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lVly objective in this paper is to gh~ .aItl overview of the many 
different ways in which computers are now being used in universities. 
and also to give some projections for the futux,e. I h8sten to add that 
the sense of overview here is not a statistical one. I shall, iln fact, not 
make l[ny effort to coUdte data from a \"ariety of universities, 
but rather will examine in some -detail the highly pluralistic use of 
cOlnputJelI'S at StanfOlfd, my own univers.ilty. It is gE'llle:r,aJly recognize::! 
that in the United States, Stanford is among the research universitie') 
marking the most eXltensive use of cOlnputers. The othe~ two eXl8'mples 
that immediately come to mind are the Massachusetts Institute of 
Technology (MIT) and Carnegie Mellon University in Pittsburgh, but 
the overall soene ,in the United States is complicated alld highly plura­
listic. No single university is doing the most in every direction. There 
<. ·re i'mpor't.anlt and pioneering effor'ts that are not duplicated elsewhere 
in Hlny one 'Of 25 or 30 majcr unilVe1fG·iUes in the rounltry. 

I have o:rgam~ed thiS paper in the followiJIlg \vay: the next sec­
tion gives a broad ovelrvi'ew of the ways in which computlers are iU1Sti­
tu1'ionally oflganized 'BIt Stlanford. The following section, Section 2, dis­
CUsses the special role of networking and some of the problems that 
have been enco.untelfed ib irnpl:e.lnentlhng a flatilsf,actory network 1Z,(t a 
place like Stanford. Section 3 gives a survey of some of the different 
instructional uses of C'omputens aft Stanford. In Seotion 4 I tr1ela'i: in 
somewhat more detail my own years oi 'experience im computer-.2;ssilSted 
instruction at Stanford and also, but to a lesser extent, my eXiperien2e 
in Amerkan secondary sch0 ol:s. The finaJ section makes some projec­
tions about the future based on my CUITent i,mpressions of develop­
ment,; that are taking pl.c:.ce :n the Unitled St?liJes Hnd other parrts of the 
woTld lat the present time. 

1. Overview of Computers at Stanford 

To the visitor coming in from ihe oUltside, the main ladministrat1!ve 
unlit in charrge of cO'mputers at Stanford that he 'would perhalps first en­
oount~ would be the Information Technology Services (ITS). ITS is 
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· .... '~I~'-" .... JA'..., ...... for the adminiSltratIye use of 
fronl payroll to course 

organization ('onsequently has divided 

which in­
is a large 

into a number of sub­
of the kmd of work ITS units, the titles of which vdll give .a senSe 

does: 

• Dlrector's OUice 
fit Admitnisi:lr.aJtive Information Service!:' 
.. Services 
• Communication Information Resources 
• 
• Data Resources Group 
• ClInd Computer SystenlS 
(I 

• Servl'Ces 
• Financial Services 

1 will not try to describe each of these subumts their titles arp 
reasonably self-explanatory - but the main reason is that ITS is just the 
beginning. ITS uses l<urge IBM mainframes. 

The next unit to Inention is Academic and InformatlOll 
Syste~n5 (ACIS). The mitsslOn of ACIS its deaa.' ti!tle: it is to 
facilit.ate IaOadenl.ic computing. ACIS uses a of compute ... ' 
equipment. I will 'Say mO:l'e about (>tach 01 its subunits hen> beoause they 
arp les~ seal-explanatory. The fmSjt is In~t.ruction ~:ll11d Research Inform,a-
tion Systems (IRIS). IRIS's role withIn ACIS is to help to faculty 
Who want to into the use of computers for but do nol, 
have much in way of computing facilities or The ~econd 
and major activity is Low Overhead Time Computer Facllity 
(LOTS), which is .a facililty that has had major on the oampus. 
LOTS provides free computer time to students. It been an impor-
tant eXlper:i.ment in Inaking compultt:tr facUrties available 0111 a broad ba-
sis to underg['aduate~. It continues t'J be a force in the use of 
oompute.r,s by underrgraduate:s at Stanford. use r.he LOTS 
facilities for doing problen1 sets in mathematics, SCIence and engineer-
ing, for papers in almost any subject. and for conducting various 
research under som-e faculty supervision or often without such 
superVISIon. thirj component uf ACIS 1S systems, which 
has the responsibility for the Stanford network about whlLl1 
I will have )lnore to say ,later. FInally, the subunlt of AClS 
is the Video Education Systen1, which video fdcilitIes for fa-
culty use -in the pn .. \p~matlOn of 111shuctional n:aJiori':'.il.:::>. 

ITS and ACIS are the two university-wide organization.;;, but per­
haps the most important single lesson administr'atiYely about St:.'nford's 
use of it:; the:t thal~ use is not in IflU1V sense org,anized cen­
wally. It is a bloom:ng chaos of pluralism and I think mOist faculty 
very much want it to be 'that ''v"ay. Lelt me review some of the 
other maLI1 university organizlations thai have maj'o~ computer fddJitaes 
independent of ITS and ACIS. Fitrst on Ithis list is the Stanford Linear 
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.:\c~elerator Center (SLAC) which has very large cOlnputers as part of 
Its faciltties for :resea'fch in elementairY particle .physics. SL.A.C 111ainly 
uses large IBl\1[ Inainframes. The computing fac-illities H\'ari.aable at SLAC 
would. ,alone exceed that at probably 75 to 850 '0, ailld possibly more of 
.American univ·ersitie's. Secondly, ·there is the Departn1ent of COlnputer 
Science' which has major faciJirtiles available, especially for resea'rch in 
ar.tific1al intelligence. These f'acitlities are run as a sepalrabe facility in 
the Depa11tment of Computer Science. The Department of Computer 
Science has a variety of equipment. Until recently, it has extensivel) 
llsed DEC ,equipment, but b moving increasingly to a variety of recent 
mrachines, especilally those well suited to efficient execution of LISP 
prog,rams. The Department of Computer Science is now a part of the 
School of Engineering, but I also list the variety of facilities available 
in the School of Engineering which :aife separate from the Depa!f/tm.ent 
of Co!nputer Science. It is imporront. however, to emphasize that the 
\~ariety of computing in the School of Engineering is e,'en at Ithis leve.i, 
not organitZed in the Dean"s Office, that is, centmlly in the school, but 
is deoontmlized to various departments of )the School of Engineering. 
These decrentralized facilities -in the vadous departments of the School 
of EngineeTing aTe used both for instruction ,and 'resealI'ch. It is fair 
to say however, that there is some tendency for the instructional faci­
IJties to be more cpntiralized at the school level than the resea,rch f'ad­
li ties. The variety of computer equipment in the various department:., 
of !the School of Engineering is too great to survey. but there has been 
u very 1';1;l'ong move t,o ha,\Ting a large number of personal C0111put(lrS 
<lvailable both for faculty and students. 

Next in size is the School of Medicine, whi'ch has e"f{ten5ive com­
puter facilities primarily for research purposes. Many readers probably 
have heard of the artificial intelligence programs deve10ped at the 
Medical School for Medical Diagnosis such as MYCIN. but there are 
also extensive use of computer facilities for data analysis and a variety 
of other purposes. Again these facilities are independent of other 
administrations in the university. The School of Medicine has in the 
past used IBM malnframes mainly for data analysis and DEC 36-bit 
word machines. originally PDP10s and later PDP20s, for the \vork in 
artificial intelligence. Given that DEC has terminated its line of 36-bit 
machines, the future is less clear but undoubtedly the \vo·rk in artificial 
intelligence will move in the same di:rection from the standpoint of 
computer facilities as that in the Department of Computer Science. 

The School of Business has a centralized facility as part of the 
.;;chool with a staff to run computer facilities, but I emphasize again 
that this f.acility runs at a d~centralized level from the standpoint of 
the entire unh'ersity. The School of Business is essentially responsible 
lndependently and without further consultation f.or the way in which 
this computer facility is run. The facilities are used for both research 
<'Ind instruction. Thq S~pool of Business is encouraging every student 
to have a personal computer. The usc of personal computers is extensive. 
In addition. the central computing facility of the school runs two DEC 
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2060s plus SOine other equipment. 
transition to new equipment is now 
of DEC's termination of the 2060 line. 

other cases mentioned, 
discussed, In view 

There are may other that have an use of 
computers in the university. I mention here only various research 
instituteb of which my own Instltute f-or lVlathematical Studies in. the 
Social Sciences is an example. I have been independent 
C0111puter facilities at IMSSS since 1963. These are modest 
in comparison with SLAC or the De.partment of Computer Science, but 
what IS important is the long hist-ory of .research and development 
conducted within these facilities on a continuous basis and again with 
responsibility for theIr development decentralized. No 
university iunds hav·e been used for of ·any of the 
equipment in IlVISSS and this is true of of other parts of the 
University, once ITS and ACTS are excluded. 

There is an lmportant second generalIzation that goes with the 
decentralization, nam:ely, as research IS orgmllzed in the United States, 
most groups have responsibility for r·alsing theIr own funds for 
computing facilities external to the unirversity. There are only limited 
funds from the univerSity budget that flow directly into research. The 
computing fadlitIes us-ed for research are almost entirely funded by 
grants from the feder,al government, although is beginning to be 
a certain amount of funding from private industry. 

To those readers entirely familiar with this pattern of funding, I 
should mention that from a legal standpoint the contracts or grants for 
research are between v.arious agencies of the federal government and 
Stanford University but, in actual fact, the research proposals that 
constitute the substantive basis for the granting of the research are 
made by individual investigators, and these individual investigators 
really have the responsibility for raising the rese·arch funds by making 
proposals to granting agencies, and alslo for managing the use of the 
funds once they ar·e granted. The univer~ity has a fiduciary respon­
sibility, but not a substantiye research responsibility at the central 
level, in the use of the funds. 

2. The Stanford Ethernet * 

An important problem fo.r a campus on which there is 
extensive computer usage is how various and terminals are 
to be connected. Fifteen or twenty years ago matter was simple; 
there were -a relatively small number of computers with each computer 
supporting a number of terminals. On occasion an effort was made to 
establish direct communicration between computers, but no general net­
work was put in place. Not only on campuses but throughout the world, 
perha,ps the central technical hardware and software problem of data 

'" I have benefi>l:ed from discussion wLth WL11iam Yundt, Director of the Stal1-
ford Networking Staff, and Ron Roberts, a member of that staii with whom 
I havE' worked for many years. 
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processing managers at the present time is establishing an efficient and 
reElable network. 

The St.anford network has grown up in a diff0l'ent way than many 
that are being installed at the present timl', for it has evolved in a 
piece-meal fashion. The first ethernet netwQtrks were based on expert­
mental 3-megahit ethernet hardware and software gh'en by XEROX to 
Stanford. It was realized quite early that the exp3nsion of the ethernet 
as such to the entire campus would not be feasible. There were t\\"o 
reasons for this yiew of the matter: first, the ethernet hardware did 
not work well at distances longer than about 2 kiimTIet<'rs; ~ecol1d, the 
(>thernet was subject to various kinds of failure. These local failures 
needed to be isolated so as not to disturb other parts of the network. 

\Vhat Stanford did vvae:; to i!'ltrod:"lce a gateway technology. In r;rin­
ciplc - though in practice a little different -, each building addresses 
the m?.in network through a gateway. This gateway protects the main 
network from points of failure in the local ethernet in a given buildins· 

The Stanford Gateway is a packet-routing device but the hard\vare 
and sofhvare \\"e1'e sPecialty designed L:t StanforJ. ~ \ gLlLeway is capable 
c·r interCOi1l1ecting up to 1o;]r L'thernet:" which <:on5ist of experimental 
3-megabit ethernets or standard 10-lnegabit ethernets. There is, in 
principle, no lin1it to the dbtunce bl't\veen gateways. 

At the present time. the total number of gateways is 31 and the 
tDtal number of subnets is 53, but it is eddE'nt the network will 
continue to expand. Also, by this time, n10st of the local ethernets arp 
~tandard 10 megabIts. 

Another fl'ature of the net are TIPs for tenninals. w}wre TI!) 
stands for Terminal Interface Processor. TIPs are built at Stanfor:1 
with the same hardware components as the gateways. .:\ TIP uses 
Tt·lnet protocol software to establish communication between standard 
l\SCI-II tC'rmin:lls connected to tlH' TIP and con1puters attached to the 
network. The Stanford TIPs are widely used. For exalnple, n1any 01. 

the timesharing cOlnputers do not interface any terminals directly, but 
only through the ethernet at TIPs. There are approximately :l,OOO 
ter'minals connected to the ethemet by way of TIPs and well over 300 
different computers, with that numbe: continuing to expand as a 
varicty of personal computers are added. . 

Stanford has been the recipient of a large IB1\1 grant of equ1pment, 
th~ imp,lct of which I will discus,:; in more detail in the next section, 
but it is worth remarking that the IBM PC fmnily is supported on thf~ 
network by the fact that the network supports the 3-Comn'l ethernet 
board which costs something like $ 500. The software 5:"lpports both 
file transfers and protocol<; for remote terminal access. In thc latter 
case', it uses IP,!TCP which is the standard ARPA net protocol. How­
ever, most of the pes are actually interconnected on a lo~al l1·.!t 

which usps the same board. 
A natural question about networks is the same question that arises 

about large numbers of terminale:; on timesharing COinputers in the 
rpcent past. \Vhat about saturation? Thus far th{' operational ex-
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pelience, which has not been studied carefully statistically as yet, is 
that no part of the network is utilized for more than 20% of capacIty. 
U~ually 5 to 100/0 of capacity represents the maximum use in any given 
day. It should be mentioned, of course, that a network of this kind 
cannot really operate effectively at 100% of capacity; the service 
begins to degrade once ~omething like 500/0 of capacity is reached. 

It was 11lentioned €'Clrlier that one of the reasons for gateways was 
to increase reliability. It 5hould also be emphasized that a feature of 
thl' network that will Increase the reliability still further is to han~ 
between any two gail'ways alte.rnative routes ~o that if a given gateway 
fail::', it does not bl'ing down comn1unication between other gateway::., 

Let me mention some problems from an operational standpoint. 
Perhaps the most ob\'ious one is that the network is not an effectlve 
\VCl)' for dClaling with character-by-character interaction from a remotc 
terminal to a thnesharing computer. I ha\'c had personal expenence 
Wl tll this because we a.ccess from a computer-based classroom an IBlV[ 
4:181. One of the prime uses of this classroom is to run the computer­
based logic course which I discuss below. In this logic course, there 1'> 

"pry rapid interaction 'between the student at the terminal and till' 
program. The studfl'nt has a control language that is based on SIngh.> 
key or small number of Inultiple-key entries. The nE'twork is not 
oriented toward this kind of interaction, so what we have is a special 
fiber-optics connection between the IBl\1 4381 and the 20 terminals 
dedicated to the course. The existence of such a dedicated fibe.r-optics 
connection is just one example of the fact that not all the communica­
tion will bp on the network, although most of it on the campu--­
now is. 

The second problem is that if onp wanted to do ,;ystem backup on 
a cornputer from a remotc> sit(', it is not really going to be feasible, 
apart from thC' fact that the sofhvure for doing such backups does not 
f'xic:.t. The network \vould soon be o,'erloaded if backups on yery many 
systemc; were done in this fashion. This is be-caltse' aftef protocols arc 
takf'n account of, thp effectiyp maximum rate on thf' network i'5 ap­
proximately 2 megabits, although e\"P11 thi<; number i':; probably SOI11P­

what high . 
.:\lthough there are problen1s with the network. it i':> clear that it 

js b~' (lnd larg0 quite successful and ic; meeting an important rC'quirement 
fo.r computing on th(' Stanford campus. The oVeryiew I haye gh-en 1<; 

from a technlc(tl c;tandpoint ,:>uperfkial. but I hope I ha,"(\ gl"en a 
broad ~('nse of he)"w the network looks frem the usC'r's <;tandpoint. 

It i':> Yundt'c; e.stlll1dte' that Stanfor::l currently runs the largest 
high-::.pped network of any univprsity in the- world. H(' forecasts th~' 
following d('yC'}opmpnts O\'er the next few years "During thl' period 
1985-88, we will gradually saturate the current broad-band network, 
induding the new physical capabilities for handling Yideo as well a~ 
co!nputer cOInrnunication. After 1988, ther(' will probab1y be, o\"er . ..\ 
4- or 5-year period, a widespread installation of fiber optics to provic',' 
at least 100 Inegabits of cOI11.munication capability". 
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3. Survey of Instructional Uses of Computers at Stanford 

This survey wIll necessarily be superficial and not in any sense 
statistical. 'I'he widespr·ead different uses of computprs are so extenslve 
in nature that I can only descrIbe them in a general way. I have also 
excluded any attempt to describe the resC'arch use of computers which, 
it seems to me, b in any case ll1uch better known from the sCIentific 
literature. To a fair extent, the SUITl'y will be based upon us.es that are 
bc:'mg macl<.~ of the extensi\'e equipment grant made by IBlVI to Stanford. 
but there is also extensin'> usc' of other computer equipment. In fact, 
'<)me of the uses described commingle pquipment from various manu­
Llcturer". In any casC', my cpntral pOlnt h to ~tre.,s the instructional 
u pplications. 

I ha\-(" organized this survey in terms of the \-arious schools at Stan­
ford. which constitute the main admlnistrath-e organization of the 
uni\-ersity fo·r instructional purposes. I have organized the presentation 
in terms of decreasing f'nrollment: the largest school. the School of 
Humanities and Sciences. comprises 27 academic: departments and 26 
separate programs. 

The School of Humanitic'i and Scj('ncc'i 

I begin with the Economics Department whIch h:1s under ,vay an 
iI1tenSl\-e developIl1ent progran1 for the use of computers in large en­
rollment undcrgradeate cour~es. lV'lost of the wDrk consists of qUaIl­
titatlve anaiysl~ including use of SImulations. There are abo a number 
of linNlr programming and other econometric -,tatistical packages used 
by students in the analysis of data. The Economics Department and it~ 
students use ('~s('ntially 1000/

0 capaclty of thp IB1\1 4:J81, although there 
are other user:, un the ~y5tem. I mean that 1000/0 of the cycles are 
being u<.ied 24 hours a day, 7 days a week. The Departtncnts of Political 
Scipnce and Sociology have a similar large-scale use. Students art:' doing 
~tudies of \·arious social phenoml'na basE'd upon large-scale data files 
~l\ ailable from the U.S. Census and oth('r sources. In contrast, the 
Department of COl11lTIlmications is using computer facilities to impro\-c 
\-ideo-editing techniques and also has an extensive use of microcom­
puters by students for electronics story board prog.rams for filn1 and 
television and fer data analysis. The DepartmC'nt of Psychology has an 
extensive usC' of computers for indindualiz('d instruction. especially for 
dcmonstra tion and simulation of well-known psychological phenom(~na. 

It should also be mentioned that for all of these departments, the 
use of microcol11putPfs for word proce~sing ic; imlportant for large num­
bers of students, both undergraduate and graduate. 

I turn now to some sample' usps from thp natural ')ciencc depart­
ment". In Physic", person:ll computerc; an' bC'ing used in a theorptical 
astrophy"ics course for nC'\v ~ ('ourse dC'Yclopment. Extensive use by 
<,tudents for both purposes of simulation and numerical computation 
represent a central role for instructional use of computers in physics. 
In broad tenn<5 the uses are similar in the Departm·ent of Chemistry_ 
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The uses by graduate students include calculation of molecular proces­
ses, infrared absorption processes, and energy transfer in solids. In the 
Department of Biology, priority has been given to providing worksta­
tions for graduate students in the research labs and tD make person,) I 
con1puters available in the undergraduate teaching labs for use by 
students in tlW ('on: biology curnculUlll. The Department of Statistics 
has plaeed a current prionty on graduate students and faculty doing 
computing related to the idpas of s:1rinkage estimatlOn In the computa­
tIOnally 111tew;iYe prOOleIl1S vI 5mQotlung and procL-'ssing of noisy 
imag(!s. The s1 aiistical techniques involved her{' have extensive ap­
plications in a nUlnber of areas ranging from satellite pictures to CAT 
::,cans in n1edicine. 

In the ScLool of Humanities and Sciences there are 14 departments 
within the Humanities didslOn. Th(' 11105t €xtenSlH: use up to date of 
(omputer~ has been in work processing. At the pre~ent time about 
170 of Stanford's 190 faculty in the Humanities use a personal com­
puter for ~l.lcll purposes. Th{'re are u nun1bt'r of other different uses; 
for example, individuals tt'aching and dOIng rf'!:,('urch in different lan­
guages want to be abk to munipulatc these languages on the screen 
il!1d at the kl'yboard. The mos1 C'xtc'l1si\'c teaching applications of 
com ;)lltC'rs 111 this res pert hay(' been dcn~lopcd 111 the Department of 
Slm L.: L,mguag<.' Wh:'fl' extcnSl\ e drill-and-practice routine'S in Russian 
and othl'r Slayic languages han~ been deyeloped. Because of tht:' yery 
<.,mall numbe'r of student~ takll1g Lmy of the Slc.l\'ic languages except 
HUSSIaI1, the Dppartment of Sladc Language is cspecial1y anxious to 
dc\'elop a computer-based course in Polbh and some of the other Slavic 
languages. 

The Department of Music at Stanford is well-known for its extensive· 
\vork in computer-genC'rated mu~ic. At the instructional ]e\'el, there 
is also concern to make music printing ayailable to students for use in 
composing and scholarly writing. There is also use of personal com­
puters to support the perIo.nuance faculty and their tc>achlng duties. 
And it goes without saying a number of graduate students are involved 
in the ·extcnsi\'e work in computer-gPl1erated music. 

School of En~in€'ering 

Here is a sun1mary state1nent of thl' yarious ways in which tl1P 
Engineering faculty arc using per~onal computers for in:-.truC'tional pur­
poses: 

• Develop homework problems 
• Prepare and give demonstrations in class 
• Prepare lectures 
• Evaluate student computer programs 
• Keep class records 
• Supplement activities in the laboratory 
• Perform calculations in the laboratory 
More generally. the Schaal of Enginf'ering has an intensiyC' eff0rt 

now to spread the use of computing facilities throughout the facult~· 
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and student population. The current rate of change is very high. Even 
five yea·rs ago there was a fairly limited use of computers for instruc­
tIOnal purposes in Enginee.ring: ten years from now it will be found 
{'w:rywhe.re in the curriculum. Here are a few topics either that have 
been developed or planned for the immediate future by various faculty : 

• Classroom demonstration of rnicrowaye circuit design 
• Lecture demonstration of fractures of materials 
• Interpretation of mass spectra 
• Interactive use of computers for decision making 
• Demonstrations of energy-policy models 
• Simulation of shock-tube experiments 
• Control laboratory experilncnts related to ('ompo~lte ~tructures 

• Interfacing of computers to the operation of advanced sensors 
8 ProViding simulation in thelmal-s:::ience laboratory courses 
• Developing a computer-mded design facility for VLSI chips 

School of Business 

The Shool of Busines at Stanford is a Graduate School of Busi­
ness. There are no undergraduate students. The bulk of the studenb 
take an M.B.A. but there is also a significant Ph. D. program. Here are 
""orne ::.-ample instructional U:,C5 that have been developed or are being 
dl1vcloped by faculty: 

• Development of case stUdies of decision-making under uncertainty 
• Use of LOTUS 1-2-3 for simulation studies of pricing 
• U~e of LOTUS 1-2-3 and other statistical routines to analyze 

personnel data W 

-Introduction to Electronic Financial Reporting (to replace paper 
reports) 

• Use of LOTUS 1-2-:i to model corporate cash flow 
• Use of yarious programs for nonlinear time series analysis 
• Statistical analysis of future prices and, in particular, applica­

tions to multi-asset hedging strategies 

School of Medicine 

There is already extensive use of computers as mentioned above 
for research in the School of Medicine. The current rapid change is in 
the use of COluputers also for instructional purposes. There are over 
400 medical students currently enrolled, an additional 160 advanced­
degree candidates, and more than 450 post-doctoral scholars. as well 
as the regulm- faculty. As in the case of previous schools, I list here a 
number of different projects by brief descriptive titles: 

• Use O'f personal computers in biostatistical analysis 
• Use of large-scale medical data bases now on line 
• Teaching pha.rmacokinetics and pharmacodynamics by computer 

modeling 
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• Use in cardiology of a three-ditnensional, computer-based model 
of the hearfs depolarization, and re.polarizatlOl1 sequence, based 
on real data rather than simulated data 

• Analysis of extensin:" data on geriatric preventive health care 
• Use of a relational data babe system in radiology for establishing 

a clinical data babe and file 

School of Education 

Currently, of the regular faculty the school, luore than Bt;') ' .. 

han: iJCC('ss to microcomputers, but not that high percentagE' 
as yE't are U"lllg comput('r~ in instructiOn. Some sample 1l1structional 
projects are the following: 

• Graduate training in intpractin:' education technology 
• Career simulation project 
• Computer-based models for educational planning and mal1-

agement 
• Simulation of ('xl'n1plary tl'<Jching 
• DeYelopmC'nt of tpueh('r profil(''S 

School of Earth Science') 

The School of Earth Science~ is a sn1<.!ll but active g.roup dedicated 
to the (>xtensi\'e USl:' of cOlnputers in both research and teaching. As in 
prC'\'iolls Cdses, I lIst hert' 50111e typical projects; 

• Modeling of geochemical thermodynamics 
• Simulation and managemC'nt of groundwater 
• Techniques of satellite and aircraft image processing 
• Dynanlic simulation of geologic processes 

4. My OW'll Teaching Experience 'with CAl 

I turn now to a lnOre detailed and personal statement about my 
own experiences with using computers for instruction (for details see 
Suppes. 1981). This ('xperience is largely based on two courses dpvplop('d 
on'r many years at Stanford, and also with extensive experien~'(' i., 
dc\ ('·loping eour')(>s fur ekmcntE:rv Llnd spconda!'Y schools. I shall con­
centrate on the Ul1l\'f'I',)lty cxpcri~nC'(' but beg!l1 by "dYll1g a word about 
thp c;c:hool ('xpE'ripncl'. In ] })6~, we bl'gan our first ,vork in computf'r­
assi"tpd instruction by d('\'l'loping ('OUI"SPC; for elC'ITIC'ntary-school mathe­
nlatics and rpading. The .... C' ('DUrst'S were mpant to be supplementary to 
the fc'gular cUfI'iculum ; th0Y ,vert' aimed at pro\'iding a regime of drill, 
practic(" and r(,\Tiew. In th(' more than 20 years since thos(" coursC's 
began, they havf' come' to be used u<; a 1110dd for a yurlNy of \vork. 
I think that such supplementary use of computers also plays an impor­
tant role at the university level. Many of the activities I have mentioned 
in th(' preceding section would fall under this description. 

On the other hand, there is also a nlore radical use of computer..:; 
for in<;truction and it it; this use that I want to discuss here. Since 1972. 
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I have offered the- regular course entitled "'Introduction to Logic" en­
tirely as a course taught by computers. There are no lectures or quiz 
~ections, and all information is glven to the student at a computer ter­
minal. The course is offered each tenn three tilnes a year. We now 
have experience with thousands of students and I will try to give you 
~ome COffilllents about the course based on this experience. First, the 
~tudents reach a pass level with on-the-average of 80 hours at the ter­
mlnal, that is, each student hc.l~ about 80 hours of connect time, but 
the ~tanda·rd deviation on this Inean is very high. Secondly, the students 
takp another 20 hours 01' so to do all of tile work for an honor's grade. 
From the standpoint of the u':)€ of computers. there are important 
fl'utures about a course like logic. The IllOSt inlportant is that we have 
great flexibility in handling student responses. For exanlple. when the 
:-,tudents give logical argulllPnts, deri\-ations or procfs, their work is 
not matched against a stored idC'al n'~ult. The prognun is organized to 
accept any valid argument or proof on the part of the student. Anyol1 0 

\\-ith any exp.erit'l1cc on these Inatters know~ that it is a mista\k~ to ha\-c 
one single format of response \vhen logical arguments are being given -­
nothing can be more stifling to the imagination and inventivpness of 
~tudents. We want to encourage problem-,;oh-ing as an indh-iduaHzed 
a~-tiYity 111 which many \'criant LmS\Ven are all deemed correct. 

-' \noth('r feature of grl'at importance' in thp tpaching of a course 
like logic b that the work is highly jnt(,l'actin~. The screen of the 
iC'rminal is not used as a page display on which endll'ss amounts of 
exposition without any pxerCise~ to be done by the student are shown. 
The course emphaSizes a high len:'l of interaction and 11lakes a\'ailable 
to the ':.tudent a simpll', easily used control language for Inaking in­
fC'n'l1C'cs. Here is an example \vl1(,1'e the .;,tudl'nt'1) input is undprlined. 

5,8 AA 

(5) If .1' > 2z + Z:l then y > + 10 

(8) .t' > 2z + z! 

(9) y> z:! + 10 

L·et me mention some additional featurcs. Errors on th~ part of the 
studpnt are corre::tC'd immediately with a nleSS~\gC' as to why the prror 
j:-. indC'ed an crror. It is easy to generate individual nlesbages again tie:::1 
to applications of specific rules of inf2rencl'. 

L\mong the ('xe'rcises in the' logic cours" I like be~t the exerci~e ..... 
on the stratl'gy of selectll1g axioms. It i~ OftPll ea::,y for studf'nts to 
dcriYe desired conclusions from gin.~n premises or theorf'ms from given 
axiom~, but it is another matter to understand how one should select 
axioms to do u certain job. \Ve han"' a number of exercises labeled 
'''finding-axioms exercises". Here the student is given a list of elemen­
tary statements; for example, let us say 15 statements about the elemcll·­
tary geOll1ctrical relation of betweenness aillong points. His problenl i I.) 

to ~cl('('t no more than fh-e of the statements as axioms and then to 
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derive the rest in a sequence theorems. What is important about this 
kind of exercise is giving the student expe.ri1ence in thinging through 
the strategy of what constitutes an appropriate system f.or a given set 
of statements. In the casE' of the geometrical betweenness, almost 
certainlY the student cannot do thIS exercise by a purely syntactical 
approach. He must look at the ge Olnetri cal meanin~ an~ sketch, some 
elementary ger>metrical relations in order to orgamze hIS selection of 
axioms. 

I also want to stress the human aspects of the teaching that are 
important; this comes in the form of teaching assistants. Teaching as­
sistants do not give lectures or quiz sections and do not have the task 
of grading endless exercises; for example, the rather tedious-to-cor­
reer exerdses on finding axioms. But the teaching assistants are ayail­
able for students to ask questions and to give help as appropriate on the 
\'arious kinds of adlnmlstratl,"e und other concerns that continually 
oc,:-'ur as students rna}\(' theif way through the course, It may be that 
in 20 or 50 years we shall have such cOlnpletely intelligent prc)grnn" 
th(1t we will not nerd teachmg assistants, but 1 am c;keptical that \VC 

will be ablE' to entirply do aWdY with teaching assistance for a long 
tI:ne where they can be a\·~tilabh' On t11(' otllPr hand, :::ourSCb such H', 

t11(' lOgIC courS~l arc sufIic'IPntly self-contained that, for (lxample, 111 
distant lC'?rmng or Il1 many kind':. of adult learning which would fa}:;:,· 
place in off-campu" settings, for {'x:lm:Jle, in the home, te~~ching assist­
ants could be' dic;:pens'NI wit 11 if n,=~'eS5-:m Y. I want to be' dC'~lr on this 
point. Jt h clearly advantageous to have teaching assi"tant" and ev('" 
In the case of distant learning, it may [X. desirable to havE' a telephone 
hotlme for the stUdent to gC't Clssish'n::'(l when it is absolutC'Iy needed 
All the same. t~l~ courses an' sufficientlv self-contained that if circum­
stances required it the student could m<.lke his wayan his own . 

.:\ natur al question thut ari so::, in H cuurse of the kind I am describ­
ing i5 hovy' studf'nts fec1 about it in comDarbon to lecture courses. For­
tunately in tht' ;'Es<, of t11(' logic cDurs~. I ]1 a\"e <'0111e int2resting and 
SIgnificant data. The Deparhnent of Philosophy regularly offers a parallel 
lecture course gh-C'n b~r (l junior member .of the staff. I h[1\'e looked at 
data recently f~;r 15 tern1S c.lJ1d the comparatin:' enrollments were as 
follows: 1,477 studc:'nts In the computer-based course versu~ 262 in the 
(_,urse being taught in the sLmdard lecture format. This is a ratio of 
approximately 5.6:1 and testifies to the clear accC'ptability of this kind 
of computer-base:l tC'aching for ~ti.mdard undergraduate cour~c~. 

Axiomatic Set Theor~' 

Let m:e now turn to the sf>cond cour~e that I haye taught in a 
~imi1ar fashion. The course in set theory ha<:; been offered on the same 
basis every term since 1974. The gcnE'ral features are the same as the 
logic course. I mention just thosE' special features that differentiate it. 
FIrst of all. it is a more advanced course and has a much smaller en-
rollment. Ordinarily. the enrollm{lnt is about an order of magnitude 
]es" than of the logic coursf'. This means that thf' enrollment will run 
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from 6 to 15 students a term. In fact, Iny own view is that it is really 
courses of this kind that We should especially conoentrate on teaching 
by computer because it is expensi,ve to have a regular faculty member 
oifer a course to only six students. On the other hand, the stand-up 
lecturer, looked at purely from a economic standpoint, is a cheap teoh­
nology when the number of students is well over 100. 

Ihe set theory courses are organized into a series of 650 theorems 
Because of the small clll'oll1nent, each student is given an individual set 
of theol'<.."ms to prove and, of course, just as in the case of the logic, 
each student's proofs will be fOWld to be different from any otheF 
::,tudent~. Indeed, at this level of conlplexity, we would naturally be 
deeply su~pidous of any two students vffenng exactly the same proofs 
for many of the theorems. 

Of course, as I have emphaSized, the proofs are much luore com­
plicated in set theory be.:ause of its rnore advanced nature. The biggest 
intellectual effcrt h~ been put into dc\"eloping a usable interactive 
theorem prover. \Ve are able to prove the standard classical theorelns 
in set theory now, but there are \\-ays in which we can certainly 
continue to i'mprove. I do think that our interacti,ve theorem prover 
IS probably the most sophistic-ated one in the world being used on a 
regular basis by students who are not programmers to prove non-trivial 
theoroD1s. 

On<.' of th(' things to have a sense of is the enormous variability ip 
the kinds of proofs that students offer. Here is a small sample of 1,000 
proofs. I show the average length of proofs and number of lincs in the 
left-hand coiumn. the average ()f the rninimulTI proofs, that is. \ve take 
the shortost prcof gh·cn by any slud0nt for a gh'en theorem and now 
aYE'rage these data across theorems, and finally the corresponding aver­
agc n13ximum proof. 

l\1E.AN 
15.0 

AVG 
MIN 

3.5 

Ava 
MAX 
5f.7 

Notice that the difference between the average mlnllnum and the 
a\rerage maximum is mOore than an order of magnitude. 

I should mention that we make regular use of a resolution theorem 
prover, which the student can call to go froIn one step to another. The 
student is given 25 seconds of machine time to run this theorem prover, 
so one of the things tha't he must learn is what it can and cannot do. 
For example, it is not of tilly interest that the resolution theor,em prover 
is in principle complete, that is, given enough tim'e, it could prove any 
first-order logic inference that is valid. What is important is to get 
a sense of what can be done in a limited amount of time and \vith 
lhnited resources of thc computer. Students be.come fairly good at cali­
brating what to expect. 

Diffen'ntial and Integral Calcul us 

In spite of my statement that we should concentrate on courses 
with small enrollment, for a reason to be explained in a moment, our 
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current effort is to produce a ('ourse in the 
and integral calculus, m,athematics ('ourSe mDst widely 
undergraduates in American universities. The reason that we .art:' dl'-
yeloping this, however, is to it--in high sehoob where th{'10 are 
small numbers of ypry students who are prepared to take:· a 
substantial course in calculus, but there is not an appropriate 
faculty. In the United States more than in Europe, I should comment, 
the teaching of calculus is still current~y mainly done at the under­
graduate level in the uni\'ersities rather than in high schools. The main 
topic that we are addrpssing in the development of this course is 
f'xactly the feature btre'ised in the logic and set theory course~, namelYt 
a stress on offering a rich intpractive structure to the student to do all 
tl Ie standard deductin.' work. 

In the case of the calculus course, there arC' special problems of 
fInding the right internal formalization for the informal language and 
infprences customarily used in the course. I will not try to sUr\'ey hert' 
tlle particular technical problems We are no\v wrestling with. I do want 
to say that our objectivE:', is to change the traditional notation 
as littl<· as possible and to offer a course that is standard in appearance 
as far ae; the mathematical expressions go and the inference rule~ ar(' 
dose to what is to be found in a standard textbook. 

One Important is thl' extensive use of calculations 
of an algebraic and calculus bort. There ar(' now extensive programs, 
e.g. REDUCE and MACSYMA, for making such computations for en­
gineers and scientists; our problclll i~ to build a highly interactive 
symbolic calculator that students can use effectively in this course. The 
stress on the interaction and the' stre~s on the use bv students mean 
that We must do a lot of thing~ in a way that is differ~nt from the way 
things are done in REDUCE or MACSYMA, but I shan not enter into 
the details here. 

I do want to mention that the striking difference found in the cal­
culus course, when compared to the logic and set thf'ory courses, is 
the extensive use of graphics. Fortunately, we are preparing this course 
at a time when good graphics ar~ 3yailable at a reasonable price com­
pared to a decade and a half ago. when we first began teaching logic 
by computer. At that time, it would have been prohibitively expensiye 
to offer students substantial graphic facilities. 

Future Progress Needed 

Let me close by Inentioning three areas in which self-contained 
courses at the unh'ersity level need richer and better facilities. 

First is the important problem of the processing of natural language. 
It is in certain \vays a bit of a scandal that we still are so awkward 
1n the processing of natural language in the use of computers. The 
problem is subtle and complicated, but within various limited contexts 
we are certainly on the verge of making real progress, even if we do 
not solve the full range of processing difficulties. 
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Second, We need better and richer theorpm provers and better and 
rIcher symbolic calculators. Here we can take a more optimistic view - the 
problen1 is a much more constrained one than that of processing natural 
language. \\ie can anticipate having rich and powerful software tech­
nology available for the teaching of a wide range of courses in math('­
matics and science in the decade ahead. but progres'::i is needed all t1w 
"arne. The work must be done. I am optimistic that it will be. 

Third, I mention the psychological problclTI of hadng bettl'r nlodeh 
()f the student at work pro\~ing a theorem. solving a problem. or writing 
a coherent and clear ('essay. Here the <;oftwarE' technology is much n101'e 
primitive but there is reason to bp hopeful that progress can be made 
in ways that will be helpful. ('\'en if deeper problems of understanding 
the rele\'ant cognitiye c:,tructure~. \\'ill elude un f/Jr some ime to come. 
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