of resources of man and wife in an enterprise offered the opporiunity
for a partnership of business and love, Sometimes, however, engineering marriages
offered an advantage that could turm into a liability, Many women mer their pare-
ners at college or in the field of engincering, allowing them to enter into male so-
cial and study circles otherwise closed to them. Bur because of the inherent power
relationship, the built-in mentorship in such relationships could turn into a dis-
tinct disadvantage for the wife's career advancement later on when they ques-
tioned the terms of marrimonial sponsorship and their borrowed idenrities that
went along wich i

As a young feminist activist and enginecring graduate, Nora Blatch and her
husband, the engineer and invemor Lee De Forese, firse shared in the excitement
of new emerging technologies such as the radio, but in the end they disagreed
about who was to shape and direct the possibilities of these novel developments.
On their first meeting, Blatch “tremendously admired” the young radio inventor
Lee De Forest and explained that “a lite in the midst of invendon appealed to me
strongly.™ For his pare, De Forest thought “destiny” had brought her o his door
and pursued her relentessly. In desperate need of money for various ventures, he
received funds from his future mother-in-law Harriot S. Blarch, while Nora's
technical training, her love for music, and the connections with the New York
powerful, brought enormous technical, (inancial and social resources to his flag-
ging career. No doubt sceing an opportunity to fulfill her life’s goal of combining
carcer and marriage, Nora Blatch fell in love with Lee De Forest, rook extra
courses in electricity and mathematics with Michael Pupin, a well-known New
York clectrical engineer, and worked in De Forest’s laboratory on the develop-
ment of the radio. Together, Lee and Nora were able to air rhe firse broadeasts of
music and conversations in the New York area, On their honeymoon to Parts, the
newlyweds seized the opportunity to promote cheir wircless phone by @ demon-
stration from the Liftel Tower, organized through Blueh's family connections.”

Both Blatch and e Forest shared an excitement about participating in the new
technological developnients with their contemporaries. To Harrlot S, Blatch -
and rhere is no reason to believe Nora disagreed with her mother on chis issue —
technologies such as the radio were new rools for women to use for their own ends,
At one of the promotional experiments for the “wireless phones™ in New York in

1504, Harrior, Nera, and Lee were positloned ar one end of the transmicter at che
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Terminal Building, while a group of women's students from Barnard, their phys-
ics professor, and some male interlopers from Columbia stood listening ac the
other end ar the Metropolitan Life Building. “I stand for the achievements of the
rwentieth century,” Harriot Blatch declared in che first message transmirted. “1 be-
lieve in its scientific developments, in its political development. T will not refuse to
use the tools which progress places at my command... not forgetting that highly
developed method of registering my political opinions, the ballot box.™ Since the
ransmitter was only a one-way communicarion, she continued uninterrupeed —
despite a protest from a male studenr from Columbia: “That is a mean way to talk
at a paor chap when he can’e say anything.” Believing thae techinical modernity
was inextricably and inevitably linked with politically progressive ideas, she con-
tinued: “Travel by stagecoach is out of date. Kings are out of date: communication
by canalboat is out of date; an aristocracy is out of date, none more so than a male
aristocracy.” The speech was used by De Forest and his business agent to sell
stock of his Radio-Telephone company to suffragists and their supporters.”

Fven if Nora Blarch and Lee De Forest shared in the excitement of the new
technologies, disagreements emerged over the financial status of the {irm once
they had married and their child was born. De Forest so strongly opposed to his
wite’s management views on the family firm and the work she continued to do in
engineering that it caused their separation in 1911, Explaining his divorce, De For-
est told reporters of a national newspaper that “his marrimonial catastrophe was
due 1o the fact thar his wife... had persisted in following her carcer as a hydraulic
engineer and an agitator [for women's suffrage|... after the birth of her ¢hild.” He
warned other men against employing their wives, conveniently omitting all men-
tion of Blatch’s technical and financial participation in his veneures. Eventually,
Rlarch started her own archirectural firm with family capiral. 1c allowed her co re-
main independent from partners like De Forescand (rom the corporate employers
she had earlier learned to avoid, Although offered mare than expert labor, De For-
est and other husbands were interested in a jointventure but noran equitable pare-
nership with their wives. To De Forest, who insisted that he wholcheartedly
supported suffrage for women, admired Nora's intelligence, and enjoyed her tech-
nical training, his wite’s greatest offense had been that after marriage and mother-
hood she had rejected an on-loan identity and continued to assere her feminise

hengage of three gencrations and her own carcer as an engineer.

ScHooL CULTURE AND THE STRATEGY OF (OVER-QUALIFICATION

Family businesses were based on a form of engineering knowledge which linked
them to the parriarchal authority of the waditional workplace where class shaped
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the retations between management and labor. Formal education, by contrast, was
to be a more demaocratic form of knowledge accessible to all, burt ic was still in need
of establishing and reproducing its own male model of authority. In the decade
following the American Civil War, diversity and openncess characterived American
engincering education, but it nevertheless came to be bound by gender and race.
Hailed as the landmark legislation thae pushed higher education to unprecedented
coeducational levels, the Morrill Land Grane Act of 1862 helped establish several
schools of engineering ar land-granc state universities, colleges, polytechnic insti-
rutes, and private universities throughour the land. 1ts drafters had intended it tor
the education of the children of farmers and industrial workers, but had nocsapu-
lated the character of “agriculeural and mechanic arts.” In the eardy days, women,
workers, and farmers attended courses given ac the land-grant colleges institutions
like MIT. Industrialists had been the first to support education of workers and
women viewing them as a potential disciplined work force.

This broad commitment of the Act changed in the course of the ceneury, “The
agriculrural and mechanic arts” often came to mean indusuial racher than agricul-
tural education, technical rather than artisanal wraining, and school-based engi-
neering rather than a British-style apprenticeship. Engincering educarors began
breaking with the traditions of vocational training, managing to seize all che attrib-
utes of scientific rhetoric. ‘The push of upgrading the ficld through the infusion of
professional ideals resulted in the masculinization of the higher education of engi-
neering, sending wonten into separate fields of chemical lab work or home eco-
nomics.

Before this closure, American women were welcomed as special wiition-paying
students when engineering educators sought to increase their enrollment figures
for their newly minted programs. American women had free access to primary and
secondary education and came relatively well prepared compared with their sisters
elsewhere. In pardeular the recently minted programs were more welcoming than
the established insticutions. Thus, the coeducational land-grane institutions and
state universities showed a more favorable attitude towards women’s higher educa-
ton in engineering than privately owned and sex-segregared institutions like de-
nominational colleges, milicary academics, and high-staeus private schools. The
sra[c—sponsorcd land—gmnr mstitutions {eg. Purdue, MIT, lowa Seate, Ohio
State, Cornell, Berkeley, and the Universities of Washington, Illinois, Colorado,
Michigan, and Kentucky} and many municipal universities {the Universities of
Cincinnati, Louisville, New York. Houston, and "I'oledo) pioncered in cocduca-
tion in engineering. Lven some mining schools admitted women o their engi-
neering departmentes.”

In the pre-protessional era, when neither enginceering institutions and occupa-

tional clubs had yer raised their standards to meet the prestige of the other profes-
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sions and home cconomics had not yet been established as a separate field for
women interested in technical fields and applied sciences, pionecring women stu-
dents began to graduate in engineering from the t870s onwards. Even so, they re-
ceived mixed messages. Enginecring educators searching for higher enroliments
might have admitted some women to their programs, but aspiring women faced
outright discrimination at every turn, requiring a stamina not all women could
muster. A complete set of data on the enrollment and graduation figures of three
schools (Ohio State University, University of Alabama, and Stanford Universicy)
suggests — not surprisingly perhaps — that the dropout rate for women was 25 per-
cent higher than for men, so instead of 40 percent of those enrolled.” Even women
who managed to complete their course work did not always receive the official rec-
ognition they deserved. The experiences of Lena Haas at Columbia, Eva Hirdler at
the University of Missouri (1911), and Mary and Sophie Hutson at T'exas A&M
(1903) are telling examples of women students whe satistied all their requirements
without receiving the appropriate degrees during a period when engineering edu-
cators tried 1o raise academic standards to compete with their colleagues in the hu-
manitics.”

Facing discrimination, women engineers paired their strategy of overquali-
fication with stoicsm. The experienced mechanical engincer Margarer Ingels
warned in the 1930s that a woman engineer “must in many cases work even harder
than a man to build up confidence.” Two decades later another woman found the
situation unchanged and concluded that “a dedicated woman can succeed [but has
to] run rwice as hard as a man just to stay even.” Women who were willing to fic
into the tightly knit male world of engincering could force the doors slightly more
ajar by concentrating on their math abilities and doubling their efforts. Many
women of the early gencration opted for multiple degrees with which to scale the
academic walls of engineering.

If women engincering students in the nineteench and early rwentieth cenruries
faced formidable difficulties, the lack of preparation in machematics does not seem
to have been one of them. In high school, for one, American girls and boys re-
ceived an cqual amoune of instruction in calculus and geometry and came rela-
tively well prepared.” Moreover, because women who entered enginecring rended
to come from higher social backgrounds than their male counterparts, they often
came academically better prepared. A few decades ago, sociologist Sally Hacker ar-
guied that the high standards of madh in engincering education effectively served o
exclude women, but in the transidonal period from a proto-professional o a pro-
fessional era, math offered a window of opporcanicy for those women interested in
a technical education, however briefly. Before the sccond World War, an under-
standing of mathematics was required for practicing engincering, bur in America
it never formed the kind of obstacle or rite of passage thatic would larer when it be-
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came part of the tactics to raise the standards of engineering, Hacker observed at
schools like MIT during the 1970s. On the contrary, many women who went into
engineering could claim superior ability and knowledge in mathematics. The in-
creased importance that engineering educators placed on marhematics as a means
of upgrading the profession might have been a major hurdle to many engineering
students with average ability — women or men = but it also acted as an advantage
for brilliant women in a school culeure that stressed academic skills over hands-on
experience. Exceptionally comperent women like Elsie Eaves (1898-1983), Alice
Goff (b. 1894), Dorothy Hanchetr (1896-1948), and Edith Clarke (1883-1959) used
their mathematical skills and multiple degrees as a wedge into engincering work
and mobilized them as a shield against oucright discrimination.” For brilliant
women, excellence in math proved o be a window of opportunicy at firse.

Educational reformers like Thurston who sought to upgrade engineering trai-
ning with a new emphasis on mathematics, history, and the humanities faced a di-
lemma. Their form of engincering knowledge was not linked to the patriarchal
aurthority of the workplace where class shaped relations between management and
labor, but based on the new culwural authority of science and math. Not only were
academic engineers often accused of failing ro prepare their students to face the re-
ality of the production floor, but academic ideals threatened to become associared
with gentility and femininity. In this balancing act, engineering educators became
the most articulate purveyors of an academic male esthetics that seressed hands-on
experience and a slap-on-the-back kind of manliness. Many engincering educators
tried to imitate “the methods and manners of real shop-life” in college shops that
housed stcam engines, blacksmith tools, foundries and che like. Here hands-on ex-
perience could be acquired while preserving academic ideals. However well-
equipped, the problem with the college shops was that true confronration with the
attitudes of independent workers and bullying foremen could neither be simu-
lated nor tested. The ability to “handle men™ remained the true hatlemark of the
successful engineer of a management professionalism of engineering. In che
schoals of engineering, this managerial ideal ()ffllginecriﬂg balanced precariously
between working-class manliness and academic gentility. Wichin the walls of aca-
demia, work in the laborarory, the shop, and the field clad in overalls wich a knack
for rough jokes added luster to the male rites of passages into the profession. It
served not only an educational goal bur also sought to enhance the prestige of engi-
neering education.

In these environments, women students were encouraged to take math classes
but often excluded from taking shop or field trips to factories mandatory for grad-
uation. Around 1904, when Nora Blatch’s classmates prepared to pose for a photo-
graph showing them working as civil engineers in the field, they arranged for a
male friend to date their female colleague on the day of the photo session so chat
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she would not be in the picture. They thus deliberately excluded her from chis
male rite of passage and erased her from the visual historical record. In 1925, MIT
professors prohibited Olga Soroka from participating in a field wip required for
graduation in civil engineering. Her professors organized a special internship wich
the New York subway for her instead, considering it more appropriate to contem-
porary {but akways changing} definicions of women's public behavior, Anna Lay
Tumer, a chemical engineering student at Rice University in 1924, recalled thar
women were tolerated in genteel academic environments, but barred from me-
chanical {abs. T'o put on overalls was to chailenge prevailing codes. While engi-
neering educators might encourage women students to take courses mvolving the
sciences and mathematics, they tried to bar them from pracrice classes and labora-
rories, even when these were necessary for their graduation. All these prohibitions
expressed the strong resistance to any female incursions into this specifically male
engineering rite of passage of class,”

‘The workshop and building sites thus functioned as a way of screening out
women “[for] it must be clearly understood,” as ane critic of women in engineer-
ing and other technical occupations wrote in 1908, that “the road to the drafting
board and the laboratory of the enginecr lies through the workshop, and workshop
practice means hard work and blistered hands, nor dilerrante poteering and obser-
vation.”” Women might be competent in drafting, caleulation, research, and anal-
ysis, as emplovers testified in the 19208, but sweat, dirt, and calluses made the
engineer a real man. Or, in the words of one scholar, “if scicnce wears a white lab
coat, technology wears a hard hat and has slightly direy fingernails,”™ Ideally, mid-
dle-class men belonged on the producton floors and building sices where chey
managed other men, while women dealt with more technical details in genteel en-
vironments. But this was true only as an ideal to be aspired to.

Foor SoLpiErs or BUREAUCRACY

Most women engineers were employved by the emerging military-induserial com-
plex. Women also found their way into engineering through what should be called
corporate and federal apprenticeship, particulatly when corporations and rhe gov-
ernment worried about a shortage of technical personnel in times ofwar and com-
petition with forcign countrics. Among entry-level jobs, women made the most
headway in the laborawory-oriented and newer ficlds which did not carry gender
codings at (irst and required more academic skills: chemical analysis, clecerical,
and — after the second World War - aeronautical engineering. If small businesses
provided a way Into engineering for women with family ties, the large cmerging

corporations did so for women without family capital or resources, to whom me-
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chanical engineering — steeped in craft traditions — remained a closed shop. This is
not to say that women could not be found working in mechanics shops: during the
first and seccond World War, corporations hired working-class women as lathe and
punch press operators and as assembly workers. Mechanical engineering implied a
different class than the engincering trades, however, one dhar involved supervi
sion.” These temporary encouragements women received in pursuing engineering
were ambivalent to say the least.

For employecs of large corporations without family conneetions or capital, an
engincering job held the promise of promotion, cven if it became more a vision
than 2 reality in the course of the twentieth cenrury. The formal and bureaucratic
rules both instituttonalized endemic gender discriminarton and helped o secure
beteer opportunities for women engineers without the proper family ties chan the
informal buc parriarchatly infused rituals of firms where shop-floor culture en-
couraged male patterns of advancement. These were open only to the few women
like Kate Gleason who could crack the male code of the shop floor by invoking an
authority stemming from family ownership. The growing importance of formal
rules and the move toward professionalization in the twenticth century proved o
be a two-edged sword for women engincers who chose to enter the profession
without capital or connecrions. The two world wars — and the state — offered win-
dows of epportunities, but not full-fledged careers. The war economy also institu-
tionalized and created new discriminatory practices.

Women might [ind formal education a viable means of access to entry-level en-
gincering jobs, but those who excelled academically did not fare well subsequentdy
in their engineering careers, either because of matrimonial disloyaley or because of
male codes of the workplace. Highly trained women including Elsic Eaves, Olive
Dennis, Pacricia Stockum, and Mabel Macferren, all of whom had carned twa or
three degrees and showed the stamina to succeed, found thar dhis initial advantage
turned into a liability once they entered the workplace. [n the workplace environ-
ment male codes of managerial command and hands-on experience determined
onc's professional standing, not academic excellence. Many overqualified women
ended up cither as thigh school) teachers in marhematics and sciences or as cafeula-
tors in corporare offices and at research institutions. Dororhy Tilden Hanchert
first trained in civil engineering at the University of Michigan ('17). No doubt she
believed that additional M.A. and Ph.D). degrees at Columbia University (727) and
Logan College (*45) would help to advance her carcer. Instead. she ended up at
Battle Creek High School as head of the math department. In the afrermath of firse
World War, Hanchett and many other highly qualified women found that gov-
ernment propaganda had contained more rhetoric than reality. They were forced
to accept temporary teaching jobs in clementary and high schools, teaching
instructorships at engineering colleges, or editing positions in professional organi-
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zations.” Thus, the tactic of obtaining multiple degrees did not guarantee employ-
ment.

[n times of economic bust, only government highway projects and burcaucra-
cies could offer academically trained women employment, however ill-paid. Even
if proportionally more women trained in civil engineering than in any other spe-
cialization, in this already overcrowded labor markert, they earned the lowest sala-
rics, ended in low-level positions in federal and corporate bureaucracies, and
found fewer employment opportunities than in any other branch of engincering.
Alchough these bureaucratic jobs might have been demeaning for young men who
expected management posirions, for women such positions offered relatively high
wages compared with other jobs available to them ac the time. The drafting de-
partments of State Highway Commissions gave temporary jobs to Knudsen in
Wisconsin and Elsic Faves in Colorade during the 19205, 1o Myra Cederquist in
Ohio in the 1930s, and to Emma Crabreree in Nevada in the 1940s." The emerging
large corporations such as Westinghouse, General Electric, and Boeing alse of-
fered women an avenue to technical training through a kind of corporate appren-
ticeship. Ac Westinghouse, Bertha Lamme found ample opportunity to use her
superior mathematical knowledge and her engineering skills to design motors and
generators for over ten years, until she had to relinquish her job in 1905 when she
married a co-worker. Finding the door to engineering slightly ajar during the war
in 1917 as a young civil enginecring graduate from the University of Michigan, Ha-
el [rene Quick established a long carcer, lasting until 1950, as a fundamental plan
engineer; she was in fact the only woman employed by the Michigan State Tele-
phone Company.”

Even if the world wars offered opportunities te women, employers also re-
sponded to the modest inercase in the number of women by setting up lear gen-
der boundaries and by creating separate social and spatial arrangements. To deal
with the small increase of women, employers insticuted sex-segregated offices and
drafting deparoments where some academically rrained women could move into
supervisory but temporary posirions. After graduating from lowa State University
n civil engincering in 1894 and doing some graduare work ar MI'T, Alda Wilson
{b. 1873) worked in architectural firms in Chicago and New York for over ten
years, before she found a managerial job as superintendent of the women's dralt-
ing department ac the lowa Highway Commission in 1919, Unable to find an engi-
neering position afier the first World War, the overqualified and brilliant Udich
Clarke spent several years training and supervising women in the caleulation of
mechanical stresses i gurbines In 2 separate women's department within the Tur-
bine Engincering Departmentat General Flectric in Schenectady, NUY. These sep-
arate female spaces might have offered women a cemporary niche but rarely a solid

stepping stone for full-fledged carcers as designers, executives, or managers.”
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Before the era of affirmative action, therefore, neither the federal government
nort the corporations offered true alternatives to the kind of patriarchal patronage
found by daughters of small firms. At the end of her carcer in 1947 when the gov-
ernment campaigned for women’s recurn ro their homes, the experienced Dennis
wrote in the true spirit of belief in meritocracy: “we certainly do not want to dis-
courage the ambitious young woman with the right qualifications for an engineer-
ing career,” but she warned, “anyone pioncering in this field must be made to sce
thar, outside of the lowest levels of clerical and manual work, there are almast no
standard [management] jobs for women.”™ Dennis knew what she was talking
about. Qualified women engincers and scientists of her generation had weathered
the storm during the Depression in order to continue cheir carcers. As Nora Blatch
correctly observed when she worked as an engtneering inspector for the Public
Works Administrations in Connecticut and Rhode Island, federal sponsorships of
women were limited during the New Deal. The investments of Roosevelt’s pub-
lic-work administration in major building programs provided engineering work
for men only. The reforestation, highway, building, and reclamation projects were
all closed to qualified women while they mobilized men at lower wages far away
from their homes, leaving cheir wives to head their houscholds. Moreover, the Na-
tiona} Recovery Board still specified lower minimum wages for women than men.”

These highly educated women waited for better times and looked for jobs in
teaching, drafting, or cditing and secretarial positons with engineering firms and
professtonal organizations. Strategically located as manager of the Bustness News
Department at the journal Kuginecring News-Record, the Colorade graduate (20}
and socially well-versed Llsic Eaves provided mentoring and carcer guidance o
many young women engineers during the 19305 and 1940s. She counselled them
on how to get through the Depression, and encouraged them to acquire steno-
graphic and secretarial skills in the hope of “a position with a fine engineer,” but
she warned, “[ never encourage a girl to study engineering on the theory that if she
wants it badly enough she will do it in spire of dll discouragement.”™ During the
second World War, when younger men went to the front and others moved up,
women stood ready to take on the new jobs that were opening up, but never mate-
rialized. {nstead of recruiting amnong the experienced women alicady available, the
federal government chose to train voung and inexperienced women. The stute
thus helped o institutionalize and intensify old parterns, as can best be illuserared
by the politics surrounding the federal job of engineering aide.”

[During the second World War, the federal job title “engineering aide™ carried
with it the heavy baggage of gender politics and amplified old habies. It defined
women as non-engincers. As part of the war cffort, American women like those
¢lsewhere in Europe were encouraged for the first time to seek training in technical

work. Under the auspices of the federal government and in cooperation with uni-
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Figure 33 Three women drafismen trained as engineering aides posing in classic

Rosic-the-Riveter Government propaganda sivle in 1943, Photo campaign prometed by che De-
partment of Labor's Woman's Burean to advertise thedr importance to the war industry. Permis-

514 ()FSch]crsing(‘r I.ihrzu‘}', Radclifte (::J]]cgc. (:anﬂ)ridgc, aAL

versities, large corporations urged young and bright women 1o apply for engineer-
ing jobs.[Figure 33] Federal agencies, large aircralt companies, and engineering
schools pushed over 306,000 women through various kind of engineering pro-
grams ranging from three-month ¢rash courses to college engineering curricula
condensed into owo vears. Georgia Tech University in the South, like many other
well-established schools hostile to any hint ar coeducation before the war, opened
its doors to women for a special training program sponsored by the ULS, Chemical
Services when shortages of technically trained personnel threatened the war indus-
tries, The aireraft corporation Curtiss-Wright sponsored a course for women engi-
neering, students at several American universities including lowa State, University
of Minnesota, and Rensselaer Polytechnic.[Figure 34] The women received an en-
gincering certificate after completion of the course which included work in engi-
neering methods, mechanics, drafting, and processing.[Figure 35] Many of these
specially trained women, who had been the best and the brightest in their high

school and college, ended up in drafting, testing, and routine lab work, however.
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Figure 3.4 Women tainees posing for propaganda phorograph for the Curdiss-Wight corpo-

ration’s Cadetre Program, an engineering crash course for women during the war in 1y.43. Cour-

sy of Archives of Wonien in Science and Engincering, lowa Srate University,
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Figure 35, Drawing of a poster announcing dinner celebrating the graduates of the Curtiss-
Wright ])rogrum. Courtesy of Archives of Women in Science and 1",r1i_;'lnk‘<‘.1'ing, Towr State Uni-

versity,

Juliet K. Covle trained in medical technology and biology as a young college stu-
dencin 1943, when she was recruited by an aircraft company for a short course in
engineering where she learned to read bluepnints, drafting, statistics, and mechani-
cal practice. When the war ended and she finished her studies, however, the com-
pany had no idea what to do with her and her cqually well-trained women
colleagues. T'he firm not only moved them around through different deparements
and paid them less than their male counterparts, but gave them explicit instruc-
tions to avoid giving orders to workers on the production floor — the male avenue
to further promotion on the managerial ladder.”

Covle’s experience illuserates that none of these educational efforts, cither dur-
ing or after the war-time labor shortages, were meant w wrn women into
full-fledged engineers. [Figure 361 All programs were clearly intended for women’s
temporary employment as technical assistants to the various engineering depare-
mens, despite propaganda agencices™ claims to the contrary.” During the second
World War, vocational literature actempred to assure female recruits thar such en-
gineering work would lead o full careers, but Margarer Barnard Pickel, an adviser
o graduare students at Columbia, questioned that promise and advised women o

prepare for a backlash in peacetime. “Are the educators of women justified in en-
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Figure 36, Propaganda carroons “Girls, Girls, Girls,” as published by General Elecoric’s Cam-

pus News, 1942-43.

couraging their students to seart on the Jong, arduous and expensive training foran
engineering degree with the expectation of a career at the end of it2” she asked. Af-
ter taking an inventory of the barriers women would face. she concluded, “leseems
hardly honest to hold out such a prospect as a professional possibility for
women.” Dennis, ofren quoted by the Baliimore and Ohio Railroad For their
public-relations Hrerature during the war, also pointed our thar “Women engi-
neers have been ignored or else glamorized with newspaper publicity thac is harm-

ful o serious advancement in their worle.™ The Women's Bureau’s investigation
into the employment opportunitics in peacetime was equally realistic and cau-
tious, based on cheir CXpernCes dLlring the second World War, In (’.xp]a[ning

their rescarch project. the officials ar rthe Women’s Bureau stated in their corre-
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spondence chat “it is our opinion that the increase of women [in technical and sci-
entific work] during the war has been greatly exaggerated because of the publiciey
presented to atuact them. However, we want to find the facts through firse-hand
contact with professional organizations... those who employ women in technical
and scientific jobs, and with raining centers.™

Indeed, Margaret Pickel had been justified in sounding the alami, as the
Women's Burcau found. Tactics 1o constrain women - most of whom were col-
lege educated - took on various forms. Not only was a woman’s job given the tle
of “enginecring aide,” but the implicit gender-based division of labor relegated
women to drafring departments and laboratories, while men were assigned jobs on
the production floor that enabled them o advance o managerial positions. In
shor, the federal policy created the term “engincering aide” ro refer o women en-
eineers, while it conrinued o use the title of “cngim-:cr" to denore men, The j()b
titde of “enginecring aide” thus foreefully drew a line between technical expertise
and management, and both reproduced and created a scandard practice.”

In the LS., as elsewhere, the relationship beoween management and che wech-
nical content of engineering as an occupation is critical 10 understanding che for-
mulation of a male professional idenrity, Overqualified women found that the
initial advantage of education would turn into a liability once they entered the
workplace where male codes based on managerial qualities and hands-on experi-
ence determined one's professional standing. The gender division of engincering
labor = between production floors and drafting offices — hinged on the very same
{class) distinctions by which male engineers sought to distinguish themselves from
sel-trained foremen who had risen dhrough the ranks, The division of labor be-
tween the laboratory and the drafing department on the one hand, and building
sites and production floors on the other, became the single most important
delineator berween men and women in engineering. Wherever women engineers
did succeed in gaming cmp]()ymcm‘, E}Icy were most likely to be hired in d !';1!'_lif1g,
caleularing, or design departments, or laboravories and classrooms. In other words,
women engineers joined the rank-and-lile of the protession.

No woman without a family connecrion ever moved into supervisory positions
in family firms. Women like Roebling, Gleason, and Gilbreth, who were steeped
in the pacriarchal culture of the family business advanced in engineering through a
combination of excellence, perseverance, family connections, and the pooling of
resources. But assessing the chances of women's employment in 1940, Olive Den-
nis (i880-1957), who like Blatch had received her education from Cornell Univer-
sity In civil engineering (20} in addition to degrees in mathemartics, warned that
“unless a woman has a family connection in an engineering firm, or enough capital
to go into business herself, her chances of rising to an executive position in struc-

rural engincering scem negative.™ Employed firsc as a drafisman in che bridge di-
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vision of the Baltimore & Ohio Railroad and Fater wransferred to the company’s
service department for incerior coach design, Dennis’s response during the 1940s 1s
the more revealing: She was always touted as a woman’s success story, both by
womern engineering advocates and by her employer the Baltimore & Ohio Rail-
road, especially during the second World War, when the War Manpower Com-
mission and the Office of War Information launched an intense propaganda
campaign to lure women into the technical fields, Dennis’s warning points to the
split berween government rhetoric and women's experience of it, the difference
berween women with family resources and those trying o make it on their own in
the emerging corporate and federal burcaueracies, the gap between women'’s tech-
nical expertise and cheir ability ro move into managerial positions, and the con-
trast beeween nincteenth-century ideals and vwenticth-century pracrices.”

More explicitly than any woman might have said it, the introduction of the
term “engineering aide” encapsulated the story of women’s marginalization as a
labor reserve force withour the possibility for career advancement. Wich a single
linguistic stroke, the term placed women with techntcal ability and training our-

side the emerging domain of technology.

Facing MALE PROFESSTONALISM

Narional professional organizations became the mose visible if not the only insti-
tution of the engineering fraternity. Few scholars still regard the nincteenth-
century moventent of professionalization as a trend towards expertise, knowledge,
rational behavior, peer review, and values vold of any ideological concern. Most
consider it a form of occupational concrol and autonomy with exclusive jurisdic-
tion and privileges which conceal the advocacy behind the cloak of polidical disin-
terestedness and objectivity. The engineering socicties were by no means
exceptional; they explored some of the classic racdes pioncered by other profes-
sions, looking for new means to enhance their status and culeural authority. The
classic model of professionalism defined by medical practice emphasized the work
ethic, rrust, professional associations, licensing, collegial control, and strong client
and practicioner relationships was problematic for American engineers, as many
historians of engineering professionalism have argued. In engineering the classic
model also competed with business and rank-and-file models of professionalism,
as Peter Meiksins has correctly argued. ‘The American Institute of Mining and
Metallurgical Engineers {(AIME) advocated business values, closely associated
with the culture of family firms, and adhered less strictly w the newly emerging
ideology of professionalism. Its business-oriented policy had an immediate impacr

on the number of women admirtted: while only 25 women had majored in mining
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by 1952 and many states had laws prohibiting women waorking underground, the
mining cngincers admitted more women to their ranks than any of the other ma-
jor organizations. In 1943, the AIME membership included such daughters of fam-
ily firms like Jean Horning Marburg, then member of the National Resourees
Planning Board, Helen A. Antonova, an assayer at the R&F Refining Co., Edith
P. Meyer, a development engineer at Brush Beryllium Co., and another 19 women
in addition to a large number of female students.” Vor daughters of family firms
like Jean Marburg business professionalism opened some doors that would have
remained closed otherwise. Thus, business models of professionalism were more
apen to women if they were connected to the patriarchal culoure of family firms
hike Gleason, Gilbreth, and Marburg. They were closed to women without the
proper family connections.

Lven if engincers did not succeed to maintain strict professional boundaries
compared to other professions when successful the classic model of professional-
ism turned ourt to be a thoroughly male and middle-class endeavor. The more an
arganization strove for protessionalization modelled after the medical occupation,
the more it was inclined to bar women.” It was not the number of women engi-
neers in either absolute or relative terms which determined the percentage of
female membership, but rather the level of professional claims to which the leader-
ship of the respective national organizations aspired. Significantly more women
engineering students opted for eivil and electrical than other engineering fields,
but this population was not reflected in the membership of the American Society
of Civil Ungineers and the American Institute of Electrical Engineers, whaose re-
quircments were more strict cthan those of their brothers in mining.

The American Socicry of Civil Engincers {ASCE) and other major societies
guarded their boundaries against any temale incursions. Other organizations also
granted secondary membership without voting rights wo unimportant rank-and-
file engineers and women who managed ro infiltrate them.”™ The American Insti-
tute of Electrical Fngineers (AILL), emerging in a field wich high aspirations to-
wards a medical model of professionalization, refused to admic Susan B. Leiter, a
lab assistant at the Testing Bureau in New York, to membership in 1904, when the
organization was looking for ways to upgrade the profession.” When Elmina Wil-
son and Nora Blacch applied for membership ro the American Society of Civil En-
gineers, they found the doors closed. With a ¢rmr lande in civil engineering from
Cornell University. Nora Blatch could claim superior mathematical ability and
thearetical engineering knowledge, the kind of credentials advocates of engineer-
ing schools thought crucial for any engineer to succeed. Bue Blatch had more to
offer: she also possessed the necessary hands-on experience that advocates of shop
floor and field training saw as hallmarks of the true engincer. These was all o no
avail. In 1916, when she wirned 32 and the society dropped her from its member-
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ship, Nora Stanton Blacch filed a lawsuit against the ASCE. As an expenienced en-
gineer, she had accumulated over ten years of experience to meer the Sociery’s
requirements. In addition to her four-year education in civil engincering at Cor-
nell, she had taken courses in clectriciey and mathemadcs with Michael Pupin at
Columbia University. She had practiced as a draftsman for the American Bridge
Company and the New York City Board of Warer for about two vears and as an as-
sistant engincer and chief drafesman at the Radley Steel Construction Company
for another three years and finally as an assistant engineer at the New York Public
Service Commission. Most importantly for the requirements for full membership,
she had supervised over thirty drafismen when working ac Radiey Steel. Blatch. a
feminist, divorcee, and single mother whose income depended on her engineering
work at the time, challenged the ASCE when more women and sons of lower-class
men were trying to enter the field through the new institutions of higher cduca-
tion and when engineering advocates were busy defining the occupation as a pro-
fession by excluding more and more groups of practitioners such as draftsmen and
surveyors. Her suic marks one of many contests in which the emerging professions
staked out their professional claims by means of border dispuces with other com-
peting fields.”

In addition to outright exclusion, the professional organization dealt with what
they saw as female incursions through the tactic of granting women secondary
membership without voting rights. The controversy over Ethel Ricker's Taa Beta
I membership marked yet anether drawn-our contest over gender boundaries in
the fields of civil engincering and architecture where women were numerous. In
19e3, the local chapeer of Tau Bera Pi clected Ricker, an architecture student at the
University of lllinols, 1o the engineering honor society, bur the national executive
board and the society's convention not only overturned the decision to elect her.
but went so far as to amend its constitution to specify that henceforch only men
would be eligible for membership. During the 1930s depression, when many civil
engineers faced unemployment, the Tau Beita Pi honor society introduced 2
Women's Badge in an atcempr o deal widh the (small) number of qualified
women who had made thetr presence fele. To make it clear that their acceprance
should be cousidered an act of benevolence, Women's Badge wearers were neicher
memberts nor allowed to pay inivation fees. Disapproving of such “separate bur
unequal” recognition, some women refused them. Nonetheless, it would rake
three-quarters of a century before women would be accepted as equal partners in
the organizarion: in 1969 the honor socicty changed ity constitution to admit
women, in 1973 it sanitized the consticution and bylaws of sexist language, and in
1976 it clected a woman as a national officer for the first ime. By changing its con-
stitution and by designing a “woman’s badge,” the fraternity of young aspiring en-

gineers set up explicit gender barriers around enginecring when job markets were
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particularly tight. The resistance of T'au Beta Pi resulted from a murual shaping
process beeween the newly established specialization’s need for social and profes-
sional status and the increasing numbers of women architects and civil engineers
demanding their righeful place behind drawing boards and on building sites.”
Like the various scientific fields, engineering specializations were sanitized
from the perccived threat of feminization cither by excluding women from full
membership in professional organizations or by relegating them tw a secondary
status without voting rights, The development of subordinate, segregated female
professional cultures in areas such as chemistry, however, proved o be the most
crucial tactic to the very definition of a profession. In the words of Margaret
Rossiter, “the very word professional was in some contexts a synonym for an
all-masculine and so high-status organization.”™ Women faced outright exclusion,
were relegated to secondary membership, and banished to separate organizations.

Divine aND CONQUER

‘T'he definition of separate labor markets for male and female enginecring work
presented another tactic to deal with women who started o seck engineering edu-
cation and employment. The best example comes from the chemical indusury
where many women found employ as chemists. T'o deal with the female incursions
the American Institute of Chemical Enginecring did everything in its power to de-
finc the occupation in such a way as to cffectuvely bar women from the field and
relegate them to chemisory.

The ability to manage other men became the key o the chemical engineers’
definition of their profession in an effort o distinguish themselves from chemical
analysts — a large proportion of whom were women — whose status and pay dimin-
ished dramatically around 1900. In response, production chemists sought to align
their occupation with the male world of mechanieal enginecring rather than with
the world of science. Chemical engineers saw themselves as running plants, as op-
posed to lubs. As one of the most important founders of The American Institute of
Chemical Engineers (AIChE), Arthur . Litte (1863-1935), spokesman of engi-
necring professionalism and the nestor of commercial chemical research, intro-
duced a key concepe for the development of a distinet chemical engineering
identity in 1915: the notion of “unit operations.” Lictle argued that unic operations
involved neither pure chemical science nor mechanical engineering, buc distinctly
physical, man-made objects in the plant operation racher than chemical reactions
in thelab. Inthe same year chae Litde refined his notion of chemical enginecring in
a report for the ATChLE, his opinion was solicited by the Bureau of Vocational [n-

formation for a report on employment opportunities for women in chemistry and
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chemical engineering in the tight engineering labor marke alter che first World
War. Recommending chemical analysis as “one of the most promising fields of
work for women,” Little reserved chemical engineering as an exclusive specializa-
tion for men, arguing that “it is probably the most difficult branch of the profes-
sion.” In additon to the long hours, the extensive travel, and the physical
endurance needed, he considered the “rough and tumble of conrests with contrac-
tors and labor unions,” involved in the new construction and design of a plane, to
he prohibitive factors.”

Little’s rhetorical position was broadly shared by male chemists working in the
tield. While stressing women's serength in all other lines of work connected with
the chemistry lab, the chief chemist of the Calco Chemical Company voiced che
general sentiment in 1919: “Ic is impossible to use women chemnists on develop-
ment work which has to be translared into plant pracrice by acrual operadion in the
plant. This 1s the only limitation.” Orther potental employers of women chemises
claborated on that parricular theme by explaining that “research men must go into
the Plant and manipulare all sorts of planc apparatus, direction [sic] foreign labor
of every sort. You can readily see thata woman would be at a great disadvantage in
this work,” or that, “it often involves night work and almosrt always involves deal-
ing with plant foremen and operators not easy to deal with.” The work of chemical
engineering involved “large rough mechanical apparatus... which work is usually
carried on by unintelligent labor, in a good many cases the roughest kind of mate-
rial,” the representative of the Grasselli Chemical Company’s research department
wrote 1n 1917." By establishing such boundaries, Lirde and ocher chemises suc-
ceeded in safely associating their work wich both the male codes of the machine
shop or the plant operation and managerial control since the power struggle in the
workplace where matters of class were contested was a martter between men.

Despite these ideological constructs of women’s and men'’s engineering work,
it 1s questionable whether women did not, in fact, do such work. Wonen chemises
were sometimes responsible for easks bordering on chemical engineering, but they
were rarely upgraded to that level. Often discrepancies existed berween job citle
and job content. 'Take the case of Glenola Behling Rose, whose job title was chem-
ist but who described her duries in 1920 as follows: “I left the chemical depr. 1o go
into the Dyestuffs Sales Dept. T have but one man over me and as his assiseant, |
am the Fxecutive Office Supervisor of the Diyestuffs T'echnical Laboratory and have
charge of all dealings with the chemical dept. such as deciding whart dyes chey shall
go ahead to investigate & in what quantiries, and keep track of their work in order
to sce whether they produce the dyes cconomically enough for us to market them.
Ina way Lam the link between the research, the manufacturing and the sclling of
dyestuffs... As you will sce a good deal of my work is supervisory.” With Bachelors

degrees in geology and chemistry, and a Masters in chemistry, the highly qualified
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Glenola Rose felt she was technically well-prepared for such a job. In response w
the question ol what training she thought would be most beneficial o women en-
tering her field, she replied that there was a “need for a thorough foundartion and a
training with men,” by which she meant the rask of managing men. And Florence
Renick wrore that, in facr, “T have had to deal considerably with labor of all kinds,
mostly ignorant and many foriegners [sic] among them, and none of them bur
consider me ‘boss’ so far as the laborarory i1s concerned.” On this particular point
Jessie Elizabeth Minor, chicf chemist at the Hamersley Manufacturing Company,
articulated women's ambivalence: “There is sull much masculine prejudice to
combar. Many laboratories are notv actractive looking. We come in conract with
working men {which may be construed as an asset or liability}.™ Thus in these
contexts, white women chemists actually did supervisory work and would have
qualificd as engincers according to the erms Livle and other chemicat engineering
advocates had established for their enginecring specializadion. In all these in-
stances, technical qualification or experience was less decisive in considerations for
job assignments and promotions than rhe issuce of supervision.

Women chemists were thus kept under job titles they had acually outgrown.
Significantly, traffic beeween chemistry and chemical engincering also went in the
other direciion. Women whe trained as chemical engineers ended up in lower-
paid positions as chemists. Dorothy Hall (1894-1989) might have been the success
story of a woman advancing on the corporate ladder at GE as a research and later
chief chemist, but with a Ph.ID. in chemical enginecring (University of Michigan
20} she was overqualified for her job. When asked, most employers said chey
thoughr women comperent and excellent for research and analysis; few raised ob-
jections of a technical nature. But all drew the line at work related to the plant op-
eration: they stressed, as had Arthur Lirde, labor-related issues. Indeed, in 1948 the
Women’'s Burcau reported that most women who trained in chemical engincering
were employed as chemists.”

These examples are telling indeed. Large numbers of women incerested n the
sciences in the U.S. and elsewhere flocked to the field of chemisery. The same held
true for chemical engineering: more women graduated in chemical engineering
than in any of the other engineering spccializations, In face, a higher proportion of
female engineering students than of male engineering students majored in chemi-
cal enginecring. In a limired way, chemical engincering offered a niche 1o women
students interested in engineering. Prominent chemical enginecring advocaces
pushed for an explicitly male professional ethic by defining cheir discipline as an
exclusively male domain which required supervisory skills. Tens of thousands of
women chemists and chemical engineers were banished to chemical labs, where

working conditions were dire and the pay scales low.” In these contexes, a chemis
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meant being an ill-paid woman while a chemical engincer often denoted a man in
command of higher wages and managerial authority.

The male establishment engineers’ push for professionalization was in parra re-
sponse to the enormous expansion of engineering work, which provided new op-
portunitics to lower-class youths and sons of recent immigrants. The call for cleac
boundarics of class, however, resulted in the kind of male middle-class
reinseription. The census daca furcher symbolized the process of exclusion and
reinseriprion articulated in these linguistic boundary wars. In their unceasing ef-
forts to find new caregories for reliable enumeration, census takers continued to
look for a standard of consistent classification by excluding more and more groups
of skilled workers from the category of engineers, including boat and stcam shovel
engineers, foremen of radio stations, engineers under 35 withour a college cduca-
tion, and chemists. According to cconomists who have worked wirth the dara,
however, the statisticians made these adjusemenes withoue much success in rerms
of uniformity. ‘T'hesc statistical and linguistic interventions did little 1o gencrate a
satisfying set of data.” More broadly speaking, these interventions were part of the
process of professionalization in which men like Arthur Litde engaged. Neverthe-
less, historians have reproduced many of these figures, including the definitional
exclusions they represent. The definition of who would count as a true engincer
and the production of statistics to justify this illusion mutually shaped cach other.
More generally, the example of the chemical industry shows the kind of linguistic

construces and social practices involved in making women invisible as engineers.

ORGANIZING a1 LasT

Women engineers responded o such tacties with stoicism but also with collective
action, Before the firse World War, the catly generation of women engineers like
Richrer, Wilson, Blatch, and Leiter had tried wo gain access to the existing male or-
ganizanions as individuals. They were rebuffed outright, granted secondary status,
relegated to separate-but-unequal organizations, or segregated into different labor
markets. A second generation of young women students and recent graduartes in-
cluding Lou Alta Melton, Hazel Quick, Elsie Eaves, Hilda Counts Edgecomb,
and Alice Gofl, who had found entry-level employment opportunities during the
firse World War, eried 11 1919 1o organize collectively into a separate women’s or-
ganization, but failed. The post-suffrage generation championed the cause of
women engineers with great enchusiasm. Yet, ac least publicly, none of the
women's advocates rallied to the feminist cause, even if they grounded their pro-
motion of women engincers as professionals precisely in one of the important
principles of modern feminism: as individuals, women should be able to develop
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themsclves ro their fullest porenrial. All supported the notion thar women had the
freedom to choose whichever line of work suited their abilities, without the obliga-
tion to appeal 1o feminine propriety by arguing thac such a choice was inspired by
higher morals. All ardently believed the engineering profession’s promise of up-
ward mobility. Resisting any direct association wirh the women’s movement, they
claimed instead that they just happened to have a knack for engineering —a kind of
discourse particularly dominant in 1943 when government propaganda sought ar-
guments ro mobilize women for the war industry.” The majority of women engi-
neers then believed in, and had internalized, the values of corporate engincering,
merit, and self-reliance,

The second ZENETation saw their organizing cfforrs thwarted partly because, in
search of much-needed recognition, they tied to keep up with emerging high pro-
fessional standards by excluding from membership engincering students and
working women engineers without formal education like non-collegiare drafts-
men, chemists, and testing technicians.™ They did so no doubrt in an effore to de-
fend against sexism and to garner greater prestige, but emulating high professional
standards prevented them from gathering the critical mass necessary for such an
organization.

In the same year thar Amertcan women eried to organize, their British colleagues
succeeded. Britdsh women established the Women’s Enginecring Society {(W1ES),
an mnclusive organization thar encompassed women engineers with or withour for-
mal collegiate education as well as machinists who were skilled or semiskilled work-
ars. T'he Brivsh successtuily, albeit briefly, united across classes in part because they
did notadhere ro the classic model of medical professionalism but to the tradition
of bigh-class business professionalism and trade associations combining them with
feministideals. 1n the end, the Bridsh women leaders too abandoned their policy of
“gender solidarity for male privilege and class advantage™ and narrowed “their fo-
cus to exclude the great mass of women who had encered the engineering trades
during the first World War directly out of the working class,” as its historiun
Pursell has argued.” Berween the world wars, when job opportunities vireually dis-
appeared, American women engineers sought temporary shelter with dheir British
colleagues through membership in the WES and kepr in wuch through informal
nerworks. Clinging ro the medical model of professionalism, bur failing ro gacher a
critical mass, American women engineers of the interwar period turned instead ro
the tactic of trying to shape public opinion and writing biographical skeeches of
cach other according to well-established formulae which stressed that with hard
work and self-reliance women could indeed become engincers, to paraphrase Alice
Crofl's publication during these years, American women engincers borrowed from
male models of merit, but neither questioned the structure of engineering that fun-

damentally hampered their chances nor campaigned for equal rights.
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The final push towards organization in the U.S. did not come from the hun-
dreds of thousands of women working in federal enginecring jobs during che sec-
ond World War, from the informal networks of academically overqualificd
women engineers who had learned to be stoic and self-effacing during hard times
or from the women urban planners who had been nurtured by the women’s re-
form movement. It came once again —as it had in 1919 — from young scudents and
recent graduates eager to enter the job market and yearning for official recognition
and respectability.

After the gap between rhetoric and reality had widened once again, American
wonten engineers united at last in 1949. They did so long after other female profes-
sionals like lawyers and doctors had succeeded. An energetic and ambirious junior
student Teader on a scholarship, Phyllis Livans, won the support of Dean of
Women Dorothy R, Young and university counsel AW, Grosvernor to organtze
the first meetings of women engineers at Drexel University in 1949.[Figure 37] She
and her colleagues organized over sevenry young women engineering students
fram 19 colleges on the East coast to have their “voices... heard in the technological
world,” to address inequities in engineering work. In the greater New York areaa
group of women engincers who had been working in war-related industries — stu-
dents from Cooper Union and City College of New York coupled with graduates
working in the arca — also struck up conversations about cheir pligho with thedr sis-
ters 1n the college libraries and Manhattan’s coffee shops. Soon the long hidden
tensions over leadership and the direction of women engineers’ protessionalism
burst onto the scene.” [Figure 38]

[n the founding years, the student group at Drexel University in Philadelphia
and a coalidon of various groups in the greater New York area were in competition
with each other for leadership. Trs origing can be traced ro a contesr over the differ-
ent professional strategies. Phyllis Evans ~ like so many other voung women who
had begun studying engincering during the war — was not yet married, about to
graduate, and facing unemployment. Echoing the governmental war rhetorie, she
cherished high expectations for her future. Explaining her choice for enginecring,
she told a journalist of her war experience as a cadet sergeant that had inspired her
to go into engineering and her hopes for the future in milirary research: “I want o
build rockers and 1 want 1o go to Mars,” she said with youthful oprimism. Fstab-
lishment engineers like Lillian G. Murad and Lillian Gilbreth, propricty owners
who were steeped in the ethics of the patriarchal culture of family firms, opted tor
a more conservative strategy involving supervision and high professional stan-
dards. Although Lillian Gilbreth had been supportive of women engincers, she did
not favor a separate women’s organization and was disinclined to head the SWE
when it first looked for leadership. She was mose concerned about the bold ap-

proach of a separate organtzation and its feminist implicadion and warned against
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Figure 37. Photograph of Phyllis Evans posing in overalls in Rosie-the-Riverer iconography il-
lustrating a newspaper report on the Arst organizing offorts of women engineering graduates in
The Clristiain Scienee Monfior (Aprih 19, 1949). Courtesy of Royal Dutch Uibrary, The Hague,

The Nedherlands.

blaming men for the difficultics women encountered in entering the ficld: instcad
she accused women of a lack of requirements. “The reason for women not being
admitted into the National Enginecring Society was not because they were
women, but rather because they did not yer meet the qualification,” she said. But
the elder Gilbreth was somewhat at odds with Dorochy Young, Drexel’s Dean of
Women's studenes, who pushed for an activist strategy thar confronred the in-
equity between men and women, while also striking a conciliatory note: women
“need to realize that icis necessary to work cooperatively with men in larger field,
planning rogether to abolish those inconsistencies that mar our democratic soci-

u Ry

ety .
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Figure 38, Group pormait of women atending the founding meeting of the Society of Women

Engincers at Green Engineering Camp of Cuooper Unions, New Jersey, May 27, 1950, a5 a re-
sponse to the government's back-home campaigns just after the war, Courtesy of Archives of La-

bor and Urban Affairs, Wayne State Universicy, Detroir, ML

For the young organization, its strategy remained a balancing act between the
impatience of the younger women students of Miller’s generation whose expecta-
tions had been ratsed by the government propaganda of Rosie-the-Riverer and che
cautious bur conservative strategy of a previous generadion of daughrers and of
wives wedded to the patriarchal culture of family firms. The SWE tried to inspire
younger women to go into cngineering as a promising carcer path by using indi-
vidual women's careers as role models. Through the establishment of award med-
als and scholarship programs, biographical narcatives, and picoures, the
organization srressed lone individual efforts rather than the new corporate male
ideal of team players propagated by corporations like Dupont and General Mo-
tors. It sponsored merit and self-reliance rather than a collective movement bai-
tling incquality for which Blatch campaigned.

The SWE never resolved these conflicting goals. It sought to attract more
young women into enginecring schools yer necessarily had to deal with the
long-entrenched patriarchy of family firms, the tactics of the protessional organi-
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Figure 39, Partof the campaign to recruit women for engineering positions for the LS. miti-
cary as the Cold YWar hears up in 953, Gender relations are preserved rather than subverted by
the pharographer’s frog-eyed frame stressing masculine fearures of the woman in charge and the
subordinace” position of her reclining colleague. Permission of Schlesinger Librarv, Raddifte

Callege, Cambridge, MA,

zations, the discriminatory employment practices of corporations and the federal
government. To the exeent that it openly bacled prejudice and sexism in engineer-
ing schools and practice, however, it risked frightening off prospective recraies.” If
the SWI had been established in 1949 1n the postwar period of *adjustment” when
government and corporations devised policies to push women back into their
homes, the organization would ride a new wave of ambiguous government en-
couragement during the Cold War. [Figure 39] Like che former Soviet Union, the
former German Democratic Republic, and other Eastern Furopean countries, che
American military collaborated with corporations in actively recruiting women as
technical personnel and initiared its “Woman Power” campaigns after the Sputnik
panic in the West in 1957. Despite its evocative ttle Woman Power, a 1953 rapport
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Figure 0. General Eleairic’s advertsing promating the company through four of it women

engineering employees against a male-coded appazatus. The image countered the working-cJass
image of Rosic the Riveter of the governiment war propaganda campaigs o show women could
be engineers without ]05ing cheir femininity during the Cold War. Reproduced from Cincinara

News 1959.

tssued by the National Manpower Council ar Columbia Universicy had licde o do
with feminist calls for equal rights: 1t shied away from controversial issucs like
cqual pay for cqual work aud job discrimination, for which Nora Blateh had cam-
paigned throughout her life. It neither upset gender hicrarchies nor helped foster a
scparate women’s culture. Instead, it did provide a certain legitimacy to a conser-
vative part of the women's movement stressing that women, it they worked bard,
could labor for the needs arising out of natonal shortages.” The new society suc-
cessfully gathered the eritical mass necessary for such a separate organivation de-
spite its high professional ideals because of the cold-war industry’s demand for
technical personnel thar had been lacking three decades carlier in 1919, The truch
was that women engineers” individual opportunities were part of America’s mili-
tary-industrial complex and highly depended o it At times, its doors might be
open to women, but it almost always reproduced old patriarchal patterns in a new

corporare context.[Figure 40
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“WosmaN Power” anp DauGHTERS OF MarTHA: FAILED
ALLEGORIES

The government's campaign of Weman Power was a borrowed identity. So was
Lillian Gilbreth’s appropration of Rudyard Kipling's 1907 poem “The Sons of
Martha.” At the 1961 opening of the SWE's headquarters in the United Engi-
neering Building, Gilbreth tailored the poem to the needs of women engineers by
entitling her specch “The Daughters of Martha.” The modernist United Engi-
neering Building towered high in New York and expressed the coming of age of
the engineering professions, but the new headquarters Gilbredh was about to open
were tiny and symbolic for women's place in the profession, Her reworking of
Kipling’s allegory showed the narrow place of women wirthin the male world,
Gilbreth sought to empower women in the technical professions by invoking the
specter of service, sacrifice, and self-reliance. It was an unintentional but correct
assessment of the double hardship of women who labored on the fower rungs of
the profession as rank-and-file engineers and corporate workers. She thus vali-
dated a model that doubled the burden of women who aspired o be engincers:
women englneers were expected to make sacrifices by virtue of boch their gender
and their profession.” By the 1960s, Gilbreth's professional serategy of “simple ser-
vice simply given,” as she ¢ited Kipling, or as she had advised catlier, “helping oth-
ers express themselves [as] the truese self expression,” was out of date for women.”
Fler 19671 call for the inclusion of women in the profession was based on her own
long carcer, on the trying expericnces of many other women engineers, but princi-
pally an a conservative strategy of stoicism and overqualification for women pro-
fessionals in genceral. Despite her attempt o redefine the place of women in
engineering, the celebration of service, sacrifice, and self-reliance also reinforced
some very traditional notons about women's proper place in eaginecring. Her
employment of Kipling’s poem ¢hreatened to become a failed allegory, When
male engincers used the poem, it could be mobilized to appropriate working-class
badges of manliness or to symbolize them as underdogs, but when women mobi-
lized the poem for their cause the figurre of Martha cirned into an image of subor-
dination, sroicism, and lack of advancement. Men perhaps could pass “down,” but
women could rarely pass “up” the culcural hicrarchics as women found here and
clsewhere,

Women engineers in the military-industrial complex or in the patriarchal cul-
ture of family firms had no appealing role models except the very ambiguous im-
age thar Lillian Gilbreth supplied. Ouiside the military-industrial complex and
the parriarchal family firms, women were building thelr own structures: the
woinen of the Progressive era who participated in the women's reform movement
helped shape an alternative women’s technical culture thar was nurtured by
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women’s traditions.” Throughout the country from Boston to San Francisco,
women reformers helped build the public infrastructures in the cvic improve-
ments movement as private citizens rather than as corporate employees. Highly
organized in private philantrophic organizations like the General Federation of
Women's Clubs, these women reformers effectively became “municipal™ house-
keepers of the world. They conducted surveys, drew up plans for urban intrascruc-
tures, pushed for better housing, and helped finance public facilicies from
streetlights to sewer systems. They forged coalitions with local poliucians, archi-
tects, civie leaders, and professional women like llen Swallow Richards, Alice
Hamilton, and Ruth Carson in public healch, science, and social research. As his-
torian and suffragisc Mary Beard demonserated in 1915 in Womansy Work in the
Municipalities, these women of the Progressive civic movement became in fact ur-
ban planners of the modern age. ™ This rich female heritage of building was not
available to women engineers working in family firms or military and corporate
industries. In fact, the women of these separate rechnical cultures never mer or
buile bridges between them. More importantly, perhaps, the kind of distincr fe-
male building wradition Beard traced fell outside the modern but recent definitions

of engincering and echnology.



EPILOGUE

Gender, Technology, and Man the Maker

he intelleciual constructs and material pracrices of rechnology discussed in
this book came to produce the world of industrial capitalism. Modern
meanings of technology arose from the convergence of discourses around
a number of nincteenth-century cerms related to the rise of induserial capitalism,
most importandy the rhetorical positions about usefied arts, irventiveness, and the
machise. Each of these terms was the focus of struggles in which middle-class pro-
fessional men — among them engineers - staked their claims on key aspects of in-
dustrial capiralisni, to the exclusion of women, African-Americans, and workers.
In the U.S., these discourses merged in the 19305, first through the work of
Thorstein Veblen, who turned technology into an all-embracing concept linking
it to engineers rather than workers, and through the debates over technocracy. By
the late 1930y, techinology had become firmly linked to the male, middle-class
world of establishment enginecring. Signalling che success of that cencury-long
ascendancy, in 1978 Encyclopacdia Britannica designated engineers as the true
bearers of thar knowledge in its first entry on wechnology. Dicrionaries and eney-
clopedias have always been more than descriptive texts preseribing and shaping
new categorices of thought and recapruring old ones. Operacing in a larger political
universe, they canonize the dominane discourse through their choices of whar to
include or exclude from their pages. The 1978 edition of the fngyclopacdia Britan-
nica included an entry on “Technology™ for the first time, stating that “[bly virtue
of his nature as a roolmaker, man 1s therefore a technologist from the beginning,
and the history of technology encompasses the whole evolution of man.™ The Bri-
tanniea canonized the term as late as 1978 because 1t 15 only in the twentieth cen-
tury that we encounter the idea of technology in its present popular form: as an
autonomous factor, an artifact, a fact, but also as an essentdally pristine and neueral
form of reality that requires litde explanation. Lngincers were designared as the
sole bearers of this form of knowledge. Technology as charted by the Encyclopedia
functioned as a kind of narrative strategy that includes both intellectual construcrs
and material practices.
Historian. author, and suffragist Mary R. Beard (1876-1958) confronted Britan-

nica’s assumptions and challenged its male genealogy. Vhe Fuepclopacdia Britan-
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nica, which despite its name had come under American intelleciual and financial
control in the carly twentieth cenrury, claimed inclusiveness and objectivity. 'The
mantic of cultural authority assumed by the encydopedia did not go unchal-
lenged. From the very start, Britannicd's slogan, “All life in one set of books - the
richness of the human mind. the achievements of all civilizations, the problems
and hopes of the future”, made it vulnerable to accusations ot exclusion and dis-
torrion.” Understanding the importance of the Britannica's growing cultural au-
thority in the first pare of the twentieth century, Beard wried to (rejinsert women
and their conribucions into the canon. After her activism in unions and the suf-
frage movement. she turned to a life of writing and lecturing. From her early book
Woman's Work in Municipafities (1915} w her most famous book Wonnein as @ Foree
in History (1946), Beard’s main goal in life was to set the historical record straighe
by arguing that women were a powertul foree in the creation of civilization and
culture and thar a history without them would be incomplete. Among her many
acrivities as a feminisc historian, Beard first campaigned for a World Center for
Women’s Archives. When the initiative failed, she and Marjorie White opted for
an encyclopedia of women in the 19405, and began to contest past encyclopedias’
claims of all-inclusiveness. In response to her atrack, the Britannicd's editor Walter
A. Yust invited her to make suggestions. Beard and several women researchers re-
sponded to his overture by offering some corrections and by attempting to rectity
the Britannica's overall male taxonomy and bias. Beard pointed not only to the
many women who should have been included, but described a pattern of sexual
difterentiation over time and suggested how old materials should be reinterprered
ancw. She also showed the mechanisms that reduced and excluded women’s roles
in modern civilizatdons.

The work of Ciage, Morgan and Mason influenced Mary Beard when she ar-
gued that the entry on Labor, Prinitivewas amaong the weakest of the articles. Irig-
nored the “story of woman’s original creativeness as inventor of the industries,
arts, and as the first farmer by reason of her concern with soll = nor her slavery.”
Along the same lines. she oriticized the entry on Weapons, Primitive, suggesting
that it ought to be called Social Hnplemernss instead. “They [the weapons] are re-
viewed as features of the male’s fighting function or inclination. But primitive
weapons for social construction are noteven hinted at. Surcly they were even more
important.” Echoing Gage and Mason. Beard suggested “introducing an article on
constructive implements (not calling them weapons), beginning with a section on
Primitives and frankly acknowledging the leadership [of women) in this connee-
tion as inventors of cooking (with implements), spinning, weaving, etc.” Despirte
the invirtation of the Britannica, Beard and her co-workers’ two years of hard work
came to nothing. Instead of revising the very building blocks of the Britannica, its
editor chose to include some biographical sketches of notable women. fr did little
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to challenge the encyclopedia’s parameters and only reinforced women’s margin-
ality.” As Britannica's most recent entry on technology illustrates, Beard's critique
remains as valid today as it was fifty years ago.

"The story of the entry on technology in the fiftcenth edition of the Encyclopae-
dia Britannica in 1978 epitomizes the paradigmatic shift in the understanding of
technology over the last two hundred years, Itis emblematic for the formation of
the new terminology that we have come to accept it as a natural male domain defy-
ing any explanation. The Brirannica conuained no entry for technology before the
supplemental 14th edition in 1968, yet by the completely revised 15th edition in
1978, technology had been clevated o a central position. The Britaunica was not
alone in the late admission of technology to its pages: other encyclopedias likewise
neglected inclusion of the category well into the w6os. Alongside such other care-
gories including Mateer and Energy, the Larth, Life on Farth, Human Life, Hu-
man Socicty, Art, Religion, the History of Mankind, and che Branches of
Knowledge. rechrology now assumed center stage as one of the ten organizing prin-
ciples of knowledge.” Significantdy, Britannica's new cnury replaced the one on
technical schools, whose engineering educators had firse introduced the word o
the English language to stake out a new area of expertise: it was absorbed within
the narrative of techrology.

By 1970, the term had migrated out from the walls of engineering schools to en-
ter the world ac large to appropriate a kind of objectivity. But its claim went fur-
ther. ITits new lemma 7echrology encapsulated the old one on Engincering Schooks,
the clainm was even much more dramatie. for it also bid for the entire expanse of the
human universe, As Technology was promoted from sub-entry to main entry, so its
authors, Eugene Ferguson (1917) and Melvin Kranzberg (1916-1996), were pro-
moted to the higher echelons of the editorial board. Ferguson had trained asan en-
gineer and had worked for the chemical corporation Dupone in Wilmington,
Delaware, from 1938 until 1942, before teaching the hiswory of rechnology; for
Kranzberg, his contacts with the military during the second World War and the
Stevens Insittuee of Technology proved w be seminal in shaping his understand-
ing of rechnology. After receiving a PhID in French history from Harvard in 1942,
Kranzberg entisted in the military, where he trained in electrical engineering at
Catholic University, Johns Hopkins, and Philco Radio Laboratories. While teach-
tng at the Stevens Institure of Uechnology tn 1946 and 1947, he sought to bring his-
tory closer 1o the experiences of his engineering students. Both Ferguson and
Kranzberg were movers and shapers of America’s Frse professional organization,
The Socicety of the History of Technology, and its home journal Techrology and
Culrure, in the lace Vifties.”

While Kranzberg and Ferguson were still debating the concept, approach, and
material for the entry with each other, a chief editor of the Encyelopaedia Britan-
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nica informed the writers, “|wle have finally come to believe that we cannoy, after
all, push technology under the big ‘arts” tent, no matter how broadly “arrs’ is de-
fined. You have, therefore, been clevared from Division to Parsvarus.” With these
waords, the editor congratulated Ferguson and Kranzberg on their new job descrip-
tion. He promoted chem from the subordinate position of a sub-enury, or Division
of the Encyclopaedia, to one of the ten shices, or Parss, of what the chief editors
called “The Circle of Learning.” In proposing the image of the circle, the edictors
sought to avoid any implications about a hierarchical order or unilinear and evolu-
rionary development of knowledge.” That, at least, signalled the intention, but as
classifiers and encyclopedias are wont to do, the editors created hicrarchies of
knowledge, producing a narrative of their own. The authors charted a new course
for technology: the entry first described prehistoric times according to archacolog-
ical classifications, which measured periods in terms of the materials and the wools
found in excavations including stone, fire, bow and arrow, porrer’s wheel, and
building strucrures, Throughout the enory, the writers emphasized the beneficial
relationship between saience and technology, which chey believed o be parc of the
development ot technology.” Despite the considerable attention devoted o prehis-
toric times, the Middle Ages, and to a period called “The Emergence of Western
Technology (1500-1750),” the Industrial Revolution assumed center stage. In their
discussion of technological developments in agriculture, the authors emphasized
the British enclosure movement as a prelude to the Industrial Revolution and ne-
glected the groups dislocated by these movements. The types of tools and devices
discussed also reflected this bias. About a quarter 1o a third of che cntry dealt with
tools that skilled and unskilled workers designed, produced, or handled. By con-
trast, the majority of the machines and devices listed belonged o engineering.” In
general, the entry omitted all groups opposed 1o and displaced by such develop-
ments as well as the roads-not-taken in the development of technologies. Few if
any of the technologics discussed had any assoctation with women's work. More-
over, the writers often removed social actors from the story, describing instead the
manufacturing processes involved. In a shore concluding section, they sought to
correct and justify some of their choices, for example, by devoting special ateention
1o the science and wechnology relationship, the intellectual procests againse tech-
nology, its ecological costs and destructive side effects, and its potential for “un-
derdeveloped regions.” The writers defended the inherent inevitability of
technology, for example, by asserting that Gandhi might have hoped for a recurn
to the pre-industrial economy symbolized by the spinning wheel, bur that chis idea
was hardly shared by his countrymen who embraced modern technology.
Kranzberg and Ferguson also wrestled with the new tmportance accorded o
machines that had been so popular with visual artists, public intellectuals, and en-
gincering and science spokesmen like Duchamp, Veblen, and Mumford. They
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recognized that the mraditional artifactual approach to what they referred to the
“taxonoimy of machines” hampered rather than helped their projeet. As Ferguson
explained, “[blecause T have been familiar with carlier attempus to classify and
anatomize machines, 1 have been quite skeptical of inding any pardcular sensible
approach since ‘machines’ can only be anatomized.. if they are restricted o an as-
semblage of linkages.” He especially questioned the methodology of the German
academic engineer and wrirer Frane Reuleaux (1829-1905), whose hicrarchical clas-
sification system atempred to group machines by their inteenal structure without
looking at the environment in which they had been produced and used.” 'erguson
objected in particular to the emphasis on formal and academic knowledge of
American mechanical engineering education over that of tacit knowledge, bur ac
this time he did not follow up on this insight in the enuy.” More importanty, the
authors sought to distance themselves from the idea that technology could be car-
ricd on autonomously without human agency. In the final analysis, the writers as-
serted thar man remained the master and the center.

The authors did not question the new centrality of engineers, stressing thar
“better educated scientists, engineers are needed both to operate and to eriticize
the increasingly complex technological apparatus.” As a matter of face, they did
much o single our and bring engincers, scientists, and inventors o the fore, not
shying away from somewhart novel and even anachronistic classifications to attain
that goal. They charted a new historiography in their choice of privileging me-
chanical and civil engineering and departing from carlier genealogies. I an etfort
to place the history of technology on an engineering base, they caimed thar the
corron and texdile indusery’s “imporrance in che history of technology should not
be exaggerared,” despite their acknowledgment that ic “probably mare than any
other. gave its character to the Brivish Industrial Revolution.” Whether intention-
ally or nor, the shift in histeriographic focus from the textile and cotron industries
to enginecring meant that both women and workers lost visibility. These chotces
rendered the rechnological domain even more exclusively male-coded than before.

The 1978 Brirasnica’s entry for technology is emblematic in many ways. Its late
appearance indicates that as an intellectual construet and material practice the
coneept belonged o the post-World War culrural practice. Despire its late entry
within the encyclopedic production, when it finally appeared it was as swift as it
was profound. The editorial board’s decision to elevate rechnology from is status
as asub-entry o one of the ten wedges in the cirele of human knowledge reveals in
a single incident the enormous importance that the term and concept acquired
within just a few decades. While the idea took two centurices w ripen, the promi-
nencee of technology as a keyword was sudden and far-reaching. By 1978, technol-
ogy had become the most important diagnosiic wol to measure human worth.
Maost remarkable 1o historians of technology, the Britammicd’s wheel of human
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knowledge excluded science. Sciendific knowledge and research still found its way
into many entries, but science was neither a constituent element nor an organizing
principle of the Brirannica. '|'echnology now performed this role. This was per-
haps not such a radical departure as it first seemed. As spokesmen for wechnology,
engineering advocates from Thurston to Karl Compron, Robert Millikan, and Ar-
thur Little had extricated the profession from its labor associations and shop-floar
knowledge by appropriating the idiom and authority of science. This new dis-
course was subsumed into the discourse of technology. By extension, the Srinn-
sica entry may be scen as a triumphant manifesto of technologists” independence
from the attempts of pure scicnee advocates to relegace the nseful arts to an inferior
place. If Science — in the sense ofa capitalized. corporate, commodified, theatrical,
and exhibirionise kind of science as Americans experienced it at World's Fairs — de-
veloped a language through whick technology came to be understood in the nine-
teenth ceneury, the reverse held crue for the mwentieth cenrury.™ Science and
techuology had long plaved musical chairs in their quest for cultural authority, bu
when technology suddenly rushed on the American seene as a keyword during the
1940s, it was tar reaching and enduring.

The Britannica's entry on wechnology represents at once a descriprion of the
technological development, a recapitulation of the scholarship, and an claboration
of an emerging popular understanding of the concept. Kranzberg and Ferguson
reformulated and formalized a discourse classified as technology that by 1978 em-
braced the entdre span of human evolution. While Lewis Morgan had argued that
inventions pushed forth human evolution in the nincteenth contury, technology
now represented the very substance of human evoludon. In addicon, the enory
had & programmatic intent, because the writers wanted to cngineer a new program
for an emerging discipline, the history of technology: they placed engineering acics
center.' This was no coincidence. Ferguson, like many other pioncering historians
of technology, sas a lapsed engineer in scarch of status for his profession by pro-
viding it wirh firm antecedens it history while Kranzberg was one of those histo-
rians who worked at engineering programs and looked for novel approaches o
teaching che past in ways thar would interest undergraduates.”

Ferguson and Kranzberg's Briveanniva projecr illuserates a laudable accempt o
avoid the pitfalls of a machine-bound understanding of technology that had cap-
rured the literary, visual, and public imagination before the second World War. Tr
also offers a fascinating nsight into why thatartempt failed. and the reasons why it
has been so hard o see social actors, incuding women, in che pose-World War in-
seriptions of technology, Despite their Mumfordian idealism — which priviledged
culture and people in describing technological development — they built upon a
tradition which saw mechanical, civil, and mining engincering as the pivot of tech-

nological change, to the exclusion of more anthropological and sociological con-
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Figuur 1 Ford puckage engineers listening in wrapped acention to Madeline Pajus explaining

computer solutions to design problems. Photograph fearured inan article under the headline:
“Women Engineers: Cure {or Your Ingineer S]ml'tagc?” “Mraducr 1",[1:_=|ir1uc:1'ini_:' (Aprﬂ 1968},

Coustesy of Universioe of Delfe Library, Delfe. The Netherlands.

ceps of technology that had allowed such carlier thinkers as Morgan, Gage,
Mason, Smith, and Tarbell to perceive women in the technological project. The
Techuology entry conphasized capital-intensive industries and engineering, relegat-
ing the textile industry, where women and children worked in large numbers, toa
minor plane, omitting howschold technologics aleogether, and privileging che
West, the U.S., and the vwentieth century. And as the authors positi(mcd mechan-
ical and ¢ivil engineering at the center of their story, they traced the genealogy off
these fields to ancient times. Stricly speaking, the causality and tradition inferred
prescribed more than deseribed these links. They implied that the history of engi-
neering provided a road map for rechnological change. These notions were both
exclusionary and limiting,

Emblemaric, s lemma showed how the coneepr and definition of technology
had undergone a dramatic transformation. After a century-long contest over their
meanings, patents and machinery occupied center stage and stood at the heart of
sexual and racial differentiation and class distinetions. Engincers were cast as its

sole bearers at the expense of workers, African-Americans, and women,
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Figure 2. Phoro inadvertising stvle appearing in Producr Engineering reporting onwomen o
engineering in April 1968, Tovisible but through her red-patnted lips and nails, the woman engi-
neer is left ontside the frame and cast in opposition o male technical expertise represaimed by
enginecring knowledge and tools. Courtesy of University of Dellt Library, Delft, The Nether-

Langds.
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"I'he ink of the entry had barely dried when a younger generation of women, in-
spired by a new wave of feminism in the 1970s, questioned Ferguson and
Kranzberg's carefully erafred genealogy of the history of technology. Published in
1979 and 1980, two collections entitled Virgin and the Dynamo Revisired and Dea
Iix Maching challenged the engincering genesis of the ficld, arguing that its male
domination excluded those historical actors operating outside its definitions
where women must remain bystanders of a male-created stage. They linked back
to some of the carly critigues and struggles in the rradidon from Madhilda Gage to
Mary Beard: they questioned the banishments of corsets tor the basements of the
maodern classtfication systems of rechnelogy: challenged the idea that women
when they do appear on the scence as engineers and inventors function like deae ex
maching as if appearing to come from nowhere. [Figure 42] In this male-
constructed stage, women who enter the male-defined rechnical stage muscahvays
look like amateurs, or as Jan Zimmerman wryly remarked in those yvears, rechnol-
ogy 1s what women don’t de.” [Vigure 411 Butas Gage, Smith, Tarbell, and Beard

had shown before, technology is a narrative production of our ewn times.
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mc on this issuc. Emmet similarly could puca price on his labor and the profic he made
for his enployers, expressing his frustration aubeing undervalued, Emmer, Autobiogra-
PhY. 94

Clark €. Spence, Mining Eugisf{'(’f'.f e the American Wests The Laco-Boor B:‘égmff,
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Frive, Aurabiography, 153, and 156, 168, 171.

Emmett, Antobiveraphy, 86-92, 17,

Searles, Life and Times, 73. Donald Yacovone. "Abolitionists and the Language of Fra-
ternal Love,” in Meanings for Manbood, eds. Mark C. Carnes and Clyde Griffen (Chi-
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cage and the Making of America (New York: Touchstone, 1996), 429-31.

David Montgomery, “Workers” Convrol of Machine Production in the Ninereenth
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University Press. 1989}, 201-25; see also 1], Jackson Lears, No face of Grace:
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See tor the foces efasics the docorine of the strenuous lite, “of toil and effort, of [abor
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Roasevelt, “The Strenous Life: Speech Before the Hamilon Club,™ April 10, 1899, in
The Strennons Life (New York: Century, 1902 {1899]), 1-21. The argument is presented
by Foster in hisardele ™ This Cowboy [san Engineer™. but is implicidly refuted by Tichi
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civilizing efforr. Foster concentrares on the western novels within the genre, while
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17-20, and esp. 123, See also David B, Davis, "Marlboro Counery,”™ in Frozr Heonicide
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[19791). 104-12.
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McGovern, “David Graham Philips and the Viriliey Impulse of the Progressives,” Vew
Fuglrad Quarterly 39 (1966): 334-55: Lears, No Place of Grace,
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