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Preface

F urthr def, eloping a 'theme which ha. haractt rued seteral relent
F 1)1 C()%1 onference the :97 t FM COM Fan Coribrence focused (in
( ft:puling and Network. in Higher F.ducation A new emphasis was often
t tin-ming If% Inf hiding :he erograr fir-4 usiin of approaches to
-"it lite: the orgaliaratfnal and financial pr-iblem of networking used in
kat, Caro Ida and th !str:te L,H anon of the confrri ncr in Toronto
Ilia kb,' a greater number of Cartailian t .11ege and university

pre-entalite. V. participate In the Conference -eight of the
f /sflterf f` rf pre.ented Canadian in-motion.

Drawing both program onirrintef m, niber- and topics from
both -lute- of the bon!, r. the conferrner w a- structured as a logical

raidffring aspect- of ( onmunications technology,
appin Alton- of mini:mg and In-tun lion. compater networking and
Applicatioti of Computing for administrant,. functo -. The papers
presented during the remainder id the onferrnm follow and the document
lo-c. with a er.ifei of Cordon Thompson', banquet address edited for

publication
Further information on anv of thf applicatii. polfch-os described in

the-- r haptrr- can be-t be obtained by writing ,:ilfng the author of the
presentation tian,e. and addr es of all r onfrrem c participants including
- pecker- are listed in Appendix F

!sincere thanks are du, to the onferrni i program committee which
con( el% ed and executed Ow excellent program reflected in these pages.
Co-chairmen shared the lead( rship respotiihilitt for the committer. John

itson. !firm for of the Computer Center. nitersitt of Toronto: and



! tines Einerv, tormerlv Chairman of Decision Sciences, The %harton
7 il,1, l niversitv of PennsIvonia who has now tecome the Executive
Director of the Planning Council on Computing in Education and
Keseort h Other members of the Committee were- J Wesley Graham,
Department ii Computer Science, 1 niversitr of 'ik aterloo, Da..iti Mace:,
Dire, tor 1 Computer Coordination, Council of Ontario 1*.nversities and
John Kockart, 1-stw late Protessor of Manavment, Massachusetts
Institute of rv, himittgv

11Pnr, Chaunce-,
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Introduction

The EDUCOM Fall 1974 Conference was intended to develop a theme
that has run through a number of EDUCOM conterences previously:
Computer Networking for Higher Education. With the location of the
( onferem-e in Toronto, the Program Committee hoped to highlight those
parallel and unique aspects of Canadian experiments with computer
networking and compare them to United States experience with similar
technoiogies In ontratt to some earlier meetings, the 1974 Fall
Conference was planned as a single program in order to emphasize the
logical sequence of sessions within the conference. Beginning with a
tutorial on the State of the Art in Computer Communications, the
conference program included nation I policies for sharing computing
resoures in higher education, computers and the learning process, use of
computing for instruction both as a stand alone technology and in
conjunction with cable television, and administrative computing

In the keynote address, George Glaser, current President of the
American Federation of Information Processing Societies, challenged
conferees to evaluate existing university programs for training computer
professionals In a delightfulyet substantative banquet address, Gordon
Thompson outlined the model of communication innovaticn that
researchers at Bell Northern Research have developed to assist them in
assessmg com-nunications innovations. Poth the key trite and banquet
adAiess are in luded in this volume

Most of the papers presented at the Conference, edited Tor publication,
are included in the following pages. Part One, "National Computing
Polo les," oleos the volume with a broad icy of policies ih Canada and

3
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the United States with respect to the sharing of computing resources The
closing paper in Part One, "Toward a Facilitat'ng Network," outlines
plans for a facilitating network for computing in higher education that will
guide the work for the Planning Council on Computing in Education and
Research

Par 'In'eg,rating CATV and Comp 'ing in Instruction," includes
papers that discuss the combined use of computers and cable telev ision for
instruction at the United,States Military Academy, United Fates Naval
Academy, and the University of Akron.

"Computers and the Learning Process" is the focus of Part Three.
Included in this section are papers outlining a co,,reptual model for
assessing the use of computers in the learning process and reports on
actual use of computers for instruction in Massachusetts, North Carolina,
and at the Ohio State University College of Medicine through the
Timeshare Network.

Part Four, "Networking for Instruction," gives the reader a close look
at the hierarchial network developed by the California State University and
Colleges that has gen operational since 1973. Independent development
of minicomputers is also explored

"Management of In'stitutions and Systems" is addressed in Part Five at
two levels the organization of the data processing runction within a large
organization and the use of computing systems for university
management

It is evident that educators in Canada and the United States are working
to develop a rational approach to sharing computing resouri es Models of
the sharing process are being developed and tried. Experience in The
provence of Ontario, as reported in Dr. Meincke's paper, may be
particularly relevant to United States educators. Most papers discuss
communications as a broaler concept than computer networking.
Although run by computers, communications networks include far more
than thi transmission of computer programs and data that constitute the
hulk of network R...1-fie at the presnit time. For those who could attend, as
well as for others who will take part in the conference only through this
publication, the papers collecteitin the following pages-should provide a
saluable information resource on the ,tate of computing and computer
networking in Canada and the United States in 1971.

James Emery
John [G ilson

Lon ferenre Co Lhairmen

11.
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EDUCATION AND COMPETENCE:
The Odd Couple

by George Glaser

dal honored, and pleased, to have this opportunity to Keynote the
Tenth nnual EDL COM Conference. I'd like to discuss with you what I
brio s to he a Nery serious problem for all of us who are concerned with
on-Toting, whether in the academic world, in industry, 1- service

organizations, or in the government
his specifi« oncern is that the increasing demand for computerbased

es and the r.deritless pace of technological development are
1m-tinning abil.t), to provide and maintain an adequate supply of

high qualth professionals who can apply computer technology effectively.
In ins irw, this pose. a serious and growing problem for all of us in the

omputer industr,, and it raises some particularly tough questions for
'tin( MON

dut ational sNstem been part of the problem?
tiow ontrtbute to the solution9
A hat is the role of the computer scientist9
Lk hat other disciplines are needed?
A ho should !trio, ide thew'

I w ish I had < risp and conNincing answers to these questions that I could
foil forth here today. but I don't I do howeNer, have some observations I'd
like to share with sou some of l'aern based on personal experiences and
other, Lased on in understanding of what our colleagues are saying id
w,ittng

7
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8 EDUCATION AND COMPETENCE THE ODD COUPLE

First, a word about my biases and background: I'm an engineer by
virtue of my formal education; that makes me a pragmatist, a bias that I
consider unashamedly to be virtuous. I also am an ex-analyst/programmer
who cut his teeth in a business data processing Installation; the prefix
"ex" applies because most of my h ..ds-on-experience with computers is
somewhat dated but, at the same time, it qualifies me to make first-hand
observations on the technological obsolescense of individuals.

And I have been a consultant in industry for a number of years during
which time I have been exposed to a reasonably broad cross-section of data
processing users and their problems

I would now like to draw on both my biases and my background which I
suspect are quite different from those of many of you in my role a.
keynoter.

Although I know only a few of you personally, I understand that you
hold administrative positions in colleges or universities, including the
responsibility for computing activities. I hope that my understanding is
correct, because I want to suggest some changes that I think need to be
made both by those in academia and those of us outside it.

Several weeks ago, I was asked to submit a title and abstract for this
address. I picked as my title "Education and Competence: The Odd
Couple". In doing so, I realized that I was suggesting that the relationship
between Education and Competence was somewhat strained; and that's
exactly what I intended to do. I did not, however, mean to suggest that the
two were unrelated for obviously they are, or should be, related very
closely. Yet I believe there Ls a mismatch that not only is unfortunate but
also unnecessary.

I should clarify my terms because I am speaking of Education and of
Competence in a very particular context. My definition of Education
includes that formal classroom training leading to a bachelor's, or higher,
degree in Computer (or Information) Science. Competence, as I use the
term here, is tha, .cry special combination of knowledge and skill required
to conceive, evaluate, design, build, install, and maintain economically
justified business data processing applications in an environment that
often is hostile, ignorant, poorly managed, Inadequately funded, or all of
the above. Using those definitions, I do then assert that Educatmn and
Competence are an Odd Couple

THE ENVIRONMENT

Allow me first to set the stage. As duly note by LDUCOM's Planning
Council on Computing in Education and Research, the state of the art in
computing has made steady progress during the fifteen years starting
about 1955 (10) The Council cites as evidence the following- ". larger
computers, specialized programs, massive data bases, and advances in

14



EDUCA PION AND COMPETENCE THE ODD COUPLE 9

communications technology In that sense, I agree that we have indeed
made progress

But other changes have taken place in the same time period, for
example, we have witnessed dramatic growth in the number of machines
installed, the range of their size and power, and the sophistication of those
who use and depend on them And with this growth has come enormous
pressures on the computing profession to provide large numbers of
well-qualified individuals who can put these machines to work in useful
and socially acceptable as

Estimates vary widely on the number of programmers and analyeis
today, and they vary even more widely on the number needed in future
ears For example, the Bureau of the Cent.s reports 164,000 programmers
in the L S. in 1970, and the Department of Labor projects a need for
400.000 by 1980, an increase of 150% in ten years. Other reports call for
320,000 programmers by 1980 and 640,000 by 1985, requiring an
additional increase of 100% in the following 5 years. I'm not competent to
judge t;te validity of these estimates but, for the sake of argument, let me
ask you to accept a conservative estimate that we will need approximately
two to three times as many progradtmers ten years from now as we have
today, and that the number of analysts needed will increase
correspi ndingly

The latter question arises because information systems now are
considerably more complex than they were just a few short years ago. In
spite of our acknowledged technological progress, I believe that it now
takes more, not h skill to design a system, to get it on the air, and to
keep it runnirg smoothly.

In my view, we are now very nearly at the point where we are unable to
manage the complexity that surrounds our current technology, and there
is a distinct possibility that we .111 not be able to manage the complexity
that soon will engulf us

Complexity is not a new phenomena Both mathematicians and
scientists thrive on it because they have learned to deal reasonably
comfortally with complexity in its classical forms For example, when
mathematicians are faced with a complex problem, they break it into
simpler ones for which they have took; they know how to model complex
phenomena in useful and satisfactory as

Scientists, too, have learned to deal with complexity. Even when
physical law, are not known explicAly, the scientist can still observe,
record, and analyze the results of his t xperiments, and from them draw
reasonable inferences

Medicine is another field where complexity can be dealt with even
though there are enormous gaps in our knowledge of physiology and
neilrology

But there is another, less tractable. form of complexity that confounds
us by not responding to the classu al took of mathematics and scleace It is
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called arbitrary complexity, a term used by Professor Frederick P I3rr ,es,
Chairman of the Computer Sctence Department at the Universii: of North
Carolina, wh.) graciously loaned it to me for this occasion. Arbitray
complexity results when a very large number of independent decisions and
events, tit ,urring iyer long periods of time, produce a cumulative and
unpredictable el:cc:. r. the environment. Arbitrary complexity confounds
but the math ri. ician (whose models do not work) and the scientist
(wowe ex?eriments do no;._teld results of adequate stability).

In the field of co.nputing, arbitrary complexity is found in two areas: I)
operating systems, and 2) business data processing. Complexity in the
former is arbitrary because it 1, literally impossible to know precisely what
is going on within an operating system under any realistic set of
conditions. Similarly, business data processing systems are characterized
by arbitrary complexity because the environments in which they must
function are so intimately linked with the behavior of literally thousands of
Indiy maals whose environments, in turn, have been and will be strongly
influenced by the behavior of many more thousands of still other
individuals It is ilos complexity, which i. ever increasing and which
threaten., at times to become- tkerwhelmin, that places on us a

requirement for i.er larger numbers of well-traiced professionals who not
only understand o'Jr techrm!op who can apply it effectively

THE SCARCITY OF COMPETENCE

Our ability to uoder,ake more ambitious projects, and thereby to solve
more t °triplex problems, an I will continue to be limited by our
ability to muster an adequate for of skilled manpower.

In my y low, we find nursed% es in the milowing positron:
There a distr.'s-1:4.1y Lug- number if rnorly-qualified people at
all ley el- and particularly in user development organizations
Those who are now competent are being less so every day as
yet inwiugl( al dylopments otffinue at an overwhelming rain,
(bir un.yersittes art turning out far too few computer-oriented
problem sok yrs
The long term career prospet is for data p,ocessing professionals in
most user organizations are not ,,Lffnlenth nromising to attract the
talented voting men and women who can add to, and strengthen, our
supply of ay ailable mar power

e are having a p,,nfally difficult time achieving the level of
professional maturity that would help stimulate and reward tio
continued selirenewt.1 of Ind vidual competence.
made thes, points de my Keynote Speech the National Computer

Confrrent o rn Ulm ago last Ma% CO The one I d like to discuss further
today is my statement that universities are turning out far too few
computeroriented problem solvers.

16



ECLICAT:ON AN ) COMPETENCE THE ODD COUPLE 11

Let me begin by acknowledging and applauding the fact that the
quality arid quantity of computer science education in this country, and
around the world, has developed strongly Unfortunately, a formal
etiu..ation in computer science as found in most academic mmtnutlons
today is not an adequate nor even an appropriate background for
those who must design an I install large-scale compoter system!: in business
environment,.

Computer sewn( e deals with the science of computing a science that
is still in its infancy and that offers attractive challenges to those dedicated
to teaching and research.

But the sue:essful app'rahon of computer science, on the other hand,
requires ',kills, training, and a point of YR% Quite different from that of the
scientists who discover and formulate its principles.

I believe this difference in point of %le% %as clearly brought out by Dean
Donald Carroll of the Wharton School in his article "Management
Information Sstems" presented at the EDUCOM Fall Conference last
year (2.) Dean Carroll said "Eight years ago as an academic concerned
with management Information systems, I could have elegantly
demonstrated. practically proved mathematically, the possibility of
generalized MIS for university administration Four years ago, as general
manager of a system, development firm. I would have been delighted to
present any of you with a proposal for a generalizable management
information system, but probably not a fixed price. Now, as an
academic administrator, I am considerably less opimistic, but not totally
without hope It is difficult to as whether it is age, fiscal responsibility, or

iscience that has made a coward of me."
I doubt that Dei'n Carroll is a coward but I am not surprised to find that

ht. point of %le% changed as he mined from academic to general manager
a ....tern, development firm to academic administrator
In a similar (moment or: viewpoint, Dr. Harlan Mills of IBM has

suggested that we take a lesson from the commonly -used expression "the
Prat to e .1 Medicine 11111, ,-uggests that ur -tart by recognizing that
medical schools teach various aspects of this practice, such as surgery and
radiotogs, while other schools teach the more basic scientific aspects, such
as biology, zoology and chemi-try These latter, although of deep interest
to the prat lice of medicine, do not address it directly Mills goes on to
argue that a omputer se len-e, does riot address the practice of computing,
yen though it addresses subjects of deep interest to it

It I may add to Mills' arguments. Were it not for our knowledge of
biology and hemistry,. no responsible physician world dare undertake the
kind- of surgery that are quite commonplace today. Yet we call upon
surgeons, not biologists, to take out our appendix I would have similar
misgivings about asking most switching theory specialists to design and
install an on-line message sw It( h.ng sys a ro to serve a company which I
was responsible
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IX hat we desperaiel% need are professional problem solvers, trained to
pia. to omputing th, kind of problem whirs who full% understand the
burden, of being an innosator But for the large majority of graduates of
existing computer science programs. the innovator role is distasteful and
trutrating bet au,e as sou no doubt are well aware, the innovator has as
hi- nerme, all those who prospered under the old regime, and as
lukewarm supporter, all those who might prosper under the new.

THE CURRICULUM ISSUE

An enrmou- amount of effort has gone into the development of
recommended curricula for the computer field. much of it led by the
Ass...A.:it:cm for Computing Mat Inner% which, througi, its %olunteer

otormtn ha- made ...sera' outstanding contribution-
l'erhap- known in Cum. uluni (.8. in who h the ACM Curriculum

C-miritte, ..t; Computer `%. once presented it- recommendations for
t iicierice (1,) In 1972 znii '73 respectisel%.

'h. ACM Corn; ;dun. Commit:. on Computer Film- ttion for Management
pre,..,it.1 1- re, ..inmendatems for graduate and undergraduate
prt.---ionai program- in information .1.-if`rn, 17,9) Steil other- hase
iiri.i to the ACM %irk. ooe -in II proposal's for a 1ourse on
information -%-ti to- administration (8)

From ms point of slew a, a non-academie, the ACM recommendations
make syn. good sense In part'. ular, I am pleased tis the recognition of a
need for an .rgam7ational concentration at both the undergraduate and
graduate fusel in the information ,%stert., curriculum. I am further

ti,,l1P-d to find such word- a- -usabilits, operability, and

riamtainabilit% coed a- attriLites which s%ctem- must hase In order to
meet the nee{- for humar interat tom Ind I am still further reassured to
find that the categorization of requisite knowledge and abilities begins
w;th -People- as the first tern, and that the a.tfo,r, define 'People as

thr.I 1.111dAttl,!1141 atevrir, ( the ..;her two being Models and
's -tem

I he rep .rt graduat, program- rr information ,,slems pointed out
that few of the recommended (ours?, existed in unisersities at that time
f Ma% 1972). either in s. h of business administration, departments of
«,mputer science. or el,cw h. re Since that date, certain srhook hase
indeed established -to h nurses and others are in the process of doing so

Ihi progre-s I, most rti.ouraging and it .infirm, the %alte of
thoughttulls des. Iop,d urro ilia But -.IP h a urrirtilum, while absolute:s

1, not hs it.. It a soffit lent re-pon-e t i the need
Attitintr- must change a, well, and clearls the hase nr,t done so

UM% er.dlls And where attitud. s hasr riot changed, the computer science
fraternity has an obligation to tell the students graduating from their
program- a- ulT1/1111fr s. ;oist- heir prospertise employers that the:.
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ore not being trained for work in 7 utry Su( h a frank eonyeration with
the graduating o omputer wouldn't really solve industry
problem, but it might at Ira-t rod,: the coalfu-eon in the mind- of both
partly-

I re( ently orre-pooded N Oh a t 4,rnputer tence who was
o oncerned with shaping the curriculum at the uniYersity at which he
teat hr- In response to Id. reque-a for ..ornments I expre--ed my concern
that man' unlYerity computer science oirpartment were staffed with
teacher- who had had little or no experinte with the street fighting that
their students would tiro! in the world of tight budgets and onerout,
deadline,, and thu- that thr rat her were poorly equipped to prepare
them foor it I al-o- tobl him 'hat I felt that too many computer science
ot-partment- are training cello- player, for a Fourth of July parade, and
that in my Yiew. it- damned difficult to idoy a cello while walking down
the mefolle or the street in the hot -urn

In reply. my corrroToorident aured me that he took rnY remark to ht
and expre--.ed thr hope that he timid gait, such experience by spending
time working outide the unlyerity Ho- added that he had discussed doing
-a( with his c(illeazues and that from those iiiscussions he had concluded
that there were three main Ted-+,r., why man' teacher- do not feet ,uch
experience I quote him here Fir-t. many do not hate thr inclination
`..cond. those who do hay e TO 1(:iamm may consider it more important
to Tend their time in an ao aoleme at tiYitY who h contribute- more to their
academic adYancernent. and third. thoo-r who decide they should spend
time working for industry do not feel toonfoltorit an employer would be
interested in hiring th' m trrupoorary bast-

I'd like to on-intent on the three reason- cord First, those
moilyein.al- who do FPO FA% t. gel such ,Xlierrit should

teach courts in which the insights that sue h experience would bring
are l,adit nerd, d 'Net tNti, Ow-, who tooriodder o more important to spend
ih,ir time on an ao o,t(Yity which contributes more to their

aderio. adY an ement offer quite a -ad ommentary on thr process of
a( aolemic ad.ancemont for it the a' tomes which had to improving the
qual,tY -du( rition for their giaoinate- are indeed in conflo t with those
who. h frn ham. r the Irldl%tdue; tea, here 1'i,--ibilitie for advancement with
hi- oimmunitY. then a' adendo cohort, ement i distinctly counter-
produo tiyoo i i,ird, those who'd (not feel confident an employer would hire
thew ,,tt a teroorarY ha ./id: orreo t. Realist?, all}, it would not be a
-imply matter to Irrar,we f' r ii.diYidual- to mote freely between the
a' adritie enyironmenc And (b. indu-try environment, but perhaps we

try to make it
Booth pante- -boubl benefit fro-iii to 1, a program in a (forret way The

to 4, hers could gain inn aluatole experience. and industry could contribute
moor (in-rosily to the 'dui anon of future graduato while. in the -hart term,
gaining new in,ights and ideas for the solution of its probto ms
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for th. - of tt.0 h++ would like to (onside/ this and rt Fated iueas
*ailer. I re, oftimnd that %.0 read, "On the Preparation of Computer

Pr+d-sonals to A. demi, institutions by J 4. Art hibald. Jr
ot 1 h it/p. r I id- and o r y+ elie+d pape+-s on %dfloll-
f t- of r ti it n.. egfui .01.11 :,en presei(ted at ti,. National

I , Topa+ r toot( r. n, , Iasi 11.p. Nil -7 11 Arnrig Ito recommendation-
-nip!, ar :he \C impro%e :he rife, to env.- with hirh computer science
graduate- an a--u me rsponsibilities in industry is that individuals be
et++ ourage tt, a+ quire undergraduate training in an area other than, but
related h... + otoputers To quote the Archibald Katzper paper. Industry
.-ertaird% nerd- people with I I 1 an understanding of industrial problems,
(21 an ort4b.r.tandIng of computers. and (3) fresh. new ideas

I graduate (*oh a baso understandg of Industrial problems. hether
at quired in al. ( nginerring or business administration program and who.
in addition. has an understanding of computers ( and an understanding of
their limitation-1i ould be %ery ellee :. to industry. 'reaching students to
prodin e fresh nei% ideas is. no doubt. the aiot challenging of ;he three.
but not the point at i--tie here.

In another NCC *-1 paper. Copal K Kapur put his criticism bluntly:
Inv of the greatest enigma- is the gni- failure of colleges and

uno.ersities i+. imoke thernsel.es in the deselopment of buhincss data
es-ing '5,1 mg t indictment (and after

going hi- reasons for making it 1, the author concludes: 'in the 'ang-run.
ollegr- and uni%rsiiie- are the only hope for eil-qualified business data

pr, essing professional--
1 agree rff plod +a are our +ad% h+pe.. But I am not satisfied that

the -iamb. ante of the Fr++biern r fully appreciated in academic ;Arch-, or
that Op, wh, -" 1:11%.' nreessar% -tops to :ohs. it are
prepared

SOME POSSIBLE SOLUTIONS

lit. dfl It% of eon:poe problem won't be radIN or quickly.
In' it on t et er 1r -.heti unless n. go to ork on it To this eroi.
and G.:,,titutttt Sot rent haw launched several a.tnities that we
hehrt will help and y.e.rf nsidf(ring still others that could hate
signitd- ant long term impart

The A1:11), Profs-tonal Slam-lards and Praetors Gull move, "haired by
Donn Parker of Stanford Research Institute. will propose to the A F1PS
Board of Director- at it- meeting next month a long -range plan that will
in. ludo the hollowing elemi nt-

Job descriptions
Self assessment

Certification
Preferred design practices
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IP's ha- already des eloped and published eomprehensise job
de -c riptions orr.puter programmer- .% e sic-% these as basic to ans
effort- toward- -elf-assessment and certification Tho.e of rou ho are
i-ider;ng addit:n- to rc.ur curriculum hopefully would find them useful

what qualitie-, skills, and attributes have been identified by,
ssorking programmer- and their manager, a- most important A follow-on
prof.. t t. prepare similar job de- seriptions for system, analysts is no%
unclerssar The AFIPS Board will be asked ti, apvrse the balance rf this

rop-I t Es entualls we hope to deselo job description, for the majority of
cupato.ris in the c omputer fisid
The -sec ond element of the plan that %III he discussed with the Board of

Director- i- ,rif-asse,sment Q e are considering a self-assessment program
suet: a- that urrentlr offered hr the American College of Physicians in
%hih over 1.0,(1(X) physician- are enrolled. In such a program, am
nubs idual who are, to do so mar take an unsupersi-ed test and submit his
an-ss-r- for grading He subsequentlr i- told which questions he ansssered
corret tin and how well he -cored relatise to co' rs taking the same test. His
name anti so-e remain anonymous, hosseser, 're the purpose of the test
1- -elf assessment Since .elf - assessment i- a undrtaking. sse %Ili in
all probability e entuaii prep a joint effort with one or more of our
Constituent Societies.

The third elemi.-1: is certification Q e know that certification is a

ontroser-ial matter but on balance I belies e it has merit. Thr Institute for
occ. Certification of Computer Professionals now has the artisr support of
CM. the Computer Society of the IEEE. the Data Processing
11a:taw-merit Association, and seseral other professional societies Since
all thre of these major societies also are members of AFIPS, must
, ,,,tier bat role, if any. AFIPS should plas in the work of ICCP

[he fourth element is the publication et renew manuals. Although it
sc. rigicialls hop d that ire t ould sugge-t mean- for rend-ring t omputer
ss -ten:- in -ono war, MP base since abandoned that idea. Instead, sse
ex!. t ro prepare a series of manuals that pose questions %h h can be used
to es aluate savo=r- a-pet t- their design. The first of these manuals,
deals -t' %fib Sri tiros. ha, pis: been published and sse hope to distribute it
%,,c1,1% Ijhough it mar seem -owe% hat mundane that' AFIPS is in the

pr.-Taring t het kh-t-. s.t behest- that the Security Manual %ill
pros to be of oi-ideraldc :aloe ti, rn.os in-tallations throughout the
,.unto
lb:- should gist one idea it 'Mr current and planned arils ifies

11 rt finis hot, the. will be -ut t i -,tits and intend ;6 ssork hard to make
th+n

But r1r1-11 it our tf-rt- are -IP (1 ,.1111 'Uri ssildest dreams, the
tinotamehtal problem %Ill tit -olsed onls %hen there a steads no. of
%ell qualified indisidual- from the formai educational -s -tens .nto user
orgat ,ation- And that is not a problem that professional societies can

O.), 4,
Owl
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,i.al with'hre,tls Thes ran on!? raise their you ,s and, hopeiulls with the
help of members who al." are members of the academic community,
hang imi,sidual influence to bear on those who are making the key
.fr.I.outz. on he orientatom and c ontent of academic programs.

I posed seserdi questions at the outset of my talk. Let A review them:
Hos the eriuraturaal sIstem been part of the problem? In my view,
1,-. The educational system is providing nicely for a body of
.pip. -tent computer researchers and teachers, but has tone little to

pro% ide for the need- of those who must apply computer technology,
paw( ularls in a business environment
Thu can it roltrthute to the solutton'$s recognizing the special sktlk

required of the problemsAying practitioner arty then by adopting
prigrams that will produce graduates vtho earl effectively assume that
role

I( hat !s the rote f the computer st lentist ?To adyanee the s. tent
omputing that other- ran apply it

II loll other disriplinei are needed' Economics. man,gernent
funi-tional - kill -. iii short. the ability to

wortf.wh.le atom. deign a system for it and make it
h

g iv should pro, idr these d:setplines2The unlYersities must teach the
fundamentalsAnd for those who already have finished their formal
edit. mm and who are so motivated. self-assessment. self-study, and
..,nonuing education seem most promising

It: surf:mart we base a sermus and growing shr.rtage of a precious
esour. t nie-- we take drastic steps to alley iate it, we are going to find

arsvlyes in the prei arious p.sition of haying rzised unrealistic
cp.-,tation- in the mind- of computer lasers t including the genera! public)

and then .- being chromeallj unable to deliver to those expectations. And
Alaomgh we are ,ertain to base es en more powerful tools than we now
has 0. -the gr..% th ,1 an exciting profession could be stymied 'r esen
permanent's stunted. hs .tar own short-sightedness unless we train a
strng adr. of th -art apply our technology wisely and
c..mpetenily

It - a tough J,,tCt think it will go away Only you who are
e to. 'IPA. ran A la-ling was I hope s.,u will

FIFFERFNI
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Chapter 1

NATIONAL POLICIES FOR
INFORMATION PROCESSING

by Calvin C. Gotlieb

BACKGROUND

There is no need in this forum to make the case for the importance of
computers or to describe the growth that has been experienced, almost
without pause for over twenty years, in their design, production and use.
Computers play vital roles in industry, administraion, education ar

government, and in many respects, the ways they are used and the way
they are seen by organizations and institutions in those spheres ate very
much alike in all countries, or at least in all countries which are at

to-- approximately the same level of economic and industrial development. But
,..

there are national differences in the way computers have penetrated into
society and in the responsibilities that governments have acknowledged
and undertaken with regard to them. Two facts cre sufficient to illustrate
that the position of computers in the United States is different than it is in
other countries. First, the U.S.A. is, to all practical purpose, the only
country with a substantial computer production industry in which, even
allowing for the dominant role of IBM, there are diverse and successful
competitors. Second, the U.S.A. is almost the only country sophisticated in
the use rf computers, which is not engaged in trying to formulate an
overall n .onal policy relating to the production and use of computers.
Dr Ruth Dar,is, Director of the Institute for Computer Sciences and
Technology of the S National Bureau of Standards, argues that

Z1
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22 NA TIONAt POLICIES FOP INFORMATION PROCESSING

( entrained planning with regard to computers in the Unites States would
be re -trio use and stifling, forcing growth and change in narrow directions
at a time when there is still a great deal of innovation in the computer
I., htiology (3) The lack of oterall policy does not mean, of course, that no

poll( v exists or is ought on special issues such as privacy, networks,
standards or acquisition of computers within the government. Nor does it
mean that there have been no advocates for more planning; calls for til.s

voicedbeen yced regula ly, and there has een at least one book
iradvocating a greater goyerninental presence i formulating policies for
( (imputers (2) A hether the argument that diversity and strength of the
1 'S ( omputer industr:, is such that the industry would be impeded by
attempts at overall planning is a valid one, or a rationalization, it is a fact
that in the United States any federal bodies concerned with computers,
address themselves to spe6a1 problems in a relatively narrow area over
which they base Jurisdiction.

In some other countries at least, the situation is different. The Japanese
plan for intensive long term development of the "knowledge economy"
pia( es particular emphasis on computer technology (13) In Canada there
has been a ( ()nun mug series of studies on computers for almost a decade,
many of which originated in a department specially created to cope with
the problenis of new technologies like computers, satellites and cable TV.
The l rutted Nations has issued reports urging developing countries to
formulate national policies with regard to computers,(P and OECD has
issued a series of reports on the computer technology and on comparative
studies of polo, (9) Certain countries, notably the United Kingdom and
France, have undertaken major support of their computer industries in
was. which are quite differ, .1 from the type of support found in the United
"tales National efforts at policy rev ., and formulation and large scale
titian, tal support, arise out of the conern that the country is failing, or will
Gill. to get a fair -hare of the action in a crucially important development,
iI ,tips are not taken and national goals formulated and realized.

GOVERNMENTAL OBJECTIVES WITH REGARD TO COMPUTERS

Obi« five, whit h different governments have sought with regard to
«imputi.r:. are onseniently summarized under three headings:
/ Try u4e computers effectit ely in its own operations In particular
governments seek to use «nnputers for administrative, planning and
military application
// To promote an indigenous computer industry This is a desired goal for
a variety of reasons of tabu II the most important are to.

ensure effertive national use of computers in admin.istra:ion,
planning. i lustry. process control, education, etc
create Jobs since computer based industries are growing
exceptionally fast and they make intensive use of people with

I 11.;
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relathely high levels of education, an important factor as the number
of college graduate, increases.
improve the tiaiurice of payments. The alternatiye is higher
imports as the number of computers. increases

111 7o dirlit and regulate computer growth .su that.
detrimental secondary eff,cts are not experienced like erosion of
privae y, and large. scale unemployment
benefits of technology are distributed fairly between public and
prhate beetions, employers, and employee,
national controls are ext rc heel on ownership of Industry, data banks,
and so on

Idle methods ihailable for promoting these objectives are those which
goy ernments usually haye open to pursuing any goal such as passing
legislation and spending money in a Yariety of ways

iu arfi grants and contracts for estahl.shing new industries; setting
up «iperative ent ures between goy 't industry, urns eNitie,,'
lodustrv, research, or training and education
Promote debate and research through studies of policy analysis or
marketing. conferences, or publications
.1dop: :tie taration policies. like offering Incentives to industry
and r tempanurs whir h meet specified criteria, or applying tariffs and
exe ess profits tare, to protect indigenous suppliers.
Apply purchasing policies for its own acquisition or for supported
installations like educational institutions and local governments.

up regulator's agencies applicable to critical aspects of the
.1. tee hnology like.. onimume aeons; use of persona! data; and data
huh- (ontalh, data of national importance on resources and
people

mute mode: operations fur personnel data banks, se newo bureaus, or
:al apt eiter), like planning and libraries

THE CANADIAN EXPERIENCE

11,114 inadian example- to illustrate how the yarious
m .(rnmP, arid ;e just have het n used by governments

it boo,- the hrr obte., nye, r amed earlier I hope it will be clear that
the rt i- no Bugg their in Canada we have had the most concerted or

attar ks r.rr these problems Support of the computer
nolosirs for exaniple has been mot h more c ontiouous and important In

(,rent ffittain and in teermany, where both r ountries }lase sought to keep a
airs nai e apah designing, manufaceuring and marketing main

- I il.roug. ICI in Crvat Britain itii Si metes m ('rmany ) Nor h
th -r. of C inada ins orgamiation whir h conducts research on all aspen ts,
th,ter al and I ran tie al of software., as h done in Fran( e. by IRIA, or

111.4
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who h con( entrates rn orniter use, appLeations and markets as does the
Gunton r Usage Development In acute in Japan.

It is necessary to describe sonic aspects of the current political scene in
Canada For the i ist ten years the governments in Canada have been going
through a redefinition of the relative powers of the federal and provincial
governrnerits in a kind of struggle which has occurred periodically in the

nited States. but who h is comparatively new in Canada. This
redet 'ninon which is as first pressed by Quebec, is being pursued with equal
vigour now by tither Foy inees e g Ontario and Alberta. The British
North knit rican A( t. which is the closest approximation to a constitution
in Canada. allotted certain responsibilities and taxation power.; to the

provincial governments (e g for (location, civil law, and the regulation
t professions) and others to the federal government (criminal law,
(Icten«., interproy lima! trade). In many areas where the delineation of
responsibilities is tar trim cleat, both pros metal and federal

goy eminent, are staking out claim,. An example is communications
( hannls a, used in cable Tk and computer networks. Although the federal
aoyerninent, through its sp.( sally created Department of Communications,

c, so tar been the ino-4 dominant by launching satellites and conducting
nation-wide studies, the provincial governments have not relinquished
!brit claims loprisiiii Imo Quebec, for example, is well on its way with a
pflo.incial iiimputer net Aork for education, where it has undisputed
nglits, and Ontario likewise ha, a strong educational TV network. The e
problem, will not be settled in Canada until there is agreement on a new
(institution in which the pros int lai and federal powers arc enegotiated,

an enormously ditto nit task which the present government has just
indicated that it will tackle again. Although many important matters
relating to computer, c annot be -titled Yet, there has been a seers long

.1 rue- of and report,, from bhu h certain goals have emerged and
a( Hon, initiated

facet of the Canadian political scene is the strong nationalism
apparent in the public attitudes to many issues It manifests itself

as a de-are to foster and maintain a distinctive "Canadian" approach in
,14( h do, r,e matter, a ,wnership of indo,tries, resource management and
the prfor,aing and creative arts Although strong Canadian nationalism is
ripi,t definitely not anti-Americanism, since in must activities the

Canadian way of doing things is very similar to the practices in the United
States, many Canadians show a noticeable reluctance to he associated in
joint I rogram It does not matter that in many of these areas, few
person. if anybody, ( an say what is different about how they arc being

. would be done rn Canada as compared with the United States.

l'here nevcrtheirss a runt ern that failure to keep a distinct Canadian
operation might in the long run be detrimental to Canadian interests As

an exanide, I am certain that most Canadians would agree that an)
inyentoly resources such as water or energy should be taken and

Cl
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niaintamed separately in Canada, so that independent judgements can be
made in negotiations which are eventually bound to be undertaken But
the feeling that data banks ought to be kept separate goes beyond this.
Medical data on certain Canadians who have applied for life insurance are
kept in a centralized data bank maintained by the Medical Information
Bureau, Boston, on behalf of a large group of U.S. and Canadian-based
companies The reason for a shared file is obvious, since the discovery that
a high risk applicant 'las faded to reveal information is of common
interest However, Canadian participation in the data bank has been
gut stioned, at least to that extent that attention wa '-awn to it in reports
on privacy undertaken 11 I;. federal government (2,7) No recom-
mendations were made suggestim, that the files be separated, but the
general mica mess was ( Tear

With this background, I should now like to return to the three main
impl tive, mentioned earlier

Effective Use of Computers in Government Operations

Ir this area the goals are clearest, the methods for achieving it are best
understood, and in the case of the federal government at least there is
demonstrable progress along a planned path An EDP master plan was
issued by the treasury board in 1972 as an overall policy guide in which
strongly der entranted approach has been adopted. The Central Data
Pro«.,,mg Bureau, which for some years has been offering optional
services to government departments, is not even mentioned and will clearly
not play an important role Instead two types of data processing renter, are
recognized, departmental and functional. Di partmental centers in the
main serve existing departments like National Revenue, RCMP, or
swish( s Canada, Funmonal services, as the name implies, are more
on/imed with the type of apphcatam such as revenue collection, trade

and transportation, or resource and er,ironnient. In a five year time-table
for developing new functional *If rvier,,, tf e range of applications
«insolered N impressive, and the plan shows a full understanding of the
multiplicity of ways computers can he brought to hear on gover mental
operation, In 1971 the plan is well advanced Several of the functional
I enteis have been set up and newer publications describe how the services
are to he administered (10)

In the provincial governments, why h have much smaller computer
requirements than the federal government, there has been a trend toward
centralizing the service bureau facilities in o ter to achieve economies of
scale Saskatchewan operate, a centralized facility as does Newfoundland,
and there has been a recent «msolidat ion of services in the other Maritime
Provinces In Ontario Ind Quebec, the largest and most populous
pros int es, the servers are too diverse to permit consolidation into single
installations In response to criticism that the Province of Ontario

- ft_ 1
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government has no rationale for different facilities. and little coordination
among them, steps have been undertaken to correct this (11)

University coroputing fa :hues are quasi- government in that their
support comes wholly from government provided funds. In Canada NRC,
the National Research Council of Canada, has played the role that the
National Science Foundation undertook with regard to support of
computing facilities in the U.S.A. Even though there is no direct support
of university education ty the federal government in Canada, NRC does
support university research Uirect NRC grants to maintain university
computing centers through the fifties and sixtie- were instrumental in
establishing university computing centers and departments of computer
,ienct throughout the country In 1974 NRC no longer supports
computing centers directly Instead it allows holds of research grants to
pay partial costs of computing, and it has a ettnputer science grants
committee which recommends awards for research in the information
eicnces.

Among the provinces Ontario and Quebec were the first to adopt overall
program for support of university computing flcilities. The Quebec
educational computer network, a star system based on a CDC CYBER 73,
Is tne largest dedicated network in Canada In Ontario, between 1969 and
1972 grants of about five million dollars per year were earmarked for
computer haidware in mover ,ties Since then these funds have been
coniiiined with the regular university allotments in accordance with the
principle that universities should make their own priorities on how funds
are spent The ider.ofication of computer funds was to have been the initial
stage of a rationalizatton of computing facilities, fotiowed by consolidation
of individual cent, rs or co-ordination into network, However, for reason,
which are complex, these later stages have been slow to materialize

Computer/Communications

Because of its size Canada has a special interest in communications. Like
other rountries. it has also wanted a strong computing industry. These two
factors weir paramount in establishing the federal Department of
Communications and of principal concern in the extended series of studies
and report, undertaken by that department. The first study, directed by a
group largely within the Department of Comm anicanons, called the
Tele«mirmssinn, produced Instant World(12), as its main result,
supplemented by a series of conference reports in subjects of topical
merest including .,cress to information,(16) tit: wired city (17) and

computers and [invite% (18) Instant World present- 311 exceptionally lucid
and well written picture of the telecommunicanon technology and of its
Importance to Canada. But it and its supporting st..dies were regarded as
merely setting the stage for the following much larger study, conducted by

A)
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the Com:enter Com mum( ation Task Force under the direction of Dr
Hans von Bauer

The Task Force divided into many subgroup- and It actively solicited
ww. from industry, universities, consume group and other governrnent

agencies Atter two years It produe rd its recommendations in a two-volume
report re: :led Branching Out.(5) Although there were thirty-nine
recommendation,, most of them were so general, such as requesting that
telecommurm anon, be recognized as a key activity, that there was some
iiiappointment with the results The report provided a policy guideline
rather than a detailed set of specific proposals perhaps because as became
clear from the public debates which both preceded and followed the
appearance of the report, either there was no general agreement, or
jurisdiction on them lay between the pruiv incial and federal governments.
One recommendation who h was not taken up was that the government

,egnize a focal point for activity in computer 'communications
Hoe, ever, there are 100 many government departments and organizations
with -trong, almost central, interests in these technologies, to allow any
one department to be given a principal mandate for their development.

The difficulties encountered trying to come up yeah specific proposals
( an also he illustrated by the problem of determining what form if any,
government support of private computer industry should take. The
computer field is strewn with the wreckage of large multinational
ompanis who have unue (-esfully tried to compete with IBM in

marketing main frame computers, and there is general agreement that it
would he suicidal to try this But then what should be done? There already
had been in Canada the experience of large governmental grants to
established «nriputer companies Some years ago the Department of Trade
and Industry awarded to large grants, amounting to se v eral million dollars
to IB%1 and CDC The IBM award was to set up an assembly plant in
Quebec, to supplement the large asernidy and manufacturing plant 111

1)(1,1 Mill Ior.intio the CDC grant helped etablish a plant in

Mieauga (outside "'termite)) intended, I believe, as a productton facility
for the; Cv her ( ((fill(Uler %tin h never emerged as a fully developed member
of the CDC len(' The grant to IBM did lead to a plant which created jobs to
a ge.ographi,,d repeal where it was important In do so, and the CDC grant
may have produced omparable. benefits, but the awards have been
retie lied II is defile ult In argue that the v have helped develop a

Isis olian-leased orriputer industry
Also for complex reasons, the market for oftw ire Fmk( t, in Canada

has not developed the sag experts lidive felt to would Also there are many
ther c commies where there es an abundance of skills in the rnatbernatie al

se ten( - along with good exit( pence in using a (impellers Denmark, the
, Japan, even India, and there are hopes for a multinational

s(0111S111' 111111s1f% in everyone Of these The result of all this is that it
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bet time, yery 1:11-11( ult to ,ve bow a general rectonito width-in layoring
support of the c tonputer industry in Canada should be translated into
program, In t hi, regard the compute, techn,,logy Is not different from
other modern tc.finologies. It I, al,o difficult to define national programs
for satellites, or nut fear 110V'r, or transportation systems. There are those
who argue that the problem, and cot, of such genera! systems demand an
international approach that multinational groupings are necessary tO
pool re,ources, share market- and give reasonable hope of success.

However, tt 1, necessary to be careful in accepting such arguments without
itte,tion bet ause they can lie equty alent to saying that there is r room f..
-mall emeriti-1-es. whateyer the originality and quail'. of the enterprise

Since publication of Branching Out there has been a slow but steady
attempt by the goYernment to make the recommendations more specific, to
sharpen the policies and to initiate actions In April 1973 the Department
of Communications published a formal position statement outlining
policy -(6) In certain areas. particularly those concerned with the relation,
between computer-senice firms and the common carriers, some fairly
definite print tides are enunciated. A genera; position is taken that the
computer sery ices and software industries are to remain largely
unregulated and the need to consult with the pros inces r emphasized.

Dr Yon Baeyer has remained in the goyernment in charge of a
plio-department for. e harged with the task of coordinating alt. at tty dies
on ,otnputer,commumtations throughout the federal goy ernment, and
there 1 ey !derive of a quiet effet tiveness in the work there. However.
-pet !fit program, hay,. not yet been announced Thos. not directly in the
goNernment hope that there will be posit.e results to show for the
enormous amount of inve,tigation which has been t ()intik:v(3

Netwsoks

In Canada, perhap, pi more than In the L nue,' States the two
radroati, hay e played a dominant role in the dcyelopment of the country
and in maintaining rittmuntrallons along the twenty-ftYr-hundred .mile
long and hundred mile-wide strip which embraces most of the populated
r titer. Computer network, could play an equally important role in

making the tomputer cnmmunnahons technology a productive force in
the I mrritn, In 171 th. Seim,,' Ginned of Canada issued a report (IS)

which it urged the establishment of a national spine. This was to be a
omputer network which would offer cheap sery ice along the length of the

countrY and hence pros 'de an alternat,sr to the establishment of a

moil ,ht its of north south links, between the densily rtpulatd renters of
Canada and Fnited States, which would otherwise be the natural mode of
leYelopment Although the Tel-commission and the Computer /Come
munications Task Fort e seemed to has our a Canadian network
dyelopmnt, no specific network proposals emerged Following a two year
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major study 01 a proposed network, to link universities,(141 CANUNET,
rto turi.t, were ever allocated 4 major factor for the failure-of CANCNET,
and of a related Ontariobased program called METANET, was the
ditto ultv of proving that the networks were needed and w aid be used
The question anses whether many university computer users really need
computing lac-dines not provided locally, and whether there is any

me. hanism by which those who do want to use computers elsewhere have
funds who h are not !coked it to their own centers In this regard the slow
rate of increase in ARPA traffic, which has been carefully watched, has
suggested caution. In any case, it is suggested that if networks have all the
advantage, claimed for them, the universities should be willing to make
the necessary investment.

Especially important in Canada has been the position of the common
carriers, particularly Bell Telephone of Canada, that computer networks is
'tot r sortable area for government intervention They argue that networks
are best allowed to grow in a competitive environment as the market
devf :op, real application,- la fact, there is impressive eyAence that the
market is developing the right kinds of service the right pace. Whatever
the reasons, the arguments in favor of government supported computer
network, have not prevailed to the point where y government supported
netv.orl ha- been 'amid-ed. Many, myself included, believe that

er-ity roil tinting renters in Canada are too narrowly based, that the
real 0-t, of their serve. are not measured, and that establishment of
university network, would prove beneficial Funds arestill being soJght, if
n;-4 for -siting up full networks, at least for promoting interuniversity
ommumation It is noteworthy that no Canadian university is a member

of '%RpA. but I am hesitant to say whether this is due to a reluctance to join
in as tRitle, with the L .S A. as pointed out earlier, to a belief that a
Ca.adian network will eventually emerge, or simply doe to a lack of need
or funds for the services av ailable through ARPA In any case, the problem
of ..tethr to promote and participate in networks, either commercially
b,,ed or university based, ha, not been resolved by Canadian
gt)I rnment

CONCLUSION

I hroughout the world ompute tic hnology has been the focus of
go s-rnmental int, rest For good reasons, studies and programs for its
growth and drys lopme it are widespread Few countries have embarked on
a FLL.rf. and wit list. study of computer; communications a
rt I,itc d yr hnol.lgu - than ha, Canada and example, of some of those

nave been mentioned Iwo- Although it is not diff.c uit to agree on

ri ir, A. tr 1.t (11,4 tor,
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general principles and goals, it is enormously difficult to translate these
principles into programs which have reasonable expectation of furthering
national goals.
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Chapter 2
SHARING CANADIAN EDUCATIONAL

COMPUTING RESOURCES

by T.A.J. Keefer

INTRODUCTION

This chapter traces the history of Canadian Federal Coven. rent
activities in stimulat;ng the sharing of educational computing resources.
Three major activities has been involved, and while these were once in
parallel, they have now converged under the auspices of the Educational
Technology Program.

The first of these activities, which began in 1970, was CANUNET the
CANadtan Uniyersity computer NETwork program. CANUNET was
undertaken in two phases: network design and innovation based on using
packet switched technology; and subsidy of communications costs.

The se and activity consisted of the Canadian Computer/Com
munications Task Force which produced the report Branching Out in
1972. A Federal Government Interdepartmental Committee on
Computer /Communications was then established, with a number of
Working Groups Working Group 19 was formed specifically to study
CANUNET. With the incorporation of CANUNET into the Educational
Technology Program this Working Group has now been disbanded.

The third activity, whose timing paralleled these, began with an
Interdepartmental Committee whose recommendations led to the creation
by the Federal Government of the Educational Technology Program. This
Program assists federal and provincial authorities by providing plans,
information, and advice on educational technology
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1. rider the Educational Technology Program a number of Moir t

federal-provincial study programs have now been formalized and are
under way One such study program, to encourage computer resource
-haring at the post-secondary level, has recently been developed jointly by
the Federal Government and the four Atlantit Provinces.

CANUNET HISTORY

1hr first initiative of the Canadian Federal Government to stimulate
educational computer resource sharing was CANUNET, the CANadian
I. niversity computer NETwork program. Following An EDUCOM survey
of American and Canadian universities in 1970 regarding Their possible
interest in joining ARPANET, the Department of Communications (DOC)

was urged to establish a Canadian university computer network, so that
Canadian universities could develop the necessary expertise and
experience in this new and important field. Under the leadership of Dr.
John -dc Mercado, a number of studies were carried out to design a suitable
pal ket switched network to interconnect computer facilities of Canadian
universities through a national network which would be flexible and
transparent to users (1,3,7)

Following these network desiga studies, a new .appitoach to CANUNET
began to emerge in 1973 when it became apparent that a viable design for
a -tore and forward packet sw itched network had evolved from ARPANET.
Advocates of the new approach considered possible forms of federal
funding of inter- univer -itv communications costs, to stimulate computer
resource sharing at the university level.(2)t Under this approach,
CANE_ NET would be realized in tso steps the first would encourage
(iimputer resource sharing by alleviating the communications cost
omponnt. while the second would be a long range program.

INTERDEPARTMENTAL COMMITTEE ON
COMPUTER; COMMUNICATIONS

V. hide CANUNET studies were taking place, the Federal Government
had established the Canadian Computer/Communications Task Force in
I9T(rfo provide ads If e nn polny matters in the rapidly evoking fiedasuf
; omputer communications The work of the Task Force, led by Dr Hank
ion Baver, olmmated o, its publutztion the report Branching Out (4)
in 1972

On the basis of the Ta,.1, Ftrees's recommendations, the Federal
Government then established an Interdepartmental Committee on
Cionputer Communications which in turn set up a number of Working
Croup- In particular. W (irking Group 14 was formed to examine policy
and other matters related to the CANUNET program
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EDUCATIONAL TECHNOLOGY PROGRAM

In parallel with these activities, the Federal Government had established
an Interdepartmental Committee on Educational Broadcasting in 1969 to
prepare recommendations on what steps should be taken to ensure that
technology used in support .of education would be cost-beneficial and in
the national interest. This Committee's report documented the rising costs
of education, the problems and opportunities presented by new electronic
technologies, the growning disparities in the capability of different regions
to take advantage of these technologies, and the need for educators and
technological specialists to work together to ensure that these technologies
are effectively employed.

On the basis of this Committee's recommendations, the Federal
Government approved the Educational Technology Program in 1972. The
Program was subsequently endorsed by the Council of Pros intial Ministers
of Education.

The Educational Technology Program, managed by the DOC's
Educational Technology Branch and led -by Dr. John de Mercado, is
designed to assist federal and prov.neial authorities by providing plans,
information and advice on educational technology (6) The Program is
also concerned with the development of national standards, and with
ensuring that Canadian needs for educational technology can be met
where possible by Canadian industry Operations of the Educational
Technology Program can be categorized into four activity areas.
federal-pronical programs. inter - departmental programs, national
development programs, and liaison activities. Under the first area come a
number of Joint federal-provincial study programs.

Educational Technology Program for ,'Vota Scotia, with the aim of
developing a long term plan to enahance the educatinal process in
Nova Scotia through the cost-effective application of educational
technology (5)
Program for the Sharing of Computer Resources in the Atlantic
Universities, with the aim of encouraging the most effective use of
present and potential computer resources available to the Atlantic
universities and other post-secondary institutions -(8)
Program to Study Educational Computing in .Veufound!and, with the
aim of studying the current usage and future potential of educa-
tional computing et Newfoundland, as an input to the Newfoundland
Task Force on Computers and Computer Communications (9)

National development programs are also moierway in the number of
other area-, ,itch as information dissemination, standardization, testing,
evaluation, industrial development, and computer aided learning.

Because the Educational Technology Program is the vehicle by which
the Federal Government deals with the Provinces on all matters related to
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educational tech -Mop, it is logleal for CANUNET activ .ties to be handled

through the appropriate mechanisms developed between the Federal and

Provincial Governments It was therefore decided, in July 1974, to

incorporate- all CANUNET activities within the Educational Technology

Program Since Federal Government activities concerned with computer

tesource sharing at the university level are now included within the
Educational Technology Program, CANUNET no longer exists as a

separate program, and the CANUNET orking Cr' 19 has been

disbanded

SHARING COMPUTER RESOURCES

IN THE ATLANTIC UNIVERSITIES

One CANUNET-type activity within the Educational Technology
Program is the recently initiated Program for the Sharing of Computer

Resources in the Atlantic Universities, a Joint study to encourage the must

effectore use of computer resources available to the Atlantic universities

and other post - secondary institutions This joint program involves the
Federal Government, the'Covernments of New Brunswick, Newfoundland,

Novi Scotia and Prince Edward Island, the Maritime Provinces Higher

Education Commission, and the Association of Atlantic Universities.

The Initial Phase in this prograth is intended to collect information on

needs for and usage of computing resources by the Atlantic universities

al.. other post-secondary institutions. and to stud% ways of expanding or

improving this usage Thi- phase will identify existing resources,

determine actual and potential for shared use of computers with other

educational institutions, with government, and with industry; consider

alternate forms of regional r ()operation, and study the costs of potential

benefits associated wain eac h Results )1 the study phase will serve as a

basis for rec ornmenilations and possible decision concerning the

ch.-position of subsequent phase,.
The second phase, if approved, would involve implementation of

improvements which could be accomplished without a fflajOr increase to

resources, It which would not eimfly t with eventual major fieNdopietiN

yr the regional level Such major dcelopment, would he planned during

the third phase Following the approval of plans the participating
institutions and ageru :vs would prepare resources for implementation of

in major regional place approved and proi:eil with implementation

CONCLUSION

Re( ogninng, the important role that le( hnolog% will piay ii edin atm,
the Federal Government has stablished the Educational Technoloic,

Vrograni to encourage the trios! effeth%c utili7ation of technology in

meeting educational needs, thereby ensuring that the maximum benefit,.

:;9



SHARING CANADIAN EDUCATIONAL COMPUTING RESOURCES 37

01 this technology are received by all Canadians. The success that this
Program is enjoying at the federal and provincial levels underlines its
timeliness arid the importance that all conceriLed attach to it.

In the area of educational computer resource sharing, the Federal
Government is wharf. that there may be considerable diversity among the
Provinces in terms of their needs, reso4rcec, priorities and stages of
development Each Province IS thus being approached to determine to
%hat extent it %Nit - to st ork Jointly with the Federal Government in this or
an other area of educational technology
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Chapter 3
PROCESS FOR DEVELOPING

RESOURCE SHARING AMONG
AUTONOMOUS INSTITUTIONS

by Peter P.M. Meincke

kt s r,,, thi Future of Scientific Communications
-iire ho, the Natt.mal e Foundation, several speakers, Russell
kort in particular ort- ,ed the tit ed to identify and agree upon long

gf,4,31 before with secondaiy ohjei to, es and
,, iso, 11 i,intril out that it was possible that an overall

iv hi he attainable together with sus.-objecoves each of which
iiwn, tmalk ,intilinkabl Hi gave as an exa--.ple, thf following

I 1-.1 1 11, di of al ,d pit,t d from Paris
I hat Part- 1, ortt a free I with no passinirts required or

HMI h Linguae, H lunge, he the official language of Paris
"ih tlii ecouigiv stile objective,. are under serious

Olt government iit France How this 1, possible only
tit ,.. ;r+ t I it Is learn, that the long range global objective is to
make Far he alhil of the world

heti thi t r,, (impute, s( rit( e, began its work, in lao 1973,
I fir.; if do, Ificd 1+ tat kle was to i ecifv long range

hai s Its frfil, of n.terenct tntere,dir tit enough did not
this to k In tat t siime iit the members, including myself. thought

at Jotmatt, ails is,111-fle Ill it resoorce sharing was worthwhile
a. I 'ha, aii w. hit to tied an alirnini,dratt.( trurture to manage

ef

stA.
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root rsity I onipt.ting restrurt rs wtor I, word i bi ac .eptable to all Ontario
universities

The Task Furor was hauled as a result of a proposal to develop a
message switt lied network to join a number of university computer centers
in the Province of Ontario The objective of the MFTANET proposal was
to facilitate the sharing of computer services anions Ontario universities
Objet non, were raised on a number of grounds. It was not clear tat
inter-mstitutional traffic would justify such a network and that existing
Fly ate 1 ornmunii ations fat little. provided an adequate Yuba le Whert a
onsult int pointed out the need to solve the administrative barriers to

resourt r sharing arid rt, ommended the ft,rrnation of the present Task
Force, the [e,t Force as -et up its the Board for Computer Coordination
of the Council of Ontario royersirles Take 1 lists Task Fore.- members
and ,,f vers

Table 1

Task Force on Computer Services

MEMBERS

Dr H S Ifeliman
Dr A J Grindlay

Mr W H Jenkins

Mr D S Macey

P P MDr Mein(Gc

08SE RVE RS

Dr G D Andersori

Mr F-1 !-; ''rb`alkpr

President, Gellman, Hayward & Partm.

Professor, School of Business Administro
The Ur' ersity of Western Ontario

Director, Computer Centre,
Queen's UniN ersity

Ott ice of Computer Coordination
Council of Ontario Universities.

Vice-Provost The University of Toronto
(Chairman of Task Force)

(Chairman of the Board for Com-doter Co
ordination of the Council of Ontario (Jniver
sines) Professor, Department of Clinical For
tierniotoqy and Biostatistit s, McMaster Um
Sity

Representative Committee an University
Af fiirs

utter preliminary .liseu,sron- 1 ask it -t f members e onrluded that the
long range global oi.,jectiye wa Inclftr a%allable to the universities
I mnpuirr servo rs huh were of the highest quality, effetivenesc and
effit icriev Certai...y few i null quarrel with that as a global objective,
espet hilly in the face of increasing financial stringencies The problems

/Me when one explores the sub-objectives that appear to be necessary.
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i key question which has to be answered before much progress can be
made toward meeting the objective is there should control over computer
services he? One could envisage a province wide educational computing
agency funded directly by the Government which ,.-ould provide free
,ere ices to all educational institutions. However, this would contravene the
standard funding arrangement whereby funds flow to the institutions
based entirely on the number of students. It is strictly up to the universities
to decide how to spend that money Moreover, the Government would then
be faced with exactly the same problem with which the universities are
laced toclay. How can they be sure that the level of service is appropriate
and that the service is not being misused? The Task Force endorsed the
approach recommended by an earlier COU Task Force on Computer
Charging, namely, to put the money to purchase computer services as
close to the user as possible. This approach has a number of advantages:

The level of service is determined automatically by the aggregate of
the decisions of a large number of users and is made in competition
with other demands on the dollar at a level where such decisions
can best be made

!)e( isions about what sertices should be offered can be made in terms
of the viability of those services Individual needs could be met by
purchasing outside the institution.
The effectiveness and efficiency of the fact /ay is much easier to
measure in terms of profit or loss
The cost and benefit of the use , c the computer in instruction is
C5PC tPd w here it ran best he assessed close to the inst:u'tional

prof ess

Pie computer center director becomes an entrepreneur. He or she
must be highly conscious of the market and very service oriented;
but, is treed from the shackles of special interest user groups and
policy committees

Decisions to put money in the hands of the users of university facilities
represent a major change in the mode of management of universities from
tr. traditional mode y a free market mode

I h- pattern of management evident in many Ontario colleges and
universitiet in 1971 can be represented schematically as shown in Figure 1.
Money flows through some central allocation process in which budget
onirtittees, administrators and governing bodies are all involved It is

alio( it'd to the teaching departments and to the facilities sach as the
coin! ut"r renter, the library and the media (enter The nature of the
tat lit and the ley# I of its budget are to some extent determined through
the te rmat mechanism of advisory committees Attempts are made to
rw,1,1ii" the quality, effy 'Hwy and effectiveness of the service, but, these
are yen difficult to measure, ant; the effect on the educational process is
even ,larder evaluate By and large the facility manager is expected to
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Facility
Manages

Facility

[Allocation
Process

Sac v 1 Oe

Advisory
Committal

Department
Manner

Deportment

Figure 1 Patterns of Management in Ontario Universities

manage the facility, provide the best service possibl, within the budget
allocation and keep the complaints to a minimum.

Under this mod, the facility is available, the user generally does not
hEye to worry about direct trade offs against other needs and the incentive
for the user to control the use of the facility is low. If the facility does not
provide adequate ser% ice, there are umber of routes for complaints.
Usually the facility manager comes under fire first, but it is also possible
for the more pow eiful users to put pressure on deans, central
administrato-s and the atheory commidees If the problem is very serious
often an al hoc task force is formed to examine the situation and make
recommendations This traditional mode of management and has been
called the squeak% wh'el or paternalistic mode of m.nagernert. In this
mode, it is up to the facilities manag r 1,, provide the pr' per level of service
and to fight for ad: uate funds in competition with the departments, but
with the help of the advisory committee This mode of management is
une successful if funds arc not in shun supply ; hat, the facility manager
is placed in a very diffe-ult 00,,11 rlii if the resourc?s are simply not suf.
Iv lent to meet demand, ai. ,o ,or-,i,aint are placod on the source of the
irmand

The free market mode is illi.trated in Figure 2 The nudget allocations
are made in the basis of dernonstiated need This requires that the central
structures look %Pry carefully at th niat,ty of the resear and teaching of
the departments and the diem' ss and efficiency with which they us,
the budget allocation The departments must decide how they are going ,,

.prod the budget allocation and must make hard trade off decisions
he wren buying such iings as computer services equipment or supplies.
At the depanmental ie%el the real value of these services can best be

4 4
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Facility I
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I 1
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IFaclity
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Manager

Depart- lent

Figure 2 A Free Market Mode of Management for Ontario Universities

judged, but member, of the department must accept the authority and
responsibility for making such trade off decisions Real dollars are
budgeted for purchasing services from the facility thus establishing the
budget of the facility and the lesel of service to be provided

Ohs iously a few caveats are required If the sru.vace is new or if the
transaction cost is so small that it is not worth the accounting cost,
university policy may proside a more centralized flow of dollars It would
also he necessary to pros ide for funds to cushion rapid declines in demand
and possibly venture capital for new services A major concern is the effect
on the academic environment The devolution of this real responsibility
and authority to the users may r reate unwanted burdens on the staff
There ar, already some signs of this in the l'imersit% of Toronto as the
institution most, toward a policy of putting money in the hands of the
user'

If itin%(.rsities really did go into a free market mode, whereby users were
tree to bus computer services wherever they felt they got the best deal and
compute- cener directors were able to make arrangements among
themselves to distribute the computing load in the best poSsIble Way, then
thy objer se of resource sharing might be met. Certainly the Task Force
felt that an essential sub-objer tine was to put free funds in the hands of the
user no matter what else was done

The shift from one mode to another is a very complex operation
Another possible problem might be unfair competition like selling a
computer services at well below cost from facilities with execs capacity. It
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was considered essential by the Task Force to have an independent body
that a university could call on for advice as money was grf dually put in the
hands of the user over a period of time. It was also essential to ensure that
the paces charged for inter-institutional trade were fair and equitable.
Price regulation may seem contrary to the philosophy of e free market, but
one has to recognize that universities are not accustomed to
inter-institutional tr.de and there will inevitabi, be soifie difficulties in
moving into that moue Thus the Task Force recommended the
establishment of a Prices Review Panel. (Figure 3.)

Council of
Ontario

Universities

Computer
Services
Board

I

I 1

1

Prices 1

I

Services
Review Planning
Panel i Group

I

Office of
Computer

[Coordination

Figure 3 Relationship of Proposed Groups to COU

The Task Force was not convinced that putting money in the hands of
I hr Jr1.e and expecting the computer f filter direr tors to make the necessary
arrangement, among themselves for the distribution of the load among the
facilities ,could he sufficient to mt,'t the overall long rang - objective One
must recognize the political realities of the computer center directors
situation Be r ause facilities are still closely linked with universities, any
load sharing arrangements suggested by a director would still have to he
ratified by the decision making process of each university and be .ubjected
to the same ,orf of st rutin% that most resourt e sharing proposals receive

THE IMPORTANCE OF PROCESS

Sharing of hardw art sources in Ontario is rapidly becoming a small
part of the muck larger picture of computer resourct sharing. Software,
Data Banks, Catalogue Support Systems, Student Information Systems
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are other such computer related resources. Moreover, the whole picture
cFanges very rapidly from year to year The Tad( Force felt quite strongly
that to recommend a structure for the rnanagemert of hardware and
operating system software alone was to tackle only part of a much larger
problem The group therefore decided to recommend a process rathe., than
a structure

Ackoff hzs strongly urged that colleges stop trying to find the Utopian
ideal to solve all problems and adopt the notion of process A process
approach, he claims, stimulates creativity because it removes many of the
constraints The Task Force on Computer Sources quite independently
came to the conclusion that it had to recommend a process rather than
structure in order to cope with the rapidly changing world of computer
services and remove some f the self imposed constraints that people
develop

In development of successful resource sharing agreements, the following
things have to happen

Each institution must clearly articulate exactly what it expects from
the service and identify the need for such services
Identification of areas where a resource sharing agreement is

beneficial in meeting the aggregated needs of some institutions
There must be some incentive for the instituti to explore resource
sharing possibilities
A detailed proposal must be developed so that each Institution can

assess the effect of th, proposal on its c?pability of meeting the insti-
tution's needs.
There should be an independent review and aseisessment of the
effectiveness of the process

In addition to these particular activities, there are certain principles
which should guide the way to which the process is carried out

The instituttens themselves mus participate directly in the de,,eiop
ment of the.detailed proposals which ma. affect them
It better to start a sharing project with list a few institutions and
then let other, join 'his nuch us
Nothing in the process should limit pant-manor) to universities alone
The management of a resoun e sharing agreement should rest with
the participating Institut] ins
It t, essential to provide some start up fund,
Each institution must retain cotrol over how niut h and what tiqies
if I nmputer sturN tre,, u,- is doe- not mean that the sere n f
has. to he provided by fa( limes lot ated at that institution
The most effective implementation of any cooperative pi-0.)Ni will
hkels involvP 401/1f) loss of direct control of tin tat du% and will likely
meal, that money will pass betvn 'nstr.ull tits

1 he next question is what is required to make these things happen
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Panning

Originally. the a-k Port t ailed the first at tivity, ''Planning for
Computer ...iery t., instead id Computer," Quite ,vroperly, the computer
t enter dire, tor, have taken +t option to the implication that they have not
been planning properly The Task Force was really calling attention to the
tat t that many uniyersitie- operating under current management modes
wr not (kart% arty ularing what they wanted computing centers to do

iny computer center tfirct tors hay, «ninented that the urnversities ar
l!\ now providing a framework of obpctlyts within which they can
tiperatt Certainly tilt re have been implicit objective, but these have been
c it ark and public!) stated in Nei few case,

I: 1- essential that ear h university have a reasonably clear id. a of I. hat
omputer son o t.- tt exp.( t, before it can make a =n,11,1r decision between
ilternatke methods III providing those ,erN e, Althrlugh the computer
enter direct., ,,ay one of the most qualified individuals to provide

-rich information, he is in a good position politicalk An IndRidual outside
the duet t adinuristrative strui turn of the computer renter can best proy ide
in inepentletr' planning for wry lt tr., fun( tin Obviously such an

1, needed it then! is no nri-eampit, fat
fttgether with hi- or her counterpart, from other univcrities. the

Cimputer Nero Ct-ordinator bring, together information which would
ht 1p t itlenttf. art a, where resoun sharing might prove beneficial. The
pi tilde ii tually involved -hould participate in this identification pro( ess:
-ht omputer 4 fill r dire, tor, in I arditre, management, the admissions

cr- for adult-sum, proffer t +, and sil on The Task Force had rio
of eliminating mrtiativt s from the,t areas but rather facilitating

s..ry - Planning (,rotip t limposed of all the Computer
Cci-iirdmator, ulti tat ditatt planning for computer sery

Evaluation

1l h there hi an Imif pendent r. anti d,,,e,-,inerit of the
the pro', -- and how , an the- hest he done`' While an ideal

41. -ign -11,1,1d ii self IN aluatIng the credibility of the process is hest

d evIernal agent such a, the f;overnrucrit arid even private
I fuel-pi-1-e through timil party evaluation The Task Force therefore
net win. rid. cl i (ompriter `Services Board -to f., evaluate and

I 4.11 the 414 'ailed prlec i proposal_ and the reason, given h the
for ma panto 'liming he Board %mild draw member, front

both within and itot,tcle the tinker-me, and the c hairman would he from
ritv I omit !unity. EN iluatk reports would be made

public
I Xtcrt.ii rev if Ns 411141 31-.1)e,,l'Ilthil to counterbalance the

pre--sort from within the onkel-sine,. whit h will inevitably rume up quite
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uaturalls from users who are vitally concerned about the effect of any
resource sharing agreement on their access to, and use of a computing
la, IlliN Such pressure in itself is not bail Concerned users should be
oncerned it tie university is going 6 down-grade the servie to them

However, de, isnoris made with only one soli of the picture presented to the
der Isom making bodies of the unlYersities are bound to he one-sided
whether proposals are initiates, outside the universities, by computer
crier directors, or I , business and admissions officers within the

innyersities The original proposal for regional centers arose in 1969 from
a «ornmatee composed of computing center directors Yet, it is not

reasonat,;e to expect the 11111Ner,Itie,, to make rational decisions without all
sides it the the argument clearly presented Only a body such as the
Compute r Set-NI( e- Board ( an ensure that all sides of the case are

presented, and i an 111,1'4 that the decisions on resource sharing continue to

re-t with the autonomous institutions and yet maintain credibility

Incentive

The next question is how to pros ule an incentive for the institutions to
explore the opportunities for sharing Obsiously, start-up funds and
Government policies play a big role

The Task Force recommended a phased approach to lower the threshold
for party ipanon In Phase One opportunities for possible resource sharing
are ofentiled by initiative anywhere in the system. Irstuutions should be
made aware of opportunities, and those institution-, whorl, are interested
enough to commit re,,ource, to a detailed study opt-in to Phase Two.

In Phase Two d Project Task Furry is formed v. th represertatiYes from
only those institutions winch have opted-in to this phase The Project
Team oh s clop, a detailed proposal which contains estimates of
cost benefit, administrative arrangements and an implementation
schedule wlou lo is then submitted to the decision makmg apparatus of the
11 t11% rrque, and to the Computer Sentry, Board. The universities then
decide whether to opt-in to Phase Three The Board reviews the detailed
proposal and the reasons for the decision, of the Urnsersities It makes its
own «aliments and recommendations on these matters.

In Plia -e Three, implementation of the recommer,':. sirs of the detailed
proposal developed by the Project Task Wet', the management of the
resource sharing projects or agreements rests with the participating
institutions This is essential tf there is to he resource sharing with
institutions outside thy COLT and if the Board Itself is to tarn out
independent review and assessments. Judgments of the Board will not be
credible if it is forced to associate itself or the Office of Computer
Coordination ( losely with the management of the projects. The Board will
also recommend to the COL on applications for special start-up funds or
other grants, and all proposals for maw new systems costing in excess of
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3100,000 go to the Board for information. e% aivation and

re, ommendation

The facilitating structure developed by the Task Force is show- in
Figure 3 It is the opinion of the Task Force that the recommendations
pr-vide for

computer sert ices policy definition and identification of needs at both
the institutkonal and system le% el
a mean, of problem perception by analysis of appropriate inform.tiln
an inrentite for institutions to get together to resolve perceived
problems where appropriate
a mechanism for participatory development of detailed proposals and
establishment of resource sharing agreements
a oz Pan s of ret iew and assessment to ensure progress and effectp'..ness

an en t :roam ent n hu h encourages initiatit e
a loner threshold for participation
a mei hartisrn for en,aring fair and equitable interinstitutional trade

WIDER APPLICATIONS

It Is %thr, tempting to explore the notion of extending the pattern of the
re( ommendations of the Task Force on Computer Services to corer other
information resources The Library, Computer Centre and the Media
Centre of the I. niversity of Toronto face very similar prohlems. Questions
of entralization versus decentralization, charging, cost allocation and
pa rto ii arty resourc e sharing, are common to all three. Certainly, the three
,er%ot s van eonsiderahl% in the technical problems and the users they
,erc,, but many of the overall policy matters and p- blems are
xtraordinard% alike

It the detailed management ot rnoperatitie projects should not tesi with
ht coord,aating struc ture but rather with the participating institutions

then broad polo ' matters cd information resource, sharing and the
initiation of i ooperati%th projec is tould be dealt with b% a single Review
Board Pro e, Bey i. w Panel and Planning Group



Chapter 4,

DATA BASES AND LIBRARIES

by L.G. Cobs

THE PROPOSITION

Despite the title, "Data Bases and Libraries," this paper considers
networking for information science, rather than networking for libraries
alone While librages might constitute a very important part of any
information services network, the development and implementation of a
National Network of Scientific and Technical Information Services should
he based on a model which is eccentric to libraries and not heliocentric.

Information is available broadly, in two ways:
As published material, refereed and non-refereed, held largely but not
exclusively in repositories such as libraries, archives and other docu-
ment service,.

From the knowledge and experience of scientists, engineers and
affiliated practitioners who are also more conversant and more able
than librarians to judge the applicability, the quality and relevance of
the published mat" real in their respective fields

Both of these potential resources must be mustered for the operation of
a national network and the network model must embrace the latter
resource to an extent wher the model will not be heliocentric in respect to
librarie.

49

r--...iJet



50 DATA PASES AND LIBRARIES

DATA BASES

Calvin N Mooers of Rockford Research Institute Inc., in Cambridge
expresses considerable aggrievement concerning the sad fate of a

well-known neologisim "descriptor" for which he was the originator. He
says that, "We were never able to save the new term from the uttermost
semantic corruption which is now its present state". Further, he says,
"The latest fate of the term is that it has been taken over by that
nonliterate horde of computer scientists who, not knowing that descriptor
is not a long-established word listed in the dictionary, are using it

promiscuously and erroneously in their prose descriptions of programming
methods"

Perhaps the terrible computer scientists, having conscience, have
(affect retribution by providing the neologism "data base". Calvin
Mooers may have dealt with this, but outside of the peers of the privy
colleges of computer and information specialists data base is a neologism
which is abstruse and nearly inexplainable.

For the record, the National Research Council uses the following
explanation Data base is a computer term which is generally a synonym
for file. A file ran be a list of tabulated numerical data, an inventory or
listing of the contents of a warehouse (the books and journals of a library
or a catalogue), sets of indices of journal articles; sets of abstracts of
journal articles; lists of books and articles about a particular subject, a
bibliography, statistical data on energy consumption, numerical,
geographical and chemical data of fresh water resources, construction or
engineering information and data, an inventory of research projects in an
institution and similarly on a national basis, or an inventory of skills which
support research projects, engineering projects or any other technical
endeavor, One might even classify a library', collection of graphic
material as a data ba-e

The factor about a data base which is important, is that the compilation
of a data base requires the active participation of experts on the subject of
the data base Further, the on-going updating and operation of a data base
information system require, the continuing participation of subject matter
expert, Because of this factor it seems improbable or impractical for a
library to extend its operations beyond certain classic boundaries If this
extension is attempted one has something quite different than a library

LIBRARIES

According to one definition, ''A library is a collection of graphic
materials, such as hooks, films, magannes, manuscripts, and phonograph
records, designed for use" The extent of these varied graphic materials is
limitless, yet librarians are expected to furnish promptly any publication
or other record which a patron m:, N it every demand can be met,
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but librarians undertake to meet as many requests as possible. This is done
1,,,v bringing together the materiakof most interest to the users of a library
and by listing and arranging them in a fashion which will facilitate the
rapid location of a particular work. The modern librarian also endeavors to
furnish bits of information from materials in his collection, because library
users ordinarily cannot do this for themselves. The duties of individual
librarians Coffer in relation to many factors, such as the objectives, size and
location of their institutions; but the work of all can be considered
conveniently under the headings of acquisitions, processing (including
cataloging and classification), circulation, and reference.

John Stuart Mill, an English philosopher and economist who died in
1873 said- "That so few now dare to be eccentric marks the chief danger of
the time That so few now dare to stick their necks out, now dare to
ad ance an unpopular idea, now dare to express themselves openly when
there is a possibility they will be ridiculed marks the chief danger also of
our time Nevertheless, this paper presents a new, potentially unpopular,
idea

The real work of the librarian and the library is one of materials
management that is, the gathering and storing of published
information for ready access upon demand, when identified by other
means. It is an essential foundation activity in the total information field,
and should be done as effectively and efficiently as possible. But the sharp
point of progress in the information field is in the hands of others: the
information specialist, the computer and systems specialists and the
subject matter experts Progress will only be slowed by insisting that this
work remain under the control of libraries.

1 he proposed definition of library clearly supports this view. The
main ,if tiidttes of a library are purchasing, inventory control, issue and
reffopt and cataloguing and classification. All of this is materials
management The one element that is an extension, is that of reference.
I he work of reference is made monumentally difficult not by the accretion
of information but, rather by the accretion of graphic materials. It is now
quite improbable that the management and operators of a library can ever
get to ai hie%e the intimate knowledge of the subject matter expert of the
kind. (waits and value of the information contained in their collections of
gra oho in iterials

Compare two ( dialogue records reproduced in Appendices A and B. Oni
is a librar% . atalogue /mini made in accordance with current, modern
lohlufgraohn standards The other is a catalogue record_ of a device that is
stof Iced in ono of the material warehouses of the National Research
r :nun( 11 t see A ppendu es D and E) Look for one characteristic in each of
these records That is, how informative is each record? Incidentally, the
'A HMI f fill WI) hook -1 Canticle for Leibowitz e- an allegory which is
riot flaming, and also gi% es a very unusual view of a library and librarians

A ith Tr r toil more published material becoming available each year on

.)iii



52 DATA BASES AND LIBRARIES

almost every subject, the provision of a mechanism for finding the specific
information contents of each book, article, report, etc. is of paramount
importance. The content am lysis as performed by libraries in their
cataloguing operations is relao.-ly lacking in detail. Reference librarians
are very adept at using the catalogue to the limit possible, but the limit
remains none- the-less. The abstracting and indexing activities of the
documentalists is much better as to specific detail, and when combined
with the power of the computer to seek out unique combinations of terms,
provides a very substantial improvement in the ability to identify rapidly
and precisely, the fewest published items most likely to satisfy a given
requirement. For good results, an information specialist who is familiar
with the different approaches of various groups of documentalists which
perform the abstracting and indexing for world-wide use, is required. Best
of all is the specific recommendation of an infokmation analysis centre or a
subject matter expert, who, being thoroughly'familiar with the literature
and state of knowledge in a particular field, can enter into a discussion
with the user to discern the real nature of his or her information need and
level of comprehension and, if necessary, can assist the user in the
interpretation of the published information, or provide the required
information from personal experience

The inventory of printed matter if: ever expanding. No matter the size
and tidiness of this hoard, retrieval seldom provides solutions. Facts, often
trivia, are retrievable but are merely an Input to the synergistic methods of
problem analysis and solution The reader is referred to the June 1974
issue (Vol. 30, No. 2) of the Journal of Documentation containing a set of
Essays to Robe ' A. Farthorne. These essays can all be read in a few
hours, but, mon important, the authors are among the privy council of
peers of all facets of the library business.

THE INFORMATION INDUSTRY

Mention of the information industry is important as an early-alerting or
an aidememoire T'ree points are sufficient. copyright, author lending
fees and the adopt, in of new technology for the publishing process. The
first two points wi'l obviously have at least an economic repercussion on
library operation,, and it is not improbable that systems such as lending
and copying will be sever, Iv dislocated.

The last ; .,In t may prob ibly pose the greatest upset to the forward
planning of library systems 1' is not beyond reason that with the use of
new automated techniques and very low cost storage methods, publishers
could move squarely into the and information domain Further,
since publishing is a for-profit industry operation, one might expect
quality control and value analysis to a degree no* yet achieved by libraries.
Comments on this possibility will no doubt be included in a U.S National
Set; rice Foundation commissioned planning guide INNOVATION in the
Oisserninciiion of Scientific and Technical Information.
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CANADA IN THE NORTH AMERICAN PERSPECTIVE'

1 hr ugh a (1-rnhdlt-d procr,,,d osmo,a.., principally from the U.S A and
:ert Canadian at tiyity and examination there Is a range of strong

pressure, for Canada to develop a strong and emergent system of scientific
and ter hmcal informz torn se^ ices which are carefully matched to the
demonstrable needs of all Canadians

F or the present, the current Canadian course is rounded on four
watershed items

The ,study and report the St, race Council of Canada inclrling
'science Counttl Sper.al Study No 8 (the Tyas Study) and Sewn( e
Council Report No ft (the katz Report)
The Cabinet :nstru.-tion rif December 1969 to the National Research
Cuuncil to develop, in cr vien existing information
organizations a national !4T1 systi - was to be done untier the
general direction of the Adyisory Board
The National Library let raj 1469
The telecommunication studies of the Federal Department of
Commune ations, pant( ularly the Von Ba. er sit dy of computer-com-
munications. Branching Out

1 hr National Research Council form ,anal Advisory Board on
`. intific arid ernnical Information in it was provided with a full
trine Exe.utive Secretariat and a Network Planning and Develolment
staff Simultaneously, the National Rest- -h Council's National Scii ace
'ibrary an,' et hint al Info-mation Service undertook a program, Jointly
with the National lit-search 7 tomtit Computation Centre, in de..dop a
iangc, of orriputer based int( 'manor) services These servic, ire operated
it 197 1 a- national "cry ices from toast to (oast

I be Nati, real Library, during this period, set about to develop numerous
,Tan lard-, pro. esse, and pr.medures for the fede,-l library system, many

*I) h oth. r Canadian will hopefully follow. Plans for extensive
ornputry to pros idt library support and housekeeping services

also be. ti de% eloped and the first phases of these standards and plans
n implemented or are Just being implemented

Addition is a large nurrii,er of a tlyities to pro% ide new information
cry are iindt rw a, in the universities, it ,,ariou., departments of federal

ial government, arid in tin Canadian information industry
u.trtn ularly hs 014 tolt/11,11f r

"-not, ,,pl, s,cis tht, 'anon hestrat.ii range of ai tiyines with dismay
r, 'whin/ the author beh, se that these individual initiatives are

ary and tr nth,' hr.-I. most of these a. to, ities are undertaken to
meet w. it -tit t fed and pronoun, rd needs Therefore, in aggiegate
tilt t n, a tun. ha-,e Jr o what might he the eventual total Canadian

in `se the work that is iont in this was creates a very much
!Id', '0 irf,th and sari' ti of Canadian expertise and experts

f
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Fhe latest deselopment ,sa, the inauguration of the Canada Institute for
lentifit and Techniral Information on 16 October 1Q74 on the condoned

resources of two major NRC information ser -let the National Sewn«.
Library and the Technical Information Service. The Institute has been
pro sided with a n-ss 14.8 million 1.11ar building which is located within
the NRC raboratory complex i Ottawa :he In....mute will continue to
provide all of the pre ious <a% ice, of the founding ag,ent les and vs 11

undertake and assess K & for the develoFrnent of new ,cientifte and
tot lint( al information i S'I I ) s,teins and stbrt it c,
pot idP additional national SI 1 Sert ices which ,,houlii be oper fed on
a « ruralized base- hccau,c of co,t elf« m other rea,ons
prot ide an orpanzzation capable of linking the Canadian Network of
ST; Sersne, to foreign and international Si'! network,

There t. tropic-4ton that the work of building a national network of S'I I
'sem«, t, ,till at the organizational and ref:armors stage Fo date,

raft hate determin«1 that it r- much more prudent to encourage
the growth of a Nancy, nt relatisels -mall independent ,v stem, or network-
tathr- han attempt e-tabb h a working, fulls integrated network or

tun

ko, !lath Fiorito-, art in a ,fate of rapid est-di:non The
all- on,unung date for new knowledge to feed researtIi Pad ..eNclopment
a of high tet hnologt coat be :sarong The i oritairirri nit of world population
and the urharitzation, the qualm of ltfe, the ent mount-fit, the
world food bank seem to he supplanting the nee for et er-increa,Ing
tr. finologit al adtance, Thts turvironment of shifting -and- cause, roam
ilit hellfire, in -Hung goals and objet tise, f-tr information -0,,tern, design

'I he current planning t ltallenge 1, that thr existing information
re,ourt e- arid ,ert it e, required for the Canatilen network are own. ti and
managed Its a %antic of lure diction, and art riot .'atilt ,hared, nor .'ten
known, ftesond Jurisdictional and institutional oindaries Further, these
rr,11r1 art t hi,tered n folk a few gt ogr Om al a.ca, and hate an
est reme heterogen 'it, of economic. ti I hnical and operat.m,-. practices

Although statf are laced with these rt alum,, a plan ha, been trogo,ed
..1:1(1 at t tilted in prItit ,nit for OW dry1.111111Mnt if a network of Info-matron
referral .eon V' ! I t t i f f . I t nropo,t d that existing source, of II

litirarte,, Irrierit I rimer-, data liank,, arid «.ritcr, of expertise in

the federal proton nil and irritate ,et tors will be linkt ti to information
ot.er, fit a referral ,Write network b Maintaining an
intentott of asridable S'11 VS and ,.'rite,, will flirt (1
matt, r Wed fr, ( inside., in iii. ,t,urt or sent e roost apprt DrIdIr

II-- r her 11,4 (1 11111,. (Vl t at tRitit., are required
rah m rrit anti (jet eitipfn ibat ,:e1( sent pc a, node, in
the nt is. ork I `emit %arif,11, d, partIrterit,. Igelirle,, and
inwitito all r.oternment,, and di, prisatt et tor, in lb. area, 01
1/If If !Mil% Idnal and experti,c to re,poil-e h ilernt ntrated
ir-cr Ile( 41,, a-(1

PO# -1
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implementation and operation of th, -eferral sent ire network dh its
ne(essary ms en tones, directories, ett . and personnel to use them, to
assist ini users to fah] the right node

It simple analogs for this serYwc is that of ''animated selluis pages " It
1, a direr tors st-rn e deeplY indexed arid la;sified, to let the client knov,
iv% or where io get his enquirs art veered It is and will be the linking
frier hanism or "bar kbone network for the national STI ,N,tem It will
pia( no lirds on the extent of logo al or pfissir ai subnetworks that may be

rrporated into tht ,stem
1 he \RC t, row prrpering to implement a pilot operation of this

neto-ork One office is t' be established in one rp.inee As a co-operatiYr
federal prosint mat prop, t the netssort, entails the participation of 14
federal gosernment departments and agen( les, including the. «mtrol:ed
partit ipation of 1 entr,- ,Aperti,f- and f xpert, in addition to the proyision
of dor umentarY and other printed information It is antnipeo ':tat the
rpi.y alent 1ind pro.in ial resour, s will alsa be made asall or this

It oper
I'be tollov,trig h3,, h,r the . peratir,

fa et ohe a prai teat inro:e1 of rim fir terra! fser; ice Ner%ork with field
tesfed of erating pro! edures and str,darris and the ine-nories and
,Ile'', ton, - of "7'1 I ":ers s arid ,our: e_ orrently asailable
to der eioir prof ecir,te, for detr rinionig the range and sr aft. .f the
I", -I:111-11- awl rsn f.s. that v.111 rrquired to meet the loll

oians.raId. of 'I"' rs
to er ar,une .1,1 prop, ,nt, on, rne rpf o the

rarer of { antdian Netk,nri, ,,f till `-a r-rr s and
.. der ;np es VS11111, ri it.f is of g",, urnieni

tr thr k o. rt:r0nt a, pr,111 se,
/4: pr,t1,ir /in./ fitTIN ill 1, .11 if, HI ,.r '1 UP o t, fell Ito.

t,, ti. ;1
, I, 1r :1 -1[11 :1111:1-1:1,1171 .No

THir4r t, t,-,1:1 f.. (d th, (.1: t'
111, ' (Eat, I,,r ' 11.11 Y

I l nn x, ra I; ,, -the t

I, sa.,4 to 117.1:1 11111,-

F1',11LL'i, THE SHERIrr

; - d 1,0- fl w 0:- 11'
IMP 111,1 -I U,. ,11--1,171" ,tdr, en. fl: ,;11 1: 11. s ;rid pt n Sir

-na; ^f ndorir '
1,T11-.14 r ti I,

-1. 1,11 If '111, r hi' Math, - ,,road e '-

k -1,k`'Ilk '11't art 1, _I- I, II It-I ,nation

4



56 DATA BASES AND LIBRARIES

In his recent hook, The Best and the Brightest, David Halberstam
lescribes Lyndon B Johnson's reaction to John F. Ker.nedv's first
Cabinet 'Stunned by their glamour and intellect, he 'Johnson) had
rushed bask to tell (Sam) Rayburn., his great and crafty rientor, about
them, about how brilliant each was, that fellow Bundy from Harvard,
Rusk from Rockefeller, McNamara from Ford. On he went, naming
them all "Well, Lyndun. ou may be right and they may be every bit as
,ntelligent as you say'', said Rayburn, "but I'd feel a whole lot better
at at them if just one of them had run for sheriff once."

"Thus we hale at least the:,e three strands: Information Systems as the
artistic creation of imaginary worlds; Information Systems, as a
my emus supertool to be used by experts to save this world from th:
bungl.ng bureaucrats and predatory politicians; and information as the
intellectual trappings of boy-wonders who have never met a payroll,
never run fol sheriff, and shouldn't try to run the country. (In this last
stew, the sheriff, the great man, is independent of analysis, flying on
judgement, hunch and the seat of his pants, because no information
system can capture his problem

Oor «umuoity assigns the responsibility for taking decisions to a
(,d1e(tion of action-oriented indisiduals, people who have run for sheriff

who spend their life ranning for sheriff -- ,:nd who are actually
aware, in a general manner, of where the country ought to go, but lack
the detailed itinerary and the choice of means to go there

The point is that sou roust not assume that only the intellectual force of
an argument matters in the process of policy formation Optimizing
models are onp thing. but the struct,res of a bureaucracy and the

eases of decision-making have dynamics of their own, and they are
not irrelin,ant in taking decisions The Rayburn view is a useful antidote

the (-lair f ,uperttiok as the sasiours of the :'.stem."

'Hut don't, tel me that it', all 1,,t a matter of getting the polky -maker
or transplanting existing tools The problems are hard, hard

hesimi , our ,tudint,: ahtlits to handle them, beyond the power of your
rre,rtit tools esen to pliri,e the important questions that must be posed

he task will take patienr e. infinite attention ,o the detail of in'.titutionai
trio tor, and the prates, of policy making, and a ,,,illingness to lice

with :Twit want. approximate and on ho( suidtion, It also requires a
wilhownes- to ,re sou-r prgimssal,, prodiut hour,,
reo i i on the iii.lwernept -i4re riff who wouldn't know at,

iron, a inh,K'ii



Chapter 5

TOWARD kFACILITATING NETWORK*

by Joe B. Wyatt

People are already caving that they are tired of hearing about
networking It is not completely clear whether this is a result of the fact
that computer networks are technologically passe or whether networks are
corsidi -ed enough of sproblena that they rank with inflation, the energy
crisis, and other contemporar afflictiops. V.3. t networks do appear to
represent is either presz re for change r; opportunity for change
depending on one's point of view. For this di ussion, networks will be put
into the perspective of the educational ent . prise Knowledge is the
product, not computer systems or networks.

Each institution in the education erterprise deals with two basic
problems about knowledge the delivery of knowledge called instruction;
and the developrn:nt of new knowledge called research. The
preprint-le:- -Ince of activity in terms of total dollars expended is in these two
areas The a !ministration of each university which provides the money
and th( management to hold it together account, for noqt of the rest of the
effort

The education enterprise ha, been increasingly criticized for its
ineffir win . in delivering knowledge to people Responding by pointing to
the fai ! that the are required to teach more material :n less time,
elfin ators also point to their contribution in the development of new

"raw i J VARA,

4(
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knt-wledge Meanwhile the appetite of people fur knowledge continues to
rease

!ltting aside the onsiderations of research and administration one can
talk about the manner in w Filch knowledge is delivered to people and, more
-pee 'heath, about the role that computers and networks might play in that
activity The delivery of knowledge is a function which is clearly pertinent
to the development and use of a facilitating network.

It's reasonably certain that the leverage provided by electronic
tee hnology in conjunction with printing technology has a significant
amount of untaned potential For example, in the two decades since 1950
the printed material reflected by college and university libraries has
quadrupled. At that same rate of expansion in two more decades the
representation of knowledge in printed form will have multiplied sixteen
kid fnon its 1950 level (I) A: the same time. electronic technology in the
form of telev1q011 I, represented in 70,000,000 american homes. Already
11 of these home are connected to cable televisi. 1, the medium that
promises to offer two was rommurm anon capability and a marriage with
ornioiter tee ( 11 In addition, thene are over forty licensed
instructional television stations in colleges and universities operating

vt lusty ek for the deliver. of know ledge (5) Many are undoubtedly
familiar vs ,t it the statist!, - the expansion of computer systems in North
Areero a The growth rate is exponential and «tinues even more

4 it 4)tirag,di by the introdurtIon of minicomputers and microcomputers
11. tth the potential ley eratze availablr tt can be ar,r,ued that higt rr

education is not effet tivelv untiring technological facilities for delivery of
ediecational material For example in the last decade costs have averaged
an 111( nase of (iv e 1, seven per, en' a year excluding I973-71 where costs

risen even no-r( dramatically At the some time productivity as
111,',1',1r4,11, student-14U !pit r WAN hour has shuffled upward at a rate of
2 a veer tender, nt "tik t, ll:t I c, Off!, r', snails pale of 23' a
%,,r or:wan -on. the prod.:, fix its of the «immunications industry. has
1,r, wit al a Tat, h 2 ' a .ear during 11)( 'atm' period (3) In an

the zorihiltion rice unto, tee hnolog, to education d

tr(Wttle (..411, --1 ,11/(11,4111( Iu.ied that It I, I t ( riming along more
,10%.1%. 1 ( -tint! more mono% , and I i adding -ail r than rept., mg !ho
ol I, r otro,olo, 11-0 no -111'1% Al-. (,n,111(1,, that Ow u%.), of de( mow

11nolo In 1 1.%erir,g edit, animal material has substantial'', trailed
other s tti ,.H, g Ind ot :" rsiti, s sin h as an hleirrontstratioo and

n the library Flier,' at,i,. ar several reason- for ;his define irev
tin 1,, litiologv has I., 41 oversold for fins ittlrir(0.. At the same

olio it '44 lying r it)111'. that 11 Is tift,t(thit' for itl(),(` who attempt :I
44-4 r(11!)\ 1 -t tt, to, 1,g1-t- arc ( hanging ,and eloping th(

1,1 r sun, 111r, t(',1( tit r, and .the rs are attempting to
.1-, it f, r th, v. lopo,, nt t, long Inatertal- r.

k',11 xj,, major ev, on approcon Itch f'verN

6()
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three sears For any major dtiviopmero of instructional material taking
the form of ciirnput programmed software three years is simply not a
suffo tent period for design, deelopment, testing and installation in a
eurrIculuni of instruction chi- mismatch between technological
deelopment and the des elopment of instrui nonal material tontinues to
plague the most riontemprary of our efforts includir4r, PLAT() and
TICCIl

Second, it is both difficult ' expnsie t use tei hnology for the
deselopment of instrut tional material Sperial effort is required on the
part of the teacher The i ouise must he re-thought and material must be
restructured Special assistance is required_ The teacher must join with a
set of strangers in the de%elopment of instructional material including
C omputer te. hnologists, telex ision techrnrogists, and a host of related
people who has quite different interests and idiosyncrasies from book
publishers This is a strange experience for many teachers and it appears
that the ter hnologists may not be enhani mg the relationship For
example, Lloyd Morriset indicated that it required one year's time to get
the Iciest-um people and t hr teaching people sufficiently close together ti
produr ri the first pilot of the program Sesame Street.(21

Third, and probably most pertine -bt to this discussion, the mobility of
material represented fe% educational technoloo is substantially less than
that represer ti d in the form of books This is particularly true of large
software -ts It -mph, isn't eas% to rnoe a major ,_'.stern from one
/imp t r t her weer] wt both tornput^r systems are coropatibla

luding hardware anti -tiltw are I (Mt 371i 16; running (Pis 1`sl iir
Cl)' O('Oft's running kronio 2 I f The at teal manifestations of these

ss!enis are -Ott, lentil, n1(.1:fit d hl, 1m al in-taliation, to make -oftYYare
rrolth a -ignite ant trail-latter-1 pr,,idem 161,1, h dr, he 6,1,1re-se d orb, bs
rclanstls si an e experts

Fourth, edoe te, tnittlrii i. lois bet n sects it -titutinnalued
ationai instoutitin- halt al (pored the paraphernalia of tido, ahonal

ituoloa. ureter the a--uruptat that it would be used his tt fatuity for
tt'eti/ works hi t o mars e ases, the trappings were installed and

1,111,11, we reapp,pc ad)u-tPd up.saril with no specific plans for
'b. let., ttif mitt iit oda. atii.nal material As a result, tf fatuity
tilt a r,.. ate ft 10.r and the aaile it-elf of the
t lit It n, pr(11,1, the ti' het,low, t- the Carrel (.Trifliiili rept rt
sh ta-trio tea, has d ire la-t

thin it ail adequate was h ael,a,aer, ft e elite
1,1 trite it t,r14,;.0 rr teal ping , ompar, r 1 1) ta.i<litmal11 media

tneilals In fat 'he e dpa, its of r elleges ar,il 11110, ,,
the a whole - (left( l t I hp wirdu ;Pi of

a v 111,e, 's ee t.tlrr. 'hat 114,1.

cl.
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klthough the overall picture of the use of educational technology in
teaching is pessimistic, one continues to hear of specific successful
example- of computer assisted instruction it appears that in order for
technology (particularly computer technology) to be broadly successful
there must be developed an effective and efficient mechanism analogous to
the book publishing hirlustrY for the distribution of technology based
tea( lung material There is now nothing comparable to the multibillion
dollar book publishing industry for tec'mology based material Moreover,
...unit. large book publishers, after establishing joint ventures with major
omputr manufacturers several sears ago have not yet really focussed on

the development of material for the electronic media
I here is substantial possibility that networking might be able to deal

with the, very fundamental problem The use of networks to remi
act ess both software and data appears to present a new opportunity for
tat kling the distribution problem. In making the point fur networking one
should not ttyi hide the potential of minicomputers and microcomputers.
The optimum ontribution of networking to educational technology will he
performed in , onlunt non with minicomputer and microcomputer
technoh.gY The fact i., howey or, that some um% ersaties are dry doping
very large and very «atiplex ompuring re-Pune. whir h will not be
duphi ated in large numbers around the country Even the large
institutions will not hcit ludo, !dual ropuis of the 11.1.IAC land the NCAR
f ,,mputer resource It is also an oy erys heltning problem to replicate or

of the large it d omplex software and data systems In
addition, more often than no, the sy,tems cannot be operated reliably or
hi:untamed and improved without substantial expense and a lengthy
!earning one I my ersittes are also dey eloping very largo and ,ronirde
data 1,c1's whir h wilt hay,. to be iltnIterl in number

THE FACILITATING NETWORK

tin thi %01, ,t make, '",1u nn-nh r the

dry, looment t network to fat dilate au,' resources b% a large
nutria r , at trrod dr rip., the ,'tills We', and MM., rsitie of North
inn rn ".lost if tint pe"1,1f, wh 11,1 ,14 h ar. not ( (fi-nputer

111NN. but in oril,harY who wish to tri at the omputer as a tool
n it as t it (!f ,Ile are iiiit ye!' using t oloputers
and iled omput, r that ff,`, not ha,- the appearan, e

t rittlot,,1 ;,, Loologli al fir the thi
t 11.11,1, it ,t w di hay, to li, mut .1 noire near!: approximated I.'. the

1,,( 11 '11110 r-11%, r ontimtcr r%],,

this .11- It th, n 110.11111,Z lwrk N tiara, t.rilf
b.\
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terminal,' and computers to other computers 0%er long distances
reliably, efficiently. -and relatively inexpensively
a host of services that are required to make computer resource, useful
to a group of geographically and culturally diverse users

The computer culture of colleges and universities varies substantially and
must be dealt with successfully in any such venture. For example. a
software system that works handily at Dartmouth might represent a
culture shock at Harvard Services will need to include information about
computer resources and programs, instructiony'on how to use the
resources, stitndards for communication protocols and other interfacing
services without which is genetfrated for the ordinary computer user. There
would also need to be some means of measuring and accounting for
network transactions

The most pervasive questions about facilitating services relate to the
usage of such a facilitating network. Th first ingredient, communications
facilities, will probably be available from one or more commerical vendors
The second ingredient, facilitating services, represents a set of problems to
be solved

Benefits Several benefits of networking ( an be realizeti relately coon,
perhaps in 1975 First there is the possibility of bilateral arrangements
between institutions If one assume, that a set of computers (and
terminals) i an he connected to enable multiple users to remotely access a
varlet% of computer resources, than institutions can develop bilateral

ri. brnents ft, pun basing. selling, and ea hanging computer and
information resources Some sin h arlangemer.ts already exist like the
Harsard-MIT example Extending the hypothesis, Stanford «mid buy
hash tim-sharing serene from Dartmouth instead of buying another
PDP 10 Dartmouth could iiii% large-scale numerical processing capability
from Pim, eton Princeton t'ould buy PLATO ref% Ices from the Urli%ersit!,
01 Illinois The 1 nisei...it% of Illmois could buy MCITICS services from
MIT Harvard, whit h is in II.- position of being primarik a biker rather
than a 'viler of ,eri,e, might hue some of each serii t. from in h of these
inst.iutions Sur h an arrangement of bilaterial agrecrin fil, would br
"Mpletel% extendable to other institutions

A network also promises notch broader access to scan e resources A

large numb,--i of computer users can have remote acce,,,, to computer arid
information resources that would otherwise be una%ailable lot ally Already
established national and rsigional (enters of t omputing and
/ omputer-based information like 11,1,1 AC 1 and Ni CAE have alrcritiv been
mentioned There is also / urrentb, a proposal for a National Center for
Computation in Chemistr% "I wo noteworthy example., in the area of
library circulation and t /intro! ar.,. BALLOTS developed at Stanford
i no.ersit% and the Ohio College Library Consortium ,,stem (OCI,C) It is

ry uttltkvb, that individual ormersine- t an afford or should develop a
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large number of such systems Beca se it is difficult to m()%e -"itch a
implex s%stern to numerous different computer systems and because

major problem are c reated in software maintamance and operation, it is
natural to consider networks as a means of access to systems of the type
( haracterized by BALLOTS and OCLC for libraries The proposition
extends to data resources as well. Large complex data collections su...h as
the 1970 census, the data collected by the Opinion Research Center, the
()) ononn«iata collected and maintained by the National Bureau of
Economic Research and a host of other ()Ilections are sufficiently
important that they are collected and accurately maintained. They are
sufficiently costly that the effort should not be duplicated. They are
sufficiently valuable and interesting that they should be accessible by a rfe
%ariet% of users

Finally, short-term uses of computer resources would be facilitated by a
type of petwork who h would pr()%ide means for d user to purchase job lot
computer capat ay. A %anet% of moti%ations can be en% isioned for such a
ser%ne im luding price and response time For example, between four
computer resource- used by Har%ard, a collection of jobs which cost
$109.000 to run on one of the facilities alone r an be performed by an
optimum c hoice among the four facilities at a cost of approximately
$70,000 The worst ( as(' inst would ha%e been approximately $120,000
The computer systems 'twit% ed were compatible to the extent that
translation of job «nand Ian ,-,cages between the resources could be
performed by a provrammed algorithm This range of cost would seem to
indicate that subsfantial dollars could he made available to facilitate
network access to multiple resources and still have a remainder of
substantial sayings in user cast The acquisitor of computer capacity as a
price drt%e9 commodity is relatRely new to unRersity computer users. It
appears to In a rather natural phenomena that computer users, given the
opporturnts, wilt seek out the maximum computation on the basis of
a%adabie funds In this case the facilitating network would serge the role of
making the market'' for such transactions Up to date quotations could
le pros id) d (meth, a ad ibilit% of speedo sexy t, es, the location, the pm t',
the expel ted response time and other %ariables of interest

The, three types nt scr% ice -- bilateral long-term arrangements
between mmer-Ifie-, ac( es- to ,( arc e resour( es by a large number of users
and -hort-n rm transat non- for computer capacity would seem to

harai tcrue au, immediately useful set of ar ti% dies for a facilitating
nr iw,,rk I hr murdient net (,,,,tr% for this type of of twork not already
aadahle will probably be a%ailabli within a %ear With this prospect, it is
tine now piaci for their use

PT,A/Prit to be coked It Ina% he discuss the most useful next
-tips toward an initial tan totaling network A first ronsoleration is the
,mtnit mum, hn doe ithin the reeling 'ear (or 1976 at th- latest)

( (motion arre r designed -Tr, Ill /In/ fr)1 computer
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ommunn atnins will be available priced substantially below current rates,
and in some eases priced on a distance independent basis To use one
example, Telenet Corporation of Washington, D C. has promised a seven
its net 4,,rk by the m ddle of 19t5 This network will initially connect

Boston, New York , ashington. D C Chicago, Dallas, San Franscisco,
and Los Angeles The network 'Ad! use packet swot hung technology
derived troni the ARPANET and implemented in advanced hardware.
Servicing will be priced independently of distance transmitted. By the end
of another twelve to eighteen months eleven additional cow will be added
to the network As a result, eighteen major population centers in the

cited States will be provided with a national communications resource
designed for digital computer systems making the communications
network at eessible to hundreds of colleges and universities. Competitive
nc tworks are also in the process of developing initial operatim F-Awern
spe. Ines with a variety of srsices W oh the asailabdity of sus h
comcnunwation networks, bilateral agreements between colleges and
urnser-Thes could begin almost immediately. It therefore appears prudent
as one step to begin the facilitating network with a collectnin of bilateral
arrangements between universities. In this way each institution could
judge the merits of the services acquired or sold on the basis of the
liabilities and bent fits who h would specifically b.. a consequence of such
art arrangement

Second, there is the problem of information dissemination or marketing
which is required in order to communicate appropriate information about
the available services to the potential and active customer market. Such an
interface between multiple users and multiple resources is so critical, that
deslopment of it cannot be left to chance The part of the interface
ac tisits who h %anou, types of local user services would likely
have the chatai ten,..1( of a lot al network which would interface a variety
of users to a sanely of «imputer resources vii multiple communications
networks snot her part is the probleni if operating and managing the
national network with the associated usersnetwork-resources interfaces
Ithough it is highis appropriate in the beginning to avoid over
inanagenent of the facilitating network, scone minimal user sers lees, such
as prolding for mark..ting, ai «milting, and measurement of transaction,.
performed in the network, ran prohahh be-t be performed by some
orgamiud group with ihr appropria. mission and motivations

I ford, there 1. do problem of user advocacy In order for a facilitating
network to fq,,,rate essfulls there will be a need for a consumer report
fun, non gr IA it does not appear feasible to has t a fin ditating network
oiganuation attempt to r edit% all of to 4r%fr;',, offered through the
network, moth, r doe- It appear'appropria.te to base no «nmunic anon
shout the quality of sot II ,t I to (1.%elopmeni and maintenance of a

!hit rlt r, porting rso t based on ai foal it i r elperosio e
I with it Dropout. addition) ..wild appear to be a usi tut
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alternative By necessity such a service would need to give frank reports,
about the quality of specific services offered via the network. Unless this
and other elements of a user advocacy role are developed it seems very
likely, that the viability of a network will be limited. It could even be
sufficiently limited to defeat the purpose of networking to the extent that
autonomous and duplicate resources would continue to flourish. There are
certainly alternatives to networks curreittly and more on the horizon via
mini and microcomputer technology Another alternative, of course, is an
undesirable situation in which activities simply do not happen because of
the tack of availability of either a private resource or a network to facilitate
use

Fourth, there is the problem of interinstitutional cooperation. When
one considers the operation of a network on a very large scale involving
large number of institutions and an even larger number of computers and
computer users there are a number of additional considerations for the
successful operation of a facilitating network. As a result of the size of such
a network there will he a requirement for some level of organization in the
form of more._ formalized inter - institutional cooperation. In many cases
:nstitutions have considered themselves rather autonomous with regard to
specific activities and intersts including research, instruction, and even the
method by which the institution is managed. Much of this autonomy is
storeyed in tradition and has endured despite growing pressures.
Networking may preserve those which are useful but offer an opportunity
to dispense with those that have become liabilities. Since networking is by
definition an inter-Institutional activity, it must he recognized as such by
MIN effort to develop and operate a facilitating network. It appears that the

neressary interinstitutional cooperation will require activity at at least
three levels within each participating institution. It will require the

omouter people to operate the network and provide the local interface to
it It will require enlightened faculty and students to use it. It will require
the participation of the "ministration to recognize its role in institutional
development and operation A small inter institutional organization,
iro luding these types of people, has already been formed. The
organization, known as the Planning Council for Computing in Education
and Research, has a, one of its principle objectives the development of a
viable facilitating network of computer resources Institutions are
represented on a Planning Council Policy Board by university executives
and on a technical committee by computer scientists. computing center
(11c,.( tor, and tatAiltv Dr James Emery has been hired as thy, Executive
Duet for for the Planning C,,uncil Each institution has agreed to

contribute 310,000 per year for a minimum three year period to support
the basic operation of the Planning Colloid Grant funds are being sought
to matt h thy, in,tituttotial contribution It is rev 'sinned that mission
,.no rood prefer is votild he developed and funded Inc rementall..,
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Spec Liao- In addition to the organizational dl tis its , manifested
in the Planning seyerai specific dimities appear to be
necessary for the development of a facilitating network One N the need for
analysis and evaluation Too many large-scale efforts associated with
compute, technology (specifically computer operating systems) has c

begun and developed with very little planning and analysis with the
penalty for many of ineffectiveness and expense The emphasis of sucn an
deny its would not be primarily technological Rather, the emphasis would
be on economic, behavioral, organizational, and political issues which are
critical to the successful operation of a facilitating network The project
would hale as its primary objective development of a tool which could be
used by any institution contemplating participation m networking to
evaluate the impact on the institution of participation With this tool, the
effects of balance of trade, alteration, in student and faculty behavior
relative to computer based instruction, and other consequence, of resource
sharing could be assessed in a simulated game prior to commitment For
example, one phenomena which might be evaluated is the effect of making
a free market of computer resources available' to computer users holding
purchasing power A stud!, funded by the National Science Foundation of
the feasibility of such an activity has been completed. Subsequently, a
proposal has been developed to define and propose funding for a "Network
Simulation and Gaming'' project which would invoke sixteen different
institutions ranging in type, size, and geographic location The project
which will he developed in three phases, model design and development,
model testing, and gaming, will span three year, and cost approximately
$800,000 The ultimate objective of the project is to develop a simulation
model and game which could he used by executive officers, computer
resource managers, and computer users of each irtitution ill order to
assess the Oft., is of joining a c omputer network

A second activity necessary for the deyeloprin nt of the facilitating
network 1, experimentation There has been a good deal of

experimentation in the technological aspect, of networking One vital
experiment which has not been performed is a trial network based on real

4,11M1111 ,MditlMs "111( h ao experimental network might consist of a
small numbur of institutions m geograph, diverse locations eac h
has mg a spy, int need for some service offered by one or more of the other
institutions porn, in the experimental netwirk The r ritic al
hdrdl trnsti, tit sus h an experimental ntvo rk is that t; nut by hulk

,uh-uhled 1P.! that c .1( 1i itt,toitt.,o pay at loll , ost for all tonpoting and
11111111111( re,111r, e, required for operatitto and II- e h an

xpermiental no twork -tan+, on it, ,f,an to of of last-' It I-. ill
,i,,t101'ratv .1' Oise re than the 11 l's} i his alfead
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A third actiYitY necessary for the facilitating network will be the
development of new types of local user services. There are a number of
university computing facilities that don't do an adequate job now of
pros 'ding services to locale omputer users. It is a difficult task in which
hard decision base to be made on the allocation of resources. In a
distributed network where access to a wide variety of computer resources is
performed remotely, is critical that services be provided to inform users
about the as ailability of multiple computer services and how to use them
Such a local network interlace system might give price quotations on the
basis of stored use profiles matched against computing resources available
about the national network The system might also provide faeihnes to
translate from one computer-specific language to another in order to
facilitate the mobility of jobs and data. (The, is a very formidable and
counter-productiye acnytty for an ordinary computer user who is not and
does not wish to be familiar with the details of computer job control
language-) The connection of multiple types of terminals to multiple
tvs of computers will also require sonic automatic facilitation and
translation of comfit umeations Foto( ols which might be performed by the
network interface stem A number of other user services might also be
pros ;di' by the system

Finally, there is the requirement for information dissemination In one
slew, a large data base somewhere in the network could respond to user, re-
quests for information about the sersu es available in the network A nuther
and more likely %IPw is that such a fa, his will be highly institution depen-
dent In the aggregate, the mass of information required might represent a
sirtualls to.manageahle data base For any individual mstitutioa or
pe, lap, is n groups of users within institutions, the _mount of
information required in an active file would be relatively ,

information is partitioned into smaller more user oriented pieces its at rev,
and di.....,mmata,n might he addressable by the use of moth omputer
technoii.gY in c ,njunetion with microfilm and inn rofiche equipment In
this wa, -mall computer based information retrieval sy,terns could be
mutinied in a distributed information system to pro ode for

1 1.ffif11111114 siting information about the fat dole, in the network to multiple
users It is this al tis its , .adequate nitera« between resource. And 11,,e'r,
14 hp II appears to he at least as r into at as 0,1 other three and is probably a

e-sary r ondititio for the si, es. of any huge-, aft ni'lworkm,! a, tisity

CONCLUSION

1i, -11,11Trlari71, the 1,1, 11111, h nf iw,ork 1,i- and
people Flo. network must grant usable a. (.1,, to manor

iimputer and .of..rmation ri or e, who It will PI resent the next
generatii.ti of ornimit r- for a I irge 11111111,e1 4,111 ge and 111,if.p,11!,

omputer users and whop would he made available by the facilitating
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'" "d0 it lariatd« at a rat if S
ellrr 1, 'our. Intl attun

.t . t' nr,

' t' 4 H I trir 11h it
,tir {',-; --- ,i1 Iht`

it

I r 1 1 .1 II, Lk,. Irk

, I ,I -t a irver

ljft . 9
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Chapter 6
ISIS : The Instruction Support

Information System

by William F Luebbert

An Intormatnin `% ,tarn t- a ,:-tyro that doe, s' tht :tang r
wham attan It moo, process it as a 4)mputer doe., it ,11,1!. -h.ro it cv-

Ow integrated data -torn data Ita,e of the L eat Point At adt ill
Management Information S-tem, it tria,,, communtrat, it a- a tele% 1,1f of
,stern doe-, it ma% displav it as the an.roi, media of attriat-visual
instructional teehnolog% !if), or, it ma% do a complex f ornbir,ation
thing, a- rfanplter Rraptur cisterns often do

In 1803 the l rated States Militan, At ad( m% at A f'-.1 Point intradm f d
the United States r hat ts perhap, the moot wide!: u.eti and 1in
of Instructional terhnolog% used to I td, the claamtm wall lilac kboard
`tore then West Point ha, been a persist, nt Inno%attir in the 11-, It{

te, finology al aids and tool% of tnstrut tom tappt rt Out of :hr tradttnin,
anti a de,. Minn in 1%5 to plat e its computer anti tt tat Into under
common at admit- management oriented toward edurational -tiprort ha-
( the Int,trui thin Suppt,r1 Informatioa SI, stem i Nits.)

ISIS Is loali a concept anti a full: , rational -:stem whi tt Int lode- a-
sttbsstenis a state-ot the art ti.11.1.1im
time-shanng eomputer sstem , a %Igniftt ant interac tie f ottil
graphic, capability , and man: of the fun( tional (.11,11)110o s who h hat
been hypa,thesized for what is %artousi% r ailed the wired c it r '111"

rn Triunity information
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THE TOOL ASPECT OF ISIS

-rii 11.c Yarii,u- « omponents of the overall

--it are- iirgarcz d tie firio.,,tt the student and the instr,,ttor with toot's

y an us. as tliy wish arti her they wish in classes. department
barritow rt.,' or e ertrs intik idual academic buildings,

s rn tiara lys (dormit les), the library or any place on the
aitipo- Pori:talk aril fr-quentk used as a learning area

P""? `1hdrIfi Biibbage, the father of the (ornputer, 14r,,te

it n t t ail iiiit,cition LE man
, ,f. - rif.t tOr'e a Peeeif frielArttaltrriell

f eljet a-1- Hatebak't - I HAL:Jo rwalboof that from the stone ax to
rte of his day afirt not only what one is
1,t y-o 'bung, but eer'f'.- pr-rt option, of the world, and Pe11

eve .r e It.o k- Ei it tiagt was i tiro of fh+ first tt tealixe that physical
t . elete a mapr trop a, t up, n human intellectual

r, - thi raw mater,a1 of human thought.
,rto

r ,1_11f, a- th. press and the modern
,/ r r. ,fr thiat 411. alb u-at of ai to stored hu, .an

tt.t , ' it 1,/) And It 13 ha. t'

:Ma" J', d-a" or -haring information from one
' ifie 1, pt N n I,. large group. of per-,P,,-

;.-1 intorn :tee r' I, letter' allthed to citht r
,it ,,ei ii ti ar ,n1,.rm pr1 dryilopripint h

eet err' tfgcti a meteor-it rise to the status
it ty iyitb it,r,i1 opal t ill., rri th* Or of '1',T%

' i ift tH 1 et. !h.. first tetexision was a

I .g amounts of infc.rniation
o, t

t I 1 , I 1,, -a, ,i. I it omputi r an mforrnatin sti rage
e 'it trap-brtning information. and ,,1

if `" d'' 1 ft, f: r--ult- from ayatlaliit
was ba- had a pr 1,1Ifid impart up,,n -0( 1,1\

tint n-ither has had the
T,e1,f d I e % ha-

', re Fere-, 7.1. r of information and ill,-
-e'ct t '11 pr,,t" it t

el el e :e

,

.11 d ft I e-eele

'. i ire ,II,. -e If I. ,f

',. 1, , sirs ' 1, it titter .ban not the,.

iri . dui ttor wf rf 7'AP,1 mold

11,1/1 !hi !ieeel the wi_rid 111'1( ad (.1

-I Ill Mlle er with !h, lot-tut-nation .. stern-

, t I- I, fin. pow/ rhil hand tools and shop tool-
.. I "I',, riot again It Pp 1,1, 'ea .1ed a- a %ter 1,

ti .



INCORMATIGN SYSTEM 73

tt dint in tie, tni prlui tuin hr'.' %hi. tdrn- out a specialized
podu.

Insitrti tem ",cort,rt. Worn:ahoy. ''..ti inn philieophically adjures
!fiat appriia: In Its to-1014N,, upiin the ele trim', information system
lin* dent of the 1 tr., drib, the -abre -.a% and the electric sand( r It
timplia-ize- -mall, ref, capabilities a' i par kages whit ran be
orribmcd freik a- nefoled %oh the edii,ational ter hnology equiyalents of

hard foot- like ),la( kii ard- and laslzutim map-, and it emphasizes
making ire - arialohte - freely aYailahlt where and %hen needed

prowrani are inn t for( cif rnito urly fixed mold They can be any
nth inhi' short, r the la Inter) and -.1-%n at art), time (or eYen multiple
- o e - vottio: t b i -and p 71* 1) 1'1'1MM-* to the computer except

( hr I tell, sia interactive erne -'hare
ti 1st:teal- %he h oft- oppi rt graphic / tonal rather than tabular
iiffdis I In intr ,,n a, d -tinlisnt are prd d a full to d kit which they- t nitioludt no unren

INFORMATION SYSTEMS OF ISIS

'''''""" ''" s' 1, -''' by t1i, tsrc,nlent'd
e, I, it; - 1;ivf 111f 1dt, 1, I iltir n1 "'Community

l rirld 1 ' rhyt,rnt- r tt,r -hurter and mire evor atiNe
1 tI I h, (,n., l,l' ,riplex. fully integrated,

[-dd. / in -0. - h lilt a- .1 irti r ,tid nionarnins of corriputer
onin r, ti t,.i-in

Ili d r, -t sion di pot I' It, d ex.reph the I r
I HE r1, rift int tit h ine i.rforan d both ornputer and

ti nes, -I, Is !IP,,! r,Trto Virginia In
t n i - xl ' , r o t ni n. Ind -t nal;ri idt 1.j-, of the
5 d1*.r1 I, .' I I II I I I n - it Inn-trui tnin Support

it, ',NM , ' i pTI to To 'oak or work

i rt!" krre- "tidy Arhu-fir'sr (troup
n fie. 'I I 1 " hoff as t Point and unexpe trolly

"LL""' ' it t "/ '472' ational"
I r.1:; I ;- run 's.,11. -tallcd and in full

; r 1 .11

!hi I., h r ,,'frill/ miput'
- r- t, i " I i' i tts ,. stn's'

s ,It !,,,mput,r i.chter, but
1 n iris, rtti; it I ad, rn,, hwhiing nr

. Idrd.1,-
' 11 1,4 tt, 11,15., --it t' -;,' r

no ti Ha; .1, n -,- 1
',If, 5 :`J II ,1 r- I 1-11 r -Lir. .,input, ,,e in
Imo p lids ,1 4 "I,5 r 1,, b-cry g d
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cortiputer-generated tetrislori ci; pla -- /demo al to that ahed
'he 1 omputer t on,,,lt opt -ow- to tell him the ,tatu..if the i omputic

which i, tran,mitted io.er the tel ,:,tens to whateer
academe' building he ina be operating hi, tirne.hare terminal from
Sint e 1971. it ha, been po.-ible fo- at. in-tru, tor it,,rig a computer
terminal in hi, ila,-,roorn t di.pla it, printed ;mil ut in tle..-
form can the Nc reer, of hi, t la..roorti tele.1,1or, -et
..tince 19'2, it ha, been po,,ible for an in,tru, tor wing a . ornputec

tt rminal in hi, cla,,,rtiom to generate pit tore,. izraph,. pi., hart- and
man!, kind, of lint dra.ing, and to Oa, er on the -, reen hi,
la.,roon: telt ,,1-:on het

come 1972. it ha- 1- Pen no.-11,!- for art- ad, t to go t an: of oer 100
omputer terminal, a% adabie for hi, arid make an inquir about

hi c urrent grade .tatu, e.,--r *hieh hr i, enrolled, or
for an in,tru, tor who ne-if, informant n touri,ehng the er mare

t,, to get ,irnilar inforrnatinn IX lien ono, to ;pure
regi-tration time tn.- cadre can per regi,ter from a rarnpuirr

terminal a, well, and the computer program will t heck to make ,ure
that hr doe, nut hedule Hirt-elf into a ,ituation w he re be lath- to take
pre,c riheci ,iur,e- or alternate., or ,ornehios get, hirn,elf into the
iiihilion whet', he might not meet graduation requircin, nt,
time 197 3 a t,ial apabilit ha, been 4Irthit- and it i no longer
urn ommon, for an at ademn deartmi nt ti make color teleci,ion
program in ,ntinti of the ar, ,,imputer prepared and

,knarn. ilk and ,; matheriai all: a,' irate and pre; i-,
torn, cia . graph', - and nte to, 3-olini 1,,w
graph., or 'ten textbool, pr roil graph t rodw the ,ame
t 'al Tut,- rogram,

-, 111, - r,, .t 1' . ,"- ,nier it,
`iipprt Information 4,,ten, priaint- t, .tod oli t,

Ito the Ve-t amp o- ,r, an. a, ad, 7,1, huild.ng or i the r ad, t

annonn IL I ea rmog enter. Behind earti
door I, 'I tool- olopoier t' mu it ,,m, -.lid% a arrt with

cal r if ilN.1.),) " (I: or I, th ;tit, ,er:
aaril and a. ad, ;no latiorat-n. ha- a r ti ,.a.ta r, f r, and it

TV int. it tilt !la 4 tilt., aaltat r Pat! ha 1.. th,

Iraaa - 1/1'.1-,ra ''tr a. ii1;1t enter ha, 1
the it, adeno, (:, rata r In I. raa t ,tang

dt.dhilltae, +at Isr- o. the a kilt pr, t. t, t o into Inc

il.,--ro,rtt whiff; ha- t ['ha r i tntealtr r -mill, - ,T .1 eta .eratitatida

tel. t . n rid% ta, atial k into iaiitynt' oputt r and to
.end or- r program- w itiA graph', or atonal

on the ft la :,al'a'i ,at t tha iah, dpartin, nas al,t, trial,
r rminal, pr rinse;' nth IIP-aal!e 1414, e area F rani

I , Arnow H. - i r in an a, ademirbuil,fwg, r tool, 'tit department

)
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:iffy c lac oh% an dial in and requ, curse enrollment and current grad
-tatus information on the V. est Pi int implementation cif 1St',

ISIS SUBSYSTEMS

hc- a; V. c t Paint era; -ut-sYst- to- the computer
subs stem operated bY the Academic Computer Center, and the teleyision
-tit-system operated by the Inst-ui firma) Te0-inflogY Center Computer
graphic-. w - emphasize ter" lily at V. et. Point, is offered by
both subsystem-

Other subsystem- in: loci- ac-dia ar tt.ttie performed by the
Intruc tional Techni:logy Cent" like th production of edui-ational
or multi media production, me at tiviticis pros vied by the non- academic
Commune atic n--E ler - ir of the Academy. things done by the
Photo I aboratory or 1 raining Dey ice, Shop, and the Academic
Management Information "-iy -*ern which is the responsibility of the
Academic Management Information Center

Thf faculty member or cadet does not hay e understand all the
ter hnological or organiiation al subtleties of the sub.'s stern in order tic use
it He gs to a single ha anon known a EV;E, the Fduc ational A- sistanre
& scheduling Element. a h-re he can crier proli (lion of any kind of
ecitr atienal uppcirt from a simple line drawing or iiewgraph to the
priduc non of a ieley ;soon program and when he can order any kind of
edu, ational support seri. ice from tnti sc heckling of a- auchot-riurn to the
heck iiut of a pirlable attar ase type computer terminal which he

fake biome and use from his quarters Vs (thin EASE, there are ronsult ts

familiar with all aspects of In -}rut tom. Support, who will hirlp him to define
tic- problem and to :ley Plop an approac h for its solution which is both
edit, ationaity -t and reliable d n d cast du,

Computer Subsystems

The mpqt-r ,J,ed 9 a largt quit, air c ow-formed
r to I baser trait I with ',awe },111 aid cc ciaos rnift%
puple Thi- contain- the central processing unit of the Honeywell-635
which is the main r,c aclemii c (untiater, tigether with one million characters
:it internal core mi niciry, drum and dtc, fid storage, and the timesharing
communication- pro, essors Next to .t is the master control room where thi
omputer ,,per itt,r, work In addition to operators' consoles, it contains

tape time -. an upper tower case high-speed printer and a card punch for
-uppiuting cony ertional batch operation, In the adjacent ''mule room
or do-it-Yourself hat. h processing area cadet- and faculty have free access
to the card readers and printers to do hatch processing computer run,

Acro-s the hall is a I.carning Resource Center dedicated to support batch
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pro, essing actiYities which is filled with card punches, a sorter, interpreter,
and mark sense pom h for preparing and handling punt h cards Two other
learning Resoun e Center. in the same building support l e comp ,er ut
its time-hare mode of operation One contains primarily teletypewriter-like
terminet 3()0 printing terminals and timesharing pen-plotters, and the
other holds primarily graphics terminals

A second Academic budding, 1A. ashington Hall, also has three Learning
Resource Canters, two des ott d to printing terminals and one to graphic!,
Two other ai adernit buildings, Mahan and Bartlett Halls, also have their
ov.n Learning Resoure, Cent.-- with mixed printing and graphics

Each bulling id Cadet Barracks has a Learning Resource Center
c "roaming a number of terminal-, at least equal to the number of cadet
impaniPs IP that barrack-' Most academic departments have at least one

printing terminal as ailable to far ults in the department office area, and
ten portable portacom terminals are as allable for a cadet or faculty
(in intim to het k ,ut t, r use ai hiun, or la,,ruorn,

TV Subsystem

fhaYr Hall I- aka: entral home of the teleyision subsystem The
ntral produi t ion fa, bits consi-t- of a studio where most T1 produt tion rs

door , ontamIng I arneras. lighting set , iiiirrophunes, and on Next to
it N. a studio control room. who his the home of the T1 director, techni-al
director, y ideo and audio le, hnit tans Next to that is the produc non
equipment room with an diiing qualified prof,' sional videotape recorder

I r ,1,1,1MI Ill a- motion po tur and Samrn shdr projei tor,
ar:d pi'-k up arr.eras Nearby N the maintenance area and the tides Isom
piayba, k area with the ahlehead for loth networks. play bark switches,
him and videotape play bar k unit-, and related ecuilinicnt

Fhc pia , ha, k distribution -y stern snakes out into nearly es en, classroom
(1. p irtineniai aria- id- ev r n at

bulding., a- well a- a onsiderablt number (1 a iditional outlets in th.
1(brriry barrack- Army a,bncni-tratiN, ar i the gymnasium,
Lad t 1( s Buildaig and so on Most of se in atiims base color
telt .cion yet, is( r- alllliugh a It w the ISIS, computer laboratories. hay,
,I11, Ha, ;4, Pjfi p, mar., nil, to. d to 'hi uniputer output
, nui I.

I (11 triloit(or -- ern ; pip, two ..,p,trati legs, serving roughly
ipial ntimtnr- of ea; h ,}11.0-)14 II 4 al, bast up !) 12 channels of

r1,1 liuutiro ly -is Public kiroadc ancl (-Jai hannels,
It( (triptorr -141 is i hannol and fist' lin ally generat.ii instro Ilona!

I1,r IP 1,g Nt usagi is low, the same
poigrani appears ,irrhilt in. '.,i-iv un both leg- of th, l-teM V. her it 1,

hi'fi_ ifillri rii pr .gracis an appear on ea, /I I, 0.,
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1 he it all. generated instrut tional channels ma. use source material
from T: programs produced in V. est Point's commercial-quality TV
Pr do non studio 'r horn other source of videotapes Other media can
also be r ableca-t int lu ding t xternall. produt-ed educational films,
Arm -distributed films. in ally produced motion pictures, text and tabular
material, or pictures and graphics from the computer subsystem
Sometimes, the lova! prod ton, staff ma: operate live from the test
Pint Tk studio for example, to control the conduct of a final exam being
held ,I1111_11td1W(.11IN lit a large- !:Umber of indi.rdual small section rooms
Ott asionallY, remote hie pit knits are arranged as with the annual Thayer
Award from the Lade? Mess Hall

1 he instrut tional teleYismn system also interconnects with a local
ot,11T111111t trieN.1,0111 ,,,tein, allowing selected instructional

programs to be ted into faculty quarter, It is not uncommon for the
Foreign Language' Department to se hedulet cYening language programs
to he .rewi d a, a part of preparation for the next day Occasionally,
this leads to something quite unexpected Last year one officer, who was
deeply ins OIN f'd preparing a manual on computer graphics
programming, had a -crows orthopedie operatit.:, V. bile he was confined
at home re( osering, he i hecked out a portable graphics television output
and patched it into an unused channel of the cATv system which extended
into his quarters Fe pro( eeded to develop and debug his computer
graphics programs from his bed, with the graphic output corning over his
homr. T1, long hint,

Not all television i- on the t able '.videotaped materials in
Itir(-4 d,,ette form ( all also be used for r id,- preparation or homework

assign merits for stud!, r arr apphr atoms. and for activities where it
is not t (my ement to get to a t ahlr outlet or where extreme flexibility in time
of presentation or the ability to run and rerun at will are important A
simple 11)1111,1riai t anivra and monitor sy-tcms for certain kinds of live
I., tore demonstration sem ort and 'creepir-piepie systems are also used
for informal re( ,trding and instant replay for self critique. This is

particularly useful for the improvement of physie al skills (tennis serves,
golf -4111ii,s it I and ornament any,' skills ( an instructor or a student
debater siring s presentation as others sec it)

oh a long standing tradition of small SC( eons of about IS men. and
lentil-ming bat k -arid forth interaction between student and instructor,

I Point has few hour long I.. lures and no le( turn courses The
institutional philosophy of 0-ley isiore usage must be dodo-icily different
born that of ruo,st s, to,ols w here 1 V is used to rer Ord whole lectu.e courses,
perhaps tree,og the in,trin tsar front PA'n r r more of firs classroom duties
At kA eat Polio I is th",1 ta. d with .P1 tostrur tor present for a
itio% lf ditht- tc taring things into the classroom that one

.ther A no,: t III a more effective presentation, to give
is ry ota a t r , a l t r,A a t I a dem on,t ratton that always works properly,
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to set an emotion al mood, to assist in rule- play mg through the

presentation of problems in skits, to present certain informatioa in a
standardized fashion to all sec tnics of a «oast- simultaneously ; and to
assist in the presentation c.f t ornprehensiontesting material as in a foreign
language instruction

CONCLUSION

!SI!, may seem to he technology over extended, and it may pane to be
So much capability mav, at the present state-tit-the-art, be too

expensive to operate and maintain over the long haul Only experience will
tell, but, as ter hnology advances, the same fun( Ilona' capabilities should
become markedly cheaper compared to the cost of other academie
overhead like books and the library, at ademie buildings and maintenance,
and staff and faculty -alarms

Computers and telei.lori to eclu. anon are expensive The cost and
omplexity of the technology combined with the relative unfamiliarity of

the typical faculti member with the new and rapidly changing technology
of computers and television have forced a centralization of planning
technical effort w heneyer a major program is undertaken Any centralized
actisity has to work very hard in feed to maintain meaningful and effective
interaction with the needs, objectives, desires. capabilities and limitations
of indlYidual students and instructors I sec support rather than

let hnologica! c apability is the Achilles Heel of most educational
technology innitY atom Costs art meaningful, primarily in «intext of
support provided Even the most sophisticated system is relatively
inexpensive compared to the academn building which houses it Yet, the
Importance of user support is an omnipresent, driving fort e that shapes
and molds any system and determines it slut ess or failure

ISIS is designs -ti to offer the computer and television as trm/y to the
instructor and to stmlent in ac adernu buildings and harrac ks, in

classroom, in department offices, in learning resourte centers in tin

individual ac adernit buildings, and ans place where learning is a primary
for us of Interest

I ;lc& ,an do nothing, however, unless tlv are properly understood and
properly a ,,bed INI' is organized as an a,a.tiernic at-tt it), with faculty
members, enlisted instrin tors and c i Man professions to teach each faculty
member and cadet how to use the tools, to (on,ult v.itji him, to work with
film tot lass tearn,york, to help develop programs and in rvery way possible

exploit the a Y callable r apabdities to do d l,r itr r Ic.b of instruc ling and
training the Corp- of LAO,



Chapter 7
COMPUTERS AND TELEVISION:

A Mix

by P.G Charet

I do 1 *". Na), d " it litc Dean for Educational
fir ,urn ertied 1,..ith the .1-1 Ott.itif mill/anon of the
, derni, and Lomptitiritt r- and the Edin ational
lir 11r, r 111hough our it it operation are not exat tit tht ,,ante
a- h ol -i Point both in-titution- agree that the melding ol the

mom- altorded is the media of tele% v.ion
awl tlit hn,a,l povt, rut ari ,ii lute , omputer -s can make arandhle to
tl for a dimes -ion that ha- lo retolort lit en lay king

trI!...hIprhan m0[1 alit.rnii and t,nrlesstonal roursrs, extra, itrrnular
me- and athletti t hit, %ming roan Although he IV)

1,11,1er than thr stud, nits he (inf., nit have the (swum of Alm ating his
Imo tr, its I Inert' dr, -1,r I ,tit en:di Imes nn M hat ht inu-t do, and when In

dth mid to IThi tilt" f Iv( irt, m nt far illt allocation to the
mandator\ fie-hnian t Ittp1111 r prns. thr student with
to,ttinfitn nttnn to tu IXIIIII/I the ,stittlenr, learning

I riwe, And p, ',I titne1 -Indent monitoring
he,n d, Hof, li the 1 s \ orn totter S, ieni e Department

COMBINING COMPUTING AN') TV

I `-' II/ 'T., ,01.1t, unrlr r 1) I '-",`, 1111 111 , terminal

1 it I larg, ornlortalde And d t, mina!
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Po '.0k0 urFias- AND TEL Fs isiON A ktA

to that 1,in who h droves four 1 monitors for all students to ser The
display on the tel% monitors allows instru, tors to quickly and

It ark present sample programs and allow, the students to see the result,
id the itedrui itorrai non with the timehared computer Simply by
-lofting the hannel, a prepari d presentation on some itecific subject
matter t,1,1 I,t show fl

C Al without a monitoring ,Ntern Not necessarily'
F xpt rimentation has shown the benefits to be myersrly proportional to
one SA All benefit to s.moe degree, but at the high end of SAT
,,,.yes stand -ante 'naval .kt &frill% students Thus, the student
monitoring system

THE COMPUTING SYSTEM

ht1' art two pit requisites for the development of the tNpt of
s1 de ribed below as a solution to this problem First, the romputing

.ironment must be a tone-shared one which makes the computer readily
f,'. any student or instructor Yu) terminal devices Student

assignmeht grades ran be collected as the student interacts with instructor
written assignment gr,,ding programs The timesharing system also allows
for ed., ieni methods of (ley elop ng and grading objective quizzes,
updating student grade rrt ords, and extracting information from the
records quickly a, rf.aitit'd SC( , the operating system must have a
flexifil,' lilt fiandbrig technique which allows for

I omplete lidera( to of student or instriu for saved program- with
sai d data files

prop., tom ...stern who ft permits the user to define what type
Head Only, Fxecute Only tin ) may he granted to

ether ii-er, of hr, file or program
N I tries Sharil,g -y m h,, ht tot orporates thes sophistmated disc file
stn., hire for user files represent, a -ign,fi.-ant improvement in both speed
tnd e is, if maintimani e over and or tap- oriented system U S.N A
it ham r on these feature- of DI is substantial

One .ohs'. stern ("roam, a - ,u,lent data base which can br at cessed by a
plir ;railing ording ''.stem, and an assignment grading and
lei onion! system Output from the file I- obtained through a grade

monitoring sy -tem Another subsystem has the ability to display
any ItHIRIlhal re, ord and alter any field of any retied This subsystem can
he ii,eif ti, ati ho" who rs prw, to the several passwords which
IF te, it tt It pro%icies the instrui for with , method of (Juliet control over
th, student, d, spite the elle. t (.1 env automated grade
postm routine

1 h, d ro the unarm for in grading Ild rr«irding
programming a--ignment. ntereil ariurd the Dartmouth TEACH

I he h (demi its of this ss stem are a momtor and a special set of

1 I.
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pr 1r: TEACH s%sit'ffl tor en, homework assignment
a pr ,grau,) t hi re 1, a «,rresponding ,et of programs designed to check

the effort help him in debugging, and post a grade for his effort
in a hi, hen a student types the -stern command TEST under program
[I one Mil I or example, the TEACH monitor is called. After making
-ome moditii dhoti, to the student', Basic program. the TEACH monitor
app. rid, it as a sUitrfilliine to tide ROOTI located in the special catalog
1 he entire package is then exec uted When execution is complete, the
I EACH program will hate posted a grade in a file along with the student's
alpha ode the date the ,pef iti, error made, and the time The grade

ei%,d dep. ds on the loge of the TEACH program which determines
what .4iditions were reated b execution or tall, to the subroutine which
a is iht student's program

Ari 1,solinnent evaluation s-tern like the TEACH system N uot
pmider,t on what aluates Speeiticall),. rt need not he designed to

milaat, «unputer program, The tail,. real requirements are that the
student's dor; be ()hp( ti:ely measurable and that he be able to access a
prog,rain to evmjn, hi, work .1-tie program which does this may simply
e \mow, and grade the studnt', ektott or it may provide interactive
gunlam

k- a ,ateguard agaol-a he los, or destruction of a student grade in
mem r. all -tudents who reeele an A on the assigned program after
ty E'si are printed re( eipt" for that A An example of a typical

F ACH pn.gram interaction is shown as Figure 1
I In- exampl, in Figure I illustrate- an error on the part of the student,

ht reteipt ,i1 diagnostn s, the corn.' tom of On error, and ultimately the
mink it a wnttt n re, elpt A rtNsiew of the error ruts for the students in

one's st in 4 an he enlightening Maybe an explanation wasn't so clear

During ito Call of 107 1. Dean s offut ,toff are side., taping an entire
not in !he standard ki minute 1n tune period format, bit rather by

t matter 'should thi student repeated!: hay(' difficulty with a
1,,ovo,g, (Int id his lh jri,-11( would dire. t hlin to review the

.ipido tape I he same t are invaluable to the hospitalized
-indent Hi, o.wilikr, ;'.r m iii till ,,per f', hr oar, keep up with his
lamates

Areaher ,oh-s-Itro Jul it. the wrinpg, grading, recording, and
inaly/trig or yuiut s For air. muitiplt imi(e yuii, fte( the number

of pie -non- is stated, it will randomly side, t the specified percentage of
question- from itnni tile, on( urrenth preparing an answer gauge
Out snow, an hr filed by «onplexily or hs ,ithrt t matter The file into
who II th' To/ was stored , an then hi printed out, one page at a time, on
ditto [oats lee( into th, 1.1ctype Endless unique (1111//f'S dan be thus
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Chapter 10
COMPUTERS AND THE

LEARNING PROCESS

by John F. Rockart
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i8 COMPUTERS AND THE LEARNING PROCESS

learning process, while intellectually rewarding, is of little assistance to the
designer of computer-based learning aids. What is needed is an
operational statement of the learning process that can be acted upon in the
design of course materials, the design of a pedagogical strategy, and the
assessment of a place of computer technology in that strategy.

A precise model enables one to describe and partition the possible
,mpact of various technologies on segmen.s in the learning process. Of
equal important c., it enables others to test and offers conclusions about the
effects of the technology with reference to the stated model. Finally, others
can test the author's conclusions against original models -4 the learning
process, and determine wh her differences in perspecnie are based on
differing perceptions of learning o differing perceptions of technology.

The particular view of the learning process, and how it can be aided by
Ilimputeis, 1, presented here not as the ''right model. Rather, it is an
explicit model of the learning process which is operational acid useful as a
pima of departure from w ho ti to build systems to aid education

THE STATE OF LEARNING THEORY

Over the years learning has been considered primarily the domain of
psyi hology Since the mid-1880's when the first really useful work on
memory was published (I) there ha., been a series of attempts at
explaining learning phenomena. Unfor.unately, many of these attempts
ha' e been at or near the level of grand theory and have been in conflict
with each other A good summary of these theories e- found in Hilgard and
Bower (1966) (2)

In general, two major theories of the learning pros I -- have dominated
the field through the last few decades These are known as the

stunulus-response (SR) theory, and the cognitive theory. A third major
theoretical approm Ii to learnme that of Piaget, has also entered this field
more recently but will not be discussed here. As Figure I shows, the two

PROCESS TYPE

Stimulus-Response Cogmttve

Chained Muscular Response Central Brain Process

WHAT LEARN Habits Cognitive Structures

NEW THINGS
LEARNED EY

Applying Closest Old "Insight"Comparison
HabitOr Trial and Error with Old Structures

Figure 1. Basic Differences in Two Major Learning Theories

major theories can be separated on three major characteristic,. The
stuntilus--esponsc school (perhaps best known through the experiments
and written works of Pavlov ar.d Skinner), suggest that what one perceives
as learning is merely a chained muscular response. In effect, the SR school
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suggests that people learn habit- and learn new things by applying the
closest old .iabit until one fits the situation. If there is no old learned habit
that come. close to fitting the situation, one learns through trial and error.
The cognitive school, on the other hand, (r.-presented by pyschologists
such as Te Ainar and Bruner) suggests that what goes Gn is really a central
brain process in which the learner learns cognitive structures which are

Lir to computer programs. New things are learned by "insight,"
which is a process of comparing new situations with old cognitive
structures Exact Iv how this ocrt.rs is unexplained. Clearly, the latter
theory is somewhat' more appealing. Skinner's (1972) (10) writings,
which rerect the SR theory, remove all free will from mankind. But
personal choice of thrary, intuitively or logically, is not important. What is
important is the usefulness of these theories in designing learning aids.

Unfortunately. it is almost impossible to use these theories
pragmatically The only viewpoint one can take, and have explicit action
flow from it. is a strict SR stance If one does so is thrust in lock-step
mode toward the exclusive use cf Skinnerian programmed learning.
V hether explicitly or implicitly because of this, much of the early work
dine in the field of computers and learning followed these lines. Yet this
approach seems far too single-minded to encompass the entire field of
learning with the richness and variation which it holds.

Existing learning theories suggested only gene.dlized (and/or
single-minded) approaches to technology. They left too few specific knobs
to turn and faded to suggest specific areas of potential success for learning
technology. They also faded to provide guidance for th, most useful action
steps thzt could he taken to utilize computers, as opposed to other learning
aids, by the individual professor with a pa1icular course to teach. Dave
Kolb. a colleague at M 1 T has summarized the pragmatic failures of
these theor:es well (4)

Because of my early psychological training in teaming theory my
first impulse was to turn for the answe- to these quest.ons to the basic
psychological literature on this subject TO my dismay I fou.id that, in
spite of the huh scientific quality of this work, it was immensely
difficult to apply thi. research on reinforcement theory,

riminati:e learning and such to the kind of practical decisions
involved in the design of university teaching "

Work of practitioners in the field of learning, as well as the theorists, was
reviewed in an attempt to elicit a useful learning model. Five sets of critical
variables with regard to learning emerged from a search.

The stages of the learning process
Th. characteristics of the material to be learned
The characteristics of the learner
The characteristics of th' teacher
The learning ermronment

Of these five categories, the first two appeared most significant for
(.P1
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modeling. The last two are very complex yariatAes which are terribly
difficult to model. At the time of the devtlopment of the model, presented
here, the third variable was not as well researched as it is at the time of the
writing of this paper. Therefore, it was not included.

`-Tishe model of the learning process presented here was limited to two
variables which seemed significant, operationally describable, and least
apt to be changed by the conclusions from the study. These two variables
are the "stages of the learning process" and "characteristics of material to
be learned."

STAGES OF THE LEARNING PROCESS

The slarch for an operationally useful statement of the learning process
is not an easy one. However, one model Ueveloped by behavioral scientists
can be generalized to the learning process in all fields.

The behavioral approach to describing the learning process which serves
as the basis for this model follows the work of Kolb.(4) Reacting tc, the
frustration of the inapplicability of learning theory for the practical
educator, and needing something to guide his efforts in the educational
process, Kolb turned to the so-called experiential learning model (see
Figure 2) that, adapted somewhat, has been used as the core of our work

Testing Implications
of concepts in
new situations

Concrete
experience

(3
Formation of abstract

concepts & generalization;

(2)
ObsIsvations and

reflection

Figure 2. The Experiential Learning Model

Developed primarily out of the experience of sensitivity-training
practitioners, (7) the model has gained increasing acceptance as a
framework fur the design of learning programs It has been used in such
diverse areas as education, (5) the incident process in management
training,(6) Peace Corps training,( I !) and self-assessment (3)
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In this model, learning is toncened as a four stage cycle which
translates experiem e into new concept, Immediate concrete experience
( step I I is the input to step 2 where the meaning of the experience is
olbed,Ird and uoder,t,,off through ubsersatton and reflection. In step

these ohser%aiion are assimilated into a theory or conceptual basis from
whit h new until:ea:ear. for at tom can be deduced. Finally, these
inn ph, anon, are tested ii' the real world in new situations (step 4). The
tc-.11nE process lead. to a need fu, new concrete experiences and the loop is
rt.-.rd

It 1. important to note that the -xpenential learning model depends on
the learner undergoing ...onie sort of experience that provides an initial set
of tat t or feelings a, input to the learning cycle. It is clear, however, that
roost of what is learned in college is not based on an initial experience, but
rather on the acquisition of new facts or skills. The behavioral model,
however, ran he generalized without too much difficulty. In this more
general form. the model appears as in Figure 3

Tes: implications
of concepts in
new situations

Acquire basic new
knowledge, facts, skills,
processes, concepts, etc.

Itegrate new facts, etc.
into existing concepts

and 3eneralizations

Embed new knowledge
through reflection

practice, etc.

Figure 3. A General teaming Model

The initial -cage of thic more universal learning model is the initial
at gum( Ion of basic components of knowledge by the student. Here the
learner is exposed to. and asked to comprehend, baste data, skills, or
concepts that will he put to use in later steps.

1 he second stage ts the sa;,ing away" or embedding of this knowledge
h% the learner In 'hi. stage, the student practices and ponders new skills
The qtv;ept may perform homework exercises to see if he or she has
understood the new tads and how to apply:hem. The student may actually
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use the skills in the perlormani r of a task. or ma% merely think through the
tat is skills, or prim esses

The learner then moes to the third stage of this general model, a stage
in which the new ideas assist in the de% elopment of a new conceptual grasp
of the world. This is an inzegrating pas in which the student mores from
the rote acquishien of material to its incorporation and subjugation into
more g:obal conceptual structures It is the stage in which the learning of
new things pa%s off in new understanding New mental models of the
universe, or parts of it. are formed Robust platform, on the basis of
which action can be taken, are constructed

The testing of new conceptual structures is :;te final phase. It is a phase
at which the cycle is often broken in formal. university -level education
bw ause today there are few pedagogical mechanisms asilable to the
student h% which hr an test the implications of his new understanding.
The richness of the learning process is broken. too, as new coneptual bases
are learned. and then stored away to gather dust, Stage 4 is clearly more
often reached in courses run along experiential lines. such as "executive"
programs or courst s allow ing access to a pseudo real-world environment,
%la simulation models.

THE MATERIAL

The second may, %ariable considered in our learn. .g ..odel is the
material Many different categorizations of material can be present 4. The
problem is to proole a set that is meaningful throughout most disc.plines
and that can be utilized to describe each learning area in an operationally
u-cful way One such categorization rommonl% used in the learning
literature applicable to %arious disciplines and useful in its description of
their material

Faris, including definitions and other basic information relating to
specific single items or ideas
Skill,. including both procedures and rules and their applications
Eitahhshed ronrept_:, as well as other theories. h%potheses, pcstulates
or assertions that ale well enough established to he of no interest to
the current researchers in the field Coro pros use -faf-ts as basic
building bloc's,. in consult, tang the concept
Fnmtipr on( epti. including not onl% recent der' topments but also
long-standing issues whit h either have not been. or raonot he.
rt solved

For any particular e er department. this breakdown of material can
easily be further di% vied Categor% 2. skills can and perhaps should be
broken down into several highly distrinct t%pes skills Indeed it is

ne essat% to solidi% ide these categories further when dealing with a
pant( ular . nurse Howe% er. across courses and departments. this four-part
,ategoriratum sines as a good vehicle for understanding the applicability
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of technology to particular curriculums. It was meaningful to several
colleague-. who were able, in a surrey, to easily classify the material taught
in 1E1.-1r courses within the bounds of this classification. Certainly the
relitiye emphasis on these four categories of material wilt -,ar.y with
particular university deputinents and with differing degree-level
programs. This, in turn, will meal that the t:,pe of learning technology
that can he effectively employed will also differ from course to course. Yet
he four cla-se- of material appear to be a reaonable illYision of material

type

AN OPERATIONALLY-USEFUL LEARNING MODEL

The basic learning model, then, has two sariable,, learning stages and
material eh --r-. that together produce 16 cells as Arian in Figure 4. It is

Facts and
Defectscms

4-

Skids and
Prooecksnes ,

Estabesteid
Concepts

Frontier
Concepts

4

Intagatn & Teton, mACIIWSItron Embed:Sone
rto

Generals:anon New Studees

Figs:re 4. A Learning Matrix

thi- !Nset dimensional structure %hi( h must be confrontei: when asking the
que...ion a- to Is h -6 the computer fit, in the learning process. The process
in%,.1%ed in learning in each of the cells is different, and the technology
utilited inu-t be fitted to the differences Therefore. the computer fits in
differing %sax, into eat h tf these cells; in some it is not sery useful at all

idas

"I he iundamental proposition thi suggests is that one cannot think of
the use of the orrputer in learning as a whole without doing a great
disserxii e to the varlets of material and the complexities of the differing
stages tit the learning process The computer must be expected to be
utilized in different modes in each area (or each cell of the model shown in
Figure t) Some of the (ells, are almost ,mpregnable is computer aids to
learning currently al t.:iahle Others are ripe for differing types of
computer assistance to the learning piTcess

rth
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The following -paragraphs briefly note the man% "learning aids"
available to assist learning, analyze the learning demands of each of the
cells of the learning model, and then attempt to mat," the appropriate
technology to thest demands In this paper, because of spare and time,
this Is done in a very -ursor. manner_ For a fuller explication tfo. reader is
referrA to Scott-Morton and Rockart.(9).

Learning aids It is clear that today a large set of mechanisms are
available to assist learning These include the professor who can lecture,
lead a class discussion, etc., books, ..:deo tape: and computers which can
be used in tutorial mode.. for drill and practice, for garaing, er for
simula.ion Each of these mechanisms can be rated for effectiveness on a
well-defined set of at;ributes. For example, some mechanisms are very
reonom cal rer fact presented Some like text books have the attribute of
decentralized asadabtltty. Computers in most -acts today do not. Other
attributes such as emotional impact, sensory impact, the ability to
telescope time, are possessed to a greater or Irsser;.extent by each learning
inech.mi,m A set of sixteen of these attributes are defined in Table I.

Tabie i.
Summary of Attributes of Learning and Delivery Mechanisms

I Content Relay,
1 Ability to telescope brne
2 Ability to present structure
3. Provision of a rich environment
4 Ability to provide ill-structured material
5. Flexibility for adding new material quickly
6 Support for the learners' structured, clerical tasks
7 Support for unstructured data manipulation

User Related

8 Degree of learner control
9 to adjust to individual learner needs

1C Ease of use

III Communications Related
11 Amount of sensory impact
'2 Amount of emotional impact
1- Degree of learner feedback
14. Ability to access data or concepts previously learned

IV Economics
15 Low cost per data item or
16 Decentralized avilability

,Inc01

Learning aids available in 1974 vary widely along many dimensions with
regard to each of these attributes The major learning aids and our ranking

IL.,
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of them on each of the sixteen attributes (where 1 = high and 10= low) are
shown in Figure 5
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Learning Demands of Each Cell. The matrix shown in Figure 4 suggests
that each of the lb cells are somewhat unique and thus that the type of
4.arryng that takes place in each cell :equires differing types of learning
as-istance. Just as the learning aids notes above have different attributes,
the cells of the learning matrix need different types of learning assistance
and must be matched by the choice of that (those) learning aid(s) which
best fit the needs

Four examples may best illustrate the concept of matching the correct
learning aid with the !earning process requirement of each particular cell.
The upper left cell of the matrix (the acquiring of facts) has two key
learning attributes needs as shown in Figure 6. Because there are many

A. r 3

EirA8,

tr,j4"1-R
n%-for,

Ar,A.,re E ',bed imerrare Tart

FEEDBACK

DELENTRALIZED lorry Vern!
AVAILABILITY control

r
' ADO NEN MATERIAL,

MuCIINIP to
MuMured frAmnif

1

ADAPTABLE

4

4

MODELLING

MANIPULATION
ABILITY

Figure 6 Significant Learning Aid Characteristics "Demanded" by Cell

facts to he learned, the learning tool which aids this learning should be
cheap, and available whenever and wherever the student wishes. Clearly
the learning aid -.Inch ranks high on these attributes (#15 and 16
Irons Table I) is the textbook. Relative to all the other learning aids it is
dearly dominant at the present time with regard to economy of
presentation of facts and decentralized availability.

Moving to the lower left corner of the matrix, a different situation exists
with regard to the acquisition of frontier concepts. Here one is :coking for a
learning aid which can structure ill-structured material che dominate
learning aid here is clearly the professor, most probably in lecture or class
discussion mode

NOM shift to the lower right-hand corner of the matrix. For the testing
out of frontier concepts in areas other than the one in which they were
learned, it is clear that the learner needs the availability of a large data
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base, methods of manipulating this data base, and a method of trying out
the concepts in a way which does no harm to anyone. This testing out
process has been done in the past in the real world quite often resulting in
some damage to both the testees and the testor. However, the ideal
learning mechanism for this cell today, is not the real world, but rather
omputers and simulation models The student can adequately test out

ideas in a simulated world if he or she has access to enough data and
enough computing power The learning aid of choice thus becomes
rwreputers.

Move now back to the ser.ond cell from the left at the top of the matrix.
In order to embed facts, the learner needs feedback, as immediately as
possible, in order to know how well he or she hag performed on answering
questions which test whether or not one has acquired the required fact.
This is usually done today through homework. Unfortunately, the lag in
time from the point at which the student completes homework to the time
one recesses written feedback re- ,rn the professor or teaching assistant is
often quite long. It is also desirable for the learner to control the homework
process The learner, for example, might omit imbedding exercises on
material preYmusly learned. Unt:er current paper and pencil methods,
this is &flit ult to do since the learner usually is required to perform all of
the exercises given A computerbased drill and practice interactive system
in which the student is tested, allowed to answer, and given immediate
feedback on the correctness of an answer, is much the preferable
mechanism in this cell V ith continuing decreases in computer costs, in
the relatiYely near future the computer ran become the mechanism of
choice, for embedding facts, skills, and so on.

This disc ussion of !chintz" appropriate learning aids to the need of
each t ell t an he generalized somewhat to develop groups of cells which-will
benefit from the same general treatment. Figure 7 suggests this
generalization. FlY e district areas are shown. Area I learning is effectively
facilitated by the textbook. Area II best uses either paper homework
exercises or computer drill and practice as learning aids. Area III is best
assisted by computer-based drill and practice or computer-based
problem - solving methods. The area shown as IV is best assisted through
computer simulation or games as the arguments suggested for the lower
right hand corner of Figure 6 have noted Finally the area marked as V is
he proy ince of the professor

% here some of the cells are overlapped by two or more general areas of
learning assistance or left blank, multiple learning aids are possible.

SUMMARY AND IMPLICATIONS

In this chapter a generalized model which matches Yarying learning
aids to the needs of the leirning process has been presented. This two
y ariable, 16 cell mode: of thi; learning process has been useful in the design

3 ,t;
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4

of courses and in the hoir,- of learning aids to students in
ompreheroling arcing types of material at arying stages of the learning

pro( ess. 8 The model suggests places where the computerdominates ash
learning aid. Perhaps more importantly, it also suggests places where
other learning resources dominate in the learn'-tg process.

The model presents, therefore, ah explicit recommendation of the types
I if romput.-r-based learning assistanc, which should be allocated funds
Iron! in. reasingis si am- higher education dollars. It further suggests that
the on.puter-based tutorial instruction (better known as Skinnermn-type
programmed instruction) which is usually used for the transmission of
far is should not be a pruirit. area for the allocation of funds at the present
time (There are, of course, exceptions to this rule. One is in casts of an
exceptional need to mato, ate students, such as in the case of retarded
students, or the need to rapidly assimilate particular ocabularies.) In

howeyer, computer-based tutorial methods suffer greatly by
onparison with traditional textbooks for the acquisition of facts. The

model is therefore in conflict with much of today' go.ernment funding of
omputer-based learning aids.

Howe.er. a surye of computer use to aid learning in higher education
in the -late of Massachusetts suggests that where professor: are oting with
their institutions' own dollars. the are in hea agreement with what the
model suggests (9. Chapter 7 Tiri,.re are irtually no tutorial programs
bring utihred which were deselopt d through non-goernment funds in
Massachusett Rather rn,ne is being spent to support ce, ipwer-based
aids to embed 'drill and pia, tier programs) material, integrate waif-nal,
and allow students to test ideas in mulated or gameed ermronments

An rxplo it statement of the It arnir.g model that underlines the use of
omputrr .stems to aid education is useful alone. It is helpful. even if
nr neyer tow hes a . ornputer for the insights it proides into learning and,

therefore. tea' tong On the other hand, it can he e en more helpful in
1)1 I fr. Ing the ...rreet twits to assis. learning and particularly in aroca g

increasingly arre higher edurdt1011 dollars toward areas where the
"mpotr r .1 }Wit: in ;P...I...ling the le .riiing process
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Chapter 11
COGNITIVE STYLE AND THE COMPUTER*

by Robert Doktor

The concept of the two cultures defined by C.P. Snow is familiar to
many. One culture is logical and analytic while the second culture is more
holistic and globa:. The first culture is concerned with syn.:Pals as the
vocabulary of thought, and the second culture deals in pictures and forms
and body movement as vocabulary. Most scientists, mathematicians,
wordsmiths are members oftthe first culture; most artists, craftsmen, and
dancers are members of th second culture.

Research on cognitiv yle indicates that there are two cultures within
.,vf. r-: ne. Psychologists have identified two global modes of information
processing and demonstrated that both modes exist in almost all people
concommitently. The psychologist calls these modes of information
processing cognitive style.

The first cognitive style which parallels C.P. Snow's first culture, is
characterized by words like analytic, sequential, linear, verbal-symbolic,
field independent, sharpener, and converger. The second cognitive style is
characterized by words like intuitive, heuristic, non-linear, global,
whohstic pictorial, spatial, leveling, and divergent

This paper is intended to bring each rear to a fuller appreciation of the
characteristics of these cognitive styles

I oltsrIght to till. taper 1.. retntneti h% th author

111
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CEREBRAL COGNITIVE SPECIALIZATION

In what follows, the author has drawn heavily on the work of Robert
Ornstein and his colleagues.

The cerebral cortex of the brain is divided into two hemispheres, joined
by a large bundle of interconnecting fibers called the "corpus callosum."
The left side of the body is mainly controlled by the right side of the cortex,
and the right side of the body by the left side of the cortex.

Although each hemisphere shares the potential for many ft.nctions, and
both sides of the cortex have been shown to participate in rifost activities,
in the normal person the two hemispheres tend to specialize. The left
hemisphere, which controls the right side of the body, is predominantly
involved in logical analysis especially in verbal and mathematical symbols
and appears to process information sequentially. The first cognitive style
resides here. The right hemisphere appears to specialize in holistic
thinking characterized by the term intuitive synthesis. Verbal ability here
is quite limited. This side of the brain is primarily responsible for one's

orientation in space, art.c.tic endeavor, crafts, body image, recognition of
faces

Right-left specialization is most apparent in righthanded persons.
Lefthanders, who are about 5% of the population, are less consistent:
some have reversed specialization of the hemispheres, and some mix their

specialization and have, for example, language abilities in both

hemisp res. It is interesting to oote that in young children, both ,ides of
the cortex seem capable of either area of cognitive specialization. In fact, a
young child who suffers brain damage in the left hemisphere often

develops language abilities in the right hemisphere
What is the evidence for these provocative statements which seem to

geographically pinpoint cognitive functioning? For-more than 100 years
neurological evidence has been gathering. For example, valuable evidence
has come from the study of people whose brains have been damaged by
aceident and, more important, from the results of surgery performed upon

them An excellent review of research on this topic is avallable.(1)
Scientists at McGill University report that right temporal lobotomy
severely impairs performance of visual and tactile images, whereas lett
temporal lobe lesions of equal extent produce no significant visual or
tactile deficit. Further, the McGill team reports that lesions in specific
areas of the left hemisphere are assqciated with certain kinds of language

difficulties Verbal memory loss is associated with lesions to the left
temporal lobe Musical pitch recognition has been associated, by the
McGill group, with the right hemisphere

Even more interesting is the research of Roger Sperry of the California
Institute of Technology, and his associates with human patients treated f'r
severe epilepsy by severing of the interconnections between the two

cerebral hemispheres, effectively isoliiting
-e

one side from the other. The
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hope of this surgery was that when a patient had a stizure in one
neon-phi r, the other would -till be aiallable to take control of the body
and ingest the proper medication or inform t.'- doctor of his attack. In
.1d% t. 'ay IR oig, these split-brain" people exhibit almost no
ab.- maid% However, Roger Sperry and his associates have developed
mans subtle tests %Lich uncovered evidence that the operation had clearly
separated the specialized functions of the two cerebral hemispheres.

It a patient felt a pent 1 ( hidden from sight! in his right hand, he could
verbally describe it, as would be normal But if the pencil was in his left
hand, he could not describe it at all Recall that the left hand Informs the
right hemisphere, whit h does not possess any capability for speech With
the corpu- callosurn tut, the verbal (left) hemisphere is no longer
onnected to the right hemisphere, -0 the verbal apparatus literally does

m t knew what is in he left Ilan.; If, however, the patient was offered a
,eIet tutu of objects such as a key, book, or pencil, and was asked to choose
the prey iously given object with th_ left hand, he or she could choose
correctly, but could rJt state verbally ji.st what he or she was doing.

Another experiment tested the lateral specialization of the two
hemispheres using Y1'113; input The rigtit half of each eye sends its
messages to the right hemisphere, the left half to the left hemisphere. In
this experiment the wt rd heart" was flashed to the patient, with the
he to the left of the eyes' fixation point, and art" to th right.
\ ()nudity t a person were asked to report this experience, one would sa:,
that one saw ''heart But the split-brain patients responded differently,
depending on who h hem sphere was responding. When the patient was
asked to narn, the word just ;resented, he or she replied "art," since this

as the portion projected to the left hemisphere, which was answering the
(lot on When, however. the patient was asked to point with the left hand
to one of two card- on which were written he'' and "art," the left hand
pointed to he The simultaneous experiences of each hemisphere
seemed unique and independent of eat h other in these patients. The verbal
hemisphere gave me answer, the nonserhal hemisphere another

Although most rigfo_handed people write and draw with the right hand,
most can to some extent write and draw with their left Afte: surgery, Dr
Bogen tested the atolit of the split -brain patients to write and draw with
either hand The ability to write Eng:ish remained in the right hand after
surgerY, hot the hand t odd o longer draw very well It seemed to have
lit' its ability to work in a relational, spatial manner. Given a square to
copy with tht rght I awl, the patient might draw four corners stacked
together he or she could draw only the corners, the hand seemed no
longer able to link the disconnected segments The left hemisphere, which
controls the right hand. seems to hi able to operate well in an analytic
manner, yet poorly in a relational mode In these patients, the
performance of the left hand reyersed that of the right The left could draw
and top% spatial figures, but could not copy a written word In the
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spin-brain patients, the right hemisphere can understand some simple
speed., though it has no capacity for '.erbal expression. Dr. Sperry's
research has not yet indicated whether this is an artifact of the surgery or
whether it repr« cents a rudimentary right-hemisphere capability in normal
people

Split-brain surgery most dramatically delineates the two major modes of
cognitive style which seem normally to coexist within each person. One
experiment with the split-brain people has also Indicated that their two
hemispheres in sun ultaneoulsy process more information than can those
of a normal person. Dr. Sperry writes of the effect of the operation in
human "Everything we have seen so far indicated that the surgery has
left each of these people with two separate minds, that is. with two separate
spheres consciousness.

Recent re,eaci h with ni,rrnal people has confirmed much of the
neurosurgical explorations completed on brain-injured stubjects.

If the right hemisphere operate, predominatly in a simultaneous
manner. it could integrate diverse input quickly. This mode of
information-processit.g would be advantageous for spatial orientation,
when the person must quickly integrate visual, muscular, and

kine-thethene cue, In a carefully centrolled experime,1 tooth normal
pi aide, the right hemisphere was found to he superior in depth perception
to the left.(2

hen a tai lostosi ope is used to introduce information to only the right
hemisphere and either a tionxerhal or 3 verbal response is required, the
nonverbal r, spon, i trot'- more quickly than the verbal one. A verbal
re -pins'- requires the information to he sent across the rallosum to the left
hemisphere, who h takes some time. This indicate, that the normal brain
does indeed make u-c of the lateral -jse< ilization, selecting the appropriate
area for different:al inlormation processing -(3)

Another experiment who h confirms the differential specialization of the
two hemispheres use, exe movements as an indicator Ask a friend a
(pie-tom such ci", ""How do you spell Mississippi ?'' The chances are that he
or she will gaze off to one side while reflecting. Marcel Kinsbourne of
Duke University- and Katherine Karel, David Galin, Edward Merlin, and
Robert Ornstein of the research group at the Langley Porter
Neuropsychiatro Institute, have found that the direction in which a person
gaz "s is affected by the kind of question asked. If the question is

xerhal-analy heal (such as Divide 144 by 6, and multiply the answe. by
7-1, more eve-movernents are made to the right than if the question
involves spatial mentation (such as ''Which way doe- an Indian face on
the nickel?)

Kinshourne has perforno.,'. another experiment which deserves special
mention Ask a friend to balance a wooden dowel on the Index finger of
each hand, one hand at a time Generally, the preferred hand is more
adept at this balancing. Ask the person then to speak while balancing this

-sat
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dowel. and time the length of the balancing In Kinsbourne's experiment,
the balancing time of the right hand decreased, as would be expected,
since the addition of a task interferes with performance in most situations.
Hut the balancing time of the left hand increased with concurrent
scrbahration

The normal brain constantly exhibits electrical actislty, in the form of
%cry low voltages. as recorded at the scalp by the electroencephalograph or
EEG If the EEG is recorded from both hemispheres of a normal person
during the performance of verbal or spatial information-processing tasks,
different brain-wave patterns result Dturing a Nerbal task, the alpha
rhY I hum in the right hemisphere increases rotative to the left, and in a
spatial task the alpha Increases in the left hemisphere relatise to the right.
The appearanie of the alpha rh%thum indicates a "turning off of
information processing in the area inyolyed. Ac if to reduce the
interference between the two conflicting modes of operation of its two
cerebral hemispheres, the brain tends ti turn off its unused side in a gisen
situation

NORMAL FUNCTIONING AND COGNITIVE STYLE

But how do these two modes inter- t in daily life) In most ordinary
a. tly ales one amply alternates between the two modeq selecting the
appropriate on, and inhibiting the other It is not a: all clear how this
process occurs Do the No " tent work touinuousls in parallel. and
merits alternate toatrid of the body. or do they truly timeshare the
(intro!' Clearly es ry one can work in both modes The two modes of

-perati in o /implemnt ea. h othr. but do not readily substitute for one
a"oth.'r

'thin each 1.erson the two pi laritic- seem to exist simultaneously as
tw. semi rid pendent inforrration.prot ssng units with different
sp. cialties There is some iince that the modes of physiological
irganiration may be different the two hemispheres Josephine Semmes,
of the National Institute of Ment.d Health. has found that damage to the
lett hern-pher results in quite Iccalized disturbance of function. whereas
damaioe to tin ht interferes less Cor auy with performance Semmes and
her io workers shrilled 12 -1 war Yeteran- w ho had incurred brain injuries
EY ofence seems to indicate that the left hemisphere is more anatomically
-pt.( tallied for 'he discrete. for information-pro( essing underlYing
and that the right hemisphere is more diffusely organized. which is

adYant.tgeous For orientation in si .ice and for other situations winch
require s,niultatirous processing of many inputs

It is the polarity and the integration of these two modes of cognitive
style, the ompl-mentarx workings of the analytic and the intuitixe. which
uriderhe its dilation's highest air hies ements Honey er, it has often been
not ed that some lessons habitually prefer one mode user the other The

-1
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lusRely verbal. log,cal scientist manifests a dominance, and may often
forget and even den% another side. he or -he may find it difficult to work in
the areas of the right hemisphere. in art. crafts. dance, sports. But this
other mode. although les= logical and dear, is important for cleativity.

Demands of environment, in particular, ones work or occupat"onal
environment, bumf. trck an individual with tasks which are, by their very
nature. more ram!, and effectively coped with through logic and the
analytic left hemisphere style of information processing rather than ones
second cognitive cute. Thus it is a Darwinian mechanism which tends to
push most pecple to give predominance to processing information the
cognitive style -if the left hemisphere. Others, who are in Snow's second
culture, function predominately with their right hemisphere when
processing information. Their cognitive style is holistic, intuitive and
non-verbat

TAILORING COMPUTER USE TO COGNITIVE STYLE

V. hat are the questions raised for the use of the computer in education
by the existence of two cognitive styles and the apparent divergence
between individual- with differing predominate modes of information
processing' At least use categories of questions are apparent.

Interaction between the various modes of CAI and individual
cognitive style predominances

Introduction of predominately intuitive and holistic right hemisphere
faculty to the use of CAI which has been developed primarily by the
left ueniisphere culture
Relation of teaching and learning computer programming to right as
well as left hemisphere modes of information processing.
Difficulties in man iging staff in computer centers who may have
different cognitive styles of thought
Implications for personal growth and development as fully
functioning individual,

In the first category, questions should be addressed to the use of the
(,,mputer in education and to the different cognitive styles of learners. Of
three modes of CAI. tutional, drill & practice, and simulation, clearly
simulation. pros greater opportunity to exercise both types of
i.:ignitive style lio%se%er, in a different form drill and practice CAI might
he useful in right hemisphere education

Questions in the second category seek to improve interaction between
designer. of computer aids to education, and the faculty of the
departments of the university that are predominately right hemisphere
oriented such as art, scLlpture, music, or dance Might faculty with
different predominant cognitive styles not only he speaking a different
language. but processing the input language differently? Even if one had

1
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an appropriate C Al usage for them. how do.... mit- communicate !hat usage
at ross cognitive style difference's"'

I-he third category moves the focus of questions from the university in
general into the departments of computer science and the computer center
In tea, hung programming, fac ulty may be developing right as well as left
hemisphere abilities The author's research seems to indicate this. If this is

so. why no! recognize and prosper from it? Programming is treated in most
colleges as an exclusively left hemisphere subject. This practice may be
more a conseqence of our projections than of the character of the subject
matter

Turning to the management of computer centers or, one must recognize
that some people are more right hemisphere types than others. Should one
manage them differently? Are current policies punishing them for not
fitting in when they should be recognized as rare resources?

Finally, everyone must consider the potential of developing both
cognitive styles. Are each of us giving in to the demands of our
occupational environment too easily? Are we becoming half-people in the
"-Tyler of effective operation wither tur profession? Should we give more
exercise to the right hemisphere' People can function in both cognitive
styles and can make the two cognitive styles interact. We can and should
consciously attempt this. Many have come to raise the logical analytic on a
pedestal over the intuitive 3v nthetic. but unfortunately so. But it is possible
to reach ones fullest potential as a student or a professional only if one
breaks out of the present unimodr of information processing and utilizes
both lorm> of cognitive style.
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Chapter 12
INSTRUCTIONAL USES OF COMPUTERS

IN HIGHER EDUCATION :
A Survey in Massachusetts*

by Ada Barbara Dumb

In the spring of 1974 in conjunction with the larger research project then
being conducted by Professors Rockart and Morton, John Reid and I
conducted a survey of computer use in colleges in Massachusetts. Prior to
this study. the latest comprehensive data available wan from two studies
conducted in 1%9, and 1967 by G.A. Comstock. The 1974 survey was
designed to discover the level of current computer use, and the nature of
present instructional endeavors.

The survey looked at all colleges in Massachusetts which were four year
institutions and which offered a bachelor's or higher degree. In all but five
of the 78 such schools we talked personnally with instructors and computer
staff Three-quarters of those schools were using computers and more than
half used computers in instruction.

Although the distribution of institutions in Massachusetts differs from
the national profile suggested by the 1967 data since the state has
proportionately more doctoral research institutions, this does not generally
giro the usefulness of the data in putting together a picture of current
usage. When appropriate in the course of discussion, biases will be noted.
Se% eral general questions were examined and trends were identified where
possible.

't detailed dearnphort of this research prom 'appears in Compatets and the Leseasag
P,Or,i1 MI Higher Use-alum, by John Rorkart and Mtchael Scott Morton (Carnrgte
-....mmwson on Higher Education, MrCraw-Hill) Mar 1975, Ct ter 7

t t 9
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COMPUTER USE AND FUNDING PRIORITIES

V. hat is the general level of computer use and how are schools setting
priorities with regard to expenditures for research, administration and
instruction? Very few general institutions are not making some use of the
computer. Since 1969 the smaller general institutions offering a master's
degree or less have caught up to the larger instituticns in terms of student
acres to computing resources. In addition to the increase in the use of
smaller and cheaper minicomputers, the availability of large-scale

computers to smaller groups of users through time-sharing networks and
other administratiye arrangements has been effective in making this
widespread availability possible In 1967, the national study revealed that
only 39 percent of the institutions of higher education in the country were
making any use of the computer. In 1974 in Massachusetts the percentage
was 73. This data suggests also that further growth will probably not take
place by introducing computers into institutions formerly having no
computer Instead. growth will come from new applications and new
equipment for institutions already familiar with the technology

The Overall row in Figure 1 shows a striking decrease in the portion of
computer expenditures being allocated to instruction. The column to the
far right shows that institutions at every degree level experienced a
decrease in the instructional portion of their computer expenditures. Two
possible sample biases were explored I ) the presence of large research
institutions in Massachusetts: and 2) the predominance of doctoral
institutions who may spend smaller portions of budgets for instruction. In
the first instance, Figure 1 illustrates that the portion of the budget
allocated for instructional computing has declined for institutions granting
degrees at ad le%els. Regarding the second potential bias, the national
suryey reported about the same percent of total expenditures coming from
doctoral institutions as t' 1974 survey found in Massachusetts. The data
thus suggest that this decline in research reflects the dramatic de -rease in
the availability of foundation and federalgunding for research and
instruction, as well as the ini reared nerd for administrative effort which
occurred as financial control became increasingly more Important during
the period 1967 to 1974 Clearly, much greater portions of total
institutional budgets at all degree levels are being allocated to

administrative applications in 1974.
It should he noted also that in 1966 a report of the National Academy of

Sciences (3) found that 20 percent of the total computer expenditures in
colleges were being allocated to instruction at tha: time, and the report
predicted that this portion wocid decrease Comstock's surrey of
California indicated that inst:th lion comprised 27 percent of institutional
budgets in 196H 69 The 1974 Massachusetts percentage reflects a clear
decline
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What does this decrease in instruction ' expense mean for academic
use? Are there fewer resources available? Although the numbers may
appear deceptive, the answer is no The 1967 report of the President's
Science Advisory Committee (4) recommended an average expenditure of
$60 petstudent for instructional uses of the computer. The 1974 data show
that OR average the expenditure per student for instructional computer
uses in Massachusetts in 1974 was about $17, apparently far less than the
goal of $60. However, if one takes into account the increase in computer
power per dollar of hardware expenditure which has roughly doubled each
year and further adjust for inflation, today's117 provides much greater
computer power than the $60 per student level requested by PSAC could
have provided in 1967.

It is also interesting to note, the numbers of students rho maki use of
the computer. The Massachusetts data suggest that the number of
students in courses using the computer nationally has increased four-fold
since 1967.

COMPUTER USE FOR INSTRUCTION

In discussing the use of computer instruction in higher education, it is
useful to distinguish between two distinct types of application. The first,
instruction "about" the computer, involves the part of the university
curriculum that deals with the various aspects of computer technology
itself. Computer science courses and programming courses fall in this
category as do many other courses. The second applicat instruction
"with" the computer, involves use of the computer as an aiy. t instruction
in courses in all disciplines.

In Massachusetts courses about the computer represented 43 percent of
instructional expenditures, and courses with the computer represented 57
percent, a clear majority. Earlier studies, which presented only qualitative
statements in this area, reported that far more of the total expenditures
were devoted to instruction about the computer than to instruction with the
computer. However, 1974 data show the reverse to be true now. In fact, the
financial figures understate the shift to instruction with the computer. Of
all courses using the computer, about 70 percent are classified as
instruction with the computer.

The discrepancy between Coe percentage of expenditure and the
percentage of courses with respect to courses about the computer
represents the nature of the programming involved. Courses of instruction
about the computer generally involve simple program debugging at a
(ontit s, high rate over the course of a semester

5u atrapo lationn arf based on Massarhus..tts stud,-nt pOpUlatlf111 as 4":, of national.
and institutional population as 3%

.4.
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In the survey of the colleges in Massachusetts, each institution was asked
to provide a list of courses using the computer which was then categorized
into five areas.

tutorial, CAI, programmed instruction, etc.
drill and practice. using the computer to try out or to become more
skilled at concepts and techniques learned from another source
problem-solving, using the computer as a calculator or data analyzer
5:mutation and games, constructing models to gain insight about
real-world phenomenon, and/or using these models for competition
(These were separate categories in the original report.)
inquiry, retrieval, accessing data bases.

As is shown in Figure 2, the primary use of the computer is in
problem-solving, followed by drill and practice and then simula-
tions/games. Only three caset. of tuto:ial were found; two as remedial
instruction, and one which prepared students for a state licensing exam.
Also the survey noted only two instances of inquiry/retrieval from a total of
1200 courses. As can be seen from the graph, drill and practice,
problem-solving, games and simulations comprise 96 percent of all use of
the computer as an instructional aid in the Massachusetts colleges
surveyed.

PRINCIPAL USERS

Figure 3 Mows relative use of computers as aids to instruction by
academic field. b, ause for ;-- ph shows use as a percent of courses with
computer aid, computer science does not appear

II%

1 I

n
111

e; Ni /9 19- ow," A,
.1

,5,,CMOL fOLICAT014 141.41APIITIF5
:CIVIttS

Figure 3. Computer Use by Academic Field as Percent of
Total Courses with Computer Aid Instruction

Engineering is the major user, followed by business, mathematics and
the physical and social sciences. The ordering of disciplines has not
changed during the past several yew ailliough the magnitude of use in
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ct main desc.plines, particularly business, the social sciences, psychology
and edit( lion ha, on reared significantly.

1 hi pert ent of students in the fields has shifted somewhat, however. As
l'able 1 illustrates, the gmatest shift has occurred in engineering,
computer science, business and mathematics The decrease in numbers of
engineering students reflects the absolute decline in engineering
enrollments during the past several years. In business the increase is due
both to increases in enrollment in this field and dramatic new
developments in computer applications

Table 1

Shifts in Distribution of Students and Student Costs

FIELD wo Students

1967 1974

Average Cost/Studmt

1967 ;974

Engineering 35 17 52 113
Computer Science 22 9 81 195
Business 23 34 60 36
Mathematics 4 12 252 93
Physical Sciences 5 8 109 49
Social Sciences 3 9 69 43
Psychology 1 5 2 126 15

Education 2 1 91 26

Humanities 0 4 0 2 92 99

There ha- also been a relative decline to the number of courses offered in
omputer si ience. However, even though computer science has relatively

fewer students, its proportion of the total instructional budget has
remained co ,tant suggesting that the new applications being utilized in
ousi ne, s and social science our-es tend to be less expensive in any given
ourse than do new applications in older computeruhlizing fields such Ls

math and computer science This hypothesis is confirmed by the data in
the third and fourth columns of Table I which shows the average
expenditure per student for eat h academic frdd, 1973-74, compared with
the data from a national sureN, of 19(k-67 conducted by the Southern
Regional Education board Massachusetts 1974 data indicate that cost per
student in social scienc c and in psychology is less than half the cost in
engineering, mathematic s, and computer st ience It also indicates a large
derrease fist per student tr, mathematic, relative to computer science
and env-leering The decrease in mathwmanc, expenditures may be due in
part to reorgamration of computer science as a separate department, but it
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may also reflect a phenomenon common to all disciplines, increasing
student exposure to marginally inexpensive application.

Figure 4 identifies the principal users and types of application.
Examining the dispersion of computer applications across academic fields,
one finds that drill and practice, and problem-solving both share a

universalit± of sort; almost every field made use of both types of
applications. In the social sciences and psychology, drill and practice and
problem-solving applications primarily --present use ;n statistics courses

and econometrics.

ENGINEERING

BUSINESS

MATHEMATICS

PHYSICAL SCIENCES

SOCI4L SCIENCES

PSYCHOLOGY

'myna' Drill & Problem Games; Inquiry/
Pracnce Solving Simulations Rerneval

--firn .11117ZTA____

___1/77T7Ar7

IFT7 177711m
Figure 4. Type of Computer Use by Academic Field

It is a:so int' resting to note the apparent universality of games and

simulations These applications ranged from the very sophisticated
business, legal and environmental games/simulations to very practical
applications. Ore school where an electron accelerator was not accessible,
developed a simulation of this machine
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Growth in the use of the computer in instruction has been characterized
by high activity I, vets Outside of computer science and engineering, with
relative declines in use being evident in these latter disciplines. Most
students involved in instruction with the computer use it to reinforce
concepts, to practice skills (drill and practice), and as an aid in

problem-solvng. These applications a.e evident in almost all disciplines
using the computer

CO NCLUS.ON

1 he institutions surveyed in Massa'' ..etas in 1974 represent a small,
non-random sample of American colleges and universities. Extrapolating
from this sample to a description of all tour-year institutions in the United
States is a considerable jump and tempers the absolute accuracy of the
data. Howe% br, with this in mind four major trends are evident;

High Growth Use of the computer in higher education has grown
rapidly over the past seven years, with administrative uses of the computer
growing fa.-test of all Nationally a conservative estimate of this seven-year
growth is an annual rate of about 16 percent In instruction, the number of
students who are 1- exposed to the computer through courses has
grown during the same period at a rii:e more than 20 percent per year.
Allowing for :nflation, but adjusting for the increase in computer power
per dollar, it is dear that significantly :nore computer power is being
devoted to instruction both with and al,out the computer it 1974 than in
1967

Vlore Teaching With the Computer The percentage of computer-using
courses teaching with the computer is estimated to he about 70 to 75
percent of the total number of courses using computers. There is an
evident swing from the use of computer- primarily as a tool to teach about
the computer to teat fling with It.

Greater Doptrsion of Courses across Academic Fields. In particular,
ohysical -ciences, social sciences. business, and mathematics have
increased their share of the use of computers for instruction

Bulk of Appluetion Drill and Practice, Problem-Solving.
Games Simulations Each of these applications was found in most of the
departments reporting use of the computer By contrast, there were very
te..v instant es of futon,' or inquiry /ret-.ev al uses
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Chapter 13

THE FEAR IS GONE:
A Study of the Adoption of

Computer-Based Curricula in
North Carolina's Institute for

Undergraduate Curricular Reform

by Joseph R. Dank

INTRODUCTION

The 1973 Institute for Undergraduate Curricular Reform (1973 IUCR)
in North Carolina was dedicated entirely to computer-based instruction.
Sponsored by the University of North Carolina and designed by seven
faculty teams made up of experts from everal institutions, the 1973 IUCR
became a formal study of the adoption of computer-based curricula. Open
to all faculty from all senior institutions in North Carolina, eight summer
workshop programs involved a test population of 136 teaching faculty in
biology, business, chemistry, economics, music composition, political
science, psychology, and sociology. A ninth workshop for trarong
administrators in decision-making for instructional facilities broug:it the
personnel in%olved to a total 0(245 from 42 of the 45 senior institutions in
North Carolina.

The 1973 IUCR inherited four years of a State-wide curriculum
development project run by the networ, in North Carolina, NCECS. A
further enhancement was the first year of CONDUIT as implemented in
NCECS This formal test of transportability added a new level of materials

1 29

. "a.r1.1 l.....,



130 THE FEAR IS GONE

and approaches. This history included over 40 2-day workshops for
exposing curriculum materials. What the 1,73 IUCR added to this
experience were quantitative techniques, the lack of which was considered
to be a major cause for non-adoption and curriculum change in the past. A
necessary condition for training :n these techniques was added: an
increase in workshop time to two to three weeks

Adoption of materials and approaches for he classroom by the test
population increased from 46 to 70 percent a. a result of the 1973 IUCR.
There were no sign!ficant correlations between the adoption and the
environment in times of institutional size, age of adopter, status of
adopter, Sate support, or facilities (among other variables). Indications
are that the materials and approaches were compelling enough to make
them attractive to a wide variety of faculty. These results support the
hypothesis that available computer-based curricular approaches are
acceptable and within the grasp of most ft culty, regardless of age or
environment, given minimum substantive, pedagogical, and practical
training

DESIGN OF THE INSTITUTE

The 1973 IUCR gave North Carolina an opportunity to involve faculty
from all of the State's senior institutions in specific training for
"'Quantitative and Computing Techniques in the Undergraduate
Curriculum This second year of a three year program which has been
aimed at overall curricular reform allowed the support of 245 participants
and leaders in nine programs aimed at computer-based curricular
reform More specifically, the institute provided an opportunity for a

formal study of computer-based (CB) curricula, its materials and
approaches. Enough of the complex problems behind initiating CB reform
had been attacked in previous efforts in N C. to guarantee at least a

knowledge of the major factors involved.
Of the 45 senior institutions in N.C. higher education, over half of these

institutions had been involved in a rmwork sharing a computer. This
network. the Nm-th Carolina Education Computing Service (NCECS), had
been in existence since '967 and had been ar NSF-supported curriculum
dr% elopment project shirr 1969. Over 10 two-day workshops involving

The S.-e,,nd 't ear of The Inetitute for t nelergraduate Curricular Retort:, North Carolina
w a. funded hv the National Fndowment for Humanitie., the National Srtenre Foundation,

the Smith Reynold, Foundation the Smith Railardwin Foundation, and the Uniyeraity of
North C.rolma

" 1 hr HAI 370 Model 165 of the Triangle Unlyer.itiet, Computation Center A network (the
North Carolina 1. duration.' Computing Service) of 60 inatituttons (including 21 senior
inetitution.) u IS,. renter along with the three owning, rmyersitie. Duke. North
( andina at Chapel Hill, and Niorth Cando-tit State

1
i.
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2300 faculty participants had exposed a leader population. The basis for
these material-exposition workshops had been some 3000 curricular pack-
ages gathered b% NCECS.( 16) Further, NCECS had already benefitted
from the first sear of CONDUIT and Its work toward transportability.(6)
With this background touching every senior institution in the State,
regardless of network involvement, a basis for a formal study seemed
feasible.

The 1973 IUCR prosided the resources to formally study CB materials
and approaches. In addition, with a longer training time (two weeks as
compared to two days) it was possible io add training in quantitative
techniques to the exposition of materials. The participants in the earlier
2-day network workshops indicated that the absence of these techniques
prevented adoption of CB techniques. Since these techniques necessarily
come from discipline-based experts, the 1973 IUCR could be viewed as
testing the hypothesis that the addition of these techniques in longer
workshops could enhance adoption.

In order to test this hypothesis, faculty teams were used to entirely
design and run the programs of the 1973 IUCtl. These teams were selected
from both network and non-network experts in hopes of preserving
unbiased critical design conditions. No personnel directly involved with
computer center operations were placed on any team.

General constraints in the study :ncluded the selection of the discipline
topics and the target population Eight discipline areas were
predetermined from the interests of the funding agencies and under a

concerted attempt to eliminate those disciplines which already had
significant development (e.g physics and engineering). The faculty
population was chosen with a first priority given to maximizing the
number of institutions involved

In addition the selection of faculty participants was constructed so that
the participation of faculty would be approved by the institution.
Invitations were sent first to college presidents, then to departmental
chairmen, and finally to individuals. All applications requested the
signature of a chairman along with that of the applicant.

Two factors considered to inhibit the growth of CB instruction were
considerations behind this scheme of obtaining participants. First, lack of
institutional approval of faculty activity could provoke at least financial
barriers. Second, lack of institutional awareness of computer resources
could leave faculty with no way to implement techniques. A ninth
workshop for administrators was run in the Institute as another partial
solution to the second problem

Seen faculty committees with a total of 42 members designed the nine
summer programs. Committees were selected in an attempt to represent
both the public and private sectors, the entire spectrum of institutional
size, and both the network and non-network environments. These
committees were assigned the selection of materials, the design of the

1 ,A)
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workshops, the selection of the teaching teams, and the establishment of
any prerequisites for participation. In addition, the teams gave final
approval on applicants.

THE INSTITUTE AND THE PARTICIPANTS

A summary of the programs involved in the 1973 IUCR is given in Table

Table 1

Summary of the Summer Programs of the 1973 IUCR

Program
Length
(weeks)

Number of
Participants
and Leaders

Number of
Institutions

BIOLOGY 2 33 20
BUSINESS 2 22 21

CHEMISTRY 2 35 11

ECONOMICS 2 22 15

MUSIC COMPOSITION 2 14 9
POLITICAL SCIENCE 3 29 16

PSYCHOLOGY 1 14 11

SOCIOLOGY 3 37 21

ADMINISTRATOR'S (3 days) 75 28

Each of the discipline programs had as general objectives:
communication of the substance of the materials selected; training in the
use of these materials; training in the quantitative (and computing)
techniques necessary for support of these materials: and the providing aid
in the design of individualized pedagogy for implementation. Each
program emphasized general objectives

Biology (Environmental Sciences). Designed for beginners, this
program concentrated on the exposure of over 50 small modules for topical
treatment in seseral possible courses The topical treatments were
supported by training sessions in programming, statistics, and curve
fitting

Chemistry. Under the assumption of a limited background in computer
usage by the participants, concentration was placed on larger and more
complex modules than in the biology program. Quantitative techniques
included numerical methods, statistics, curve fitting, and remedial
programming. Chemistry and biology were run at the same time in
parallel sessions with some common treatment

4 .
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Business. The large course segments required to treat the games and
modules available for business resulted in a concentration on game
management and understanding. Quantitative methods included
statistics, regression, linear programming; and computer programming.

Economics. Heavy emphasis was placed on modelling theory along with
pedagogical implementation. Statistics and empirical approaches were
added to the treatment of several models.

Music Composition. This boded down to the training in the usage of one
large composition package MUSIC 360.

Political Science. Run in parallel with the sociology program, this
session concentrated on survey analysis and simulation with a heavy dose
of statistics Quantitative techniques in common with sociology sessions
involved the practical skills of getting data on the computer and
subsequent analysis. The group split between statistics and simulation
theory.

Sociology Practical skills and pedagogy were the principle thrusts.
Getting one's own data on the computer and usable with independence was
a primary goal.

Psychology. This program was designed to train faculty in the use of
EXPERSIM, a generalized experimental design package.

In general, the nature of the programs is best seen uy the materials
involved (see following section). The political science, sociology, and
business program. could be characterized as having been closer to the goal
of producing pedagogical design results in the participants than were the
other programs. Biology, chemistry, and economics had more expository
approaches than creative design sessions. Music composition and
Psychology aimed at direct adoption

A total of 245 personnel were involved, 226 being participants and
leaders These represented 42 of the 45 senior institutions in N.C. Leaders
were almost as numerous as participants since the instruction was modular
and under the coordination of only one principal leader for each workshop
Subtracting the 75 participants and leaders who were administrators and
34 additional personnel who were not teaching in 1973.74 in N C.
institutions, the resulting sample size of the classroom test population
reduces to 136 from 37 institutions.

Of this test population of 136, over 2/3 never used the computer in the
classroom before the 1973 IUCR Over 1/2 had never written computer
programs; 78 8 percent had Ph D's and 53 percent itei e associate
professor or above The average participant/leader was 38 years old and
got his degree 12 years before. Participation was not dominated by larger
schools, the average number of individuals in the 1973 IUCR from each
institution being unrelated to the enrollment at the institution.

It can be said that the 1973 IUCR got the older fa( ultv the ones they
say are almost untrainable
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A rather large interim report of the 1973 IUCR was published in
1974 (5)

THE COMPUTER-BASED CURRICULUM MATERIALS AND
APPROACHES USED IN THE 1973 IUCR

The materials selected represented what the committees considered to
be representative of the state of the art Since each of the committees had
representation from inside and outside the netw irk, the material selection
was not limited to network holdings. This free torn also extended to the
quantitative techniques selected.

The computer used in each of the programs of he 1973 IUCR was the
TLCC IBM 370 165. From this limitation, it would seem that several
approaches could have been passed up Several modules from other
env irorments were made available for the workshops but these were always
small modules which involved trivial transportability problems

Five categories of computer usage can be conveniently used to describe
the CB approaches ;- ived in all of the eight discipline-oriented programs
of the 1973 IUCR. hile this approach is always too simplistic, it does
offer the only pc.:,,ibilities for comparison of different disciplines, the
reason for its adoption. The categor?es are.

MODI'LES oriented to Course Topics From s ;ngle to multiple topics
without integration
INTEGRATED COURSES. One or more courses for a discipline.
SYSTEMS SUBSETS One or more implementations of complex
approaches as a subset of a super system
INFORMATION RETRIEVAL. One or more large data bases
oriented to some retrieval system
SIMULATIONS From simple to complex models.

An example of a MODULE would be a program (and acct.mpanying
courseware) that allows data reduction for an experiment in chemical
equilibria Much of the earlier CB curriculum products were of this nature.
Some compendia of these modules have reached commercial succesz and
this level represents the top of the line for this category.

INTEGRATED COURSES are a rarity but as such allow
inter-disciplinary comparions SYSTEMS SUBSETS are modules which
have foundations in such systems as super statistical packages (SPSS etc.)
or modelling systems ( Econometric Software Package). INFORMATION
RETRIEVAL needs no example..

The SIMULATIONS area is separated from MODULES because each
simulation, no matter how small, is multi-topical. This complication
requires substantially different approaches Simulations can be run in a
one hour period or over a year.

A brief list of the major materials involved in each workshop will connect
these categories with reality.

*Jo
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Table 2

Major Materials Used in Each Workshop

Materktls

BIOLOGY tOWAI8

NCECS Materials
CLUSTER
SYMAP

CLEANAIR
SAS

BIOLOGICAL
ABSTRACTS

JOHNSON"

Brief Description

Compendium of 50 MODULES anti
SIMULATIONS for introductory
biology

12 MODULES and SIMULATIONS
MODULES for Cluster Analysis
SYSTEM SUBSETS of General Pur-

pose Mapping Package, SYMAP.
Air Pollution Strategy Simulation
Statistical Analysis System

INFORMATION RETRIEVAL

CHEMISTRY Compendium of 24 MODULES on
Chemistry Topcs

NCECS Library Over 200 MODULES AND SIMU-
LATIONS for chemistry

ISIS? Infrared (DOW-ASTM)
File (SUPERSYSTEM SUBSET)

NiH-MASS Mass Spectrometry - Files of the Na-
tionai Institute of Health

CHEMICAL ABSTRACTS Information Retrieval
CLEANAIR Air Pullution Strategy Simulations

BUSINESS WH YBAR K I Operations Management-Compendi-
um of MODULES and SIMULA-
TIONS.

Operations Management -Compendi-
um of MODULES end SIMULA-
TIONS.

TEXGI° "The Executive Game" a business
game.

LERNER" Finance MODULES and SIMULA-
TIONS

MLR, MPS SUBSETS of Multiple Linear Regres-
sion and Mathematical Program-
ming System

HARRIS9

FORECASTING,
TRANSPORATION

ECONOMICS Business Games
FSPI?
Empirical Macro-

economics I I

MACWHARTON 2 and
Other Macro Models

STAT 100

MUSIC COMP MUSIC 360"

PSYCHOLOGY EXPERSIM
14

Local MODULES

See Business Above
Econometric Software Package

Data Analysis with SPSS
Macroeconomic SIMULATIONS.

Statistics Package

Composition Package

SUPER-SYSTEM and MODULAR
SUBSETS on Experimental Design
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Table 2 (Cont)

POLITICAL CLUG 8 Community Land Use Gams.. SIM-
SCIENCE ULATION

PRINCE 4 SIMULATION Packages in
INS 3 International Relations
Data Analysts See Sociology below.

SOCIOLOGY SPSSts Statistical Package of the Social Sci-
ences

IOWA KITS Nine $PSS "kits" for survey analysis
with SPSS

SIMULATIONS Four small simulations on small

groups and demography
Data Bases Several data bases as units of study

Table 3 attempts to draw a comparison on the CB materials involved
across the eight discipline programs. The disciplines are ranked low,
medium, and high on all categories as an approximation.

Table 3

Categorical Comparison on the Eight IUCR
Programs on Computer-Based Materials

PROGRAM Modules
Int

Courses

Category

Super
System IR SIMS

BIOLOGY Medium Low Low Low
CHEMISTRY Medium Low Low Medium Medium
BUSINESS Low Medium' Hig;- Low High
ECONOMICS Medium Low High Medium High

MUSIC
PSYCHOLOGY High Meer.um

POLITICAL SCIENCE High Higti Low
SOCIOLOGY Medium High High Low

EVALUATION AND RESULTS

Each of the eight discipline programs was followed-up by a two-day
meeting during the 1973-74 academic year. Further, a final survey on
adoption of CB instruction was made in the Spring of 1974. The data
analyses in this section represent these follow-up and final survey activities
and their data linked to the earlier data taken before and after the
workshop programs themselves.'

The Human Resources Research Organization (HumRRO) evaluated the summer
programs both as to pre- and post-workshop attitudes and as to the materials These data
And analyses are contained in the interim report on the 1973 1UCR.(3)

-) 1:"ar-....11-ii -.....
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Of the total of 136 participants and leaders eligible (teaching in N.C.
higher education during 1974) to be included in this final analysis 119
(87 8 percent) answered the complex final survey. The 17
non-respondents proved to be split one third-two thirds in experienced vs
inexperienced users of the computer. On this basis, their elimination to a
final sample size of 119 did not seem to bias the sample unduly.

The analysis of the resulting data is based on measures of adoption of
the variety of materials, and/or techniques involved. Of the 119 total, 76
(70.4 percent) said they used the computer in at least one course during
1973-74. This large adoption percentage (compared to the estimated 15
percent resulting from the two-day network workshops) must be seen ir.
terms of the categories of adoption that were used for the measure-

adopting materials
modifying materials to specific needs
adopting approaches
designing computer-based courses
creating new materials

These categories show that the 70.4 percent adoption cannot be seen as
outright adoption of materials. Adoption merely means that the computer
was involve'd in some way in the classroom.

Table 4 shows how this adoption looked for each of the eight discipline
workshops. Table 5 summarizes the frequencies of the categorical activities
for the population as a whole With the mix of categories making up what
is proposed as an adoption percentage, it is easy to either inflate or
underestimate involvement.

Table 4

Adoption of CB Approaches in Classroom
for the Various Disciplines

WORKSHOP

(13 Missing Observations)

No Adopting in 1 Percentage
or more classes Adoption

BIOLOGY 9/12 75
CHEMISTRY 9/17 53
BUSINESS 12/15 80
ECONOMICS 8/10 80
MUSIC 4/6 67
PSYCHOLOGY 7/9 78
POLITICAL SCIENCE 10/17 59
SOCIOLOGY 15/20 75

..'...4.1c)
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Table 5

Usage by Categories for the 1973 IUCR

CA TE GO R Y
Total

Number
Percentage

ADOPTING MATERIALS 54 45.4
MODIFYING MATERIALS 21 17 0

ADOPTING .^?PROticurs 37 31.1

DESIGNING COURSES 30 25.2
CREATING NEW MATERIALS 37 31.1

Entrooment did not seem to play a role in adoption. Adoption was
unrelateo : institutional size as determined by student enrollment
/. gamma= 0 0871 Fhere was also little difference between the adoption in
state ,upported and private loslitutions despite the dominance in facilities
in Stair-supported inst,Kons (gamma= 0 18 showing a negligible
- of relation w;th St 4opported institutions). Even more surprising is the

m

r
at,e e of any dif irre in those adopting for large classes (25 or more)
n State versus pr4te institutions (gamma= 0 07). Adoption as well as

Ia,loption for large ;lasses were independent of institutional enrollment
( gamma for both -= 088i Small and large institutions (both public and
pip, att i were riluall 'rut rested in adoption no matter hOw poor the
boilit,

It has been an -Id adage that computer activity belongs to the young.
Avt made some difference -rri adoption ( ;,-,atuma= -0.35) but not much.
sex , , ,i111 not be Iiioked at as a factor- Onl 18 women were in the sample.
Fa 111,Y ranking played httl importance in adoption (gamma = -0.13)
wh,, h show, that i hairmii. and full profrssors are also involved Years at
th, lost itotion al- made no difference in adoption rates These curricular
appri,a: hes d, not seem to be the property of youth.

1 hi re-pollfem. Irvin ate -d that local facilities prevented adoption (32
r, p rnitents 1 Ali ire training was called for by 45 respond. its in order to
,i, It kr adoption Orly 1 were uninteiestd in adoption these are strong
,i,,i,, dio,o,, ,if thi quality of the materials and approa, t- es

1 he most important test of the material, and approaches would be a
ir,,,sure of lei rtiase of usage over that be,,o e the 1973 IUCR Of the 119
!a, uitv, 55 t It, fif reent I used the cornpu. in the classroom at least once
l>< tore the Institute As a result of the institute, 76 said they were using the
i-ornputer in thi I tassroom an increase of 38 percent. The old users are
holding on as an be seen 1i, the co-relation between experience in
'worm tonal usage versus adopting (gamma -, 0.633) One explanation of
the far t that this relator, is not even stronger is the! trprising absence of a
strong relation between exper , rice in instructional usage and adoption for

I
611111111111=11
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larger lasses gamma of 0 11 Experience did riot seem to he the major
la( for is going for the large t harge in the t urn, ula

Data tram I971 indicate that fear of the Computer in the
urns ilium is g,aut (,,ien a sonn w hat more intense training by

e\ pt runt eil us/ u..ers id %arum, ages chid t xperience are attacking large
lasses with omputer-rlated approat hes E'en the ariattitn in facilities

till not seem to ttieriously hamper these results The encouraging response
et,en in helpful when it is -.5r en that thi old users art not quitting and

the new tint - ire Jopiping right in
It is tempting to sugg-t that :hr materials and approat ties used are of

qualitY to he compelling in theniselyes CONDUIT, the
-ietwork, aini formal t urn( uluni de% elopment make this temptation larger.
tf attv r, all that an he said N that e role pt the t omputer is detitrable and
That -"tn. 1`111 i t tr,Iming. was used to a( lilee a high rate of
atitittion

4EFER,ENt 1.;,

i" '1/41%1 %X 1, '1(1\ ' , ,i, r
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Chapter 14
THE COMPUTER AS AN AID

IN MEDICAL EDUCATION

by Ruann E, Pengov

INTRODUCTION

Chi Ohio State Univr rsity College of Mechem? has evolved as a leader in
the field of computer applications in medical education As noted hr Kamp
and Brigham, IA over 44% of the available Computer Assisted
Instruction (CAI) courseware in medicine and health related areas reside*.
at The Ohio State University Since the publication of that article, tht
Universitv of iihnois CASE" materials ha been added to the existing
CAI data base in the College, bringing the total to over 50

The C Al systt o: at The Ohio State University College of Medicine did
not Just happen It has growl, from a one-terminal. ,ine-course systern in
19,57 to the operational system of today, who It

provides 22 hour, n* r day of ,intinuous service for students and
health prof (ma :n ( oh Fos in Ohio, and throughout the
I noted States
maintains a attilog of nteirlx 2(X) ti%f

log, toyer 1,0ffi usage hour, month
supports developmt t ot w CAI roars material, at the tote ot two
to four stio_.s.rit mote, Jew. e hours per n ,inch

1 hi, chapter dest nixes the operational aspects of computer i canon in
medu al erfue,,tion at The Ohio State University College of Medicine, other
volumes dist mss research findings and the impa, t of the usage described

141
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therein Throughout th:. di-, iassion ere,phasis is placed on the use of the
urn pater. ra:tr than on the = ornputer itself Comments focus on:

arenas of apple at ion of CAI (me luding a discussion of audiences
111 user,)

I , int igurations fur access to CAI
support environment for CAI usage and development

Mo-t certain!), the aim. e categories are not mutually exclusive nor are
the intended to add re-, the entire CAI area, they do simply bring some
rganuation to the various sulesy-terns and or components of the
,peratitaial CAI sv stern at The Ohio State University College. of Medicine

ARENAS OF APPLICATION OF CAI

At the outset it is imperative to state the philosophy of the College in the
=I= vehtno nt of C Al materials The emphasis in CAi courseware has been
pla. eel an a) the =laid v of content, I.) the applicability and usefulness of
material- in the me=lit al e urricula, and e ) the -ouriness of educational
-tratcgv The approo It ha- been to develop an educational resource rather
than to emplia-ize a tee hnoiogy CAI is an additional tool for utilization by
th. riled!, al edue ator The medium cannot serve all needs, but it can,
iniquelv. -erve. w,rne need,

Four rnalor arenas of applic won .4C Al are I ) undergraduate medical
dil= ation. 2) ordaining Lurch( al edu= anon. 3) patient education, and 4)

ii ti -nu die al support staff edue anon

Primary Medical Education

I h= I ootinourn -11==y. 0 It Figure I organizes application- in

iiildergraduate inedit al education al ( ,), ding to increasing sophistication
if the edits ation i! strategv me reasing computer system and CAI
hinca igc sophisti, ation ind progression from a single course cone ept
I gen, rail v an trolls ulna) . ffort ) to the e urn( ulum where coordinated effe.rt
hs sev= ral to lilt v Ir=in v dr\ ing d.se ;plow area- is required

lo.

Banat. oralco hist. 1 veins case ISP

ACADEMIC CURRICULAR

COURSE

Figure 1. Primary Medical Education A Continuum of Application

3 - -*
.... 11.1._
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Sit e 1964. The Ohio State t ntser -its College of Meth: inn has been
«mutinously reey aluaung and reising its medn.al education curricula.
Initial experience with independent -turfy was a«pired through the use of
a two track i urn( ulum in anatom!, and d independent study groups in
hto hermstry (2) CAI vsas fir-4 in 1967. when (Al courses in
anatomy and lam hrmistry were written to «implement the independent
.0 nits efforts in the classroorm- These courses veer used by students as
self -es aluation exercises and consisted of essentially multiple choice
questeons with feedback arranged a linear sequence (note "ganat" in
Figure. I) Under the direction of an oral surgeon, the first case study
approae h was used in a course on oral cancer recognition (note "oralca"
in Figure I ) Number rode, were used to interrogate the simulated patient
and to subsequerith ruler a diagnosis Student ion:rolled slide projectors
1/err 11,141 11/ present color %I-oak

Other faculty het amt. interested and. in histology, a simulated
laboratory experience at the (Al terminal replaet.t1 the actual laboratory in
organ !dental( anon Considerable tim was weed with similar student
(4imprehen,itm (note "hist1" in Figure 1) (8) Appendix C shows a sample
student dialogue from the histology course

initial effort- in the School of Nursing were CAI courses in basic
11-1411hPII1atie, ree,icw_ orthopedic traction and arrhs t hmia strip
interpretation Faculty rineerned with the curricula of medical dietetics,
medical records administration, occupational therapy, physical therapy,
radioing', tee hnology and respiratory technology in 'he Sdnicel of Allied
Menke al Profees-;on_ also began to des chip C (nurse,. some of which are
required for student use hole others arc suggested fir rey les. and

Itiatiein

if .nit pre egres - the midel:e. o' the t loan in of application. the
1,I; t ,,operation and interdisriplinar, effort im rea-s A course ten

are and feeding if the seine Nam deNelopt with multiple trot
bran, h..- i for the stude iii nurse. res,lie squallsnian, student

ian and phl,..n tan ( not, teen , in Figure 1)
A- ( I e iirseware I ,,lopincrit grew more e1,1111,1ex significant

ideldin- t.. the (Al language .tier, rcepier,11 A nurse on strum
el, , ir,dste. ,I1111 iii base. fialaior rqpilreti the adtliUon (11 I cipti/Illitle, {or
i.i ti illanwl and %druid, mampulatoin (01 1--.ECt RITI'M CAI
,invti..ty. I to,. V1111/111, vnif nits prised rontial ni nnillemi.ntIng a food

nutrirtit data ha, ( , ..",sod,' in Fiutm. i l ti, cart dietthan. and
oudnt iii t!: 'an- in no no planning Building "foods' , the Dix ision
id 1 het, tit - it tilt tit f,00j of Allied Ale eh( ill Proles-ion- began deyelopine
- insulate I 1/ 1' 111 -11111111t !WW1 planning 4 .1. ,unter, (13) These

illat.iin-
0,H t. h - - 1,5 requiring free langnage.
dialogue

1.1

t#
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require Inoperative effort between the academic division of dietetics
and the hospital dietetics division
,itiliz a variety of edu/ ation techniques within the same course
'In h as entry testing, drill and practice, simulation, self-
ev aluatnal

Ntaint-tnam ft, revision, and upgrading of the free-language ,anent
(at olAtions in the CASE system currently involves not only new

programming tit( lmp," but also cooperation between faculty and
support staffs at 1 he Ohio tai , University and at the University of the
Pal Oa

Near the tar 'lid of the ( ontinuum of application is the Independent
stud v Frograi, (1St') within the College of Medicine Formerly known as
t medical hoot, the ISP was initially a research project to
r,,.-t4ate the Oh env* nes, and efficiency of utilizing independent study
tr the fill du al base sf WWI', portion of medical student education. The

%,,tot h ontronted the fat ultv was to design, implement and
dual, a prit,elerksnip t.rnitulum that would incorporate as its

ti,, main educational principles and tenants of independent
study 1 he 1s1' was formed as a result of a grant from the United States
Pio, ft, jilt) ',el, if Division of Physician Manpower.(1I) The grant
to-,, i,l, d for one vi ar of program development and two years of operation

evain thit, St viral entering classes were as follows
1970, 32 -Indent-
197 I 5(3 students

19-2 61, -?u,i,r0.-
l'IT 6.4- student-

It I, 61 stud, lit,
1972, tin 1SP has heel, Imam iallv supported ht. the gi of

Nli II as an alternative to the lecture discussion I arriculum
rel lilt i,nbh, a11,11 1)% J \ (;risen (3) offers a good overview of the

ui !up, mil to study program and reports sonic of the initial research
tinhov- X!, adifititioal putilii atom I I I) offers a review of the philosophy
Ind history of the i orris an outline of the curriculum (including
ht, hv -) and a (11..4 us-om of the reseciri 11 findings Basically, the student
ro,,v, a! his or h, r own rate studying modules and submodules (logical
ono od,rn,ation organized by body systems with given objectives) and
takoir, C Al self -oval n exert ises to help assist( knowledge acquired
ta fort moving on 1, ,ii next sulatiodule It is important To note that
t,,loruter Assisted Institut non is not used as a tool for initial presentation

m it, pals I he student studies independently the resources outlined by
On la, nit% and goes thi CAI terminal for tutorial .elf evaluation (TES)
v-ri s whit h art designed to provide one with an individn -I gauge of

sin i est- in meeting. the other tives of the modules Figur, _ is a kook
,hagram ,d the io. pi totem study i urnitillum and Figure 3 is a flow chart
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depicting student flow through each submodule. Appendix D gives a
sample student flow through TES item.

Reference to the continuum indicates that the definition of the
independent study curriculum and th., subsequent writing of tutorial
selfevaluation exercises requires considerable interdisciplinary effort by
the faculty representing the basic clinical sciences_

Continuing Medical Education

Liven the initial success in the College's CAI applications, medical
educators at the College of Medicine received funds (15) to establish a
pilot network to assess the feasibility of applying computer technology to
the continuing education needs of Ohio's physicians. During the initial
phase in 1968, fully subsidized CAI terminals were plFced in four
communityunity hospitals chosen to represent various geographical areas of the
state. Success was not immediate for several reasons:

the limited scope of the library of available CAI programs (less
than twelve interactive sessions)

the absence of maintaining stable on-line terminal connections to
remote areas of Ohio
the limitation of the audience to only physicians

By 1969, project goals were expanded to include other health profession
audiences and the network was expanded to ten hospitals within the state.
From 1969 onward, subsidy to the hospitals declined until each was paying
fully for terminal linkage to The Ohio-State University. In 1914, over
twenty institutions pay for CAI services through a Computer Assisted
Instruction Regional Education Network (CAIREN) which provides
continuing education to all types of health personnel. A field coordinator
meets regularly with hospital continuing education committees,
administrators and staff to assist in planning the usage and development
of CAI courses for each institution.

Throughout its history, the continuing education effort has maintained
the premise that '"the quality of patient care and health rare services is
iontingent on the knowledge and skills of the health professions;
therefore. 'he maintenance of the current knowledge and skills is of vital
importance to the health practitioner."( 7 ) CAIREN offers the availability
of CAI to hospital personnel on all shifts, every day of tnt week for both
ins( rvice training and orientation programs CAI continuing education
courses are accredited for usage in Ohio by six professional societies:

file Anicra an Medical Association
The American Osteopathic Association
The Ohio Osteopathic Association
The State of Ohio Board of Pharmacy
The Ohio Council fur Medical Technologz
The American Dietetics Association e
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Many courses developed for the continuing education environment have
proven quite useful for undergraduate training in nursing and allied
health professions; the reverse has also been true

Patient Education

As a direct result of the continuing education efforts, courses were
developed in specific areas of patient educatEn. Courses in patient care of
diabetes, instruction to mothers regarding care and feeding newborns

and information for the parents of the juvenile with diabetes are examples
of CAI applications available in the patient education arena

Non-Medical Support Staff Education

Also as a result of interface with the continuing education hospitals,
courses were developed for non-medical support staff, like secretaries. A
new course on the medical record was developed for one hospital and a
course in medical terminology developed for OSU College of Medicine
students has also been used by secretaries and medical typists in the
hospitals

AUDIENCES

To summarize from a different perspective. College of Medicine CAI
applications can he useful to many audiences Table I lists the number of
CAI courses relevant to specified audiences

A detailed indexing of all College of Medicine CAI materials along with
course descriptions Is available in the User's Guide to Computer Assisted
Instruction at Th. Ohio Statr University College of Medicine (10)

CONFIGURATIONS FOR USAGE

Looking at file Ohio State University College of Medicine CAI System
from another perspective, one can view the configurations for user access
to the materials described above Basically two configurations for access
are used.

an on line configuration in which the user link, directly to the
CAI data base at The Ohio State University College of Medicine
an off line configuration in which the user installs a portion or
portions of The Ohio State University College of Medicine CAI System
on his own computer

In efforts to fardnate sharing, the «dirge has released materials in both
configurations
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Table 1

CAI Courses Indexed by Audience

Audience Number of Courses

Clinical Laboratory 12
Dietitians 16
Dental Personnel 5
Emergency Medical Technicians 10
Environmental Services 8
Management 6
Medical Records 8
Medical Students 52
Nursing 46
Occupational Therapy 15
Optometry 5
Patients and Families 8
Pharmacy 6
Physical Therapy 15
Resp.ratory 13
Radiology 14
Secretarial 10

On-Line Configuration

The on-line configuration has three subsystems a local network (within
the city of Columbus) ; a state-wide Ohio network; and a national network.

In the local configuration, 20 terminal sites exist within the city of
Columbus for accessing CAI courses. The largest number of these are in
the Health Sciences Library on The Ohio State University campus. To use
a CAI course, the student comes to the monitor's room, checks out a key
and associated visuals (if needed for use in the CAI session), and Proceeds
to the terminal room where a high speed printer terminal and slide
projector are available. Other C.AI terminals are located in support
offices and at local continuing education institutions.

The State of Ohio configuration consists of some 20 institutions
throughout Ohio linked directly via telephone to Columbus and The Ohio
State University College of Medicine site.

In 1972, under a grant from the Lister Hill National Center for
Biomedical Communications of the National Library of Medicine,(12) the
College linked its data base to a network for CAI access in the United
States. The purpose the .txperimental network is to test the
inter-institutional sh iring zif t;AI materials housed at The Ohio State
University College of Medicine and at Massachusetts General Hospital in

'148
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Boston CO 'I II- ha:thy-are network is maintained hy the TYMSHARE
Col-Hu-anon of Cupertino, California, and is a r ombmation of
mum, omputcrs in.th high speed line, linking cow, in the United States and
Europe )

User, on t he national network vary from small hospitals to major
al enters. and the type and extent of usage varies as much as does

the type and suit' of institution By far, the largest number of users are
presently, reviewing available materials with no commitment of long-range
usage Several Hist:onions, however, have made long-range commitments
for null/anon Tin University of Washington in Seattle has acce.4's-d The
Ohio State University Independent Study Program and altered it to meet
!oral spec iii. ation, This institution is currently operating its own ISP,
and, I. network connection, is using CAI at The Ohio State University
['he t'niversitv of Pittsburgh in association with Pittsburgh Eve and Ear
Hospital is using ophthalmology materials and has recently begun to
develop its own CAI materials using the CAI support staff at The Ohio
State I inverso College of Medicine. The University of the Partin. in
:1).pr:ration %Null the Am, rican Board of Internal Medicine is refining,
rev 'sing, arid generatiag CASES in The Ohio State University data base.
Fort 1t orth Osteopatho Hospital utilizes continuing education materials.

A, of September. 1071, the average percentage of total CAI system
uilluation by access group is

Local Network 50';,
State Network 30"::
National Network 20%

Ott -Line Sharing

I !lifer the auslin es of the College's poll( y for CAI mater.als release, all
CAI materials (exi ept those restru ted by the author or by copyright
oinirns) are available for release on a .list recovery basis. to other

con-profit institutions. The polo y fa( dilates sharing while protecting the
author and the college Through October 1971 rivet .350 course and
program units have been distributed via this policy In 70 instootion, in the
United States, Europe and South America

SUPPORT CONFIGURATION FOR CAI

Ai The Ohio State I. Inver:y College of Medicine there arc two major
o Is of actors in CAI development and usage, the authors and the support
,iatf The author,. of CAI materials (10) are most often college far ulty,
although students have authored several allied medical and basic anatomy
prrwrams. Student authors may receive graduate credit for developing a
viable program Three primary support units house the second set of
at tors, the support staff (see Figure 4)
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DEAN

DMSION OF RESEARCH

a EVALUATION
IN MELT EDUC.

ASST DEAN
GRADUATE 8

MED. EDUC.

DIVISION OF

COMPUTING SERVICES
FOR MED. EDUC.

8 RESEARCH

Figure 4. CAI Support Units

AUDIOVISUAL

CONSULTANT/

The audio visual coordinator link, audio-visual production with the
educational application of the audio-% isuals He or she maintains a catalog
of all visuals used with CAl courses, and controls master sets of each Nv,ual
unit 1, hen an CAI course is requested, and audio-visual coordinator
insures that appropriate visuals are duplicated, labeled and quality
checked for distribution to the user (either local or remote) The
oordmator also upgrades visual sets a, CAl courses are continually

re% iessed and revised and works as a free lance consulta ' to other support
unit to cum( Ilium and project areas, and to mdmdual fa( ulty members,

/ht mon of Research and Ei aluation in 'Medical Educationassists in
resew h and es aluanon design studies iiiolx mg CAI. This Dp.Nton also
interlaces with all college curru alum committees and helps set priorities
for new CAl tlHdopment

/he Austria of (Jim puling Seri ii rs for Vedu al Education and
Respar, h

Slur tains all hardware including r omputer, terminal, telephone, etc
'Via rut tio( e responsibihne. int hole installation and trouble shooting
lo all eimq,mnt
ilaintains develops and upgrades, listing (Al rourse An example of
the t (fort expended in this area was the recent con% ersion of all
Medic me t rseware from 11)0 character line length to 70 character
line length
Vtaintains, lir ,lops, and upgrades ,so,i-to are for the (.01 R.
If RI 1 ER Ill Ian, 'tag,- and C41 SIstem An example of this support
was the addition y cOURSEWRITER of numerical and algebraic
manipulation capabilities (9)
Vaintains del elope and upgrades software for the Computer Assisted
Instruction Reporting 54 stem ( (AIRS). This int lodes student and
sstem usage reports (t),
Develops new (. 41 mar %PS (see paragraph below )
Performs all user inte.,cce functions including maintenance eo an on-
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(041d, 1r) ( Omput,r 4,,isted Instrurtton, distrdiution of
I AIRE:\ held coordination, anti st,on

t', r di rreIrrpuinnt of new CAI course, 1,, OM of the
,:, P' (Ai t in,iirnnt at the (Y.11: College of Medicine The

I lutIrr h1-11,t1,1I all: depots the CAI deYeloprnent team

I d ,..r, dr do am) the Instructional programmer (IP)
I programmer erg's d, the printary interface between the

a.,,,); r 011 Al hirdv,,in, d ,otiwari The author remains the content
si instru, rnai programmer a) consult, with the author
rf I..' ,tra and design of material, r code, and

- inaita! it. COI lic,EAT RITER language, c) works with the
fr- granr r rn rinsign inrw course fa( 'iies or sy sterns functions

Ito with th" s..ystems analyst to design
't4 a,1.1 required by the author; e)

f,,r ti, trst new CA1 courses, 1) arranges for
t,10, r+-N it rs,.1.- a, required g) (onsults with the author and

--stiltard ,ti 'Fit' 1.1,1' of audio isuais in ,on)unction with
( - I') tt s as the ongoing caretaker and trouble shooter
''4, rlidr a ' for student usage which includes

mno', nog 4.) sit; rr its, and 1) monitors and helps
It, 111 t it fl: 'edge rort for evaluating and

0 r r,,ti-

S'STF0AS
r-*,'k" PI4RAMMER

4*

C'')RSE
MANAL,EMEts,T
SuPERVS09

it<

AUTHOR
INSTRUCTIONAL AUDIO-VISUAL

t'ROGRAMNIER 11-1"CONSULTANT

F igor it CAI C,turw Development Team

t k I hr - sip -triust
rr ,r1 ,r,n,h err a 1n aud,o Yisual

otUllaNt managenwril ,uperviN,a,
I .! aN filaide as liveried to
Inrnirr anon, r 1 hr for thr most part hatir
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I fir strut tore of the course (lest Ittpmeni team and the professionalism of
the ni wls defined in..trart tionai programmet are ks elements in the
urrent cess and sontttwing es tits ement of CAI at The Ohio State
nisersdy College of M. donne On the eterage two to tour hours of new

tnteractis material- are product d each month

CONCLUSION

Sest rat tat tt r- base beer: sigmlit ant in the Festers of (. 11 growth a. The
Ohio State 1 myersits College of Medo me They are still sIgnifo ant in
19-1.

Educational strategy and in content application of the CAI
materials alwasi holds priorits user fancy hardware and or computer
,stems The current strength of the College of Medicine CAI Syr.tern
is the breath and depth of its courseware, riot the elegance of Its
hardware
Each r. f1 pr,. t. cur.:ruff.. effort, or course ittltzes staff and
ex') rase in existing College support units Small support fiefdoms,
aril recreating t t wheel of CAI, are not allowed to form. Each effort

builds upon the knowledge and expertise of past efforts. Lessons

learned by .upport staff or authors on one project are applied
immediately to other projects Pers mnel at-A system resources are
shared by all efforts in a cost-effectise and coordinated fashion
Definition of !that is to be developed comes from outside the CAI
support unit thus allies airftg an- tendency for support unit to breed
a life of its own De( isions on the priorities for new CAI des elopment
I Mtn' from directors of the curricular areas, from the field coordinator
for the CAI111:74 network, and from content specialists The support
unit font lions according to the [iced, and priorities gisen
The structure of the CAI coiir se deletopm,nt team is crucial in
assuring continuing deselopmeni and rs of CAI courseware
The College has maintained a commitment to an operational system

wathou uptime and usage This t nsironmenr facilitates growth
anti integrari in of CAI into the College (Alf IctillItn without prohibit-
ing research and des elopment It also patted the wa, for transition of
(1i support from .oft to hard dollars
bitrw7ri, tv)ri and gradual incorporation of C,1/ materials into e,..ting
ollepc t urro Owns is effected by creditable fa, iii 01 area

Altintogn On integration tt1tt n noises slots Is, it wit' not most' at all
without support from fat ohs in the content aria
idministratire support for the t, 4/ effort has teen present

part" ularls in the earls deselopmental stages Sot h ,upport is .1.cr cal
if problems sit. it as tat tilts recognition for CAI des clopment are to he
addressed

.11 +..
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In liong, this essay would be remiss if it did not stress the importance
it fundiag h r iaige scale CAI dm,eloprrient The costs in staff time

alone t. r effort- ut h de%,eloprrient of the ISP are so high that few
institutions oulti atiord thf inietment
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Chapter 15
HIERARCHICAL NETWORKING IN

HIUHER EDUCATION

by Laurence H. Baker

Alternative ways of delivering computing in academic inshtntu.o. hove
been described in dqith in Greenberger, et al (1974), Mr.. in (:971),
Spriestersbach (1973) and Williams (1974) These references have
described campus computing requirements as well as resource sharing
among universities This discussion will focus upon the delivery of
computing in the California State University multi-campus system of
ldgher education often referred to as the One-Thousand Mile Campus

A hierarchical network for computing has developed logically from the
structure and needs of The California State Univrsitv and Colleges
CSLC) Following a brief description of CS1. C, this chapter reviews

,teps ten in planning computing ai tivities and .n determining CSUC
computing requirements Closing se( toms outline present computing
resources and their limitations and -cribe the Cs! S owl-arch:cal
network

THE CALIFORNIA STATE UNIVERSITY AND COLLEGES

he California state 1 no,eruti, and College- pr, W.-- undergraduate
and graduate in,trm tin 'n the ilh-ral arts and sewn, es, in applied fields
and in the profess!, On nineteen eampiq, Heated thrmighout the State
,t Latitornia, sixteen ibousand fai iitiv serve a regular
mident en-II-dit-tient in ex, , 21,5 ($i . tem-.

1 4



A. NE TV.r)Phi,.(, i 6.ER Fp_jr_AT,ON

PLANNING COMPUTING ACTIVITIES

In th, Cst t in planning tor computing ;Ines Is a continuing
pr ss Re-pm-doh:. In the planning.. °ordination, and administration
d data pr. ess: . luding Ali data ..-...essing equipment
a. gal oh. ri has 6,, assigned to the Division of Information Sytems
with... the Off ot the Chanerilr Campus ievel operational
re-p msdatitv 1- delegated to a ampus manager of director of automatic
data servn-rs although on: ern and,ultimate responsibility for
amp,. -to in the president of the al campus and his or her

olinirostrative and or d(ademu- support staff
I lir Division 41 Information Svsterris is headed 1.y a director who

assurfl, resporsibility for the planning, budgeting and

administrative support at t.vities. Reporting to the 4. rector are associate
dirr. tors tor operation. administrative apple ations and rostrurtional

-ul)" ris ely interface with their respective -ounter; arts r, ,he

v arsons aropus- The director is advised by a representativ,
mprised of ihree fa, ults member, three data processing managers or

lire, tor, and other representatives of campus admimstrative activities
management advisory emcnittee haired by a president of one of
targ. r inipuse- I Inmate responsilolity for the formation of policy
r the t; ai the (Woe I if the Chancellor and in the Board

I rust. How. r- iI budgmar, and procurement prorcss. the
th. ari tired by the State's Department of
rd. r nsur, wth legislative and legal intent as

i. tot, '1 law and annual budgetary allocations
11. hi. ;4..014 origodugt ...niers for all -tate .i.ts been

r.f..1 is inter.t, ail plan- for ;r.e-ur, merits presented by
1.. t s, it, I t,1;--11% and C., 1.1. t,,, it -111,1,,,Fted by alf

11 I ht

CSUC COMPUT"vG RECUIREMENTS

i 1 i ; ..4 frit `v -i, cos of CS!
,- 1; sp r t, nL tt eimistr and arad

f m t.ornputer -apt...0Pd
,..14,.- hi.. th. -vstem Jte e to guide the
....dr... '4. n :4 t'r 11111' 11,,,n- to support admissmn,,
1 .; at, - fa, ..Itv worldoad spine utilization and

I 1.4.1..1 I used on

; I' -1Vr ' ' -tudf nt rem )1,1-, a4-1-1

1 pin a r rt itr,Pt,al and

V ril- prirratal 1,1-triv tyatal
; t.. t th. ...mg ...ter a- a tr,I system

e
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design and programming, data ha-,e manipulation, instructional games,
pa, kages and planning languages; computer assisted instruction and
omputer managed instruction These t ategories are designed to support

undergraduate education Some research capabilities are required,
however, they are more limited than those listed as instructional.

Tht Division of Inform' lion Systems has developed an instructional
workload model to establish objectives concerning the computing
resources required to satisfy thy educational, program of The California
State L rtivei-sity and Colleges In one planning study it was used to
determine tine proportion of faculty and student problems which should be
directed to batch processing compared to interactive times' ag. A major
result of that study was the conclusion that the majority of instructional
requirements can be satisfied using minicomputers which are now
available Based on these results CSUC system office personnell are no
longer t onvinfed that Crnseh's Law continues to hold for undergraduate
education where a large general purpose system can be shared by multiple
campuses

With the availability of minicomputer technology a combination of
interactive computing and batch processing is a superior basis for
supporting undergraduate eda,'ation than is one alternative alone. This is
true in terms of cost effectiveness (CSUC Feasibility Study) as well as
in terms of the ri trio tional environment pros ided (Sr estersbc.ch,1973)

PRESENT COMPUTING RESOURCES

Computing hardware a: ailale throughout the CSt C system in 1974 is
hsted in Table I

The nineteen campus computers are linked Yid cornmumeati",n- fa, dines
with the so.,,teinw Id, bat, h and timesharing computers to form a star

iwork This network which has existed since 1968, enables the
mr Ann, slit,i , on rat h campus to ,,immunicate with the more
p,werful hat, h r,mfigurdtiori In ated in the state 1-niversity Data Center
I une,haring data «,rilmunii ations requirements are satisfied by the same
now:irk using multiplexor, apable of Multiplexmg up to 130 110 bps
tom siiring terrnma's to the State I 'liver-its Timesharing Center located

the Northridge t apus
I her e major limitation,- exist with oft resent system whit h result in less

than adequate ,-orriputing support to satisfy araderni, requirement,
I he s:sternix Id- omputers art saturat, d with pro, cs,.ing
reqiiirr flit r1t,

Ii, preset; -xt, 0. upon outdated
and 1, not fit xit,le :mug}, t, iipport the .1-ing load

whit ti van,, from , urn} is t,, aropu,
li,tticro, I r XI-I ,i. ,ati,1 ,nt.: all in-trin tr,,,,a oport
.111i pit I tg hardw3rt
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Table 1

Computing Hardware

Location

Campus

Systemwide Batch

Systemwide Timesharing

Campus Minicomputer4

A HIERARCHICAL NETWORK

CPU

CDC 3150
IBM 360/50
IBM 360/40
IBM 360/20
NCR 200
HIS 2020

CDC 3300
CDC 3170

CDC 3170

DEC
Hewlett Packard
Microrlata
Data General

Vaniau
Texas Instruments

Number

11

1

1

1

1

4

Dual
Front End

2

8
4
1

2

Eight alternatise upgrading the pry ent computing fatiltties to
liniitiatt the imiltations ut the pre-ent ,%stern were considered the
1)1%1,11in of Information C,tern. Each alternati%e way de-igned to satisfy
lim -baring in-trio Ilonal requirement, outlined in Table 2

Table 2

Recommended Timesharing System Attributes

Capa( ty to 512 simultaneous users
'Capacity for 36,000 user accounts
'5 million characters of user accessible memory
'500 million characters of user accessible mass storage
'Worst case response time of 3 seconds plus no more than doul,le
apparent execution time under light loading

le*ible port levels
'CPU .Jpgradable via parallel or compatible processor;
*Aidobaiiii detect with popular terminal speed, of 110 to 2400
BAUD

'95 hardware reliability, wrh graceful degradation
'Hier ar-bical syster, nSKIP begun: mu, level usage in m,rutes, pro
pressing to advance° usage in three months

r5
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Table 2 cont'd

*Intelligible and meaningful diagnostic messages oriented toward
beginning users, with source level indication, single aid multiple
error detection on one line

'Logic debugging capabilities, including traces, traps, maps
*Industry and National Standard BASIC, FORTRAN, and other
language capability

*Advanced user utilities, such as text editors, ,oblect load/run sys
tern, statistics packages, mathematical subroutines, assembler,
peripheral utilities, etc

*System software reliability and security
*High speed or individual port input
*Common operating systems if multiple machines
`Common hardware and software to provide an interchange of
curricular materials

Site tommunications personnel support, hardware and maintenance
costs were all considered for each alternative. System reliability, backup
power requirements and the effect of power brownouts were also considred.
The must cost-effectivt solution satisfying all stated requirements 'ias a
hierarchy of computing resources consisting of minicomputers on each
campus linked to a large central timesharing system 1,a an errhanced
communications network.

To develop this hierarch!, of computing the DIN isioi of Information
System will first procure nineteen minicomputers to provide a basic lo( al
timesharing capability on each campus. The slie of the sv-tems who h will
be obtained initially is described in Table 3

Characteristics of typical large and small campus systems are quite
different from one another. On d t, pi( al large campus the i ornputing
system will consist of d single batch processor with related equipment.

128 K bytes con.
1 . tape drily., 30 KC
1 disk drive -, 32 million bite , total
I Printer, 600 lines prr minute
SCard Header, 1200 cards prr minute
I Card Punch, 250 250 (aids per minute

I he «mntinications line will be I&$_ Baud
11n Moral

rmf,,or with

i2 k ( fire

I tape drive, 3U Kt
i disk drrye 2i, illtoo
I r. ;lit lin, - pi r minute
i2 P tits

ludo' a ,artiptr, tirrnliaring
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Table 3

Local Timesharing Systems

Campus ports capacity

San Jose 32
San Diego 32
Long Beach 32 7 systems of
Northridge 32 32 port capacity
San Luis Obispo 32

Los Angeles 32
Sacramento 32

Fullerton 24
San Francisco 24 5 systems of
Fresno 24 24 port capacity
Pomona 24
Chico 24

Hayward 16 2 systems of
Humno Idt 16 16 port capacity

Sonoma
Dominoues 8 5 systems of
Bakersfield 8 8 port capacity
San Bernardino 8

Stanis laus 8

TOTAL 416 peirts

Fi.r the small i-arnpu. the communications line will also he 4800 Baud
The second step in dei.ehipment of a systemwide herarchical network is

growth of a new data -:ommunicaiions network The new network 'vas
,1 signer' by faculty drawn from the State University and Colleges and
from the communo atoms group within the Division of Information
`..,NT,ternq The network will Consist of communications handlers in each
region of the stater apabli' r f «incentrating data for transmission over C-2

e grade lines and switching messages within the network to the
appropriate mai hine This system is designed to optimize line utilization
as well as re sharing In addition to the message concentration and
-witching capability, the communications handlers will transmit error
ikiition and rortri-non messages in order to bring communications
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reliability close to the 100% level The development of the software
required to support a complex switching mechanism within the network
w di enable the State University and Colleges to implement a genuine
hierarch), of computing resources which will be totally transparent to the
computer's link to the network and nearly transparent to the individual
user

The third step in growth of the hierarchical network is the replacement
of the existing timesharing system with a substantially larger, more
powerful an,' more versatile machine capable of supporting twice the
existing number of central timesharing ports and with the capability of
growing to the support level required in the future. In 1974 the CSUC
s -tem has comp!oted all planning and begun step one. With the
cooperation of already invoked faculty and administrators from each
campus, 1975 will bring substantial progress on step two and three.
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Chapter 16
SOCRATES© :

An Innovative Student Oriented
Computer Aided Test Generator

by R. Gene Geisler

INTRODUCTION

A wide variety of factors enter the learning equation- books, syllabi,
teachers, student preparation and motivation. In addition, learning
resources such as audio visual materials are increasingly employed to assist
the overburdened instructor. These factors are dynamic variables chang-
ing from student to student, year to year and teacher to teacher. There
is however one constant, the broad outline of the learning process itself,

In the learning process as generally experienced in a university
environment, faculty prepare outlines of material student. are expected to
master which is accompanied lt A reading list and supplemented by
lectures Lecture., as a rule, amplify the subject matter and offer students
the opportunity to question any aspect of the course including its content
or the process However, if the class is large as many are, feedback is
usually brief and unsatisfactory There simply isn't enough time in the
day, week or month to give each student the feedback essential to a
suer essful learning proce,, V. it bout such feedback, student, tena to enter

I 4, 1/!44 9-1 Ill I / t./ 1, 7/ 44 t th. t it .11 All r gh ,
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the periodic examination situation with trepidation, a ( ondition ravels
( onclusie to the attitude, necessary for optimum learning performance

IX it hout belaboring the point it ( ould also be noted that in the ay erage
large classroom situation then- is a wide range Gf student expectations.
preparation, and motivation It 1, nearly impos,ible to prepare a course
which meets the need of all the students. Courses directed at the upper
third oyershoot the middle and lose the lower am- entirely Similar results
or cur when courses are directed at an ether level

WHAT IS SOCRATES7

o retried,. these two situations The California State I myersity and
Colleges has prepared the r ornputer program SOCRATES whir h Is an
easily aYailable feedback sehicle SOCRATES is designed to proyide the
faultY with class diagnostics before the course begins, and to promote
student esatuatise feedback at frequent interyals Students may access the
system for self r-Y aluation and optional challenge examinations It frees
them from the tedium normally associated with the ,-onstruction and
scoring of student examinations Facults control the ,'stem The scoring
output may be ordered in such away that a class may be eYaluated in the
traditional multiple choir e mode or employed as a class diagnostli
enabling instructors to direct (rune content to specific groups with (dearly
Identifiable needs

Inc the long run SOCRATES will be interfaced with audio s.sual a, well
a- traditional textual material to supple:Tier' and personalize an

indlYtelual's education [ruby idualization and pi r-onalization hay e long
been hurt words.' with administrators and reform minded foundations
Hos+e%1 r, because these methods require Increased fa( ult, workload h

goal, base remained, for the most part idle dreams SOCRATES I,
de,igried to help he oistructor a( hies.- this d,

I be program Is. urrentts being implement, .i or r pli{0 basis within the
California State I royersitY and is operational A ,04.1, d` It meet, 1h
ter hmi al and documentation standard, of the California state I myersity
Division of Information SY,teros the program will he ayadahlr TO other
11,eiN on a not rev users I he data hays or test item hank-, are in tio
puldir fnrnam although th program is the property of the r,a.liforala ',tan

nlyersitY Inquiries conct mink the availability of the program and tf,.
test item I ilk, should he addres -.r1 to the author if this am, le

SO( RAE ES is a comprehen-lyr r on:put-wed test:rig system win: h
makes possible the est iblilinicrit and mamtenam r of no. hice-readable
rank, of test Itr ins E rim these banks the ( an t tr st, ,±1.1

,-xer( r-f., art wing ter -,11,( IIn itron- ,f hs tai lilt: anrf oi - tn'!,I,ts
',t)(.EIAIE.S will

pro.iure piuded ti as on a (omputer I cc. printer
displaY test Items on inn ra, Use ompoter arc rtnirials
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' 1-' pr ii anal.to al to urirw report,
, i 1 iF FF1 Or rd- usagt `41.ident. rt44.1011,4,

. 1 1u. it; r ti tratog:: N, and learning

Fl T t ,t- to pr,igr.oirned in standard ANSI COBOL,
- md tolt t wot -,terate on the computers which The

Or I ','r-d oil gcs now as and oil an will have in
r -: tutor Bt au-r of its ro itiuLir design the SOCRATES

,1 to takt dds,dttage if nprored omputer facilities
'ill, netoi it will also hi' available to other

in ,nputing cirtiguratirri
,upport SOCRATES were

,:C 1' ri I ',It ot o w Program Development and
tr:d tt, iotor !at!: S. stern, in concert with a

o id t tilt. -le. rosy otonitt, -tern tiesin theatio is were
. ,t WI% - .1fIlmittet ml CSi 1: far tilt, ha,ed on perceived

l'r ,,,r Imre ntru-ted to a 1aTri of graduate students in
-r c at f_ottortmt --tan d nirt -at Chit t: The project

I , F. crap -

t: ''ii ,{t t--P- th, t tald,-impnt 'it machine-readable tiles ut
+trim kite 10pf3 it 1b1,1`111,,, arid ograrn maintenance

'if ,i,, I; .i if p--F1'!' to gcnt rate te-I' front the film, according
ii i t- ,1 1, Oh It also provides for
ti., ' and 1.100: 17',4:flti m of item ,-,tatistn-

if -t nerat trs traera( ttve terminal It
+thric idnv and allot.s immediate faculty

,h1(11,1 self valaatien and Itallenge

If t - d- aii, ti.rk- i- ra, us- 0 terminal

1)' - " o jut a saris t', of
r r -pt irtliol,at.ve It
^ i.T1t1t, d 11,v the terminal- and

: , 11- , nodia :carntog f tnvirfintricnt
'1, I ''I h -trt usually

dcms It' t:tat answ( rs. graphit aliii'''' Waif f/,V, er, ) It also
'Tit kt tong plai: ations ,fiat will

,- 1! protlt
. , - ,

v
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-0.11-explanirtiry A ornpI' t these forms who h include test item
request, addition or deletion, request and a 'coring mode request, are
rti.rodun ed in Appendix E I hese forms c an be rrittted by faculty to a
incal data centar for punching or t an Se entered in timesharing mode
where a faculty mem' is prompted to supply the information required by
the progran. tc pn the sersie ii-sired SOCRATES edits the request
to insure adeqna v n.. nforrnation and format, it for processing Faculty
and student user- need know little !nor- than the English language in its
written form They are spat 'Lean% freed 'rum considerations of format, Job
«mtrol eird sequence, Lie structure, etn in both the timesharmg and
batch modes

SUCH %TES is Onus available to the least ten hint ,t1 member of the facolty
as Nadi as the traditional t ()Intoner buff

TEST ITEM COLLECTIONS

I est item t ullet tions base been es;ablished by many other, in addition
ti, the CSf C faculty In addition to a large bank In United States history
(approximately I5J)0 items) test hero banks currently supported by
SOCRATES include mathematics, chemistry, physics, biology ;
psychology accouhting, astronomy; econornic,, sociology; tests and
measurements, and counseling and guidance In several fields where
'firmal comprehensise examinations are being developed by '7.SUC faculty
SOCRATES will probably serve as the delivery system The System es

urrently ihr,neloping comprehensive examination methods anti bases in
chemistry, accounting, economics, political srien-e, and recreation.

Establish(d test item «ill« lions must be con!, calls evaluated, rev 'stud,
updated, am: expanded For each collection, a single coordinator or a
coordinating committee is designated In addition to answering user
que,tion- the «mrdinator approy e, addoe Us, deletion,, and editorial
changes

SO(:R P.,' record-keeping carnal-idol« fa ditate item validation 111"

-..-te111 iaintains permanent ret ords on thn r umber of times an item was
.elected for an eXer, Pa' and the tthttlher of !titles it VP d,deted hy . fat alts
rn quest It ,11,() maintains an item-bviter 'corm of student responses The
,)ordinator an rat rive an automatic print-out of all items rt )ected or

answered Inc orrei tiv more than a I ettaill proportion of the time on art
exception report basis Ile or -lie I an also request similar reports (,n !term,
with distractors ( 1M or t t responses) that are too strong or too ',Seta

tit mina" the test 'ft are being tl-t d on a ssstern-wide basis, statisia s
an rapnilx 1 his bodi-in fri« haiii,m for (plains «intr.! item
bank imprcyn niet i ms p"in WAR one of itripuriant
it dlur,
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HOW DOES ONE USE SOCRATES'

For ea, h rte ii , lei tin then is a numern ails maim! categcrr index
tit th w hv, h a tit, oats menikod side< is categ,iries that describe the areas to
to. M. Isesiudds MIt"i toss- referent es, permit the specifu atioii of
,intent within r ategories 1 hr tacults user may designate a difficulty level

tor ear h ; ategors k Va-s. as +-rage, or difficult) He or she can also
set, ; or si lode t t rtam Rio of questions items that rail for factual
re, AC di in- that test skills and attitudes, items that are associated with
hart- map-. po or diagram's, and clusters of items relating to a

tafilt or printed test [loads, since each item is assomated with a unique
numhi r, fa( nits users ran request specific ib-ris

A't r instructed the exercise and listed it. the
instil), for was reit ct wine- SOCRATES will, MI request, replace
deleted item- with other item- whir h base the same charactere tics or
litter, nt f hard( ti ri,t1( s I ne r srle of listing, revrw, deletion, and
r plai nt r an be repeated as mans times as necessary If the faculty
member his or her order sia intera,dise terminal_ the process may be
-pied, d up A- ea, h item is Itstec, the user is asked to ',Weept or reject it If
hi or -he n p t ts, are alternates,' item with the same charameristics is
InNec VC hen the entire exercise has been constructed and approved, the

user mai, re( rise an immediate listing on the terminel Alternately he or
she an has, thi evil( Ise listed on the computer line printer In either case,
he Li, bit mernher is la , ompkte ontrol of the p1,1Cf.ss

I her, is no resin( tem on the war, in which an exercise may I used It
motht he an ungraded diagnostic ext !rise. a take-home test, or an
ope n hook C1,1111111,1/IMI It could be used for 100 students in a traditional
-.arse% or for a single student in a personalized environment. It could be
used in «myth, win with i titer questions supplied by the faculty member
In-wad of Fg1)111f)grililifIV # (ill( aide SOCRATES encourages and inn
I i nits teal long (Twin,

siuring N also rinds r tar rifts i (mind A fa, ulty alrITAM I an score
examinations his hand or through a si (ging par kage dimade on eat h
ampus It he or she --mires through SOCRATES, a wide range of

-tatistn ai options art' as
Stud, tit Nlil use SOCRA I F S sia nit, rai a s, tune-haring terminals In

-ion( mews the student will at I ass an instrio tor-created exermse and
rid ord- will h. kept hs SOCRA"! ES Alternatisels students will use the test
nein Is inks ils for eil drill and instrui torn in who h rase no
record will be maintained SOCRA I ES will also si re as a %chide for
delvers nt t 11,11111114P VIkafflirl,Itifffi,, in Who h student use will he ,1111en,1,1-d,

11'0 red tilt d for use hs taults and the registrar
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-tigv,-f- a Marge tr th< .o.a; tae 'woo< I, u.-eot Curren.
-to.,, hour- per ,,seek ot t la-,rooron «ilttart hew banit

rnarotenan< e Polutre (1,-Igtled tittle t',1" the ( .<ntinutng identify anon rot
tn,trd< tional (doff t.e, and the de%eioprrient of tn,trument, to Mf.G,t1i'e

Merit It %di by to the he neftt of the unt%for-It to iro,oke mat)ti
tea, toong fa, nit!, a, po,...ohlf< <,()C.ft f,s will free fa( ultf, from mue h
men 11, hon. %odd, and pr,,, id, tht m %oh ,-ambi-11,-ated analt,-,, ,turfnt
fa run t.

', af,n, fi dtavn000dt, exarnmatmr,.. x ill
"me, moor nurnerou, and the rapPi prim finn qluiduditi.i

Vt ,11 fa, finale a nurnho r ,,f If at fling -trategfe-
In'u- frequent to -ting

t, -ting R anti() pate, a Guttman ` ahniz Grogram
that will vrmap ,-fildertf, a, urionz In the kmd, of < odip<-1,-new,

, r«id to, -exarnotatton (%lodult I) inclu Ir. a <If tic( r ,o,terro for
hallenge exatpinatton-
ornprehen-R( foxarronatton, ("e. lint; require- I114 mar,; equo,alent

t an he g,erated on a ran fern ffs()CHATFS pro; trie,
an td< al %w Ivo for t,t on,tru, ttotti and deker%
modulartio.<1 on,trurt<tt Igo.init the ,..fudnt rnultiph t<.

d< noon-) Late < oornp<t,n, ort a de area)
p, ,,t :11-1111, n
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Chapter 17
COMPUTER INFORMATION SYSTEMS

FOR UNIVERSITY MANAGEMENT

by Richard L. Van Horn

Wr oil many unser-it,e, in tr' Ode. r omputer-based information systems
to enhance or enable effer tor management occupy a position of great
intern -t and In turn. the manager-sy-tems detigner conflict
remain- an often disc u--ef l-tle related t,, the trefulne,, of management
information -Astern% The argument, are well known by both sides
Nlanager, are ,aptiY- of pa-t practice. consider few alternatiYrs, do not
understand the limo- and capabilities of ter hnology and hate no realistic
y le% of -a h.-dirks. ri-k- and costs of system- Mork SN,terns designers are
fascinated and pre r ap. -I by technology are eternally optimistic about
the ablhtir, nt them-vitro- and their systems, have only the vaguest notion
of management problem,. and make most de-Ign der isionc on the basic, f
their own and the r ttrnpu:er, «at:yr-item e This ronfliet..o the argument
«tritinues, ineYitaltlY must Lead to less sat oda( tors information systems

After 20 years a, a re,eart ben, designer, and tear her of management
information systems. the thor a- a major user rd the Carnegie-Mellon
I ruYersao. system it addition to being respon,ibir for its detrelopment and
operation. offer, in thts paper snow comment% on university information
-t.steri,-, from a 'foal user designer le%imint

The user-dr -Igro ertriflo t is real and the alone tiet,eriptions of
managers and designer- are reannable ,trrentype- firro..er, the conflict
as ,1111'd is largely irreley ant or at least not tanning Hot h side, recogni7e
busies, at least in -art. and compen,a0 for tin in ,puternikc and

17e
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manager. omi.-r-iand .trer tar r iii 1971 than in 1951 The
Frind.T1111g Ct:71I1,( t as rat-e 1,,,a and 1,th1rer-, and r ertarniN it der-r,
ontmemg attentIon and t.ff,.11, but the real mpart r1 confh-t in the

it the .nd 'ern. in a unner-it N .mall rk. other hand.
ornpurt.r rit,rroati,w .N.tern. di not appear to ht. entra to rnhcr

p:annwg and ri;r' tr -aon in uno,er..te-- todaN fbi proldem mon-
, .1 t Fre lervk Ta%Ior than - J-,hn .hi

CMLi INFORMATION SYSTEMS
4 ar',PWr-r nr..-r-IP, 1- a tilt -17,t1 prINatP, h

roht,,i unier-oN 1h hi ha'- appr xirr.ateIN 3.100 under-
Zrd Ithirt Zradudte -t 1R0 la aI mernbet-. 1,200 -.tall

e hi at, en and general operating budget for 11211

'till fw tnt a t tat hudg, t ,n11ing re-ear h and etruhare., of $40
it A,!Trom.trat.- Iroorrratyw . -tem. u-a par; of an IRM 360 67

.1(; h-is. de.k -'rag. 1o, and a 1 (Wet-NUN f:ornputation
4], r 16.0 6- .-rate- under T. .ari' s -Ttif-1. hat rare and exotn
tiro -haring montor but nformetion -tern. program. are written 19 a
-ta-otard f01301 '0, adrroro.,ratRe ent,r. 41 cern u. ha-..-

data .--r;r% 'u'1 I ;itr I, and -t program- are cu.( uteri a; r .glit in
1 lo it r, 'ail in- -telt of prt.grarrirrittr-ariai-!-

ru, a -tr-tra- P partttit-nt 1.,.rnputaten f.ent. 7
Nit-r marina! prior Ile-, rpr,1,( ato w arta- nt-Imie

r.,!I -Lou- alit I ommotw ations manag,anttut
al; af,ph ant- ay; I 1,01,:irit-- t.wivtott,g. tit.%ttlitpment

! lpv ahoitril gift r ,rd, and .o ,r1 tnt r.g,-trat 111,1u:brig
ot re, ord. r-onto 1 ;al - In -notrnarl,.

da'a logratti- for all
!NI itttr Ir. a I' 711 -t -III pre. n,- a

ria --; a- ; . r r ;he and
I +.11

MANAGEMENT IMPACT

I- 0, , . I, - :- .
-terd r dr I- e f !" and tHartntrig
t..N11 op.m r;,o. 41.p. tI , r , -upport A itir.ut

pit r -1111 r-I" rig 1.ar, '-nil' 1-rrir

- "Ird- - -1 ti ,r,t- rputpt at, A;ttl alumni
''-f" r Tel r ito to :5 Pr, ift't11--

" 9 irt tr. -fl.. 0 ,t P hrp.1, .1 le V, hilt. CAll
,t It- .r - - ow,d for mans
if I Si,''- if-' k .I/ th,e ip,f, npf ir'eVe t it

rt , I. ; ! ",,lf t,11- but
.1,i ,r- 1 it 'r -at-fit 0;;Titt '", 1.5. 1
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V. no ,t Urillf i - : ri late m ire
,Pdrcif,t.7It ridr1"1"ig I I hi irr,pai t 11 Mr.,.

area, f- I.-- !ear intrI admit 'orator- del end on rnputer
-s-ti op. largek 1,r a mdil(iaro,on hadg. fed ..spefo-e, and
in,. me F planronw. the Map mputer ha-. :- a of

est arid in. 'iron ",.r th, kl adrnini-fratr- iritte
and teed make fin i-a rt a large numb. r dfier 1a1 tir- but the

hr o ir- flog, hum h-- and toa-e-
t dean- and othi a iiionii-dra'ar- In -Lir: -Tandard !man, :al data are

the int. major pr I i,f ur oirdtrieed in'orriat -s-', rn rl -ant to
plannhig and ofi:

Hu-ine-- firm.- ha, n r. d pr dflerii a nurnher of ?tmt.-
and hs nos. has, made -uli-tan'ial orogre-- %tans hem hale large
data addifii,n -tandard finaro la)
-tali -to - -.11q, ,,,t a ,,ar, a,1 rind ri,1,1, and

tu.itt.--

Planning and Control Problems

i'h ri-14,1 'r mariadt merit- in mans
:t appn,r 1 lag b. hind th, r11,,Te ,f11, ii wise hu-use -, firm
Ff sseser onisr.r -ft.,- do fa, t a number -pt.(

4 0'0 art it), in,ii qua', 'ft .t
ma:nig-merit trio lure, than t z I ono., t urolf r-:a,
tr.!' rrndt: :

OBJECTIVES

It' hoh
ha-o

n t, ,t, 41' it Li., hit t' '''dill, J, p!,110-
In if,' -tiont ruit. 0, N. r' a'. ,., ..ittr !Or' -7.111. a- [odd!.
or.ag, mario t r al, hut, tht t,t,ig run. alt of thi

eti,e- .,Rhin art oiralt refit goal Ir. a hr. firm plar,ning and
4,14in and dirt; ti, n from that -,ruple. .ngl, goal I hi

market iirisid- a great Int.rinatii, r 21,filt%
pianning and introl effort -

Obi,. for 'oils ersatie- "I h. market Ifs th.
tai t that prisat and ith's. .,1- 11 ,111101, .- a' gr. ,stls r

:,1 pro I hu- rnio-f i 1,11 prtdii I

Irks i x i t i n ' ' ' ' r ri pt, I` vh,-1.0%
tthIN pur- p 1:riva:t t:da: t t r Intl, on or a-. d11

1.0,-; trttir int ',pi,
/RI for a pris at. unit, I" :It ttlivh: iro hide

If pr -di', nor t ",r (mtrhillIng 1,,
puhlli Ilan Ire pr tit lb, goat 1$: tn. t:t pr::, :it a

ir
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r-earc h and educational program within the t nstraint of a balanced
bodge: Yen it a university management clearly agreed on a set of
oflectlyes, the relationship of those obretiYes to faculty effort, teaching,
oun.eiing, emirs.- development green grass, or clean buildings is

Ill-defined Thu, iirmersitie- can neyer quite agree on the desired results of
plann:ng and contr ding

Marginal Effects

data preyed. either as erage or total values One key to
.0r5 sat for a private uttiver.u. to look for action, with marginal benefits
greater than marginal cet Thu, Mt f need data on marginal effects. This
problem es well known in busine-s ocra,ionally recognized in
bei-iiies- and targets ignored in uniYersitle

For example, the R. mice Requirement Production Model of NCHEMS
a linear, average «Jo model Increase enrollment by 20% and resources

and .1 go up 1,1. 20 'o 11v.cPr, the vital question to a private university
how tee all ,tudent. at pule Or ne o.t Some (lass..., may not be full, or

the re male be a was to mi ult., profile tisits An information system
that pro% ide, data on tnary oat effect t- is a prerequsite to .nose meaningful
lann rig model,

Aggregation

I here ese.t. in- otvn a g-rieral prim tide that data partitions
.hold deci.1,,r1 paint- f;rne rails, we think of the problem
i. level detail, but it ha, a more -uhtle form An example may illustrate
t hi, meading CA11 ha- -ix a' adernte e olleges r on,isting of 33 department,
al it . atakig rilf a, counting, registrar', and sYstern, people tnd to
iegregatr data hs the d italog structure- whit h is a reasonable but

prm Admmt,trat..r, man igr by a different strie lure For
I sample. uliderizraduat. :Jam is part of !hr College of
fluntarule- and 'Yoe ial S. tent i s in ti atalog However all the faculty
and re.-our, Is belong to the Graduate Srhuni of Industrial Administration,
Soo most enrollment, tiedion dollar, and inane at aid statistic, appeared

Ilrf planning intormat ion ,Y,terns in catalog aggregation by college,
adminporateer, found the to of little use. for management Eyen now that the
pr.,1d,m I, 1-r..rted. one ha no ea.., was to revise the. pa-t data base for
IfIrarl.,,I1 and ft. "i he lin..yr-at, ha, learned that management

,trip tut, haTtg, rl#tt r, and tati p the -.true! we,
!WI It .011. program,

Definition

Nein eco-r itor. ott. { and 'oh, r them
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u fa, uit% 011 hA-. %hat thv
hunker 1.1IP-'t adtn11,-trat,r ha, nu on-v.r ju-a, a , mnpar,-,t,

r, ,1t1,11, r Iii::1111: (.1111 he- men, 1,1..iget- arranet11 to 11111-,r'1'1
a% - If -aoo. )1dt:11- that dtth tort dory- (15, doe, nut kn..%

man, fa, ult., no tither- ("01 h t- Np part hut- ta, ult, tnerrthr-
I L.11 111R 1.111 rIther-' 11 0A art th tit,ft ri' Ho% dot . (All ,,ont
a tat-111r, ti pat t tom, ta, tIt. rno,lo r '.1-1i111}! /11 utiv 1111ntio.r.

v-raduat, -atoi,to 1,t-trto t, r-` Ail tt, n a. -.t111.11r111 f/Ut It 1- 1111[7111taIll.

In ora, r tr ofitr.1 r ", tttatt% 1,11 1111% .1 p,rtt,111ar
;fdris I '1 -11

Measurement

Oh, 1,11. I. 1%1 ;Lir' t, 1 a-urftneitt
Ph, al 1,111 ha- a ,111I111.,II O 'tong 1,a, I, nt take,-

ah.wt 111 urot- r 1,, output, ploratinv -% ten,
ifttl:-ar too, o: ur,*- dt porttn"nt P. ft -,111/1/

Hut N., hat 111.11' 1,1-1 -14 - tjVit, qua!' Q hit
11ifidt.. a 1,1rVe It 1,17. - %11r.1,- 1,11ootit,o-. ,otr-, -' y,ialih

1,3..art 11n, t -- ,.-UP ht pp id. flr.

The Central System

11. -it 113 , ot,iout, r lc 11,111,1,411-

'1. Ii11 1 11ir 11 .14111:11,-Ir ." N., 1 ..' AitI ifnin4 rielp0:11% ,,ur tuna,
ir, and o, i ti't, 1, 1,11 11 11111 :lir 111;ed toir

,rt 11' 1 p irtno ft1- F"r eXaritit' 1971 (,11t
3. artrtrit n, ah- ,t fwv man, rf 11101111 N+ r paid ,,r

, 11111.11 Htto'1, old AO' r, d 1a fit, -ati; ,,r, Ii'''
'stir, I. tr 14..T 4,111i r''.1-1111-) 11 0'11% -11,0;i1 t dr M, 1 hflino

Art,h.r-tart,i tA ars tit, P1,111 r.- rnonagrr-
.0 0-r .,- at ,ort !Turf

SUMMARY

1,11 If
NL t-t t,r't. r ,t thin 11:1,

t n,f h, .1%.: ,a,,,r1 Th. tt, 1;1 onpr-, d .11-k
11-111 ,1 /:n;' th. 111-1 II 1,rer,i,

, t rr.i,t, xt;1 11 r, trieN
-t, rt,- -ao ft nt 1,, int, of r (113111 Chi IT11111,

.1,. r, ; 1, h . a11.. 3, },or--1
a,tto r ,o, 1- -lion'toao 11,1111,11 ,1jr.1

11T1' /11! 1 . 111 "1,, -1 !!111,y- r tt,
J'
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11,Ao-Ner ,z1.en limited r=our, tht aitt,i.e gutdi in- addre, the
right problem.' Prohabh. he major %eakre== t= town)! and
planning The,e two area= are in trouble a, a result of the ba-ic,
well ktiovin problem= di-f u,-e<1 earlier ..u:h a, agreement on hjeett:.e.
marginal etfei t=. aggregation, definition. rtya..uremerit, and oNer-
eoti,ba..1.. 111g ,,.;lira; =stem. 1 hr.e problem= require a great deal of

thought li .ennir manager, like pre - .silent- and dean= who .,rld,,rn
hie the time or int lination to deal wtrh them Subctantial and often

required of anao-b- and planni of whom h,
dr, NO tin, id budget j' f fl,Nf r'It ern to he making progre,

io,t at L -t It aritto r.itie. are to throe. the moot find a
- A o : -h to tit:- bold. d I r, gn ti,r nol:o<t! h«



Chapter 18

ORGANIZATION OF DATA PROCESSING
WITHIN A LARGE ORGANIZATION*

by Robert Beggs

Data a, a fun,tn,n, with any organization be it large or
small, must be organized and managed in a manner which is consistent
with the aims and objectives of that organization Furthermore, that
fun( tool must be an integral part of the host organization Stated another
way, the data processing function must he «mit-motile with the other major
tun, tions in the enterlins in order to ensure that it is rot looked upon as a
-pet 'allied appendage to the organization

There is no st arcity of material in the literature with respect to the
tee hnical stir, is whiC h are part and parcel of every Data Processing
%tanager's day-to-day responsibility This paper speaks to the broader
subject L1 integrating the data processing function with all of its unique
methodology and jargon into the larger enterprise.

It is essential for the data processing function to have a mission. Mission
defined here as a strategic ohjetise which has either been assigned to it

by the top manavrneni of the organization or which has been der eloped
by the data pro( essing fury non and explicitly agreed to by top
manegment Strategic objectives or missions within this context would
hay'. a planning horizon of not less than three years and the norm would
he more like Ilse Sears Once the strategic objectises have been

I - o. 1,10 .! q11 rrzo
t 11 1 t1,11, I ifa dd. 1,,rn irt ,r) ,1 Itikl 1 .itiadd 1 Id

"{ 1.11 1
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1R2 ORGANIZATION OF DA rA PROCESSING WITHIN A LARGE ORGANIZATION

established, it is then possible for the data processing manager to establish
more specific objectives which tend to have a much shorter time horizon in
the order of One to two years

Objectives might, for example, be
efficient operation of existing system, to produce timely and accurate
results

reduction of administrative costs by providing more cost effective
as of dealing with volumes or handling more complex transactions

provision of information for management decision-making
The development of database systems within the framework of a
long-range applications plan

Having established the misson, it is then essential to understand or
create the environment which will either provide the greatest opportunity
for sin i ess in meeting the objectives or, as a minimum, will provide the
fewest constraints Such an environment has at least three distinct
charactenstu s, the first of w hich is the philosophy of operation The
philosophy of operation outline,- whether or not the data processing
function Is to be a centralized service agency or decentralized to the major
functions nt the enter!, NO, whether or not the services rendered are to be
chargi d to the end use N, whether nr not the f unction is to be a cost centre,
prof t centre or neither, %h -theft or not the same planning and control
(11.4 Times applied elsewhere in the enterpri-c art' applied equally in data
processing

Regardless of the de. noon, made in the-e areas, it is essen:nd to have
lear and unambiguous lines of responsibility and accountability both for

the operation of evicting systems and the development of new systems.
XX ith this kind of phdosophn al base, it N possible to determine the level

at whir h the data rot e-smg manager would report with the organization.
In this regard the author maintain', that the DP manager must, to be
elle( nye, report to the equivalent of the corporate office- If the DP
Ions non is to be ifecentrahz.d ficriNs the enterprise, the DP manager
..hould report to the rho f operating officer of the division of winch he or
she is a part If the iumtrnn is to he centralized, the DP manager
ho rld report ti the in,tiiiition offic er to which all other service functions

report

It , the data pi-ores-mg organization must have a clear and
enlightened limbo-standing of the undo -up of IN user r ommumty If user
sanstai non and user perspe, I-se are key elements in being able to meet
objei tires, rt is essential that the data processing manager underst, 1 the

aspirations, pres-mit and priorities of eau i major user ,n that the man-
.11!-t arid -tall r a r; .fi-gdnip, and operate Your er interfaces ac f ordingly

TOOLS AND TECHNIQUES

Ha iii the organization and the environment
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in who h it is going to operate, one ( an now turn to the tools and
tei heiques which can be applied in this environment in order to meet the
stated objectiy les In order of importante. to billing must go to the clear
and unequRical definition and acceptance of the responsibilities assigned
ti the data processing function and to the user The kinds of questions
about which there should never be any debate are

identification of project,
definition of requirements
determination of benefits
establishment of priorities both fur enhancement of eiosting ,s stems
and the development of new systems
determination of costs
operation of existing systems
projer t management in development of new sy sterns
development of long-range application plans

There as no one best way to assign these responsibilities for all
organization, However, the credo "There is no such hing as shared
re,ponsilidth" will "tait one in good stead Next in importance is the
management system viewed from two perspectives First, the organization
of the data processing function must he established with the same
principles of unamlogous assignment of responsibility and acco"ntability
for the development of new systems, the operation maintenaiu and
enharic ement of existing systems and the support service' required by each
of these major areas.

Sec and to import,.ne; is the external management system. How does one
establish effective interfaces between the various levels of management in
the user organization and their counterparts in the data processing
organization? There is significant merit in having a high degree of
'yrnmetry between the data processing organization and the major user
organizations Such si mrnetry makes possible the establishment of
effective communication if terfaces at many different levels which not only
allows dayto-day problem, to be resolved by the people who have the
day-to-day problem', hut, of equal importance. provides for an orderly
process of escalation in both organizatioivs for the resolution of those
problem, whu h are not re-inked at the lower levels

THE PLANNING SYSTEM

The planning system can be must effective mice objectives and
mechanisms Faye been establish' d Management of Data Pro+ essing
planning is probably the roost ( hallenging assignment that any individual
( an conceive The user cornmt.mtY has an infinite les el of aspiration and
the data processing manager rigs a yet-y finite level of risoarce to apply to
those aspiration, Recognizing this. it is imperative t.. esiab.isli some

f



' N
tt, r Ii

- I''t )1 ral.ttn ,t1

- - t> , tt I h.

, "' itit doing .t.tht r
- I t rt Jr, d "IrIrt:t.t ft th".1)(1, afar itag4t- in

; -' 1/ - tteitW remit roil or to be
Ler,t hmark agaupo

t-lf11; hrletItIll From
- 4 ratio kitsp. for

tr -h« repl-
t,:t

e 1V t "If 411. ttiko

U.

,

r
,t, Al, I if

tt = ,:t proi,
k"1,

-` prt i=

-.1



ORr,ANI C A TA PRC 11F1,5,NG Trnt, Lt_F'ef OPSANIZAI)ON 185

star, aro] t,11.1, ai 11 a- at 11,11t 1A101111 11.1ta law t-.-ong
it pat-tun 111 art %. t.t.' I al,gtnd I1 ttl ,hint, ttt attp1tt dtIttla

fit tI'11111 t ht ,t, i11 ' 71g1tIt't ring a, the r,-(0l -. tift! btr- ,dandard,.,
itt 1,n r from tttlt WM: and
Nt..ti)titt. In tin t rtat.{ to pc.ttiut t, hut goal en.: perliapt, grttatcr

en( , ul 11/ Iktf110 -tNtcrn, thaditrt,ant e at ft-a,onaid bo
rt r a tt.1 tun, I ht, t appartmt

-tantiargi, -0111-'101.11 tanyit t, a kzit Irt,tailation 1'1 the
,,t ,%1 01% g t- ,nut 1.1 it'-` att. nIn.r, Inin an duf atmn

I, It,: I' 0' n, rt- al --eti It, pr,,vreentnereg anti

I,erhek pet ,:. e ee/ t,ii el: j. 1, pit ere , r till pi, ,r1elnit
I eke e 1etet,ece ,1 tie se, ,F !r - (1,11,31;_p-e. theta ,unterilt a!, m,

,tnee tine pr elesenenv e.rh,pmert1 h

el, e el the V. '1', 1111,101Pe,
^ Ilf' hee tg e t1 t -.1,endat.1, and e',b:. ern e'it 4 d.r1'" 444 Il. i , 44 '1,rt 1,1.111

, 11 /1 rfl Iii t r. "' ' i -

't
. 01,1,,1;

..r tit Tti-trIti I ft To

i it 111' A

t i 1,,t0 t /., .

h -

'1' J f i., ";



t ;, rt
A

f

v p t ARC,E OP4GANyAr,ON

1 n h.t t,

'11

Ir ,



Part VI

Communication
and

Innovation



Chapter 19
COMMUNICATION INNOVATIONS:

Comets and UFO's

by Gordon Thompson
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Appendix C
Sample of Student Dialogue

Histology Course

EXAMPLE 1 STUDENT FLOW
histi

CC MPUT ER 1 s',,ies 1 a-, I 2 Thar, a, "a _ga
ST /DENT Sq)--,ach
C ,MPUTER No The ia,nila orow,a or rho so- s P*O" ,t ,

ah:1 the otthe. +_ of a 1, .V41 _P. I t4P Age,
STUDENT S'nalt °owe,
COMPUTER No Look closely at 'e 2 Ah,,t 41ot-a,he ass,

are straight ti.bo,ar Man Is Nr t+, e he ',ere .5 gh s'a A A

,n the eptthel,.n, Try aga,, e _ ga-
STUDENT Anal canal
COMPUTER No tihsot,,e the rod layers to the , 5

`TA, OSa, rrirSt 214 IS An 441 7hs s t gh, tr..*

,-,eht,a,,Y a-at NA'r". -12,3r,

STUDENT CCsophagus

CCMPQTEp No Nonce thO a04, Q", i` ft
ai-,SeoL4 o' 1.y

3'UDENT ere ,testln*
E P C-,reet t The he-a' e ,L s ,

er,e ,r, a Sro ' g et P ".."`SA as ,,0 as
t"

EXAMPt E 2 STUDENT !-1,,D4V
Ns"

'A A".

`-,1, StrA ,a S

4. ' a

",1

Icon

',o aQ ,5 , 'lc a
A' P , 4 i at,e Ast

s-, SA.' 4,4 '5 r

e

r'



Appendix D
Stud

The Indepen
ent Sample Flow-TES

dent Study Program

Student Computer Dialogue

Computer Nary a the pathological conditions withi
brain caused by blockage of the lateral
medial foramina of the inferior medal
vellum

Student

Computer

Student

Computer

Student

Computer

Student

Computer

Student

Comps er

n the
and
ry

i don't remember

Are you having difficulty placing trio loca-
tion of the inferior on "lary velum and/or
the significance of the foramina,

Yes

The inferior medullary velum forms part of
the roof Of the fourth ventricle. The foramina
cot-, municat with the cisterns magna and/or
cisterns pontis What is contained in those
cisternais

Cerebral spinal fluid (C.SFI

Correct Now consider blockage of the for-
amina and answer the originarquestion

Name Cie pathological conditions within the
brain caused by n Or. age of the lateral and
medial foramina of the viten-sr medullary
velure.

Water on the brain

Not arceoable It's time !O become more
professional in your terminology,

Hydrocephaly

Very gic,adlll The 01 -uction vvil reuse an
increased quantity of cerebrospinal fluid ii,
the ventricular system

203 A . *It/
Yk.)

Comments

Computer asks question
No. 7

Student responds (un-
anticipated responell

Computer poses review
question

Stu .ent responds

Computer Offers coati
ing information and
Poses another question

Studer%
root an

Comput
forcemen
answer

t responds (cor-
swain

r gives rein-
( to correct

Computer r
a question

eposes .. gi-

Student answa
answer)

s (wrong

Computer offers
feedback point,
correct answer

utorial
g to-

Student responds
rcct answer)

cor

Computer gives rot
forcement to COrreC
answer



Appendix E
SOCRATES Form

SOCRATES

CALIFORNIA STATE UNIVERSITY AND COLLEGES

USER IDENTIFICATION PAGE (REQUIRED)

Type of T,.,..or Lij ,

hp Number I Ot ii

Lan F I MI

Name I 1 1 , 1 IAli , , I _L _L I I I 1 4i9
SOC41 SIICIgity Numbs! 111.1111111 20-21

Campus Number IW I 29-30

Campus Name I. I i 1 I I I _L_I_L_LIIIIII 31-4SI :

Dopertment Identihcatton IIIIII46-62
8 BIOL tor Biology

2-3

Course Identiricrtion Number for whorl this
tam wet iis rei-a) mode I 1 1 I 1 63-67

Test Muerte. (This number n

Seidler assined You TIM mar a
different nun**, for each tort

sinthn COWNII, but you may ism

the same number for different

courses Who're,. a modification n

nude, you num rie in the number

you soured he the teat being

modified

Item Sank

Number of Additional Versions of Ter Dewed

205

.1(34

I 1 J 69-69

I t I l I 60-1114

Li OS



SOCRATES

CALIFORNIA STATE UNIVERSITY AND COLLEGES

SPECIFIC WISDOM NEWEST PAGE

Wee addthenel paw r vendoell

Type of Tfaosact on

pip treotto

Ist Foca Corr-yrs of Let' Nam

It Owe re sott-4,c tptest.ons thal
vou tort to Pt ociudet tn./
net 1,st the Subeect Cineepwr
N.,60 and Intern.' OWISIan

#410,1). of eTt brow ft there a,*
moo do not subott In./ ppy

eel
2-3

4-7

Skract Category tkenb4.

Internal OWOSSO", NW-tml,

Subs Category Numb',

lotto's/I Marron ttroitt

!/utttoCt Categrty

8 -12

13 -14

15-19

20-2'

22-26

I

,

..,

04011,0., Numb*, 27 -28

Stkct Catego'Y th,ropr 24-33

I ottnr Outttos- Nwotto 34-36

SuOto Cattity Numb,- 1 - . 36-40_

'Meow Ostrton Numb*. 41-42

SubpeCt C.tegmy luotar 43-47

Ostroal0,er m tivotte, 48-49

S.beeci Grego, y Numb,- So-5.
1

otrrial Oust --s 1 55- 56

Sub*C1 CATIld'y Numb/. 57 - 67

ortror Ovest or N.,stro 62-63

Subro C4nottt y f4 ,-t. 64-66

'tenths Oust D^ /4",,t2t- 69 -70

Cutsrcl Cattocey k.ostst- L a 71-75

,rna- aro on tes-ttsw 75 -77

205 -1



SOC4 ATES

CALIFORNIA STATE UNIVERSITY AND COLLEGES

TEST MUM PAGE

UN mittlftwid MM wm1100

',ut of T.nuoct-on II jj
1

hey Nunes, I 1 I 2-3

tit four Cfivbcrus of Last sia-tt

PEQuEST 1. ;T SuELJECT Crtegury Numb.,

I ji 13-1SOuswity of Loom

i(Govronl C111.0,Y
1

1 1 1 I Is-Is
1 1

Social Oucf-.rc L_L__1 20-21

Ountuat Difficulty t watt 1 22

Dews Obocburs of ftwo2 U nLi

1

1 1 I 1 1 -7
1. i 1 1 1 1 5-12

item CPerectisit,c SuDonusuut 3 24

DECuEST TEST SUBJECT COosof y Mumbo I 111 a-2.
Ourff.fy of Ilsoo i!li 30-32

I

1Koveoni Cowipory 1 I 1 I 33-3S

Sp- si Cstracmiric 1, 1 I 37-31

Ouosboo Cffftuoty Lomeli Li 3D

&kW 0' Mowing, of I1ern2 11 40

Ito, Cliwactenfbc Suppinual3 Li 41
Ij1111142-41--REOUEST TEST SUBJECT Cow. I Nt. *s, IL.Li

1 47-45OLsmtv of Item

'Wean} Ceilgory I 1 1 1 I 110-S3

1_1__I 14-61Urosi Oterscoribc

11Ousween (344cuit I Laid is
BeiNer CISPOCINM of Itero2 57

liunt Cferacurosc Suoonmuod II
REQUEST TEST SUBJECT 4111PrY KARR. 11111! U-43

Ouorifity of Itirtu 1_ i_Li 61-01

icrow.4 Common, I IIIIR-70
i I I 7: -725Nol Cherscumtm

Guespon Cerfficulty L.,..., Li 73
1 I

liakettui. 01,10cPuty of Itarn2 L__I 74

LIliou Cvmscoroufic Supprerco I n
deneadl1 U1.1 Ks,-
- 3 for MP/
- I Oof wow,
- 7 for Oord
- Maga Or ma

2 Semimiw 011ensm 11(4,-
- I Oily 1~11111411
- 21r alpgasinls. el tramIlIlp
- MP* lor MN

20'

1 firplimillow RIN-
- 1 ai NelinN
- 2 fa alopoof
- 3 miaow moos

or swami
- Molt OW NW



SOCRATES

CALIFORNIA STATE UNIVERSITY ADO COLLEGES

OUESTIJIII DELETION PAGE

Woo sildhannal ors as nasiNdl

Trio of T,ersct,o.

No illumbs

If SowOW oclivs JOU* Sonst

f my . 1 hors to bite A4
Nast ors ourfoEffs ow tan an

Emir 1 Yon A yt7" =M 11*
dleisioft MINI ow 4E4 SEP le Ef
folEseld if so moo soasshons ...r
Do NAMES eacenilog is thr
embkoi viserral ... t,4 meant
boa .41.a ms onpossik soul so
...a fh Ploloil Ouostsam

Ernes !to Ns elsolst.oft nontow of
sod+ swoobOn vOsi am& So sloWne ...

rho b000s oulIPOd as Ms ,7,
Eau. Wen .1 tir sear show
CO' newels, 1 visk, vrtsEsd to
dolslo ilsotm. 3 au woutelf,il.n
ff.,* boos es foam.; I

3 10101

208

1:.7
1

:21
1

1 -.. 2 -3

- 1 , a-7

Li 9

i 10-12
L I 1 ! i 3-iS
:

; 10-111

L j 19-21
I 1L.1._.-1, n -24

L 1 1 I 73_7,

ii--LL1 20-20

1 1_ j_i 31-33

1 I I ] 34-s
17 -311

IL-1.--1--i so-42

b_Li43-4III! 44-48

1 . H 48-11

4_11 p-44
1 I I I 55-97
Li_i_ i

IiiI7J:
I , : 1 114-1111

I 1 1 11 fa- 0

1_1_1_1 vo-n
1 I I 1 73-T9

I I I 1 711,711



Appendix F

Lrc n Adam-in

Director io the 'stems Program
Tasior L niserits
L plan& IN 469139

Paul kale.
Assistant to the Pressden,

t nisersits of Nevada. Las ega
Las Atlas. N% fo154

F Ail- t
Associate 'es. President Academic)

t nisersity of Alberta
Edmonton. Alberta. T6G 2J9. Canada

John adman
Director. Computing Center
11.04,711 t niversits

III Cummington St Room

Boston. MA

Niels H Andersen
Director. Lnisersity Compwing Censer
t niversits of Nesada s.mem
PP Boa 90613
Reno N% 89507

Gars D And.-rson
Associate Professor of Boi.lati.:ir
Mrlaster Lnitermis
Hammon, Ont . tanada

%erne Ara
Student Program Consdtani
University of Illinois. Chicago Circle Can po
6506 Newysid Aser.oe N

Chicay,. IL 60626

E Jame, Ar-her
Chairman. L RICOIS
t nisi mt. of Rhode Island
Kingston. RI 02881

201

Conference
Participants

Pail Aspinwall
so stems Planner. IBM

15 Round Hill Rd
Poughkeepsw. N 12603

A illiam F Atchison
Professor of Computer Scene
Department of Computer Science
t nisersits of Maryland
College Park MD 20;42

Gerald S Atchison
Asariale Dean Inc Roscient Administration
( nisersits of Miami
t477 N A 12th Cr
Miami. FL

R Aurhinelots
Edur Ind,-Ss Res:, Mgr
IBM
Dor B41 "02. P 0 Boa 39C
Poughkeepsie. % 12602

J Baron
Staff Specialist
Control Data Canada
1 atfesbrook Dr
Dori Mill, Ont , Canada

hai.d Raghs

Awe Prmideri
Information As or Inc
97 Humboldt St

Ric nester. N' 14609

I aorence H Baker
Direr tor of Information Ssstem
California State I roversos
Y,70 ilshire Bird
to. Angeles, CA 90036
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