Programm ng as an Exceptional Science

of Artifice and Conplexity

The plenitude of conputer power was used to invent conputer
programm ng as a science of artifice and conplexity. That is, on
the one hand, progranm ng was unhanpered by external realities.
On the other hand, conputer progranm ng was expressly constructed
in such a way as to control conplexity.

The nost inportant nmeans for the conquest of conplexity is the

act of partitioning a conplex systeminto a nunber of sinpler

subsystens, wth well defined interfaces, to be dealt wth
i ndependently. In natural science, this contains an elenent of
di stortion, but in the artificial sci ence of conput er

programm ng, a proposition is true if it is declared to be true.
So a subsystemis independent if it is declared to be so. Thus,
in conmputer programmng, there is nolimt to the construction of

i ndependent subsystens, commonly call ed subroutines.1

1. Herbert A Sinon, in the The Sciences of the Artificial (2nd

ed; The MT Press, The Massachusetts Institute of Technol ogy;
Canbri dge, WMass., 1969, 1981), provides a general devel opnent of
t he idea of conplexity, and of the place of artificial

intelligence and conputer science as sciences oriented around the
conquest of conplexity. As Sinon points out these sciences are
perfectly artificial ones; hence they allow perfect contingency
and possibility of choice, unconstrained by physical reality.

Gerald Weinberg, in The Psychology of Conputer Progranm ng
(Van Nostrand Reinhold Conpany, 1971), treats the problem of
conplexity, especially inthe formof the linguistic issues of
programm ng | anguage design, as the only neani ngful aspect of the
psychol ogy of progranm ng.
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The mastery of conplexity, and the freedomof choice which
followed fromthat, had the result that programm ng would be an
out war d-1 ooki ng technology rather than an inward-|ooking one.
Unresol ved conplexity was not required for conputer progranm ng’s
internal functioning, in striking contrast to the situation in
engineering. So it was possible for conputer progranmng to
enbrace additional conplexity, reaching out to accept human
institutions in all their irrationality.

Most i mmedi ately, the choice which grew out of programming’s
artificiality was exercised in such a way as to mnimze
constraints on the programrer. As inpedinments to progranmm ng
energed, they were systematically elimnated by devel opi ng better
internedi ate software. There were two aspects to this elimnation
of inpedinments. One was a collection of practical matters; the
ot her was the controlling and reduction of conplexity.

The practical matters were not individually very inportant,
but there were a nunber of them Programmng is remarkably free
of all kinds of physical and practical constraints which restrict
the role of wonen. After all, it is little nore than the use of
| anguage, a form of witing. Progranmng does not require
physical strength or agility, even in an ancillary capacity. As
El i zabeth Bakeri has pointed out, even ancillary and indirect
requi renents for strength can greatly reduce a woman’s
enpl oyability. Likew se programring is not filthy work, nor is it

even in any sort of contact with filthy work. Nor does it have

1. Elizabeth Faul kner Baker, Technology and Wnen's Wor K,
Col unbi a University Press, New York, 1964, pp. 44, 80-82
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any connection wth hazardous work. There has been very little
restriction of tinme, place, and schedule, on the whole.1 Before
the devel opnent of conputer terminals, which can be wused from
anywhere there is a tel ephone |line, programm ng was essentially a
paper process, involving a nodest quantity of papers at any given
time. Programmers read print-offs and manuals, and wote on
coding forms. Al of these could be taken hone in a briefcase.
Pr ogr anm ng is conpatible with a conventionally fem ni ne
lifestyle-- or in fact, alnost any other desired |ifestyle.

These are all significant factors, of course, but as Baker
points out, the single greatest restriction on wonen is their
role as wife and nother. Because they m ght be obliged to |eave
work in order to neet famly obligations, wonen have tended to
receive less training, both as a result of their own decisions
whet her or not to i nvest in school i ng or | ow pai d
apprenticeships, and also as a result of the decisions other
peopl e nmake about whether to admit wonen to the nore inmediately
remunerative training prograns.2 Conplexity becones a barrier to
access, because nost wonen do not have tinme to learn the

conpl exi ty.

1. A special case would be "hacking," that is, progranm ng as an
artist or virtuoso. Hacking often involved staying up all night
in order to gain access to a conputer at a tinme when nobody else
wanted it. This, however, was only a problemfor those who were
a) doing unrenunerative work (and could therefore not demand an
al l ocation of conputer tine via normal channels) and b) using the
conputer in a significantly nore interactive fashion than was
customary at the tine. Even in this case, it mght well be nore
advant ageous to work at hone, in order to mnimze the strain of
| at e hours.

2. Baker, op. cit., pp. 438-440
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Here, too, progranm ng’s synbolic nature comes to the fore. As
a constructed synbol system programmng has alnost from the
begi nning been exceedingly well internally partitioned. In no

other technical field does so little training yield so great a

harvest of effective skilled ability. A programer with a little
training can draw on a vast store of ’'canned’ skill enbodied in
the operating system conpiler, subroutine |libraries, etc.

Comput er software, especially in what ultinmately becane known as
the ’'object-oriented node, is the perfect enbodinent of |saac
Newt on’ s fanmous remark to the effect that 'if he saw further, it
was because he stood on the shoul ders of giants.” However, the
giants of conputer programmng have not only offered their
shoul ders to stand on, but have al so provided | adders to enable
one to clanber up nore easily.

A programmer needs far |ess know edge to create a mnundane
program- |et us say, a bookkeeping program- than an engineer
needs to create an equally nundane manufactured object. In order
to make a bookkeeping program it may well be necessary to sort
records. It is not a sinple matter to sort in an efficient way,
that is, in a way which does not becone prohibitively expensive
as the nunber of records increases. There is an elegant and
devi ous sol ution, known as the ’divide-and-conquer’ algorithm It
is typically packaged up as a subroutine, which one can use
wi t hout understanding it. The nbst advanced progranm ng | anguages
and operating systens have tended to increase the range and

vari ety of expertise which can be thus packaged up for use by the
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unskill ed. 1

Anot her argunment, related but nore debatable, grows out of
Sally Hacker’s claine that the role of calculus in engineering
school is to function as a gatekeepers, excluding wonen who will
not think "male." Regardless of the claims nerits, which would
cause many worman mat hemati ci ans to nmake rude remarks, calculus is
precisely the sort of body of intercessory know edge which, in
conputer software, gets subnerged or substituted for. That s,
cal culus can be approxi mately described as a body of recurring
mat hemat i cal probl enms, and the knowl edge of how to solve these
probl ens can be enbodied in conputer prograns, or subroutines.

| nvoki ng these prograns takes far |ess mathematical know edge

1. Broadly speaking, better progranm ng | anguages permt one to
programin a | anguage nore natural to one; and one which contains
added vocabulary appropriate to the task at hand. Better
operating systens allow one to do so wthout worrying about
undesirable interactions with other persons, prograns, or data.
Where interaction is necessary, the operating system manages the
details of it. O course, to further conplicate the picture, sone
programm ng | anguages (e.g. LISP, SIMSCRIPT, PROLOG) have their
own internal operating systens, for the purpose of rmanaging
interactions according to special rules peculiar to t hose
| anguages.

2. Sally Hacker, Pleasure, Power, and Technology: Sone Tales
of Gender, Engineering, and the Cooperative Wrkplace, Unw n
Hyman, Boston, 1989

Hacker reports: "I finished one cal culus examand followed a
young woman out the door. She threw up in the bushes... One young
man. .. |loved mathematics as he did life itself. But he could not

pass cal culus tests under pressure of tinme. He dropped out...
[A Statics professor remarked] 'If we gave the students nore
time, anyone could do it. The secretaries could even pass it.’'"

(p. 41-42)
Hacker stresses that this is an ancestral tradition in
engi neering school: "Mathematics teaching and testing continued

to performthe weeding function suggested in earlier debates..
accounting for 72 percent of md [nineteenth] century Wst Point
failures" (p. 66)
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t han doi ng cal cul us unai ded.

Pr ogr anm ng i nposed few constraints on the progr amer .
Programmers could work at a tine and place, and in a manner, best
sui ted to their needs, and they did not need to be
encyclopedically trained. In all these respects, programming was
gui te opposite to engineering.

By contrast wth programm ng, engineering is conparatively
unpartitioned. Because the objects designed by a traditional
engi neer cannot dance on pinheads, there does not exist the
[ uxury of partitioning them The fanous Rube Gol dberg cartoons
are a good exanple of what a well partitioned machine would | ook
like. It would also be grossly inefficient, unreliable, etc. Each
conponent contains energy; has weight; occupies space, which
anot her object cannot sinultaneously occupy. Each conponent 1is
subject to friction, structural fatigue, and other deterioration
(rust, corrosion, rot, or even worns, according to what material
the conponent is made of). And so on, in a catalog of the ills
physi cal substance is prone to. In short, each conponent costs.
The conmedy of a Rube Goldberg machine lies precisely in the
extravagant disproportion between costs and results. It was
precisely this inefficiency and wunreliability which Charles
Babbage encountered when trying to build a mechani cal conputer

Typically, a single conponent of a device built by an engi neer
nmust serve several wunrelated functions, in the name of
efficiency. This variety of function is not universality; it is
not a case of doing several things by being able to do anything,

as a conputer does; the multi-functionality of the typica
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nmechani cal conponent is a nore inpoverished quality. The
conponent is designed to be fitted for several specific
functions, often having to trade-off quality in one aspect for
quality in another. For exanple, an airplane s Wi ng S
simul taneously: an airfoil; a |oadbearing structure, not unlike a
bridge; a fuel tank; and an equi pnment |ocker to hold |anding
gear, flaps, etc. O rather, the wing is an uneasy conprom se
between all of these. There is not the luxury of thinking only
about structural strength, or only about aerodynam cs. The sane
principle applies for every built object dowmm to a transistor
radi o.

To create a quite nundane and conventional artifact, with no
real novelty to speak of, one may require know edge of many
col l ateral sciences. Even those branches of engineering, such as
electrical engineering, which are intellectually closer to
conputer progranmng 1 are still enbedded in engineering.
El ectrical engineering students are required to neet the general
requirenments of the engineering school, in which the departnent
of electrical engineering is enbedded. That is, under the rubric
of ’'engineering fundamentals,’” they nust cover the equival ent of
an undergraduate mgjor in physics, with great chunks of effort
put into subj ect s Iike chem stry, physi cal chem stry,

t her nodynam cs, hydraulics, etc., which are very renote from the

1. Paul Ceruzzi, in "El ectronics Technology and Conputer
Sci ence, 1940-1975: A Coevol ution"” (Annals of the History of
Conputi ng, 1989, 10[4]:257-275), lays stress on the extension of
the idea of conplexity fromconputer science into electrica
engi neering, and the progressive reduction of el ectrical
engineering to a science of information processing.
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new information science oriented conception of el ectrical
engi neeri ng.

The result 1is that the engineering curriculum is 1long and
difficult. Technical coursework proliferates, driving out general
education. Further, unlike nmuch of undergraduate liberal arts
education, this coursewdrk is conducted on pedagogically sound
principles, wth frequent oral and witten exam nation, witten
assignments, mnimal use of nultiple choice exans, etc. These
practices are not unique to engineering: they can be found in the
better sort of teaching manual ;1 These are proven nethods for
getting even very young and i mmature students to work every day.
What di stingui shes the engi neering school fromthe large |iberal
arts college is that the engineering school programmtically
applies these conventional nethods to all its students, not just
the promsing few Some of the |east prom sing students respond
by cribbing, of course, as Sally Hacker notes,2 but t he
conventional nethods of pedagogy were evol ved over hundreds of
years to keep cribbing within tol erable bounds, and to divert it
into a formof study. There is nothing in engineering school
remotely conparable to the term paper purchased froma nail -order
catalog. That sort of outright cheating can only happen in an
instructional systemprimarily designed to avoid inconveniencing

1. For exanple, see Glbert H ghet, The Art of Teaching, 1950.
pp. 118-24. H ghet reflects the standard of instruction as
conducted in an English Public School and at Oxford and
Canbri dge. As such, he goes rather beyond the undergraduate |evel
practice of an Anerican engi neering school .

2. Hacker, op. cit., p. 41
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the faculty. Wile Conputer Science courses, and indeed, nearly
all the mathematics and hard science coursesi in the |liberal arts
col | ege, are pedagogically sound, there are far fewer of them A
Computer Science major is free to take | arge nunbers of freshman
and sophonore-level liberal arts survey courses. And for that
matter, it is by no neans necessary to be a Conputer Science
maj or to get into conmputer programm ng. But engineering school
does not permt that sort of conpromse. An ill-partitioned
discipline requires a long and difficult curriculum which
requires a systematic teaching nmethod demandi ng conm tnment from
t he students.

So the nost inportant casualty of the system of engineering
education is not |iberal education, but the student’s free tine.
By judicious use of the cult of machisnp,2 the engi neering schoo
is able to draw boys away from profitless beer-drinking, and
eventual |y make theminto "four-year-bench-engineers.” The system
is quite unsuccessful in attracting girls, however. Mst girls
are not susceptible to machi snpo. Consi derabl e nunbers of coeds,
nore than 1is generally admtted, have cone to college to get
their "Ms." As Louise Kapp Howe points out, nost wonen |ike

housework, for the very good reason that it offers greater

1. The typical rare exception mght be a course which is
stipulated in the <college catalog as not counting towards a
degree in the field, and which is intended for students who did
not take the appropriate preparatory subjects in high school.
However, Dby no neans all of such courses are pedagogically
unsound, only sone of them

2. Hacker (op. cit., p. 43) refers to "...this appeal, which

seduces largely working-class nmen into the G een Berets or the
paratroops in simlar ways."
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control, choice, autonony, etc., than all but a handful of paid
enpl oynments.1 By extension, the primary goal of many coeds is the
making of a satisfactory marriage. They can be gotten to take
typing and shorthand, "just in case,"” but they cannot be gotten
to sign up for initiation into a professional cult.2

Anot her aspect of the unpartitioned nature of engineering is
that artifacts are not usually manufactured by a conventional and
standard process. Software is sinply copied, automatically, onto
tapes, disks, etc. A programmer sinply does not have occasion to
t hi nk about ’design for manufacturability,’ and a progranmer who

1. Louise Kapp Howe, Pink-Collar Whrkers: Inside the Wrld of
Wnen’'s Wrk, Avon Books, 1978, orig. pub. 1977, p. 205-209,
citing Carolyn Goo Jarnon, "Relationship Between Honmemakers

Attitudes Towar ds Specific Househol d  Tasks and Fam |y
Conmposition, Oher Situational Variables, and Tine Allocation,"”
Unpubl i shed Master’s Dissertation, Cornell University, 1972

2. The same kind of logic applied to the nore advanced | evels of
training in Conmputer Science. Wile the percentage of wonmen anong
recipients of Bachelor’s degrees in the 1980's was comensurate
with the percentage of wonen programers, the percentage for
Master’s degrees was sonewhat | ower, and that for Doctorates was
much | ower, even when the foreign born had been separated out.

Karen A. Frenkel, in "Wnen and Conputing,"” (Comrunications of
the ACM Nov. 1990 [vol. 33, num 11], pp. 34-36) gives figures
for proportions of degrees in Conputer Science granted to wonen
in 1980 and 1986-89 (p. 38). The figure for bachelor’s degrees
fluctuated from 30%to 35% the figure for masters was 20.9% in
1980, and fluctuated between 27% and 30% | ater in the decade; the
figure for doctorates fluctuated between 9% and 18% and that for
doctorates awarded to Americans fluctuated between 12% to 21%
Fi ner distinctions over such a short time scale are probably not
significant, especially given the small nunber of doctoral
recipients.

However, these figured do not necessarily represent sinple
attrition over additional years of study. The recipients of
graduate degrees in conputer science did not always take their
under graduat e degrees in that subject. An undeterm ned nunber of
engineers (typically from"old-line" fields |ike mechanical
civil, or chem cal engineering) may have chosen to "retread"
t hensel ves with masters’s degrees in Conputer Science.
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did by sone accident think about it would discard it as
meani ngl ess.

Engi neers, by contrast, nust think about the process whereby
their designs are turned into artifacts. Large nunbers of
engi neers are enployed in supervising the manufacturing process.
There is, in fact, a whole branch of engineering, Industrial
Engi neeri ng, concerned wth this super vi si on, but t he
manufacturing process tends to infiltrate other fields as well,
as they deposit certain of their nmenbers in the factory wth
directions to see that what is manufactured i s what was desi gned,
and that what is designed can be manufact ured.

This can be seen in the clearest way in the ol dest branch of
engi neering, G vil Engineering. Large nunbers of civil engineers
are enpl oyed on construction sites. OQhers are enployed in survey
work, for nmuch of the conplexity of civil engineering is the
conplexity of the earth’s surface. This surveying shades over
into construction by way of such activities as test boring and
drilling. Thus civil engineering is integrally linked to the work
of construction. A civil engineer makes his way in the world not
by drawi ng on paper, but by going out into the field. The nost
anbitious civil engineers make their way not nerely into the

field, but into the nobst renpte wldernesses of the nost
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backwards countries, where none have gone before.1

The civil engineer in the field finds hinself in the center of

a group of nen, such as construction workers, mners, etc., who
are enpl oyed in intrinsically st renuous and hazar dous
occupations. If «civil engineering is an overwhelmngly nale
occupation, the surrounding occupations are still nmobre so. In

1993, 9.4% of civil engineers were wonen, but that was five tines
t he percentage of wonmen construction workers or wonen niners.?2
The conditions of ’roughneck’ work define an ethos of their
own. The contractual nodel of society, which wunderpins nuch
femnist thinking, sinply does not apply under such conditions.
Small nunbers of wonen have penetrated construction work, but
they have not done so on a conventionally fem nist basis. They
have done so by acconmpdati ng thensel ves to roughneck culture.3s
Summi ng up, engineering is largely closed to wonen because its
internal structure and inperatives require it to demand a neasure

of conmm tnent which nost women, with other life goals, are not

1. For exanple, see Richard L. Meehan, Getting Sued and O her
Tales of Engineering Life, The MT Press, Canbridge, Mass, 1981,
pp. 89-148. for an account of how one young civil engineer, in
1963, quit a |aboratory job testing soil sanples, in order to go
to upcountry Thailand to do onsite soil testing for a dam that
was being built with Arerican A D funds. Once there, he happily
went nore or less native, and imersed hinself in a world of
peasant villages, construction by el ephant, and, as a spare-tine
recreation, hunting in the jungle.

2. 9.4%of Cvil Engineers in 1993, versus 1.9%for Construction
Tr ades, 1.8% for Extractive OCccupations, per: Statistical

Abstract of the United States, 114th Edition, 1994, u S
Departnment of Commerce, Table 637, "Enployed GCivilians, By
Qccupation, Sex, Race, and Hispanic Origin," pp. 407-09

3. [Link in the blue collar wonen book]
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prepared to make.

If engineering was closed to all but the dedicated few,
conputer progranm ng was open. |If engineering educators were
continually attenpting to nmke prospective engineers into
ei ght een-year-ol d graduat e st udent s, t he devel opers of
programming tools were continually attenpting to dimnish the
skills required to program a conputer

Unl i ke engi neering, conputer programring did not pl ace
extravagant demands on its practitioners’ ability to cope wth
conpl exity, and what denmands there were, grew less with tine. The
practitioners’ surplus ability therefore went into coping wth
the conplexity of the world outside conmputer programmng. This
was the work of systens analysis: reducing the disorderly real
world to progranmabl e terns.

I n opposition to the school culture of conputer science, there
exi sted, al nost from the beginning, a shop culture of
conput eri zation. Conputerization was in essence the act of going
out and collecting conplexity fromthe real world in order to
reduce it to prograns. For nost practical purposes, this
conplexity existed in a work organi zation. Part of the conplexity
would be in the formof poorly catal oged paper files, procedure
manual s, etc., but rmuch of it would be in the formof know edge
possessed by workers, and even collective agreenents and
under st andi ngs bet ween wor kers.

It is effectively inpossible to capture an accurate and
sufficient description of a traditional work process w thout the

consent and assistance of the people who presently run it. |If
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conputerization does not have their blessing, they can easily
sabotage it by selectively providing msinformation, often in so
subtle a formthat they cannot be said to have lied. They nerely
chose not to take any particular pains to ensure that the systens
anal yst understood them correctly.

Thus, in its highest form systens analysis necessarily
ventured into the sociological realm In contrast to the arid
econom cs and decision theory of even an enlightened school
culture representative such as Herbert Sinon, systens analysis
had to deal with the actual experiences of particular social
cl asses. M chael Rose, in a representative handbook on
conputerization,1 deals with such issues as the way of life and
di m ni shing social status of clerks, the probable effect of the
conput er upon pronotion |adders, the conpany politics of
conput eri zation, etc.

The distinction between school culture and shop culture is not
absol ut e. Bet ween conputer science and total reliance on
practical experience lay the Information Science curricula of
busi ness schools. The Information Science curriculum nmnerged
conputer progranmng with a thorough grounding in all the major
el ements of business admi nistration.?2

The personal qualities required to collect conplexity differ

1. Mchael Rose, Conputers, Mnagers, and Society, Penguin Books,
Ltd., Harnondsworth, M ddlesex, England, 1969

2. For exanple, see J. Daniel Couger’s draft curriculumof 1968,
apparently produced in response to the Association for Conputing
Machinery’s "Curriculum’68." Couger’s proposal was published as
"Busi ness DP Degree Prograns: A Deficiency,” DATAMATION, July,
1968, pp. 49-51.
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from those required by the nore purely technical sorts of work
wi t hin Conputer Science proper. There is little need for the nore
advanced types of systens programming, and there is rather nore
need for an ability to cope with human conplexities. Systens
analysts rise and fall, ultimtely, not on the basis of their
capacity to performfeats of logic, but rather on the basis of
their ability to establish rapport with the people whose real-
world knowl edge they nust enploy. In this context, the very
strengths of the engineer (and other technical virtuosi such as
hackers) becane liabilities. Young nen of superlative technical
training are often absurdly arrogant about nontechnical matters,
or even about technical fields other than their own.

Wnen brought to conputerization qualities which filled the
gap left by the nmale arch-technician. They were nore likely to be
broadly educated than nmen, if not so deeply. Even granted that
the stereotypical sorority girl did not work very hard in
i ntroductory sociology, she was at |east there; she did attend
the lectures, and did remenber sone of their content. That was
considerably nore than could be said for her nmale engineering-
student contenmporary, who never found the tine to sign up for
sociology at all. O, if forced to take sociology, and forced to
actually attend, the engi neering student, on the rebound from an
"all-nighter’ in his chosen discipline, still managed to nmake up
a considerable part of his |ost sleep. So wonen were predisposed
to think nore broadly than nen.

The whole art of conquering conplexity which conput er

progranm ng offered generated a new kind of technician. This new
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technician was not an engineer, but alnpbst an anti-engineer.
Unl i ke engineers, conputer progranmmers were not forced into a
definite nold by the requirements of their technol ogy. They were
free to be versatile. Conputer programrers were not conpelled to
turn inwards on the esoterica of their craft as engineers did.
They coul d | ook outward, using conputer programmng as a neans to
reinterpret the external world. The style of conputer progranm ng
was |ighter than that of engineering, with | ess premiumon sheer
tenacity of the bulldog variety, and nore enphasi s on
receptiveness and inmagination. Conputer progranmng drew on al

kinds of abilities traditionally cultivated by wonen, and
di scounted the conbative tendencies which boys |earned on the
football field or in the boxing ring. By making fem nine
characteristics into virtues instead of vices, pr ogr amm ng

evol ved as a technical field uniquely receptive to wonen.
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