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to the reader when sitting at a table reading microfiche in a rigid,
less3 natural position than when reading a bool:. On microfiche it

difficult to locate particular papers 112 a proceedings volume
covering many topics. One has to scan every frame until he has
reached the paper or Interc5t. 'In addition, the page !lumhers are
difficult to read on microfiche.

For thec reasons 1.:o h, a wri:_ten bri.ef abstracts to each
paper in the Table of Contents,- so that the reader can easily
s:oe which papers he would like.to read. We have used oversized
numerals on Lc:5p, right hand corner of each page, in order to
facilitate the identification of page and frame number. II this
approach is well received, it will represent a new trend for the
Cleeringhousc in the disE;emination and availability of documents.
We would appreciate comment4; on this approach frorL the readers.

I would like -to thank Miss Sclly Maury and Miss Nancy Ho7mutn.
the PRIC/CLIS staff for their fine assistae in ,-ut:Ling those
Proceedings together.

J.I. Smith
Associate Director
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INTRODUCTION.

Edmond_Mignon
Education Committee, ASTS.
School of Librarianship

University of T.ashingcon

In January 1971 Lhe Committee on Education for Library Automation

(Information Science and Automation Division/Library Education Division of

the American Library Association proposed rhat a three day workshop for library

and information science educators be held in the fall of 1971. The American

Society for Information Science and the AssociatIon of American Library

Schools were invited to share in the planning and Operation of the suggested

workshop.

Response was prompt and encouraging: the Education Commit_tee of the

American Society for Information Science suggested that the workshop be

held as , post-conference symposium, following the ASIS Annual Meeting at

Denver in November 1971, and by the beginning of April an ad hoc Planning

Committee had met to work out the details of the proposal. The Committee

drafted a working paper, i which it identified four major categories of

schools with programs or cours-es in information science

1. Library schools. This category includes those library

schools with separate departments or programs in information

science.

Information science programs. These are programs which are

heavily oriented toward the theoretical aspect of information

science and information flandling.

Computer science programs. These cours s are hardware- and

engineering-oriented.

Other. Many disciplines, especially in the social scie6ces,

are aware of information science as it relates to their area,

and include courses in information science in graduate programs.

Examples are psychology, communie.ations, and business programs.

4.



The Committee went on to observe that

Little effort has been made to integrate the needs of each of
these areas into tho information science curricula. Curriculum
development project):4 remain isolated in their sponsoring institution
or professipnal society. With the changes in the economic situation,
the straight information science and computer :science programs
are beginning to look toward lthrarianship as one area of application
of the theoretical curricula; they are beginning to include biblio-
graphic and other "applied" courses in their programs. Library
schools continue to integrate systems deL.ign and information
science courses into the programs leading to the master's degree
in library science. There are certainly differing needs in these
various disciplines or orientations. However, there is also a
great deal of content which is taught commonly from all viewpoints
of information science. Information scientists, librarians, and
computer specialists would gain by a knowledge of the problems of
educating in the other fields, and by the knowledge of the materials
and curricula available in them.

It therefore seemed reasonable to assume that the time was ripe and the

need manifest for a symposium on educa ion for information science, that would

have the following objectives:

1. To coordinate curriculum and instruction In inforMation

science from the various orientations of library schools,

information science programs, computer science programs,

and other disciplines wbich u:se information,scienee.

2. To establish communication between educators who would

otherwise not have the opportunity to exchange ideas,

problems and information.

To clarify the need for a cooperative, curriculum develoPment

project in information sgience and to provide preliminary

input from the field.

The plans for the symposium were approved by the ISAD and LED Boards of

Directors and AS1S Executive Council, and on November 11-13, the symposium

was held, substantially in the form in which it had been envisioned by the

Planning Committee.



This docuirlent consists of the texts of the Papers prepared by the

Invited Speakerls. In an effort to make those contributions available as

quickly as possOle, we have kept .the editing to n minimum, and have
-

ommitted transckiptions of the discussion following the presentation

these papers.

No account

iwithout recordig

this symposium would be complete, accurate, or just

our gratitude to the remarkable people who contributed

to its development and outcome. Our most obvious and public debt is to

the authors of the papers, whose care in preparing thoughtful and sophisti-

cated discussions represents the most substantial sort of compliment to

the participants and organizers of the symposium. The very difficult task

of developing the ori-inal proposal into a concrete set of working specifi-

cations was handled by the Planning Committee, whose mambnrs were:

James Lieserer, University of Maryland (ALA, AALS)

Barbara Markuson (ALA, AALS)

Susan Martin, chairman, Harvard University (ALA, ASIS)

Ann Painter, Drexel University (ALA, ASIS, AALS)

Tefko Saracevic, Case Western Reserve University (ASIS, AALS)

Don S. Culbertson, ALA staff

Herbert R. Koller, ASIS staff

But their efforts would have counted for little without the support of the

Boards of Directors or the ISAD and LED divisions of ALA, and-the Exec tive

Council of ASIS,,who coMmitted the resources and reputation of their organiza-

---tions to the proiect at a stage in the planning when many details had to be

accepted on faith.

Most of the administrative and procedural details were handled by Don S.

Culbertson and Robert McAfee, Jr. in the executive offices of ALA and ASIS

respectively. The arrangements for setting the Symposium up in Denver were

excellently handled by Jack McCormack, and J. I. Smith, Associa e Director

of the ERIC Clearing House foraibrary and Information Sciences, assisted

in the prep-cation of the Proceedings with exeat tact and skill.



Bnt the person who provided the drive, excitement and vision that was

the really indispensable,contribution to bringing the idea for this symposium

into being was Susan K. Martin, and it. is above all to her leadership that

all of LS who participated in the project gratefully owe our involvement.
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BUTTON, BUTTON Tapp's GOT THE BUTTON?

Louis Vagianos

WE'VE GOT THIS LITTLE PROBLEM

"In 1593, it was

01

rumoured that a seven year old Silesian

child, shedding its milk teeth, had grown a gold tooth in place

of a Molar. Horstius, then Professor of Medicine at the University

of HelMstedt, Wrote an account of the story and asserted that

its causes..were partly natural and partly miraculous, and that

God had made the child a,gift of the golden tooth to console

Christendom, so mightily oppressed by the Turks at that time.

"In the same year, lest the tooth lack sufficient hi torical

commentat rs, Rullandus wrote a further account of it. Two

years later, Ingolsteterus, another scholar, published a

refutation of Rullandus's theory and Rullandus's elegant and

learned replyTWas not long coming. Another scholar,, Libavius

by name collated all that had been written on the subject and

added yuis own conclusions. Everyone of these remarkable works

would have been quite perfect in itself, if only the tooth had

been gold. Yet, when a goldsmith was finally consulted, it was

discoVered .that the tooth had been skillfully covered with gold'

leaf. Butthen, all the learned tomes were writen first, and
1

the goldsmith cons-lted as an, afterthought."

Nothing is easier than to adopt this method in every field.

Our ignorance is never so clearly shown up by our inability to

ii



explain e:--isting facts, as it is by specious explanation of

imaginary phenomena. In short, we not only lack principles

for arriving at truth, but we hold to others that enable us to
-2

commit errors.

Clearly, this should not he the case with scientists, for

their raison d'etre has been built on a mighty foundation, a

foundation for_all ages, forged in the firmament of time, continually

evolving, and invulnerable; a foundation distinguished by one

common denominator, dedicated to the understanding of the

physical universe through systematic investigation and careful

measurement, through the harnessing of curiosity, specialized

training, rigid discipline, exceptional instruments, and perhaps

through intuition and luck!

Yet scientific errors (which we are aSsured, by the way,

may be fruitfuJ if they are committed by great minds) are all too

common. They bear the individual stamp of their perpetrators,

and, collectively, some have given rise to entire schools of

false_thought and misspent activity. Such large scale delusions

merit our attention, if only because they illustrate the power

of preconceived ideas: the moment authority claims to have

obser,r- either an existent or non-existent phenomenon, many

others, though neither dupes nor deliberate swindlers, are

_likely to _declare that they, too, -have seen the sa e thing. One

reason may iie with the realization that science, any science, is

AlAke-a haystack in which one man grubs-desparately for a needle

- while others lie at the tOp of the rick, waiting, talking, writing,

12



or sleeping their lives away.

belj ve that information science may_n be busily

engac-ed inLLifir.21221Eg_and_p_r_f.22Lupting such a large sccle

delusion within the fields of communication and information.

Why do I believe it: For two reasons:

1) Information scientists have not understood the nature
of their problem.

2) Information-scientists lack the meaningful direction of
realistic goals.

Quite predictably, we have created a situati n akin to the

example of the "gold tooth". For declarations of discovery

abound and each is greeted by vigorous verbal supporters who

expound without exploring.

Let us start by examining my first criticism: Information

scientists have not understood the nature of their problem.

For several decades now it has become fashionable to

discuss the information explosion as a significant social

phenomenon. More recently, the concept nas been enlarged tc,

include the "c mmunications revolution" and the concept of "future

shock." So important, we are constantly being told, is infor-

mation to decision making, and so inseparable is it from the

proc ss of research and development in scientific study, that

insuring its appropriate transfer within social relationships

in all institutions has become one of the single most important

13



tasks of civilized man. In f ct some, many in this room, consid r

t at the level of a "food uff." As a result, during the last

decade entirely new service industries based on significant

new technologies have developed and enor ous investments in time

'and money have been expended in discussing and analyzing the

nature and possible ramifications brought on by these 'revolutions"'

while progress towards new systems and solutions remains marginal.

AGAIN WHY?

1

One answer might be librarians. Many information scientists

believe the librarians are responsible that their conservative,

unimaginative natures and their possionate resistance to change

have forced them to accept an evolutionary rather then revolutionary

process ior development.

Such an answer may pebssess some truth and it would be

conve ient to pass along the blame to ,
. her group, but there

is a mo e accurate reply: information scientists are failing

because they have not asked the proper questions, and they are

now trying frantically to solve the wrong problem.

Again, the obvious question, why? Let _e begin the discu sion

with several self-evident, gene-al obserwations.

Life on this planet is getting very complicated, very

frustrating and difficult to cope with. The blame is always laid

t the feet of technology, the villian which ha:s spawned "the



children of Frankenstein. Information, like it or not, is one

of these children. It expands ad infinitum and technological

innovE Jri gallops by leaps and bounds, but man's inner nature is,

and remains, basically evolutionary not revolutio-ary. The

dictionr;.ry's defintion of evolution is that of gradual, pro-

gressive, peaceful change. A revolution is d fined as a sudden,

radical, complete change. The difference is principally in the

rate of the speed of change. If you would compress any lona-

term ev lution of any phase of out, ivilization into a short

period of ti e, the end tesult would appear revolutionary to the

original observer. More important: THE OUT COME OF EITHER

PROCESS IS SELDOM PREDICTABLE AT THE BEGINNING.

This is particularly true of evolution as it involves man.

For example, there appears tb be n thing foreordained about the

emergenc of man, nor any trend demanding man's constant

reappearance. I am assured there can no more be a random

duplication of man than there is a random duplication o such

complex genetic phenomena as fingerprints. The situation is not

one that is corn.arable to a series of identical casts of dice,

but rather an endless addition of new enes buildin- on what has

2ET21211Ely_been incor orated into a livin ature through long

:ages. Nature may gamble, but she gambles with constantly new and
3

- alternating dice.

The proper utilization of information creates,a comparable

sitUation; .It is both commonplace and fashionable to argue that

15



the selection, organization, analysis, and transmission of

inf rmation is a prime requi ite ahd an inseparable part of

research and development, requi:_i_g Every user to stand on the

shoulders of the giants who went before him; but hc, one has

provided conclusive evidence which delineates how much infG--

'mation,what kinC in what fo_mat and of what quality is n, ded.

The reason is simnle. The translation from data to knowledge,and

to wisdom, has about it the same random (duality of unpredictability

as the process of evolution described earlier, because it depends

on the differences represented by each user and a number of

complex factors, almost all of which a're related to the human

brain, an organ w , even now,. know very little about.

_
The human brain rem i s one of the last of the unknown

frontiers. Its birth was relatively recent and was, we are to

an eruption that had about it the utter unpredictability of

Nature when she chooses to bypass h _ accepted laws and to

hurtle headlong into some unguessed experiment, appearing from the

outset, whole but imoerfect. To this experiment man owes his

progress and because of it he has mortgaged his future. For he

is now_able to remain coMparatively unchanged in structure

while all around_ him other animals are subjected to the old laws

of specialized selection. His brain evolves parts and replaces
4-

them, but only upon his mechanical inventions.

-HE is WE, and-among the mechanical inventions, the parts

we have ev lved are.the disci.olines and institutions of our

civilization. Parts make wholes only wben accurate direction and

16



tangible goals have been pro-ided. Yet man has no± been an

anti ipatory creature. His past never demanded it and the w

_he inherited-until recently, did not require it. He sold m

planned for orderly, long-range development and rarely measured

the subsequent consequences of his inventions. The results

have often been damaging and occasionally disastrous. Man has

not yet learned the simple wisdom reflected in the old say:rig -

-when you don'F knoT.7 where a road leads, it sure as hell will take

you there.

This brings me to the second riticism: namely, knowing

where we'.re going!

YNOWING WHERE WERE GOING.

"If the Prince of Wei were to askyou to take over the

government, what would you put first on your nda?"

"The one thing ne ded," replied the Mas' 71 the definition

f terms. If the terms are ill-defIned, statements disagree with

facts, if statements disagree with facts, then business is mis-

managed; when business is mismanaged, order and harmony do not .

flourish; when order and harmony do not flouris then justice

becomes arbitrary; and wi-n juStice becomes arbitrary, the
5

people do not know how tq move hand or fo

In June of this year, the Advisory Board of the National



Research Council of Canada (ABSTI) commissioned me to prepare

a study to examine the f f training, present and projected,

for the broad spectrum of scientific-and technical information

work in Canada. The study has been completed and is in the final

stages and will be presented to the Board in Dece ber.

The foundati n for the report was to be the aefinition of

an information specialist as drawn from surveying and reading

the literature. As the literature was_surveyed, a multipli ity

of titles emerged. In the end, the term "information scientist,"

despite many differing definitions offered the broadest conceptual

scope within the informatio- fields, including:

Abstractors.

Documentalists

Documentation Specialists

Indexers

.-Information Managers

Information Officers

Information Scientists

Information Specialists

Information Technologists

Library Technicians

Literature Chemists

Science Librarians

, Special Libraria s

Subject Librarians

is

6



Technical Information Officers

Technical Literature Analysts

My search of the literature for r levant books and articles

brought forward 4,000 citations. This excluded i'Lems in languages

other than French and English. At this point, that is at the

point of reading the material which I would not recommend to

any of you, all hell broke loose.

A former philose-ohy professor of mine once advised me that

education consists of finding facts to justify what you already

believe, but to understand, and to make judgements, one must

know what one is talking about. One must define, i.e. limit.

Further, to produce a product any product one must be able

to describe it. These are truisms whose implications, I hope,

need no further explanation or proof to a group who created

that memorable one-liner "garbage in, garbage out. The plain

fact about information science, though, is that its practitioners

do not Know what they are taking about and are unable to describe

the product they are trying to produce.

Anyone who has read extensively in the literature will

recognize that the general state of information science is that

of a house built on sand, an imposing structure of theory and

hypothesis, lacking anY,clear and com on definition. In fact,

we have available several dozen compl- intellectual statements

explicating information science. Many of them disagree, alie

19



only in their lack of validity because of a failure to d fine

the basic axioms of the field. It i.s not for nothing that most

pap r_ delivered at conferences or written ab ut the subject

"information sciencd' begin with apologies for a lack of an

operational definition, provide a personal definition, or demand

that we leave "the slippery slopes of sterile semasiology" and get

on to the work at hand. It may have been true for Humpy-Dumpty

that when he used a word, he used it to mean what he wanted it

to mean, neither more nor less; but he didn't work in the

real world he coUld avoid his creditors or his president.

This d es not mean that constru-+ing a definition is

impossible. As was recently stated: "Information science,

information technology ('infor ati ' to quote a Dutch friend),

is still an alchemy. It stands no better than chemistry stood

before John Dalton's unifying concept of the atom. That his

atoms are not our atoms is not yet of workaday significance

and it may never be! From his theory, chemistry was able and

still is able - to advance with confidence. We still await

the Dalton of the information world. His place in history will

be no less respected. Where is this sorely needed figure today?

In the nursery, in a sixth form, in a postgraduate school or
7

facing me at this very mom nt?" However, I do wish to observe

that the tas..c facing "our" Dalton is infinitely more formidable.

Consider the object. He ,or she must find a formula which will

reconcile information science as either a natural science, SoCial

science, information profession, or all three while recogn zing



f

it has pure and applied research components. Moreover, our man

or woman must provide a formula which will unify some, most, or

all of the following disciplines into a working configuration,

that is one which will improve the existing procedures and

institution for selecting, organizing, analyzing and transmitting

information:

communicka'ion theory
\

information theory

cybernetics

semiotics: a) semantics
b) pragmatics
c) syntactics

mathematical logic

logical semantics

_psychology a) engineering psychology
b) psycho-linguistics
c) labour psychology

book science/publishing

library science

bibliography

engineering electrical)

linguistics

computer science

philosophy

education (learning theory)

biology (problem of,mind)

physics (optics photography)

graphics printing

business administration

21



Wow! Ten years ago, I, as a neophyte library planner, was

somewhat awed by the challenge accepted by a much respected

medical consulting group who offered to plan Brown University's

new medical complex. The complex was to include a medical library

which, among other things, would take into account the impact

of "multisensory media and nonverbal literature while providing

for the new and very necessary medical library specialists, the

medical communicationalist, possessing a sophisticated standard

of technical knowledge, erudite, fluent in 3 or 4 languages, the

physiologist and pharmacologlst, human communications systems...
8

overload."the pathologist of the information

This, I now suggest, is small potatoes Compared to the task

facing educators in this room tonight'. Is it any wonder then

that there is a fundamental difficulty in establishincLaitilly

ac;cepted, basic, or even an applied óutriculum in-information

science? No! The wonder is that_so_ many;of you_who redo nize

this problem and have written about it in the literature are

roceedin to vi orousl , without it !

OUT OF THESE RUINS SHALL RISE?

According to the literature surveyed, information science,

as a term, has one of three origins: V. Bush (forties) , R. Hayes

fifties), or Anonymous arl sixties). Its philosophic and

intellectual underpinning, that is, its structural aspects,

belong to the sixties.



What emerges from the literatu e are six distinct points

of view each complete with high priest and disciples. Four

are relevant to our discusslon, though all will be menti ned:

First, those who see information science as a science

(either natural or social) emerging as the result of an effort

of interdisciplinary will. The resultant science would explain
A

a-variety of ph'enomena with theories derilTed from related

sciences. It is research oriented with pure and applied science

components. A pair of philosophic formulations quoted from the

literature will suffice to characterize this group:

"Information science is that discipline that investigates the

properties and behaviour of info ation, the forces-governing the

f1,71w of information, and the means of procesSing information for

optimum accessability and usability. It ,iseoncerned with the

body of knowledge relating to the origination, collection,

organization, storage, retrieval,,interpretion, transmission,

transformation, and utilization of information...It is an

Tnterdisciplinary s i n_e...It has both a pure science component

which inquires into a subject without regard to its application,

and.an applied science component which.develops services and
. 9

products."

"...Wh tever label may be preferred, it denotes interest in

aspects _f_production, manipulation, .and applIcation of signs and

symobls..,Signs and symbols are not spontaneous...must be derived..,



require phe omena which is controllable repeatable... (information
10

science) is theref re a social science."

A second grouping onsists of those who see information

science as a_theoretical science explaining the basis of some

existing discipline, one which stands in relation to that

discipline as physics does to engineering. One example will .

suffice here:

"Information science comprises that set of research and

development undertaking necessary to support the profession of
11

librarianship."

The third grouping consists of those who see information

science as a meta-science of some existing disciplines, their

potential unifying theory:

u ...an emerging scientific discipline, the infor ation sciences,

still not fully defined, but resting on a base in logic, systems
12

theory, psychology, and neuro-psychology."

"The profession of information science deals with many

aspects of information, its properties, origination, manipulation,

structure, control, and use. The pr fession is concerned with

information systems, the;r design, operation, evaluation, and

components. It cuts across such disciplines as logic, behavioural

sciences, cybernetics, communication aeory, languages (both
--

natural and synthetic), machine translation, and pure and applied
-

mathematics. It interacts.strojvsly with the development in the
44



new technologies of cemputers, automation, mieroimaging, storage

and retrieval, and communication, transmission,.and display of
13

information."

A fourth group consists 7f those who see information

science aS an information technology which produces a learned_

profession. This group would compare information science to a.

profession such as medicine and argue that a learned profession

is not a science. The most important comparison in this analogy

is the question of basic research. Medicine does very little of

its Own basic research. This sort of research is done by-the

sciences which support medicine (e.g. chemical therapy research).

It concentrates on improving and developing application-techniques
14

and on training practitioners.

The fifth and sixth groupings can be disposed of quickly.

They have one thing in common they are not involved. One group

compos d of fence sitters, indifferent or unable to assume a

positive posture, stands aloof awaiting a winner; the other,

including many librarians, professes wonderment at it all and

sees no reason not to retain conte_ with things as they are.

Natural science, interdisciplinary science, social science,

meta-science, informati n technology, librarianship, what is

your pleasure? Can you,'as the man in the street is prone to

say, m. -ely pay your money and take your choice from the lot? I
-

think not! Compare the qualifications put forward for information

4,5



science against those generally associa ed with the natural

eienees.

The classical picture of a natural science is that of a body

of kno ledge, varified through experimentation and resting upon

a corpus of generalizing hypotheses. The generalizing hypotheses

which unify the phenomena of which the science is a subject, from

the background of the science (e.g. ionic dissociation theory in

chemistry, quantum theory in physics). These generalizing

hypotheses elicit a wide measure of agreement among the scientists

within the discipline; to challenge these hypotheses (as the

indivisible atom of physics was challenged) is an event as

profound as it is rare.

Once the scructure of a science has been solidified i.e.

unified around a principle or several principles, it takes its ,

place amid a family of disciplines. In time, problems emerge

which lie between Lhe boundaries of the established science.

An at tempt at u ification is then made which often proves

fruitful. The result is an interdiscipli y science ( .g.

biochemistry, which deals with the chemical processing of living

things, .sing concepts.froM )oth chemistry and biolo gy). Training

for such a role is straight-forward, since the new science has

been created on stable building blocks, which have much in common.

There are many similaritie- upon which one could build a

compelling argument for information science but simila- is not

the same and this is the danger. The natural s6iences have such
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validity, that despite the present climate of fiscal austerity

and agitation against certain types of research, its practitioners

--continue to enjoy an-extraordinary earning power and a prestige

in the public mind se ond to none. ,_.,.e temptation to gain

equivalent success has encouraged other, non-scientific disciplines

to emulate the scientific approach ahd this has q nerated certaj

problems, not least among which is the development_af-a-host of
_---7

pseudo-sciences. Some of these groups-4are-now learning that

adoption of the name, manner, methods, and language of science

will not guar--ahtee the solving of intractable problems. The

pernicious effect of this tendency

-run cannottle overestimat-d. SOme

complex than presently imagined or

may be ignored but in the long

disciplines may be more

may be inexplicable in natural

science terms. If the unifying synthesis of the scientific

approach is impossible or ceases to be applicable, time tested

and pragmatic routines will be corrupted by a series of_half-t Uths

and labels simplified stereotyped representations of ideas

which have lost the originality and impact of the ideas they

summarise. False claims and quack remedies become the order of

the day.

TO CHOOSE, OH -OW TO CHOOSE, THAT IS THE QUESTION

Given,the foregoing, it is not sur-rising to learn that any

student wishing to select a university for education in information

science would be confronted with a mystifying muddle. The

ortment of progr ms is too wide and varied. He has to choose

_from:



Scho ls of Librarianship

Schools of Library Service

Schocls of Library Science

Schools of Library and information Science

Schools of Information Science 1) independent of library school!
2) related or affiliated

with library schools

,Departments of: Computer Science
Communications Sciences
Engineering
Business Administration
Behavioural Sciences

Information science programs differ in their orientation.

There are scattered undergraduate programs, a plethora of

masters programs, and a handful of PhD programs. Three types

of degree programs seem to be offered:

1) Those which are heavily weighted toward the theoretical
aspects of information handling.

2) Those which are hardware and_ engineering-oriented ard-
lean heavily on techniques for solving existing library
problems.

Each p

Those which attempt to generalize the above so that the
students, mostly librarians, will have,an overview and
might be better.equipped to respond to work situations_
of the future._

oar attempts some form of research with applied research

by far the most significant componenL. Little effort has been made

to integrate the needs of each of these areas into one_information

science curriculum. What'is still more interesting, though, is

that, with the exception of half a dozen school , all others

still award as their terminal degree a MA, MS, or PhD in Library



Science, Service, or Librarianship.

Aftcr even a cursory investigation of entrance requirements,

the.perspective student would quickly discover still more mean-
15

ingless variety. In a recent survey of universities which

Differ info mation science programs, 37 respondents indicated

special requirements 18 required a language, 7 plogramming, 49

mathematics, 2 linguistics. As is common in such studies, many

indicated other special requirements which, as usu 1, they did

not specify verbatim.

Reviewing information science curricula reveals still.greater

discrepancies. As indicated, courses may be oriented towards

pure research or applied techniques and are often weighted in

several directions: technological (engi. ering, mathematics),

business administration (statistics, progsam budgeting),

traditional (social sciences) , etc. The course content lables

are not helpful. Any among you who has tried to reconcile

what a catalog describes as th course content and what is

actually taught, realizes how si nificant the differences can be.

One is reminded of the caption which appears at the

beginning of novels which might be misinterpreted, you know the

one - 'any simila ity between..."

Few syllabi which can be%asses ed within the context of fully

developed degree programs exist for consultation. 'In fairness,

the problem of writing course descriptions for information science



is exacerbated by the lack of precise the :cetical and operational

definitions. (It is useful to note that course offerings

--range from no-ch ice i.e.orle course,-to as many as 25).

Asse- ing the instructional staff is equally frustrating.

First, there is a shortage in the field. Second, the normal

evaluative mechanisms u ed as yardsticks in other disciplines

do not apply. For example, refereed journals, within the
0

normal usage of the term in science, do not exist in librarian-

ship and information science, PhD's haVe never been mandatory and

more than 50% of those who have them have come from the disciplin s

-of the humanities, social sciences, and librarianship.

Physical facilities and ii.ervices are always a good indicator,

but most students are not experienced enough to make such judg-

ments_ If they were able they would be astonished by the

diversity of existing physical pla ts and the services provid d

within the differing programs.

Perusal of the advertisements in the job market would be

more depressing. Until a clear idea is articlu ted of what an

information scientist can do with -tle practical problems of the

real world which is different from or superior to the existing

library school products, no unusual demand, other than teaching

or re earch, will be gen rated. This Is particularly true in

today's limited job market.
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Finally, a student cannot expect advice or guidance from an

external accrediting body. Most programs have not been evaluated

and-cannot be because, at present, no-accrediting body exists

:which is competent to assess the quality of existing programs.

More to the point, if it did, which standards would it apply?

ALL DRESSED UP AND NO PLACE TO GO

It iS-Sad; then, to conclude that the state oL education

in information science is chaotic and confusing, because the

problems which information science purports to address are real

ones and the solutions are essential to civilized progress.

Information science is man-made, our own invention, and we

should no longer permit it to gallop in -prlisciplined fashion or

to hide behind the excuses related to the growth pains whi h

every emerging discipline undergoes. We can no longer proceed

without generally accepted, co cise, operational definitions,

and tangible goals. Research personnel may not require such

definitions and goals, but all educators and teachers know you

cannot teach or tr-ain-students Without them Anytalkof

curriculum develapment integrated courses or pooliLlg of resources

is nonsense without this first step. It is a icmatic that no ,

discipline starts out whole, with a clear-Cut theory or precise

operational definiti ns, but surely we have been a long time "a

borning." We could make ,a start by eliminating from our field

"the terminological,corruption which has gone well beyond what

is inevitable into what is scandalous. Some...is deliberate
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exploitation of vogue words for money and prestige...confused

terminology confuses both aim and effort. ,Those may travel furthest

who do notknow where they are going, but they do not ne essarily
16

travel in the right direction."

This is clearly an internal matter which we can control.

Deciding who we are is a horse of another color, yet it Must

be done. One caution those who are willing to accept information

science as a scie ce, whether natural, social, or meta-science,

and espouse its nulti -disciplinary character are failing to grasp

the enormity of the task. Simply put, the information scientist

will be expected to duplicate the feat of the "Renaissance

Man." He must be a generalist who can overmaster as many as 20

disciplines at a time of unprecedented change and during an

age when it is generally acknowledged that it is iMpossible to

master one discipline. No one school or one individual can hope

to cope. If this is the r ute we decide to tak,2. surely a

federation of disciplines and personnel is the likely answer.

Team and rission approaches are not new and ha,e sometimes been

conspicuouslY successful. It should be possible for schools to

--nationalize their resources by identifying existing strengths or

accepting specialties which have been parcelled out among them

in a non-dupli ating, pre-determined manner. This is particularly

true in Canada, a country with limited resources. There are

precedents for such developments. Even in a country with the

incredible financial resources of the -United _States, the sheer

waste of effort.and money generated by duplication- should

mitigate against such useless proliferation.
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Developing a suitable methodology is always important and

necessary. Where applicable, adoptirig and adapting the methods

and rubrics of science will prove useful, hut they constitute

only a part, (one) of the tools that will be needed. At best,

methodology is but a mcans, me ningless unless connected and

inseparably attached to goals or ends. But which goals or ends?

At the risk of being presumptuous, there does seem one way

out of the maze. It was suggested in the literature 7 years
14

ago and is an eminently s nsibIe-proposal,_ideally explaining

and resolving many of our problems. Ltusadoitaosition

learnedsimilar to th ractioners of medi ine as members,

EaLtty and not ,that_qf=2_9f scientists. Medicine is

concerned with the diagnosis, treatment, and cure of disease. It

applies, rather than creates basic research. It has generally

recognized that such research, will occur in the scientific

disciplines upon which it is based, and medicine itself will be

concerned with the application, testing, and Provin of advances

in the preclinical and clinical sciehces.

Information sci ntists, librarians, information technologists,

etc, are conc r ed'with the design, installation, and operation

Information peience uses -the developmentsf information systems.

Of basic research to solve its existing, problems (e.g. ,library

automation, learning andjnformation theory). It too, is

concerned with application, testing, and proving of existing
-

advances_ for its service and training programs.



Both fields are plagued with lunatic fringes of quacks,

liny lights, faith healers. Both are confronted with cautious

general p.actitioners who would avoid change. Both are service

directed and both are changing rapidly. This seems to me a

possible bridging of both worlds. Applied technology, team and

mission grouping, and standard curricula could be more readily

devel ped and would be the order of the day. We could still

pick and choose what we need from perpheral disciplines, and

we could still clothe ourselves in the whol cloth of a science,

i.e. like medicines we would be accorded such public stature

because, we would be 'using scientific approaches and we would be

developing and applying the latest techniques- and the most

rceent machines to solve new specialized problems.

We must net Underestimate the pressures which will. be pladed

up n us due to the changes in the economic climate. Many marginal

disciplines and pseudosciences will be eleminated. Columbia

University's recently announced t _ mination of its linguistic

department protends sPecial omens for us as we have embraced it

as a si-ter discipline. We have been smug enough for )7ag

enough. We must not put ourselves in the position of the atheist

who, posthumously, discovered G d and found himself all dressed

up with no place to go.
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NEW CURRICULA TN INFORMATION SCIENCE

by A.D. Booth
Dean of Engineering

University of Saskatchewan

i 1 to divide this contribution into four distinct parts

which together, will I think, explain my own position. The parts are:

The input - that is to say the people who are going to become

Information Scientists of the future; The traditional curriculum and

its context; The Library of the future; and the Curriculum of the

future.

Thejnput

Information Science is now an OK word. As recently as five

years ago, the word was either notused or if used was not zOnerally
00

understood. The term then used to describe an Information Scientist

was the traditional one: Libr"rian. An inspection of the advertise-

ments for Technical Librar1ias during the last decade, would reveal

that, whilst they were expected to have specialist( competence in the

subject literature of some scientific or technologlical field, they

required little competence in anything other than the t aditional

bases of Librarianship which we shall discuss later. For this-reason,

the information specialist in a research institute might be useful to

the participating scientists in the sense of doing leg work, but

exerted no really fundamental ffect on the information purveyal

process, and no effect whatever on the research process itself.

Certaitly no information specialist in a research institute would have

been expected to predict the future dirtctions of profitable research

and development. These traditionally trained Librarians are, _
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course, one of the inputs to a training program for information

scientists.

The second of the inputs, which is of importance in this

field, is the engineer. Engin ers are,hy nature and training,

inquiring and innovative people. They are needful in information science,

both for their contribution to the theory of communication and, more

generally, for thtir research competence and-developmental ability in

improving information systems.

The third class of input is the Mathe atician and Physical

Scientist. In many cases people from this category drift into

Information Science because of lack of j b opportunities in their own

speCialities. Neve theless they often become involved and interested,

and form a valuable component of the system, particularly on account

of their matlematical abilities.

Finally, and perhaps frivolously, one might say that there

is an input 'from the ranks of unfrockedpiiests. It is an astonishing

thing that in over a quarter of a century of academic life, I have

never encountered people of this class in courses devoted to the

_
sciences or to-engineering. In Information Scienc -however, at the

present -count I have had five students

years!

The Traditional Curriculum

_f-thi-S class in the last five

Before I can speak sensibly about an education program for

the future of informati,on science, Imust say something of the Present

program and its defects. In effect, in even the more progressive

schools of Library and Information Science, the core curriculum has



tended to be almost exclusively that of liLe Librarian. As a non-

librarian it might be offensive of me to state what this is. From

observation, however, I may say that at least part of the pre-

requisites consi t of (1) courses on tbe organization of the trad-

itional library, (2) a course in cataloguing, and (3) a considerable

study of some specialist literature, often humourously referred to as

"the children's boOk".
A

Now, whilst there is presumably no objection to t a hing any

of these subjects to a professional librarian who is going to work in

a small town library, such a curriculum is. completely inadequate to

give a perception on the part of the Librarian in a larger library of

the.problems of the future. . What is much worse is that such a

curriculum 'turns off', to use the modern idiom, people of the middle

categories in the last section, that-is to say engineers, mathemati 'ians

and physical scientists. These people are not prepared to waste their

time on what they rightly regard as trivia. It is this traditional

core instruction, feisted on/the potential information scientist which

has to be changed, and to which T will now turn my attention.

The Library of the Future

Before coming to the climax of 0.3 talk, it is well to spend

a few minutes in di cussing the form and Ainction of the libra

the future.

First as to form. or reasons of human inertia it is likely

that conventional books will be with us for a long time, thus, in

considering the library of the future, we have to consider the

storage and m ipulation of :this traditional information source. In



addition to the book, however, there are ncw media such as microfilm,

microfische, magnetic .old video tape, and large scale computer storage

These will ce tainly form a part of the scence library and, of course,

of the central libraries of States and Organizations in the future.

have mentioned the computer. This has current importance

for ordering the operations of the library and performing such drudge

tasks as cataloguing, and circulation control. The computer will also

form an integral part of any information retrieval process.

Orle of the areas in which I have worked in the field of

information science has been conerned vith the geom tiio design of

libraries to optimize them with respect to the information retrieval

process. In this optimization, .the computer forms a vital part and

should enable the search proc ss to be conduct d more expeditiously

and far more efficiently than it Is at the present time.

Whilst I could identify many ther areas of library interest

and development, these will do as being indicative of the curriculum

which they generate. One functional aspect of librarianship must

however, be mentioned. It has been touched upon in the first section

of this talk: the Librarian as a predictor of future develop e-t

trends and profitable areas of research and development. It may be

thought that this is stretching the duty of the Information Scientist

too fai% However, recent work by Dean William Coffman of Case Western

Reserve University has shown that a study of the present state of

deve7lopment of the literature in a given subject can give an indication

as to whether that subjct is in a state of what-he calls epidemic

development, whether it is quiescent, or whether it is past its peak,

and is relapsing into a state of_classi-cism. The techniques which

Coffman has developed are mathematical ones. 'They have, however, been

proved capable of identifying areas of cu rent interest, and of pre-
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dieting new areas of interest considerably in advance f the point in

time when the sheer volume of production mak.s identification obvious.

The New Curriculum

The foregoing remarks will have made it obvious that the new

curriculum will differ considerably from that of the traditional one

which I have already mentioned. FUrthermore it will have prepdred

you for the fact that mathematics will loom large in the information

science curriculum in the future. What particular aspect of math-

ematics should form this curriculum is of course, open to question,

_but from some experience of the field it would appear that the

following branches and the extensions are of central importance.

1. Basic Algebra and Trigonometry, including set and group theory.

If the inclusion of Trigonometry is -uzzling, I remark that this is

needed when investigations of relatedness are considered as distance

measures in nyperspace.

2. Dirferential and integral calculus, with some calculus of variations,

leading to the study of 'differential and integral equations. The

calculus is

ing problem

cOurse, central tool in the solution of time vary-

Variation calculus is concerned with optimization of

functions as,indeed, on a more elementary plane is the differential

calculus. 'It will thus be evident that these subjects have an

.

immediate relationship to the optimization of information systems.

3. Boolean Algebra and symbolic logic. Two subjects whose importance

is again fairly obvious,in that they are at the centre of coding for

information retrieval .

4. Probability and statistics. At the elementary level obviously for

record analysis. In a moro advanced context for frequency structured,
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relationships andpredict analysi

The structure of computing systems and their progiamming. In

th5s modern age nothing more need be said on this topic.

6. Creative design. Probably only for the specialist, and possibly

oydy asa post-graduate option. However, ,reative design will appeal

to the engineer and have direct applications in the implementation

of information systems in immediate future.

I am sorry that, having expressed these opinions, I am not

with you to debate them. I am sure, however, that Frank Dolan, who

_has kindly agreed to read this paper, will defend at least some of

the positions that I have taken, and I hope that some of my friends

from the School of Library and Information Science at Case Western

University may also be there to insert their criticisms and hopefully,

in at least some cases, their approval of what I am proposing.
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THEORETICAL LInARIANSRIP

AND INFORMATION SCIENCE

M. E. Maron

Professor of Librarianship
institute of Library Research and School of Librarianship

University of California Berkeley, California

ABSTRACT: Theoretical librarianship is the study of the problem of
access - access to data and access L, documents. We now
seem to be at an impasse in our work on the theory of
access systems (i.e., question-answering systems and
literature searching systems). If we are to move ahead
in our theorizing about information retrieval systems,
then we must enlarge our conception of what the problem
of information access is about. This involves an
analysis of information ,..nd its properties by reference
to its relation with knowing systems. This paper argues
that information science is the study of knowing systems
and that theoretical librarianship must move in the
direction of information science if it is to progress.
It follows, therefore, that education in librarian'ship
needs to be restructured.

42



1. INTRODUCTION

What should be the emphasis and orientation of an information science
program within a school of librarianship? What is the relationship between
librarianship and information science, and what implications for educa-
tion flow from a consideration of this relationship? These are the issues
that I propose to examine with you this morning.

However, please notice at the very outset that this will not be a
description of our program at Berkeley. I will not talk about the School
of Librarianship at Berkeley because we don't have a well developed infor-
mation science program; certainly not one that is guided and justified
ir terms of the full meaning of information science and the future of
librarianship. We, as a faculty of the school, are still in the process
of attempting to clarify and unify our thinking about the aims of advanced
education in library science and the best ways of achieving those ends.
This process of clarification and unification is tough for many reasons.
It involves unfolding what information science is dbout, and also questions
-about future directions for research and development in librarianship.
And, in addition, it always involves questions about the role of librarian
ship in our society.

For over two decades, ever since the development of the computer,
there has been enthusiastic talk about the new science of information sci-
.ence, and about how librarianship relates to it. How do ve see this rela-
tionship today? In my view the key theoretical problem of librarianship
is the problem of access to stored infOlmation. And, one of the central
problems of information science is that of information search and re-
trieval. If these problems concerning identification and access to infor-
mation are central te both disciplines, in what sense, if any, are they
separate disciplines? I see theoretical librarianship as a part of
information science whose subject is the process for knowing. And, in
my view, education in theoreticel librarianship must begin to be concerned
more directly with those information prpcesses that underlie the activity
of knowing.

2. LIBRARIANSHIP: SOME FIRST DISTINCTIONS

want to lead us from librarianship toward the 'foundations of
information science. Let me start by making a few initial distinetiOns
that may help to clear the way. Along one dimension, I want to-distin-
guish between problems of control and problems of access in library
systems. Along an orthogonal dimension, I want to distinguish between
the applied (or practical) and the theoretical aspects of these problems.
There are, it seems to me, two quite different kinds of info/mation
processing in libraries. The first is information processing for the
purpose of control; the second is information processing for the purpose
of access.. The control problems deal with keeping track of the system;
e.g., monitoring what has been ordered, received, paid for; what has been
indexed, shelved, borrowed, lost, rebound, etc. In many of today's
libraries, steps are being taken to automate some of these control func-
tions. We can, of course, distinguish between two aspects of work on con-
trol (whether for automated systems or not); there are the practical



questions of "how to" handle control functions, and there are the theor-
etical questions concerning optimal rules (and models) for handling con-
trol functions in a library system.

The second kind of information processing in library systems concerns
the central problem of access. The problem of access is the problem of
how to analyze and identify stored information and requests for informa-
tion, in order to retrieve all and only that which is wanted. Access
systems can be mechanized or not. Among the class of mechanized_systems
it has become more or less standard to distinguish between two different
kinds of retiieval systems. These are: question-answering systems which
are designed to handle accesS to data, and literature-searching systems
which are designed to handle access to documents.. There are, of course,,
both practical and theoretical aspects to the problems of access, but
in the main I want to emphasize the theoretical aspects of the problem
of access.

INTELLECTUAL ACCESS: A CLOSER LOOK

The problem of question-answering systems is the problem of how to
design a mechanical system that will store large amounts of information
in order to be able to answer arbitrary questions related to tha', stored
.infoxmation. This means that if the answer to a question (such as:
11When was Isaac Newton born?") is not stored explicitly, the system can
deduce the proper answer from its stored data, just as you and I can
deduce Newton's birthdate from a knowledge that he was 84 N,hen he died
in 1727. Two key theoretical problem areas in the design of question-
answering systems are: (1) development of rules for analyzing data-
and requests that are expressed in ordinary (natural) language; and
(2) development of rules of analysis and deduction so that a machine can
make logically explicit (for retrieval) information that is only implicitly
Contained in itS stored data. rine problem of how to analyze ordinary
language (on the basis of its content), and the question of the relation-
ship between ordinary language and Toimal logic, are, of course, .in-
tiMately related. In fact, one of the Pstandard" ways of organizing
a question-answering system has been first to map ordinary language
sentences int6 their equivalents in a formal language, store the infor-
mation in the form'of basic sentences of logie and then, where possible,
use existing rules of deduction to derive desired.consequenees. We don't
have the foggiest-idea how human beings are able to comprehend ordinary
_language in order to analyze information, make deductions, rind conclusions,
and in general, answer questions. And, our present approach to designing
question-answering systems via the heavy use of formal logic allows us
to handle only relatively simple kindS of information. But beyond that
we seem to be an impasse.

The theoretical problem of literature searching is the problem of
how to design a mechanical system such that given a top_i= request and
a.large collection of stored documents, the machine can predict which
of its stored documents, if read by the inquiring patron, will most
probably satisfy his information need. The-approach to this problem
in the past has been via indexing. That is, documents are identified
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by assigning index teims to each, and every topic request for information
must be expressed as one, or a logical combination of, index terms. A
computer can then be used to implement one of a Variety of rules for
calculating the "closeness" between the indexes of a document and those
that constitute the request. The implicit assumption underlying the
design of such systems is that those dbcuments whose index tags most
closely match those of the request will most probably satisfy the
requesting patron.

As you mdst know, many different techniques have been tested for
assigning index tags to documents, formulating requests, and for matching
document indexes with requests. The various search s:stems based on
these techniques have functioned with varying degrees of success. (It
would be much more correct to say that we can't even say precisely how
effectively any literature searching system does, in fact, operate, be-
cause we have no single well established measure of retrieval effective-
ness.) Perhaps, as in the case of question-answering systems, it would
be too strong to say that we have reached an impasse, but surely it does
seem that we have reached some sort of a plateau in our work in this
field. Thus, the main question that I want to raise with you this morning
is the following one: What might be needed if we are to move off of
this plateau and up on to a next higher level of knowledge concerning the
problem of access systems?

4. THEORETICAL DIRECTIONS; SOME SPECULATIONS

My personal opinion is that in the design of models for question-
answering systems, we have stuck too closely to the use of logical
languages, and in the design of models for literature-searching systems,
we have dealt too exclusively, with the problem of how to assign and
process index tags. I feel that if we are to move ahead in our theorizing
about the design of information retrieval systems, then we must enlarge
our conception of what the problem of infoxwation access is about. Let
me elaborate briefly in the case of literature search systems. The
problem, again, is for a machine to analyze a document and a topic
request, and to predict whether or not (or to what degree) that (lc
when read by the requesting patron, will satisfy his information need.
This formulation of the problem implies, in some sense, that the machine
in question must have rules on the basis of which it can estima+e the
impact of a document on the mind of its receiver. That is, tex-,a1
information when read by an intelligent receiver changes states of know-
ledge and belief. How can this process be predicted? If we are to use
a machine to make E.'1- predictions, we need to provide it with rules, and
this in turn presupposes that we have some ideas about the process of-
comprehension, i.e., the process by means of which information 6hanges
states of knowledge and belief. And this, in turn, presupposes that we
have some kind of a model of mind and an understanding of the nature'of
unde/Fianding. No mall uedertaking!

Thus it seems to me that the theoretical directions we will have to
take if we are to move ahead in the informalion retrieval field are in
the directions aimed at an/understanding of information processing in
intelligent (knowing) systems. How do most humans analyze requests,
search for and retrieve information? What kinds of information processing
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go on internally when a person decides that he has found relevant infor-
mation, or useful information; what happens internally when one says that
his information need has been satisfied? And can we hope to formulate
for artificial systems optimal information processing rules prescribing
the operations of analysis, representation, organization, search and.
retrieval? To even pose the problem inthis very broad way is to enlarge
the scope of the information retrieval problem and tbus to take it far
beyond 1,:lat we might ordinarily think of as the scope of a library
school curriculum. Again, I am suggesting the following line of argument.
The heart of the so-called library problem is the problem of intellectual
acceeys to Stored inforirlatiOn..- *m-understanding of the problem of access,
in turn, leads to questions concerning information processing in the
nervous system, and to questions of optimal organization of an intelli-
gent artifact. This leads to neuro-physiology, psychology, and epistem-
ology, as well as logic, computing, and the theory,of artificial intelligence.
There is a single name that has been given to this range of topics that
clusters around the question of information and theories of information
processing. I refer to the name that Norbert Wiener,gave to this field
of study over 25 years ago. The name is "cybernetics, but perhaps
"informationscience" is a'better title. :In any case, my line of --
rgument suggests that the theoretical .1.rection toward which a library
science program ought to point is in the broad directions of cybernetics
or information science. What does this mean and what are its implications
for educal-ion?

5. TOWARD INFORMATION SCIENOE

I am not the first among us, nor will I be the, last to attempt to
etch out the boundaries and the geography of that territory that

goes by the name "information science."* But if Ilwish to argue that
theoretical librarianship must move in that direction, then I must offer
some kind of map, however rough, of that no-man's land call d "information
science."

First of a117, I don't equate information science with computer
science. Information science is not primarily about computers, program-
ming, operating/systems, switching theory, or automata theory. And it
is not primarily about the design of communication systems, coding
theory, theor' of servo-mechanisms, etc. And it is certainly not about
systems anal sis.

What i information science about? What is its.subject matter?
A key cone pt," of cour'se, is that'of 'information, and information
science i, concerned with explicating the full:Tmeaning of information,
describing the properties of information, and-establishing ways of

,. /

In their Opinion Paper discussion of the scope and'meaning of thib sub-
ject, Otten and Debons use the new term !'InformatoIogy." See "Toward a
Metascience of Information= Informatology." Vol. 21, No. 1,
Jan-Feb., 1970, pp. 89-9h.
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measuring those properties. And information science is concerned with
the formulation of theories on how to analyze, organize, relate, store,
process, search for, and retrieve information. Information science is
concerned fundamentally with the kinds and ways of information processing
that zorrelate with the process of comprehending; i.e., information
science, at its very core, is the scientific, study of mechanisms for
understanding. Perhaps this can be clarified briefly as follow-:

Information, whether in books in libraries or in digital memories
in on-linc data retrieval systems, is that whLe_l_lhegs,e, what its reader
knows or believes. When put this way, we see that information can only be
explained .and understood by reference to its relation with the knowing
system ("mind") of its receiver, Furthermore, such key notions as the
meaning of information, the relevance of information, the utility of
infoimation, must be explained in terms of the impact of the information
in question on the knowing system of the receiver. How does information
change what ar_son knows? Information about the world must be
represented in soMe physical form. Hoy is it represented in the human?

\Knowledge, whatever else we say abont it, does have a physical represen-
tation in the brain of the knower (e.g., in the form of signals that
ultimately generate intelligent, mind-like behavior.) What is the logical
structure of.physical knowledge? What is a state oi knowledge? Can we
talk of an information need as the difference between a desired state
of knowledge, and some actual state of knowledge? And might it be
possible to measure the relevance_ of information n terms of whether
(or to what degree) it changes a given state of knowledge, to some de-
sired state? These remarks arid questions are intended to'amplify the
notion that information science is the study of information, but that
information, in turn, can only be'understood in terms of how it affects
knowing systems. Thus information science is the scientific stady of
knowing systems (natural or artificial) i.e., it is the study of the
information processing that muSt underline such activities as knowing,
understanding, comprehending,i believing, thinking, solving, etc. (And,
Of course, all of this was implicit in the writing of Norbert Wiener
when he first explained the meaning of cybernetics.)

6. IMPLICATIONS FOR EDUCA

my interpretation of information science,makes it a sub:ect whose
subject matter is the activity of knowing, and how knowing can be ex-,
plained in terms of underlying information processing. And,- I belttve
that theoretical librarianship must move in the direction of information
science' if it' is te progrebs. Therefore, if my view on these matters
ip even close to being correct, it follOws that_education tn librarian-
ship does need! restructurl.ng. The question isi what.kind of restructuring?
Unfortunately, I cannot spell out at this.time a detailed list of those
courses and their sequenein& that would cc:institute a full programi_in
theoretical librarianship. :One reason is simpl§- that some of the most
,important courses do not yet exist. However, this fact need not deter
us. Our concern is with education and the "Preparation of those advanced
students vho will 'do new work in 'this'field. We have to point the way. *

Thus, altheugh l,cannot,proPose at this time a complete curriculum in
*theoretical librarianship, I do utge those of you who share mY view to
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help widen'the scope o'f theoretical librarianship along the lines I have
already suggested. And, most importantly, point your students in the

-direction of information science.



Information Science Education

Edwin B. Parker
Stanford University

We can catego-- e the possible objectives of information science

.education into three general types. The first, and most prevalent, is

'professional' training intended to equip people to operate exist

communication institutions. Given the sponsorship of the present sympc-ium

will use librari s as examples throughout, although I think the argument

generalizes to other communication institutions also. The second

objective is to train information technologists who will be the inventors

or 'engineers' expected to develop and test new infoimation systems. My

definition of a technologist is a broad one that includes behavioral and

policy considerations. The third objective is to train scientists whose

goal is a deeper understanding of information p ocesses in general.
4-

Professional TraLIIIIig

-
/

Technolog Utilization

We can subdivide professional training into three general aspects,

although one aspect dominates and the other two tend to be neglected. The

dominant aspect of.professional training for which information science is

relevant is the utilization of technology. That may seem surprising to a

librarian who works with books and card catalogs and typewriters or to a
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nrwpapr ruporier who works with a pencil and japr _ telephones and a

typewriter. Bu- the technology of writing and printing is as much a

technology of infor ation processing as photography (micro or othe-wise),

electronic transmission, or computer processing. Librarians share with

.journalists, photographers, film-makers, broadcasters and comput r

Programmers the need to be able to effectively operate or manipulate their

chosen technology or medium of communication.

Managq1MILIEAIIIILIS

The second necessary aspect of prof- sional information science

training is management or organizational skill training. Communication

institutions, whether newspapers, libraries, broadcasting companies or

telephone companies, share with other institutions the need for people

who can operate effectively within the existing institutional framework.

Although the skills needed are in large measure communication and information

processing skills, this need is not restricted to communication institutions.

Graduate scho l_ of business devo e more explicit attention to training In

the organizational and management skills needed to operate Any institution.

Use of Feedback

The third and most neglectediaspeet of professional information

science trainingconcerns the relationship of the collllikunication institution

to the rest of society. In the case'of busin ss,institutions, this

task is much simpler than for libraries. Businesses have a well defined

medium of communication for relating to the rest of the so iety -- money.

Money provides the differentiated feedback to tell the institution,which of

its products and service are appreciated and the profitability test provides



an accepted measure of success. Market research is one way of obtaining

information from the potential clientS of the institution that can help

it perform more effectively. Public insLitutions such as libraries find

it much more diffi Lilt to determine user needs and interests, to evaluate

the effectiveness of their operations, and to provide the systematic

information feedback that allows them to be rapidly responsive to changl2s

in needs and interests of their clients. Since the financial resources of

libraries come from different sources than those ser d (or come indirectly)

there is the additional problem of obtaining resources to operate. So etimes

successful service can be self-defeating in that 1. t generates further

demands for service that cannot be met beca se of b dget constraints.

These problems are crucial to the long-run survival of public information

institutions. They deserve more attention in professional training.

Trainin Tomorrow's Professionals for Yesterda 'iInstCutionE

This characterization of professional tra ning as training,tb

operate existing communication institutions, although useful for some

purposes, is a dangerous oversimplification, If the communicatIon media

and institutions were likely to remain stable throughout the careers Of

those being professionailly -trained there would be few problems But

during a time Of rapid technolegical cha Qe in communication pdia that

will certainly leave its mark in the form of changes in communications

institutions, there is a dan er tliaff tomorrow!sprofes_ onals may be

trained-for-yesterday's institutions. The institutions:themselves whether

libraries or newspapers or whatever,dre likely to demand personnel trained

to handle the immediate short-run probleni. The questions that education
\

institutions must answer.is whether they also: wish to take'the short-imn

'view, or whether 'they have, a larger responsibility to con ider t1 'iong7run
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problems. It is a matter of whether the educatiOn institutions choose

lead or to follow the professional institutions hey serve. If they an::

to lead, then it is imperative that professional training also include

elements .'pf our two remaining categories of information science education

technology deVelopmeat and scientific understanding,

Charie Te hnol Change Function?

Communication t!chnology is undergoing considerable change and

is likely to eontinue to do so for at least the next 20 years., There

will be major changes ia information storage technology (e.g., ultrafiche,

trillion b laser memories, holographic memories, etc.), in transmission

technology e.g., cable television, communication satellites, laser
,

transmissioni, etc.) and in acceSs and proces.sing technology (primarily

cOmputer systems). As new technologi al potentials ere dev loped, made

more economical or more widely diffused through the soc ety, then shifts

in usagg patterns are bound to develop and insi:itutions that have grown

up around earlier technologies will be forced to adapt. Existing insti-

tutions will be forced to change technologies (if they are to-continue ti7)

perform the same functions effectively) or to change function (if they

insist on keeping the same technology)

I am a strong supPorter of libraries in their functiona/ role

of providing all people wich easy access to information and education about

whatever they want whenever they want. The library has long been a

cornerstone in our democratic system of government, which requires an informed
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electo'ate to operate effectively. This historic role of being the

receive's agent in a communication system that has in the past been

largely dominated by the senders of messages, is becoming increasingly

important as the society itself becomes more compl prid as individual

\.
ns become more involved in the deeision-m king processes of the

society. Therefore, I am a strong advocate -if libraries dev loping and

adopting whatever te hnologies can best help them to scrve 'hat function.

The alternative would be for libraries to maintain only their tr ditional

technologies and nit c stitutions to grow up around the new te hno-

logies, possibly usurping the library's traditional function. The i pli-

cation for educational institutions is clear: Train people who can

develop and adapt new technology and new techniques to make it easier

to provide the kind of infotmation access capability our society requires.

New Technoloi

There are two dominate technolouies involved in current-and

future changes in information access capability. One is comper technology

and the other is a cluster of video technologies, i lud,Ing videotape,

video cassettes cable television, photocopying devices, crofiche, etc.
/

It sbould,dnot be nec ssary for the information technologist to become a

hardware engineer capable, of developing new ,physical devices, although

he should be ablel to understand the hard are well enough to utilize it

effectively.

hardwaro in

One example

hould also be able t- write specifications for needed

forn understandable by the app opriate hardware people.

of this would be specification characteristics neces_s.ry in a

computer display terminal /for bibliographic'data in a library application.
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01.
Another would be specification of performance characteristics needed in

a random access microfiche system. He PILO ld also be familiar with the

major trends in technology to be able to judge whiCh aspects are likely

to remain stable and where the gnificant technical developmnts and cst

reductions aCe likely to appear in the following five to ten years.

He should become a highly competent user of the technology so,

that he has a first-hand knowledge of both potentials and limitations and

can select hardware knowledgeably. In the case of computer technology,

he should become more than an applicaciens programmer capable of writing

programs in some standard programming language whether Basic, Cobol, Fortran

or Assembler. He should become knowledgeable about the systems programming

skills needed to implement a new prograirmiing language or system which

non-programmer users can use effectively to perform their information

selection and processing tasks.

Behavioral Researc

The goal of developing effective new informationjsystems

requires tw., additional aYaas of knowledge besides the obvi uslY technical

skills required for development of a computer or video information system.

.
A second area of knowledge concerns user needs and user'behavior-ZTechno-

logy systems developed in isolat f on the'needs and information-s eking

styles of specific audiences may work well in some technic l sense, but are

unlikly to be satisfactory for real uLIrs. One danger i. that,the system

may be designed for an imagined rather =han a real need. Another is

that the 'human factorst are not, adequately taken into accoUnt to make it

easy for now-technical users/to comfortably utilize the system. What needs
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to be developed is not a technology system:but a man-machine symbiosis that

allows real users to access rele-%;ant information on real probJems. Designing

a system for the general public to use is a much more difficult task than

designing one that will be operated by paid empl yees or other captive

audiences Solid training is therefore required in behavioral science
A

research teclaiques as well as technolo y systen_ devlopment techniques.

Social Institutions and Public Policy

The third component needed for effective technology developn.ent

is detailed understanding of existing communicat:_on institutions and public

policies for communication. A potentially effective information system,

even one that has adequately taken into account user needs and user

characteiistics, is likely to remain a laboratory curiosity if there is

no reasonable strategy for existing institutions to make the transition from

.present to future technology or for new institutions to develop around the

.new technology. In the case of communication technology in this soeiety,

this requires an understanding of the regulatory process. The promiSe

of electronic technology for remote access to library serVices may never

be realized if Federal CommuniCations Commission regulations and local

cable television franchising practices do not take into account the

possibility of libraries ;7.-,ctending. their information services directly

to homes via the new communication technology. New technologies are

never introduced into a social vacuum. The economic, political and

social consequences for existing institutions must be studied as carefully

as the technology and the behaVior of its users. -The systems,designer'

and deV loper who ignores the problem of transition strategies for social

;

institutions, In dhis case libraries, has a certain recipe.for failure.
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All thLee oi these components of effective infor ation systems

development technology, hum= behavior, and socia' institutions will

requit the acquisition of new knowledge as well as application of old

knowledge. The problem is a mission-or- nt d one of accomplishing social

goals, rather than a pure kn wledge problem, but new knowledge is essential

to satisfactorily accomplish the social goals of improved info mation

service. Therefore, a strong component of information science, as a

basic science, should be in luded in curricula planned for information tech-
.

nologists.

Basic Information Science

One reasonable goal for information science education, and one

which can attain the greatest prestige within existing academic value

systems, is that of training scientists. The goal can be expressed as

deeper underltanding development ofabstract prin iples, hnowledge,

truth, or some mear synonym of these.

Fundamental Nature of Information

The natur.e of informa ion and information processes may be the

fundamental focus of science for the next century, just as science in the
--

past two centuries has focus ed on matier and ene gy. Information processes

control the utilization of matter and energy. .!fhe fundamental relationship

between information and .energy 'has been suspected for at least the pest

20 years since Claude Shannon's creatIon pf the mathematical theory of

information turned out to have equations ident cal to,the entropy equations

of the second law of thermodynamics. Mora recent developments in the
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understanding of the relationship.betwcen inf rmation and energy are
discussed in the September, 1971 issue of Sci ntifi American (Myron
TribuS and Edward Melrvine, "Eagergy and Inf nation"

1971, vol. 224, number 3, pages 179-188).

ientific America

The recent major advances in the biological sciences Since Watson.
and Orick's discovery of the 'genetic code' can be largely attributed to
the deeper understanding of how bielogical Information is stored and

transmiLted from one generation to the next.

Although the analogies have yet to be formalized into an

abstract theory of information, there are interesting similarities between
-machine infor -tion processing. in computer systems, cognitive infw_mation
'processing in humans (biological systems), And human communication in
social systems. All three aspeccs are inv Ived in the development of

information systems. Better understanding of the fundamental process,.
wotld be certain ,to lead to improved,systen design.

T qard = General Theor of Information

What is presently knoWri as the mathematical theory of information,
powerful though it is, is a very special'case compared to what iS needed. in1

a general-theory of information. Present theory is essentially a theory
of efficient coding that measures the capacity of information channels and
the efficiency of transmission in 'bits' (binary digits) of informat on
under an assumption that there is a known set of possible m ssages
that is perfectly shared between sender, and receiver. In c her-words, the

1

ructure or context of the 'information' as defined by a share& set cif

possible messages) must be identical at b-th ends-of the infotmation channel':
'This obviously does not. apply to libraries 'or most human communica-tion' beca se
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the context of the message is different at the sending and eceiving

What is needed is a theory of information permitting rigorous formalization

and Measurement of changes in i-formation structure not just qUantity of

transmission within a given structure. If we can'find a way to formalize

the context or boundaries involved in processing an item of information

(whether by man or machine ) we might then be able to detern ne --the ext

to which information processing results in changes in the Structure.

(If wc are thinking of a human being as an information proesser we can

think of this as changes in his cognitive map of his environment.) Given

such a formalizationwe could measure similarities and differences in

information structure between senders and receivers involved in a particular

nication and determine whether their structures are moving closer

together or farthet apart.

Interdiscipliaara_Effort

The problems of information are so fundamental and cut across

so many present disciplinary boundaries that it is nearly impossibito find

an academic department within existing university structures in which to

pursue a fundamental theo y of ilformation wLthout being constrained by

the ass mptions of a particular discipline or profession. Cybernetics

and general system theory come closest to the scope required but these are

seldom found within a single department. A strong foundation in mathematics

would be essential; there is some basis to-suspect that the subfield ft

mathematics known as graphitheory may provide a basis for formalizing

information structures. Present information theory is the province of

departments of electrical engineering. People wishing to e plore the clues
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in the relationship between infoLLuation and energy will need a good

grounding in physics. The fields of computer science, psychology, s ciolo

and linguistics may provide necessary clues that permit a general theory

information to emerge. One can &peculate that the present boundaries of

academic disciplines and departments present a major impediment to the

development of the needed basic theory of information- On the other

hand, we will not know the appiopriate way to draw academic boundaries

until after the theory,has been discovered; prespnt intuitions may be

quite on the wrong track. The closest analogy lies in the recent emer-

gence of departments of molecular biology -- a trend which followed

rather than preceded the discovery of the genetie code. One can argue that

we need to have a theory to teach before we worry about finding an

appropriate academic department to teach it in.

The crux of the present problem in education for a basic science

information is thus to provide a sufficiently flexible academic

environment in which the holy grail of a general theory of information

can be sought. An academic home needs to be provided for bright people,

who -ish to study interdisciplindry programs involving such diverse topics

as cognitive psychology, artificial intellig nce, neurophys logy, molecular

biology, and ele trical circuit theory, all in the interests of developing

a theory of information.

Stanford's Program

-
The information systems Ph.D. p ram wlich I direct in

Stanford's Communication Department is focbssed,on technology development in

the broad sense discussed earlier, Including behavioral eience, computer



science and use of technology ne lly) and analysis of social insti-

tutions. Much of our financial support comes from a training grant from

the National. Library of Medicine and so we have a particular focus on

biomedical communIcation. Nevertheless, we feel that we are likely to

be of most use to the National Library of Medicine if we approach the

problem of developing improved infoimation systems at a level of genera..lity

that would make the results apply to law libr'aries, technical information

centers, public libraries or hospital syst ms for medical patient records.

Thi would not be the case, of cOurse, if we were engaged. in the ,profe

train ng-of. medical.librarians. But we have-only Ph.D. and postdoctoral

sio a

prog a- . We do not offer an 'information science' program at the M.A.
-

levA, nor do we e gage in any professional training in this area.,

'We do not teach a'basic science of information as such, because

we do not' think that science exists yet. We do teach basic sciende in

other reas, including behavioral science, whiCh are needed to focus eP.

information system problems. And\we try to maintain the flexibility in;

our Ph:D. programs toNprovide encouragement for particularly wen qualified

st d nts to tackle the fundamental information science problem if they wish:



CUI!LaCUL

by

Wm. F. Atchison
Computer Science Cnter
University ct flaryland

lMT1.10DUCTION,

Curriculum deve_ Apment and the problems == ciated with it will be

discussed:primarily by describing, throe exempl .Tbe first example,

which will be treated at some length, will be the developme t of CURICULUM-

68 by the Curriculum Committee on Computer. Science (C the .ssociation

for Computing Machin_:,-, (AClq). This curriculum has had a very great impact

on computer science curricula throughout the United States anc1 , in fact,

thLoughout the'world. The sec -d to Ue discussed will be compt er

science'curricultm at the University of -Iary land; and the third eample

will be the early staRes .in the de el .1ment the curiiculu m in informs-

tion science.at the George Institute of Techn-io

The discussion of CU ICULtil 63 will bring out general,currioulun

development prohlarils, whereas the discus r n of the latter two examples

will br tr;; out some of the more specific problems associa_dvith the

local college scene.

_CtiltRiCULPIT 63

CURTJCULU 66, a set of recou si.endntions for academic rograms in

computer science, actually started develci P-_nt back as carly as 1962.

all group of computer lee personnel begc_n meeting odd times dur-

ing national conferences, such as the socist ion for Computing ,lachinery

meetings, tho-Fall JoinZ=. Caputer Conf'otences, the Spring dpint Co:npur.

Confr and the: ananA ond University !teehine YZeco Confor,:tncon.ne
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Our concern was far educat:Lonal pro3rams related to computers. The fir
\,

actual visablc activity that re ulted from these early r eLings was a
,

panel discussion held durin ACM's 1963 National Conference in Denver.

Six educaters pr sedated papers describing several courses which could \

form the , for a computer science curriculum. The topics covered
,

_in that original panel were as foll-s:

1. Introducing Digital Computers (1 ce W. Alder')

Programmi. of Di ital Computers.(A7 J.. Perlis)

An Undergraduate Curriculum in Numerical-
Analysis (Coorge E. Forsythe)

4. Logic for Computer Science (Robert Korfhage

5. fechanical Languages-A Course Specification (Saul Corn

5 The Place of Logical;Dsign and S';:itching Theory
in the Computer Curriculum (DavId E. Nullar)

This panel discussion r sult d in a set of articIeslThicli appeared in the

April MI, issua of the Counications of ACN, under the general load1ng

of Computer Scien e Curriculum. [1] At that time these were the prime

course areas being covered by pr_grams in comp _tax science. The partici-

pants in this panel and also the authors of the articles appearing in the
F

Com,lunicatians here carefully selected by the Cur iCulum Committee ort

Cow.puter Science of ACN in order to represent what was felt to be some of

the best efforts in those areas at that time., All of the people involved

in this panel are still active and contributin,T to the computer science

field.

By using the results of the above panel and the later publicatiOns as

a,stepping stone, the Curri ulum Co,N. tee (.Atich then consisted of cip,ht

peIpla) proceeded to attack the problem of developIrtl broader based

G2



currd ulum. The Committee met frequently lief

-conferences

after or during nati

discuss an underg ad ate,de,rec program in computer science.

Numerous consultants ct these conferences were used in the development of

=

'the curriculum. A major effort was carried out during the summer of 1964

mhen our Committee was hosted for one week at the Homestead In Poughke- sie,

New York g1.1C-` ._. of the International Business Machines'Corporation. It

was'at this session that the major aCtual formal writing of course outlines

was done. We had available two or three experts in each area for this writing

.sessio .
When these course outlines were put together, drafts were forwarded

to a number of .computci scientists in the.United States and Canada for sug

gestions. ModIfications were made based-on their s stions. This work

was nitiMately further refinc and published in the Communications of ACM..in

September 1965 under the title of "An Undergraduate Program in Computer

Science -- Preliminary Recommel- -,tions". [2] These preliminary recomn n atins

contained outlines for the'following sixte n courses:

REQUIRED:

1. Introduction to Algorithmic Proce ses
2. Computer Orvenization and Programming
3. Numerical Calculus .

4. Information Structures
5. Algorithmic Languages and Compilers

ELECTIVE:

6. 'Logic- Design and Switching Theory

7. Numerical Analysis I.

8. Numerical Analysis II
9. Couter and Program:ling Systems

10. Combinatories end Graph Theory
11, Systoos Simulalious
12. nathe.;,atical Optliv.ation Tochniqucss

13. Constuctive Logic
14. Introduction to_ Automnta Theor'y

15. Forp.al Langungcs
16. Heuristic Programming



uring th final the publiciLtion of our preliminary reco,....e

datiol7s, goLatiOnS were in pro-6res with the Natio'nal

fel° snpport _f our curricuI a aivitios. Up to this point we had received

.no fiiaocial su iport from any outside organization:other than being hosted

LciiCo FoundaLion

for that no woek by IJ3. As a result of our NSF negotiations, we did obtain

Grant ESF GY-305) in the amount of about $61,350.00. This Grant

esseriti ol element in the further development of Our curriculum activites4.

It enabled us lold curriculum discus ion meetings independent of national

meetings and alqo nabled us -Lb- pay caasultancs to wOrk with us at greater

length. Actually a good ntnabar of our meetings were still held prior to
. .

"ational Conferences, whieb meant that in addition to formulating our ideas

\-s.a
d getting them written do7,m duri 6 our formal sessions, we had an opportunity

to test them on our collo. ues- during the Conferences . This meant that formal

and informal curriculum discussions went on usually for a period of over a

week. Thee curriculum discussi ns were perhaps among the most heated dis-

eussions I have ever been involved in tiroughout my career. The Curriculum

Committee was a dedicated group whiell felt that it was trying to dev a

-:hich would be valuable for a peri d of several years despite

fact that it was bei. g done during a period of rapid change both in compbter

science courses and in puter Lechniogy. It wa- done during a period of

time whenvory few textbooks were available. Consequently one of our'primary

aims was to m tiva the ;riting of much needed textbooks in this area. In

this connection a number of publishers did Make considerable effort to keep

up with the work of the Committee and attempted to track down any efforts in

the textbook area that they could locate. I believe it is safe to ruport

&bat to some eNtent these efforts were sueCessful since a large number of

texts are now available

in the t ntl,00k eateory.

this firea , thounhi much work remains to be dono



CURRICULUM 68 was published in the Col cnica of ACM in Ma ch,

',-1369,[33 This publication presented a relatively complete description of

an undergraduate -ogram in c mputer science. It included 22 sop-

arate coursea. They were as follows:

BASIt;

Bl. Introducion .to CoMputing'
B2. Computers and Programing
B3. Introduction to Discrete Structures
B4. Numerical Calculua

INTERTIEDIATE:

Il. Data Structures
12. Programming Languages
U. Computer Organization
14. Systems Programming
15. Compiler Construction
16. Switching Theory
17. Sequential:Machines
18. Numerical Analys.is 1
19. Numerical AnaIy.sis IT

ADVANCED:

Al. \Formal Languages and Syntactic
A2. Advanced Computer Organization
A3. Analog and Hybrid Computing
A4. System Simulation
A5.- Information..Organization and Retrieval-
A6. Computer Graphics
A7. Theory of CompUtahility
A8. Large-scale Information Processinq Systems
A9. Artificial Intelligence and heuristic Progr Liming

a

This cJrricul um has been iina still is b-Ing widely used as the basis for the

development of undergraduate de e-programs in computer science. It wns

never the in ent of the Curriculum- Committee it be usod precis ly as

written. It was the hope of the Comittee that,the base Tnid down in the

report would hL sufficientiv broad that many schools of diffe ont types

vould..ba nble.to pick from this and develop- thii r owe Li:1Jc rE;1"::thMt e. cur-

riculuM. Just recently in

Popartno he r tTfl

a couveration witb the Head of a Computer Science

th:It they wo- qt.-ill:using CURRICULUM '68 outlincE; in



some of their cour it that they were unable to cover all that was st

vnted in the outlic.,es. From my point of view, ,this is precisely as it

lised at the time that our outlines wore r liltively broadshould be.

and included more material than is covered in a usual threellonr' semester

course.

One problem OT asp curriculum development that I am sure this

grOup would he partictilarly int Led in is the problem of classificatl

The Curriculum Committe many hburs attempting to define and classify

the Subj ct areas of computer science. This has 'been and still is a major

problem for our subject er for any subject ap a riiattcni. of fact. In the

discussion of our undergraduate degree program, despite many arguments

against ii, we fin-lly classified the subjec,t into three major divisions:

INFORMATION STRUCTIPRES AND PROCESSES

INFOMATION PROCESSING SYSTEMS

METHODOLOGIES

In the lnformation Str

sentations and transzor-o ions of A_nformation structure along.vith tbeor

tical models for such representations and transformations. In the Informa-

tion Processing Systems Division we were concerned with syStems Laving

rocesses Division we included the repre-

ability to trausf rm information. Such systems usually involve the IYIter-

action of hardware and software. Our Methodolo Division was derived from

broad arc ap lications of computing which have common stru pro-

cesses and techniques.



'tie Report in its discussion of Maste rogr ms listed

the areas of conoctration

THEORETICAL COMPUTER SCIENCE

.±TLIED SOFT

APPLIED HARWARF:

NUMERICAL 11,Y6=Tics

INSTRUMENTATION

INFORMATION f.;YSTEMS

These areas of concentration may look somewhat- arbitrary., but actually are .

the result.of dis- ssions by many representatives frOm many different colleges

and universities; and, as sucl do represent a very good crosS-section of what

is , tur.,lly happening in these programs. Needless to saY, most universitites

\

come up with their own classification scheme whi h is parbly -a function of

ir staffing capabilities. This of course highlights the\standcrd problem

of w16.ther or not, to build your staff to fitthe curri- lum yeu want to develop;

or whether you build your curriculum based.on the staff you have to start with .

I strongly suspect that most pr s in their dev lopment at some time or

other subscribe to each of thsse approaches.

One of the problems of computer science or inforration science is in the

implementation of the curriculum. In particular, where should it be adminis-

t atively located within a university One thing is clear -- it'should be an
. -

independsnt academic unit in o der to be able to flourish. If it is not an

independent unit it may well suffer in the allocati n of vosources, Such as

personnel, budget, space, nnd equipmc t. it is also clear that such an inde-
-

pendent unit should be in a posi tion to provide service courses to other 113rts



of the university. The majority of computer science programs are located

hin Colleges af Arts and Sciences or their equivalent. This is not

universal however. In some :ances the computer science department is

located e'itli.n _the di ision of mathematical sciences. A number of computer

science programs are located within departments of electrical engineering.

In some instances departments of cleetrial engineering have charged thelr

names to the department of el etrical engineering and computer sci nce to

indicate their close affiliation. Generally speaking,;howcver, these

latter programs are Clos r to the hardware side of computer science, whereas

the computer science departments located in Colleges of Arts and Sciences

arc much closer to the software side of computer science.

In the light of recent developmeits in compUter science and the many

applications of computers that are emerging, it seems that it would be ap-

P-repr ate to have a separate division or school of com uter and infOrmation

science.' Such a division could well have a sub-group emphasizing the soft-

ware aspects of omputer science; an ther sub-group emphasizing the hardware

.as ects; and still another sub-group emphasizing what might be called the

libr pects of computer science. It is clear that libra y sciences

.will have to become more and more concerned abo the use of computer science

in their dis ip]ine. Some have sugg sted that such a broad division Should

also include a sub-gr up for ,information systems management. Others have

suggerted that the dep,rtment-of linguistics could be included in such.a

divisi_ It is clear that there are a number of areas which are so

dependent on info-mation processing that they could,well be lump.d together

in some new adminis comple.,,z. It is not clear however whether all of



those peop3e Yould be at th s time to Jive together in such a

divisl.on. I hope thaL tliiu Conierence can make contributions in this

general direction.

Anothor major pr ,1 am in cur-fical -Ivelo?ment is meeting the necessary

staff requirements. In the last mew years it 1125; leon very .dif icult to ob

tain well-qualified people in computer science. Fortunately computer sci6nce

curriculwa has recently developed sufficiently wall that a relati ely large

number of Ph.Ds in colnputer and/or information sciences are being awarded.

I strongly suspect that even thiscomIng spring, most departments will have

a reaso - iv w-ide selection of people

staff. A few yea

choose from in developing their

-g-O it was ueceeiy to hir a personnel 1 1 oso original

-degi-ces wore in mathematics, electrical engineering, library science and

others. It will now he possible to hire the computer and Information

science graduates.. I since:rely hope that we do not get caught in the

:trap of reproducing, ourselv such an extent that we become a glut on

the market.as has been the case in mathematics, physics and soma other

subjects.

Another problem closely 1. 1 ted Go the staffing problem mentioned above

is that of student e lly.lents. Must new computer and/or information science

departments have b en faced with very heavy enrollment figures which has

served to co-c,:pound the staff! probl m. it would be necessary that we

look at this problem very carefully in the next few years. One solution

to this problem mpy well be.attempting to keep the quality of our ptogimms

Ifficiently high so ' jr ntvabor of graduates does not exceed the dehnnhmd .

Lainly many schools already havo strengthened their entrance require:lents

in this colnection. Firm statistics ore not yet available as to the number
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of departments no in existence. IE seems relatively clear however that

there are over 100 departrat ts offering underg clunte degree programs and

close to 100 offering, graduate degree programs. This too conipoulids the

possible problem of graduatinL; too many students in the computer or in,-

formation sciences areas.

Still another problem associated wit
A

late curriculum dcvelopment

is that of obtaining appropriate physical facilities. I m rely want to call

attenticnXo this p int and to emphasix_ it may I call your attention tothe

fact that --nmmer before last, at the World Coriferci-ice on Computer Science

Education, one of the objectives stated for computer science programs was

that they should move toward having their own computer for classroom work,

experimentation, and research. I feel larc,,e universities are alreadY

moving in this direction, but of course are beinL; considerably slowed by

the financial crunch.

Another aspect that needs discussion is the relationship between the

ccmputer science acadam c program and the_ computor center within the univar-

sity. Next week pt the Fall Joint Co:nputer Conference I am a member Of a

panel that will/lie discussir precisely this Problem. In most universities

_the academic Drograrti and the computer center are now separate. In some in-
..

stances the relatfionship bet,. een the two is extremely amiable. In other

instances there has developed 2 strenj, competition or jealousy between the

two. This is of course very unfortunate and should be guarded against at

all costs. At r.y universiy we are still in the same,unit and are' thus

able to avoid the competition aud jedleusy proble.:.s, It is clear thar
-

under any circur:.stnnces those two-units servo a eempleme --try role and

should coordinate their efforts in even). w possible for: of bo-rh.



CUTIRICULUYI 69 is :ill under constant review. Th_ World Conference

on Computer Science Education recomended that the Curriculum Committee

on Computer Science C the Association for Computing Machineu (ACM)

look at C1JRICUL1!:.1 68 and up-date it in view of actual_ experience with it.

Discussions have been held w th the National Science Foundation relative to

getting m nies to 1 ith this review, but to date there has been no -n-

couragement for any monies. There will he, however, a day set aside prior

to the forthcoming Fall Joint Computer Conference for a review of CURRICULL.,

68. It is hoped that this will lead to further.discussions. It has been

clear, oven from the date of publication of cuRRIcuLun 68 tl t some areas

of concern in thecurriculum were more in need of work than others. Numerical

Analysis for example was a well-developed field. The area of programming

longu is beginnin_ to be much more definitive at this stage. Systems

programming on the other hand is still ip a very tenuous state and needs

consdcrable attention incluotng new t xtbooks.

COMPUTER SCIP:CF CIPZRICULUM DEVELOP:- ',NT MRYLA:',DUNIVFITTY A.

Curriculum development at the University of Maryland was greatly aided

by the fact that three members of the C
3
S of ACM.we e actually at the Univer-

sity of Maryland. D ring the school year 1966-67 a.eomplete Masters Degree

Program in Computer Science was developed at 1 ryland based primarily on the

work of C3S. While CURRICULn 68 Contained only an und rgraduate degree

rrogram, with brief discussions of programs at the Man ters and Ph.D. level,

it was p ssible to rowork the'curricu] un material in such a way as to develop

Masters Program. Maryland and many other institutions wore faced with the



problem oi accepting as graduate students into comp ter science people who'

did not have a Baclelot's degree in computer science. This posechconsider-

able difficu] -y- in attempting to bridge the gap and make certain that gr 4

ates with tcLerTs degrees in computer science were at a cpmp hic level

-with students who re_eiv d Mast_-'s degrees in other subjects, such as math,

physics, etc. This meant that most students would basically have to tak'e a

large number of courses at the undergraduate level before being accepted as

full-fled Master's candidates. Our entrance requir nents initially re-

quired that students have at least one mathematics course bejond 1-he calculus

sequence and have three gr duate/undergraduate courst,s in science or engineer-

ing. This requirement alon 'with taking the undergraduate courses in computer

-eie cc placed a heavy hurden on incoming studcfg This was necessary , how-

ever, due to the lack of an undergraduate degree. Our entrance requirements,

haye now chaneed very significanly since more stude ts are now available at

the Bachelor's level qi h backgrounds in compuCer science. We now have a

requirement of at least three undergrad ,te/graduate c urses- in conput,Ir

science before they' are accepted as full-fledged stud lts in our Department.

I men-ion these entrance requirements because they

related to

major problem

rri- Ilum developmt and implementation. I think it is fair to

say that entrance requirements have become a bit more strin'ent in view of

the tight m ney situation within the University. Put another way, it says

that tight budget re5,trictions force us to dec-eaLsu crtrollents, which gives us

au opporLunity to ineiL c the quAlity of our student body.

Maryland wrote its P:1.D. Proposal and Pr cram mostly dU ing the calendar

year 196S. The major prohT6m in cluvu]opinL7,, p :n-cm was matching our



currieul6m to our staff. That 'can and the first.few foll ing years were

difficu]t times to obtain staff members who had majored in eompit r science.

he. major areas fo

called:

ur prog whIch we were in a p05 Clan to staff were

1: Theory and metatheory
2. Infomation processing
3- Com2,uter systems
4, Numerical methods
5. Applications

Currently, however, we call our areas of speclalization:

1. Applications
2. Computer S- terns

3. Language ani Information Pr eessing
4. Numerical Analysis
5. Theory Of Computing

During those early days of our program some rnsmbnrs of our staff described

our program like a doughn't we were real good in the periphe- 1 areas, but
-

fell sho't in the cc t_r. I am pleased to report tlt wc have filled in the

.centcr of the do -11nut and have a sufficic t number of people an our staff in

the programming languages and related areas.

One of the ptobl ms in developing computer science curriculum on-the

University Campus Is appropriately relating your curriculum to other depart-

ments. :There is always a fear that you may-infringe on their rights. Thus

a Very ca- ful'-c ordination is needed. This h -Cr. can be chieved by in-

teraction 1, th these various departrcants. lh both instances of our Master's

Pro-)_.s1 end ou r Ph. 13. Proposal at Maryland, it was necessary that those

Pro o_ils he forwdrdcd to the Seh ol of Library and Informatiol S rvices,

the Elotrical En,2,11 -'ering Department, the Physics Dapartmelt, the MatIwn'a-

tic:3 Dopart1nLnC and,the Collge of ilbsiness and Public Adtil nistratio-1 111



order to got their approval and st reF_:tions. In )most every instance

suggestions were made which led to modifications of our program. In :4come

. instances this actually caused a major delay in finishing our Propo al. I

feel however that in the long pull the s uggeAtions 1.:Iade by Ihese other de-
. i

partmcnts ere necessary inodifications

into the hJn-ivcrsity picture.

An additiona

aich gado our curriculum fit better

- in approval on/csmpus is getting it through the

appropriate campus cu-riculum committees. On our campus, such committees

are known as PCC ComaiLteLG P Courses and Curriculum. The pro-

blems that we had to confrol ':/ith/this group were:

1. Increase the flexihility of our program from the
students point of'view.

I think it is well-known that in recent years there
have been muAdpie efforts to take into consideration
student's ple:ns and to permit students a wider flexi-
bility in the prepLration of their prgrams.

Be sure that the student starts wIth his resea eh at
the earliest stage possible.

Rere again-in-teeent years there has been a tendency
to provide research pro,2.rams oven for undergraduate
students.

The display curricula.

This involved laying out possible curricula fo students
comi , from different types of backgrounds cinc for students
with different levels of previous preparetio Here again
I believe that it is very helpful to have l univer-
sity committees checking on the overall cn alitv end struetnre
of program I will ed-aiL however that ring the process
of approval I Rersonally -Was not ennmo i with .the possi-
bility of H:.1ving to go through eight levels of approval.

One other point in curriculum developt=octh mentiO ing is ClaL in

most ins Causes schcolil will send thoi r curriculum to representatives of cm-

L-inc at other schools to get Hieat comments'. This is a standard
C.74



procecAure and frequently in !es the quality of 'Chu proLram. Another p

in a similar vein is that frequently vi-iting experts from the co: ide are-

called in to go over the culrieulu:n under development. So many times this

outsider can come in and quickly spot flaws that liqve bean overlooked by

local fa_ulty n their eagerness to get the curriculum approved.

INFOkATION SCIEr,C17, GUPIllCULX1:1 DEVET e OFORGIA TN'ET1TUTE OF_TECIANOLOGY

Finally I would like to make a few remarks about the early stac!os of the

development of the curriculum in information science at the George. Tn-tlitute

of Tochnelogy. This star ed in the early X960s when here was very little else

to draw up . Wo held two largeConferences at'which we brought inform.lation

science specialists to the cempus to discuss curriculum de elopment. Also,

thoso of us attempting to develop the curriculum made many visiLs to different

institutions which were carrying out different parts of what might be an infor-

mation science curriculum. At the visited institutions we would spend a great

deal of time picking the brains of the e:-:perts at that place. Our local Georgia

Tech Co=ittee was also amplified by meimbers from other universities some on

a continuous basis and othcL s on an occasional basis. From the ideas obtai ed

from these sou ccs, as well as working closely with the appropriate depart-

ments at Georgia Tech we come up with -tJe first curriculum in information

science there at Georgia Tech. Even at this time there was q very difficult

problcm of ma%ing suro you did not infringe upen tho areas of other departments.

As an exampl vividly remember discusz;-ions about artirieial intelligence with

the psychology clop 1_ fhere were also discussions yith the nathiefllatcS

department who hzid _riginally initiated some beg-innini; Courses in programm
-

which posed a'l hJ- n on eoor 'this typo of course and its extension.



Fortunately t1.2re was no Library School at Georgia Tech, so there was no

problem in this area.

Curriculum (hovel pment has been a challenge for years and will continue

to be a challenge. It will require tireless efforts on the part of not only

of us at this Conference but many others as well. It is well-known to

all of Us that the only stable tIiing in our society is that it is constantly

changing.. This is certainly true of curriculum. C
3
S is continuing its

efforts ac I have indi ated to you earlier. -While its early efforts were

devoted to the undergradiate program, it 'is now attempting to work in the

'gradu,t area. It han some hopes of financial sup1port in this area and

alm st no hope of financial support in the undergraduate area. The scar ity

of possible grant funds will only add to our difficulties in currieulUm de-

velopmtnt e must not be discourage however by this possible lack of funds.

I feel very strongly that the type of curriculum discussions being undertaken

at this Conference should elearlY be pursu d. I have been an advocate of a

broad base for informa-'on science development for many years and I

reason for changing this position. I hope that this Conference and the ideas

that eome from it will move us closer to this broader base which so many of

us feel is necessary. It is clear to me however that this is an e\'Oil more

difficult task than that undertaken by C3S in its d_eveloPment of computer

science curriculum. Thi.s dccs not in nnv sense however minimize the impor-

tance of this challenge to build better information scienc. curri culum.
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A mULTI-MEDIA AFFROACH TO TEACHING THE USE OF INDEXES'

Gerald Jahoda
School.of Library Science
Florida State University

AB TRACT

Instructional materials prepared for teaching the use of

indexes are a programmed text, taped lectures accompanied 5y

sample indexes, and a demonstration searched

index. Sample indexes searched by the student are a printed

coordinate inde, an optional coincidence coordinate index, a

coordinate index on edge-notched punched cards, an on-line

searched coordinate index, and a key-word-in-context index.

A

The material is used in a three-weeks segment of an introductory

information science course.- The development and use of the

material are discussed.

Introducti n

This paper will discuss the development and content of a

three-weeks segment on indexes in an introductory information

science course. The educatio al objectives, factors that led

to the development of the instructional materials, -a description

of the materials, and comments on their use will be covered.

There are antecedents to this'project. The following reports

of- work in which classroom lectures were supplemented or replaced

by other methods of instruction stimulated our work along these

lines: the summary of the literature to 1967 on new instructional

aids for teaching library science by Wendt including his own work



with programmed instruction for teaching the use of library

materials to college freshmen (1). Datty's use of several

types of indexes to small collections of documents as an aid in

teaching (2), the work of the University of California's Tnsti.tute

of Library Research With computer-aided instruction for teaching

associative retrieval and subject cataloging (3), and Caruso's

use of computeraided instruction for teaching the principles

of file searching (4).

To set the stage will begin with a few words about the

introductory information science course that contains the unit

of indexes. The course, referred to from now on as LIS 586, is

a three quarter hour required course for master's stud nts in

library science at Florida State University. The course is

offered every quarter (four times a year) and has a typical

enrollment of 30 to 50 students per quarter. One-third of.the

course (about three weeks) is devoted to systems studies in

libraries, one-third to equipment used in libraries,.and the

remaining third to indexes. Students interested in learning

more about indexes may select another course, Abstracting and

Indexing, after completiOn'of LIS 586. In the abstracting and

indexing course, unlike in LIS 586, the emphasis is on the

preparation and evaluation of abstracts and indexes.

Educational objectives

The educational objectivea of the sectionu on indexes in LIS

586, stated in general terms, are to iribrease the student'

proficiency in the use of indexes. All of our graduates are



likely to make extensive use of indexes to document collections,

to data collections, and to records needed _in operating a library.

7,eference librarians will not Only uSe such indexes, but also

teach others hew to use them. Some librarians maY also have to

prepare indexes, but this soction of the course is not intended

-to teach the required
.

skills since the emphasis is on'the use

specific educationalrathn-r than the preparation of indexes. 'More

objectives are listed in Table 1.

TABLE 1. EDUCATIONAL OBJECTIVES OF THE INDEX SECTION IN LIS 586

* to become acquainted with steps in index preparation and use

* to learn about types of indexes, components of indexes,
and index variables

* to gain an under-standing of problems in index design,
re aration, use and evaluation.

At the conclusion of the course,students should be familiar

with the types of indexes mentioned in a later part of this paper.

They should also recognize important index variables such as

elements of vocabulary control and depth of index. In the case

of coordinate indexes, for example, students should be able

to select indexable information from a question, translate

the indexable information into the language of the index with the

aid of a subject authority list, formulate search statements,

manipulate the index apparatus, and make relevance judgements on

documents retrieved. Inability to predict how and how frequently

an index will be'usech bringing the language of the index user

in coincidence with the language of the index, and-the 6 b-

jective nature of relevance judgement are/examples of problems

with indexes with which students should- be acquainted.
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Develo ment of instructional materials

The development of instructional materials was an evolutionary

process. Dissatisfactiou with the presentation of the material

led to modifications, and these modifications were in turn

revised. Thus the original lecture presentation was supplemented

by demonstration of indexes in class. These in turn were revised

and supplemented by classroom exercises in-the use of the subject

authority list and indexes. The multi-media approach described

in this paper represents the latest stage in this process for the

LIS 586 section on indexes. Two Tactors in addition to dis-

,patisfaction with previously used methods and the work of others

cited in the introducti n'stimUlated the development of the multi-

media materials: an oPportunity_ to prepare an on-line searched

coordinate index and the interest on the part of one of our

doctoral students in comparing multi-media with traditional

methods of instruction.

The preparation and use of the on-line searched coordinate

index, called FOCUS,(Florida State University On-line searched

=-Coordinate index Use Studyl-are described in two technical memos

(5,6). FOCUS is an index to over 1800 documents on systems

studies in libraries, equipment used in libraries, and indexes the

toPics dealt With.in LIS 586. FOCUS is searched on°1ine (but

not in real time) on a_ IBM 1500 system located at the University's

Computer-aided Instruction Center. Search statements with

thirty or more descriptors connected with "-nd" and/or "or" and/or

1111 t" logic can be handled by the computer. The c6mputer's

initial response on_the cathode ray tube is the number of

potentially relevant documents that meet the search specificati ns.
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The searcher then has the option of reformulating the sea

statement if either not enough or too many potentially relevant

documents have been selected or he can ask for a display of the

document surrogates. Document surr gates are either full

bibliographic citations or document accession numbers. Another

search option is to search either the entire data base or a

specified portion thereof. The index vocabulary for FOCUS is

controlled via a subject auth rity list which is in printed

form. Other components of the system are an abstract bulletin

in which the indexed documents are listed by docu ent accession

numbers, a computer-printed manually searched coordinate index

in which document accession numbers are posted by terminal digit

and in ascending order on descriptor units, computer-aided instruction

for index preparation and index searching, and a plogrammed

text on index searching. Portions of FOCUS dealing with index

preparation are used only jn the abstracting and indexing course.

One of our doctoral students, Mis8 Drucilla Motley, selected

for her doctoral research the comparison of-the traditional

lecture exercise method with a computer managed multi-media
-

approach for teaching the LIS 586 index section. She characterized

the educational objectives of the section on indexes in terms of

concepts, principles, and problem solving to be learned, and

developed her teaching materials in_ terms of these objectives.

Her instructional "package" consists of computer-aided.instruetion,

a programmed text, a conventIonal text,'slide-tape lectures with

index searching exercises and the instr7uetor serVing as resource

person at small group discussions. Parts of the.instructional
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materials d veloped by Miss .Motley for her dissertation are now

used in LIS 586 on an operational rather than experimonta= basis.

These are the programmed text and three taped lectur /exercises.

The other two taped lecture/exe cises were prepared subsequent to

her work. She found no signigicant difference in pretest to

posttest score gains between the two methods of instruction.

Miss Motley ,has collected a considerable amount of data other

than the pretest/posttest- scores in the course of her study,

data that will be rsported in her doctoral dissertati

Description of instructional materials

The instructional materials not in use are listed in Table 2.

Students are introduced to the section on indexes at a claSsroom

-lecture. At that time the objectives of the course segment are

terms are defined, steps in index preparation and searching

are discussed,- and a handbook is given to each student. The hand-

book gives directions and necessary instructions for the individualized

lessons and the on-line searched coordinate index .d6monstration.

The handbook also contains a list of readings to be done before

the individualized lessonsiand handouts t_'be used _with some of

the lessons; For example, illustrations of the mechanics of

-searching-e-dncitehed card= deckS-'and questions to be searched

are included'for the lesson on edge-notched ipunched cards.

Students begin the indiVidualizedJnstruction-with the two

lessons on topics they need to understand for searching coordinate

dexes: -the subject authority listt and search-logic. These two

lessons are followed by the four taped lecture/exercises and the

readings on\indexes lessons, which can be selected in any order.
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The demonstration of the -line se

next and is followed by a concluding lecture and an examination.

For the subject authority list taped lecture exerc 'e-lesson, the

student has a copy of the subject authority list in front of him

while he listens to the taped lecture. The lecture covers

reasons for using a subject authority list, its structure, and

component parts. The lectu e directs students to specific

pages of the subject authority list for illustrative examples.

ched coordinate index comes

In the exercise part of the lesson, students axe asked to

translate indexable information into descriptors with the aid of

the subject authority li-t They are then told the corre t

answer and why this is so.

The taped lecture/exerpise on edge-notched cards is accompanied

by a sample deck rof edge-n tched cards and sori:ing needles. The

deck represents a data file, an index to employee characteristics

in a hypothetical company. Ea h employee is given a serial

number and there is one card per employee On this card are are

written and coded the e ployee's characteristics, as examplified

by plade and date of birth, level of education, foreign language

skills, and subject specialization. These characteristics are

_ encoded with either a direct or an indirect code. The taped

lecture covers basics of coding and searching decks of edge-

notched cards, principal yariables, as w-11 as adVantages and

disadvantages of such indexes. The student is instructed to

Conduct severalsearches c5f the deck that i$ in front of him.

Searches illuStrate different logical search,statements, different

types of codes, and false drops. The correct answer for each
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search is given. The tape lecture/exercise on the printed

coordinate ndex uses the computer-printed manually searched

ihdex component of FOCUS mentioned previously. The optical

coincidence index taped lecture exercise is to a sample of documents

indexed in FOCUS. The keyword-in-context index to Lhe literature

n information retrieval and machine translation compiled by Bals

and Stanwood (7) is used with the taped lecture on keyword from,

title indexes. Each of these lessons is similar in content to the

edge-notched card lesson. The mechanics of searching are explained

and the principal variables, advantages, and disadvantages are

discussed. The student is then given practice searches and is told

what documents should have been retrieved. Students are encouraged

to see the instructor whenever they have questions or difficulties

with the material.

Eluting the half hour demonstration of the on-line searched

coordinate index at the Computer-aided Instruction Center, students

are t ught how to sign on at the computer console. Each student

is then asked to conduct three searches of varying complexity.

For the first t o searches the descriptor code and search logic

_are given. For-the third-search the student h-as to use the

subject authority list and select the appropriate logical connectors

If time permits, students can make additional searches on topics

of their own_choice. Execution of the sign-off routine completes

the demonstration.

'Two of the topics, alphabetic subject indexes and citatiCn
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indexes, are covered primarily by readings. The concluding

lecture before the examination deals with index evaluation and is

--a review of material covered. The examination for this segment of.

the course consists of objective questions about the types

indexes and index variables studied and an index search exercise.

For the search exercise, excerpts of the subject-authority list
,

are distributed to the student and he is asked to select indexaple

information fr m a question,translate this indexable information

into descriptors with the aid of the subject authority li t excerpt,

and formulate a search statement.

TABLE 2. INSTRUCTIONAL MATERIALS FOR SECTION ON INDEXES

a. Student handbook

b. Search logic programmed text and other readings

c. Subject authority list taped lecture/exercise and readings

d. Printed coordinate index taped lecture/exerices and readings

Optic 1 coincidenc index taped lecture/exorcise and readings

f. Edge-notched card index taped lecture/exercises and readings

....gKeyword trom title index taped lecture/exercises and readings

h. Alphabetic subject index - readings

programmed text and other readin

On-line searched coOrdinate index - demonstration

n lusi ns

The teaching materials described are now being used for the

-sec nd time on an Operational as contrasted to an experimental basis,

Miss Motleys previously mentioned study and a review of similar



studies by Dubin and Taveggia (8) le d me to believe :_hat learn-

ing will not be improved with the multi-media method, at le,-Ist

not in ways that we can now measure. There is, h_ ever, an indication

that s ud nts prefer the multi-media approach. An opini n study

of the 40 students in the LIS 586 multi-media section on indexes

in the 1971 summer quarter indicated that 34 ouL of 40 students

preferred slightly or greatly the multi-media over the lecture

method. This might be due to several factors. Index use is not

a spectator sport and is p-robably easier to learn by doing. The

multi-media appr a h affords greater flexibility in when and how

tI.e material is used. Thus each student can use the material in

accordance with his schedule rather than a fixed classroom

schedule. This, incidentally, was not considered an advantage

by all students. Some prefer the imposed discipline of the

classroom schedule. Students can a e material at their own

pace and for as many times as desired. The maLerial is available

to review for the examination. The advantage of 1-1e multi-media

approach for the instructor i s that it makes time _.lable for

other :tasks. Time saved on formal lectures miuht he us (=.1 for

discussions with individual students. Whether teachers would

miss live performances before large g oups only time will tell.

Problems with the material described have been minor up to

now.. One tape developed surface noise after about thirty uSes.

We keep a master copy-of yach taped lecture and are able:to _ake

working copies with little effort. The deck of edge-notched _cards

also showed signs of wear after about thirty uses by- inexperienced



n edlers. Cardsavers (gummed paper placed over the damaged

portion of the card edge) solved this particular problem.

The development of tea hing materials is a time- and energy-

consuming process. This suggests the potential benefit of

formalizing th- sharing of such materials among teachers in our

field. Let me therefore propose that we study the desirability.,

feasibility, and mechanism of such sharing. Perhaps some day in

the not too distant future we might have a clearinghouse giving

description and availability of slides, tapes, films, computer-

aided instruction programs, sample indexes, reference questions,

and other teaching materials that we may obtain from each other.

I would like to conclude by acknowledging the contributions

of sveralpeople to the work reported: Dr. 91,un.can N. Hansen,

the Director of the Florida State University Computer-aided

Instruction Center, for both his encouragement and the resources

provided; Mr. Tom McMurchie for coMputer programming; Miss

Drucilla Motley for the programmed Lext and the taped lecture/

exercises on the printed coordinated index and the optical

coincidence index; last, but noL least, Mrs. F rol A. Foos for

her invaluable assistance in all stages of development of FOCUS.
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Introduction

As offered today in educatio al institutions, Information Science

can be a recognized and app oved program in a School of Information

Science, a program or courses within a library school, departments of

computer sciences, engineering or behavioral sciences, or a course
A

within a professional school curriculum. This paper is concerned with

Information Science given as a course within a professional school,

specifically a medical school. The inclusion of Information Science

courses within professional schools is one direction to be considered

in discussions of EducatiOn for Information Science. The position ad-

vanced here is thatjulowledge of Information Science should be dif-

fused as widely as possible by including such courses in-gradUate edu7

cational programs of other disciplines.

This paper is divided into three parts: a ratioxa1e and philosophy

of planning;..one exa ple of planning with th 'construction of a course;

and possible future directions.

Part I.

Rationale

In the past several years, courses in Information Science or

some aspect of documentation have been-given in a' number of univ- si-

ties and continuing educationprograms toibiologists, chemists, and

engineers. Several papers have been written describing the need for
,



and the conduct and evaluat on of such-courses.
1-6

User training has

been recommended and encouraged by such groups as COSATI and the Of-

1
fice of Education

.

7 Yet such courses seem to be the exception rather
/

thantherule.These courses appear to bp offered where there is an

in ividual motivated to plan and conduct such a program or where a pro-
,-

fessional s ciety sponsors such a series. Many of the papers stress
A

the need for such material to be offered but few devote attention to

the philosophical aspects-of planning. What this paper will try to

accomplish is the exploration of some of those philosophical aspects.

It is hoped that this ma erial will stimulate some further discuss;on

on course planning in a "foreige discipline; and'that information

/'
scientists and educators will actively plan courses to be made avail-

able nationally in all university Professional schools.. A missionary

goal, perhaps, but certainly one to be considered seriously.

Why a courSe in Information Science in a professional school?

There are at least three reasons. First, Information Science has had

an impact on the educational and information transfer practice:i o

several professions including'Medicine, and has affected the way

.students and practitioners obtain, usp, and produce information., Sec-
.

ond. the total impact of new technologies makes it logical if not ad-

visable for the students and practitioners to use available tools

and services directly rather than through surrogates such as librarians

or information specialists. Third, to paraphraae-Olemenceau, Infor-
=

mation Science is too iMportant to be left to the information scientists;



should be diffused widely within other educational programs and made

as relevant possible to thosre programs.

Consider the KWIC indexes, the SDI systems, information centers,

and computer retrieval systems, the remote ones such as MEDLARS and

-those with on-site terminals such as AIM TWX. These relatively re-

cent innovations are just a few of the Information Science developments
A

that are available, have been accepted', and are used toddy by a slowly

growing number of people in Medicine and other fields. The ready ac-

cess to information and the changing requirements for publication

(provision of abstracts and keywords with a manuscript) are but a

few of the information handling techniques making an impact on the

engineer, the chemist, the medical student, and the clinician._

The Panel on Education and Training of COSATI
1
and groups of

medical educators have agreed that the available tools and services

are best used direc ly by the practitioners of a profession. These

professionals should know what sources are available, how to use them,

and how to innovate, perhaps in collaboration with an information

scientist to obtain even more useful information retrieval systems

and transfer devices.

The'body of knowledge that is Information Science is not confined

to use in Information Science. It is already a-part of the practice

of and applied to the pioducts.of ether disciplines. Professioflals in

tithe fields, specifically Medicine, are v:_tally concerned w;th the
-

handling of their information. If they do not learn' rinciples and



procedures during their student days, then. they must be re-educated on

the job to perfoiiit some of the functions that relate to the broad spec-

trum of information handling (evaluation, storage, transfer). That is

one of the principal reasons for information Science to be taught in

professional schools. This is not unlike Medicine's position to impart

basic concepts to other programs starting with hygiene in the public

schools, first aid in adult education courses, and reaching to such

f rmal disciplines as biomedical engineering.

So much for the rationale. Assuming one accepts these reasons,

let us move on to some fundamental theories related to the planning

of such a course in a professional school.

When a course in Information Science is planned for inclusion

within the framework of the curriculum of another discipline, what are

some of the considerations?

They include:

1. The comprehensive or global view to identify concepts, purposes,
and functions

A. A description of the host (H ) discipline

Characteristics

a) Organization
b) NeedS and goals
c) PerSonality and cultural attitudes
d) Assessment of information patterns

Educational objectives and specification of terminal be-

havior 8

-

) What changes are to be effected? (IdentIfY desirable
improveMents)
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b) How will this be done?
c) What must ,be taught?
d) What are the expectations of auccess?
e) How will you know when you have taught it?
f) What materials and procedures will work best to teach

whatyou wish to teach?

H. A description of the donor (D) discipline

Characteristics

The array of substantive areas of knowledge and
techniques

The local view

A. The Interface

Substantive areas of D of education l'interest to H

Course emphasis depends on

1) Contexts
2) Objectives
3) Capabilities

(a) Political
(b) Practical

2) Organizational choices; orientation by

a) Form of the material to be'taught
b) Needs of the user groups
c) Types of approach (conceptual, empirical, procedural,

stimulatory,9 design and analysis, policy)

3. Construction of a prototype to test scope., direction, and form
within a specific environment

-'Interpretation of use of prototype

5. Synthesis of information gained from prototype; iterative test
process

All of the preceding will be examined here, but the pri ary focus will

be on the theory of the envir ,Lental.

The examples for all speculation and, recommendationWill come from



a course that was planned, developed, offered, and given. This course,

informazion and Communication, was accepted as an elective In the cur-

riculum of The Johns Hopkins University School of Medicine..1
0
Medical

students who took the course for credit attended lectures and tutorial

sessions. 'All interested members of the biomedical professlonS were

welcome to attend the lectures. All participants, students who en-

rolled in the course as well as people who attended lecture's only,

evaluated the program immediately after the last lecture; the impact

of the course on all participants was investigated one year later.

Evidence indicates that many of the course objectives were achieyed-;

Though the paper refers to a medical school environment, the principles_-

offered here should be applicable to other environments.

A Phig_annin

Because Medicine lives intimately with information and because

part of-Information Science teachesjlow.that inti acy can be achieved

most effectively and enduringly, we.should see how to engage the two

disciplines. The engagement process is one way to look at the funda-

Mental problems that affect the orientation -f an Information Science
_

education program when it is offered within the framework of another

discipline.

Environmental Considerations: Two Views

To de elop a course in information Science within the field of

Medicine it is useful to have a clear conception of what Medicine is



and what Information Science is and where the interface is located.

This would be true in any similar situation no matter what the dis-

ciplines. Because both Medicine and Information Science are in a

dynamic stage of development, it is necessary to be aware of needs

present and future, to generate ideas of how to meet these need.s-5--

and to continually refine
--

short and long-term-objectives and goals.
A

In anition, it is usefulto-Tevelop a p'rototype or model to test the

_---d-i-rection, and form of the material within a specific context.

Let's look at the environe:ental relationship two ways: compre-

hensi- ely in terms of -oncepts, purposes, and func ons; and locally

in terms of schemes, means, and tools for solving specific problems.

The comprehensive view attempts to display the broad character-

istics of a field and its interfaces and relationships with other

fields. The loOal view concentrates on the inner structure of the

field. To cite an example: on the _comprehensive level an interaction

exists between Medicine and Urban Planning, Medicine and Economics,

Medicine and Statistics. This interaction js a global one concerned

with relationships and classes of problems that these relationships

11

invite. At the local level, in contrast, each is concerned with the

kinds of knowledge, problems, and activities that exis,t within the

discipline as well as the working relations between them.

The Comprehensive View.--In the musical "Music Man", the one con-

dition for success was "You gotta know £he territory." This isa

very basic, very important consideration: to successfully transplant a



course in Informatior Science to another environment, it is necessary

to know the territory. To 'put this on an abstract level, in any bi-

disciplinary activity where mart - discipline D such as Informa-

tion Science is introd ced into the curriculum of a traditio al or

well-established field such as Medicine (discipline H), it is of prime

importance to understand certain basic fundamen .1s and operations

about that environment. Among them are 1) the organization of disci-

pline=H (the host or subsuming discipline), 2) the needs and goals of

that discipline, and 3) the personality of the field as shown by the

students, graduates,

Of discipline D (donor) it'is also obligatory to know the compre-

hensive view. What are the present needs of Medicine (discipline H)

that can be met by Information Science (discipline D)? What ather

. new areas in Information Science that can help solve some of the as

yet generally unrecognized problems in Medicine? What is feasible to

introduce and incorporate in Medicine's practice? What is a useful

technique but not yet feasible to introduce?

Why does discipline H need discipline D? That need must exist or

there is no reason for the engagement of D to H. If it does not exist,

students in H will consider the material of'D non-relevant and not

worthy of their time or attention and will reject the transplant

As we have stated,'Medicine is a discipline clearly wedded to-in-

formation. Such information is generated by basic researchers, clinical

yestigators, and health planners. Patient information is stored in



the medical record, and, in addition to being used in the care of the

patient is used for the education of the student at all levels: under-
,

graduate, graduate, continuing education. In addition, tbere is a strong

analytical and synthetic orientation in the handling of this information.

Students,_educators, practioners, and researchers examine, interpret,

compact, and combine it to provide new information.

In the recent_past, Medicine has been a formally organized field

structured according to discipline such basic sciences as anatomy,

physiblogy, and biochemistry,a d such clinical sciences as medicine,

surgery, pediatrics, and plYchiatry), and arran ed h erarc ically by

the participants' levels of competence (students house staff,'general-

ists, post-graduates, and specialists). It is oriented three ways:

patient care, education, research. For its practice it requires hos-

-
pitals, laboratories, records. Its literature is vast, and the new

amount of information being published is prodigious.

How might the field change o -? Next year? Five years from

now? The block curriculum in medical schools is being replaced by an

open, more flexible, and more complex curriculum whi h is leading to a

more indivi.dually tailored rse for each medical student.
7

Success

with such a program can be realized only if students have at their dis-

posal methods which give to each student access to that infoimation

he needs. Techniques fpr transmitting the available k owledge and for

devising new communication methods to allow students to acquire skills

independently are mandatory. Students wiLl also have to acquire



familiarity _ith those techniques th h which effective continuous self-

learning must occur. The relation of the rapidly increasing amount of

information to the necessity that each physician acquire the ability to

keep himself up-to-date has been stressed often. More extensive appli-

cation of educational and communication technology early in the course

of medical education is not required tomorrow but today. The Information

Science taught to the medic l student today must include making him know

about and use such,devices as AlM/TWX (Abridged Index.Medicus) and com-

puters; must offer him principles of systems design for organizing and

maintaining his oWn files and integrating these where possible with the

developing biomedital communication networks. The day -ill coffie that

the physician actually records his data and plans the treatments

the very communication tools he uses will have built intthem the pare-

meters of guidance and the currency of information hp needs to define

and solve problems
12

It is n-t a mere dreaM to expect that data col-

le-_ion sites, neighborhood health centers, and specialized health cen-

ters will be joined by a computerized record system so that in no area

of the country would a patient's problem be dealt with in ignorance.

The field of Medicine is characterized by intelligent, busy people

working almost constantly amid stresses and strains -- their own busy

schedules, the problems of the people they seek to care for, the con-

st aints of.the social 'system, the burgeoning amount of published infor-

mation in all facets of their work, and the cha,ging practice of medi-
.

eine. Busy people want information quickly, succinctly, and with no
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nonsense. Such information must be relevant and useful, valid and

workable. They come to lectures not to be amused but to learn so that

they might perform their own duties more efficiently.

The Local Vie --While the comprehensive vie- Ibbks broadly at

phenomena and concepts, the local view is concerned with the ways and

means 'iscipline D can solve particular problms in discipline R. In

our example, Medicine's needs, types of performance, and objectives

which were obtained from the comprehensive view helped select those

specifics that went into planning the Information Science course for

Medicine.

The choice of which'specifics to incl de and for whom and when an-,

how to include them are the responsibility of the people planning the

program: the Information Science teacher, members of the medical faculty,

and the students. The Information Science specialist should draw on

his experience with discipline 1-land, in light of the needs of the

field, examine the spectrum of Information Science to determine which

'aspects to include.

AS1S has defined information science as being concerned with the

generation, collection, organi.2ation, interpretation, storage, re-

trieval dissemination, transfo lation, and use of information.
13

As

we have seen, people in Medicine participate in the information spectrum

from the generation of information through its colle tion, interpretation,

and use, and its subsequent storage and retrieval to the preparation and

publication of papers. In our course all these aspects of Informat on
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Science were included.

Politic 1 Considerations

In addition to the previous considertions, the views of indi-

vidual faculty members are important factors in the acceptance of a

new educational program. Certain faculty members are always more eager

to emb ace ne ideas than others. The planner of a program of.Infor-

mation Science in Medicine -- or any D discipline to be offered in H --

should seek out the "willing to listen" faculty and use this resource

fully.

In a medical school the fac lty and students are critical of any

material not directly concerned with-the core medical program. There

is stiff competition among departments who are vying for time to get

their courses into the curriculum or to obtain additional hours. -The

curriculum committee must be_convinced of the value of the course. The

content of the course thus must be relevant. Also, the presentation

must be professional and medical in example.

The host faculty should cooperate in the selection of the actual

content of the program and wherever possible, should participate in the'

presentation of lectures pr workshops. In a survey of university in-

struction in the use of the chemical literature in universities in

Europe, Bottle
3

reported that European practice differs from that in

the United States in thb almost complete lack of participation in the

courses by librarians. He states that "the literature exists for using,
-

and, as there will be more chemists using it than librarians conserving
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it is pe ps unfortunate when chemistry students are not given most

of the course by c ts with considerable knowledge of the literature,

but are taught entirely by librarians with considerable literature know-

ledge but little or no experience in practicing chemistry." Yet Wyatt

and Bo le
6
suggested that information scientists should conduct such

courses.

Students, of ceurse, also have a role. They have displayed an

increasing concern and involvement in the educational process that

serves them. The results of a periodic assessment of their needs and

their reaction to an educational program should be reflected in the de-

velopment of any Information Science course.

Implications for Course Planning.--In view of the previous material

we may conclude that it is usefULto distinguish between two types of,

activities that are needed in planning a course on -Information Science

in Medicine: 1) activities conce ned with design principles in planning

the course, and 2) activities concerned with the _details of what is

actually taught.

In planning a course in any field one should organize and arrange

the significant knewledge and map this knowledge into a network of in-

ter-related study activities.
11

There is no one method: lecture se-

quence and content can he arranged, in different ways. A descr ption

of a,course can be partitioned variously. The partitions that we

adopted in our course at Johns Hopkins traced the substructures of

information handling from locating information to evaluating what was



found to using r writing and finally to.storing it for retrieval.

Anotherarrangemen .might have b en to start with a system study of the

field, then discuss the generation of information and its publication,

sources f-- and evaluation -of information and so forth.

Part II.

_The Construction and Test of a Prototype_

We believed there was a need for a course in Information Science in

Medicine. Before we constrdeted the course content and form, we analyzed

and .characterized the .concepts, purposes, _td functions common to the

host discipline. The purpose and objectives of the course, the plan

of the content, and the sequence in which it would be offered were laid

out. We discussed this preliminary program with faculty, deans, prac-

tieing physicians, earchers, and librarians. The people we talked

with liked the plan and suggested one more topic 'for a lecture Chat we

had no. considered. That addition was a session on questionnaire de-

sign its influence on eliciting and compiling informatio This

final course design was proposed to the curriculum committee and approved.

It was planned as a lecture series with tutorial sessions.

The 'course was intended primarily for first year -edical students.

//These students generally have a ariety of backgrounds: biology, chemistry,

physics, engineoring, llhavioral sciences, and more, and usually have had

no information science courses.

The ourse as offered was thus the combined thinking of people- in
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discipline H and discipline D. The progr e_lected the needs of today

and introduced some concepts on tim planning board for tomorrow. The

latter described new systems emerging and developing. One year jater,

one of those systems, ATM TUX, is here viable and fast developing.

As Offered- the course-lOoked like this:

Course Purpose:

Provide information on

1. Conventional and nonconventional sources of biomedical
information

2. their use

3. methods for evaluating the literature

4. principles for scientific writing

5. techniques for organizing information for
personal files

Objectives:

At the end of the series participants should better understand

1. the varlet). ' loal and national sources available
to them

2. -how to use these sources for gathering itformat on

3. how to look at the literature critically

4. how crucial a questionnaire form is to eliciting and
compiling information

5. how to organize and present material in papers for
presentation or publication

*

6. how to set up and maintain personal files for storage
and retrieval of Collected information

_

5



Plan:

10 one-hour seminars

guest lecture-s

Lecture Schedule:

Introduction to Information Handling

Search Strategy for Specific Problems

Seareh_Strategy for Current Information

Credibility of the Infoiration

Questionnaire Design: Its Influe ee on Eliciting and
Compiling Information

Scientific Writing

Personal Index Files: The Intellectual Organization nf the
Material (Software)

Personal Index Files: Equipment and Procedures Hardware

Systems Design

New and Emergin- Biomedical InforMation Services

When the course was over and the questionnaires evaluating the pro-

gram were received, we learned that the IntrodUctory Session which had

been planned to give the rationale for the cour e was superfluous. Much

careful planning and rehearsal preceded this seSsion. It was introduced

by the'Dean for Student Affairs; it was condueted by one medical student,

one house officer (a resident) and one faculty member to explain their

needs and uses of information. Several students recommended in their

questionnaire replies that this session-be omitted. Herner
1
had a

somewhat similar experience in giving a course to engineers and scientists.
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The participants in our course wished to begin to learn the specifics

immediately. However, if such a session had not been included, perhaps

the attendees would have pointed to the omission. The principle here

seems to be that even when you have the local authorities advise you,

you may go astray. On the whole, though, the local authorities are im-

portant and should be consulted f ntly in planning such a course.

When intro uce into a "foreign" curriculum, a course in Tnformation

Science should be as flexible and as varied as possible to meet the

needs of that discipline as broadly as possible. We tried to follow

this approach by announcing to graduate students, faculty, administra-

tors, and nurses that all interested mcmbers of the biomedical pro-

fessions we 0 welcome to attend the lectures.

Practical

A few practical suggestions are offered here for those with pioneer

spirit, guts, humor, and determination who might wish to un take a

similar program of introducing a course in Info Lion Science into

-another discipline. These suggestions- ight be reminiscent of a sys

tems design all pr oa -ch

1. Know your field (InfoL-mation Seie:Ice ) and the field to which you

are introducing it.

2. Crystallize and verbalize what it is you wish to do.. Write the

course purpose and objectives.

3. _Analyze all phases of the system. Unow the users (the students),

their existing knowledge of Infor ation Science, their needs for
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such information in _,chool and beyond the changing needs of the

field, and the changing tools in the field. Learn the procedures

in your unive-sity that are necessary to follow to offer the course.

.Decide what options and facilities are involved(time of year, time

of day, length of course, lecture room, lecturers, etc.)

4. List the topic options. One way is to start with the output re-'

quirements (the objectives) and determine yhat topics and procedures

are necessary for attaining that goal. Another way is to determine -

what resources are available and what is required to reach the ob-

jective:. Output requirements can be deterthined by asking a sample,

of students what they think they need. Input data can be determined

by surveying needs and preparing a list of these needs. .Again,

know the territory; ask, read, use your intuition Ask yourself

what your students will do with the info -ation you give them --

reject it? or consider it interes in or use it and reuse it?

Formulate problems f tudents and co -ider how they would solve

theM-. That will Øffer other ideas of what to incorporate in the

program.

6. Determine the form the course should take. Determine what is al-

ready done in the school and the library to achieve the objective

you established. Determine the amount of possible duplication with

other sources or programs.

Prepare a time-table: to organize th-e course. Include time for

talking with users, librarians, faculty, students, clinicians, and
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researchers regardinL content and form, and for problem definition

(scope and depth of subject to be covered).

Match user requirements with th plan of the topics.

9. Design and synthesize the topics, method , and facilities needed

to fill the requirements.

10. Estimate costs- (material to be distributed, honoraria, if any, for

lecturers, room rental, projectionist announcements, etc.)

11. Check with the Administration to see if everything planned is ac-

ceptable.

12. Pray for luck.

Part III.

Directions for the Future

We have seen that a number of disciplines sporadically offer courses

in Tnformation Science to their students. We have examined a philosophy

and a procedure for course planning to aid in the construction and de-

velopment of such courses. Where do we go from here?

Assuming there is a need for knowledge of Information Science in

other disciplines, several types of questions come to mind. What meohan-

isms are there for providing Information Science guidance and expertise

to those schools that wish to offer such courses but have no motivated

and capable instructors on their staffs? Assuming there is a motivated
fr

individual on the local scene, what guarantee is there that a "core"

course would bn offered that would be similar to a course offered in

another school? As Taylor
14

arned in connection with Information



Science ...the role of infor_ ion is too important and our resou es

too limited tn allow haphazard and profligate educational schemes to

develop." At what point, if ever, should there be standardization of

mate__ 1? At what level of instruction should the course be offered?

Should it be an elective or should it be required? Who should be re-

sponsible for the course: should it be offered as an independent ac-

tivity through whatever department is willing t- sponsor it? should the

material be integrated within the structure -f another course concerned

with the subject matter of that discipline? should the material be

made available in an audio-visual or multi-media presentation within an

independent learning situation? should preceptors be "recruited" to

teach the students on an indiVidual basis much as a student. research

project is handleU? The decision of whIch route to select is probably

a matter of climate and practicability. The decision of which topics to

include should probably rest with the professionals of the host dis-

cipline except to a limited extent, since several reports have shown.

that the/n eds of the students and practitioners span most of the infor-

mation and communication spectrum although not in depth.

I suggest several directions for active consideration and considered

action 1) the formation of a group under the direction of such com-

mittees as the Education Committee or Committee on Inter-Society Coopera-

tion of ASIS to exploresthe interests of the medical or other profes-

sions in the establishment of a "cor " program. The SATCQM Report, Re-

commendation B8 states:
15

"As experience in the operatic of need-group
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information services develops, a. suitable orgL iration, perhaps the

American Society for Information Science, should sock support as re-

quired. -for a program that...will advance know-how and general nder-

standing of the design and operation of such services"; 2) Assuming

interest and progress, a suitable group, probably in the host disci-

pline, should recommend such a program to couutiittees of professional,

groups for approVal and recommendation to each school; 3) the publica-

tion of papers about Information Scieace in the professional journals

the discipline such as the Journal of Medical Educati r-11 t-

pose is to inform the teachers and adminis rators of medical and other

schools Of information and communication developments and how they af

fect the current practice and teaching of medicine and what is needed

to keep students aware and participating; 4) urging directors of con-

tinuing education programs to include Information Science in their pro-

grams; and, perhaps in time, 5) the establishment in medical schools of

.departments of Info mation Science or Information and Co_ nnication to

develop and teach such courses and tO conduct research.

RmrTaly and Conclusions

The rationale for including a course in Information Science within

the professional program of another discipline includes 1) a considera-

tion of the current impact of Infolmation Science on that discipline;

2) the role of the professional in that discipline in the infoltation

handling of that discipline; and 3) the importance of the diffusion of

informat.ion that is Information Science4 Two _nvironmental views are
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described as fundamental consid -ations in course planning; the compre-

hensive and the local view of the profession into which Information Sci-

ence is being introduced as well as of Information Science itself. Re-

ference to construction of a prototype is included. The course "In or-

mation and Communication" given at The Johns Hopkins University School

of lledicine provides an example of the philosophy and planning described.

Conclusions drawn from planning and giving such.a course follow.

In introducing a course on Information Science to a medical school -- ar

to any other discipline

1. Know that other field; know you can justify offering such a

course, and know reasons for growth of the field in the past,

and present and future trends.

2. Outline the objectives.

3. Discuss the subject and orientation and content with the faculty

f that discipline.

4. Plan the structure and details of the course and keep the ex-

amples within that discipline.

5. Evaluate the cOUrse immediately after its conclusion and six

. months or one year later.

6. Invest in the course the next time you Offer it the information

learned from the evaluation.

7. Determine how frequently and to which group the course should

be offered;



P__ts_cr and Prescription

An important part of educational planning is to examine continually

the existing framework and content -f a course with a mind always open

to changing this complex so that it will better reflect the current

structure and needs of the field. Educational programs are like mo-

saics. They consist of pieces of information and knowledge. As new'

information is gleaned, as knowledge grows, one piece or one mosaic is

replaced by another. The-pattern changes, The process is one of con-

stant comprehensive and _redistributed fragmentation.
16

Wile her yoU

plat educational programs for Information Science within Information

Science or for another discipline, be aN:Jare of arA willing to make

these shifts.
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Curriculum Development for a Broad Educational Pro ram in Information Science

by

M. C. Yovits and R. F. Mathis
Department of Computer and Information Science

The Ohio State University
Columbus; Ohio 43210

ABSTR'ACT

Informati n science is defined in precise-and analytical terms. Information is

defined as data of value in decision making. This definition leads to a de rip-

tive model of a generalized information system of virtually universal applicability.

This philosophy and model are used to establish curriculum objectives and goals

for a broad program in computer and information science. The objectives of this

program are described and specific curricula are given. These progra s now

exist in the Department of Computer and Information Science at The Ohio State

University. These curricula describe both graduate and undergraduate programs.

Further descriptive detailed information concering the activities of the Department.

of Computer and Information Science arid other activities on The Ohio State

University Campus are presented. A number of experiences from the program are

given.

*This research was _sponsored in part by the National Science Foundation through
Grant GN 534 from the Office .of Science Information Service 1:6 the Computer and
Information Scienbe Research Center, The Ohio State University.
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Curriculum Development for a Broad Education-I Program in Information Scion

by

M. C. Yovits and R. F. Mathis
Department of Computer and Information Science

The Ohio State University
Columbus, Ohio 43210

The first step naturally In designing any part of a ducational system is the

setting of goals and objectives and the consequent specification of subject rriatter.

Therefore, before any curriculum in imormation s Ince can b ationally developed,

there Should be a reasonable definition and understanding of what the field is and

what it consists of. Although various attempts have been made by a number of

people to define information science in the past, none of thr-ce definitions has the

'breadth and the precision necessary to enable the development of an educational

program.

In the Department of Compuier and Inform tion Science at The Ohio State

UniverSity, we consider information science to be a broad dis ipline concerned

with the generalized study of information flow. Information is defined as data

value indecision makin and a "generalized infor ation system" of virtually

universaj appliCability is accordingly established, We then define computer

and information science to be the study of information processing and information

flow in this generalized system. These definitions. have been used by the

*This research was sp nsored in part by the National Science Foundation through
Grant GN 534 from the Office of,Science informatioh Service to the Computer and
Information Science Research Center, The Ohio State University.

1- This is a summary of a broader and more detailed paper currently in preparation.



authors in other papers (.1 (3), and are briefly summarized later in this paper.

The priniary purposes of this particular paper are to gener te guidelines for the

development of an educational curriculum beginning from these principles and to

describe how these principles and guid-1 nes have influenced the develooment of

our curriculum in Computer and Information Science at The Ohio State Univ rsity.

Introduction and Basic Definitions

Science is an often used, and frequently imprecisely used, word which has

generally lost the specific meaning it once had. Now almost any subject matter

area maybe called a science e.g military science, management science,

transportation science, etc. If information science is to be a true scientific

dLscloline, it must satiSfy certain necessary conditions. There must of course be
-

a distingui hable and unified body-of knowledge. There must as well be some

general methods and fundamental eonC-e-Pts which can be applied in most situations.

It must be possible to establish and define rigorously the fundamental quantities

involved. These quantities should be measurable and capable of a quantification

which relates them. There must also be a general theoretical model which serves

as a foundation fOr the science and for determining_ the range of appli ability of

the science.

We ha e attempted to formulate a general theoretical f undation for information

science in terms of a model for a generalized information system. Although this

model was first developed to describe a military command and control situation (1),

__it was soon.recognized that this model is much more general arid highly descriptive
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and has virtually universal applicability as well. This model covers all aspects

of information including its generation, collo tion, ci i\cati n, transmission,

d utPization. Most importantly it allows us to d fine information, to define

other important quantities, and to develop.general relationship/r lating to the

flow of information. It is appropriate at this time to describe the model very

briefly.

This model has four main subdivisions i-eferred to as functions. These-are

Information Acquisition and Dissemination (IAD), Decision Making (DM), Execution

(E) anc' Transformation (T). Inasmuch as the central function of any system of this

type is decision making we considerthis to be most important. Information must

be used for something. Information is seen to be used in making decisions and

is seen to be the only resource available to the decision maker. Data or know-

ledge are collected, experiments developed, research undertaken, and data

evaluated, so that when it is time to make a decision there will be adequate

facts and information available to the decision ,maker. Of the data available to

him, the decision maker of course uses only a portion. That port Jn is what we

define as information. Information is d ta of value in_deeision making. The

specific model used is shown in Figure 1_

The result of the decision making process is some course of action. Thus DM

is a function mapping inf rmation into courses of action. This process may be

realized in a number of different ways, with or without human involVement. The

course of a tion is then an input to the Execution function (E). _This function



executes the courses of action as decided on by the decision maker and generates

observable actions. These observables are physical actions which can be

observed and measured by their interaction with the environment. These observa-

bles are not data or information but they are capable of b ing tr n formed into

data. Thus E is a function'which maps cou ses of action into observable actions.
A

These observables are transformed into data by the Transformati n function (T).

Environment..

if

Information
Acquisition
and
Dissemination

(IAD)

Da a

Information Course o
Action

Transformation
(T)

Environm2nt

Execution
(E)

Figure I Generalized information syst m

Observables

How is th-- information selected from the dataT This is the responsibility of

the information Pcquisition and Dissemination function (IAD). Data are collected,

organi.z.ed, and stored bY the IAD until such time as they may be useful to th DM.

The IAD is frequently referred to as an "information system". Although it is of

couese a systemsit is actually only a part

141

f a much larger system. The IAD



collects data from within the system (the output of the T function) and from the

external environment whicn is outside the syst m. Ihe IAD also collects basic

data such as references, tables, books, reports, and theories from other sources.

The IAD then stores a data base. The IAD-operates on this data base by

restructuring, filtering, weighing, analyzing ordering, relating predicting, and

displaying. The IAD disseminates data for use by-the DM. Infor ation then is

that data used by the DM; so the roles of the IAD and BM must interface in

determining what data are information.

We defined information as data of value in decision making. The smallest

measurable change in th-d amount of information available to the DM is that amount

whi h produces a measurable change in the observable actions. This smallest

measurable amount of change in information is an important fundamental (although

relative) quantity. It is relative depending on the situation under consicleration,

but it does give us a way of evaluating the effe tiveness of the IAD and oes define

a measurable unit of information. For want of a better term, we call this an

"informon

This model has many applications and deScribes virtually all situations where

inforMation is used --it has been used to describe computer systems, management

decision making, production control, scienee information and education systems

among other applications. We may use it as a means of relating the various

applications Of inform ion sciepce to one another% Librarianship we believe to

be-one of these applications.



In d aling with infor ation science there is quite often a basic lack of

differentiation between the science itself and its applications. An analogy might

be the relationship between physics and the various branches of engineering.

Physics is true science dealing pri -arily with the study of energy in its various

forms. Engineering is the application of that science fo the solution of practical

problems. Information scfence then may be said to be the study of information in

its variois forms. Library science, management soien e, and computer science
.may be considered to be some of the applications of information science . Although

at this stage these terms are generally used with a lack of precision.

Computer and information science, like mathematics, is clearly very widely

applicable. There is an increasing use of mathematics for describing methods in

many other fields. Departments of psychology, business administration, and

engineering, for example, frequently teach many cou s in applied mathematics.

The same thing may a _d probably will happen to information science. Cornputers

and the methods of information handling can be applied in virtuallY every subject

matter area and every department in a university.

Broad Curriculum Develo ment

The utilization of information in different Subje matter areas or in, solving

particular tyPe problerns has -been developed largely in an ad hoc way. Methods

and techniques have b n developed. They, however, are specific to the

situation and hve little capability for,g fieralization. When a new problem

arises the.exis ng methods are eith/er unknown or gneral1y unapplicable.
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A large part of the present body of knowledge associated with information science

deals mainly with these kinds of situat ons. It isôur expectation th t ba ic

theories and conceptual relation hips of general applicability will be obtained.

A considerable h off: devoted to this activity.

In organizing our Department of Computer and Information Science at The Ohio

State University we have deliberately brought together a faculty, a'number of whom

have diverse backgrou ds, so that collectively we can be familiar with the

various ways information is used in different disciplines. In our Curriculum wp

try to give the students an understanding of the theoretical foundations of informa-

tion science as well as experience with various m-thods of dealing with information.

This leads us to a v ry broad program which intei-faces with a number of different

departments in the University.

Our cur i ulum is built around a core program. of courses from our Department

and a small number of related courses chosen from other departments. The.choice,
of which topics should be covered by other departme t' nd: which new courses

should be offered within our own Department was a major practical problem in

the devel p ent of 'our curri ulum. Too many new programs in this-field tend to

be developed by putting together a list of existing courses in various departments

and calling that an infor ation science program. The students may indeed learn

a number of ;ractical ways of handling information, but these will be particular

and specialized to the subject or type of information. Students in that kind of

program will lack an understanding of the unifying basis of inf
\

mation s ience.



We have tried to develop a program which teaches the variois techniques

currently in usz,, as well as to connect them in a unified fr,Ishion.

Accordingly, a major objective of the program is to provide students with a

broad education n particular methods used in handling information and also to

point them toward unifying theoretical concepts. The content, methods, and

applicability of information science are of course constantly ch ng ng. The very

rapid gr -wth in the amL ant of.knowledge and the Incre ing Use of various a d

more sopi-Osticated m chanized means of handling information have made it

necessary for the information scientist constantly to increa e the efficiency of his

methods. We believe it is necessary to give our students a good fundamental

background so they will be able to cope with the rapidly growing and changing

field of information science.

This bread educational program including practical exper ence with some of

today's most advan ed informa ion processing systems, makes our graduates

more employable, which is an imp rtant factor in today's market. This is naturally

a most important point. Over the past few years we have averaged about 40

Master of Science graduates per year as well as a large number of Bachelor's

deyrees divided among our va.fious programs. Our graduates by virtue of their

broad and yet reasonably practical background have been hired for many different

positions by a large number of different.organizations. They tNork tor exa ple in
places Chemical Abstracts IService, Battelle Memorial Institute, International

B sin ss Machines, Control Data Corporation, pigital EquipmentiCorporation,



various -is companies, engineering organizations, and software organiza-

tions. Some ae working on library type,problems -'ther directly in libraries or

through organizations like the Ohio College Library Center or the Me hanized

Information Center on The Ohio State University campus.

A broad education makes it possible for people to develop their interests in
A

a flexible way so that they are able to move along with changes in technology.

It has b en abundantly clear over the last two decades that technically trained

people must change their interests and capabilities rapidly. Very few of us who

went to school more than five or ten years ago are doing what we were specifically

educated to do in the university. It is the basic concepts that stand us in good-

stead over the years, not the specific training although it is the specific training

which assists in obtaing the first position. In other words, we hope that our

students do not become technological dropouts. Conversations with many

potential recruiters have re-inforced this feeling.

Another sound reason for a broad program should also be mentioned. We have

found that many students enter our graduate program with a proconceived notion

of what they plan to do largely because of a limited undergraduate ba kground.

After e.--posure to a number of different possible areas of study in information

science they m y change their interests entirely. For example, many students

co e into the program with a background in mathe atics wishing to learn more

about progra ming computers, since this is really the only background they have

had in the field. They frequently find after the proper exposure that work for



example, in information storage and retrieval or on the computerized ltbrary

circulation system, or information processing in biological systems is

quite int 'esting. This freedom to move easily fi one area into another is

perhaps the most important result of a broad program within a single department

in a university.

The programs of the Department of Co puter and Information Science at Thje
-

Ohio State University emphasize education, research, and the professional

practice and application of cOmputer and informati n science. The Department
0

offers four different.underg _duate dPg ees (engineering, bachelor of.aris,

bach lor of science, and administrative scie ce) and Master of Science (four

separate options) and Ph.D. degrees. The research activities are a central part

of the program and forms an integrated frame o k with the acadernic program.

Undergraduate Pro iga.i_n=

Our undergraduate progra s are built around a core program including courses*

in computer programming, numerical methods, and information storage and retrieval.

There are also a number of required advanced courses in athernatics and.statisti s.
Unde graduate majors are-also expected to develop a competence in some other

area. 13U iness management and engineering seem to be the most popular. Our

undergraduate program although developed independently, roughly includes the

ACM's suggested undergraduate program in computer scienc (4). By vthure of its

*Ohio State is on the quarter system and all cOurse indicated are a quarter in
\ length.



br adth naturally our program has many more options available than the ACM

program and includes con iderably more information science and broad applications

of information science as we have ind c- t d previously.

We have four separate undergraduate programs. Even thbugh the Department of

Computer and Information Science is organizationally housed in the CoMege of

Engine ring, a student has considerable flexibility when choosing computer and

information se' nce as a major since the Department offers undergraduate degree

programs in two other colleges as well as its own. There are four degree programs:

a Bachelor of Science in the College of Engineering, a Bachelor of Science and a

Bachelor of Arts in the College of Mathematics and Physical Sciences, and a

Bachelor of Science in the College of Administrative Science. The particular program

chosen depends on the studrit's interests and career object yes.

The major program for each of the four degrees consists of sequences of courses

both in computex and information science and mathemati s. The programs have

calculus as the base in mathematics and, except for the program in the College of

Administrative Science, each contain a required five course sequence in computer

and information science. This sequence consists of three courses in digital

computer programming, a course in numerical methods and one in information

storage and retrieval. The major is completed with electives from both computer

and information science and mathematics. Since these major programs are very

similar, a student's educational background and interests and his career objec-

tives will help him in choosing a particular program.
C



If a student is interested in obtaining both an education in computer a d

information science and mathematics , and a goner l education in engineering

and science, then he will choose the program in the College of Engineering.

Thus, he is able to develop a core of mathematics, basic science, and engineering

science and at the same time specialize in computer and information science. He

will also have the opportunity to elect a portion of his technical course work in

order to develop his individual interests.

On the other h nd, if a student is business oriented, then he will choose the

degree program Bachelor of Science in Business Administration with a major in

computer and information sc ence. This program is designed to give an education

both in computer and infOrmation science and mathematics and a general education

in the administrative sciences. Its objective is not to make a specialist out of a

student, but rather to enable him to recognize the opportunities to use the computer

and information processes in h s managerial activitIes, to know what to expect,

and to know how to communi at- effectively with computer and information

speCialists so th t computerized projects will be properly handled from a technical,

as well as managerial point of view.

The remain ng two degree programs are in the College a Mathematics and

Physical Sciences of the College of Arts and Sciences and hence, afford more of a

liberal arts education. The Bachelor of Sciences program is designed for the

student who Is primarily interested in obtaining an education in computer and

informati n science and mathematics while the Bachelor of Arts degree is for

9



one interested in both an educat' n in computer and information science and

mathematics and an education in some fi ld related to computer and information

science. Hence, with the former, a student obtains perhaps a somewhat more

technical education in computer and information science while the latter provides

for a somewhat more flexible major program. At the present time we have

approximately 500 undergraduate majors in our various programs.

Curriculum Sumrnar Under raduate Progra s

A recommended program leading to the degree Bachelor of Science in Computer

and Information Sci nce in the College of Engineering consists of 30 hours of

computer and information scie -e, including courses in digital computer programm-

ing numerical mathematics, and information storage and retrieval, 35 hourS of

mathematics, 10 hours of statistics, 15 hours of physics, 11 hours of electrical

engineering 5 hours of biology, 10 hours of psychology, 8 hours of chemi try,

and courses in industrial engineering.

A recommended program leading to the Degree of Bachelor of Science with a

major in computer and information science in the College of Mathematics and

Physical Science consists of 35 hours of computer and information science,

including courses in digital computer programming, numerical mathematics, and

information storage and retrieval, 35 hours of mathematics, 10 hours of statistics

30 hours of natural sciences, and 15 h urs of humanities, and 15 hours of

social science.
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A re - mmended program leading to the Degree of Bachelor of Arts with

major in ----omputer and information science in the College of Mathematics and

Physical Sciences differs from the Bachelor of Science program in that the arts

program requires only 25 hours of mathematics, but includes the requirement for

an advanced sequence of courses in any related field.

--A recommended program leading to the Degree of Bachelor of Science in

Bus ness Administ ation with a major in computer and informat on science in the

College of Administrative Science consists of 26 hours of computer and information

soi nce, including d gital comput r programmina and information storage and

retrieval, 25 hours of mathematics, 10 hours of statistics, 10 hours of

a counting, 33 hours of business organization, 22 hours of economics, and 5 hours

of geography.

Graduate Program

The first year of the graduate program is built around a core while includes

courses on digital computer programming, digital computer organization, human

performan e, fundamentals of information store. ge and retrieval, numerical analysIs,

and concepts of.computer and infor ation science. All graduate students are

*--required totake courses-in-this core. Our graduate program contains four main

are s or options -- information systems, computer systems, numerical analysis,

and a theoretical option. The student specializing in information systems for

example, then will select addW,onal courses from: Modern Methods of Information

Storage and Retrieval, Modeling of Information Systems, Document Handling

1 1



Information Systems Analysis and Synthesis of Information Systems, Theory of

Indexing, Language Processing for Information Storage and Retrieval, Manage-

ment Infor ation Systems, File Structures, and Theory of Inform tion Retrieval.

Besides these regularly scheduled courses. we also offer a number of special

courses on a timely basis depending on particular student and faculty interests.

[In Columbus, Ohio, there are a number of rr-,anizations concerned with informa-

tion pro essing.. Some of these are Chemical Abstracts Service, Battelle Memorial

Institute, Western Electric Corp ration, Bell Laboratories, North American

Rock ell Corporation, and a number of others. Scientists in these organi ations

occassionally teach courses for us or participate in graduate level seminars. The

existence of these organizations and their personnel is an important resource of

which we attempt to take advantage .3

This is an existing graduate program with most of the courses taught on a

regular basis . Currently there are about 70 courses offered by the Department,

15 of which are largely undergraduate with the re ainder being upper level

undergraduate and graduate courses. The Department also teaches separate

sections of two advanced psychology courses, one of which is a requirement of

the graduate program, and the other an elective. In addition to these courses

there are over two hundred courses offered by a variety of departments of the

University which are of interest to our graduate stud nts who are encouraged to

take these courses. At the present time we have about 175 graduate students in

our D partment at various levels. Approximately one ciparter of these are in the
_

information systems area. We expect to graduate 14 Ph.D. candidates this year.
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Programs at the graduate level h ve been developed, in some cases jointly

with other depa tments, in the following 14 area

1. General theory of information.
2. Information storage and retrieval.
3. Theory of automata, finite state machines, and computability.
4. Artificial intelligence, self-organizing and adaptive systems.
5. Pattern recognition.
6. Computer programming, including

languages and translators.
7. Theory, design, and applicati n

languages and translators.
8. Digital computer organization and functional design.
9. Numerical analysis and mathematical programming.

10. Man-machine interaction and systems, particularly in a
conceptual sense.

11. Computational and mechanical linguiStics, semantic analysis,
machine translation of natural languages.

12. Management information, including logistics information
systems, theory of organization, information as a resource.

13. Information processing, transmission, and communication in
biological systems.

14. Social, econornic, and psychological aspects of information
production and processing.

systems programming

ar ificial programming

Courses taught by the DepartMent are li ted below:

Computer Programming and Data PrOcessing I
Digital Computer Programming
Group Studies
Computer Programming and Data Processing II
Fundathental Concepts of Computer and Information Science
Survey of Computer and Information Science for High School Teachers
Survey of Nurnerical Metlitids
Introduction to Computing in the Humanities
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Digital Computer Programming II
Digital Computer Programming for High School Teachers
Numerical Analysis for High School Teachers
Introduction to Information Storage and Retrieval
Survey of Programming Languages
Human Performance
Numerical Analysis
Computer Systems Programming I
Numerical Linear Algebra
Linear Optimization Techniques in Information Processing
Advanced Computer Programming
Modeling ef Information Systems
Digital Computer Organization
Data Structures
Individual Studies
Introduction to Computer and Information Science
Information Theory in Behavioral Science
Man-Machine Interface
Introduction to Linguistic Analysis
Theory of Automata I
Theory of Automata II
Theory of Automata III
Basic Concepts in Artificial Intelligence
Statistical Methods in Pattern Recognition
Computer Systems Programming II
'Numerical Solutf.on or Ordinary Differential Equations
Advanced Numerical Analysis
Modern Methods of Information Storage and Retrieval
Fundamentals of Document-Handling Information Systems
Techniques for Simulation of Information Systems
Theory of Indexing
Language Processing for Information Storage and Retrieval
Programming Languages
Compiler Design and Implementation
Selected Topics in the Mathematics of Infor ation Handling I
Theory of Management Information Systems
Advanced Computer Organization
File Structures
Inte!mediate Studies in Computer and Information Science
Interdepartmental Seminar
Information Theory in Physical Science
Cellular Automata and Models of Complex Systems
Computer and Information Science Research Methods
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Human Performance Theory
Computational Linguistics
Special Topics in Pattern Recognition
Nurnericai Solution of Partial Differential Equations
Theory of Information Retrieval I
Theory of Jnformation Retrieval II
Design and Analysis of Information Systems Simulations
Formal Languages
Seminar on Socio-Fsychological Aspects of the.Information Sciences
Theory of Computability
Advanced Studies in Computer and InZormation S-'ence
Advanced Seminar in Computer and Information $ ence
Interdepartmental Seminar
Research

Research

Since the body of knowledge associated with information science is rapidly

growing, we naturally feel it is important for our Department to be actively

involved in research. Our model of a generalized information system has grown

out of this research program. We feel that students learning about information

science should frequently also be involved in this research. Naturally, those

stude ts proceeding to the doctorate must be involved in research.

Among the research activities being pursued are the following tasks, classi-

fied into eight broad areas of computer and information science.

Information Storage and Retrieval with the following specific tasks:
indexing theory, indexing and re-indexing simulation research; automatic
indexing; chemical information processing (including, applications of
graph theory; identification of cycles in chemical structures; chemical
structural information storage and retrieval; and chemical notation systems
automatic abstracting; automated search systems; on-line retrieval systems;
parallel processing; and, CRT editing research capability

Human Information Processing_ with the following specific tasks: information
processing models; response execution; complex information processing;
memory functions; information and decision making; transfer processes in
memory; and, discrete stochastic processes for learning.
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Inforn ation Analysis with the following specific tasks: generalized
information systems; management information systems; minimum redundancy
coding; infcrmation classification theory; stochastic optimization; optimum
data allocation; error-correcting codes; optimal information structure; and,
advanced computer design.

Linguistic Anal_y_sis with the following specific tasks: generative lexicology;
research in communication by spoken language; formal properties of gramma-
tical theories; speech recognition and synthesis; formal language theory and
automata theory; computer simulation of language learn ng; automatic langtiage
processing; and, relational languages.

Artificial Intellik_ence with the following specific tasks: pattern recognition
by retina-like devices; pattern and algorithms (including, universal algebras,
groupoids, pascaliation patterns, monomial strings); decision theory for
pattern recognition; logic design by pseudo-Boolean programming; predictive
patt2rn recognition strategies; learning automata theory; and, developmental
problem solving.

Information Processes in Ph sical Biolo ical and Social Su:Let:as with the
following specific tasks; molecular cybernetics and biophysics; optic nerve
information; visual information used in determining behavior; visual
ps-Ychophysics; attribute structure and attitudes; and, informational and
organizational concepts in science.

Mathem_atical and _Numerical Techniques with the following specific tasks:
investigalion of round-off errors in hybrid multistep methods; pseudo-random
number generators; comparison of methods for the solution of ordinary differ-
ential equations; the solution of stiff differential equations; and methods for
finding eigcnvectors and eigenvalues of matrices.

Programmin Lan ua es and S stems with the following spec fic tasks:
algorithms for parallel compilation of statements in programming languages;
graph models for parallel computations; improved translator writing systems
for programming languages such as XPL, LISP, and PL360 on the IBM System
3 6 0; and development of a PL/1 compiler for the PDP-10.

All of these research activities are being performed under the guidance of

qualified f culty in Computer and Information Science and -ther related areas,

and with the benefit of computational facilities surpassing those of most other

Universiti s.



In the process of education there is a transfer of information. The relation -

ship between tea her and student shows many of the aspects of a management

system. We have been interested in ways in whi h the methods of information

science pply te the design of curricula and the management of educational

systems. This brings us around full circle. The study of educational methods

is appropriate to information science and accordingly the problem of educating

information scientists is itself a problem in information science.

Some Information Processing Activities at The Ohio State Universit

The Ohio State University has a number of ongoing operational activities in the

forefront of information science, particularly in the area of library automation.

Certainly in these areas Ohio State is one of the leading universities in the world.

Some of -the more interesting activities currently on the campus are listed below:

Computer Art
Professor of Art: Charles A. Csuri

User oriented computer programs to create art film and animated illustra-
tions. In this computer environment the artist draws images on the
cathode ray tube and computer programs allow him to instantaneously
"fly", "walk", or "model" drawings through two and three dimensional
space, i.e., a helicopter that "flies" on the screen, a turtle that walks
or swims through three dimensional space, and the artist has independent
control over the movement of the turtle's head, the tail, and each of the
four legs in real-time. These programs also include a solution to the
real-time hidden line problem.

Computer Assisted Instruction
Coordinator: G. Ronald Christopher

Computer Assisted Instruction exists to provide individualized instruc-
tion to all disciplines to.students in this institution. At present 34
courses or segments thereof are on the system, 18 are operational.

137



The system is available to the students seven days a.week at each of 18
student CAI terminals located in geographically dispersed, readily
accessible student areas. Developmental work in other applications is
presently under way.

Division of Computing Services of Medic 1 Research and Education
Director: Edward J. Nime

This Division supports and develops instructional use of computers.
Assists College personnel in utilizing computers for information storage
and retrieval. Gives assistance in developing programs. Consults with
medical researchers on the utilization of computers in their products.
The Division is teaching and developing courses in electronic data
processing and systems analysis and design.

ERIC Center for Science and Mathemati s Education
Director: Robert Howe

This Center is devoted to the retrieval and dissemination of important
information related to science education, mathematics education, and
more recently to environmental education.

ERIC Center for Vocational and Technical Education
Director: Robert Taylor

The ERIC Clearing House for Vocational and Technical Education acqu res,
selects, abstracts, indexes, stores, retrieves, analyzes, and dissemina-
tes research and related information on vocational and technical education
in such related fields as manpower, economics, industrial arts, education,
occupational psychology and occupational sociology.

Health Center Library
Director: Miss JoAnn Johnson

Serves the Colleges of Dentistry, Medicine and Optometry besides tradi-
tional library services. The computerized searching services include
AIM-TWX (Abridged Index Medicus-), C-BAC (Chemical and Biological
ActivitieS), and a SUNY Biomedical terminal. Also included are fully
automated stacks, sophisticated audio-visual resources, CAI modules,
etc.

Instruction and Research Computer Gen er
Director: Roy F, Reeves

Supplies the computer services necessary for instruction in computing,
including the mechanics of programming as well as computer language



training, the use of the computer to solve problems related to computing
instrUction, and those activities which use the computer for sponsored
or unsponsored research. The Center uses Primarily an IBM 370/165
computer.

Learning Resources Computer Center
Director: J. C. Notestine

Deals with activities involving instructional support for the University,
especially as they relate to Libraries, information retrieval, testing
evaluation, and computer-assisted instructiOn.

Library Circulation System
Director: Hugh C. Atkinson

This is a computer based on-line circulation system. Ut lizina input
and output units in the main and branch libraries, the new system is
designed to save students time and facilitate use of the University's
network of libraries. By phoning the library, a student can find out
immediately if a book is available and if so have it reserved for pickuP.

Mechanized Infoimation Center
Director: Gerald Lazorick

The Mechanized Information Center (MIC), administered within the Public
Services Division of The Ohio State University Libraries, is in the initial
stages of a four year development period which will see the introduction
of broad computer based information services to the undergraduate students,
graduate students, faculty and. researchers of the University. This is a
joint project with the Department of Computer and Information Science.

MEDLARS (Medical Literature Analysis and Retrieval System)
Senior Medical Search Analyst: Miss Laura K. Osborn

Computer based system in operation at the National Library of Medicine.
The system has been designed to achieve rapid bibliographical access to
biomedical journal information. It became operational January 1964 with
the publication of the first computer produced issue of Index Medicus.
Includes a comprehensive subject index to articles from approximately 2300
of the world's biomedical journals. MEDLARS is designed to be processed
in a batch mode. A terminal is available in the Health Center Library.

Ohio College Library Center
Director: Frederick G. Kilgour

The Ohio College Library Center Is a not-ior-profit corporation chartered
by the state of Ohio to make the library resources of all Ohio academic
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libraries available to each other. The Center operates computerized
systems to assist member Ohio Colleges and Universities provide a
faster, more efficient search and retrieval system of library books and
journals, and carries out research, development and implementation of
such systems. An off-line catalog production system is now in opera-
tion. The central computer is a XDS Sigma 5 with disc packs for
secondary memory.

Pilot Medical School
Project Supervisor: Robert L. Folk

Students in The Ohio State University College of Medicine's Pilot
School have been freed from the restrictions of traditional education with
the aid of advanced computer software and an on-line, real time terminal
network. Instead of attending lectures and taking exams, these students
pursue their medical studies under an entirely new learning model. This
model, centered around independent study, allows the student to progress
at ht s. own rate, with individualized instruction. The Coursewriter III
software package along with local modifications, enables the Pilot School
to allow students to progress in such an unrestricted manner. This
program is the first of its kind in the country.

Sum n

In sum y, we believe a curriculum in information science should be a broad

one built on a fundamental understanding of the field. Many applications should

be available to the students both academically and in practice. It is i rt nt

that technology be incorporated into the program, particularly with regard to the

use and organization of digital. computers A strong research component should

be included.

The Department of C mputer and Information Science has developed academic

programs leading to the bachelor's degree, to the master of science degree and

to the Ph.D. degree. The bachelor's degree m y be obtained in Arts and

Sciences, Engineering, or Administrative Science . The Master's degree may be
a
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obtained. in one of four options: theoretical, computer systems, information

systems, or numerical analysis.

The a :demic and research progr _s include fourteen different areas of

interest. there are currently about 70 qua'rter length courses offered on a

regular basis . There are about 175 graduate and 500 undergraduate majors now

enrolled.
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INFORMATION SCIENCE UNIVERSITY PROGRAM, DEVELOPED

THROUCH A DIGESTED PROJECaION FROM EUROPEAN

AND U.S. TRENDS

BY

K. SAMELSON

Information Processing-ADP

Royal Institute of Technology and Stockholm University

INTRODUCTION

The fol]owing presentation is a description of Lhe
step by step development and implementation of a curriculum
and program in information science, for all universities
in one of the Scandinavian countries, namely Sweden. The
'development started in 1964, and the gradual improvement
of shorter courses had led to the final implementation
of a full-year university program at the senior graduate
level; that is, last year of a Masters Degree or Post
Graduate to those who have an earlier university degree.

The program is truly interdisciplinary and open to
graduate studcnts and professionals with a background in
many different fields! For example, engineering,
management, science, medicine, agriculture, law, forestry,
geosciences, libraries, archives, publishing or mass
communication and industrial psychology.

ACKGROUND

In 1964 to 1965 the first pilot course in "Transfer
of Scientific information" was held at the Royal Institute
of Technology (RIT). That course was intended as a one-year,
part-time education for people having an academic degree
and already working.within or planning to enter the field
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of information and documentation. Since then, half a dozen
similar experimental courses have been put together and
launched by RIT or bodies such as the professional society
(TLS) which is the Swedish counterpart to ASIS, the employment
organization (AMS), one extracurricular course organizer
(IVAR),-and a research sponsor (SINFDOK).

Also at. the RIT and Stockholm University jointly,
yearly courses have been given since 1966, lectured by the
author and termed "Informatology and Information Systems".
This topic has been a third y'ear, concentrated course for
advanced students of "Information Processing especially
Administrative Data Processing (ADP)". Identical courses
have later come into existence at the Universities of
Gothenburg, Lund and Uppsala as a regular training.

Between 1966 and 1969 the author worked as an
expert member of an overall planning committee for future
education in information science, as well as archives and
libraries. The committee studied -Ole existing training
schemes of most of the countries concerned. Different
committee members officially visited the following countries:
Denmark, Holland, England, Norway, Finland. Individual
.visits were also made to other countl-ies and international
conferences. The author studied most of the schemes for
information science available then in the U.S. He met
with the representatives of, and/or visited, fifteen
universities: Columbia and City University of New York,
U.C.L.A., U.S.C., U.C. at Berkeley, Stanford University,
Ohio State University, Case Western Reserve University,
Georgia Institute of Technology, Florida State University,
Florida Atlantic University, M7issachusetts Institute of
Technology, University of Maryland, Syracuse University,
and SUNY at Buffalo.

At the end of 1969, the committee presented a plan
and made recommendations on the course of action. One of
the issues was establishing_"Information Science"
(Informatik Informatics) as a separate science subject
in all Universities and with one consistent educational
program. The name INFORMatik 7,3.5 chosen for a number of
reasons. One of them was to maintain empathy, whereas
DOCU had become a "four letter wor" that is somewhat pass.
The committee also recoamended the 1)uilding of one or
two separate library schools, while archival training would
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remain as an extension of already existing activities.
The information science- education would be physically
distinguished from the Library school and performed in
closer relationship to "Information Processing-ADP".
The information science program has now, in the year of
1971, come into existence at the RIT and Stockholm
University combined. Step by step the identical program
may be extended to the other universities. The informatLon
science curriculum and "modus. operandi" is based_on six
years' experience of the above mentioned course in
"Informatology and Information Systems".

ESSE TIAL OUTLINE OF THE PROGRAM

Before listing the details we shall survey the
basic philosophy and major issues of this specific university
program in information science. A student can enter the
program having acquired any one among a variety of
university backgrounds, including business school and law
school, as well as library or engineering school. Dentists,
M.D.'s, lawyers, psychologists, military officers or
veterinarians are welcome. Those who do not have an
.earlier degree get a Masters with last year specialization
in information science. The only math knowledge needed
is at the hi7hsehool or junior college level.

The full-year prog.ram starts witha three months
prerequisite course module of introductory non-numerical
information processing and administrative data processing.
Having fulfilled this course the students are allowed to
complete the remaining eight months including a thesis.
The thesis is done as a sort of junior consultant work
with an outside organization, industry, corporate business,
library, hospital, patent firm, publisher or information
center. The thesis work is implemented during 2-3 months
as a pilot project, design module or test phase in
fulfillment of an interhship or on-the-job practice within
the respective outside body, at the end of the full year.

In general, the Iprogram is slanted toward the system
analysis And cybernetics approach. The philosophy is to
teach methodology and management in non-mathematical,terms
rather than techniges. The graduates would become
managers capable. of decision making, crude design, synthesis,
and evaluation of information systems, as a protection



against technical gadc-,etry or point rationalization.
Furthermore, the graduates should not become file-clerks
or lifetime catalogers. The program does not train
circuit designers, programmers or hardware developers,
but rather professionals for brainware and know-how.

The curriculum contents is not like yesterdays,
centered around just the storage and retrieval of
documents. Instead, an emphasis is p'it on the transfer,
communication and overall utilization of information
using todays current multimed.ia, networks, teleprocessing,
videophones as a gross part ofsocietal activities such as:

international communications
trade and marketing information
industrial catalogs
legal documents
medical records
engineering drawings
construction maps
patent activities
insurance records
film archives
book collections
educational material
videofiled Tv programs
investment and finance news
police dossiers
publishing
social records
newspaper clippings, etc.

After graduation, the information scientist
( Informatiker Informatician) would be able to make sound
assessments to avoid the hardselling of electronic gadgets.
He should alsu be capable of judgment on issues like the
creeping bureaucratic privacy invasion and paper pollution
by forms, inquiries about personal data, or "ad lib"
declarations claimed "necessary for statistics" or this
or that haphazard reason.

The fullfledged information scientist would be
trained for the executive level to become a manager,
director or vice president. He would hold positions and
titles such as:



vice president, information
director cf information
information manager
information center executive
information systems analyst
library systems analyst
head of information science staff
chief, information science
information liaison
scientific attache

-

In his career the information _cientist would
advance through some of the above listed professional
functions.

CONTENTS OF THE PROGRAM

Educational Objectives:

To make the students acquainted with basic the ries,
Methods, communication and organizing within
information Science.

-- To transfer knowledge about the design and synthesis
of information systems having large perManent
storage files, and the practical use of these
within a number of application areas and information
activities.

- To create ability for each student to individually
and critically suggest solutions to a specific
practical information science task within a
particular apolication area.

Course Module I. Introductory Information Processing (P erequisitc)

-- Introductory non-numerical information processing
and administrative data processing. BASIC programming
in dialog mode.

-- Business data processing and COBOL programming.

-- Information systems algebra, decision theory and
introductory operations research.



Course Module II. Principles, Methods and Applications of
information science.

-- Genera] orientation about the meaning of
information science, kinds of information, ways
of transfer and communication.

Principles fol storing information and documents.

- - Content analysis and concept notation for
information handling,in practical work.
Classification, codes, notation, literation
thesaurus structures, referencing, extraction,
indexing, citation, cataloging, editing, formating,
systemization and the use of computers for these
functions.

- - Search, retrieval (TR) and selective disseminatio
of information (SDI).

Design of search strategies, formulati n- and
profiles.

- Information material referencs services, sources,
data-bases, fact and information-banks, files and
document storage. Orientation about libraries and
archives.

- - Scientific-technical terminology, nomenclature
authorship, editing, journalism and report writing.

--Reprography, conying processes,.computer techniques
for handling documents and microforms.

Automated information systems, electronic equipment,
mechanized and automatic presentation including
pictorial, graphic, textual and data displays.

-- Construction, design and synthesis of information
systems. Evaluation criteria and economics of
information and documentation.

Course Module III. Theoretical and scientific basis of
information science.

Cyberneticsl: adaptive systems.
Cybernetics 2: evolving systems, growth and ecosystems.
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-- Theories about intelligence activities, diagnostic
processes, intellect, brain functions and thought
processes.

-Innovation theory, processes for inventions
creativity, problem solving and reasoning.

-- Decision processes and executive decision making 'in
active productions. 'Human information processing
and man as an operator and link in automated
man/machine systems for information science.

- - The engineering and ergonomic side of information
systems where man and machine interact. Occupational
health aspects on the information scientist's work
and the information user's channel capacity and
perceptive ability.

-- Transfer of information for scientific and technical
use. Information value and its dependence of fast
communication and "expensive" transfer.

Information and data transmission. Automated aids for
the transfer of optimal information in pictures,
writing and audio.

-- Information channels, diffusion routes and flow
patterns in context to information.

- -.Non-st.ored information, audio-visual communication,
conferences and non-formal human communication.

- - Knowledge about multimedia research and existing
physical media for information. Possible use of
fragmentary and non-formalized information in making
conclusions and finding problem solutions.

Course Module IV. Organization and administration within
information science.

-- Organization, applications and methods in operative
handling of information and document materials for
science, technology, industry and other societal
functions.



- Formation and function of organizations where
information digestion exists at "high frequency".
Information and reporting systems in different
organizations, corporate business, industries,
hospitals, libraries, archives, etc.

Different types and uses c scientific information
and specialized sources such as patent collections,
personnel files, stored graphs and drawings, etc.

Adm4n.istrative cyberrietics in organizations and
socity and the indications for representation,
construct, structuring and organizing of
information.

-- Coal formulation and objectives for control and
management of documentation and information systems.

-- Administration of-scientific and technical
communication, information centers and
decentralization. Control and administration of
research and development and their coupling to
operational information systems with regard to
long-range planning.

Industrial documentation and nianagement informatlon
systems. Tracing and utilization of innovations by
using computers to create idea banks for futuristics.
Strategic value of information.

-- National and international organizations for
information science. Integrated information systems,
documentation and automated information networks.
Compatibility, convertibility and reliability.

Legal matters, privacy and integrity when using
information or documents and the sequels for users
and sources.

International cooperation in short-run, mid-term and
long-range planning, ecpnomios and further developmen-3
of different application areas for information
science including automated documentation.

Course Module V. Thesis and design implementation or
experimental testing of a specific information science task
within a practical environment or real-world situation.
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CONCLUSIONS

The information-science university program and
curriculum described above is aimed at giving a substantial,
thorough and adequate acad-lmic training for interdisciplinary
applicability. Those students which have fulfilled the
program requirements should be able to work ever after
as professional information Scientists in industry and
society. They could also continue working towards a
doctorate in information science or another field
depending on their basic training. Several of those
graduates would no doubt be absorbed as academic teachers
and lecturers, which are presently in demand for the
fairly young interdisciplinary field named information
science.
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CURRICULUM DEVELOPMENT FOR INFORMATION SCIENCE:
A SYSTEMS APPROACH FOR A NATIONAL EFFORT

by

Pauline Atherton, Professor
School of Library Science

Syracuse University
Syracuse, N. Y.

To talk of curriculum development _or inf rmation science

to a group such as this is to undertake a project with v ry

far-reaching goals. It calls for a breadth of understanding

and technical command of the problems involved which go far

beyond pur individual capabilities and far beyond any existing

curriculum developments at any particular university. We all

recognize that there are at least four "orientations" to in-

formation science courses (Borko, 1970) and at least seven

core courses (Belzer, 1971) ,and six disciplines from which

information science draws (Belzer, 1971). But we have not

yet approached curriculum development from anything but the

institutional approach -- in other words, what fits our local

faculty's view of what information science is or needs to be

and what can be taught at our school. To the best of my

knowledge there has been no consortium established of library

schools, information science programs, and computer science

departments to effectively plan on a national scale what we

are doing, why we are doing it, and what our end product is.

To talk of accreditation or professional achievements without

such an effort, is, in my opinion, to put the cart before the

horse. Jack Belzer, after making the survey of courses in

45 schools, had Lhis to say about the situation: "The diversity
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pr s ntly displayed in many programs is not likely to produce

an identifiable information scientist or information specialist."

Can we continue to tolerate such ambiguity or should we make

an effort to bring this house called "information science" to

order? Can schools teaching the basic content of information

ience (in separate or integrated courses) agree on the common

knowledge of information science? Can an effort be made to

single out those institutions with specialization programs in

the field so that students can determine which schools match

their career goals? Can we try to identify faculty who are

experts and specialists in the field? Will we need different

courses or curricula for students with different aptitudes or

career objectiVes? Will different teachi-ig approaches and

educational materials be needed if curriculum objectives range

from academic knowledge and skills to career or vocational

skills and aptitudes? Can our concerns for information science

.
education be limit d to graduate courses leading to master's

or doctor's degrees? Where does a program for continuing educa-

tion in information science belong?

.If you are intrigued by any or all of the above questions,

. than you are probably willing to get involved in a project of

curriculum development on the national scale, and to work on

the task of examining and defining the goals and values of

information science education in order to maintain a rational

basis for detailed academic planning: My message is di_e-ted

to those of you intrigued by the possibility of national plan-

ning for IS education.



But before we embark on such an escapade we need to

pause and reflect on a lesson from history, one incident

from our own field, one from the field of education.

How many remember the Symposium on Education for Informa-

tion in 1965 at Airlie House (Heilprin, 1965)? What came of

that effort to examine and clarify education for information

science? The following recommendations come from the report

of one of the working groups at that 1965 symposium;

"Recommendations: The group offered the following

recommendations for consideration by ADI, as well

./s teachers and administrators of educational pro-

grams:

1. A watchdog committee for Education in Information

Science, consisting of three to five rotating

members, should be constituLud. Members would

report to the field the areas of interaction

between the sciences and engineering as well as

trends and developments relevant to training and

research in information science. This committee

would work toward identifying areas of knowledge

thought to be relevant or neöessary for personnel

in this field.

2. There is a need to define and desc ibe the core

subjects in this area, both on the theoretical

and practical levels. An effort must be made

to maintain a dialogue between these two areas.

To do so without any real common language-will
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be difficult.

years.

3. There is a need for a "laboratory library" envir-

onmènt for students, teachers, and research workers

in this field, as now exists in education laboratory

schools and in the physical and biomedical labora-

tories.

4. There is a need for "anticipatory updating" of per-

sonnel, teachers, and administrators--courses or

institutes where critical review, trend reports,

and background papers are presented.

5. We need to move closer to the specification of the

intended behavioral outcomes of our teaching programs

in this field. To describe curricula without this

statement first is pointless.

6. We need to make a distinction between esoteric

technology and basic research in this field. The

"use" and "mention" problem has its counterpart in

information science teaching. The complete system

must be used as well as mentioned as an instrument

of teaching.

7. We need to establish pedagogical archives containing

course syllabic final exams, course bibliographies,

the best term papers, vita of faculty, job descrip-

tions of graduates, etc. Tias archive could form a

basis for comparison and redesign of curricula.

There is a need to distinguish between ret ining a

This is a major task of the next two



person already in the field and training a person

just out of college.

9. We mu t continue the dialogue between theoreticians

and empiricists.

10. Where do we get teachers in this field? Are they

Ph.D.'s or experienced people from industry? How

can we attract teachers?

11. There is a need to deteimine criteria for evaluating

good teaching in this field.

12. An interdiscipliniary approach to stru turing the

information sciences is needed.

13. Training programs for the field should reflect the

team approach which is necessary when in the field,

as iS done in the sciences.

14. We need to study and teach the historical evolution

of the field.

15. There is a need to relate recruitment to the kinds of

programs presented. Schools may serve this function

and this must be recognized as a basis for the de-

velopment of the field as a profession."

(Heilprin, et. al., p. 173)

qu t d this at length because I want to emphasize how easy it

is to isolate issues an:1 make recommendations when we are brought

together as we are for this conference, but also how easy it is
-

not to get involved in any action plans to solve those problems.

Maybe we can criticize theplanners-of the 1965 symposium be-

cause they brought together too diverse a group to work effec-
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tively after the meeting was over. That can't be a sufficient

reason for our inactivity if we do nothing after this meeting

because we seem to represent the right mix of information ci-

ence educators this time and the professional societies engaged

in monitoring IS Education are well represented. Surely we can

initiate a working group for a national IS curriculum develop-

ment project if we can agree it needs to be done.

How many have heard of the Physical Science Study Committee

(PSSC) or the Chemistry Education Materials Study (CHEM Study)

or the Biological Sciences Curriculum Study (BSCS)? All of

these projects and several others were financed through NSF

funds and used developmental processes in preparing curriculum

materials. We can learn a great deal from these efforts in

the late 1950's and 1960's by analyzing the differences in

approach taken by various projects and reading -bout their

successes and failures. Luckily for us a be has published

entitled Developmental Curriculum Projects; Decision Points and

Processe. (Grobman, 1970) which covers everything from the finan-

cial and organizational constraints of these projects to the de-

velopment of aims and purposes, from problems in diffusion to

aspects of evaluation. Dr. Grobman identifies the critical

facets of the work of develop ental curriculum projects and

what seem to be some promising approaches. Although she does
*

not include in her book a prescribed set of procedures to fol-

low for new projects, it is a useful-reference tool for any

group engaged in such an effort.

We know 'a lot more now than we did in 1965 about information
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science a d about curriculum-development projects. We should

be able to take adv ntage of our increased kno-ledge. Looking

beyond local institutional goals) perhaps the time is ripe for

a national effort. The members of the ALA/ISAD-LED Interdivisi nal

Committee on Education for Informa ion Science and the ASIS/

Education Committee together could probably form a nucleus foy

a steering committee. The formal recommendations or resolutions

of this symposium could add Impetus to such a cooperative endeavor.

For the purposes of. this discussion and to focus our at-

tention on one cooperative endeavor in the educational field

(instead of enumerating again fifteen recommendations as was

done at Airlie in 1965), I would like to propose the following

resolution be formally adopted by this group:

ASIS and ALA, through their respective committees

on education for information science, should endorse

and support a Developmental Curriculum Project for

Information Science. This project's objectives would

be to produce some new kind of curriculum by means

of a group effort, using experimental tryouts of pre-

liminary efforts and collecting feedback from such

tryouts to be used for the improvement of the cur-

riculum prior to its release (and endorsement by ISIS

and ALA) for general distribution.
*

Curriculum in the above resolution includes any activities relevant

to student learnings, e.g., classroom textbocas and guides for

instructors, laboratory experiences, preparation for teachers,

etc.
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Group effort implies an extra-institutional approach to educa-

tion and curriculum development and a systems apz.roach to du-

cation. Figure 1 shows the relationships among several groups

in the Dev lopmental Economic Education Program (DEEP). he
group effort for IS Development Curriculum Project would not

he as involved.

"Experi ental tryoutsU.implie a systems approach --(Fig. 2) which

can be translated for purposes of instructional development

(Fig. 3).

Release implies evaluation and ultimate produ tion of some

products which would be available for use wherever the subject

taught. In this day of mixed media, the materials prepared

could be anything from materials for independent study or

student-teacher interaction, to large group instruction, live

or via television.

If some effort were to get underway to initiate a Develop-

mental Curriculum Project for Information Science e should

understand the_scope of the tasks involved.

1. This would be an effort which would stretch over

sevel years aria re-quire fun-ding beyond the ability

of ASIS and ALA.

2. We would have to establish who had responsibility

for policvmaking and for decision making, who would

be involved in preparing materials how they would

be- tested, evaluated, and re'leased.

. 3. We would have to establish our primary educational

goals and recognize our differing orientations
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!Affiliated economic
ducation Counc'l

aruitor Cantor

JOINT COUNCIL

DEEP DEEP
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(Borko, 1970) and the differing career goals of our

students. Tc sort out these goals we could hold re-

gional conferences similar to those held for compuLer

orientee curricula in business schools (McKenney and

Tonge, 1971).

4. Regarding learning outeo es, we should identify our

primary focus. Dr. Grobman (1970) explains the

Bloom, Krathwohl, and Simpson "levels in the cognitive,

affective, and psych r domains" (p. 89-96, 233-243).

Discussions among information science teachers and

educators would help us specify our goals in be-

havioral terms.

5. We would have to de1i0eate how far the project would

go along the research - development - application

continuum: exploratory research, fundamental devel-

opment, specific development, design and improving,

tra ning and follow-through (Glaser, 1969).

6. We would have to recognize and learn to cope with the

complexity of change as the developmental curriculum

project goes through the formative period and as we

begin the diffusion process in the field of Education

for Information Science.

7. We need to recognize that different types of change

require different degrees of effort. Working as we

would be with adults (studerits and teachers alike),

we must recognize that.basic behavior changes

changes in the way individuals think and act -- may
163



be very difficult

Given such a task as the above as our next order of bu iness,

we can see that the reports of Heilprin, Bork°, and Belzer have

brought us to the launch pad. Are we mature enough as a field

to go from here? Is there a Saul Amarel in the group who can

give us a conceptual framework for curriculum planning? (Fig,. 4-5)

(Amax 1 (1971) did a beautiful job for computer science, a

"sister discipline.") Is there a Dr. Green in the house (in

Management of Information and Knov-lede, p. 107) who care make

us think of educational policy 'planning as going beyond the

formal educational system. Dr. Green says "what is needed is

a view of the educatl,ng system of American society as opposed

to its educational system, and that educating system will have

to include the places where work is done." He sees the time

when the attainment of education would be distributed not over

longer consecutive periods in the life of an individual, but

over shorter spans of time in the entire life cycle of an

individual. If this will be true, then what lies ahead in the

field of education fer information science? Is the past and

present or the future fiction -- to ad lib from David Hays'

provocative opening address at this AS1S meeting?

Editorial Note: The resolution proposed in this paper was

adopted by the Symposiuta participants, but not in Yrs. Atherton's

original wording. Grpup discussion lead to the following revision



of the text of the resolution, which was the version finally

approved and adopted:

ASIS and ALA, throu h their respective committees
on education for information science, should endorse
and support DISC (Developmental Information Science
Curriculum) Project. This project's objectives would
be to produce some kind of curriculum by means of a
group effort.

Other groups should be consulted and their
endorsement of the idea sought (e.g., SLA, ACM, AFIPS
AALS, etc.) Nothing in this proposal shall prevent
inclusion in this project at a later date of other
interested organizations.

A

.The interpretation of this resolution depends rather

closely on the definitions of the key terms cUrricUlum and

Rroup_effort, as provided on p, 7 and 8 of this Daper.

Experimental tryouts of the materials would be arranged and

feedback wou d be collected and used to improve the materials

before their release with the endorsement of the sponsoring

societies, for general distribution.

tO M.



Source:
Copyright p 1971, Association for Com-
puting Machinery, Inc. Reprint permis-
sion granted by the Assoc. Comp. Mach.
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FUTURE SHOCK: NOTES TOWARDS A SUMMARY

AND DIRECTION

RUS ELL SHANK

A conference such as this is most difficult to summarize. We

covered much ground, with little time devoted to each aspect of the

development and directions of information science education. Hence,

there was little time for issues, trends and underlying themes to

heap up into critical masses that might serve as nodes in a summary.

Furthermore, I found my mind frequently being stimulated or

provoked by an issue or a point, and while concentrating on mrown

inner colloquy as papers were being presented and discussed, I missed

other significant items. But of even more serious consequence, my

mind just does not comprehend relationships and meanings fast enough

to provide what I consider instant playback. It was I that the

editor of a journal recently had in mind when he wrote: "I know you

believe you understand what you think I said, but I'm not sure you

realize that what you heard is not what I meant." (Better Livina,

Fall, 1971).

We started with provocation, which is not unusual for a meeting

of information scientists. I remember a New York meeting of the

American Documentation Institute in the early 1950's at which

Jesse Shera and the late Mortimer Taube stood on opposite sides of

the room and argued quite different views about what "documentation"

was--if indeed it was a thing apart. Unlike that earlier discussion,

Vagianos was not searching his own mind anew for the definition of

information science. He lids telling us that our own words, recorded in

our literature, show uncertainty and ambiguity about the nature and
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content of information science, and even question that there is such a

thing.

Naturally, some of us take umbrage with Mr. Vagianos. But no one

very seriously addressed the issue Vagianos raised, and this was a flaw

in our proceedings that must be remedied during the process of curriculum

development recommended by the conferees. Someone during the conference

said that if you don't know where you are going, then any road will take

you there. But if we don't know where we are, how do we know that the

roads to the reasonable destination even pass this way? Perhaps the un-

clear perception of what information science is explains the enigmatic

treatment of the theoretical base of information science during the

conference. We must agree upon some definitions or content for an infor-

mation science before we can work on curriculum development to instruct

in it .

was considerably surprised that we dealt so little with the role

of information science in the handling of the social issues we face to-

day. Culture thrives upon communication through information systems. It

is impacted by communications events. Much of the goodness artd the ill-

ness in society may be attributed to communications events--their content,

their speed, their quality, their ubiquitousness, and their susceptibility

to manipulation to serve ends. We are faced with a revolution in tele-
,

communications capabilities and we seem unaware of our potential role in

influencing this revolution and using its products. I would urge you,

therefore, to reread, and then try to think beyond Professor Parker's

paper in these proceedings. Certainly our curricula must clearly reflect

an understanding of the social consequence5 of the age of communications.

(I will return to this notion later).
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We ought also to ponder longer the meaning in the narrative by

Lunin on the injection of an understanding of information process into

the education of those entering other fields. We claim to know a con-

siderable amount about the users' information needs, and their acquisi-

tion and use of information. It seems perfectly clear to me that we

can enhance the viability of our field, and the status and impact of

our practitioners,by making the study of information and data acquisi-

tion, handling and use a basic part of the education in substantive

fields. The more others know about information as the raw materials

with which we work, the more they may know how to, and want to, use us

and our products when they go into practice.

It is not a bad idea, either, for us to do a little proselytizing

as we work with undergraduates (or even graduates) in other fields. It

has been of considerable benefit to information science that we have had

to draw on talents from many fields to create our discipline. I believe

we cannot afford to shut off this pipeline into us for new .inderstanding

of phenomena that are transferrable into the theoretical construct of

information science. We will have a constant need to draw upon people

from other fields who can translate seemingly irrelevant notions and

theories into the grammer of information scien e.

was.most discouraged that Mr.-Minder was not able to oenerate a

solid and focused discussion of the theoretical base for information

science. The understanding of theory is a high priority objective in

education, and we will remain in what is a temporary or interim status

until we have our theories of information science clearly in view, not

only for our own guidance, but also to telt the world we serve what to

expect of us,
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Not only are we working without a theoretical base, but also we

have an inadequate understanding of the market place. It is not enough

to know that our graduates are employed. The question is, are they

starting at the beginning to perform and do they grow intellectually,

building on a logical base of useful knowledge gained in their educa-

tion experiences? Or do the employers have to do a major retreading

job on our graduates in order to have even a beginner in whatever jobs

have been created?

I was encouraged, therefore, to hear one of the working groups

discuss behavioral objectives as a guiding concept for creating appro,

priate curricula for information science. Our starting point as educa-

tors ought to be the question. What does the market place expect graduates

of information science programs to do? An employer has the right to

expect certain behavior or performance characteristics from graduates

of our programs. We may not agree among ourselves as to which are the

most appropriate combinations of characteristics. Perhaps there are

many, and we must expect the diversity we find in educational programs

in information science. Nevertheless, the rule oi the game remains the

same. An employer should be able to match the specifications of his

beginning jobs in information science with the educational goals of our

curricula in order to reach a high probability of success in locating

programs that turn out people to fill real jobs. This, I am afraid, he

cannot yet easily do. The diversity of course offerings, and the total

package of education from our many programs present a view of a ram-

shackle enterprise. And Aile we didn't say it here, it is most

difficult in many cases to fathom how some of our course offerings



contribute or relate to program objectives as stated in our catalogs.

I would, the; ' re, have expected a clear presentation by someone

in our joint sessions of the need for the determination of objectives

in terms of expected behavior of graduates as an early step in curricula

planning--and this was missing. However, if we go on from here to do

curriculum development work, following modern methods we will soon be

engaged in such a determination.

One element missing from our deliberations, for whico I am grateful,

was an argument about the distinction between information science and

librarianship. During a break someone said that the gap between the two

has indeed narrowed. It is difficult to know just who has moved towards

whom, but I would suggest that elements of both topical areas have en-

larged towards each other. Information science has been good for

librarianship--it has provided it with a construct for generalization

of what librarianship and its elements are. I hope that some information

science people have seen that librarianship generalized contains some

wheels that do not have to be reinvented!

The gap seems to have narrowed, or perhaps the areas of understanding

increased, between information science and computer science, and between

the former and business administration. If Louis Vagianos were still

here he might say that this proves that there is no such thing as informa-

tion science--that it was always just elements of orher fields. There

is nothing wrong with creating a neW discipline out of parts of dispersed

fields, but if this is what we have done, then it is indeed time that

we search the structure fot the universals--the theories that underlie

what we are calling information science. I think they are there, and
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that the time is exactly ripe for stating them. Along with behavioral

objectives, theories are required for the proper creation of curricula

and the materials of education.

Our conference was focused on directions for information science

education, and this suggests that "futures" are important to us. I

have found Alvin Toffler's analyqis of trends and futures of his book

"Future Shock" to be most appealing and seemingly prescient. Not only

that, but much of what Toffler says is or has happened to society, stems

to a large extent from revolutions in communication and this brings us

to the important influence on society of our own field of information

science. As information scientists we should therefore be able more

fully and more readily to understand and explain through exemplification

Toffler's Onalysis.

But even without that, we should be able to benefit from his analysis

in planning for the future. Much of what Toffler says can be taken as

justification for the way we have put together education for information

scien 2. We may, therefore, have discovered quite by accident how to

operate an educational program of the kind that Toffler sungests is re-
.

quired in order to create an environment to cope with influences that

tend to lead to "future shock." But even more vital, one cannot fail to

recognize in Toffler's analysis the_potential of information seience and

technology to serve societ in dealino with shock conditions.

Toffler's presentation has some of the sense of overkill--his

points are made many times with as many examples from as much of life

and society as he can find! But it is not difficult to get his message.

This,is a time of change--of diversity, of_novelty and oftransience.



And as change comes at us faster and faster, we have less and less time

in which to make decisions as to how to react. Unless we can cope with

this condition, we tend towards a state of shock--shocked by what the

future is bringing to us, and by the rapid pace with which it is thrown

at us.

So what does Toffler suggest that is so important to the develop-

ment of educational programs in information science? It is Toffler's

view that we must develop a strategy for dealing with the uncertainty

of the future. As with cars speeding down a freeway towards an exit,

we must learn to recognize the signs of what is coming much more rapidly

than we used to when we proceeded at a leisurely pace towards an upcoming

intersection. Somehow we mustenhance our sense of the future. Among

other things we should pay as much attention in our educational environ-

ment to the future as we do to history. In today's school the study of

the past and the elements of culture that come from the past, consumes

considerable time. Examination of current events takes only a sliver of

time. Quite usually, no ti. is spent on the future. We must lead

young minds to imaginative exploration of issues that will confront them.

This creative ability is required in order to cope with transcience,

diversity and novelty.

To deal with the uncertainty of the future, education should be

aimed at teaching people how to learn, how to choose, and how to decide.

If we do this, then it becomes less important for us to guide students to

knowledge at advanced icvels through prescribed curricula--the choice of

what to study, and in whaCsequence, for a degree can be left to the

student: Toffler predicts the disappearance of course requirements for

college degrees.
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Even the very concept of a "course" becomes broader. The student

of the future may not only wander away from a formal curriculum on a

college campus, but also he will be shown ways to qualify for the

status of a baccalaureate through a wider range of experiences than

are offered by formal "courses".

I think we can stop short of anarchy in the student's meandering

Atowards intellectual maturity. But Toffler's analysis does suggest

that we may be on the right course in information science by having

a wide range of courses, with fewer prescribed sequences, or more

choice of sequences, th-t lead to a degree in information science.

Our curriculum-development project may take us to an empty field if

we insist on a tight structure and a limited view of what elements

belong in our discipline.

Information scientists should be highly motivated by Toffler's

view of the future. The extension of educational experiences away

from the campus, the inclusion of a wider variety of non-traditional

environments as classrooms (e.g. the settlement house, the government

bureau, the fa-tory) and the expansion of the use of museums, commercial

theaters, art galleries, parks, libraries and other such educational

agencies, greatly increase the importance of properly designed and

efficiently used information systems, and communications facilities, and

ubiquitous access to information and data. We are faced with the pros-

pect of having to provide the manpower capable of integrating dispersed

information resources into a utility accessible by many, or demand, with

sufficient interactive capability to facilitate reinforcement. The

structure of the information resources themselves may have to be rebuilt



to respond accordingly. This is our-business, and it is towards an

impact on this reconstitution of the educational experience of every-

one that we should be aiming our information science professionals.

Smithsonian Institute
Washington, D. C.

March 247, 1972

Editorial Note: Mr. Shank's discussion was

originally presented extemporaneously at
the final session of the Symposium. The
text that appears in this document was pre-
pared post hoc br Mr. Shank.
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