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WHERE ARE WE NOW?




WHAT IS THE STATUS OP THE SMALL COLLEGE COMPUTER CENTER

BEST COPY AVAILABLE

Sistaer Mary K. Kell=ar
Clarke College
Dubuque, Iowa

dhen we set up the Clarke College computer center in 1965, at a small liberal arts college for
women, v were considered ambitious, if not 1 lite«le extravagant, by other spall collagyes of which
Io4a has more than average. VNow, in the intervening years the picture has changed. Practically all
collej=s large and smpall hav: acquired some computar facility. Saveral in Towa, like ourszlves,
have an 1110 system, and others who livad within the rangs of tha Iowa City netvork hav2 a terminal
conn2ction to the University of Iowa's 360/65. Although I do not have a Survey on every institution
in Iow’:, it is.safe t0 say that most of tha state has som2 access to a computar by 1973,

ltr cWn ejuipment includes tha 1130 system with a disk drive, card reader and punch, pap=sr tape
d2r anl a 600 line per minute printer. The 1130 Serves as a tarminal to the University of Iowa's
computi:r  center. We have, in addition, an I#M 2741 terminal which uses the same communication line
tor intaractiva coamputing whan we are not operating in the reaote batch wmode. We own all cthe
#qulpaznt except the 2741, rour keypunches, ani an ancient sorter. The decision to buy, in 1965,
wis a litficult one to make, but wes have not regratted it. We would have paid out more than <twice
the ¢t oover 2ight years and we still hav2 a viable system capabie of expansion.

3
I3

a
cam

fow  foes  +his configuration meat our nesds? 4e can state that without a doubt w2 have anmpl=e
compuring facility for our present d2sign with sufficient flexibility open to us for future plans.
res=nt  lesign, which is also clos2? to our original plan calis for a curriculum in the computer
scienzes which would provide profassional training for students who wished to pursue computer-

relis2i careers either immadiately after coapletion of their first degre=, or aftar graduate work in
ths fi1-11, and secondly tc provils facilities ani proqrasming support for all faculty and students
tor bo*h research and instruction in any field. :

I w2uld  like to point out imn2iiately that, given the present state of the art and current

practice in business and industry, the 1130, by itself, would not adequately support career
—»iucition as lescribed. However, th2 amnle facilities located at the University of Iowa to which we
have 24 nosur 1 Jay access dc proviia for vur profassional needs at a cost that we can afford.
#irthour +«he network, such facilities would not be possible.

The lary=2 facilities aven have cartain advantages attached to their remoteness. An increasing
number of industries, government, and res2arch installations are operating in this mode. For future
BLOJramme and analysts +his environmant is not unlik2 the one in which they find themselves ou
rieir rirst job. On the other hand small business2s are still divided between a limited in-house
syater ar 3 eaall terminal to a large timesharing facility. We have something close to all these
apnroachie s and stulents have an opportunity to experience them. They can come to appreciate the
advan=ages  anl  limitations of each, and most importantly, learn to work in several variations of

SyHtans,

5
I

dnila w2 ars alliressing ourselves to the question of what kind of equipment will support what
<in] ot ¢ducaticn, I might remark immediately that there are vocational institutions which are well-
-jaipp> i te previde a highly technical 2nvironment, much mcre so than liberal arts collages such as
surselvas,  Why don't we leave it to th2m? My answer to that is -- we do, They train one type oOf
person, we train another kind. Th2ir graduates may be prcgrammers, tachnicians, possibly business
anilysrs. Curs beccme system designers, managers, and possibly innovators in computer applications.
ind %hoss that continue thair education in the graduate schools have the preparation to do so. Wa
halinve tha differenc2 lies in a broader education.

At Clark2 ther2 is no computer science major, only a joint major with some other field. My
‘xperisnc2 with the progress of our gradiuates ovar eight years leads @2 to continua to recoma2nd

this approach %o other liberal arts colleges, and most especially to those that are small. How are
yoq iifferant -- what is special about your centar? 1T aa continually challenged. Mow the popular
al 5ays that if you rank second customer-wise, you have to try harder; but when you rank 500th or

“,Cs? trying won't do., You have to fill a special need. That special need, as I sea2 1it, is the
inteyration cf the computer sciences with other fields of knowledge in career preparation. The
lacje universities could do this, but strangely enough, usually do not, and the +%echnical,
vocational 1institutions lack the capacity. That leaves us. At that point we can %alk about trying
harder. One way to do this is through a joint major where the integration of ¢two fields is
carefully planned by wmeans of parsonal contact with the student, their future employers, field
experience as part of curriculum, and cooperative planning between college departments. We dco this
and it is within ¢the reach of other small collages. 1In fact, smallness facilitat2s some of this
integration and helps to explain its absence in larger universities.

135
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The second function of a computer centa2r, and for some swmall colleges the only one, is to
provid2 an educational tool which is important both in methcds of imstruction and in the experiance
of a liberally educated person. The prasence of something called a computer center with some
dedicated studants mingling with tha rest, in itself contributes to this function, but does not
sugport it entitely. Elaboration on the integration ct computer usage in the curriculum would
require a separate paper. I will confin: myself to a few pertinent remarks.

When =som= limited computer fucilities hecame available on a wider scale in the late 60's, fcr many
teachers any sort of introduction tc thea computer by way of an exercise or unit seemed to be an
2nhancement of a course. Sophistication did develop though its course has been slow. Computer for
computerts sake in any course has yiven wvay to many modes of instruction which right be classified
as "computer-a2gxtendedh, A gquastion could be raised as to the extent of its penatration into
curricula, its real impact and effectiveness in American 2ducation in 1973. Perhaps we cannot know
for a genaration, and pcssibly the effects cannot be isolated.

dne of the probleas which still 1limits effective and widespread use of the computer as an
2ducational tool is obviously cost. For every Dartmouth with its proliferation of terminals {and
axpertise) there are hundreds of Clzarblus U#'s lucky to have one terminal and one enthusiastic

instructor. Hop2fully this picture will change. In the meantime, with present resources all is not
lost. :

1y stronj recosmendation givan previously on tha education of computer professionals in a
liberal arts environment is possible with resourc2s such as described for Clarke Collaege, Even less
in aquiprx2nt will enhance the 2ducation of studants in other fields. To b2 spxcific, any computer
facility, however limited, can make instruction in a varietzy of fields more research-oriented. Even
thouyn an adaguate numbar of intaractive terminals may not be availatble to deliver the impact of
instant re=nforcement, batch mod= is not all that bad. In certain cases it has sose things to
rocommeni  it, First of all, turnaround in a small center may he less than a half hour. Our
standard is on2 class period. That is, the student may l2ave a deck at the beginning of a class
verisl and pick up the results 50 minutes later. Not instant, but certainly better fead~back than
105t othsr mcdes of instruction supply. Moreover, the ch:apest storage for small personal research
tiles is a deck of cards. This is tru2 at least in our anvironment, The card dack is a simple and
2a31ly urn ierstood introduction to a lata file. There is a clear Adistinction iatween data and
prograns. Stuients guickly g¢raduate <o Jdisk and magnatic tape files from this heginning with a
.betser apyreciation of the advantages of magnetic storage.

In the batch mode approach the conputer is more than a keyboard to the beginnsr. It is a
systea of interesting components which %“hey manipulate. Of ccurse it is true that this concept 3is
not necessary to the nse of the computer in most courses other than those in the computar sciencas,
sut in th2 aksanc2 of multiple tarminals it Joes supply some excitement, and is useful knowledge for
citizans in qgen2ral. At the sam2 tima the computer is still being used as a tool for research anq
nproblam s0lving in the general sense. The key to success here is not hardvare but amaginative
instructors.

In conclusion, it would appear that we are going forward in the use of computers in
ut. lergraiuate instruction, but at a rathar slow pace. The concept is accepted even in most small
collages with limited resources., Th» avaiiability of expertise and hardwar2 on the local level
i2termins the agount of integration in cours2 work and thae kind of cosput=r sciences program which
cin b siapportéd. Wider availability of these components is on the horizon, but if past history is
used is a predictor, the horizon will b2 approach2d very gradually.
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HO¥ TO RUN A COMPUTER CENTER WITH AMATEURS

Robert M. McCrosk-y
Whitworth Colleg-=
Spokana, Washington

Introduction

Whitworth College, a liberal arts college of 1300 students, acquired its first on-site computer
facility just about a year ago. Prior to that time, we utilized various outside computers for both
educational and administrative computing. A course in POBTRAN programaing was first introduced in
1968, with student programs beiny transported across town tc Gonzaga University for procassing on an
1BY .1§20. Muinistrative data procsssing, consisting of a student accounts receivakle system, a
prizitive registration system and an equally primitive payroll system, all card oriented, were then
handl2d on ccllege unit reccrd eguipment.

rh;ee years ayo, we converted the atministrative systems to computer operation, although still
card oriented, and shipped data decks to Washington State University by bus for monthly processing.

During the -academic yeat 1971-1372, Whitworth becanme a participant in the Pacific Northwest
Cooperative Comxguting Center Project headed by WSU. We acquired an IBM 1050 terminal for remote job
entry and pgrocessing of studant jobs, moSt of which were programmed in FORTRAN. Four faculty
memhars attend2d summer wcrkshops in FORIRAN programming and introduced a number of cann2d programs
to students in their varicus disciplines.

In spr@nq of 1972, our collage administration committed itself tc the purchase on an cn-site
comput=zr facility. The main criteria, »nther than cost, used fcr cur selection of a particular
hardware systex were: '

1. Enable us to program both =2ducational and administrative applications in high level
language suitable to relatively non-2xpert programmers.

2. Provide for the support of up to 16 terminals in a time-sharing =nvironment.
Qur selection of the PDP-11 followed with delivery and testing last July. ©our first fully

computerized system, the student accounts raceivahle systea, went on lin= last August.

Computer Hardware

The present hardware confiquraticn of our computer system includes the following:

1. PDP-11/20 processor with 28Kk words (56K bytes) of core aemory. No floating-~point
hardware, but extended arithmetic element for fixed point operaticns on order.

2. 256K word fixed head disk drive for system software and storage.
3. Three 1.2 millicn wvword cartridj= disk drives for mass storage.
4. Two dual DEC-tape drives for small file and program storage.

S 200 card/min Card Reader.

6. 132 column Line Printer.

7. Two VT05 CRT visual display terminals used mostly for CAl.
8. Seven Nodel 33 Teletypes for general usae.

9. Port for remote job entry from off-campus low speed terminal.

Compyter Software
Supplied with our PDP-11 were two fundamental operating systems:

1. RSTS-11 time-sharing system for support of up to 16 lov speed terminals plus other
peripherals utilizing the BASIC programming language.

2. DOS disk operating system, a single user system utili’ing asseabler and PORTRAN compiler.

ERIC
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The BASIC language used as the time-sharing language is so versatile in its handling of character as
vell as numeric data and especiaily in its handling of file Structures that we operate under RSTS-11
311‘ the time for simultaneous procassing of both administrative and educational applications.
Various system programs, all programmed in BASIC, are supplied for system management and computer
usage accounting. The use of the high level language for all applications is a boon to the relative
amatenrs running the computer center. My operations supervisor never saw the BASIC language until
the arrival of cur computer.

Computer Center Orgauization

The line organization of the colleg2» with respect to computing is as follows:

1. The Vice President/D2an has basic authority over the computing function. 1In the year we
have had the machine, he has hardly set foot in the computer center.

2. The Administrative Assistant to the Dean acts as laison between the top administration and
the center.

3. The Coaputer Services Committea determines overall policy for the computer operation. The
cemajttee includes the Administrative Assistant as unofficial chairman, coordinator of
computer services (myself), supervisor of operaticns, the chairman of tha2 modern languag2as
departanent who was most instrumental in obtaining the ccmputer for Whitworth, and the head
librarian in whose building th2 computer centar is located. Tha particular make-up of the
committiee was determined by th2 college presiden-.

4, The Coordinator of Computer sServices (myself) determines practical policy for the
ccmpating center, acts as syst2m analyst, supervises administrative programming and
functions as head programmer al1)] on 1/} toc 172 Of his official work load. He teaches the
rest cf the tinme.

S. The Supervisor of Operations supervisej 1ata collection and cnrraction, supervises
keypunching and machine op=ri-inn, and actws as hzad keypunch operator and head machine
ofetator.

6. Ther2 is one fulltime keypunch opz2rators/clerk and a student clark 10 hours per week during
the academic year.

7. Studant programeers help with all adiministrative programming,

Computer Applications at Whitworth

Some of the vaiarious applications implea=ntel on cur computar during the past year are the
following:

1e ise ¢f <the ccaputer for gen2ral probler solving in various disciplines available to all
students vwho learn som2 BASIC programming.

(3%

. Computer Assisted Instruction (CAL) implemented by several instructors and described more
completely 1in anothar section of this paper.

-

. Studant accounts receivable and general students records systems implemented during the
first year of operation. Other administrative systems such as college development gift
records, alumni records, adamission records, etc. 1ire being proyrammed this summer.

4. Elementary computer fundamentals introduced through computer science courses.

Coaputer Science Instruction

At wWhitworth we are not trying to compete with the university computer science prograss.
Rather, we ar2 providing basic instruction in computer fundamentals and programming to enable the
stud2nt to wuse the computer for problem solving in his chosen distipline or move 2asily into a
coaputar scienc2 program upon graduation or transfer to a university. At present we are offering
the following courses:

1. Introduction to Computing (BASIC language)

2. Computer Processing in zhe Sciences

3. Cceputing in the Humanities

4. Introduction to computer Organization and Data Structures

[¢]
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o Exposure for a selected few studeuts to advanced topics in computing is haniled through
19depen@ent study. It is our hope that the computer will be wmore and more utilized by many
disciplines anl that cosputer instruction will not be left to the so-called computer specialists.,

Computer Based Instruction at Whitvorth

while the typical approach to computer assisved instruction {CAI) is to develop software
capability to approximate as nearly as possible the intelligence and flexibility of a living
instructor, the philosophy of the Whitworth CAI syst2a has been much less ambitious, less costly and
bettar able tc meet specific needs. The critical portion of our procedure has bheen for the area
specialist (the instructor) to determine which aspects of his instruction are already mechanical or
routine in current classroom practice, The logical tactic, therefore, is to make that portion of
th2 instructor's effort more widely accessible to his own students and interested outsitars.

We s2t  as our first priority the development of an author language whereby area specialists
thzmselves might implement original curricular material without they thems2lves bheing programmers,
That packace, developed by Dr, Ron Turner, known as ¥HITCATS ("Whitworth Computer Assisted Tutorial
Syst2m") is currently heing used in the areas of library orientation and rasearch techniques,
English literature, church history and philosophy, general study and test-taking skills and foreign
languages.

Ir the first-year Spanish cours2, the CAI material constituted the entire written exercise
material. Written evaluations by participating students ware highly favorable. In addition to the
coursewriter language, specific programs, all written in BASIC, are used constantly by foreign

language stud2nts for drill and tutorial work utilizinj the special graphics capabilities of the CRT
terminals.

Although w2 plan to implement a record-keeping facility for true instructional and test-
qeneration capabilities, we intend always to keep the lesson programming a3 simple as possible and
within the grasg of the area specialist.

Our next significant software da2velopment will be a graphics package to offer a variety cf text
formats and illustrative capabilities %o many areas »f the college curriculum.

The BASIC language has been utilizel to impl :ment sevaral administrative file structures on 2.4
million character disk cartridges. Virtual core storage is used to define da<ta in lists and tables
on the 1isk, Thus, a prototype file structure will consist of three basic files (1) a KEY file
which contains all ID numbers of persons active in the file, (2) a4 DATA file which contains an
alphameric record for each person in the file, and (3} a LINK file which contains linkage between
K%Y and DATA €iles for each person in tha file.

Descriptions of files are handled 218ily in a program ty means of OPEM and DIMension stataements
in the following manner:

10 QPEN "PILE.KEY"™ AS FILE 1
20 QPEN "FILE.LNK" AS FILE 2
10 OPEN "PILE.DAT" AS FILE 3
40 DIM #1, K(3000)

50 DIN €2, L%(300C)

60 DIN #3, AS$(3000)=256

File "FILE.KEY" contains a list of no more than 3000 floating-point values (ID numbers). File
"FILE.LNK" contains a list of no more than 3000 inteqer values (links). Pile "FILE.DAT" contains a
list of nc more than 3000 character strings (data records) each of which is exactly 256 characters
long. To access a particular data record requires the pusition of the ID number in the 1list of
"FILE.KEY" and the link in the same position of list of "PILE.LNK"®", The appropriate data record in
tha list of "FILE.DAT" is assigned to a string variable. =Example: B$=A$(LX(I%)) where IX gives the
position in tha 'key file. Many programs, each under 8K words in length, are used to create, delete,
maintain, and report frcm file records, all prograsmed in the high level BASIC language. Included
is a sample progras which prints out a summary listing from a student records file structure:
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1000
1002
1004
1010
1020
1030
1040
1050
1060
1070
1680
1100
1110
1120
1130
1150
1160
1170
1180
1130
1200
1230
1220
1230
1240
1250
1260
2000
2010
2020
2030
2040
2050
2055
2060
2062
2065
2070
3000
3010
3020

Sone

O

REN *
PRINT
INPUT
OPEN
OPEN
OPEN

* INACTIVE PILE LISTING PROGRAM
"INACTIVE PILE LISTING PROGRAN™
"WHAT DISK ARE YOU USIHNG" ; N3

NS+ *STUDDN.KEY' AS FILE 7

N$+¢4STUDDM. LNK' AS FILE 8

NS+ 'STUDDU.DAT' AS FILE 9

DINM #7, K(20000)

DIN ¢
DIN
P1%X=P
OZEN

K%=840
Gosus
POR I
B$=a$
C3=LE
C$=C$
C3=C$

8, L%{20000), P%(10)
9, A$ (20000) =64
%(11) -1%
"LE;™ AS PILE 6
%t PS=UE.ES SR 08 SR. g8 BEV.EMY
2010
%¥=1% to P1%
(L% (I%))
FT (BS$,5%) ' Y +NID(B$,6%,25%) ¢ ¢
+NMID (B3,31%,3%) ¢ '+NID (BS,3u%,2%)+¢ ¢
+MID (B3$,36%,1%) +' *+NID (BS, 378, 1%)+* ¢

B1=CVT$% (XID(BS,42%,2%) : B1=B1/100

B2=CVT$% (MID(BS,44%,2%)) : B2-B2/100

B3=CVT3X (MID(BS,46%,2%)) : B3=B3,/100

B4=CVT$X (MID(BS,48%,2%)) : Bu=B4,/100

PRINT #6, CS§;

PRINT #6, USING F3, B1, B2, PR3, B4

GOSUB 2010 . :

NZXT I%

GOTO 3C00

REN ** PAZE HEADING ROUTINE

KE=KX+¢1%

IF X%<60% THEN RETURN

PRINT €6, CHRS$ (12%) ;DATES(O0R) ; SPACES(10);

PRINT #€, *STUDENT PROFILE INACTIVE PILE LISTING';

PX=PX+1%

PRINT 46, SPACES$(10);

PRINT #6, USING 'PAGE ##&', pPX: PRINT #6

PRINT #6, SPACES(44%X); *GPA ATT PASS GP': PRINT*6

K%=u%

RETURN

REN ** EOJ

CKISE 6,7,8,9

END

Probleams in Computer Cepter Operation

Naturally, we have encounterei our share of problems in the oparation of our computer center.

of these are:

1. A lack of understanding and even an unwillingness to understand overall pa2rsonnel and
prograaminj needs of the center.

2. Inaccuracy of source data supplied by other departments for administrative applications
and 2ven an unvillingnzss on the part of some to be responsible for thz accurazcy of data.

3. Lack of sufficient personnel to handla the increasing operation and programaing load of
the center. Coordinator becomes superviscr, supervisor becomes operator, etc.

4. Difficulty in meeting deadlines imposed by cthers desiring service from the center.
Expectation on the part of some for "instant" service.

5. Difficulty in getting other departments to analyze their operations and coamunicate their
needs effectively.

6. Lack cf support for the concept of a computer on campus by those, faculty and student, who
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NETWORKS IN WASHINGTON STATE

Wiliiam E. Walden
Washington State University
Pullman, Washington

The title of this section of the prograa is entitled Where Are Me N¥ow. I noticed tkat in
earlier presentations there is apparently considervable acceptance of the idea that the sgall college
can use networks to ohtain its computer services. Perhaps I can say then that is wherz we arle now.
I recall that in 1967 I, like others, wuas concerned that students in small public and Gprivate
colleges in Washington did not hava accass to the kinds of computer sarvices available to university
students. I visited several small colleges in the State of wWashington and suggested the possiblity
that they cculd obtain services via remote terminal from Washington State University. The response,
with the exception of two institutions, vas not at all enthusiastic, and in fact quite negative in
nost cases. Now, teoday, there are twenty-three institutions acquiring services remotely froa
Washington State University. Today I aa going to present my view of networking in Washington as of
now.

During the past two years I have been involved in two projects that are having an influence on
networking in the State of Washington. oOne is a rather extensive network study sponsoredi by Higher
Education, and the other 1is an existing network with central ccmputing facilities at Washington
Stat? University.  This report briefly dascribes these efforts and discusses various rasulting
conclusions.

In May 1972, Presidents from the four state colleges and the two universities, together with
the Community Ccllege Board, authorized the joint oxpenditure of funds to conduct a network study to
deternine the feasibility of an educational network in the State of Washington. As a part of the
study, three kncwledy2able consultants visited the State of Washington and helped relate our
situation to other states and networks. Staff, hired for the study, visited fourteen networks
throughout the United States. Through reports andgor discussions with individuals, many other
networks were studied by staff aeabers. Thus, ir one way or another, 29 existing or proposed
networks were 2xamined., Those exasmined included statewide educztional systems such as tae Georgia
University System Network, included consortiums such as the Associated Colleges or C#istral Kansas,
included singl: universities with branch campuses such as Pennsylvania State Uniuwersity, included
univarsities that have simply extendad their services to cther institutions suck az “ha University
of Towa, included the universities that have combined to form non-profit corporat: *: such as the
Triangle Universities Coagputing <Centar, included profit making corporation™ &totally owned by
universities such as the-CHEI Corporation, and included existing and proposed naticnal networks such
as ARPA and the Matiphal Education Computing Service. The staff also tried to develop a complete
biblioyraphy on networks and attemptad to review and summarize every publication in the
bibliograghy. These reviews do not appear in the Network Study Report but were available to all
individuals invclved in the study.

The committee responsible for the study made the following recommendations, precisely gquoted:

1. We suggest that the -Council of Presidents examine major gquestions of educational
philosophy brought about by plans to share educational facilities (agreements on priority,
contribution, organizaticn, control, budgeting}.

2. The Council of Presidents should continue the existing Network Committee to review
progress toward resource sharing. This ccamitt2e should wake recosmendations for further
implementation at an appropriate time. This ccamittee should prepare forecasts of
requirements and necessary resources to fund meeting those requirements on shared
facilities.

3. Whenever coaputing requirements exist beyond the campus capability, the Community Colleges
should utilize, via terminals, a University, State or Community College computing facility
for academic and adeinistrativa ccaputing,

4. Bvery state college and university should be provided with supplemental funding to
install, and use, a Card Reader/Printer Terminal or equivalent capability which <can be
used to access available resources.

5. Each Schcol District and High School should b2 encouraged to use the terminal facilities
at the institutions of Higher Bducation.

As a result of this study I have reached some conclusions which I want to present here. I
emphasize the fact that these are my conclusions and not necessarily the conclusions of the entire
group that worked on the Network Study Report, although this group agreed on many of the statements
which 10 appear here. Some of the conclusions may appear to be so obvious that they do not need
repeating. Hovever, I have concluded that many unusual statemants about networks have been wmade in
the past, so parhaps some of the conclusions are not so obvious. The conclusions are:
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1. Adlipistrative and academic computing services can, and are being providel via remote
tersinals from distant central facilitias.

2. Greatest netvwork success occurs when a well-managed, existing center is expandad.

3. The most substantial savings are in the avoidance of duplication of programs and systa2as.

4. Coemunications problems can be satisfactorily solved for networks.

5. A large, central coiputer provides a variety of services not possibla on smaller
computsrs.

6. Thera are several successful networks in the United States, and several unsuccessful ones.

7. Technical problems are usually due to poor planning and can be solved.

8. Most failures of networks are related to poor planning and isproper managemsnt rather than

organization or location.

9. There wmust be cooperatjon either through incentives or strong central control in order to
have a tunctioning network.

Another project which is influencing discussicns of nztworking in thes State of Washington is a
network with central facilitias at the Washington State University Computing Centear. This network
received supplemental funding from a National Science Foundation grant in 1371. The purpose of the
grant was tc prqvide faculty training in the use of computers but in so doing some funds were
provided to each user institution for =2jquipment ani computar usag=. There were 11 institutions tied
into the Washington State University facilities as a result of this initial grant. However, the
network has now grown to 23 institutions of various kinds. The network is primarily serving
Washinaton institutions although there are three out-of-state institutions participating.

Distances of user institutions from Washington State University vary considerably. The ainimum
distance is 2 miles for Pullman High School and tha maxi~um distance is 280 nmiles €for Evergreen
Stat2 College. The number of schecols associated with c-- -ain distances is:

less than 20 :iles 2
50 ailes 3
100 milas 7
200 a1l :s 11
30y ailoes 23

Types of services provided in the network aca:

1. Intaractive languages including CPS PL/1, CPS BASIC, Computar Assisted Instruction, and an
Abstract Retrijeval Systenm,

2. High-speed resote job entry with availadility to all batch resources.
3. Low-speed remote job entry with availability to all batch r=soncces.

In the network, terminals neing usel for low-speed reaote job entry are the IBNM 1050, IBM 2741
compatible tersinals, and Model 33 teletype compatible terminals or displays. Terwinals in the
network which are being used for higyh-speed remote job entry are IBM 2780 compatible terminals
toyether with the following computers: IBM 1130, IBM System 3, UONIVAC 9200, Systems Engineering
Laboratory B810-B, Raytheon 7Uu.

The netwdrk centered at Washington S'tate University has turn2d out to be an axperimental
laboratory for the State of Washington. This is by virtue of the fact that many different kinds of
institutions are being served, wmany different kinis of services are being offered, and the services
are being utilizel for various types of processing. Private education, ©public education, and
jovernment agancies are represented among the us2r institutions in the network. High Schools, two-
year collages, four-year colleges, and extansion centers are included in thuse user institutions.
Som2 institutiors do all of their academic processing via remote terminal. One institution does all
of its administrvative processing remotely. Most of the user institutions are using the network for
sore of their academic grocessing.

So far the workload from institutions other than Washington State University can be
character ized as many jobs with lcw CPU requirements; that 1is, student type Jjobs r1ather than
research. This is reflected in the fact that the average cost of usage by institutions external to
WSU is $8,000 per month whereas the WSU usage was $87,500 per month. VYet the average number of jobs
for external institutions was 5,000 per month wvhile the average number of Washington State
Univarsity jobs was 21,000 per month.

Now my conclusions based on the network with central facilities at Washington State University
are yiven:
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1. A caapus can do all of its academic and adeinistrative computing via reeote teraminals to a
central facility. :

2. A small college should use an educational facility rather than a coamercial or state
agency facility.

3. There has been a considerable interast in compilars, programs, and systems which cannot he
run on a swall cosputer.

4. Training of faculty has been most successful on those campus2s which have ar least one
person with ccmeputing responsibility.

5. Technical probleas can be, and have bean solved by Washington State University staff.

6. The central facility oust have staff dedicated to assisting other campuses in solving
technical problens.

7. The network makes transfer of students more easily accomplished.
3. The network can be set up so that the cantral campus is not a favored customer.
9. Such a network greatly increasss faculty interchange and sharing between campuses.

In summary, it would appear that the acquisition of coasputing services via resote tarminal is a
feasible alternative for colleges as ¢f now. The college which is considering such an agproach
should thoroughly investigate the censiral facility trom which services would be obrained. It should
be w2ll managed, have a long history of operation, experience witi terminal service, and preferably
be an educaticn based center. Also, staff should be available to assist remote institutions with
problems related to use of the cantral facilities. If +*his alternative is selected, then the
collage should have one person responsible for usz of the terminal, just as thay would have a person
responsible for 4 stand-alone computing facility.

O
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USER SERVICES - THE STATE OF THE ART AND ITS INPLICATIONS TOR SHALL CO.LLEGE COMPUTING CENTERS

Susan Kolasa
Stanford University
Stanford, California

~In april of this year it wvas py privilege to chair a rational conference on User Services in
Univaersity Computing Centers sponsored by 3IGUCC.

] The steering coamittee planned technical sessions which we hoped spanned the activities and
interests of those involved in this specialty. Included were two sessions designed to appeal to

small college representatives =-- "Special Probleas of Small Colleges" and “"User Services in the
Network Envircnament",

?his ccnference was the first such undertaking and we vere not stre of its reception. For
Planning purgoses I estimated 50 attendees. 200 people r2gistered from all parts of the country
including Puerto Rico, and several trom Canada. Attendance at the closing session was as ¢reat as

at the first. There were even "birds of a feather" ad hoc get togethers scheduled by atterdeess in
the evening.

Such interest and ccncern with the user intarface has not always been the cas2. 'The copputing
canter of the mid 60's vhen I entered User Services, though already a sarvice facility, had a vastly
lifferent level of concern for its users,

The wuser located the resource parson, usually a systems programmer at his (the programaer°®s)
convaniences This was normally betw=2n 10 p.m. aud 2 a.m. in the machinre area where the prograamar,
his peers, friends and occasionally supervisor, were occugied with hands on machine time, studying
listings cr ccnversing in jargon which might or might not have been husiness related. Central to
th«# scene were cn2 or more machines blinking lights, clatterinyg messaqes, spewing paper. It or they
appeared in command., The prograamer was usually tired, harass2d, unksskpt and needing "just one more
run®,

The user who could get attention did so by waiting until it was convenient far tha programmer
to break cff his other activity. He kept attantion by having an interesting problem -- from a
system, not the application point of view. If k= nhad found a genuin= buy or wvas trying some
interesting techrique, or was noisy enough about seeing ha got help with his problem, he would be
assisted. He might get instant satisfaction or a firm promise, rarely notad in a log, to fix %he
error. Othervise he was shcrtly aware that his problem was tco trivial to bother the programmer who
would return to his interrupted task, sometimes after remirking audibly upon the level of the user's
cozpatenca.

But faculty have a way of communicating effectively, and soon there would be a new service
announced -- User Consultants. I can still see an employment notice. "dust knoe FORTRAN, 4
cons2cutive hours minimum a week, $1.50 an hour." What tha ad 4idn't say was that those hours would
b2 spant in an underventilated classroom refitted with keypunches, interpretsrs and sorters, tables
for user set-ups and a place to queue up for the consultant. It also failed. to mention that the
consultan+ wculd be asked gquestions on plotting, assembl2r, JCL, utility proqraams 1is well as
PORTRAN. What the users didn't realize, at least initially, was that the consultants, all busy
undergraduates, 4id their best for the shift and then aisappeared froa the center. They were
loos2ly cocrdinated by a supervisor who could never find a time when all could atteni a meeting.
Thus notice of changes in the system or policy rarely reached them ahead of the users, and the
quality of their advice suffered accordingly. Since turn-around time was slow, a problam answered
by the consultant wculd nct be tested until he was off duty. His replacement frequantly had
conflicting answers to give and the user, as they used to say in victorian novels, "retired in
confusion",

We have come a long way in these faw intarvening years as witness the User Services Conference.
The most dramatic demonstration wvas a slide presentation by Dr. Ronald Rutledge, Director of
Carn2gie-Mellon University's center. He showed the group pictures of a bright, carpetad user area
vhich is ccnnected by closed circuit TV and 2-way audio coamunicaticn to the machine room 24 hours a
day. A user could hold a 1listing up to the camera and be advised of his error by the system
personnel. He s=ometimes recoived help bafore he knew he needed it. The moniters over the user
operated card readers would detect an improper approach to using the device. Out of the ceiling
woull come a voice, "Please turn the cards over befcre inserting then". Ron said this could be
quite a shaking experience the first time.

de h2ard presentations that indicated the state of the art in face to face consulting. Whether
by graduate student consultants, e.q. University of Michiqan, or full time employees with a iange of
degrees through Ph.D. across a spectrum of user specialties, e.g. Stanford, the consultants are
finely screened ior competence before hiring, are trained further on the job and are taught to say,
"I don't know, but I'll find out", when the situation requires it.

12
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User education is no longer a grapevine or inner cir¢le exchange of information, but a major
part of user services' function. AS Bruce Leanm, Manager of User Services at Stanford and chairman
of this panel pointed out, education is offered in several ways. Norpally one thinks of this in
terss of courss offerings. Many centers do provide short (2-12) session courses in the languages
and systems available at or through their installation. Other forms of aducation include Seminars
for special interest groups, e.g. social scientists. These serve two worthwhile ends. First, they
relate inforwation which is specific to the needs of a discrete group; second, th2y can be an
2xc2llent marketing tool. This is equally as valuable to 1 department wishing to demonstrate its

need for a private terminal or special software package as to the center interested in increasing
usage. .

Documentation, the topic of another session, also fills an educational need. Wa found that
good documentation in the form of updated user manuals, newsletters, vendor and installation
prepared tutcrial and reference wmatarials is generally available, Increasingly soame or all
installation documentation is being kept on line in user accessible files. FPurther documents such
as newsletters are frequently exchanged anonj installations so good ideas are picked up and
implemented acress the ccuntry.

ogher functions discussed included: input/output methods, user accounting, and gersonnel
selection. A growing number of installations feature user operated card readz.s anAd zrinters to
riniaize turn-around and staff handling.

User accounting is generally quite sophisticated and detailed, telling the user his costs per
job and in som2 institutions suamarized for him daily. Management reports on unit costs are also

generated fcor the installation directorate S0 that accurate internal accounting can result in
accurate cost recovery grocedures.

Again, generally the center sees the user as a paying customer whose dollars are allocated by
sources external to the center itself. Gone are those harrcwing days ot a center user services
manager or director faced with allocating resourcas between two researchers or insfructors each with
the same deadline and a valid utilization. WNow us=rs wmay buy priorities in addition to other
Services.

Perscnnel selection and training was a workshop session chaired by Dr. Ted Willoujhby cf Pann
State University. It was designed to get us all thinking about how to properly evaluate perfcrmance
and initial selection criteria. A three step procedure was suggested. First, try to descrite some
specific behaviors which argue for effective, inaffective, or moderate performance of the emnployee,
Second, cluster analysis behavior into aeaninjyful clusters. Third, assign scores to behaviors.

As I w=mentioned at the outset, two sessions, networks and special problems of small colleges
were particularly directed to the small to mid-sized installations. :

Or. Fred Weingarten reminded wus that small colleges are largely undergraduate, usually
privately run, have no more than a few thousand students, and are teaching rather than research
oriented.

This and the network session provided a picture of the types of computing altevnative
approaches utilized a) stand-alone canters, b) consortia, c) terminal or couriered service from a
lary=r central site.

In e€ach case, implicitely if not explicitely, the bulk of the user interface is provided by on
site staff. Last year's conference in Atlanta rveported that a small installation may operate on a
budget of $20,000 to $25,000, and that a medium sized budget tops out at $500,000 for all center
expenses. The largye installaticns on the othar hand, may spend up to $200,000 or more on user
services alone.

In the swmallest installation the entire center staff may be one 1/2 time faculty member. The
large installation may have 10 or more full time professionals in user services.

Opa can, of course, argue the distinctions. ,A larges unit may serve 5,000 or more local users
and a nutwork of rewote users from othar educational institutions. There &s usually a heavy-
research population requiring a wide range of sophisticated service and at the same time a high
utilization ky undergradvates locally and remotely for WATFIV, etc., as opposed to the small college
needs previously described.

However, on balance, economies of scale clearly favor the large centers. Their research users
are frequently very knowledgeable or have programmers on their own staff. Similarly wmany class
users are £rom engineering, math or computer science -- computer oriented disciplines. Lastly,
ther2 ave staff members available to specialiZe in skills tc aid 1less typical applications, e.g.
social sciences, huwanities.

In contrast the 1/2 time faculty wmemwber amust be all talents to all users. _He must be
consulting, education, specific application documentor, hand holder and salesman in addition to the
other functicns of director, emergency maintenance, operations and accounting.
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The director or coordinator can react in one of three ways to this assignment. He can let the
users fend for themselves as he attends to cther priorities, he can try to do ewerything his various
"hats" entail alome, or he can be invantive, accomplishing the tasks without ruining his own health.

The sost successful peorle, of course, are those in this last category. The tips they passed
on at our conference and through my observation oy their activity are straightforvard and effective.

1. Utilize your vendors. They can put you and your faculty in touch with faculty at other
installations doing similar projects thus creating user self reliance. They can give
seminars and courses tor you. This is ¢ru2 of hardware ani software suppliers of an
inhouse installation and of th2 source of remot2 computing service. The point to bear in
mind is that your satisfaciton with tham is a vital ingredient of their businass success.

2. Involve people in the user community in helping frcvide service to others, A very clever
idea ~- which actually came froa UCLA which is not a sepall installation, is to encourage a
student computer club. Provide its officers with N hours of computer time in exchange for
consulting or teaching programming courcses. Insure your satisfaction by requiring a
stated level cf performanc: for thz computing time, and place the burden of gquality
ccntrol on the officers.,

3. Eancourage other faculty to serve as the focal point in their departments for discipline
oriented computer services.,

4, Keep in touch with peers throujh nawsletter exchange and meetings such as this one to
learn new ideas and techniques.

5. Keep your sense of humor.

In supmary, User Services has developed ovar a short span of time into a highly professional
computing specialty. It has become a necessary ingredient of every educational service facility's
staff regardless of cize of the facility or source of its computing power. Whether performed by a
discrete staff ¢r as part of one person's total responsibilities, it is a wvital 1link betwe2en the
center and its users.

O
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WHERE ARE QOUR STUDENTS GCING?

Joyce Currie Little
Comamunity Collage of Baltimore
Baitinore, Maryland

Introduction

In any discussion concerning an educatienal endeavor, it is custcmary to define th2 objectives
of that endeavor. After acknowledging whether or net the objectives have been fully met, it is
hoped that we ares able to find out why they have not been met, and determine what we can do to
improve the situation. Proa the conglomaration of programs offered currently by two-year cclleges
ranging from key-punch training, operator training, data processing -- both business and scientific
options, and computer science, I'd like %o center my remarks abcut only those students who enter the
data processing curriculum. The objective ot this program is to train applications projramsers, in
either a business or scientific option, but with the overvhelming majority in the businass cption,
planning to beccme commercial applications projraamers.

In one fifteen winute talk, I 10 not intend to attampt to cover any topic other than that -~
for wore information on what we teach, who we get as students, where we yat teachers, what equipment
we have, what our curriculum is like, whit problen sets we've developed, what textbooks we use, what
service courses we-'have, what articulation problems we've had with othar colleges =-- please feel
free to ccntact me later. Or vperhaps you'd like to join the two-year colleye people presantly
joining ACM's Special [Interest Group in Computar Science Education, or the Associaticn for
Educational Data Systems (AEDS). Neither will I attsemot to discuss wha2re students in our service
cours2s are going, even though theze have been many inscances of these graduates entering the
computer professions.

Where Do Qur_Students_Go?

Believe it or not, scme of the grajuates actually b2gin as programeers, even thoujh most must
undergo a training course, whether they need it or not. uthers, for a variety ot reasons, fail to
get programmer jobs, but find entry-level work as ccmpator operators. Many drop-outs also find good
jobs -- scme as operators, some even as projrammer-tr-.nes-,

Some graduvates go into ncn-computer rypss of work, such as real estate, construction,
insurance, or accounting. Almost 40% of our graduates go on to take more coursSes, often toward a
four-year degree. Most, however, ge on in evening schcol rather than day school, wnile working
full-time in data processing. Most of those who go on to school major in Data Management, Business
Administration, Business Data Processiny, or Information Systems Management. None have yet gone
into the U4-year Computer Science program; although a £few have had sufficient background for
admittance, there has not becn a program of that type near us.

5ome female graduates get warried, have childten, and do nct vork in the computer field at all;
a few others in that situation work part-time as proqrammer-analysts., Very few graduates leave the
urtan/suburtan area, other than those sevaral who choose to work for the U.S. Air Porce, in data
procassing. One stud2nt has gone to Israel to look for work; one other took a job in Washington,
D.C.; another one took a job in New Jersey.

Many students taking jobs as operators are with banks or small companies, but most of these are
with U.S, government service, with the Social Security Administration {SSA). Arrangements were made
by our cclleg2 for summer work far stulents hatween their freshmans/sophomore years; in later yearts,
55A extended this pelicy to include community colleges in Baltimore County as well. Many students
return to these jobs after graduatio., @ven though they could in many cases get into programming
sooner elsewhere.

craduates in the scientific option, or those with more mathematics or electronics electives, go
into 3ata analysis of a statistical nature, in research centers at universities or medical schools.
Othears go intc process <conirol wocrk with engineering companies. A small nunber of graduates have
bacoma assistant instructors, vorking as laboratory assistants in coamunity colleges.

What Types 0f Companies Hire Them As_Programmers?

Graduates with the Associate in Arts degree in Business Data Processing are hired as
prograemers by a variety cf companies. MNore than half the graduates who start as prograssers are in
banks, savings and 1loan companies, financial or insurance companies, service bureaus, and data
processing departments for city and stat2 agencies. Many others go into computer center wvork in
educational institutions or hospitals. A few go to one of the several large nationwide network
facilities; a small number -- the more mature and wmore versatile -- go into programmer/analyst
positions with ssall local companies. :
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¥hat Is The Career Path Of The_Graduates?

Most of those taking jobs as operators progress in one or two years to the programming staff;
operators with the federal government, however, take as many as 3} or 4 years, sometimes longer, to
progress that far. Those who started as programmer trainees become programmers rapidly -- usually
in less than 3 months. Those in large companies tend to specialize -- on2 stcudeunt is doing in-house
training, one is doing softvare development, one is in systems analysis for new cn-line
applications. Those in small companies tand to be doing averything, and can progress in 3 to S
years to managerships. Several who started as programmer in educational institutions are now
performing special computer services for top executives or administrators. Others have developed
interest and expertise in systeas prograaming, doing development ot job contrel accounting systens,
data base dJdevelopment, and operatirg systems design.

The fairly rapid advancement of these graduates opens the docr to another graduate to replace
him. Therefore, jobs are not only available in those areas of new avpplications, in those conmpanies
just beginning to convert to computer usage, in compani2s expanding their ccmputer applicaticns but
from the turnover created by the movement up the career path ladder.

What Preyents_ Students Prom Getting_Batter Job_Opportunities?

1. The business community is not even yet fully aware of ‘zhe value of the data processing
graduate., After an initial good experience with a student, a company will often call to
request applicants for their next job opening. Most companies, however, still require a
training: program of all entering programmers -- not just training to acquaint the student
with the methods and procedures in use ther2 that may be unique to that compnay, but a
full-fledged in~hcuse training program from scratch, starting with what the holes mean in
the cards! Graduates would, of course, prefer to take their expertise to a compnay ready
t.c recognize his background and build upon it, vrather- than to repeat part of this
training.

2. Some companies hope to maximize their chance of getting a "good® product by hiring a four
year college graduate, no matter what their major, and training him themselves, rather
than take a chance on hiring a two year college graduate.

3. Many companies require experiance, no matter what Xind. Programming graduates who have

bagged groceries over their two year college career have an advantage over those whc have
never been emgloyed.

4, The custcm of civil service hiring for government employment encourages promotion from
vithin; graduates of 2 year coileges in our area must start as peripheral equipment
operators, progress to console operators, then apply for programmer training class, hoping
to be selected; they then have little difficulty excelliny over other trainees %ho have
often had nc foreer training in programming lanquages. In spite of this difticulty,
students go eagerly into civil service work -- not only is the pay for these entry level
jobs good, but the work is casy, the environment is pleasant, the job is relatively
secure, and there is that opportunity, albeit time-consuming, for advancement.

5 Graduates often lack other attributes felt necessary for the job; for example: many score
lov on vocabulary exams; many lack the maturity necessary for the job; many make a poor
iupression during an interviev. Others have little regard for the demands of the business
wvorld toward mode of dress or appearance. Stidents have been known to refuse a jeb rather
than abandon their poncho and bearad! ~

Ha Personnel men for some companies have notoriously little expertise in evaluating the
qualifications of applicants in the computer field. They have been known to allow their
limited knowledge -- often evident in their use of certain trite phrases -- to sway thex
against a community college applicant. An example is: Although you had COBOL on a large
3rd generation UNIVAC system, we are looking for someone who has used COBOL on a systenm
@xactly like the one we have. Another: Your transcript says you had wvork in punch card
systams; we use magnetic tape systems. And y2t another; Your hands-on experience was a
2nd generation computer; we want someon@ who has had hands-on work with a 3rd generation
COBPuter. Unfortunately, before an interview can be set up with those persons in data
processing departments who know better, the student must somehow get through the personnel

officer.
Hov_Can_We Improve Quality Of, And_Placemgnt Fop, Our_students?
1. Acquaint community businasses and {nstitutions with curriculum, student populatiomns,
equipmsent, etc.
2. Choose advisory board members from the variety of businesses you hope students will serve.
'3
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3. Encourage improvement of curriculuam and faculty to keap applications and technigues taught
up to date.

4, wcrk toward better articulation with the four y2ar colleges to facilitate easy transfer of
courses. ‘
Se Encourage some selection of the students applying to enter your prograas by atteapting to

acquaint high school couns2lors with the needed skills, traits, personal characteristics
desirable in the field, and with th= demand for wcrkers in the field at the time.

6. Encourage the development of certification axaminations for the different job levals;

promote the Register=d Business Progranmmer Examination (RBP) for your business
applications programmers.

7. Arrange work/study programs, with proper supervision, to put students into a company for
work experience on the job, either for credit, or for pay.

8. Offer free computer time to compani2s without computing eguipment, to allow thenm to
investigate computer usage with the help of a student; have them pay the student on a
temporary, part-time basis for doing one project. {0ften the student will get hired and
the ccspany will get equipment.)

9. Give students a chance, outside of class, to lesarn more about what is expected on the job,
by visiting alumni now employed, visiting companies to talk to programming staff, visiting
computer:-exhibit areas to talk with representatives.

10. Offar =s%tudents the chance to learn the attitude of loyalty and service to their employer
by sessions sinmulating problems that may arise; offer them the chance to practice fcr the
interview by having interviews on campus, or with each other; encourage them to show
responsiblity and maturity in part-time work and im class activities. (Some of these can
be done by means of a Conputer Club.)

How_Can_We Pind_OQut_Moge kbout _our_ Graduates?

Many colleges have no idea what happens to their graduvates; other ask, via surveys, only a few
vital questicns, such as those concerning salary. Others have alumni groups, with a newsletter
offering news of alumni from all the disciplines. It would be more helpful to have special alumni
neetings, specifically for this field, in order to enable graduates to return for special progranms,
for professional developsent seninars, for advising current students, for acquainting themselves
with other graduates, and most importantly, to provide feedback infcrmation on the effectiveness of
th3 curriculua, The extra time it takes to do this reaps untold rewards in maintaining a viable,
workable, flexikle curriculum from y=ar to year.

O
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CONPUTZR STIBNCZ PRJIGEAHMS IY CALIPURYIA

Curtis P. 3erall, Prafessor <f Computer Sciaence
California polytechnic 3tata ‘lniversity
330 Lils 9bispo, Califorriz

Kenne«h 4. 732, Director of Comfuter Cen=z:
Califorania state University
Long B=2ach, Califoraia

Cosputer science education coses in many shapes and sizes, and current lebate (the XKendal=-
degner controvarsy and more recent upwellings!,2) highlights the diversity of points of view.
However, +he ilentity crisis that has peser our discipline froa its baginning is no* inusual in a
izd 3unject matter area; the prasant aryiaents ovar just vaat we shoull aean when we say "cosputer
Zclance®™ can  ¢nly help to clarify issues that z-e iaportant to highsr ~3ucatinn ani vital to a
52712ty that is more and more dependant on coaputars,

In  part, the many applicaticns of thes coaputer itself ccntributa to our cornfusion. The worils,
"data processing," are used by some in a jenaric sense; to others, they connot2 business-oriented
n3es only. The scientific comaunity aas had 3o auch n=2e4d of the computer in conducting research
tnat only recently has there been time to devalop its applications in tha swcial sciences. The
origyin of many who call thezselves computer scientists in mathematical disciplines has jiven them a
definite tias. At the sase -ime, computer systemss have 2volved into general purpose machines ana
specializaricn is an attribu+e only of the paonla-vare, not the hardware nor auch of the softwara.

But applications thesselves, thoujh of trosendous imsportance, are not the central theme. Por
most nr us, th2 words "“computer science" should have =22aning apar+ from coaputer applications
(though not divorced from thea), Bu- coaputer sys+2ss have changsd so fas* that the thing we are
concerrnaed Wwith is nebulcus and uncertain., The interface between +h2 hardware and software has
continually sanifted and the reas »f interest have widened as our industry has grown and found
alternative solutions of greater sophistication. I+ is hoped that this paper, surveying the
spactrue of undergradvate curricula availadle in California, will help to clarify the situaticn.
This paper -does not attemp: to lascrib< prograzs that leal to the Master of 3cience or Doctor of
Philnsophy degrees.

Curricnlum 68 is wusuvally th= starting point for any discussion of computer science prcgraas.
Many 2t the earlier programss were moiel2d after tnis sa<tacn, but fcr at least a substantial nuaber
of insticuticns, ¢this path led to disillusionment. The ccmments of George Gorsline ani Duff Green
are typical:d ®Curriculum 68 case under early and «=;u%inuing heavy criticiss from within and without
academia for its almnst total nejlect of the progsatics ot the job markat." They then lescribe how
their proyram, initially relying on Curriculua 63 for its pattern, was redesigned to recognize and
acconmddate the needs of industry and Jjovernaent as employers of their graduates. Many of the more
succassful programs now describe theas2lvas by the ways that they differ from Curriculua 68.

in the State of California, thate are asore than 80 private institutions of higher education, 19
State University campuses, 10 University of California campuses, and over 90 community colleges.

The varinus computer sciance programs available to students in California colleges and
nniversities rapresent almost all parts of the diverse interpretations of the term "computer
seience In the two year comsunity colleges, the typical objective is to prepare EDP applications
programaers who enter industry directly, although w®many of their graduates (with th2a associate
leyr 20) transfer to four-year institutions to cosplete a more thorough acadesic praparation. The
faur-y~ar colleges do not fall into any one design; some are business applications oriented, sone
:unphasize systess prograseing, and others have strang hardware involvement. MNost of the programs in
the state universities and some of the private sSchools anticipate that most of their graiuates will
enter emplcyment directly after graduation, while <the programs in the University of California
system concentrate on a good preparation for further graduate study. Because of these differences
it objectives, there are significant differences in the nusber of courses in the areas of cosputing
theory and structure of languages.

There 1is no established way to classify these different approaches to the teaching of computer
science. One way is to distinguish on the basis of hardware versus softvare enphasis and by the
field of application. We might then have:

Compiter _Bngineerjng -- a program with special eamphasis on computer architecture and the
implementation of mesory, registers, and control functions.
Softwage__Bngineering ~-- a program whose central concern is the development of prograss for

systems control, resource allocation and scheduling, language translation, utility functions,
and user-oriented software.
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Scientific__Applications -- a curriculum designed to attack probleas in tha fields of

2ngineering and science, emphasizing numerical analysis, information theory, cosputational
2fficiency, and =2rror analysis. :

ss__Applications -- a s2t of courses chosen with their relevance to information storage
trieval, report generation, and managezent decision-making.

While the above calssification scheame is far from perfect, it sShows the diversity of prograas
he various institutions of highar education in California because there are curricula
2s5enting 2ach orientation. (some schools have programs extensive enough that the student can
s2 frea several different programs.) Based upon a sampling from the various segmnents of higher
ation in California, we show typical curricula of each type. The survey was far fros complete,
3 contenplated that & more definite study will be wmade of computer science programs in

fornia through the 1Interest Group for Teaching Computer Science in the California Educational
uting Consortiua.

Computer Engineering

University of California, Berkeley -- Department of Electrical Engineering and Computer Science
fngineering progran.

FRESHMAN YEAR

Fall Yinter Spring

Units Units Units
1A-1E-1C, <alculus, series, and functions..,. 4 4 4
Computers and Their ApplicatioNS.iecccccecccans 4 - -
ics UA-4E, Mechanics, ElectricCityeeeeeecccceas - 3 3
LlVeSeeateeeaceaennsccnacasicanosstaveancenosscnnce 7 _8 2
15 15 15

maendad Electivaes: Chemistry 4AB or 1ABC; Engineering Graphics; English
or Rhetcric; History, Social or Humanistic 2lective Courses.

SOPHOMORE YEAR

Math S51A, Linear Algebra..sececeeccscscsccccscanes 4 - -
Pnysics 4C, Waves and 0ScillatioONSececscccascnsnan 4 - -
#41, Progranming Languages and Tachniqu2sS.....c.s - 4 -
—~—F17, Introducticn tO EleCtrONiCS.accseccccncasacan - - 4
ZlectiveS.icesetecnnticonnssstsnnetacacsncsncnsnnn 2 11 a1
15 15 15

R2co

FECS
FECS
SECS
TECS

RECS

S5tat
Elec

Slec

Tota
Tota

mmended Electives: Ed45; Math 51B, 51C; Biology 1ABC; Physics 4D, UE;
English, History, Economics, Accounting; Social or Humanistic electives.

JUNIOR YEAR

150, Logic Dasign and Computer ComponentSe.. 4 - -
152A-B, COmMpPUtAr SYSteASe.eecsesncssccssosoe - 3 3
1512, Menory and Storage DeviceS.eecscscssses - B -
107, Progranmming Techniques and Data
SEtLUCLULCSeaescesacccssssssasacssusscsocscsce ) - -
118, Pundumentals of Discrete Syste@8S.eecess. - 3 -
istics 134A, Probabilityeseceeesocosecssanccees - - 3
tiVeSeeceeeetaccsssonscssocsnnncocsoiocssconnne 7 - 29
15 15 15
SENIOR YEAR
tiVeSeesececrsassesscsaversoscecsssscnsascsscsae 15 15 15
15 15 15
1l Units 180
1 Electives 117

Social Science and Humanities 27 (required electives)
Electives are recommended in Computer Components, Computer Systeas,
Coaputer Theory, as well as breadth elactives
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Softvare Engineering

California Polytechnic State University, San Luis Obispo -- Computer Science and Statistics
Department, Computer Science progcam. '

Freshzan ' Pall wWinter Spring
POrtran Prcgra®@ing (C5C 1071} eeeeeseovcacoceocasnncsos ; -

Booclean Algebra (CSC218) cecncecccscasosccsssccoccsscsccss 3
Analytic Geometry and Calculus (Math 141, 142, 143).... 4 4 4
General PhysicS (PhYS 131, 132} ceceecocronasccocanssoss 4 4
Preshman Ccmposition (Engl 104, 105)ceeveccccccssssscss 3 3
Preshman Ccmposition (Bngl 106) or

Technical Writing {ENgl 219) cceeesesccccccsccannes 3
Biologlcal SCienCeSeceeteceeccscscecsosasocncosesiencee 3
Health Pducation (PE 107) cesesscccecccssoconccnsssoosces 2
PRI LOSOPhY eeensecsocacsscscevosssccoossssce osecsassases 3
Physical Bducation ACtivity (PE 1471) ceceeeenecsessccas s 1/2 172 172
EleCtiveSe coveesenseotsocscsosscssnssessssocscssosnssoseses 2 2 3

16 172 16 172 16 172

Sophorore
Linear Progra®eing (CSC 219) ceeevsccccoscaossccnconnsns
Computer Principles and Progra®ming {CSC 221)ececcecces
Digital Co=putér Symbolic Programuing (CSc 222)ececees
Digital Computer Programming (CSC 304) cessccocceccsoss
Programming (CSC 310 OF 340) ceeeeeescocecocccocnsssocse
Numerical Linear AnalysSiS (CSC 331) ceceovcossescsssese
Analytical Geometry and Calculus (Math 2471)scccccccscs
Differential Equations (Math 242)esececsesscssesssocae
General Physics (PhYS 133) ceeeessecscscsccascsoccscsccnsse
Principle of EconomicsS (EC 211, 212) tevecscncccccsnscs
LiteratlUl e icseesnzsosoeeesanorsesssacssssssasccscscsscs
Basic Accounting (ACty 131, 132)cecccccsccovcccessnccs
Physical Education Activity (PE 241) ceseecacccceccscce

Bl eCtivVeSeceseoese to0cecenssrosscrcsscsssssscsssssvesess

W

wow

172 1/2 172

@ & & & & 0 o 0 & & 0 o s 0
&

16 172 16 172 1€ 1,2

Junior
Advanced Portran Programeing (CSc 3071)eecsecccsscccocse
Introducticn to Nuserical HMethods (CSC 332)ueecsccecscse
Numerical Analysis (CSC 333) ceeeecorvevssscocssccssscsne
Data Structures {CSC IU45) sesescssccccccssscsecsccsccecae
Systems Analysis (CS5C 350) eeeecccccecccossvccccsscasas
Algorithmic CompilersS (CSC 351)ceccccccsccscccascconce
Statistical Analysis (Stat 321, 322, 323)cccccccsccese
LiteratUf@ Or PhilOSOpPiifeses osescecsssscessnassssscscsas
American Governmant (POl 5C 201)eceasccccsccccoscscane
General PSychology (PSY 202) ceeeesscseosescsssvscsscsce
Managerial Accounting (ACtd 01) ececcecscccescscacsccacse
Analog Ccaguter Techniques (BL 313)ccccccsccccccccscaa
Principles of Digital Computers (BL 404)ceccccccsascce

BleCtivVESe esssseocssvessrrsoancssossssvsesscsssassssssosse

1]

-

~

=l

~in
]
1

Senior
Hath ematical ProgramBing {(CSC 819) ccce sescocncsscccacs
Prograzaing Languages (C35C 4571) ccecsccccscascccoscncae
Computer Prograzsing SYStemsS (CSC 452)cscecccocsssccce
Multi-Programming Systems (CSC 453) ceacccecscscasssesse
Computer GraphicsS (CSC U455) cocecesaccscecscacssssssssc
Senior Froject (CSc 461, 862) ceeecscscsesssssvsssssace
Undergraduate Seminar (CSC 463) cieecccceccscccccsscscna
Growth of Ansrican Democracy (Hist 208)ccecccccasccnccse 3
UsSe. in World Affairs (HiSt 205)ceecaccceccconacssccccse
Statistical Quality Control (IE 336) ceessecccscccsncense
General Chemistry (Cheém 124) cecececcvcccssccsscsecscssneasn

ElPCtiveSs cesecsesscauseeesesssssssscscnsssssssccccccsces

W

e o 8 o o & o
W

atn

-t

~Ho &

-1

i [

1

Total Units 198
Total Blectives 30
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Scientific Applications

California State University, Pullerton -- Computer Science Council {interdisciplinary
graup} Ccaputer Science grogram.

Regquired courses:

Lover Division Unjits
Math 150A, B - Analytic Geometry and CalcuUlUSeecscccsses 8
Math 250 - Intermediate CalcCulUSeesscsccessssssssccssascse 4
Math 281 - Linear Algebra with Differential EqnSesssesss 3
Engte. 205 - Digital Computztion or
Qe Mo 265 - Computer MethodS..cessssecccecacessocnsse 3
Q.M. 280 - Computer Language SULVeYeecsosooocesccssaasess _3
Total 21
Upper Division .
Q.H. 364 - Computer Logic and. Prograsmingececcecscsccscecs 3
Q.H8. 382 - Information StrUCLUCL@Seneecscessosccsssnsssss 3
GeMs U85 - ProgramBing SYStemMSeecccsscsccesccssascsncssss 3
Engr. 402 - Digital Logic DeSigNeeeccsccessvescoccnnsocsss 3
Engr. 405 - Digital Computer Design & OrientatioNeeceese 3
Math 340 - Numerical ANalySiSeecececccscsecsscssccsssocsnne 3
Math 335 - pathematical Probability or
Engre. 423 - Engineering Probability €& Statistics... 3
rath 435 - Mathematical Statistics or
Q.M. 461 - Advanced Statistics or
Math 440 - Advanced Mumerical AnalySiSeecceescscccas 3
Q.M. 448 -~ Digital SisulatiONesescscccccscscncacocscsasssc 3
Q.Me 363 - Intrcduction to Management ScienCee.ececsccess 3
Eco. 301 - Bconcmic PrincipleSsiececcescecesccecassccccces _3
Total 33
BlectiveS eesssrscscscscsesensscscescnsescassvacnssnansens 15
Total 69

The 15 units of upper division electives are to be selected to coamprise a concentration in ome of
the three areas: engineering, quantitative methods or mathematics.

Total Units 124
Total Electives 70
Restricted electives 15
General educaticn requirements are included in electives

22
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Business_applications

De Anza College, Cupertino ~- Business/Data Processing Division, A.A. Degree -- Data Processing
Major (Business Option)

MAJOR REQUIREMENTS

Data Processing 3 Coapaters and Society 4
1 Computer Prog. for General Education 4
80 Modern Math for Business & Data Processing 4
52 Principles of Computer Programming 4
85 Decision Making With Computers 4
62 or 90 Business Coaputer Language (RPG) ; Assenmbly

Language Coding 4
60 Prlncxples of Operating Systeas 4
61 Business Computer Language (COBOL) 4

62,91 or 96A,8,C,D (any 2) Business Computer Lanquage; High
Level Language Coding (PL/1); Adv. Praogr. 8
69 Systeas Design 4
Business 1A, B, C Principles of Accountinr : ) 12
96 Business and Industrial 0:ganization 4

Total Units 9u
Ma jor Requiremaents 60
General education and other requiresents 34

e e o - = P 6 - 8 - ) . - " - - - " = — ———— - = = 4 = . - ——

Upon graduation, many students having taken varicus courses in the field of computing at
California State University, Long Beach, have been .employed into the production, service and
governaent sectors. Por example, many have joined the aerospace industry, banking, insurance,
private business, computer aanufacturers, education, and government. Some have Jjoined as
prograamers, systeams prograumers, systems analysis, an® sales. Others hava continued on to graduate
school seeking their MBA or Masters or Ph.D. in Computer Science at other schools.

Since I can only speak about Cal-State University, Long Beach, we are only nov putting together
a Computer and Information Science Dapartaent. This interdisciplinpary departaent is being
established outside of existing schools and is being planned and staffed by those who are already
faculty meamkers in other departaments. The Department will eventually provide the service courses as
well as provide a major in Datalogy -- "The scieiuce of the nature and use of data." Since the
School of Engineering already has a successful computer engineering .option that naturally
specializes in hardware and software, CIS has had close affiliations with that school. In fact, the
Electrical Engineering Department Chairman, responsible for the computing engineering option, is a
menber of the planning teanm. :

There are those of us that strongly feel that students graduating from an institution of higher
education with degrees other than froam the traditional coaputer sciences, should have taken courses
with some substance in data handling. With computers playing a more prominent role in organizations
today in the private, public, and government sectors, students ip the behavioral and social
sciences, in- the biological and physical sciences, lxbrary sciences, education and business, etc.,
should be required to have had courses dealing with computer techniques in their discipline. It |is
not critical for these students to be proficient in the desian of computers and software or experts
in prograaming. But, these individuals should have the applxed sciences of their field; i.e., the
marketing student should understand trend analysis, data gathering, etc.; the production management
student ~- linear programaing, education -- item analysis, sociology -~ regression, etc. Rather
than =2ach department duplicating siwilar course content, we are proposing the Computer and
Information Science departameat drav on the faculty at the University wvho have the expertise in the
subject area. They will ccndict the various CIS'mini-courses for the campus or CIS and cross-listed
vith the department.

It is our intention for our graduates to have a better grasp of what they are expected to know
by their future employer as well as to be a better eguipped and valuable employee.

FOOTNOTES
iCoam. of the ACH, Yol. 5, ¥o. 6, June 1972, p. 470-472.
2SIGCSE Bulletin, Vol. 4, No. «, Deceaber 1972, p. 2~5.

35IGCSE Bulletin, Vol. 5, Mo. 1, Pebruary 1973, p. 102-10S5.
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WHERE ARE OUR UNIVERSITY COMPUTER SCIENCE GRADUATES GOING?

Bruce H., Darnes
Pennsylvania State University
Oniversity Park, Pennsylvania

Introductijon

In this discussion e will address our attention to where the graduates of the B.S. and M.S.
prograas in Coaputer Science are going and note what implications can be drawn relative to smaller
educational organizations. This information was gathered in two surveys of the graduates of these
programs,?,* A survey of the entrance requirements of Graduate programs in Computer  Science was
also mada.* We will wuse the graduate and undergraduate Computer Science prograas at the
Pennsylvania State University as a typical model of a University Computer Science progranm. While
the baccalaureate program differs in detail from Curriculum *68,3 it agrees in spirit. Likewise,

the graduate program is in accordance with the ACM Coamittee on Computer Science Curriculum report
on graduate programs.®

Edycation
Bafore we discuss the placement of these graduates it would be advisable to look at the
education they received. The undergraduate program consists of three major parts: general

education; related tachnical and computer science. Seventy {70) of the one hundred twenty-four
(128) credits needed for graduation are in the tields of communications skills, foreign languages,
science, social sciences, arts and humanities. Thesa courses are included so that the graduates
will be able to understand, live in and &rjoy modern society. The related technical courses are in
mathematics, statistics and technizal eiectives in an area of computer applications. The coaputer
science section comprises twenty-seven credits and is also subdivided into three areas: required
basic, required advanced and elective advanced. The required basic courses are algorithaic
processes, assembly lanquaqge prograsming, numerical calculation and introduction to tha foundations
of computer science. Systems proqramming, data structures and the structure of prograanming
lanquages are required of all students and form the heart of the program. To round out his computer
science educition, a student chooses two courses froa graph theory, numerical analysis, foundations
and logical design.

The w@masters program has four essential ingradients. The first consists of prerequisite
material to prepare the student for graduate level courses and to allow him to aake up the
equivalent of an undergraduate degree in Computer Science, if he didn*t have one. Only a small
amount of this material can be used to cumplete the degree requirements. The core of the prograa is
three courses; Structure of Artificial Languages, Syst2ms Programming, and Information Processing
Systems. This portion of the program foras the commonality aamorg Master's graduates in Coaputer
Science from most schools, It insures that the student is a proficient programmer as well as having
a knovledge of the fundamental subfields of computer science. The third reguirement includes
sufficient course work to bring the total credits earned to thirty. It allows the student to
broaden in some areas and to delve into others. It may include a minor. The 1last requirement is
that the studant fproduce a written paper on some topic in Computer Science. It may be a credit
thesis or a less extensive no-credit paper. The important thing is that the student be able to
attack a professional problem and describe his work in an intelligent afnid educated manner-

Enploymwent

Of the forty baccalaureate graduates responding to the questionnaire, twenty-one or over one
half had jobs as programmers and S5 had jobs as systems programamers; almost all of the remainder had
positions related to comsputing. As might be expected, the computer Nanufacturing firms and software
service companies employed a large nuamber: 7 and 4 respectively. But the rest found employment in
commercial organizations of wmany types and varieties such as steel, oil, elactronics, utilities,
etc., which collectively account for 17 of these people. Pinally, education attracted 4 while 5
were in  wmilitary service and 1 accepted employeeat with ths govennment. Further insight into the
career aspirations of these students can be found in their response to the question "what do you
hope to be doing five years from now?"® Several responses from women placed primary emphasis on
raising & family with either part-time professional eaployment as a programmer or withdrawal froms
the job wmarket with hopes of returning at a later date wvhen faamily conditions permitted full time
eaployment. Excluding this female family-oriented group, the responses to the question were:

*The author is indebted to Mr, Gerald L. Engle for gathering this material.
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Dasign of Systems Software and Operating Systess
Banagerizl Positions in Computing

Return %o Sichool

Teaching 5
Don't know

Same as present but at an advanced level 3
unspecified job in computing

Research in computing problems

Systems Analysis

Designing Information Systeas 1
Consulting 1
Business and Commercial Application 1

w o @

NN N

yote tth sultiple or alternate job objectives were stated by a nuaber of respondents. None, it is
interesting to note, wanted to be out of the field of computing and’ data processing; rather an

emphasis on @moving ahead in the field either in managament of computing or systems programaing is
strongly evident.

The Master graduates had a similar pattern of eaployment where the largest class of employers

is, predictably, the computer industry itself, followed by educational institutions. The data
indicates tha follcwing:

Iype of Employer No,

Computer Manufacturer 19
Software Piras 10
Manufacturers (not inciuding computer manufacturers) 9
Uiniversity or School 17
Government:

Military Service 6

Civil Service 1
Research & Development Pirms 7
Service Industries (not including software firas) 5
Bankxing and FPinance 4
Misc. )

Total 92

Job titles further reveal the use to which these people are putting their education. The

largest group are employed as various types of programmers, with about an equal number with staff,
analysg and instructbr titles. The specific data is:

Job_Title_ jGeneral) No.
Preqrammer 23
Staff Member 14
Analyst 13
Instructor 12
Enqgineer 1
Research Assistant 4
Misc. 19
Total 92

From this we can see that most of the graduates were using the skills they were taught primarily in
the computer industry or the educational world.

The Master's graduates also had aspiration of moving into managerial positions, but education
and high level technical work were also a amajor part of the career goals as shown by the following
table.

Qbjective 8o,
Management positicn ’ 26
Teazching peosition 1
Beturn to school 6

Researcn position

Systems progracming

Consulting position

Own business

Other (aisc.) 1
No answer

wE WENO
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Becommendations

What iamplications does this have for the smaller college? I think that there are at least two
significant implications, Few saall schools will be able to offer a Computer Science program that
is technically as compremrensive as that of the larger universities. While some studiesS$ indicate
that the shortage of B.S. Computer Science graduates will continue for a few years ang,
consequently, non-computer science students will be able to get some positions which would normally
go to more technically trained students, they will not be able to compete adegquately. Thus, the
smaller school shculd ¢y to place their computer oriented students into different positions and
career paths than th2 3.S. Computer Science graduates typically enter. One such area is
applications programming.* To do an excellent job in this endeavor it requires a solid knowledge of
the application area, a basic knowledge of science and mathematics, and programzing expertise. This
could be accomplished by a minor in Computer Science, similar to the program recorranded by Austing
and Engel.! While there will be many opportunities in Coaputer Science, thers will be even more in
the traditional careers for professionals with some coaputer expertise, The key to aunv
undergrajuate program is to train the student well enough to success at his first job and educate
his vell enmough to ke successful at the position he will have twenty years after graduation.

Some graduates of the smaller colleges will desire a career in Computer Sci2nce per se. They
could achieve this by taking a computer related position and through experience, on-the-job training
or continuing educaticn acquire the necessary coaputer science knowledge or, preferably, he could go
to graduate school for a master's degree. AS the surveys show, the Master's Degree in Computer
Science provides for a variety of entry positions and a grzater diversity of career options than the
B.S. program. cConsequently the spall colleges should pravide an adequate education to equip their
graduates to meet the antrance reguirements and succead once admitted.

The entrance requirements of fourteen Graduate programs in Computer Sciences® were surveyed.
While all schools provided for students to enter vithout the stated requirements, they felt that
entering students should present the following background before entering the program. All fourteen
Universities required a B.S. degree in Math2matics, 3Science, Engineering or similar fi2ld.
Conszyuently, they all required math through calculus and all but one required linear algebra. I
vas pleasantly surprised to note that nine schools required at 1least one course in probability
and/or statistics. One half of the schools required a course dealing with discrete smathematics. I
eypect that this number will increase in the coming years hecause, discrete math is the language of
computer-related agplied mathematics much as calcvlus is the language of continuous applied
mathematics. «hile only two schools preferred that entering students have a bachelors degree in
Computer Science, all required some Computar Science bayond the beginning programming courses. In
most cases at least four courses are required. The program recompended by Austing and Engel is
probably adejuate, if supplemented with the necessary mathamatics.

sumzacy

The data ccncerning careers for both B.S. and M.S. students in Computer Science indicate that
the graduates from smaller schools will not be adegquately prepared for a career as a Computer
Science professional, especially in the area of systems programming, and the smaller schools would
be better off preparing their students for computer r=liat2d positions in other areas. They should
also prepare studerts for entry into Computer Science careers throcugh graduate education. Bach of
these requires course offerings beyond the first course. The equivalent of a mincr of about 5
courses should be considered a minimum, Student projects either through the coaputation center or
through the academic program is an excellent means for supplementing the students education in this
area. I would encourage all schools to use the informal means of education to give their students
more prograseing experience and expertise. The lack of sufficient budget for a large computing
system or sufficient anrollments to justify a large faculby in Conputer Science does no% mean that
the smaller schools ars to be excluded frca Conmputer Science Education. Through planning, knowladge
and enthusiasa these schools can prepare their students for the exciting world of computing.

-t - - - —— -

*The area of commercial data processing is also an excellent alternative field. But that topic
is beyond the scorpe cf this discussion.

ssThese schools were Buffalo, Chicago, Colorado, Georgia Tech., Illinois, Ohio State,
pittsburgh, Purdue, Rutgers, Southern California, Stanford, Texas and Toronto.
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3Ccurriculum Coamittee on Computer Science (C3S), "Curriculum '68, Recommendation for Acadamic
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*Gotterer, Malcolm H., and Barnes, Bruce H., "The Computer Science M.S. Graduate®™, Proceadings
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1973;, 106-109.
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SECTION III

WHERE ARE WE GOING ACADEMIC ALLY ?




COMPUTING AT THE EVERGREEN STATE CCLLEGE

Fred H. Young
Evergreen State Collage
Olympia, Washiagton

The Evergreen State College is a new state college in Olympiia, Washington, that has just
c9lp1eted its second year of operation. It has a studant hody of approximately 2000 at the fresent
time and a few wmore than 100 faculty members. Our computer operation is based coaplately on the
library model. Every student, faculty amember, and staff mozber may he assigned a number at his or
her request that gives him free access to the coaputer. There is no restriction on tim2 used by an
1nd1yidua1. Each person has a limitel aaount of file space automatically assigned to him for
storing programs and data files. If someone needs more space, he requests it from a secretary on

;:e_conputer staff. Sc far, no one has been refused, but it is possible that in time space wmay be
mlred.

The college's coaputer is a high speed version of the Hewlett-Packard 2000-C capable of driving
up to 32 terminals. Commonly known as "Hewpy," i% has a core mnenory of 40,000 1o-bit words, 32K in
the CPU and 8K in the tront end proce:ssor. We have a 1M character fast disk, and our 4.8M character
disk packs have just been replaced by a 234 character disk. Our terminals include 19 teletypes {14
hardwired and 5 dial-uf), a Portacom, 4 Teleray CRT terminals, an X-Y plotter, and a T4013 graphics
tersinal. Ancther.terminal on the order of a Hazeltine 2000 scope with printer is out for hids.
The plotter and Teleray terminals operate at 30 cps, the Tu013 at 240 cps, and the TT¥'s at 10 cps.

The computer is dedica”ed to a single time-shared languagde, an extended BASIC. There are no
credit-bearing courses in preyrameing, but the computer center staff frequently gives short
workshops in EASIC. Most studants, however, are attracted to the computer by an extensive list of
gases, sodyme Jeveloped at Evergreen, soae elsewhere.

In-addition to Hewpy, Evergreen has an RJE consisting of a card reader, punch, and line printer
connected by leased line to an IBM 360/67 at Washington State University. All administrative
programs and files are keft on the 360, The RJE permits students free access, in batch mode, to a
Computer that can process programs in PORTRAN, LISP, SNOBOL, PL/1, COBOL, WATFIV, and an asseambler.
Nost students learn langquages as they need ~hem but a workshop in FORTRAN was given last year. We
have found, however, that BASIC serves the neads of the students and faculty so well, ani is so easy
tv use, that cnly a fev students are using the RJE.

With no computer courses but with free and essentially unlimited access to a computer, what
uses are made by members of the academic community? Much of it is of the expected sort. Nearly all
students studying mathematics are expected to use the computer as a calculating tool for such-things
as numerical integration, finding zaros of functions, making linear transformations, and so forth,.
Statistical analysis of data, vhether scientific or sociological, represents another commcn use.
But since Evergreents academic program is quite different from that found at most iustitutions, it
is not surprising that the greatest uss of the computer is nonnumerical in character. A year ago I
conducted a one-quarter program called "Puzzles, Games, and Problem Solving." The students studied
B8oolean algebra, 1logic, and problem solving techniques ¢f many kinds. Each student studied
intensively the strategy of soae known jane and invented a game of his own, complete with an
analysis of the strategy for playing it, All the students used the computer extensively, and some
invented games to play cn it, One pair of students cake up vwith a version of SEAWAR, played at two
terainals, that is one of the best versions I have seen. *They patented it and sold boards for it in
our bookstore. Three students programmed versions of Convay's LIFE game, but they were agonizing to
run on cur 10 cps teletypes, the only kind ve had available at that time. oOne student programaped
the sliding block puzzle for a 3 x 3 board. His first atteampt, a brute force search of the complete
tree of the game, tock hours to run. He then rewrote the program tc use a polynomial to evaluate
board positicn. This version would solve the puzzle in about 15 seconds. It was awmazingly
efficiant, Another student developed a nev kind of condensed tree graph for a couple of nim-like
nusbar games. These graphs could then be translated almost directly into computer programs. They
nov take on all comers at Evergreen. One of the better students wrote a program that constructs
extrasrdinarily complex mazes on the X-Y plotter. A companion program solves such mazes. It is fun
to watch it work. Omne student got interested in the general field of artificial intelligence and
programmed a "beast™ in a room with objects that possess various degrees of wvarath or coldness,
hardness or softness. The beast likes vara, soft things and dislikes cold, hard things, but it has
an overriding curiosity that causes it reluctantly to leave the things it likes and, avoiding things
it reaemhers as unpleasant, to explore the room for any nev objects that may have been intrcduced.
This project was explored for a year and has now been written up and submitted for publication. The
student is now working c¢n programs to write music.

I wmust nct forget an unusual poker playing program written by a student. He programmed four
distinct personalities (a cautious player, a bold one, etc.) who played against each other and
rodified thelr strategies according to whether they won or lost. After thsy had played a great
number of hands, it was found that their strategies converged. The final result is a challenge to
the academic cosmunity. After all, Hewpy doesn't really collect its winnings.
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A staff member has written a hilarious prograa to simulate a psychiatrist. "Psycho" gets a
good play by students. He has also becoas involved in computer art and has turned out a nusmbar of
fascinating constructs,

A faculty member with a background in English has made enormous strides in constructing a
prograa to help students learn expository writing. At present one subprogram, called PARSE, is
operative. It analyzes such graamatical features as sentence structure and length, paragraph
construction, use of modifiers of various types, and conjunctions. The output 1is a statistical
analysis of the student's writing style as cospared with that of other students and with
professional writing of similar type. The faculty member has recently been funded and will start in
Septenber tc develop a full-blown CAI program for improving wvwriting skills.

Evergreen has also received a COSIP grant to develop autotutorial materials for student use.
glthou;h ot@er devices will also pe usad, a major effort will be to construct CAI materials fcr use
in the sciences, This froject will be in full swing this summer. Several students have already

written CAT programs that are being used in a nusber of ways. Some of these are in statistics, but
on2 of the best is in the fundamentals of prograwming in BASIC.

Another ccamon use of Hewpy is simulation. One extensive project involvad the simulation of
tidal action and the mixing of water in a bay in Puget Sound. This program was quite successful and
lel to some management decisions involving construction, drainage, and sevage disposal around the
bay. It may have saved a valuable oyster bed for the Indian community on the bay. One student,
interested in book publishing, has simulated an entira publishing house including ware-housing,
distribution, labor, markets, and management, It is really an anmbitious project. At the present
time the student is trying to find a way to include such imponderable factors as worker satisfaction
in his model. As you might expect, he is having trouble. )

Not all Gfprojects have met with success. One faculty member wrote a program for use in first-
yaar coordinat2d studies that are heavily depend2nt upon seminars ahout books the students have
reai. The prcgram permits faculty with littla knowledge cf computers to introduce material each
week to prcvide hcip to students in the nmost difficult areas. A student can do +to a terminal,
selact the topic that is bothering him, and get a few paragraphs ot help. If the student feels that
the answers he receives are inadequate, the computer schedules a conference with an instructor.
Unfortunately, it dewanded more time from the faculty than was available. I% was a splendid
progras. If we aver get our faculty workload dcwn to maniageable size, perhaps it will b2 revived.

This has bteen a somewhat rambling description of some of the many uses of the computer at
Evergreen State College. We are still having Aifficulty getting some of the faculty to use it. A
few, of course, are ideologically opposed to computers, and we must wait until their students force
them to reccnsider their prejudices. The large majority of students and faculty are delighted with
the service Hewpy provides. P2ing dedicated to a single language, it wastes very little time in
ovarh@ad., It is virtually impossible to bog it down. Respcnse time is always very short. BASIC is
an easy lanquaqge to learn, and it has elirinatad the necessity for extensive programming courses.
At the same time, the versatility of the language and the complexity of the proyrams written bhy
relatively inexperienced students have surprised us. I have been at colleges with larger and more
2xpensive hardware, but never before have I seen such satisfaction with a computer canter. our
feeling 1is that when the time ccmes that we need to expand, we shall not get a larger computer but
will instead g2t another cosputer of the same size, perhaps dedicated to another language. Whatever
i+ is, the lanjuage will be interactive, and we shall maintain the library concept.
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WHERE ARE WE GOING ACADEMICALLY?

Margaret E., Dexter
Augusta College
Augusta, Georgia

In the past ten years or so we have seen Computer Science develop from an occasional course
offered at a few schools to an academic discipline offered at most if not all of the larger colleges
and universities. Now many smaller and medium sized schools are beginning to offer computer science
courses. Most cf us have at least one course and realize that we need additional coursework in the
area. Those of us who prepare students to transfer to the universities £ind that our students need
some preparation in computer science., Students going on to graduate school in other fields are
frequently expected tc kncy hov to usa a computer, and students ent2ring graduate computer science
prograss need several courses. Students entering the job amarket after either two or four years may
need some computer background to compete with students from larger schools. But we have neither the
faculty nor the computing facilities to offer extensive programs. So where are we going?

Pirst, let's recognize that we do have soae advantages over the lavger schonls. We are
typically more concerned with teaching than with research. We usually have spaller classes and
increased opportunity to know our students and work with them individually. Although e typically
have 2 teachin3 load of 12-15 hours ve may actually have fewer students than a profassor in a
univarsity with half as nsany hours of lacture per week. Perhaps we should ask oursel¥es how we can
us2 the computer to aid us in our primary function Oof instructing students as well as whather or not
we can c¢r shculd teach Computer Science. So 1let's briefly consider instructional uses of a
compriter.

Instructional uses of computer fall into thres general categories: problern leing,
educational games, and tutorial applications. The first instructional use of a computer your
campus protably was or will be ~- a problem solving application. And well chosen problem-solving
applications can significantly affect instruction. w%hether the student programs the problem himself
or uses canned programs of scme sort, he can be expected to solve problems which would be
prohibitive without a computer bacause of the arithmetic drudgery involved. Hopefully this will
permit him to understand and learn conc2pts because he is freed of the details of computation.

-sc
on

Many faculty members may feel that using a computer is not fractical in their courses. They
can't finish the book now, and how on earth can they add computer prograsming and get anything done?
The idea is not to pile computer prograaming on top of the other material in the course, hut rather
to incorporate the use of the computer into the curriculus in such a way that it facilitates
learning other wmaterial. ¥e need to keep in mind the distinction between teaching the students
about the ccmputer and using the computer to teach oth=ar topics. As textbooks wutilizing the
computer become available this will be easier for us tc accomplish. Although changes in curriculum
come abont slowly, the use of the computer in other disciplines can be expected to have an ispact
upon the curriculum of those disciplines.

Educational games or simulations are also being used in many areas. Here again the objective
is not to learn to use the computer but to use the cosputer as a tool to learn something else.
"Rather than presenting the student w«ith a mathematical model of a system in algebraic form, the
mod21 can be implemented as a computer program. The student can vary parameters in the model and
have the <computer demonstrate the effect, frequently graphically. We may also program models far
too complex to present mathematically. Although we should remind our students -- and ourselves -~
that we are experimenting with a model and that the validity of the results depends upon the
validity of the model, instructional applications based on simulation appear very useful and it is
reasonable tc expect more of these applications in the future.

Finally, the <computer can be used for tutorial applications. We are all familiar with
progracmed instruction or PT texts, and a computer can be programmed to present information to a
student, ask the student a question, and then use the student's response to determine the next
computer actioa. Por a discussion of programmed instruction see Meadow.? It is not clear that
there is any advantage to using a computer rather than a book for this purpose. In a paper
discussing the directions for research and development of computers in the instructional process
published about a Year ago, Zinn stated that this fcrm of CAI has earned a reputation as "an
unimaginative, costly, page-turning teaching machine®.3

The emergence of author languages such as Coursewriter and others has presented instructors
vith an easy way to present materials in an unimaginative way. Although some good coursevare has
been developed this way, it is extremely difficult and time-consuming to produce good materials and
easy to produce bad materials, with the result that a lot of bad materials have been produced.

A major disadvantage of this approach is that the instructor determines what material is to be
presented and the student cannot control his own learning. This means that the instructor who
prepares the materials must spend a great amount of effort predicting what the student will do and

31

ERIC

Aruitoxt provided by Eic:



prescribing the computer action. And the student cannot control what he is to 1learn or ask
questions about material he does not understand.

In the same paper cited above, Zinn notes that the current trend in CAI is toward systeas in
wvhich the student can centrol the dialogue. At that time several systems were in tha experimental
stage but none ready for practical application, largely because of the difficulty of constructing
the data tase for a conversational application. As a by-product of a study of the question oOf
whether the student or the coaputer should control the information flow in a tutorial dialogue, a
conversational CAI system was recently developed vhich, based on initial data, appears feasible for
practical apglication.? So we wmay expect a conversational form of CAI in which students may ask
questions and browse through instructional material to be available in the near future.

In conclusion, I would 1like to make a few predictions. I predict tiust a coaputing facility
will becose as wmuch a necessary acadeamic resource as a library and 4ill be required for
accredidation. (After this presentation, Joyce Little, Community College of Baltimore, told me that
in at least one instance this prediction has already come true.) I also predict that we will go
through a fhase 4in which we use the coaputer for the sake of using the computer and will discover
some instructicnal applications that are useful and discard others. The computer as an
instructional tool will be overused and wmisused until we discover where it is appropriate, and

(hopefully!) it will finally take a place as a us2ful instructiomal tool used in conjunction with
other forms of instruction.

' FOQOTNQTES
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Developsent.™
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PUTURE PROSPECTS POR COMPUTER SCIENCE

Richard H. austing
University of Maryland
College Park, Maryland

There are numerous approaches one could take to address the question "Where are we going
academically in computer science?®, cCertainly, all of the cther questions that are panel titlas at
th}s SyaFoslum relate to the gquastion addressed by this panel. The current status of ccaputer
science, the kinds of students we produce and the varieties of softvare and hardware available for
use are all vitally important aspects of an analysis of where we are going academically. The
liscussions on each question provide a necessary context for discussions on all the others.

. Because the future of computer science, like any other future, is grounded in the past, I would
like to consider the growth of computer science as a discipline during the past 10 years cr so.
This briaf reviev is intended to be illustrative rather than exhaustive. Only a few putlished
papers and reports will be cited.

In . many ways, ve have coame a long way since 1963 vhen Saul Gorn's article "The Computer and
Information Science: A New Basic Discipline" was published in the SIAM Review! and when the first
sajor panel discussicn on computer science courses took place that summer at the ACH meeting in

Derver. Unfortunately, there ar2 still a number of areas in which we almost haven't even gotten off
the ground.

The ACM panel consisted of the following topics and speakers:

1. Programaing of Digital Computers (A.J. Perlis)
2. On Introducing Digital Coaputers (B.W. Arden)

3. An Undergraduate Curriculuam in Numerical Analysis (G.E. Forsythe)
4, Logic for the Computer Sciences (R. Korfhage)
5. Mechanical Languages: A Course Specification (S. Gorn)

6e The Place of Logical Design and Switching Theory in the Computer Curriculus (D.E. Muller)

A rz2port of the pan2l Jliscussion appeared in CACM in April, 1964, This discussion was
instrumental in the establishment of ACM's Curriculum Committee on Computer Science (C35). This
comzittee, sugpcrted by NSP funding, produced two regorts in 1965 and 1968 respectively:

a) "An Undergraduate Prograa in Computer Science - Preliminary @ecommendations®2
and h) "Curriculum 68: Recomaendations for Academic Programs in Computer Science”3

I won't list the 16 course titles in the 1965 report and the 22 titles in the 1968 report, but
those of you familiar with ®"Curriculum 68" can easily see the growth in the number of topics
consilerel to be in computer science during the period from 1963 to 1968. C3S5 still exists and has
2very intention of prnducing an updated report on computer science curriculum, but ¢the termination
of funiing sewveral years ago has considerably slowed the progress of the Committoe.

As w2 all know, the impact of ®"Curriculum 68" was tremendous. The number of degree programs in
comput2r science has mushroomed; textbook writing activity has been brisk; attempts at teaching
various courses has resulted in the  nmodification of course content, in the reduction of course
levels, and in the estabtlishment of new areas and topics. Because of the immense scope of
"Curriculum 68" only those institutions wvith substantial resources could hope to implement a
3izeable percentage of its recommendations. This has led to developsents «ithin cosputer sciernce
that have been toth beneficial and detriaental.

The larger and/or nmore prestigious universities have acquired faculty and have established
computar science departments offering degree prograass based, more or less, on the recommandations in
"Currizulum 68." In %any instances, gradunate degree programs were established first. The necessary
attention tc research and theoretic development required to maintain graduate programss has
contributed greeatly to the growth and prosperity of computer science as an acidiemic discipline but
it has also tended to give computer science an aura of being a "pure"® (as opposed to ™appliedw)
field. whether or not computer science will continue in this direction degends on many factors and
I do not intend to get into all of the ramifications of the "“pure" vs. Mapplied® debate nor into
definitions or descriptions of the terms themselves. I do feel, however, that it is important to
cite the situation and to raise the following points:

a) the extent to which "“pure®™ and "applied" are =ixcd will greatly iafluence the degrea of
future success of computer science;

b) comnputer scientists should be awvare of the sirtuation within mathematics and should learn
from it;

c) the capabilities, uses, and impact of computers are essential ingredients in the education

of a computer scientist; and
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1) the continued developmant of undergraduate programs is vital for the supply of respcnsible
and knowledgeable computer oriented people to tane work force and, to a lesser degree

(because a smaller number of students 3is 4involved), for graduat2 computer science
prograas.

I have deliberatgly not discussed specific topics or areas within computer science nor wvhat may
or may no¢ ke appropriate tc the discipline. I have avcidad doing so because any such discussion
involves a consideration of local conlitions such as baskground and interests of faculty members,

serenjths and veaknesses of other departments, ani historical development of computer oriented
course work. These proltlems are too diverse %o treat in tnis paper.

instead, I want to focus on the appropriateness of computer science as a subject vithin a
liberal arts environment. To a great extent, the futur2 of computer sicnece depends cn  its
inclusion as a respectable wmajor £fi=1d of study in liberal arts institutions. Clearly, this
involves a commitment to acquiring and saintaining resources, both faculty and equipment, that <uch
institutions ara generally not ready or able to make, ever if sufficient resources sare presently
available. 1 cannot predict how and vhen these probleas will be overcoaa, but I &an hop= that means
vill be sought. In the interia, howaver long that may be, development cf computer sciance courses
and curricula within literal arts college should be pursued. Two papers offering gquidelines for
development are included in the references.®*,S

Some very practical arguments can be made for any institution, no matter wvhat its size, to
offer cosput«r science courses and degree prograas. I <think +they apply particularly to saall
colleyes. Por example, admission requirements for graduate degree prograas in coaputer science have
been incr2asiny steadily and will, probably within the next several years, include a bachelor's
deqrz2 ia computer siencei already, three or <four upper division computer science courses are
rejuired. The majority of students, howevar, will take computer science courses to become nore
2mployable or to bae better ejuipped to handle themselvas depending on hnu strongly an individual
instituticn feels about vccational training as an appropriate goal of a liberal arts curriculunm.
Another argument on the practical side 1is that sore and more high school students are becoming
=xposel to ccaputing. They will look for more of it in any college or university to which they
apply.

Irrespective of these arguments, computer sci2nce is an appropriate tield of study for a
liberal arts student. Any graduate of a liberal arts institution to be considered “educated® surely
must hava some knowledge about computers. The amount and type of knowvlesdge is arguable but not the
fact of having it, A liberal arts graduaze with no exposiure to computers or computer science is
unable to communicate vwith a large segment of those people within the graduate's sphere on even the
BOoSt basic matters related to computers and their impact. Pecause the coaputer is a useful tool in
at least some aspect of all disciplines, the unexposed major of any field is at a disadvantage,

More importantly, the probles solving method inherent in computer science could be the most
us2f1l idea given to liberal arts students. The processes involved in breaking a large problem into
a set of smaller ones, coastructing a model for each smaller problem, devising an algjoritham for its
solution, testing it, reformulating the problem if necessary, etc. are applicable to any discipline
and undoubtedly are a great aid in helping students to think, plan, create and organize.

A student can be introduced to this process in one or twvo basic prograaming courses.
Additional (usually upper division level) computer science courses will develop the process as well
as provide a body of knovledge not incluied in other fields. Some of the areas appropriate tc upper
division computer science work could be labeled data structures (or information processing),
languages (usually wvith esphasis on structure and properties rather than on developing programming
skills), numerical analysis, simulation, systeams (including computer organization), and theory of
computing. Good textbooks are becoaing available in these areas so that it is possible tc teach
concepts in these areas (in contrast, for example, to teaching only the details of a specific piece
of eguipment). "Concepts" 1is the keyword here, becaus= a student with a command of concepts will
thave the flexibility to adjust to a variety of environments vhether on the Job or in graduate
school.

I am not concerned at this point in time vith the question of what kinds of jobs a computer
scienc2 perscn will be qualified for. Current graduates with computer science backgrounds are
getting jobs. Furthermore, as more and more comptiter science majors graduate, positions suitable to
their backgrounds will become bhetter defined.

Both in 1looking into the past and in 1lookirg to the future, I see a number of needs and
problems that continue to plague us and which bear mentioning: a) Teacher training, both in-service
and for secondary school teachers, maust be increased; bj Trial and error course and curriculua
development must be brought under better control; c¢) Institutions with resources aust do aore
reaching out to help those with little or no resources; d) Better articulation must be achieved
among personnel in Z year, 4 year, and graduate programs; e) More attention must be given to
innovative pedagogical methods; f) Service courses asust be improved so that they better suit student
and department needs; and g) Continuing education must be implemented on a greater scals to assist
computer professionals in keeping up with the field.
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In summary, I feel that the future of coamputer science depends on how at least the following
quastions are answvered:

1. What kind of mix of "pure™ and Mapplied" subject matter will be maintained?

2. How successful will swall (liberal arts) colleges be in implementing computer science
degree prograas? N .

3. How rapidly and well will the needs identified in the preceding paragraph be net?

POOTNOTES
1Gorn, S. "The computer and information sciences: a new basic discipline,® SIAM Review. 5, 2,
(1963), pp. 150-155.

2ACH, "An undergraduate program in computer science - preliminary recommendations,"™ CACH, 8, 9,
{1965), pp. S43-552,

3ACH, “"Carriculum 68," CACH, 11, 3, (1968), pp. 151-197.

*Austing, R.H. and Engel, G.L. "A computer science course program for small colleges," CACHN,
16, 3, (1973), pp. 139-147.

SLa France, - J. and Roth, R.W. "Coaputer science for liberal arts colleqges: a repecrt of a

vorkshop held at Wheaton College, Wheaton, Illinois, July 12-14, 1972,% SIGCSE BRulletin, 5, 1,
{1973), pp. 70-76.
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SECTION IV

WHERE ARE WE GOING TECHNICALLY ?

Fo




COMPUTER~BASED LEABRNING IN 1980: WHAT WILL IT BE LIKE?

E.D. McWilliams
National Science Poundation
Washington, D.C.

Anyone who has experienced - as many of us have - the disparity between pronise and performance
for computer (and other) technology should be rather cautious in predicting future capabilities. I
vas asked, however, by the CCUC committee, to be *"provocative," and in that spirit, I am prepared to
predict that by 1980, CBL (Computer-Based Learning) will be characterized by the availability of a
wide range of lcw cost, high performance educational computing systems, capable of providing highly
effective instruction in most disciplines and educational levels. Purthermore, CBL will be
acknovledged, finally, as the most jimportant educational innovation since printing, and most
educational institutions will either be using it routinely or will be making plans to do so.

I hope that at least some of you consider this to be a "provocative" statement. I believe it
to be a reasonatle one, however, and one upon which your institution should be informed, especially

since, in my opinion, only a severe depression or other national emergency can delay this prediction
by more than a few years. .

Notice that 1I've used the euphesmism "CBL"™ instead of "CAI"™ or other more restrictive term.
Within CBL, I =nbrace all present forms of educational computing, and then soae. Oour educational
system 1is characterized - fortunately, in my opinion - by diversity, and so it will be with CBL.
Such systems will differ markedly in matters of:

- scale {ranging from dedicated, self contained, single terminal systems to huge
instructional uytilities s2rving thousands of terminals scattered all over the country).

- function (CAT, CMI, CAI, "dual and solo wmcde" problem sclving, simulation, and
ftrowsing") .,

- facility (libraries of software or courseware proqgraks, programming or authoring services,
information storage and retrieval services, graphical input/output, natural language
input/output, and so forth).

(Ne shall not want for variety - that is the surest prediction of all!)

Before explaining  the basis for this prediction, 1let =me explain the program within the
Foundation that I administer, since it provides the perspactive for ay opinions. My program -
Technology and Systems - is one of 3 within NSP concerned with "Technological Innovations in
Education". 1I'm responsible for ensuring the existence of better (and better) hardware, software,
and "courseware®™ (instructional computer programs), by supporting research, development, and
evaluation of promising techniques and systems. This program is presently supporting a number of
interesting projects, notably the development and field test of the PLATO and TICCIT systems of CAI.
[I'1]l describe these systess only briefly here, in order to develop other bases for =y prediction.
I did bring along a few reports, and I'm prepared fer questions later.)

PLATO (IV) is 1intended to ba an instructional utility, capable of providing CBL from a large
library of courseware, to thousands of widely scattered students simultaneously. TICCIT is intended
to provide highly structured CAI to roughly a hundred students simultaneously, in community college
English and mathesatics. (One TICCIT systesm is designed to serve a single community college.)

Bach of these systems offers several interesting and seemingly valuable instructional features,
through the use of significantly different technologies and strategies. Por example, PLATO®s
{(plasma panelj console provides quite useful, high resolution graphics, color slides, touch input,
and audio wessages to resote locations using standard telephone lines. TICCIT's "Digicolor"
television console will provide high resolution - several times better than standard television -
display of cclor characters or piecewise graphics, plus videotape and audio capabhiljity, at a very
aodest cost (under $2,000 capital cost per console). Furthermore each system is designed with
efficiency (as well as facility) in mind; each is intended ¢o deliver CAI at a cost - exclusive of
the cost for developing the courseware - of $1.00 or less per student-~contact-hour.

The strategies for achieving their elucational goals are markedly different as gell. PLATO is
designed to enable a faculty member to prepare his own courseware, according to whatever 2ducational
strategy he practices. TICCIT*s entire design ~ right down to the *"Learner Control Keyboard®™ and
other hardware - is based upon a rather simple, general model of instruction in which the courseware
is prepared hy teams of "courseware craftsmen", and delivered and executed as data.

Based upon their early promise, the Poundation beqan two vears ago to organize a major field
test of these two systems, primarily at the comsunity college level. Progress for the field tests
has been good - we seem likely to miss our original starting dates by only 6 months. (The original
date was September 1973 for PLATO, and Pebruary 1974 for TICCIT.)
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I Dbelieve that each of these systems will meet its design objectives - namely to provide
effeciive CAI at a cost of $1.00 per hour - before 1980. By themselves, therefore, they will indice
considerable change in the use of CBL, since the cast for human instruction is already several times
that figure. There are many other encouraging developaents too, hovever, and I see stronqg gromisa
from several that can be grouped loosely together under the heading of "machine intelligence”.

?or example, comfputers are already able to cosmunicate with humans in natural - though still
restricted - language, by recognizing and reproducing human speech, with aver-increasing accuracy

.and  speed. Natural language cocmmunication should be quite far advanced by 1980, and could prove
quite useful for CBL.

Purthermore, computer programs are increcasingly able to understand the substance of what they
teach. For example, I recently inspected a program capable of instructing in integral (as cpposed
to nuamerical) calculus. It understood the various methods of integration - by parts, trigoncaetric
Substitution, etc. - and where each method applied. It wvas therefore able to solve its own
(randoaly generated) problems, or others posed by the student, Nith this rather deep understanding,
it was able to provide the student with Spegcific advice - e.q., "porhaps a second substitution of
variables would help" - when requested. (This program had an additional nice wrinkle; it was able
to learn from the student. If the student's strategy for a particular problem proved more efficient

than the programmed strategy, it was adopted by the program, and would be used for such problems in
the future.)

There are promising developments in programaming languages as well, such as just reported to us
by Dr. Mills. 1I'd like to mention another, that I find especially exciting.

All prcgrameing languages with which I aa familiar are sequential, like the machines upon which
they run. In the real world, of course, events proce=d in parallel, and often inderpendent
(asynchtonous) of one another. Computar simulations of real world events using standard sequential
programming languages have therefore proved to be quite comflex, as anybody who has attempted one
soon discovers.

At the same tirme, simulations of real world phenomena are widely recognized as potentially
valvable learning aids. Realistic simulations and graphical displays of ecological and other
systems are already popular. The progranming required to build (rather than merely use) a
sirulation preveats many interested faculty members - and even some students - from attempting to
write one. This seems unfortunat-, since the insight is*o the process of the simulation will surely
be deeper when the simulation is constructed, rather than aer=ly exercised.

One researcher has develoged a programming language based upon this notion of parallel
processes (and other proeising concepts), which enables one to program the processes in the manner
that he thinks of them. Por a space war simulation, for example, one describes the characteristics
of one ship (speed, acceleration, heading, tield of vision and fire, 2tc.), then kicks it off and
concentrates upon launching the second ship, or third, or whatever. Each ship proceeds on its
prograsmed course, with coordination - the essence cf simulation - between ships and earth provided
automatically at the systems level. I &«-w a listing for such a program, written in this language
(by a student, ¢f course); it consisted of a half page of source code! (Alt hough probably
significant in itself, the 1length of the program is not the advantage being sought, but rather a
nuch better match between the natural thought process and the resulting program code, to reduce
unnecessary thought processing and memory load. This is of course the same objective being pursued
by the advocates of "Structured Prograaaing", reportzd to us just moments ago by Dr. Mills.)

I aust mention too the promising attempt to stisulate learning in young children through the
use of physical models or other devices, whose principles of operation can be exercised by computer
programs written by the children themselves. Por example, a computer controlled, 3-wheeled cart can
be moved about by program control, and leave an ink tracing of its circuit around tha room, to
illustrate the principles of plane geometry. Siailarly, the principles of structural biology can be
exercised through the use of a computer-controlled physical model of an arimal, with moveable parts,
"muscles", and "nerve networks".

Many other promising technological daevelopments could be cited, but let me smention an equally
important phenozenon, namely the concurrent development of the human resources required to  exploit
this proaise. People are becoming very experienced - even sophisticated - in the application of
technology to education, and this ability seems to be growing exponentailly. Computiag 1is
infiltrating departments previously thought to be impervious, for example in the arts and
humanities. At this conference alone I've heard reports of the use of APL - a sophisticated
mathematical programming language - by wuniversity English majors (not to mention third grade
elementzry students). Furthermore, I perceive some understanding not only of the application of
coaputing, but the ({deeper) process as well, which seems likely to be of fundamental impcrtance for
the reform of curriculum and for the provisicn of nev educational services. As an example c¢f the
latter, I can report that my program is presently supporting the development and field test of a
computer-based system of career guidance and planning that seems certain to provide to college
students, well before 1980, insight into their own values and opportunities, and skill in gathering
information 2znd exercisirg choices - skills of acknowledged value that are virtually nonexistent
today. The interaction between computing-wise students and computing-wise faculty seems to me very
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promising indeed, especially when sSupported by theories and coanclusions fros coaputing-wise
research.

One wmight conclude from all of this that the millenium is close at hand, except for cost, but
here, too, the signs are quite encouraging. The cost for most basic electronic components has gone
down steadily by a factor of 10 in the last 4 or S years, and is expected to continu2 this trend for
the next 5 years. (Por example, the cost for computer memory, disk memory, azna integratad circuits
has heen so affected. Rumor has it that IBM is simply crushing returned 2314 disk units in a
hydraulic press like junked cars, as the most effective forms of salvage. The 2314 was the industry
standard only 2 years ago.)

Concurrently, computer performance and reliability have improved dramatically, through the use
of medium and large scale integrated circuits for non-destructive~readout memory and central
pProcessors. This has not only improved perforuance by reducing the distance required for signal
travel, but reduced the physical size of the equipment as well. Coeputing power that required an
entire room 10 years ago could be available in notaebook size by 1980, and research is wall along in
one coamercial laboratory to produce just that — a protable, battery powered computer systea, with
console, CPU, wmain and secondary memory, contained in a nctebook. (If this doesn't seem ambitious
enough, consider that the had of the project believes that such a "personal computer" could bhe
produced for less than the present cost of a graphics console alonel)

Having thus explained the basis for ay prediction, let me hasten to state what I am not
predicting. 1 don't think for a minute that even getting tc 1980 will be a breeze, or that we will
in fact find everything rosy when we get there. Getting access to the technvlogy won't be easy;
integrating it inte the curriculum will be even harder. A lot of people will be working very hard
to do so.

Purthermore, I <cannot reassure you that this technology won't replace some faculty. With the
cost for human instruction going up and the cost for <CBL coeing down, sone replaccaent seewms
inevitable, Tha way in wvhich this advantage is converted will be & local decision, determined by
those local factors - such as growth - that dominate. Thare is no reason to bhelieve, however, that
1980 (or, say, 1984) will necessarily be Orwellian - with the technology allowing the government to
dominate us - although recent events should encourage us to remain constantly on our guard.

Some wag recently compared CAI with a waltzing elepha2nt. People, he said, weren't for a minute
impressed by the quality of the elephant’s waltz, but only that it had the audacity to try! I hope
that it is clear from my rerarks that I believe such an analogy to be very shortsighted. Within a
very few years, that elephant will be doing some very nice steps indeed, and a good many intelligent
peopla ¥ill be dancing right along with it. Your institutions, and mine, should be prepariny for
the occasion. :
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TRENDS IN THE DEVELOPMENT CP COMEUTER SOPTWARE
POR COLLEGE ADMINISTRATIVE APPLICATIONS

T. Ray Nanney
Purman University
Gr2enville, South Carolina

what will be the nature of administrative software development for colleges and small
universities during the cowing decade? In wmy reading of the computer literature and in
conversations with many individuals I have not fourd any clear-cut agreement about the trend of
future developaments for administrative software. Consequently, you will be hearing ay ofinion,
ngeover, since @y experience has bean primarily in ssall institutions, my remarks will be about
thea.

Before discussing more technical matters, theore are several general questions that each one of
us should ccnsider.

1. Are ve doing the right things with the computer?

2. Is the computer center being managed in the best possible way?

3. Is top administration involved in establishing the computer center policies?

4, Are we insuring the privacy of the computer records for individual students, faculty, and

adainistrators?

Personally, I believe that the success or failurz of a particular computer installation depends more
upon these factcrs than upon technical matters.

As a first step in speculating about the future, we all n=ed to ask whether our computer
centers are doing the right thing. My impression is that many of us consiier the computer to be a
super toy to be wused in part for our intellectual amusement, ~and we may even lock upon
adainistrative applications as large puzzles to b2 solve! so as to optimize <the effeciency ~of
operations within the computer center. This attitude must be changed. This subject is receiving
increased attention from the computing community, and many excellent articles regarding it are found
in Pred Gruenterger’s recent book, Zffective Versus Pfficient Computing {(Prentice~Hall). All
computer center directors will find this little book to be extremely helpful and enlightening.

How do wve tell wvhether or not our computar centers are doing the right thing? A reasonable
start can be achieved by classifying the output of our programs for administrative offices using the
scheae of R. Van Dusseldorp.! He divides the information needed for colleges to function into three
levels:

1. infersation for operations -- i.e., for conducting clerical tasks such as payroll, student
records, and fimancial transac%tions

2. information for control =-- i.e., for implementing administrative decisions and policies
such as budgyet control

3. information for managem2nt decisions -- i.e., for foraulating managemert dacisions and
develcping policies such as determining tuition rates and deciding when tc construct new
buildings

Unless ysur situation is exceptional, your computer center produces lit%le information which is used
for contrcl cr management decisions. Effective use of our computers will come as we 1lsarn how to
provide these higher levels of information. Progress is being made in this respect by the Westetn
Interstate Comaission on Higher Education (WICHE), by the National Laborastory for Higher Education
(NLHE), and ty many colleges and universities. .

My second general observation is that even small institutions must have cosputer center
directors who have management skills. This is more important than having a knowledge of computers.
Most of the collage computer center directors that I know wvere previously either professors,
computer programmers, Or systems analysts. (This may or may not be a true example of the Peter
Principle.) There is no necessary correlation between thase occupations, interesting and important
as they are, and a knowledge of management techniques. When was the last time you actively sought
to improve your management skills by reading management books, discussing a pecint of management with
a knowledgeable colleague, or enrolling in or auditing a management course?

The third general point is that top management pust participate in establishing and enforcing
policies for the computer center. This 1is essential but difficult ¢to accomplish. Many top
administrators in small institutions have little or no knowledge ¢f the computer or its operation,
and they are in awe of those who do. Many have not recognized that they aust give Just as nmuch
attention to the wmanagement of the computer center as they do tc any other important part of the
organization. The Tesult, in some cases, has been an improper dabdication of many management
functions to computer center directors. Who sets the priorities for the work done by your center --
vas it one of the top three administrators in your institution? In your school, does the "squeaky
vhael" get computer services first? Do you have a list of guidelines which were established by your
supeariors?
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My final general point is that we gmust insure the privacy of the coaputer records of all
individuals regardless cf the nature of their association with the school. The public is rightfully
aggravated with the mistakes caused by iaproper use of the computer and the resulting inconvenience
and trouble, Many are concerned about the possibility of 2 federal data center, Supreme Court
Justice william 0. Douglas has stated: ®“The manner in which governaent pries in+to men's lives and
fills their personal files with data of +his sort makes th2 arrival of a federal data center a most
dangerous event."? In designing computerizel systems for administrative offices we have an
opportunity ani an obligation to dzmonstrate to our students, who, after all, ar: tomorrow's
leaders, that ccaputers need not te fearaei when they are used properly.

What can w2 expect technically in the next decade for coaputer applications for administrative
officas? We will surely see (1} significant improvements in our ability to deal with change, (2)
new languages having sore powerful instructions than thcs2 we are presently using, (3) sophisticated
programs for aisinistrative applications that can be purchased for a fraction of their development
cost, and (4) powerful programming aids that can be exacuted on small computers. '

There are at least four differant types of chang=s with which we aust cope in our computer
centars: (1) changes resulting from improved technolojy, (2) changes resulting from a shift in the
policies of our institution, (3) «changes rasulting from the resignatior and eaployment of new
adninistrators, and (4) changes resultinj fros molifications in the elucational system itself. At
Purman University we have an I3% 1130 computer, a rathar large one as 1130's go, but we are having
difficulty dcing all the work our adainistration wants, Moreover, rany schools are having siailar
difficulties and will soon be forced to upgrade their equipment. Within the last year or so,
iaproved technology has made it possibla for us to considar a wide range of atachments to tha IBM
1130 to iamprove:its performance ani also to consider many other computers as replacements for the
1130, To illustrate the complexity of the problea: amonj the systems that can reasonably be
considered are the Burrcughs 1700 serias, CHI 1130, DSC Meta 4, GA 18,30, Hewlett-Packard 2000 and
3000, Honeywell 115, IBM System 3, 360,22, anl 379/115, Logicon 1130, NCR Century 100 ani 200, PDP
11,40 ard 11745, xDS Sigma 3 and Sigma 6. One 9f my greatest fears has been that it would te very
difficult to change comsputers bpmcaus2 of projram conversion problems. Portunately, frogram
conversion doa2s rnrot appear *o be a sijnificant problem now.because the manufacturers are designing
their software to ainimize conversion iifficulties.

Advances in technology will also make it possible for small institutions to consider having on~
line administrative systems. At Furman tor several years scme administrators have wanted such
systess, but when they learned of <he cost, they backed away. The low cost of the recently
announced DEC DATASYSTEM 340, which leas25 for as little as $1200 per month and which provides many
of the on-line features tnat adainistrators want, i>sonstrates clearly that we nust Soon give
attention tc cn-line systens. How much would it cost your school to convert its ccmputer
applications for administrative officeas to an on-line cperation? It is not too 2arly for us to
desiza our systems with the conversion in mind. We need to know what we will do with our batch-
orientsd systems when large data bas2s ani %ia2 sharing become inexpensive.

T> te effective our cowmputer centers amust be responsive to sudden changas in policies,
administrative fersonnel, and the educational system. As an example, in 1969 complaints and rumors
that Baptist students were being refused admission to Furman, which is Baptist supported, caused the
administraticn to give high priority to developing an admissions data base and suitable adaissions
reports. Because we had a generalized information retrieval systea, it was possible for us to
implement the 2ssential parts of the system immediately. It was shown that Baptists were bheing
treat2d quite fairly, and possible embarrassment and loss of funds were avoided,

Changes in adaministrative officers of an institution cause complex problems for a computer
center., A nev adeinistrator way want "minor" changes in the form of various reports, but making
these changes may not be minor at ail. The nanagement style of &z new administrator may require that
new reports be developed as quickly as possible for him. How can small computer centers with their
linited staffs respond adequately in this situation? My belief is that we must make maximum use of
racent.ly developed new concepts of progyraaming techniques to reduce the work of writing nevw systems.
In his 1972 Turing lecture, Professor B.W. Dijkstra predicted: "...w2ll before the seventies run to
completion, we shall be able to design and implement the kind of systems that are now straining our
programming ability at the expense of only a few percent in man-vears of what they cost us now, and
hesijes that, these systems will be virtually free of bugs."3

Most collage computer center directors have a horror story they can tell about the operation of
their centers. My horror story has to 4o with printing report cards and with changes in the
educational systea. In 1967 when our first report card program was written, Purman was using a
semester system. In the fall of 1968 a three~term sSystem was introduced in which all courses were
of equivalent weight (4 semester hours), and progress toward graduation was measured in courses
earned. The ragport card prograr was rewritten, but we were clever. We assuaed in rewriting the
program that a monolithic course structure would not last, so we prepared for .5 courses and double
cuurses, Within a year these were introduced, follcwed soon by pass-fail courses and non-credit
courses. In 1971, despite vehement claims by administration and faculty that it would never happen,
.75 courses (3 semester hodrs) were introduced; we discovered that allowance had not been made for
this possibility, and “wo man-months were used rewriting the report card program. PFollowing this
change the program was suafficiently general that after trivial changes, it was used by three other
colleges. One task of the program is to apply a complex set of rules to determine whether a student
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goes on academic probation. Each year daring the existence of this version the probation rules have
changed and the program vas patched. The last patch in the sumper of 1972 required n=2arly a man~
month and used a great deal of coaputer time for testing. Last month, May 1973, the probation rules
were conmpletely changed. Unfortunately, the program was written as one large amainline program (31
pages including comments), and it must now be rewritten.

How could all of this work have been avoidei? I believe that the answer lies in modular, *op-
down programaing. Structured prugranming as expounded by Dijkstra results in reliable prograss that
are easy to modify. Such programs can also be generalized with respect %o data bases. Using these
techniques, it is my opinion that the report card program cculd be rewritten so as to apply to
almost all institutions. Specialization of the program to a particular institution would require
only simple modifications to some routines, New insights into programming techniques are to be
expected as we gain experience with Dijkstra’s methods.

In additicn, advances in techniquas for designing software can be expected, and thase advances
are likely tc be useful to those of us who are operatiny small computers. As an examfple of
improvement in software design, consider the Automatic Engineering Design (AED) system which was
designed as a scftware engineering systea. D.T. Ross* has stated regarding AED: “It is now
possible for management to control the use of resources in software development. From the first
prototype on, each stage entails minimum expenditure to achieve a well-defined goal." The AED
systes includes an integrated, modular library of software components which can be quickly combined
to form a werking prototype for a desired system. The resulting system can be operated on a trial
basis, and suggestions for change can be solicited from the user. The suggestions are then
incorporated into the system, and the process is repeated. Proceeding in this it2rative manner, the
system is developed. When the user is satisfi=d, the system can be fine-tuned to obtain improved
efficiency. The adamissions system for Puraan was develop2d in this iterative fashion, HResults were
available as soon as the data were collect2d, and the final system was both inexpensive and
rasponsive to the needs of the admissions office.

buring the seventies we will also see colleges invest more in programming packages developed by
other educational organizations and also by software companies. Why should we continue to redavelop
administrative systems at our institutions when the job nas been done elsevhere? For example, NLHE
has just begun marketing a generalized general ledger system specifically designad for colleges and
universities. The system sells for 31000, and NLHE literature states that colleges could not design
a similar system for less than $9000. Actually the system cost NLHE several times their indicated
minimua for developaent. 1In these times of financial difficulty for our educational insitutions, it
makes particularly good sense to invest in this and similar software packages.

Colleges and universities are far behind business ard industry in the purchase and use of
general-purfose programming packages and programming aids. In 1972, at least 28 different file
management packages were being markated and over 1700 installations had been made. All of the
packages reduce the effort of developing software by providing generalized file wmanagement and
information ratrieval capabilities, A personal friend of wmine, who directs a large business
computer center near Purman, told me that smore than 60 percent of the programasing in his center is
done with on2 of the packages. He claimed a factor of 6 to 1 in reducing programming time and
further claimed the resulting programs ran faster than ordinary prograas. FPor small educational
institutions the delay in using these programming aids is understandable. How many of us can afford
to spend $21,000, the average cost of these systems? As the seventies pass we can expect file
mahagement systess and programming aids like metaCOBOL to Lecore less expensive and more of us will
have the opfortunity to use them.

The anticipated. changes in the nature of software for college administrative offices is
exciting to me. The intellectual challenge of developing structured program 1is particularly
stimulating. I look forward to the time when we can do our work in a truly effective manner.

1R, Van Dusseldorp, "Sose Principles for the Development of Management Information Systeas,"
NManagement Informatjon Systess in High Bducotion: The State of the Act, edited by C.B. Johnson and
W.G. Katzenneyer, Duke University Press, 1969, .page 29.

2Computerization of Goyernment Piles, what Impact on the Indjvidyal? Reprinted from UCLA Law
Review, vcl. 15, No. 5 (1968), American Bar Poundation, Chicago, Illinois, page 1376.

3B.W. Dijkstra, The Humble Programser, Cossunications of the Acm, Vol. 15, No. 10, October
1972, page B859.

¢*D.T. Ross, "Pourth-Generation Software: A Building-Block Science Replaces Hand-Crafter Ar%,%
Cosputer Decisions, April 1970, page 32. .
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SECTION V

ADDITIONAL CONTRIBUTED PAPERS
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THE COMPUTER IR TRACHING--TEW WIDELY BELIBVED MYTHS

Alfred M. Bork
University of California
Irvine, California

I yill discuss here some aspects of the <owguter as an educational tool in many disciplines.
By teaching field is physics at the university level; however, I think that many of ay findings are
more broadly applicable.

By plan 4is to reviev a nusmber of comsmon ayths about the cosputer in teaching. These myths,
vhile not universally believed, are widely held. Within this framework I 2ill try to indicate where
ve are and vhere ve may be going with the computer as a teaching tool.

Byth _1: You just Choose Between Digect and Adjoint Use of the Computer

AU R L Y e e o e e S

Literature about the cosputer in learning has correctly stressed that the computer can te used
in tvo ways. Bither students can do their own programaing, using the computer as an intellectual
tool -~ sosetimes called the adjoint use - or students can interact with teaching programs prepared
by others - the direct or mainline use. However, such literature tends to go beyond this, stating
or isplying that: a chojce must be made betveen these two. During the past three years sos< major
davalopments in educational computing have chosen between the tvwo uses, making it difficult, either
bacause of equipment of soclo-political factors, to engage in the other approach. I sea ahsolutely
no reason why a teacher sbould be obliged to make this choice. sSatisfactory examples exist cf the
cosputer being used both ways, and so neither need be ruled cust on philosophical grounds. The same
can be said about the many types of dialogs, interactions bhetween +‘eacher and student via the
computer. Prokably certain types will prove to be efficient for particular subject matter areas,
vhereas other subject matter areas may require different kinds of dialogs.

H3th_ 23 You Nwat Have Nagsive Equipment to Use the Computer_in Edycation

Some of the more interesting teaching applications have come from schools with minimal ccomputer
equipaent. Small standalcne minis certainly do rule out some of the kinds of thiugs that can be
done. Thus, dialogs are not pcssible on small minis; but many other types of vusage are possible.
The idea persists that one can scart only at the 1level of bhuge installations, but innovative
teachers have shown it to be wrong many tises.

grth J: ope Language ig Nuch Pagier to_Leagm Than Another

¥hen students write programs for problems in a physics or sathematics course, the gquestions of
vhich languasge and bow students learn that language becose importani. Arguments are often based on
supposed easy learning of one language or another; thus proponents of BASIC often clalm that it is
very easy to learn. My own experience indicates that the way the lanquage is taught is much amore
important tham the language itself in determining speed of initial learning. If a reasonable subset
is picked, amd if reasonable ways are used to introduce the language to students, almost all
coesonly used -‘langquages are relatively easy for beginning students to learn and to use. In my
opinion, differemces between initjial learning ease have been much exaggerated.

Byth 43 Computgrg Will be Wjidely Used jip Edycgtjion
in_Present organizatiopal sStructures of Institutjons

Bew edwcational developments are often assused to fit into existing institutional structures.
However, it appears to me that the coamputer is alamost certain, in the long run, to revolutionize the
organization of schools and universities. The ability to provide learning materials at any time and

at any pace, and provide self testing features, the ability to respond individually to students, to
have access to large asmounts of data, all these imply that the way schools operate are likely to
change drastically when cosputers are widely used in learning.

One interesting viev of how this revolution might happen is presented in Educatjion and Ecstacy
(George Leonard).
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Byth S5; At This Time Your Best Buy for_ a_Terminal_is_the Model 33 Teletype

I feel strongly that educational users should never buy model 33 teletypes today! This is an
old, unpleasant device which types at a slowar speed than students raad. Its noise level \is
intolerable, patticularly when several are placed in a single room. The argument for the economy of
model 33 can be challenged if th2 buyer takes int> account such things as maintenance costs and the
compzrability of terminals that operate at differant speeds.

Although it is harder to give positive advice, in our own case we like both thermal printing
terminals (which run at 300 baud, a reasonabl2 speed for r=ading, and are pleasant and relatively
easy to maintain), and the graphic terminals, which have the same advantages plus the very valuable
capacity of drawving pictures under computer control. 7T believe that the future for almost all
educational use lies with graphics.

Byth 63 Computers Are Too Expensive To Use_In Teaching

——— e e s S 2l

This issue is one of bookkeeping. NWith any new technclogy it is hard to know how to calculate
costs, and computer centers in practice do this in quite Jdifferent vays. (For example, existing
time sharing systess gquote a wide variety of prices, from .25 per hour to $50.00 per hour.)
Furthermore, it is hard to make ccmparisons with the costs of other components of education, since
these often reflect very different types cf bookkeeping. It has been claimed, for exanple, that it
costs more than $10.00 each time a book iS chacked out of a library. Clearly if we regarded this as
a direct cost of education, libraries might be considered too expensive, yet almost no institution
takes that attitude today. I think that computers are prohbably nov competitive with othar teaching
sethods, but this is difficult to demonstrate.

Regardless of what one thinks about th: costs today, the future situation isS clear: of all the
cost involved in the educational process, computer costs atre almost the only ones going down in
price. Thus teachers, books, buildings, and films are going up in costs while coaputer costs,
b2cause of a rising curve of technological developaent, are still disinishing dramatically; so the
computer will become more and more comp2titive as a teaching device over the next few years.

Ayth_J; If We Acguipe A_CAI_language, Thar_Solves Our_Probleas

Many computer directors take the aporoach that if scame language is available (i.e., on the
computer in an operational form) for assisting teachers in developing student computer dialogs, they
have discharg2d their duties to th2 teaching coamunity. At one time COURSEWRITER was highly

promoted in this way. Today PLANIT and TUTOR tend to be the ones that are advertised as available.

Experience in many teaching applications <chows, hcwever, that the availability of a dialog
language, nc matter how good, is only a smill part of the process of getting r=liable and
educationally wvseful teaching mat2rials on the computer. The whole problem of an authoring system
-- the way one persuades teachers to writ2 matarials, the full facilities provided, the incentives
for doing this, the use of secretaries, programmers, and other kinds of auxiliary people, the
testing procedures, the gathering of feadback, and the preparation of suitable computer-related text
material -~ is enormously more important than the gquestion c¢f the language itself.

The two large-scale projects now using the coamputer for learning, with massive government
support, are PLATO at the University of Illinois and the Yitre Corporation project with coursewvare
centered at Brighas Young University. Both have very interesting projects. To regard them as
exhausting all the possibilities, of taking care of every eventuality, however, is gquite wrong.
fany interesting teaching materials that exist today could pot be run on either of these systems. I
think it would be unfortunate if the success or failure of these two large projects dictated all
further educational use of the ccmputer. In this regard I agree completely with Arthur Luehrmann's
evaluation at the Spring Joint Computer Conference in 1972. ¥e need a thousand flowers, not just a
few! So I hop® that we will not all juxp onto the large prcjects' band-wagon.

Myth 9; Valjd Edycational Materjal Cap Be_peveloped
Bithout Involvwing Experienced Teachegs In The Area

Teaching is still teaching wvhether done by computer or by any other device. My experience
shows that really effective educational materials are still coming, in spite of talk to the
contrary, almost entirely from thos2 vho are very much involved in the teaching process. The
intellaectual structure of every discipline is different, and the tough guestion of fundamental! ~als
canrot he rasclved in any simple, quick way, #hile computer scientists and edv c¢a ‘al
psychologists can help develop learning material, I do not believe they can do it alone.
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fyth 10; The Computer_ Used
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It is often said that student use of coaputers requires lit<la cere, and little CPU time.
While soms materials exist tor which this is the case, many existinjy axamples indicate quite a
contrary situation. Som? of our more affective teaching programs at Irvine are very long -- somao
are more than 200,000 words in lenyth and so jepeni heavily on overlay structures. Ani1 some are
extremely demanding of the computer in t2ras of computational and I/0 facilities. In some cases
these demands exceed the abilities of current tipa sharirgj, and so some programs lcck toward faster

systeas of the future. 50 planningy of computer use in teaching undetr the assumpzion that the
minimal cemputer resources are raquired is dangerous.

One wundoubtedly could proceed a bit further from these ayths to other commonly held
misconceptions. But I have indicated some cf the mCre important ones to take into account fcr the
future, In spite of these myths, the future is Promising for the computer as a learning device.
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UNTIL THE UPGRADE -- MAKING DO

L. D. Misek
vassar College
Poughkeepsiz2, New York

Introduction

Many of us -- who nov in the seventies teach computer applications within aodestly =2quipped but
scholastically stable Liberal Arts settings -- find ourselves speaking prescriptively, and ith a
sense oO0f clear structure, abont past projects which honest recall would have to reconstruct as
having been less than "well organized.® 1In order to arrange discussion topics in a concise,
learnable, and, we hope, memorable sequence, we use hindsight to impose 2 certain elegqance ugon our
recollections of the planning, testing, anad judgmental phases ot our own past efforts.

) Wher 2 dcctoral research, for example, was undertaken at a fairly large sized University endowed
with a varlety of experimental and constantly altering computer constellations, along with
relatively hospitable policies toward "do it yourself-ers," but fow formal courses in humanistic
computing, trial and error was a most frequent handmaiden to rational action. Whethar applying
computational techniques to literary, psychological, philosophical, or other types of scholarly (but
not directly sathematical) pursuits, an involvement in applications {or in applications-software) as
opposed to systems programming, for instance, seered to deal to us a more than common measure of
uncertainty. One vas neither mercilsssly clamped into a single small syster unsuited to the wvork,
nor mercifully assured that the gyiven systems which wer2 up, running, and accessible a given day
vou1§ be available tha next -- 3ue to oxigencies of run-cues, non-commercial maintenance, and
funding. In the late sixties (as, perhaps, in the fifties for hardware and the early sixties for
housek2eping software) applications-users' were unwise to identify their research goals too closely
with particular devices.

There vere few signposts to the "right" machines to handle the "right" jobs; indeed, then as
today, defiping goals was gquite a job! Then as today, the applications-user had to improvise. In
special ways according to our special tasks, we developed a hard sens2 of hov to make do.

Even this description, which I have attempted to depict as rough and ready rather than adept
and sleek, conveys a false romanticism. Making do often naeant starting again. Projects vere
coamonly scrapped in mid-course; deailines wer2 scandalized; coursa2lors wizlding "schedules® were
frought with frustration. I do concad2, then, a real distinction between pmaking do, and really
doing well. And most of the results we use in lecture2s or report at conclaves represent vhat we
feel ve did relatively well once wa had isolated the most useful ways to use machines, and ‘tuckled

down to do the work. We arrived thare, however, by trying out a iot of things.

The knack of makipng do vwhich represented adaptation to abundant but msutable and non-specific
resources can also be a major asset in a small Computer Center with smavere restrictions on resources
and a clear cut need to upgrade. It can even be a staple.

In speaking of the ‘'small collage Computer Center', I refer not to the size of the sthool,
certainly, tut to the status of the Center. 1In a sweeping simplification argued by the brevity of
my text, I presume the small Coenter is one wmarked in some vital aspect as functioning in an
ex-officio capacity. [ither as majorless, interdisciplinary, non-credit, experimental, or entirely
elective -~ or in any combination but usually at least one of these "informal" capacities -~ most
small Centers operate on borrowed credits or on borrowed egquipment or on borrowed time. Any such
system should b2 expécted to need an upgrading, a pulling togethet, or an expanding; whatever will
most successfully integrate the Center into the community (scholastically) while wmaintaining the
autonomy cf its preserves and talents.

The ¢types of needs for upgrading of hardvare and software (not including enlargement of
personnel structures to program, teach, research, and oversee) are almost too various to mention in
summary fashion. But, on-line input stations, off-line data list and punch devices, versatile
print-chains, core memory expansion, partitions for multiple asers, cosplex-level compilers, and
load reducing auxiliary storage are among them. Whether the 'very small® Center is attempting to
graduate from desk-top memoried/calculators to rented terminals, or the 'medium small' Center fros
hard-copy teletypes to cathode-ray displays, or the 'ample' small Center from single-user batch
processing tc parallel batch or tise-sharing augmentations (or... the reverse!) =-- the unfer=-
expanded facility which is unable to meet a good portion of user demands, or to increase the number
of its users in accordance with demand,; is equally as needful of the pionaering zest for invention
as is the affluent.

Yhera pmaterial resources abound, an aggrassive, exploratory spirit may be expected to prevail
by dint of ample opportunity. But in the minimally furnished setting, several types of apprehension
militate against inventiveness, and oftan foster a malaise or disaffection which inhibits growth and
learnirg.
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I, _Glorified Pasts_and Utopjan Putares

_ _What are some of the factors which can inhibit a creative and ingenious use of resources while
vaiting for upgrades?

() I bhave wmentioned the 1likelihood that classrooas teachers may quite innocently limit the
perspectives of their students by romanticizing prior efforts launched at larger installations. It
seeas natural that those wvho teach coaputer applications in an academic setting will show
preferences for certain types of equipaent basad on personal experience in their own research. In
the small Center, it 1is likely that the research backgrcunds of the paersonnel -- acquired in the
context of the Oniversity advanced dagrea program, or within the Computing Industry itself -- will
vary greatly and reflect Jiverse conceras. Based on the understandable biases which accoapany
fasiliarity, and, hopefully, some degree of former (if sometimes exaggerated) "success" on a systeam,
ve can expect ¢to find some time-sharing and some card-system buffs at the lecterns; corresponding
gysteas, however, aight not be in use at the Center.

(b) One substantial danger in this type of nostalgia is the direct effect that students
captivated by *ideal' portrayals of sther systems, but somevhat raive of their pitfalls, may despair
of doing interesting wecrk on the equipment in their Center. Or, indirectly, and not consciously on
their part cr on that of their teachers, they may be encouraged to develop a similar reverence for
particular devices currently available, to the ¢xclusior of the other systeas or materials, however
modast, which are also present in that vary Center. If a teacher, then, seems to have "survived"
solely because of a particular system, the student may develop parallal rigidities in attitude,
unwvarranted dependencies on certain systess without ample 2xploration.

Sadly¥, whatever the systesm status or size, internal sncbberies and loyalties to only certain
devices or programming languages can bring on premature stylizations and stifle creativity. On card
systems, fcr example, users can con-rol the rate of iaput preparation in accordance with their
schelules (for producing cards); line-printer output, even if vcluminous, is rapid; and intermediate
processiny is rarely open ¢o interruption. O0On time-sharing terminals, speedy and contiguous input
i3 dasirable; output is "ralatively" slow on the character-printer; but, intermediary processing
can, interactively, be interrupted or rerouted by the user at his keyboard. The batch, or card,
system is cptimal where the output docuaznt is lengthy and "independent” of context; time-sharing
s2rves the user best where the cutput production is not great in length, and highly sensitive to
(interactive) context. Yet, there are time-sharing afficionados who will sit before a character
printing terminal (TTY or CRT) for twenty-four hours printing a "key word in context® concordance,
and others who will attempt to prcgram extonsive comput2r Aided Instruction sequences on card
systeas, waiting hours, days, or even 1 wezk for the printing of the next brief teaching "franme,"
even though both batch and time-sharing systems are available in the same setting. Now, in the
spirit of «creativity, such stout hearted attempts pight be applauded up to the point where health
gives out, and the Computer Center yains an ugly raputation for wearying its students out of doing
other coursework. The student who has not frozen his interests onto a particular device, but,
rather, stayed *light on his feet', will thankfully give up his p2t wmachine, abandon whimsy, and
move on, reshaping goals or switching to new systams.

(c) If we can characterize tha two types of hias reflected in classioom instruction and student
response as prejudicial against systeas "Not Invented Here" (or theret!) (NIH/T) =-- then we wmight
speak of fixation on the gnattainai as representing the lament of "Not Invented Yet!" (NIY). This
is the treacharous conviction that only futurs systeps can resolve prasent probleass. Whether
“futur=" stanls here for "larger" or just som2how "hetter" systems, we are all familiar with tae
plaint that researchers cannot begin to explore fields of inquiry...students cannot fulfill their
assijnments...teachers cannot evan previev a topic ...ba2cause only the proverbial machine tarcund
the corner' wvill suffice. The humble dodging of productive use of an environment as it now stands
can vary well ke innocent, and is most often tinged with fact, since industry announces systems far
more grand than we are likely to enjoy in acadese. 1In all fairnmess: prograaming instructors do
otten find their lectures confcunded by the present levels cf compilers; text-processing teachers
ar2? frequently circusscribed by disminutive on-line storage, and wminimal disk, drum, or off-line
reservas, But are +these 1limits not the hard realities around which the user aust msaneuver to be
able to explore, if not complete, sophisticated or broad prcjects?

(d) Unfortunately, it is particularly in regard to faith in future prospects that the
literature can be misinterpreted to suggest that present efforts not be wmodified, but wvirtually
halted pending the advent of =illennia. Thare is a euphoria found in the scholarship on user-
applications, which can wash out the advantages of what is now at hand. Whe would deny, as we read
humanistic Jjournals, that.a fully 2xpanded character-set (upper/lower-case with underliaing,
boldface, italics, and even amultiple type-fonts) could be superior to the upper-case alphabet alone,
with Jjust a sprinkling of punctuation syabols? who =ight not prefer to teletypas, on-line
upper/lower-case display screens with graphics, hard-copy opticns, and a spooling of extensive
output to run background or third-shift on line-printers? Scholars who describe such systems often
give the users in small Centers a dire sense of poverty, labouring as they are over 026 or 029
xeypunch machines, and ¢this at +times in a separate huilding (library or technical departasent)
physically removed froam the Computing Center. Where some scholars extol the virtues of pariicular
advanced devices, even ®more utopian are dascriptions of the aini-machine rooams, with tape-casette
pre-processing data depots, CRT graphics output alternating with line-printers (upper/lover-case, of
course) and on~line simultaneous production of magnet ic tapes which drive a photo-typesetting
davice.
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I1I, Practical Presents

I will proceed on the assumption that while titillating, optimistic, and mouth-watering, highly
expanded user systems are not likely to be very soon bestowed on the small Canter, vhich I have
defined as genuinely needful ot an upgrade at the level of its “staples." Again, I speak not of an
engineering subgroufr in an aaply 2ndow2d, smallish school, but of a saall and growing Center in a

non-technical setting -- one in which a "dedicated" system under funded research is not presently
developing,

I refer to the bcotstrapping Canter, wmodest in equipment, but imbued with faith and
fgrvour...arising from experiment, an academic venture first initjated through the Payroll people
{in nerve, and tesperament, a class of saints!)...springing from Mathematicse...flirting with
dumanities..ccnvertingy by inchas...tolerating...being tolerated...influxing...emerging ¥ith a
humanistic ethos paralleling the statistical...finally integrating as full-fledged, scaevhat
"establishe(," credit-giving course complexes -in their native colleges... attracting students,
teachers, researchers, whose numbers and enthusiasms strain the systems, sichedules, personnel or
budget...and eventually experiencing a need to upgrade and expand.

what ar~ some practical wvays, without recourse to bias or eccapism, for the 'small? Center user
to sake do while waiting for upgrades?

He can SBEARCH for a suitable medium, by experimenting with a small sample of relevant data,
encoding and processing it on each of the available systems within the Center.

He can SUBSTITUTE whore necassary, by creating code-conventions to stand in for missing
symbois, and abbreviaticns cr notations to place~hold for lengthy teras and complex concepts. He
can break up langthy programs into s2parate modules brought successively to memory from disk cr tape
to process serially altered data groups.

He can MODEL, by scaling dovn projscts initially, to provide the opportunity to finish thorough
pilot studies. If text-processing must be accomplished on a TTY, he can narrow the line length or
RKWIC fields; if batch must be used for CAI performance, he can find ways to use single "frames" to
illustrat2 if not perfect the feedback pracep: more easily implemented on an interactive system.

He cap IMPROVISE, by splitting up projects among different systeams, using hybrid methods to
process a project by "chunks," alternatively on batch or time-sharing (and by hand or using off-line
assistance through printers and sorters).

Finally, he car ABANDON the proj2ct vhich seems doomed for want of specific devices, just at
that happy stije where a progress report and prospectus canh be as illuminating as a relentless, 1ill
fated, dogged attempt to 'see through' the unfeasible.

These ar2 only very local exaamples, of course, of the types of making do vhich are invented
daily in the small Computer Center, Mora inviting of discussion are some general, or theoretical,
considerations (cautions and assuranc2s) concerning coming systems and our commun need to uggrade.
Offered merely as the observations of just one invastigator, they invite readers' expansioms:

3. __Upgrading zan_be_crucial,

By the very self-help nature of the small Computer Center, most improvements will mark giant
steps. No system which functions for only a swmall fraction of applicant users -- no matter how
taleated or productive this group may seem ~~ can fairly serve the academic setting. If, for
axample, a dozen students need vie fHr one keypunch, wait all night to snatch their time at
terminals, or consistently (they claim) miss xeals, "social life,"™ and preparation for their
courses (a toQuch of povarty is, of course, starch for the soul!) -- then the system surely must
be substandard. It would be folly to expect the teacher to make interesting and instructive a
field of study in which supporting equipment or software failed consistently, and, accordingly,
a sense of superficiality or sheer futility spread vide among the students. It would be unwise
to axpect that an instructor could eabody perseverance, wit, and industry, if scheduling or
budgeting prohibited more advanced investigations than were normally presented in the classrooa
lecture. It would be ultimately unfeasible to siaulate, through overly lengthy or complex
chains of programs and procedures, the essential strategies and the economies which make
computing meaningful.

2...Until_yoy do wegll, sake do.

For the students vho do have present access -- in pursuit of programaing or applications -- we
as teachers in ssall Centers can provide examples of creative usagqe and inventiveness. In a
literary study, as an instance, where analysis of textual style is paramount, data cards sorted
by hand on a table can be preferable to on-line sorts discarded due to access probleas. For
the programmer, the sort cannot be bypassed, since the sorting algorithm, programmed and
debugge€d on-line, comprises the essential task; but, here, the actual use of program output for
language study can be summarized rather than extensively developed. Certaln stages in a
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project, gJenerally, can be suggested, sketched, or simulated, with one crucial phase allotted
closer treatsent in accordance with resources.?!

4. __Belevagce can_be modeled.
If we, as teachers, wish to comaunicate -- and wish our students to appreciate -~ the
significance of computationally assisted studies, we are more likely to succeed through a few
well ccnsidered results (admittedly qualitied by 1limited tools ot inquiry) than We ate by
ceasaless explanations as to how a technology can both be a marvelous aid for the scholar, and,
at the same time, somehov not guite ready for use.

4,. The future_is_»ily,

It seems most wunlikely that future systems vill be addressed to probleas as we presently
conceive them., Noveity imvites distraction, and with an upgrade ve will no doubt find nev
probless to worry about and new proj2cts to Aream on; find that our deadlines have passed; and,
hopefully, find that our goals hav: matured. Therefore, we are obligated to meet present
probless in the present. .

Conclusion

I rest nmy case for making do on the following quotes, which, though written from the point of
viav of business applications, Sees to me especially prophatic for the acadamic setting. I hope
that these vremarks might wink out at ay audience as they do at me, expressing some of the lighter
cruelties of the profession, our dissatisfaction with the 'gresent' and with what wve ®&ight call
‘future presents':

"Soon after the cosmputer became technically reliable, it also became ohsolete. Por better
cosputers were now on the market."?

[bute..]

"Eash succeeding generation of cosmputers seems to teach businesses to operate slower
fastar,"?

Might we not apply the dronies of business applications to horizons in the Liberal Arts? My
sain if brief thesis here is that ve often await softwvare and equipsent which may allow us in the
future to complete in part the tasks we fully conprehandad yesterday. This I take to be the flavor
of the first quote.

At the same time (second guote), along with the expansion of our resources vwe can exgect to
have delivered to us elongations of our own goals: typical revisions and revaspings vhich (with all
the circularity of Sisyphus, and the tormenting stone which is most likely to descend the more it
climbs the peak) force upon us the dileama -- can we ever reach the "top"?

My recommendation has been that ve pake do in our own time. Most ssmall Computer Centers do
enjoy the privilege of having, at least in some areas, facilities expanded beyond thos2 of other
Centers with equivalent educational concerns. It seess imperative to he as productive as ve can in
un-upgraded work enviromments, to think as creatively as possible wvithin the present, to avoid
chauvinisas ané ‘'device firxations', to encourage adaptation, and accept needed improvements to our
systems (should the funds begin to flow) as fortunate returns on prayers, and not essentials in our

plans. : -
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Motes

[The authcr is Assistant Professor, Computar Science Studies (headed by Professor Winifred A.
Asprey) at Vassar College, Poughkeepsie, New York. Vassar's primary computing resources are a 32K
360/30 single-user batch (card) system, four remote APL-terminals into IBM equipped facilities in
Poughkeepsie, and a genius of a Director. Ideas discussed here are a composite of impressions drawn
frem present teaching experience at vVassar, and eatlier investigations at other institutions.
Acknowledgment is especially due Prof. Edward L. Glaser, Chairman, Case Western Reserve University
Department c¢f Ccmputing and Information Science; Stanley Y, Curry, past President, Chi Corporation;
Dr. Robin B. Lake of the CWRO School of Medicine Department of Biometry; and Michael Luton,
Director, CWRU' Center for Continuing Zducation; for enriching opportunities as Graduatz Assistant,
Consultant, Research Associate, and Instructor, respectively. References: "Automated Contextual
Analysis of <Thematic Structure in Natural Language” (A.R. Jennings Report 1103, CWRU, 1970);
"Chronology and Character: a Computer-Assisted Study of Satan in Paradise Lost" (1971 Midwestern

Modern Language Associatieon Conference); Coaputing a Gontext: Style, structure, and the Self-Image

of gatan in pargdise Lost (1971 doctoral dissertation, CWRU, under Dr. John S. Diekhoff); Context
concaordance to Paradise Lost (A.R. Jennings Computing Center, CWROD, 1371) J.

'In one Vassar marathon, five students jointly keypunched a 2000-word card dictiomary, and hand
sorted this box-langth deck in two nours, having estimated that the intricacies of human
comaunicaticn and the required transportation of data could take two weeks on the system. Since
this stage of psycholinguistic project in autcmated recognition (of semantic patterns) seenmed
largely clerical, the amount of potential learning involved in automation at that stage seemed to
them inequitable. They were in this particular case pursuing results as defined by their goals {and
achieving them!) . through the hand/eye coordination which became encoded as, generically, “gorilla
work." Later in life they will encounter th2 method professionally dubbed as “quick and dirty."

2Mumford, Bnid, and Banks, Olive, T
1967), P. 59, a description of initial
Royal Exchange Bank.

d the Clerk (Lcnion: Routledge and Kegan Paul,
i eWeltation of cecmputing facilities at the
3smith, Paul T. Computers, Systems, and Profits (New York: Aserican Hanagement Association, 1969),
Dedication.

The following three pages illustrate conversion of a context-concording algorithm from a large-
scale computing facility to a small Collage Center. The Context Concordance to Satan im John
Milton's Pparadise Lost is represented in three formats:

A.  (1969-71),

Upper/lower-case Harris Intertype FOTO transformation from a magu2tic tape produced on CWRU/Chi
Corporation's Univac 1108 (132K) running under PExec-IV. The original program, CRIC=8 ("Cross-
Reference-in-Context-for the 1108") was coded in Algol-60 by Williaw Cornwell (Case, '71) with L. D.
Misek. CRIC-8 runs as oneé module, in approximately 2.1 minutes, for the roughly 8000-word data-

base,.

B. (1972-73).

Adaptation of CRIC-8 for a saaller system, in a sequence of separately executed progran
modules, coded in PL/1 by Thomas Mylott III (Vassar, '7T4) with L. D, Misek, a5 the ™assar
Concordance Generator™ (VCG) . While only samples of the data are represented here, the ccaplete
3000-word data-tase (apx.) was context-concorded and printed in just under 2.5 hours, on an IBN
360/30 (32K) system, dumping the output from mag-tape to printer. The all upper-case (48 characterj
print-chain is augmented by coding conventions sufficient to transcribe all punctuation amd special
syabols found in the original.

c. (1973).

Time-sharing adaptation of context-concording algorithms, seeks and displays wcrds selectively.
Prograa in APL is written by Rexford Swain (Computer Center Intern, Vassar, '74) wi?h L. D. HNisek.
Vassar's four APL-terminals tie in with S.E.C.0.S., a Poughkeepsie based not-for-profit educational
support group {RBebecca Wwillis, President).
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CONTEXT CONCORDANCE TO SATAN COPYRIGHY © 197t BY L.0 MISEX
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APPENDIX B.

DATE 03/02/73 VASSAR CONCORUODANCHE GFNERAT I PR 1DGCE AN (MYSER/PYLOTTY  ©AF "
COPYRIGHT 1973 BY PPOF, L.0. MISFRA CONPUTERS 5P STUDFYTS NF L ANCUAGE .
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