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Although early man was not the hardiest of organisms or the
strongest of body among living creatures, mental advantages gave him
the upper hand in an evolutionary development that was exceedingly
rapid. In our own day, among all the creatures on earth, it is given
to man alone to contemplate the panorama of nature with some apprecia-
tion for the magnificance of its detail and historical scope. From
this pinnacle only man may question the steps and relationships that

led from the beginning to his own time.

Parsegian (1973, p. 229)
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ABSTRACT
The Feasibility of a Computer-Based
Library Reference Interview
by
Stephen C. Weiss, Master of Education
tah State University, 1977
Major Professor: Dr. R. Kent Wood
Department: Instructional Media
The feasibility of a computer-based library reference interview
is forecasted through an analysis of the literature concerned with
primary aspects of the library reference interview, concept formation,
computer concept formation, computerization of reference service and
the future of reference service. The state of the art is discussed
in light of specific computer programs currently available for the
automation of library reference service. Factors supportinz and
limiting the automation of library reference service are presented.
Conclusions and recommendations are made for the realization of a

computer-based library reference interview.

(130 pages)




CHAPTER I

INTRODUCTION

Origin and nature of the problem

The equipment required to automate reference work was available
to libraries long before anyone tried to implement it. Schultz (1964)
indicates that experimentation with library automation began in the
1940's, pointing out to some extent that a need for automated reference
service was not apparent prior to World War II. The exponential growth
of information occurring after World War II caused the reference
librarian to become progressively more aware of the inadequacy of
traditional tools for retrieving information (i.e., indexes, catalogs,
bibliographies, and abstracts) and the increasing time factor involved
in a literature search. Stevens (1965) suggests that a recognition of
inadequacies within manual information retrieval systems has prompted
consideration of the feasibility of using computers to assist in the
information retrieval process.

Thus far the role of the computer has chiefly been that of an
indexing instrument; whether or not it can fully assume the task of
information retrieval in a traditional reference situation is still in
doubt. A computer-based library reference system, like the manual
system, involves a search strategy. A reference librarian knows how to
separate the vrelevant from the irrelevant in the reference interview
through a complex communication process involving '"thinking." Schultz

(1964) elaborates on this point by implying that in the human procedure,

then, there are many uncertainties and many decisions to make in




answering even a simple reference question and that these all become
important when the procedure is computerized.

Quite simply, the problem is whether or not a computer can conduct
an adequate reference interview. The questions which arise in dis-
cussing this problem are:

1. Does a computer have the capacity to be programmed to simulate
the dynamic cognitive processes involved in human concept formation and
communication.

a. Does a computer have the capability to find out what an
irquirer wants to kncw when the inquirer cannot describe
his need precisely?

b. Does a computer have the capability to determine the
objective or the motivation of the inquirer to qualify
the subject of the inquiry?

c. Does a computer have the capability to delimit the
subject of the inquiry?

d. Does a computer have the capability to determine the
percsonal background of the inquirer to discover what
guestions should and may be asked during the reference
interview process?

e. Does a computer have the capability to determine the
inquirer's acceptability of an answer?

f. Will an information specialist be required as a communi-
cation interface between the inquirer and the computer?

2. To what extent will the biases and personality of the computer

programmer affect the adequacy of a computer-based library reference

interview?




3. To what extent will the capacity of a computer to store biblio-
graphical information have influence on the capability of a computer to
conduct an adequate reference interview, storage and retrieval requir-
ing two or more separate but interdependent programs?

4. Does a computer have the capability to reprogram itself in a
self-adaptive way to interpret and restructure the inquiry so it fits
the files as they are organized in a particular library, to include not
only catalogs, indexes, abstracts and cother standard files but also a
"who knows what' file?

5. Does a computer have the capability to educate the inquirer
in the use of reference materials?

6. To what extent is it feasible to enter the contents of indexes,
catalogs, bibliographies, abstracts and other traditional reference
tools into a computer-based library reference service?

7. What are the cost factors involved in the implementation of a
computer-bas-d library reference interview system?

The future of information retrieval includes the elimination of
manual library reference systems presently in use and the adoption of
some form of automated reference system. Hallworth (1969) says the
simulation of human cognitive processes by means of computer programs
has a very brief history, but it seems certain that in the future there
will be a close association between theories of human behavior and
attempts to increase the intellectual capacity of machines. The

significance of this study rests in its attempt to research the intel-

lectual capacity of computers to determine their potential to make




information more efficiently attainable to the inquirer than the out-

moded, traditional manual system presently in use.




CHAPTER II

LIBRARY REFERENCE SERVICE

Some historical notes

Shera (1972) introduces the idea that the founding fathers of
the public library movement in the United States saw the library as an
institution for enlightening the citizenrv, and thereby giving them a
greater capability of making wise decisions in the voting bocth. No
doubt the founding fathers of the public library movement in the United
States saw the library as also a place to promote scholarship, inven-
tion and the Christian ethic.

The vears from 1840 to 1860 were significant years for libraries
in the United States. Society was experiencing an awakening of
intellectual activity in the arts, literature, scholarship, and the
sciences. Linderman (1967) feels this awakening stimulated reading,
causing librarians to turn their attention to the invention of
reference aids. Over the hundreds of years that separated the ancient
library at Alexandria from the libraries of the 1840's librarians had
been merely custodians, collectors, and catalogers. The function of
use had now been added to their collections. Crowley (1971, p. 6) summa-
rizes this viewpoint when he states:

More than a custodian, the librarian of the late 1800's

began to formulate a concept of the profession which emphasized

the utility of the library collection, and the ability and duty

of the librariarn to facilitate that use.

Librarians have always assisted patrons in the location of

information. Linderman (1967) points out that perhaps the first




important new type of reference tool was Charles Coffin Jewett's use
of specific subject entries in the construction of a subject index to
the catalog of the Brown University Library. Jewett's subject index
was published in 1843.

Linderman (1967) cites 1884 as the year when the profession of
reference librarian was born. During that year Dewey appointed two
full-time vreference assistants to the Columbia University Library
Reference Room. Linderman (1967) names George Baker and William G.
Baker as ''the heroic pioneers of reference librianship." Crowley
(1971, p. 7) summarizes Linderman's historical narrative of library
reference service:

Librarians began, during the 1880's, to provide an addi-
tional service which consisted of answering questions, locating
facts, and directing patrons to books that could be consulted in
answering inquiries. This service, which acquired the name of
"reference work," was distinct from personal assistance to readers
in that the former was concerned with the supplving of information
and sources of information, and the latter with helping patrons
locate and select books.

Schiller (1965) gives us a typical reaction to the concept of
"reference service'" in the 1880's. She tells us that the Examining
Committee of the Boston Public Library upon suggesting in 1887 there
should be in Bates Hall a ''person whose sole duty it would be to
answer questions of all sorts, and to direct inquirers in their search
for information, received the stiff reply from the Trustees that it was
hardly practicable in that it would require the transfer of personnel

from other work." The information Schiller has provided allows us to

conclude that reference service represents a relatively new dimension

in librarianship. Its establishment is in fact the product of a more or







Direct reference service is a person-to-person relationship usually one
in which the librarian answers a patron's question. The second con-
sists of technical processing activities and will not be emphasized in
this discussion. Katz (1969, p. 35) cites the American Library
Association, Reference Services Division, '"Reference Standards," as
giving the clearest definition of direct reference service.

Direct reference service consists of personal assistance
provided to library patrons in pursuit of information. Direct
reference service mayv take one of many forms, each of which may
consist of a number of activities, of which only the most
frequent and representative are cited below:

a. Instruction in the use of the library and in the use of items
in the library's collection. This service may range from
demonstrarion of how to fill out a call slip to explana-
tion of the use of catalogs, bibliographies, and reference
WOrks, to assistance in interpreting the contents of
materials in the library's collections. The central
feature of this instruction, irrespective of its level
or its intensity, is to provide guidance and direction
in the pursuit of information, rather than the information
itself.

b. Information service. This service may range from
answering an apparently simple question through recourse
to an obvious reference source to supplying information
based on search in the collections of the litrary, com-
bining competence in bibliothecal techniques with compe-
tence in the subject of inquiry. The character and extent
of library information service will vary with the kind of
library, with the patron the library is designed to serve,
and with the skill, competence, and professional training
of the reference librarian providing the information ser-
vice. Characteristic functions of information service are
finding specific data or facts, interpreting the material
or information found, translating, abstracting, literature
searching, and others. The central feature of information
service, irrespective of its level or its intensity, is to
provide an end product in terms of information sought by
the library's patron.

The reference question

Katz (1969) points out that the reference question is the essence

of reference service. He justifies this viewpoint by implying that




the success of rererence work can be measured by the proper answer.
Katz (1969, pp. 37-41) recognizes that questions may take as many forms
as answers but can be divided as follows:

Directional

This presupposes that the patron knows or thinks he knows
precisely what he wants. He only requires directions to find
the answer.

The term "'directional question" is often employed to refer
to bibliographical queries, that is, those which do not answer
the question directly but 'direct'" the reader to a source. For
example, the question, '"What do vou have on Albert Einstein?”
is a directional type in that the librarian may first look up
references in a source such as a bibliography, a card catalog, or
an index. The index or catalog then "directs'" the user to the
needed information.

Ready references

This presupposes that the patron wants to Xnow an answer
that will be short and readily available in one or two sources.
Questions are termed ready reference -hat are readily answered
without undue research or, often, without much reflection.

... The ready reference, or quick-fact question represents
by far the most common type of gquestion asked in libraries,
particularly in public libraries. Estimates vary, but surveys
indicate that this type of question makes up from 85 to 95 percent
of all those asked. They are usually answered in one to eight
minutes, and 75 percent of them can be normally answered from
current reference materials.

Specific search

This presupposes that the patrcen needs more than one or two
simple facts to answer a question. He may be seeking a limited
amount of information on a subject, probably for a paper, a talk,
or a program; how-to-do-it material for putting up a fence or
for filling out his income tax return: or so-called "supporting"
evidence for a position he has taken about some issue.

Unlike the ready-reference query, it may involve a coasider-
able amount of judgement and a recognition of relationships
between things, persons, or events. For example, consider this
supporting-evidence type of question: '"Was the failure of
Napoleon's Russian campaign due to his bad luck or his short-—
comings as a general?" The reference librarian might go to a
standard life of Napoleon, a history of Russia, or possibly a
discussion of various battles. Even then, the answer would simply
be a cumulation of probabilities.




Research

This presupposes that the patron has the type of query that
cannot be readily answered in one or two sources, but will
require many specialized sources. The extent of the search may
expand the "several' to all forms of materials from periodical
articles to phonograph records, from books to manuscript mater-
ial. It may also call into play not only the resources of the
library, but the resources of other libraries, both national and
international in scope of holdings.

The obvious problem is that while every request for informa-
tion is, in some sense, either of a directional, ready-reference,
search, or research type, it mav develop into a combination of
all four. The eternal variable is the patron who really is not
sure what he wants or needs. The eternal difficulty is that the
library that attempts to organize itself about the four major
types of questions must face certain patron variables.

Most requests may fit into a general class, but, in a very
real sense, every request 1s unique. Even if the librarian knew
what type of questions he had been asked over the past thirty
years, he still would have no assurance that the next one would
not be an exception.

Answering the reference question

Answering a librarv reference questiun is rarely a neatly sequen-
tial process following an exact outline. Katz (1969, pp. 56-58) lists
for us the following steps which could be used to solve a reference
question, though he states: '"The librarian may short-circuit them all
because he has particular knowledge, or even a sixth sense about a
given question, which leads him to a direct answer."

1. Specific reference sources

Here the question is asked, and sometimes, almost at the
subconscious level, the librarian knows precisely which reference
source will give the best answer. The important conditions for
proper use of specific reference sources are:

a. A thorough knowledge of the reference collection,

and the ability to remember the purpose of specific tools.

Usually the mnemonic device is simply seeing it on the shelf,

or recalling that it proved useful in a similar situation

the day or week or month before.

b. Once the specific work is selected for consultation, the

librarian must have the ability to find the answer quickly

and efficiently. This presupposes knowledge of the reference
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work, but more important the ability to scan a table of con-
tents, an index, or, in the case of a complicated work, the
introduction that explains its uses and limitations.

2. The general collection

In using total library sources, the librarian immediately
considers the subject approach. Usually this is in terms of which
source to use and the various avenues offered to that subject within
the specific work.

a. Success here depends upon a thorough knowledge of

library system classitfications from cross references in cata-

logs and indexes to how the material is stored or shelved. The

librarian may realize that the query, for example, has to do
with the history of printing in Montana but be unable to make
the association between the subject and the likely subject
heading in the caralog, or where the material might be on the
shelf--under Montana history, technology, graphic arts, etc.

b. The reference librarian must be able to move comfortably

from the general subject to the specific subject. This pre-

supposes a thorough knowledge of close subject classification.

c. The librarian must have the imagination to move about in

related subject areas. For example, if he is unable to find

anything about the history of printing in Montana under the
subject Printing, he should then move without question to the
broader area of Montana history or general works on printing
history of the United States. Haz must also know, if the
material is not available in his library, what bibliographies
and union lists to consult in order to obtain it from another
library, or, at best, be able to advise the user what biblio-
graphic sources to consider in larger libraries.

d. A thorough knowledge of the general collection is pre-

supposed here, primarily because the query may be answered not

in the usual sources, but from a standard bibliographv, his-
tory, or manual in the circulating collection.

3. Classification by type of material

Here the most obvious type of classificaticon is usually
in terms of a simple question: '"'Is the answer most likely to be
found in a book, a pamphlet, a periodical or a government docu-
ment?"

a. The decision here is usually based on the kind of infor-
mation sought in terms of depth and timelessness and the
sophistication of the user.

b. Another decision is based on knowledge of the collection,
or how easy it is to obtain materials from another library.
For example, a library may have a good pamphlet collection,
but the librarian who has not often used the collection may
fail to consider it when a particular question is asked.
Also, the librarian who realizes that technical materials on




a given subject are well covered in a library a mile or so
away has the advantage of being able to simply go to the
phone for an answer, or to refer the user to the other
library.

We can conclude from the foregoing that the librarian involved in
reference service must exercise a considerable degree of judgement,
evaluation, and imaginative skill. She must be able to associate con-
cepts and like ideas from an approach that could take any conceivable
direction. It is a challenge that requires intellectual activity at
numerous levels c¢f thought.

Katz (1966) feels that librarians fail to answer reference
questions for a number of reasons. One reason is a lack of communica-
tion. If the librarian or the patron fail to express themselves in
understandable terms, it is impossible to determine the exact informa-
tion the patron is seeking. If a librarian fails to give sufficient
time to a query, a reference question can again remain unanswered.
Often a librarian will not go beyond the immediate reference collection
because she is too busy or simply because she is lazy. Katz (1969)
points out that many failures to arrive at an adequate answer to a
reference question are due to the reluctance or the inability of the
patron to evaluate the service he receives. The librarian, conse-
quently, has no check or feedback to encourage her to improve the
quality of service. Katz (1969, p. 44) cites Gertrude Stein and
William James as having summed up the two principal aspects of the

reference interview:

Gertrude Stein's final words were: '"What is the answer?"
She hesitated a moment, and then wisely countered with "What was
the questicn?" 1In a word, the problem of communication between

the reference librarian and the patron is not sc much one of
answers as of questions.
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Katz (1969) divides the reference interview into two parts. The
first part is concerned with communication between the patron and the
librarian. The second part is the search strategy, or where a likely
answer is to be found. This phase of the reference interview deals with
individuals rather than information sources. Katz (1969) points out
that there is one aspect of the personal interview which is not easily
categorized. He refers to this aspect of the personal interview as an
"imaginative guess that no more than 35 percent of the meaning in a
face-to-face communication is carried bv the verbal message.' Katz
goes on to explain that the physical gestures a patron makes could tell
the perceptive reference librarian more about the needs of a patron
than any spoken word. The utilization of such data has infinite value
for the reference interview.

Kilgour (1972), a proponent of library autcmation, has formed the
opinion that patrons obtain from libraries only about half the items
they want. He also feels that finding information in research libraries
has become so difficult that even library staff members are seriously
handicapped in their attempt to locate entries in working files
arranged in a traditional catalog order. Moreover, creative thinking
is facilitated by rapid transfer of information from library sources
to the internal memory, the mind often being distracted by delavs in
this transfer. The primary objective of librarians, therefore, is the
development of reference search techniques for extremely rapid and
accurate transfer of information from library sources to the patron

when and where he needs that information. Linderman (1967, p. 131)

suggests that "we desperately need more librarians who are willing to
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learn programming (or better still devise their own library/reference/
cataloging~oriented compiler language) and librarians who will assist
publishers in creating the tools they need in a way which will permit
morz2 effective and efficient reference service." Linderman (1967,

p. 64) concludes:

A great need for research is apparent, and unless this is
undertaken, little more knowledge concerning the reference process
will exist in ten vear's time than is available at present. It is
depressing to consider that insight into the factors involved in
providing reference service has remained relatively static for
more than thirty years. It is becoming increasingly apparent that
the behavioral sciences have much to offer to librarianship by
way of insight and research methodology, and since manv of the
problems underlying reference work are psychological, some fruit-
ful research might be undertaken.

Summary
Linderman (1967) tells us that the profession of reference
librarian was born in the year 1884. Nearly a century passed, how-

ever, until a definition of reference service appeared in the ALA

Glossary. 1In 1943 the ALA Glossary defined reference service as "that

phase of library work which is directly concerned with assistance to
readers in securing information and in using the resources of the
library to study and research."

Katz (1969) feels that we can picture reference work as consisting
of two distinct types of services which can be called "direct" service
and "indirect" service. This study will be concerned with direct
reference service rather than indirect reference service. Direct

reference service is a person-to-person relationship with a patron in

which the librarian answers a patron's question.
p
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Answering a library reference question is rarely a neatly sequen-—
tial process. The librarian involved in reference service must
exercise a considerable degree of judgement, evaluation, and imagina-
tive skill.

The reference interview arises from direct reference service.
Katz (1969) divides the reference interview into two parts: (1) com~
munication between the patron and the librarian, and (2) the search
strategy.

Kilgour (1972) feels that finding information in research libraries
has become so difficult even library staff members are seriously handi-
capped by working files arranged in a traditional catalog order. We
can conclude that a primarv objective of librarians should be the devel-
opment of reference search techniques for coxtremely rapid and accurate

transfer of information from library sources to the patron when and

where he needs that information.
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CHAPTER TIII

CONCEPT FORMATION

Definition of concept

A concept can be perceived as a category of things. 1In most
instances these so-called things have a real existence in the environ-
ment of an organism. We refer to these things as stimuli or stimulus
objects. Bourne (1966, p. 1) gives us a working definition of the
term '"concept’':

... We may say that a concept exists whenever two or more
distinguishable objects or events have been grouped or classified
together and set apart from other objects on the basis of some
common feature or property characteristic of each.

Concepts exist to simplify to some degree the environment of an
organism. If an organism were to use i“s full capacity to distinguish
between stinulus objects, it would soon bhe overwhelmed by the com-
plexity and unpredictability of its environment. Categorizing or con-
cept formation is a necessary way of apprcaching the tremendous
diversity an organism encounters in everydav life.

Bourne (1966) points out that concepts are not generated spontane-—
ously in an organism. Some learning process has to take place before
the concept exists. Bourne (1966) concludes that concepts are in this
sense acquired with effort and attention to specific stimulus objects.

Some stimuli illustrate a concept and others do not. Bourne

(1966) refers to those stimuli which illustrate a concept as postive

instances of the concept and those which do not as negative instances.

Hunt (1962, p. 34) points out that '"we can consider concept learning




as an example of decoding, in which positive and negative instances
transmit information which can be used to reduce the number of hypoth-
eses remaining in the memory bank."

Bourne {1966) agrees that a conceptual problem exists when there
is a goal or a solution to be learned or discovered. He feels that the
attainment of a solution to a conceptual problem is in most cases a
process guided by clues the problem solver receives from its environ-
ment. He concludes that if these clues are correctly interpreted, they
can keep the problem solver on a path toward the correct solution.
Bourne (1966) refers to these clues as "information feedback.”

All conceptual problems require an organism to discover and learn
some type of scheme for grouping stimuli. Bourne (1966) perceives
this grouping process as an inductive task based on the observation
of a set of positive and negative stimulus presentations. He continues

" and "labeling" are two learning

to explain that "perceptual learning'
processes resulting from stimulus grouping. These two learning pro-
cesses are important to the discriminations an organism makes among
stimulus attributes.

We may conclude that perceptual learning involves learning to
detect features of an object or class of objects which distinguish it
from others. Labeling is a term employed to describe the process of
associating particular names or responses with discriminable attributes
or complex groupings. Bourne (1966, p. 14) states that 'the fact we

custimarily refer to objects of a certain color as "red" implies a

prior association between the label '"red" and those objects and/or

similar ones. There is a fair amount of empirical evidence that these
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distinctive labels add to the discriminability of stimulus objects and
their attributes.”" He concludes that concept identification occurs
when an individual discovers and identifies the relevant attributes

among the many that may vary from stimulus to stimulus.

Learning and utilizacicn

It would follow, then, that learning is involved both in enhancing
the level of discriminability among stimuli and in the process of label-
ing attributes. Learning through a discrimination process occurs when
a conceptual problem requires finer differentiation among attributes
or the acquisition of new labels. Bourne (1966) points out, however,
that some conceptual problems are better described as requiring the
utilization of previously learned discriminations and labels rather
than the learning of new ones.

Conceptual rules are rules for grouping. They specify how the
relevant attributes are combined for use in classifying stimuli.

Bourne (1966, p. 15) tellsus "it is not clear that every concept
embodies a rule. But even in the case of primitive concepts, wherein

a single attribute provides the basis, there is a rule-—either the
attribute is present (positive instance) or absent (negative instance)--
to implement the sorting of stimuli."

Rules for grouping attributes or stimuli once learned can provide
an organism with powerful conceptual tools. Bourne (1966, p. 18)
proceeds to explain that "a repertoire of rules permits rapid acquisi-~-
tion of unfamiliar stimulus classifications based on it, increases the

range of concepts that can be formed with any particular stimulus

population, and enhances the flexibility of the subject's conceptual
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behavior, in general." The difference between learning and utilization
is then quite arbitrary. Bourne (1966) views the term "'learning"

as applicable for those tasks wherein the emphasis lies in the acquisi-
tion oI some complex behavior strategy which implements a formerly
unfamiliar rule for grouping. When it is clear that learning has taken
place and when the task demands some use of that prior learning, we use
the term "utilization."

The categories cf concept formation explained in the forezoing
discussion should be recognized as not mutually exclusive of each
other. Conceptual behavior to some extent involves perception wherein
environmental stimulation is received, transformed, and in most cases,
organized before we respond to it overtly. Tt is quite clear that
basic learning processes are also put to use wherein discriminations
are acquired, wverbal and other labels are acquired, and learning sets
are acquired. Bourne (1966, p. 21) takes this discussion to a higher
dimension by peointing out that "conceptual behavior impinges on

thinking and problem solving, for certainly adequate performance in

conceptual tasks depends on internally organized symbolic activities

and complex behavioral outputs."

Mediational stimulus ~ response theory

Learning and complex behavicr which go on inside an organism can
be explained by the mediational stimulus - response theory. Bourne
(1966) explains that the mediational S - R theory attempts to describe
internal symbolic activities which intervene between external stimulus

and overt response. He 1s convinced that the mediational process plays

an important role in governing overt responses.
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Concepts are learned through an associational process which links
two or more stimuli with a common response. The common response in the
mediational § - R theory is viewed as having an internal as well as
an external representation. The mediational S - R theory dces not
assume there exists a direct linkage between physical stimuli and an
overt act of behavior, but rather assumes there develops a complex or
at least two-stage chain of connections involving internal and external
stimulus and response events. Bourne (1966) views an external stimula-
tion as initiating in an organism an event called a "pure stimulus

" He sees this as an internal response, functioning solely to

act.
produce additional stimulation which serves as a cue for further overt
responding. Figure 1 (Bourne, 1966, p. 31) represents a simple
behavioral process. Here r is an interral "pure stimulus act' brought
forward by an external stimulus, S. The internal pure stimulus act,

r, in turn generates an internal stimulus, s. We can see that the in-

ternal stimulus, s, then produces overt behavior, R. The cue-producing
function of r may itself be learned. Bourne (1966) believes this
theory allows for the entry of prior learning into any new associa-
tional process.

Bourne (1966, p. 31) describes concept learning as an '"acquired
equivalence for a set of perceptibly different stimulus patterns.
Within this theory the process is pictured as the acquisition of a

common mediating response to the various patterns. This process is

described in Figure 2.

We can see from this diagram that conceptual behavior is a

special mediated chain involving multiple converging linkages between

external stimuli and an internal response.
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Underwood (1952, p. 211) believes '"thinking is a process in which

the subject is motivated to solve a problem - reach a goal - and the

solution depends upcn his learning or recognizing certain relationships

among symbols, objects, or among relationships themselves."

Mediators do play an important role in behavior.
p.

1

Bourne (1966,
32) is convinced "it is clear that the internal mechanisms of an
organism are not 'silent

He continues:




There are internal response mechanisms (muscles, glands,
nerves) which are continuously active. Further, there are internal
sensing mechanisms (specialized receptor cells, nerves) which are
continuously alert to the internal environment just as the excep-
tors (external receptors) are alert to the external environment.
These activities are integrated complexly with the outward, on-
going behavior of an organism, which is probably reascn enough to
represent them in any theoretical account.

More specifically, mediators play an important role in a learner's
orientation toward key aspects of the stimuli. Bourne (1966, p. 35)

states that "prior associations of a given object carry its meaning and

are represented internally as mediators.'" Here again he stresses the

importance of verbal behavior in coding associates of a stimulus:

... Forming concepts often can be seen as a process wherein
the common meaning of various stimuli (mediators) is linked with
some (possibly new) overt naming or category response. As a
concrete example, suppose a subject is given the task of learning
to categorize a series of familiar objects (represented pictorially)
such as a melon, a head of lettuce, a pork chop and so on, as posi-
tive instances and others, such as a house, an automobile, and a
tree, as negative. This is quite obviously a case where mediated
meaning, based on earlier learning, would play an important funcrion.
"Food" is a strong association (meaning) of all the positive items;
the problem is solved once the new response - for example, 'posi-
tive instance,'" "Category A," or some other label - is conditioned
to this medisator.

Bourne (1966) has found that mediators act as building blocks from
which abstract and/or hierarchically arranged concepts can be formed.
The most basic concepts are those wherein simple stimulus attributes
correspond to physical dimensions. Bourne (1966) believes that media-
tional representations of stimulus attribute groupings can be combined
complexly so as to produce concepts with no physical referents. He
views these groupings as concepts defined solely in the abstract with

words. The mediator is in essence the means by which prior learning,

or memory for previous events, enters into present behavior.
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Associational theories and informa-
tion processing models

Two other explanations exist regarding the intermal learning
behavior of an organism. Bourne (1966, p. 36) briefly outlines these
explanations for us:

Associational theories picture learning as a passive, some-—
what automatic stamping-in of connections between stimulus events
and responses. In contrast the type of theory we call hypothesis
testing views the organism as an "active'" learner. He is assumed
to possess some selectivity. He operates in important ways on his
environment. First, he may not respond to all available stimulus
features, but rather select and attend to only certain aspects
which, on the basis of a hypothesis, are considered relevant.
Second, the subject decides upon and executes a response, in
conformation with the hypothesis, which serves as a test of its
adequacy. Typicallv, such a theorv views any possible assccia-
tional process, say, between critical stimulus features and the
correct hypothesis (or the responses which implement that hypothe-
sis) as trivial. While such associations may develop, thev are
merely a by-product of selection and test routines. Furthermore,
because of the nature of these routines, associations are pre-
sumed to develop quickly, perhaps on a single trial, if the
hypothesis can be proved all at once. The important learning does
not involve S - R associations but rather the acquisition of
knowledge, recognition, and "understanding' of a principle re-
quired by the task.

Bourne (1966, p. 42) continues:

Associational theories visualize concept learning as a pro-
cess wherein new linkages are gradually developed, either between
distinguishable features of an external stimulus and an overt
response or, somewhat more complexly, among a chain of stimulus
and response events, some of which are internal to the organism.
Hypothesis—testing theories assert that the linkages, if there
are any, either already exist or are formed instantaneously and
that the basic problem for the subject is discovering which link-
ages (hypothesis) works. The theories seem to be different and yet
they are not entirely incompatible. It may be that an element of
truth exists in both and that each "works' in certain problematic
situations.

Bourne (1966) introduces information-processing models of concept-

ual behavior as those models which attribute to the concept learner cer-

tain primitive or basic procedures called information-processing units.
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He concludes that these information-processing units receive, organize,
and interpret stimulus and feedback inputs from the environment in

such a way as to define a conceptual grouping. The objective of such
information-processing models is to include within the framework of any
particular model a minimal repertoire of procedures sufficient for the
model to mimic the behavior of real subjects. Bourne (1966, p. 40)
gives us a detailed description of an information-processing model:

The model builds a description of the correct concept in
the form of a tree of decisions. Fach nodal point or decision
point in the tree considers one relevant dimension of each suc-
cessive instance, leading on to one branch if a certain attribute
is present in the instance and to the other branch if it is miss-
inz. The complexity of the final tree, that is, the number of
decision points it contains, depends both on the number of relevant
dimensions and number of exceptions to the common attributes'
description of a concept.

... We shall consider only a few additional points. First
of all, the model can be realized as a computer program so that
predictions and complex simulations of real data can be produced
both efficiently and rigorously. Second, this theory is one of
the few which makes any real attempt to account for the learning
and utilization of concepts based on rules other than conjunction.
This must be viewed 2s an important step, for real life concepts
of disjunctive, relational, and other varieties are too common to
be ignored.

Conjunctive, disjunctive and
relational rules

Conjunctive, disjunctive and relational rules employed in the
learning and utilization of concepts are explained by Hunt et al.
(1966, p. 220).

... one can logically distinguish a number of different kinds
of concepts, derived from the types of classifications of instances
described by the logical operations "and" and "or." 1In the
conjunctive type all of the instances have features in common, so
the concept is one where each instance possesses characteristics
A and B, and B and C, etc. In the case of disjunctive concepts,

all instances have one or another feature (cf. Bruner, Goodnow,
and Austin’s (1956) example of the concept ''strike'" in baseball,
where a strike is defined as either a pitched ball which crosses
the plate between the batter's knees and his shoulders or is
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alternatively any pitch struck at by the batter which fails to be

sent into the field). The authors just mentioned found this type

of concept exceedingly difficult to learn. The third type of con-
cept, discussed most extensively by Smoke (1935), is relational,

in which the common properties are sets of relationships rather

than common specific stimulus elements. For example, the corncept

of isosceles triangle involves the common relationship of equality
between two of the sides, and the positive instances may have
widely differing size and shape.

Hunt et al. (1966, p. 224) have discovered that under their experi-
mental conditions "both conjunctive and relational concepts are
selected significantly more frequently than disjunctive ones."” Accord-
ingly, they plan to program their initial computer simulations so that
"conjunctive possibilities are considered alternately with relational
ones." They feel that "only when both have been explored without suc-
cess will the program of the computer consider possible solutions
involving disjunctive concepts." Wells (1963, p. 63) gives us ome
explanation for the difficulty of attaining disjunctive concepts. Of
disjunctive concepts he says:

each of the positive values of such a concept is found in

some, but not all, of the positive instances. 1In the case of a

conjunctive concept, on the other hand, both positive values

appear in all of the positive instances. Thus the proportion of

positive instances which contain each positive value is differ-

ent for the two types of concepts.

Bourne (1966) believes that two sources of information are avail-
able to an organism who is learning a concept. These two sources of
information are the stimulus and the informative feedback. He further
believes that organisms must perceive correctly the information avail-
able in a stimulus or a feedback signal before they can learn or make

valid inferences from it. It follows that the major factor controlling

the perceptual activities of an organism is its attention to the stimu-

lus field. Bourne (1966) concludes that behavioral events involved in
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the learning of any conceptual problem can be viewed as a chain which
begins with an orienting response initiated by some '"ready" signal.

That is to say, the stimulus, as perceived, initiates a mediational or
symbolic response which serves as a cue to the overt act of categorizing.
The mediational response, as explained earlier, is essentially an
abstraction of certain stimulus attributes. Eventually, when the
relevant attributes have been abstracted, mediational activities pro-
vide the internal stimulation to which correct category responses are
associated.

It -was explained earlier that any concept can be described in
terms of a set of relevant attributes and a rule which combines or
prescribes the function of or relationship among these attributes.
Bourne (1966) feels that rule learning may be viewed as a process by
which an organism acquires information on the assignment of all com-
binations of relevant stimulus attributes to response categories. To
say, then, that an organism has learned a rule is to say that it
understands how it uniquely assigns stimulus elements to response
categories. Bourne (1966) points out that efficient concept forma-
tion presumes that an organism was able to achieve an encoding of
known stimulus attributes into an effective truth table (Haygood and
Bourne, 1965). They conclude that the distribution of these stimulus
attributes into categories within the truth table then identifies the
relevant rule.

Transfer of learning occurs when prior experience from one situa-

tion influences performance in another situation. Bourne (1966) tells

us that original learning transfers from one situation to another with




a positive (facilitory), negative (inhibitory), or negligibie effect
depending on the characteristics of the circumstances creating the

original learning. He believes that one way to evaluate the effec-
tiveness of a learning experience is to determine the extent to which

it transfers positively to other situations.

Sets or cognitive maps

Bourne (1966) tells us that an organism has preestablished tenden-
cies and expectations called sets while attempting to solve new con-
cept formation problems. He concludes that these sets occur as a
result of past experiences in similar or related situations. Tt
follows that because experiences differ among organisms, so do their
sets. Bourne (1966) points out that sometimes a set is appropriate for
solving a new concept formation problem, and sometimes it is inappropri-
ate.

An organism acquires response patterns while attaining concepts.
Response patterns occur as a result of regularities in information

gathering decisions of an organism. Byers (1963) calls these regular-

ities "strategies.’
Tolman (1948, p. 193) believes that '"learning consists not in
stimulus-response connections but in the building up in the nervous
system of sets which function like cognitive maps, and second, that such
cognitive maps may be usefully characterized as varying from a narrow

strip variety to a broader comprehensive variety.' Harlow (1949.

p. 51) emphasizes that:

... Our emotional, personal, and intellectual characteristics
are not the mere algebraic summation of a near infinity of stimulus-
response bonds. The learning of primary importance to the primates
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at least, is the formation of learning sets; it is learning how
to learn efficiently in the situations the animal frequently
encounters. This learning to learn transforms the organism
from a creature that adapts to a changing environment by trial
and error to one that adapts by seeming hypothesis and insight.

Harlow (1949} concludes that this learning to learn, or rather
this transfer from problem to problem which we callthe formation of a
learning set, is a highly predictable and orderly process. He further
contends that the acquisition of a learning set changes a concept
formation problem from an intellectual difficulty into an intellectual
triviality and leaves the organism free to comtemplate problems of
another hierarchy of difficulty.

Bourne (1966) believes that an organism has a memory which pro-
duces responses even though the physical stimuli for those responses
are not present. Furthernore, he believes that an organism brings past
experiences to a situation which allows it to discard one or more
stimuli as irrelevant. Underwood (1952, p. 212) is convinced that
"because problem solvers are human does not necessarily mean that they
would be superior to automation at solving problems, for they have
biases and sets and prejudices which may retard as well as enhance
solutions."

Haygood and Bourne (1965) conclude that an organism must have
level II concepts available as components in order to correctly
identify an instance of a level IIT concept. In like manner, to make use
of level II concepts, an organism must be familiar with level I con-
cepts. We can see from this that an organism must use and therefore

have attained concepts at a lower level in order to have attained a

complex concept. This interpretation of concept formation implies
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that an organism does not learn level III concepts as such, but rather

constructs or induces them from their component parts.

Neural physiology and concept
formation

Simon and Barenfeld (1969) describe information-processing theories
of human problem solving, especially those employing computer simulation
of human concept formation, as a selective search through the "tree' of
solution possibilities. The authors of these thecries together with
their critics agree that heuristic search is an important part of
problem-solving behavior but is by no means the whole of it. Further-
more, we can postulate that the processes going on inside an organism
involving sensoryv organs, neural tissues, and muscular movements
controlled by neural signals are also svmbol-manipulating processecs;
consequently, patterns in various encodings can be detected, recorded,
transmitted, stored, copied, and so on, by the mechanisms of this
sstem. Rosenblueth (1970, p. 47) categorizes sensory receptors as
follows:

... the interceptors, which give us information pertaining to
changes that take place inside our organism, e.g., the proprio-
ceptors in muscles, tendons, and joints, and the chemoreceptors
and baroreceptors in the carotid body; the surface receptors in
the skin and mucosae, such as the tactile receptors and thermo-
receptors; and finally, the telereceptors, which give us informa-
tion about events that occur at a distance from our bodies. We
have recepters for only a small number of forms of energy: light,
in the retina; gravity and acceleration, in the labyrinth; vibra-
tory, in the ear and in some skin and bone receptors; heat, in
the receptors of the skin and some mucosae; and chemical, in the
smell and taste receptors of the nose and tongue. With regard to
light and sound waves, the corresponding receptors are sensitive

to only limited ranges of wave lengths.

Rosenblueth (1970, p. 50) theorizes that "information about the

material universe collected by the receptors is conveyed to the central




nervous system through nerve impulses that travel over the afferent
axons connected to these receptors." He further theorized that
"messages are thus in code and the number of independent parameters
that can appear in the code is determined by the properties of the
axons. "

Arbib (1972, p. 33) gives us a description of the mammalian visual
system:

... we see that rod and cone activity, after being pre-
processed by two layers of cells within the retina, passes up
the optic tract (the array of axons of the retinal ganglion
cells) and branches into a number of pathways. Two of these
lead to midbrain structures, the superior colliculus and the
pretectum.

... A third destination for the optic tract - and the domi-
nant one in man - lies in the thalamus and is called the lateral
genticulate nucleus because it is the lateral part of two
structures bent or angled like a knee (think of genuflection,
bending of the knee), where signals are further preprocessed
enroute to the region at the rear of the head. This visual
cortex 1s somewhat striated (striped) in appearance and so is
referred to as striate cortex. ... This visual cortex is also
called area 17 because it was the seventeenth area that a man
named Brodmann put a number on. The optic radiation - the axons
from the lateral geniculate - also projects to the surrounding
prestriate cortex in areas numbered 18 and 19. In addition to
a two-way communication between visual cortex and superior ccl-
liculus, there are also pathways from visual cortex to other
areas of cortex, of which the frontal eye field (involved in
monitoring of eye movements) and infratemporal (i.e., on the
underside of the temporal) cortex are actively involved.

Simon and Barenfeld (1969) have organized the '"perceptual"
process into a new chess-percepticn program, PERCEIVER, that can

simulate the initial sequences of the eye movements of human subjects.

Summary

A concept is a category of things; these things are referred to as

stimuli or stimulus objects. Bourne (1966, p. 1) concludes, "We may
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say that a concept exists whenever two or more distinguishable objects
or events have been grouped or classified together and set apart from
other objects on the basis of some common feature or property character-
istic of each.”

Concepts exist to simplify to some degree the environment of an
organism. Categorizing or concept formation is a necessary way of
approaching che tremendous diversity an organism encounters in everv-
day life.

All conceptual problems require an organism to discover and learn
some type of scheme for grouping stimuli. Bourme (1966) perceives this
grouping process as an inductive task based on the observation of a
set of positive and necative stimulus presentations. We may conclude
that perceptual learning involves learniag to detect features of an
object or class of objects which distin.uish it from others.

Conceptual rules are rules for grouping. They specifv how the
relevant attributes are combined for use in classifying stimuli.
Bourne (1966), p. 18) explains that "a repertoire of rules permits
rapid acquisition of unfamiliar stimulus classifications based on it,
increases the range of concepts that can be formed with any particular
stimulus population, and enhances the flexibility of the organism’s
conceptual behavior."

Bourne (1966) views the term "learning" as applicable for those
tasks wherein the emphasis lies in the acquisition of some complex
behavior strategy which implements a formerly unfamiliar rule for
grouping. When it is clear that learning has taken place and when the

task demands some use of that prior learning, we use the term "utiliza-

tion."
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Conceptual behavior is a special mediated chain involving multiple
converging linkages between external stimuli and an internal response.
Bourne {1966) has found that mediators act as buildinz blocks from
which abstract and/or hierarchically arranged concepts can be formed.

Any concept can be deséribed in terms of a set of relevant attri-
butes and a rule which combines or prescribes the function of, or rela-
tionship among these attributes. Bourne (1966) tells us that an
organism has preestablished tendencies and expectations called sets
while attempting to solve new concept formation problems. Harlow (1949)
concludes that this learning to learn, or rather this transfer from

problem to problem which we call the formation of a learning set, is a

highly predictable and orderly process.
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CHAPTER IV

COMPUTER CONCEPT FORMATION

Computer structure

Hunt (1962) tells us that a computer is useful in artificial
intelligence research because it permits the testing of a wide range
of designs for intelligent machines. He further contends that a com—
puter can only add and compare numbers - in itself it is in no way
intelligent. Garvin (1963) believes, however, that a computer can
make certain types of elementary decisions. He feels that it cannot
exercise judgement, but it can determine whether or not selected
criteria apply in a given case and decide whar to do next. In perform-
ing these elementary decisions, a computer chcoses from several pre-
specified alternatives.

The concepcs of computer hardware and computer software together
ccnprise the computer system. Hardware includes the computer machine

and peripheral equipment such as punching, sorting

oY

listing, or dupli-
cating machines. Software means the programs which communicate with
the computer.

Henley (1970, pp. 3-4) describes a computer as a "collecrion of
machinery or hardware'" consisting of the following four elements:

--. There is the store, or main memory, of the computer, which
holds items of information for as long as they are needed. This
information may take the form of instructicns constituting a pro-
gram to be executed, or data on which that program is to operate.
Thus, in the case of a payroll program, the list of employees
whose pay is to be recorded and the payroll program which carries
out the actual operations would both be held in the computer’'s
store. After the program has run to completion, the information




may be erased from the computer memory as it is no longer
needed.

A second component is the control unit, which examines the
instructions contained in the program, and sends out the electronic
signals which instigate the required operations. Thirdly, there
are the arithmetic and character-handling units, which perform
the requested operations on items contained in the main store.
Thus, an instruction to add two items together would reside in
the main memory, be recognized by the control unit, and actually
executed by the arithmetic unit. Fourthly, there are a number of
input/output devices controlled by device control units, by means
of which information is communicated to and from the main store.
Instructions can be issued by the programmer to read from or write
to those devices.

The main store, as has been described, contains items of informa-
tion. Henley (1970) tells us that the programmer sees the store as
being spiit into separate locations each holding one item of informa-
tion. He describes these locations as being numbered consecutively
from zero upwards. This number is called the address of the location
to which it vrefers. He contends that the size of the store determines
the amount of information that can be held at one time. A large store
has over 1,000,000 locations.

Henley (1970, p. 4) explains how information appears in a computer:

Within the individual store location, the information appears
as a pattern consisting of 1's and 0's (binary digits or bits as
they are called). Each item of information, such as a decimal
digit or a letter of the alphabet or another significant character
such as might appear on a typewriter keyboard, is represented by

a unique pattern, and there are intermational standards for coding

characters. Many modern computers use an 8-bit location or byte,

which gives 256 different pattern combinations of 1's and 0's

available to represent characters. Some patterns have a particu-

lar significance for the hardware, and represent instructions to
be obeyed. Thus, if the control unit examines a location con-
taining one of these patterns, the effect is to cause the instruc-
tion represented by that pattern to be obeyed.

Feigenbaum and Feldman (1963) consider the instruction to "compare

and transfer control" very important because it enables the computer

to make a simple two-choice decision - to take one of two specified




courses of action depending on the information found in some cell of
the memory. By cascading these simple decisions, highly complex deci-
sions could be fashicned. Feigenbaum and Feldman (1963, p. 2) further
state:

Information processes more complicated than those "wired into"
the computer can be carried out by means of a sequence of the
elementary instructions, called a program. The program is the
precise statement of the information process that the user desires
the machine to carry out. A computer program is stored in the
memory along with all the other problem information and data.

One parc of a program can call in another part of the program

from the memory to the working storage and alter it. The general-

purpose digital computer can do any information processing task

for which a program can be written. The same computer which ocne

moment is computing a company's payroll may in the next moment be

computing aircraft designs or insurance premiums. Anv program

for a general purpose computer effectively converts this general-

purpose machine into a specific vurpose machine for doing that

task intended by the user who wrote the program.

Hunt (1962) explains that a list of computer instructions taken as
a whole 1s called a program. Modern computers are programmed in a
language which is more natural for humans. Hunt (1962) contends that
medern computer languages such as ALGOL or FORTRAN are very similar to
conventional algebraic notation. He explains that the user writes his
program in FORTRAN, ALGOL, or some other human-oriented language which
is then automatically converted into the seguence of digits that will
actually control the computer. Languages such as this are called source

languages.

Garvin (1963, p. 234) concludes the following:

... Digital computers are advantageous only when one is going
to perform the same task over and over again. Then the speed of
the computer makes its application economical. As an example one

might give the problem of finding the sum of a million numbers.
One wouldn't say, as one might in hand calculations, add the first
number to the second number, add the third number to the sum, add

the fourth number to the sum, until one finally said add the one-




millionth number to the sum. Instead one would do something
logically more complex and fantastically shorter. The instruc—
tions would be:

Set the sum to equal 0.

Add the ith number to the sum.

If not, increase i by one and proceed through the
third and fourth instructions.

J. R. F. Alonso and P. A. G. Alonso (1970, pp. 10-12) present a
detailed explanation of machine language:

What the computer really speaks, machine language, can be
manipulated almost directly by the computer circuitry. A repre-
sentative hypothetical machine language statement consists of a
string of numbers preceded by a sign. This string may be divided
into three parts: the instruction or operation code, the internal
conventions according to which the instruction is to be executed,
and the indication of where the datum to be acted upon 1is located.
For example, consider the statement: '+100095247'. The sign and
first two digits denote an operation code: '+01'" stands for
"store" or "locate in a given place." The following four digits
(0009) denote certain internal computer conventions according to
which the particular operation should be performed. 1In this case,
'according to the value stored in storage location 9.' The last
four digits (5247) stana for the number of the storage location
where the particular piece of information is to be stored, or in
the case of other types of instructions, the particular storage
location where or on which the compurer is to operate on its numer-
ical contents. Machine language is the logical choice for appli-
cations where computation speed is at 4 premium. It presents these
disadvantages: programming in machine language is very difficult;
the resulting program is strongly machine dependent, i.e., it may
not be run in a computer other than for that for which it was
written; and the resulting program is quite difficult to under-
stand for a person other than the the original programmer.

Assembly language statements look somewhat more like natural
words than machine language statements. An assembler, (a special
program that may be supplied with the computer) translates assembly
language statements into machine language. Our hypothetical instruc-
tion '+100095247' when written in assembly lancuage would become
"STO9A" which, when translated into natural language means 'store
according to the contents of location 9 this information into the
location corresponding to the variable A.' The programmer need no
longer remember the location number '5247' because the computer
automatically associates the name 'A' with whatever the contents
of a location also 'chosen' by the computer may be. 'ST' is also
far easier to remember than '+01'. 'Words' like 'ST' are called

mnemonics and their value becomes evident when one realizes that




there may be a hundred different instructions in a particular
machine language. Tt would be sheer masochism to memorize these
hundred different numbers instead of easy to understand mnemonics
which closely resemble natural language. One lets the assembler
translate these mnemonics into machine language. The same reason-
ing applies to trying to remember location numbers instead of
letting the assembly program define and remember which location
number corresponds to the variable or entity that the programmer
chooses to call 'A'. Examples o7 commonly used assembly languages
are FA? (Fortran Assembly Program) used by the IBM 7090 Series
Computers and AUTOCODER used by the IBM 7070 Series Computers.
User oriented languages do far more for the programmer,
thereby simplifying the programming process significantly. User
oriented languages may be masterad in a fortnight with a reasonable
expenditure of effort by almost anybody with a secondary education.
A compiler is the special program supplied with the computer that
translates user oriented language statements into assembly or
machine language. User oriented languages themselves are often
called compilers, as follows: Mathematical compilers like
FORTRAN (FORmula TRANslator) or ALGOL (ALGOrithmic Language) or
MAD (Michigan Algorithm Decoder) are designed to operate on
relatively few items of information, but to perform many compli-
cated manipulations on them. Compilers are alsc particularly
suited for the programming of algorithms, sequences of systema-
tized operations or logical steps leading towards the execution
of a particular computational task. Business compilers like COBOL
(COmmon Business Oriented Language) are intended to operate on many
items of informaticn and to per<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>