C. Gaduate Study-- Regul ar Departnmental G aduate Students, ca.
1955

The first generation of graduate students interested in conputers
were still affiliated with regular academ c departnents. They net
all the regular requirements for their disciplines.

However, the graduate students’ advisors, thenselves often
returnees fromthe wartine conputing prograns, arranged for the
students to get conputer training somewhere or other. This did
not have to be on-canpus; it mght equally well consist in being
sent to a sunmer job at a governnent |aboratory somewhere.

This course of instruction, beyond progranm ng per se, canme to
consist of teaching the students howto build conpilers and
kindred prograns, as a point of departure for |[|inguistics
research, the sane point of departure that their nentors had
reached while doing applied research in the enploy of the
mlitary-industrial conpl ex. Thus, this first generation
replicated the precarious bal ance of their el ders.

When conputers first arrived, their influence was limted by
their scarcity. Sonetinmes, graduate students got only very
limted access to conputers, conputer centers, and the people who
worked in them The students got enough exposure to tantalize
them and to yield inportant |ong-term consequences, but in the
short run, this was not enough to derail their graduate prograns,
and force institutional changes. The students got their Ph.D.’s
before they started to act drastically on their new ideas about
conput ers.

Thomas Keenan was a physics graduate student at Purdue in
1954, when the university ordered a conmputer. One gathers that
the machine’'s arrival was too late for himto use it in his own
research, for which he used desk calculators (he conpleted his
doctorate in 1955). However he attended the training sessions,
and becanme know egeabl e about conputers. After graduation, he
got a job at the University of Rochester, Rochester was also
getting a conputer, and Keenan was put in charge of the energent
conputer center (OH 217, Keenan p. 3).

It took sonmewhat |onger for conputers to filter down to people

who were not in recognized quantitative disciplines. |In 1964,
Bruce Buchanan, who had been a mathematics mgjor as an
under gr aduat e, was witing his dissertation in Philosophy at

M chi gan State University, on the subject of scientific
di scovery, trying to treat it in a logical way. This is known as
"operationalizing" a concept, reducing it to a nodel which is at
| east verbally specific (though not necessarily specific enough
to stand up to being programmed). He had witten the first half,
whi ch woul d probably have been a literature survey. That summer,
Buchanan applied for a job as a policy analyst at System
Devel opnent Corporation. He didn't get the job, but hi s
application got passed around to potentially interested parties--
notably Edward Fei genbaum at The Rand Cor porati on. Fei genbaum
of course, was gearing up to launch the "expert systens"” school
of artificial intelligence, in the wake of Newell, Sinon, and
Shaw. He was naturally interested in anyone trying to reduce
scientific work to something precise enough to be programed.



At RAND, Buchanan not only "...learned a | ot about conputing”(p.
4), but was exposed to the unpublished or quasi-published works
of Newell, Sinmon, and Shaw. He net people wth nore nearly
kindred interests than he could find in his hone departnment. At
sutmmer’s end, he went back to Mchigan State and wote the
second half of his dissertation, along Newell-Sinon-and-Shaw
lines. He then applied to Feigenbaumfor a letter of reference.
Fei genbaum offered hima job instead, and Buchanan accepted it,
shelving his plans to teach Philosophy. (OH 230, Buchanan, pp.
4-5 )

At Mchigan State, Conputer Science was energing as an
under graduate program and as a branch of electrical engineering
(, ref harry hedges, oh 221.). One does not know how nuch
conput er access Buchanan had before the sumer of 1964, but he
woul d have had to fight his way through all kinds of
bureaucratic barriers to establish contact with the conputer
people on the Mchigan State canpus who mght potentially be
interested in his work.

In both cases, the incipient conputer scientists were obliged
to delay doing anything substantial about their new interests.
Thi s meant that potential conflicts wth their ori gi nal
di sciplines did not cone out into the open.

As conputers becane nore abundant, they were used especially
by mat hematics and hard science students. This, however, did not
trigger conflict. Mathematicians and hard scientists wer e
operating in the real world, not in an ideal one. Applied
mat hemati cs al ready existed before the conputer. The effect of a
shift to conputer-based applied mathematics was to dimnish the
role of routine calculation wth adding machi nes, which the
wartime experience had shown could be done by clerks. The work
that students were doing with conputers involved conparatively
anbitious projects, which had a conparatively high mathematics
cont ent.

Gene CGolub was recruited by the University of [Illinois
conputer center in 1953, when he had just finished his bachel ors’
degree, (BAB OH 105, Golub, p. 4-5) and got his phd in 1959, in
mat hematics. In the neantinme, the mathematics departnent seens to
have inmpinged on him very little. Gol ub observed that
mat hemati cians were not as enthusistic about conputing as ot her
fields,

"...But there was none of the hostility that you would
find at Stanford towards conmputing. | think people just
realized that the conputer was there but they didn't,
there was no anger in their attitude towards
conputing."(ibid, p. 19)

He nust have taken the usual courses, exam nations, etc., but
they were apparently so wuneventful as not to be worthy of
menti on. However, the major business of the conmputer center at
IIlinois seens to have been nunerical analysis. This worked out
to taking the mathematical unfinished business of the sixteenth
to nineteenth centuries, and recasting it in ternms of twentieth
century mathematical orthodoxy. As such, nunerical analysis is
essentially conservative, |ike teaching mathematics, and was



unlikely to attract strong aninosities once the issues were
properly under st ood.

The situation was even clearer in physics. Physi ci sts’
approach to mathematics is of course results-oriented. They are,
perforce, applied mathematicians on the side, and the only real
guestion was what kind of applied mathemati cs.

Joseph Traub was a good exanple of a physicist in the process
of becom ng a conputer scientist. Traub’s famly was a famly of
German jewsh emgres, with a long tradition of producing
prof essi onal men such as rabbis and doctors. They had gotten out

at about t he | ast possible nonent . Traub’ s formerly
upper - m ddl e-cl ass father happened to be a bank official, one of
t hose professions which does not travel well. He could only find

mar gi nal enploynment in the United States. This kind of famly 1is
sonetines called "sunken mddle class,” waiting for a son to grow
up and get through school so that the famly can resune its
former status. Traub went to Bronx Hi gh School of Science, where
he played chess as an extracurricular activity. He was not
interested in ham radio, but he was interested in nountain
climbing. In fact, his interests were substantially the normative
ones of a European schoolboy in a French Lycee or Cernman
Gymasium  (COH 70. Traub, p.3-10)

Traub went to Gty College on a Regent’s Scholarship, Iliving
at  honme. Presumably the schol arship noney went for his share of
housekeepi ng expense. He mmjored in physics and mnored in
mat hemati cs, taking advanced cal culus fromEm | Post. Post did
not lecture, but conducted the class as a collective oral
exam nation. This set a standard that Traub’s graduate school
coursework would fail to match in his eyes. Traub started
graduate school in physics at Colunbia in early 1954, wth a
teaching assistantship (ibid, p. 11-14).

Wthin a year or two, sone tinme in 1955, Traub got involved
in IBMs on-canpus Watson Scientific Conmputation Laboratories. A
friend told himabout it, and suggested he go over, and it was
apparently possible to just goin and talk to soneone in
authority. The Watson Laboratory had a bureaucratic alter ego as
Col unmbia University’'s Commttee on Applied Mathematics, on which
t he physics departnent, inter alia, was represented. In 1957, |BM
gave Traub a generous fellowship, of about $2000, with unlinted
conputer tine. He afterwards estimated that his thesis required
sonething |ike a thousand hours of conputer tinme (ibid, pp.
14-16, 17-18).

Meanwhil e, the physics departnent per se was not engaging
Traub’s ener gi es. Physi cs does not have conpr ehensi ve
exam nations in the same sense that |iberal arts fields do. The
system of examnations and courses is actually a qualifying
exam nation system designed to insure that students learn a
l[ittle about all of the branches of the discipline, and, further,
this is typically spread out over three years, instead of being
concentrated in the first year. There is only m nimal opportunity
for specialization in the formal coursework and exam nations. The
systemis seemngly contrived to conpel a very bright student to
spend a couple of years nessing around in a |aboratory, instead
of conpleting conprehensive exans in the first year, and doing
his dissertation research in the second.



Traub was distinctly underinpressed by the academ c side of
t he physics departnent:

: ny feeling is that | learned a smattering of math,
a smattering of physics, a smattering of nunerical
methods in school. But the way | really |earned

sonmething is | would get interested in it because of ny
research, and then | would just gobble it wup, or |

would create things. | think in some ways it may have
been an advantage that my formal training, either
because | wasn't interested in sonebody else’'s agenda

or because | thought the teacher was so bad, was such a
smattering. That, in fact, if anything, may have been
hel pful. But | do not feel like | had a good educati on.
(ibid, p. 17)

At any rate, Traub describes professors who distributed copies of
their lecture notes, and then |ectured fromthem and gave exans
in the undergraduate fashion, and turned a blind eye to
class-cutting (ibid, pp. 16-17).

Traub did his nmessing around in the |IBM Wtson Laboratory.
Somewhere in the process, he ceased to be a physicist, but the
requirenents for conprehensive exam nations were apparently
sufficiently low that this did not interfere with his passing
them Wien it cane tinme to propose a dissertation topic, he
wanted to do chess (this being imediately after Arthur Sanuels).
This was not allowed, of course, but he was given an equation
from physics to solve by nunerical nethods instead. In 1959, he
finished his Ph.D. (under the Conmittee on Applied WMathematics),
and went to work at Bell Labs (ibid, pp. 24-25, 28)

M Ganger Mrgan is an exanple of a physicist who went
through an even nore conplicated divergence, indicative of the
sheer extent to which physics departnents woul d acconodat e peopl e
di verving fromthe norm In the course of his undergraduate work
(at Harvard), and the early stages of graduate school (at
Cornell), he discovered that he had all kinds of conplicated
humani stic interests. He managed to visit Latin Arerica on the
pretext of working at astronom cal observatories in Peru and
Puerto Rico, and then went off to do Latin American history at
Ber kel ey. However, this didn’t suit himeither. H's humanistic
interests were too eclectic, and too focused around science and
t echnol ogy. As Mrgan expl ai ns:

In those days there weren't doctoral prograns |like the
one here [at Carnegie-Mellon] in Engineering and Public

Policy, | knew | had to have a Ph.D. in sonething. |
| ooked around and figured | could get a Ph.D in
appl i ed physics faster than | could get one in anything
else (p. 4).

Morgan’s fornmer advisor from Cornell had gone to set up a new
departnent at U. California, San D ego. Mrgan foll owed, becom ng
the first or second Ph.D student. In the nature of things, his
physics skills would have been highly portable. He would have
been able to pick up quickly where he had left off when he had



| eft Cornell, and he would not have had to cope with the kinds of
conplex identity crises which are the normin the liberal arts.
Morgan’s new thesis advisor was in the process of becomng a

conputer scientist hinself, by small increnments, to the point
that he was running the canpus conputer center. At any rate,
Morgan, in his spare-time reflections, becane convinced of the
potential of computer programming as a neans of social nobility.
(p. 3-4)

In the last year of his doctoral work (phd 1968, per cmnu
departnment website), he launched a practical experinment. He found
a group of underprivileged teenagers, enployed in a federally
funded nake-work schene, and arranged to teach themto program
using the conputer in his laboratory. It was a roaring success.
Wth his advisor’s encouragenent, Mrgan began scaling up the
program and putting it on an institutional basis. This of course
involved doing the work of a school admnistrator. He then
offered a course in "technol ogy and public policy." This again,
woul d have been an obviously useful thing to do, giving the
physi cs departnent an interesting and probably popul ar course for
the liberal arts undergraduates to take in order to neet the
science requirenent (p. 4-5).

In due course, Mrgan went on to the National Science
Foundation, and eventually, the Engineering and Public Policy
program at Carnegi e-Mellon. (p. 6-9)

Mat hematics and Physics departnents were wlling to find
common ground with the energent conputer scientists. There was
practically al ways sonething that the energence conputer
scientist could do, which was interesting as a conputing problem
and was al so desirable to the mathematics or physics departnent.
However, there were often other departnments willing to nake an
even better offer.

Some graduate students got involved in conputing through
departnents where there was an understanding of carte blanche.
For example, ~circa 1950, there was an wunderstanding that a
research masters in engineering constituted full academ c
qualification. Gven the basic engineering value of elegant
sinmplicity, the Ph.D. in engineering is inherently a bi t
contrived. It inplies that the dissertation author spends a year
wi thout generating any results finished enough to publish. That
may sonetinmes be necessary, but it is a situation to be avoided
if possible. The ongoing devel opnent of abstract mathemati cal
nmet hods (of which conputer techniques are paradoxially an extrene
case) neant that there was | ess and | ess necessary know ege for a
student to |learn, and correspondingly less justification for
| engthening the curriculum There is no real tradition of
nonographic witing in science and engineering generally-- the
tradition is that of the journal article, often very short, and
the fruit of a nonth’s or a couple of weeks’ work. The result was
that an engineering departnment, once it decided to start
offering the Ph.D., had an intellectual gap to fill up, and
could therefore be very catholic indeed in what it allowed
students to do for a Ph.D

Ral ph Giswold, eventual founder of the Conputer Science
departnment at the University of Ariszona, and inventor of a
coupl e of programm ng | anguages, is an exanple of the type of



student such a departnent could sponsor. Giswld s father was a
civil servant (State Departnent). Giswold nmajored in physics as
an undergraduate at Stanford, nore or |ess by accident. He spent
his ROTC obligated service in the navy, teaching, by rote,
Nucl ear Warfare, a subject he had no interest in, and decided
that he did not want to be a teacher. Wien he went back to
Stanford for graduate work, he chose the electrical engineering
departnment, because the "... EE departnent |ooked like it was a
pl ace that would give the opportunity to get an unusually broad
education.”"(BAB OH 256, Giswold, p. 5) Hs interests went as far
afield as netaphysics, apart fromthe nore nundane areas such as
artificial intelligence. Once he got his degree, in 1962,
Giswold noved on to Bell Labs. (ibid, pp. 3-5, 8-10)

At the opposite end of the spectrum from engineering was
Education. For institutional reasons, education schools had
expanded far beyond their theorectical basis in psychology. The
situation was opposite fromthat in engineering-- children are
too conplicated for theories and fornulae to be of any wuse in
dealing with them Getting an advanced degree in education was
sonet hing of an exercise in "ticket punching,” in which teachers
got a pay increment for having a nmasters, and school
adm ni strators were expected to have doctorates. As Janes Koerner
docunented in The M seducation of Anerican Teachers, an Ed. D
m ght very well work out to sending out questionaires to school
districts to ask how they used school busses. (180-192) In this

climate, a graduate student who wanted to do  sonething--
anything-- really well sinmply did not have to worry about
ort hodoxy.

In the early 1960's (1963?), Dale Lafrenz enrolled as a
graduate student in the mathematics departnent at M nnesota,
having previously gotten a bachelors degree in mathematics
education and spent a couple of years teaching. He soon
di scovered that he was not a mathematician, but rather a
mat hemat i cs educator. He transferred to the education school, and
got a job as an instructor in the university's "laboratory” high
school. [the account is slightly unclear, but confirm this.
states that he got a math degree at marquette in the sumers]. In
1963, he and his colleagues started teaching the high school
students to program conmputers. (BAB OH 315, Lafrenz, pp. 4-5)

At the tinme, the usual and customary nethod of programm ng was
to wite prograns, submt themto the conputer center, and get a
printout back, eventually. This did not fit very well wth
children’s attention spans, of course. Lafrenz and his coll eagues
heard about John Keneny at Dartnouth, made contact, and arranged
to use his interactive conputer systemrunning BASIC. Keneny’s
conput er was nmade by General Electric, and the GE foundation cane
through with a grant to pay for the tel ephone charges to connect
up from M nnesota. Eventually, Pillsbury in Mnneapolis bought a
copy of Dartnmouth’s software, and the University high school was
able to use it, thus saving |ong-distance tel ephone charges. On
the new terns, the education school group was able to scale up
their project, and turn it into an outreach program (ibid, pp.
6-11) Lafrenz spent two years running the outreach program and
then in 1970, he noved over to Honeywel |, which had decided to
get into the conputer outreach business on a comercial basis.



(ibid, pp. 11-15)

The fact that graduate students were becomng interested in
conputers did not inply the energence of conputer science
departnments. Apart fromanything else, the sheer scarcity of
conputers delayed the process for a few years. Even then, the
departnments containing potential recruits were able to negociate
a conpromse. Finally, there were always sone departnents whose
internal inperatives led to eclecticism instead of leading to
the formul ation and definition of an orthodoxy.
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