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Intended is first of all a preliminary review of the implications
that the new approaches to the theory of classification, mainly
from Cognitive Psychology and Epistemology may have for
information work and research. As a secondary topic the scien-
tific relations existing among Information Scicnce, Epistemolo-
gy, and the Cognitive Sciences are discussed. Classification is
seenas acentral activity in all daily and scientific activities, and,
of course, of knowledge organization in information services.
Thereis amutualimplication between classification and concep-
tualization, as the former moves in a natural way to the latter and
the best result elaborated for classification is the concept. Re-
searchin concepttheoryis a need for a Theory of Classification.
In this dircction it is of outstanding importance to integrate the
achievements of ‘natural concept formation theory’ (NCFT) as
an alternative approach to conceptualization different from the
traditional one of logicians and problem solving reseachers. In
conclusion both approaches are seen as being complementary:
the NCFT approach being closer to the user and the logical one
being more suitable for expeits, including ‘expert systems’.
(Authors)

1. Introduction
1.1 Classification as a Central Resource of Human
Informational Activity

Undoubtedly, classification is acentralactivity indocu-
mentary organization. This could not be otherwise, becau-
se classification is indeed central to human response in all
the aspects of its relationship with its environment. So we
sincerely believe that thinking about the background of
classification will helpustoimprove, or atleasttoclarify,
our practical tasks as information specialists or librarians.

Knowledge is a fundamental capability of humankind,
which needs to survive and be developed as a moral and
physical cntity. Throughout the ages, humankind has
developed a way of understanding the world which difters
from that of animals. Its principal characteristic is the
development of culture and communication through sym-
bolic and articulated language. That is, human beings act
according to a peculiar Weltanschauung, social habit and
a communication system that controls and inspires its
material, energetic and informative interaction with the
rest of humanity and with its environment. Human know-
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ledge is mainly a result of organizing informational per-
ception and representation. Furthermore, knowledge be-
comes information when it is transmitted in the form of
actions and messages, to be transformed after reception
and processing by other individuals. )

Our perception of the world is the result of the actual
status of at least two factors - first the outer world, and
secondly the human sensory system aided by more and
more efficient and artificially developed devices. On the
other hand, representation o! knowledge and therefore
intelligent communication, which permits our entrance
into the real world, depends on the status of two factors -
our conceptual and linguistic systems. These four factors
model the whole of the human cognitive and communica-
tion structure. Moreover, it is the work of the human
conceptual system to select, condition and determine the
dimensions of the worldtaken into account in thinking and
communicating. The result of this is classifying, ordering
and organizing information to generate knowledge.

So, understanding nature implies collecting experien-
ces through senses which are later processed and formali-
zedintoconcepts anddiscourses by means of a process that
includes, firstly, classifying, by distinguishing among
elements, grouping them by relevant dimensions and buil-
ding criteria for comparison. Secondly it implies ordering
by placing, connecting and relating elements along spatial,
temporal and otherdimensions. Thirdly itinvolves organi-
zing, through storing, conserving and deleting elements
and establishing relationships according to different crite-
ria, and building aknowledge system which becomes more
and more complex. From these three Cognitive processes
result three corresponding types of concepts, which are
respectively taxonomic, comparative, and quantitative or
measurable.

Together with common and natural knowledge, a me-
thod of understanding reality was born. This was scientific
knowledge, whose principal featurc is systematic reflec-
tion on the information provided through our senses in
order to achieve more reliable knowledge, capable of
guiding more effective human action in the world. Cogni-
tive science is an intricate and circular game of rapport
between the human mind and the dynamic phenomenal
reality devoted to improving our conceptual frameworks
and networks of representation (cognitive maps). The aim
is to predict, control, and model the comportment of the
latter. Scientific knowledge is interactive dialogue bet-
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ween the phenomena and U theory which supports the
praxisoverthese. Itisin this kind of knowledge where the
threecapabilities of the conceptual human system mentio-
ned above arc cven more important, but in this case, they
arc empowcred by the rellection on their possibilities and
limits. Thus, with a better understanding of the way in
which scientific knowledge works we will have a beller
control and use of the gnosticological and communicative
human system on the onc hand and on the other hand this
enables us to build a thcory of theorganization of knowled-
ge devoted to the design and implementation of informa-
tion management and retricval systems in harmony with
the methods by which science is created and reccived. In
otherwords, information sysicms must beinharmony with
the way in which uscrs of scientific information scrvices
behave. This paper deals mainly with the first of thesc
conceptual human capabilities - classilication.

1.2 Classification as a Central Aspect of Research for
Many Sciences

Classilication is the central point of rescarch for many
sciences. One may think mainly of mathematics, psycho-
logy, philosophy, linguistics, and computer science. But
other fields are also involved in one way or another, such
as in anthropology (e.g. parcntal systems, ethnolingui-
stics) and also in biology (botany and zoology - remember
Linnaeus). In fact, all scicnces are concerncd with the
problem of classification; the social and human sciences
becausc they arc dcaling with human processes of which
classification is a central aspect; all others because classi-
fication is a crucial part of scientific methodology.

1.3 The Traditional Concept of Classification Revisited

Inthis part of the discussion our reflections arc centered
on the contributions to the understanding of classification
processes coming from cpistcmology and cognitivescien-
ce, which have modified to some extent the traditional
approach to the classification problem. This has happened
in two ways, by pushing it forward to its utmost consc-
quences and by criticizing it.

In somc way, the traditional concept of classification
has been built mainly by logic and mathematics, as a
powerful tool for understanding and modifying our world.
The best abstract or theory of this approach was the work
of James Boole and his sct logic. Without it, modern
information science could not have cven been thought of.
The traditional approach began to be replaced when the
first calculating machines quickly cvolved towards the
first autonomous and intclligent processes carried out by
the combination of symbolic represcntation of intelligent
processes (software) and electronic processors (hardwa-
re). In fact, the achievement of binary computation was the
result of a large mclting pot in which mathematicians,
logicians, enginecrs, and neurophysiologists took a prota-
gonist role (1), all of them concerncd with problcms of
information and knowlcdgc.
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2. Some Observations on the Sub ject of Interest
2.1 Cognitive Sciences or Cognitive Science?

The invention of the artilicial mind was also a revolu-
tion in our understanding of man’s mind. In psychology it
brought a new interest in the cognitive aspects ol human
behaviour and, eventually the birth of the new science ol
cognition.

A very interesting point about the birth ol cognitive
science is that very different sciences, traditions and para-
digms co-exist in it. In fact, cognitive psychology is not a
compact discipline. Structural and functional linguistics
and anthropology combincd forces with the other ‘formal’
aspects of cognition. But, parallel to the rational tradition,
a more empirical approach devoted to cxperimental re-
search in behaviour has modilicd current ideas about
learning and knowledge. Psychologists, biologists, and
researchers in other lields of thehuman and social sciences
began by criticizing the formal approach to the knowledge
of logical tradition. A very interesting and contlicting
intcraction between postulators of formal models of know-
ledge and cxperimental researchers on natural intelligence
began. The findings of both approachesturncd out to be ol
critical practical importance. The formal approach provi-
ded the theoretical tramework for the design of intelligent
programmes. Empirical rescarch on natural intclligence
provided Uic necessary tools for understanding the con-
nection between thenew artificial extensions ofthe human
mind - computers - and the human mind itsell. This is the
problemolthc human-machine intertace. In any case, both
areonly apartotour history.Joining forccs with (the formal
and cmpirical paradigms was the functional-cvolutionist
approach. Theheritage of the behaviourists” functional ap-
proach and the evolutionist conscicnce of such cognitivists
as Piaget providcd a contrast in (hc work of the great
majority of research, concentrated mostly in the built-in
characteristics and propertics of a ‘virtual’ mind and its
intelligent artifacts. Curiously, these approaches joincd
forces and the result was the advent of the Information
Age. In fact, cach particular cognitive rescarcher was a
differcnt mixture of two or three of these ingredicnts.

Because so many scicnees and paradigms are involved
in the building of the Science of Cognition, somce pcople
speakolitasa federated or confederated group of sciences,
collectively referred to as the Cognitive Sciences. Others,
mostly related to Artificial Intelligence (AI) research,
think of a general science of both artificial and natural
intelligence postulating the same principles (2). Because
of this, a division exists among cognitive scicntists as (o
thosc who opt for a reduction of human and artificial
intelligence 1o the same theoretical frame and those who
supportan ontological difference. Itis common to identify
the former perspective with hard cognitive science. For
purposes of (his discussion, cognitive science has becen
dclined as (he science of knowledge in a broad, rather than
a limited, scnse, becausc Uie pcople working in this field
are truly interdisciplinary researchers with a common
object of intercst.
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It is not desirable to become too deeply immersed in
(heseconcerns, butitis not possibletoresist the temptation
to state that computing machines arc the result of much
effort in the understanding and formalization of the pro-
cesses of the human mind, reaching back at least as far as
the Greeks. These efforts culminated with the work of
George Boole, in his The Laws of the Human Mind (3).
'This formalization, in addition to advances in engineering,
made possible the development of computing machines. It
intelligence is adaptation, one should consider both goals
and methods, including methods of symbolic processing.
This distinction signities the difference between informa-
tion and knowledge. One cannot use all information, only
the information which makes sense to the individual, and
this is knowledge.

Insofar as can be scen, replacing human beings with
computing machines which arc general purpose proces-
sing systems (2) does not imply degrading human status to
that of deterministic behaviour of machines. It is a mere
consequence of the ability of man to reproduce thenatural
processes of the mind with the help of external energy
sources and the physical properties of other materials. The
history of humankind can be understood as the attempt to
surpass its own limits by extending itselfinto threedimen-
sions: its image by means of visual arts (painting, photo-
graphy, video, elc.), its physical capabilitics by means of
tools and, morerecently by means of robotics, and finally
its mental capabilities by means of computers.

2.2 Cognitive Science and Information Science: Rela-
tions and Gaps

Theinterest of cognitive psychology fordocumentation
has its limits and there is a gap between cognitive science
and information sciences. It must not be forgotten that
human cognition is also a social process which requires
specialization of functions (co-operation or power) and
communication. Only in a sociological sense can docu-
mentary information be spoken of as knowledge, as it is
partof the cultural heritage of humanity. As social infor-
mation processes are in fact mediated by psychological
processes, it seems clear that the findings of cognitive
psychology are intensely relevant to information science.
Optimizing the processes of information acquisition im-
plies optimizing cognitive processes.

In conclusion, the authors believe that cognitive psy-
chology is interesting for information scientists for two
principal reasons. First of all, information science and
cognitive psychology are both cognitive sciences in a
broad sense. Both -are interested in the way that informa-
tion produces knowledge, how information is processed,
and how abetter adaptation of reality is achieved. Second-
ly, psychological processesmediatetheinformation cycle.
This happens mainly in all kinds of interface activities -
those between humans and machines' and those among
humans. This formulation of common interests puts limits
on the connections between the two disciplines. Informa-
tion science must equally consider the transter of informa-
tion as a social event, mediated by psychological, histori-
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cal and social factors, as well as technological factors. On
the other hand, information science has in some way
modelled the representation of knowledge. For example,
Broadbent (4) imagined memory as a great library where
cverything must be properly classified to be retrieved.
Keeping all this in mind, this paper explores some aspects
ofinterest withrespect torelationships among epistemolo-
gy, cognitive psychology and information science.

2.3 Epistemology, Cognitive Psychology and Informa-
tion Science

Thecontribution of epistemology tothe development of
information science and ils practice is very important.
Epistemology is traditionally considered to be that branch
of philosophy devoted to the study of the processes of
human knowledge,itslogic, origins and basis. Actually the
study of this process is performed by a number of discipli-
nes whichemanate from it, for example psychology, logic
and linguistics. Theretore today, the meaning and tield of
study of epistemology is more restrictive. Itis the science
centered on the study of the characteristics of scientific
discourse and on the evolution of scientific paradigms.
Thus it appears to be a more systematic and methodologi-
cal reflection on the principal resources used by humans to
pursue valid knowledge aboutreality. Psychologyis main-
ly devoted to common and ordinary knowledge (personal
and social). Epistemology is devoted specifically to scien-
tific knowledge.

Thestudyof epistemology s, therelore, essential tor the
design and implementation of betler cognitive strategies
for guiding the process of documentary analysis, particu-
larly for indexing and abstracting scientific documents.
The ordering and classifying of information contained in
documents will be improved, thus allowing their elfective
retrieval only, if it is possible to discover the conceptual
framework (terms, concepls, categorics, propositions,
hypotheses, theories, patterns, and paradigms) of their
authors from (he discursive elements of texts (words,
sentences and paragraphs).

As epistemology studies the historical evolution of
scientitic paradigms, it is concerned with a key clement of
these paradigms - themapping and structure of knowledge,
as it exists in each particular age. In this field, it is crucial
thatemphasis be given to the analysis of scientific metho-
dology and the classilication strategies of nature through a
branch of epistemology called taxonomy. Thus, the theory
of taxonomic systems is very relevant to information
science research. Scientific taxonomy is an aspect of
documentary classitication, because itshow stherelations-
hipofa scientifictexttoother texts and within its scientific
context. Also, it helps to maintain universal classification
systems, thesauri, and terminological databases according
to the general evolution of science and of each particular
scientilic discipline.

Finally, from a historical perspective, epislemélogy is
also the study of reflections made by philosophers and
theorists of science in an abstract and conceptual network,
traced between man (subject) and nature (object) in the
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process of research and knowledge, within the limits and
possibilities of understanding reality and its linguistic
expression. This is accomplished without misjudgement
of the volitional and emotional aspccts of cognition. These
authors believe that the advances in epistemology in this
tield make an important contribution to the development
of information science, especially in its attempts to deve-
lop a theory of classification. This is because documentary
classification systems arein close relationship with the two
principal contemporary Western approaches to human
knowledge - rationalism and logical positivism.

The influence of these philosophical thoughts on the
building of classitication systems has not usually happe-
ned in a conscious way. Philosophical theories of know-
ledge are usually a synthesis of the dominant characteri-
stics present in a given historical period and proposals (o
explore new fields. As a consequence, the relationship
between epistemology and information science is usually
the result of the unconscious impregnation of information
theorists with the principal epistemological approaches of
their age and somelimes conscious efforts to adopt and
adapt these ideas Lo the field of documentation.

In this sense, the Dewey Decimal and Universal Deci-
mal Classification systems can be thought of primarily as
(heresults of research in taxonomy as it was developed in
the 18th century in the field of the natural sciences together
with the development of phenetic hierarchical structures.
First of all, terminological structures and thesauri can be
seen as the assumption of the image that logical alomism
casts on the human represcntation of nature as a prccipitate
of structured elements. These structured elements can be
reduced to basic simple linguistic and logical entitites.
Secondly, terminological systems canbeseen as a result of
the reflections of analytical philosophers who criticized
the limits and the contradictions of classical logic and of
formalist theorics of language, which they considered
incapable of producing a proper analysis of the way in
which the representation and symbolism of reality is car-
ried out.

3.0n Some Contributions of Cognitive Psychology to a
Theory of Classification

There are many contributions of the sciences of the
mind to a theory of classification, but here the concentra-
tion is on four topics, which cannot be truly separated,
althoughitisdonehere in thelight of heuristics. First of all,
we will try to draw a map of cognition in an effort to
cxplain why classitying is needed. Secondly, we will
explorerecentresearchin classification, or categorization
in the sense that psychologists usually refer to it.

3.1 A Model of Cognition and the Background of
Classification

If an idea common to all cognitive paradigms exists,
intelligence is a complex, incremental, and circular pro-
cess which requires at least four stages: perception, repre-
sentation (or cognition), storage (or memory) and retrieval
and then repeating the cycle. Of course, the stages difter in
the way they are understood.
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3.1.1 The Prohlem of Unity and Difference: The Root of
Classification

Why can one say: 0o know is to classify? Because
human beings arc complex open systems. They arc diffe-
rent from the rest of the universe, but thcy arc not self-
reliant. Also, human beings arepart of thcunivcrse, but an
undifferentiated part of it. After all, difference and integra-
tion arc the primitive properties of the world we know (or
perhapsofour mind,ifwe takea nominalist pointof view).
When we have no information, the world does not make
sense. Everything is an irreducible difference which we
call chaos. But our perceptive system can establish a kind
of middle point between absolute perception of difference
which could not be processed, and absolute perception of
unity, which would make us unable to act and therefore
unable tocxist in an effectively differentiated world. Thus,
classification is a perceptive compromise that helps us to
survive and must be based on real properties of the univer-
se, otherwise it would be completely inefficicnt. Such is
not the casc. Classification means selling limits2 Limits
are set as to what something is and what it is not. In this
way, humanbeings can thrivc in a complex world.Froma
psychological point of view, a system can be defined as
something that has a perceptive entity. We can look at
some configurations that tend Lo survive as something
different from the rest of the universe. In a certain time
frametheyare systems. Some of thesesystems can to some
cxtentrecreate themselves and their own environment (lat.
informare)in order tosurvive, They arc intelligent systems
and can be described as being alive. A very tew of them are
cvenable tounderstand why they survive - in particular the
human system.

3.1.2 I'rom Interaction to representation (Codifica-
tion): The Need for Memory

A primary concept in understanding intelligent behavi-
our is that of control over the environment and over itself
(5). The idea is that intclligent systems can control their
own behaviour and some characteristics of the environ-
ment to attain a goal. This is possible because intelligent
systems get some ‘information’ from themselves and their
media and then modity il, adapt it to situations in order (o
achicve their purposes. In other words, intelligent systems
can present, represent or codify the interactions of the en-
vironment through their own inner interactions. More im-
portantly, they can operate with thesc representations
through the control of their own processes. from an cvolu-
tionary point of view; the target of these ‘information’
processes is logically the activities of their external and
internal environments which arcdirectlyrelevant to their
survival and progress (interactions). But, as not all intelli-
gent organisms have the same capabilities and tools for re-
presentation of information, their information processes
arcactually limited to the dimensions that can be represen-
ted and coditied by the system (cognition). On the other
hand, as far as intelligent organisms have a potential for
interactive representation, they arc not limited to the goal
of survival. In fact, the processes of representation of an
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organism arc many and arc very diversc, because diflerent
parts of an organism may he involved in information
representation. Also, it can be concluded that the postulate
of representation processes is a theorctical need for three
reasons.

First of all, behaviour would not be possible, it aninner
knowledge of rcality did not cxist. Secondly, this knowled-
ge must have some kind of isomorphism with reality,
otherwise human behaviour would not be adaptive. Final-
ly, knowledge is only possible in terms of the inner
processes and relationships representing the intelligent
organism, or in terms of-ils own abilitics to modify its
environment, because these are the only things under its
control. In other words, knowledgc is adaptive representa-
tion. Intelligent systems cannot themselves represent the
whole universe, only those dimcnsions of it which are
important for, or selected by the systems, depending on
their own autonomy. This is done in terms of their own
responsibilities for representation and also in termsof truly
existent aspects of the world.

Of course, it can be said that represcntation is not
necessary to control interactions, because control can be
postulated in simple feedback terms between the system
and its cnvironment. The adaptive nature of rcpresenta-
tions can be understood in terms of energetic etficiency.
The system can save encrgy and avoid risky situations
through predictions about the consequences of its actions
and about phenomena of the outer world, that is, by
stimulating the functions of the environment within itself,

Howecver, the practical problem is to determine the way
in which the human system should store these intcractions.
Asstated carlier, interactions can only be storedin terms of
the physical (clements) and logical (relational) properties
of the human system. That is, they must be represented.
The process of representation is one ol rccodification.
Relevant relations (interactions) between elements of the
environment are translated into clements of the system.
Theprocess of representation can be formalized in terms of
thecorrespondence between the perceptive clements ofthe
cnvironment as cffective clements ol the system and the
perceptive interactions of the cnvironment as effective
intcractions among clements of the system.

3.1.3 Elements and Relationships: The Nature of Per-
ception

What is the naturc of such representation or mapping?
There are clear limits to the possibilities forrepresentation.
So the intelligent system must make choices. There has
been a very interesting debatc between those who belicve
that perception originatcs from clemental units, using
bottom-to-top processing, and (hosc who belicve (hat
central processes govern perception, using top-to-bottom
processing. There is no doubt that perception is built from
very clementalunits (for example, theperception clements
of a visual system). However, there is also no doubt (hat
(hese units arc used to build adaptive and modular repre-
scntations. In some way, the world is immediatcly related
to human senses (6) but in another way information is the
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result of the combination of analytical and synthctic pro-
cesses. This is truly information processing (7). From a
systcmic point of view and having in mind the represcnta-
tional naturc of knowledge this is by no means contradic-
tory. The correspondence between the outer world and our
inncr representation is achieved in terms of both clements
and interactions between thoscclements, Also it seems that
cach hemisphere of the brain specializes in cach of these
dimensions. Carc must be taken to note that the perception
of elements and of rclationships are interchangeable opc-
rations and that elements can be distinguished at different
levels (for cxample, atom, cell, organism, society, ctc.) and
that we formulate the existence of less obvious elements in
terms ofrelationships (for cxample, society). [tis the same
with statcs and processes. A state is formalized as theresult
ofaproccssand aprocessisinferred fromachangeof state.
Tt is also important to keep in mind that there are different
processes of representation in the human mind depending
on the kind of codification. Howcver, {rom a very general
point of vicw, representation and codification can be
considered synonymous. The term codification has been
used herc to denote the process of representing informa-
tion in all possiblc lorms.

3.1.4 Storage and Retrieval, or the Nature of Memory

As previously considered, the dilferences in complexi-
ty between the human system and its environment (the
wholeuniverse) are physically irreducible?. The biological
and cultural history of humanity is characterized by the
ctforttoreducccomplexityin order to gain further autono-
my. The strategy of the human systemto gain autonomy is
that of any other open complex system - to create deposits
and to store energy, materials and information. Having in
mind (litcrally) possible relevant interactions with appro-
priateresponscs, the human system can give a fast respon-
se to critical configurations of the environment, without
succumbing to the need for lengthy reprocessing. This
deposit of information is the phenomenon which isusually
called memory. It seems cvident that representational
complexitly is as important as correspondence. The more
complex a representation is, the more potent is it*. There
has been strong debatc on the characteristics and kinds off
memory. The evidence of diffcrent storage durations -
perceptive, permancnt and non-permancnt or short-term)
memory - has been formalized in different models of
memory. Thesc include structural (scnsory, long term and
short-tecrm memory) (8) and functional or operational
models (superficial processing and in-depth processing).
Tn addition, a distinction has been cstablished on the basis
of thckind of information - episodic (data) and semantic
(knowledge). It seems that an important factor that ex-
plains the duration of the memory. stage is cxposure to a
similar configuration (wcll studied by behaviourists) which
can be explaincd from an adaptive point of view. The
human system has more time to do this and it seems more
pertinent to process somcthing that happens frequently.
However, another important mechanism of memorization
is purely emotional and cven more clearly adaptive.
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Something very pleasant or very unpleasant is more likely
to be stored than another less intensive happening.

The short-tcrm memory is seen as a working space
where information is proccssed. This memory is very
limited. In a very interesting and indeed amusing paperby
George Miller (9), it is demonstrated that the short-term
memory is only able to process scven units, plus or minus
two. (Curiously the capital sins, the wonders of the world,
etc. are seven in number). Morc interesting is the strategy
that the human mind has worked out a way to overcome
this limitation. Itcms can be joined into new units and aunit
canbebrokenintoitems by a mechanismthatMiller called
“chunking”. Itcms in memory can be organized, and one of
the ma jor principles of the mind is perception and opera-
tion on the basis of units (i.e. classitication).

Miller did not communicate to us anything about the
kinds of opecrations that govern “chunking”. Onc of the
groups of persons that has undoubtedly worked morc on
this problem is Jean Piaget and his followers. The rela-
tionship between operations such as “chunking” and clas-
sification is even bettcr demonstrated in traditional pro-
blem-solving approaches to a thecory of concepts.

3.1.5 FFrom Individual to Social Representation: The
Use of Signs

Human beings are used to working with labelled con-
cepts, that is, concepts expressed by visible clements,
whether they be reproductions, icons or signs. Signs are
only representations and they arc designed to bethe subject
of operations. However, what mustbckept in mind (10)is
thatsignsarea social product. They are part ol asocial code
and can change [rom one society to another. As most
human actions are socially conditioned, here is a lunctio-
nal correspondence between the world of signs and the
world of social life. The achievement of external memo-
ries, thanks to the invention of alphabets resulted in the
beginning of the age of documentation and librarianship.

3.2 The Cognitive Paradigins in Classification Research

Three different approachcs to the classification pro-
blem in psychology can be distinguished

- the traditional problem-solving approach to

concept formation,

- the natural concept formation thcory and

- the contributions to the study of (verbal)

semantic processing.

This latterapproach is closcly connected with the study
of long-term mcmory.

The first approach, the classical approach, to concept
formation (best represented by Bruner (11)) assumes that
the classifier faced with the need for a solution, examincs
and abstracts the relevant dimensions of a set of items and
classifies them on these bases. This is very consistent with
theapproach of philosophical logic and conceptology. The
pertinence of an item to a category can be abstracted from
rclevant dimensions of properties of the sct of objects that
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define a clear diffcrence from the rest of the objects of the
universe (intension). Inversely, 'rom a sct of objects that
arc postulated to be part of a category (extension), the
dimensions of subcategories can be inferred. This results
in a very ordercd represcntation of the world which beco-
mes morc and morc coherent and consistent. This is also
the common approach in the design of classification sy-
stems and retrieval tools.

The second approach is a very strong critic of the first,
both philosophically and experimentally - Rosch and Lloyd
(12) must here be acknowledged with merit. Their conclu-
sions were simple. First, not all itcms in a category arc
considered by the classifiers to be equally representative of
a category. Sccondly, a category is structured around a
central sample which is called a prototype. Thirdly, natural
catcgories can be considercd to be at the same level. Some
categories arc immediately retricved and lcarned first by
children (basic concepts, such as ‘dog’). Otlicrs require
complicated operations to be retrieved or formed and arc
lcarned at a later stage. They arc supraordinate concepts
(such as ‘society’); or subordinatc concepts (such as ‘atom’),
For example, the concept ‘dog’ is acquired early in human
development, but concepts, such as ‘collic’ or ‘animal’ arc
acquired later. This has important implications for the
building of retrieval tools insofar as theyarc thought tobe
for the use of common pecople. The access points in such
tools should be based on basic concepts, keeping in mind
the middle intellectual level of the users. This also explains
why special retrieval tools are always needcd to serve
particular situations.

Lastly, thecontributions of rescarch to semantic proces-
sing need to be considered. To accomplish this aim, two
different mcthods of storing information with attention to
the rclationships cstablished among entitics must be exa-
mined. Therc are two kinds of memorics - episodic (disc-
rete events, spatially and temporally identificd) and se-
mantic (the ability of users to classity and understand
reality).

Also, two mcthods by which semantic information is
integrated into the long-term memory have been detected.
The first method could be called sequential organization.
It has been observed that there is a tendency to remember
things in the same order as they werc learned (13). Going
far beyond this fact, Schank and Abelson (14) have studied
‘sense’ in relation to meaningful sequences affirming that
human beings understand information by comparing it
with the usual sequences that we know to happen in real
life. So human beings learn how to act and how olher
human beings act and they learn to speak about actions.

The second method is analytico-synthetic processing.
In this case, human beings cxplain the meaning of things
by relating to their clements, to the structures they belong
to, or to the properties they have. Concept nets or maps are
the common models of memory that are produccd [rom
this point of view as discussed by Collins and Quillian (15)
and morc recently claborated by Novak and Gowin (16).
The first method is closely rclated tothe natural concepts
formation approach, while the second method is related to
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the traditional approach. It brings to mind the distinction
that Watzlawitz (17) made between analogical and logical
processing. The [irst method requires decisions on the
basis ol user familiarity and understanding of similarity.
The second acts on the basis of difference and identity in
terms of “that is, that is not”.

A practical theory of classification shouldhavein mind
both conceptions of the catcgorization process. It must
consider the natural processing that takes place in the
minds of human beings who categorize primarily on (he
basis of basic conceptsand analogy. Also it must take into
account the benefits of logical processing, which can
improve the logic of classification systems. However,
perhaps the first approach should be used in the interface
design, and the second one primarily in built-in documen-
tary linguistics engineering, and in the design of expert
systems for retrieving information.

4.Conclusion: Towards an Integrative Theory of Clas-
sification

This discussion began by describing how the traditional
concept of classification was mainly a result of the histo-
rical development of epistemology, logic and mathema-
tics, a beginning which can be admired in the more recent
creation of intelligent machines. Howcver, this was only
the beginning of history, becausc now even mathcmatics,
informatics and logic have been transtormed through new
ways ol understanding classification. As a result, we now
have as key research topics, fuzzy set theory against
Booleanlogic, connectionism against knowledgeengince-
ring and probabilistic approaches against deterministic
methods.Nowthattheimagethathumanity, inits own way
of thinking and being, has changed, the formal sciences are
formulating anew, not so logical and notso formal, image
of themselves and their world in which contemporary
human beings sec in the mirror of evolution,

In conclusion, thesc authors belicve that the two ap-
proaches are complementary. Rigid logic approaches are
very economical in time and resources and not so rigid ap-
proaches are usually better adapted to reality than the
former. Thus weagree with Davis Ellis (18) that the belief
thatneither physico-logical nor cognitive paradigms alone
are able to explain either classitication processes or infor-
malion science. Alter all, both are only products of that
which pretends toexplain (i.e. classification). Last, but not
least, classification cannotbe understood without referen-
ce to its aims, which are best accomplished in different
ways for each individual problem.

Notes

* Paper presented at the Joint FID/CR and ISKO Meeting,
Madrid, 20 Oct.1992 preceding the 46th FID Conference and
Congress, Madrid, 21-30 Oct.1992.

1 Which is now an important scicntific field. In some way, the
problem of Human-Machine Interaction (HMI) puts information
science into the centre of the information processing sciences,
because it connects both tendencies: the study of human intelli-
gence and the study of artificial intelligence.
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2 The problemof /imit is acentral aspectof philosophical enquiry
(sce Izuzquiza (21)) and also of mathematics. Limit is crucial to
perception, but it can also mislead perception.

3 We must only consider the dfferences in the number of atoms.
4 We can think of the map of a city: the more precise it is, the
easier can one get to a particular place.
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