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As stated on the inside front cover,
Appraisal will seek, in the spirit of
Michael Polanyi, to encourage con-
structive approaches within phi-
losophy, to issues within it, and to
the philosophical dimensions of
questions that arise in other disci-
plines and in everyday life. It is
based on the traditional belief that
philosophy does have something
positive of its own to offer: viz. the
articulation and elaboration of that
global, tacit and wusually vague
awareness that we all have, as
human beings living in the world,
of man, life and the world. Al-
though there is nowadays much
less adherence to Empiricist, Ana-
lytic and Positivist positions which
ignore, or explicitly deny, our
possession of such knowledge, and
which therefore confine philosophy
to clearing up verbal confusions

EDITORIAL

and to stating its incompetence to
do anything else, the frequently
announced collapse of ‘Foundation-
alism’—the Cartesian and ‘Critical’
attempt, shared also by Empiricist
and Positivist philosophers, to re-
construct upon a secure and ncorri-
gible basis what can be salvaged
from what we ordinarily but na-
ively regard as knowledge—has too
often resulted in despair or rejoic-
ing at any other constructive task
for philosophy, so that all it can do
is to ‘unmask’ or ‘deconstruct’ as
mere ‘perspectives’ or ‘1deologies’
all other intellectual positions,
while tacitly exempting itselt from
the otherwise universal Relativism
or Subjectivism which it proclamms.

Another tendency, allied in
various ways to those just men-
tioned, which 4ppraisal also rejects

(as do Prof. Marjorie Grene and Dr
David Selbourne, whose latest
books we rteview), is that which
would confine philosophy to a
professional élite engaged i a
closed debate about merely techni-
cal matters. On the contrary, if the
starting-point and subject-matter of
philosophy is our existing and
mchoate awareness of ourselves,
our fellows, and the world, then we
all are in a position to begm to
reflect upon and to articulate that
awareness. All intellectual disci-
plines ought, n one way or an-
other, to address the general public
at some point and to contribute to a
common culture, and philosophy m
particular ought to address itself to
the great questions of the day and
of all times.

them—R.T.Allen.

Polanyiana

Polanyiana, the journal of the Michael Polanyi Liberal Philosophical Association, has resumed publication
after a break. The current issue, Vol. 4 No. 4, contains an article (in English and Hungarian versions) on
Michael Polanyi and Arthur Koestler, with many quotations from their correspondence.

The next issue will contain the studies, or extracts from them, submitted in English to the Central European
University by the MPLPA for its research project on ‘The Central European Tradition of Liberal Philosophy’.

The anrual subscription to Polanyiana is $US10 for those outside Hungary. Any readers of Appraisal n
Britain who wish to receive Polanyiana can send their subscriptions in £ to me and I will forward

v
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THE COMPUTER AS AN INSPIRING AND LIMITING FACTOR IN THE
CONCEPTUAL DEVELOPMENT OF PSYCHOLOGY

Csaba Pléh

computational mind.

ABSTRACT

The paper presents a critical discussion of the role of computers in psychology. It shows that the Neuman type
of computer has been a limiting as well as an inspiring factor in present day psychology. Especially, while
furthering the universalistic metaphor of human cognition, it has also helped psychologists to forget about the
multiplicity of thought. Recent developments in cognitive science, especially the modular and the connectionist
and parallel distributed conceptions of cognition are discussed with regard to this issue. They are presented as
theories where the metaphor of a serial computer with a unitary processing mode like the General Problem
Solver is replaced by a multitude of qualitatively different processes.

The paper argues that the computer that promised to be the ultimate mechanical model of man, finally turned
out to be a factor that has reinforced the restatement of some basic philosophical issues such as the relationship
between brain and mind in the form of the new functionalism or the issue of the relative contributions of
sensory and abstract knowledge to cognition. In this framework Polanyi’s conception of personal knowledge is
treated as a tacit partner in the mew consciousness emerging from considerations of the limits of the

1. The machine as a

model of man
It is a general feature of the modern
Western image of man to treat
available machines as possible ana-
logues for man. This mental pattern
extends the relevance of machines
to man, and interprets man as a
fountain, as a clock or as a steam-
engine. This tendency is supple-
mented, however, by two further
factors. As a second step, the idea
is raised that after all man is still
not an engine of this type. He
cannot be interpreted as, for exam-
ple, a causally determined clock-
work mechanism, because he is free
and an initiator of actions. Sec-
ondly, the opposite idea is raised as
well, according to which man cre-
ates and interprets machines on the
analogy of man. Thus, when ma-
chines are treated as the measure of
man, a full circle of analogies is
present: the machine was built on
the analogy of man, and this anal-
ogy is re-applied to man. (See, on
this general issue of machines ap-
plied to man, Crosson, 1985.)
When the inspirational and limit-
ing role of computers on psycho-
logical thought during the last 40
years is raised, one thus has to see

that there is nothing radically new
and specific to the computer age in
the mere facts of the search for
mechanical analogies and of the
cyclical disillusionment with the
analogies once proved to be fruit-
ful. The new aspect concerns the
nature of the machines proposed
this time as sources for analogy.
Psychologists, among other people,
consider the computer as an infor-
mation-processing machine. The
possibility of a description with
regard to information is recognised
in it, i.e. the possibility of charac-
terising our own cognitive proc-
esses in a neutral way, irrespective
of the ‘vehicles of thought’. This
analogy is far from innocent. It is
not innocent with regard to the
machine since it raises the issue of
equivalence from time to time: to
what extent is the behaviour of the
machine identical with that of man
if their performance is equivalent?
(For a critical presentation of the
strong versus weak equivalence is-
sue see Pylyshyn, 1984).

Neither is the analogy innocent
with regard to man. It presupposes
that the working of the human
mind is united and unitary as well
as the working of machines. It

presupposes further that this unitary
nature can best be grasped in
symbol manipulation. Finally, in
the beginning, the relationships be-
tween human thought and the envi-
ronment are rather neglected. The
environmental information is pre-
sented to human thought in early
cognitive models of psychology in

a rather elaborated way as well as
in the case of machines. In later
years this becomes the issues of
perception and interface, respec-
tively, in a unitary model of cogni-
tion.

In the following, the limitations of
this analogy will be taken up from
the human side: I will limit myself
to issues of the modelling of
cognition, putting aside other rel-
evant issues such as the social side
of cognition and the emotion-cog-
nition interface.

2. The computer as a sup-
port of objectivity in the
cognitive revolution

In reviewing the inspiring and lim-
iting role of computers in psychol-
ogy, the broadest framework is
provided by a characteristic thirst
for models characteristic of the
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early days of the cognitive revolu-
tion in the sixties. The essence of
this shift of emphasis—indeed, it
may be an exaggeration to call it a
revolution—was the (re)discovery
of man as a modelling creature.
And the sciences of behaviour
gradually have become sciences of
modelling the model-making fea-
tures of the human mind.

There were many reasons underly-
ing the changes that are listed here
without further proof (see, about
them, Segal and Lachmann, 1977).
The prevailing neo-behaviouristic
mode of thought in experimental
psychology has become liberalised.
It has become tolerant both concep-
tually and experimentally. Techno-
logical developments called for an
image of man as an information-
processing system. Research on
perception (the New Look school)
has pointed to the complicated
interactions beyond the local stimu-
lus that are responsible for percep-
tion. All of these paved the way for
a general shift of attitude. One
important element among all these
factors was the role of formal
sciences and modern linguistics in
the development of cognitive psy-
chology. (For a survey of the
appeal of formal sciences towards
cognitive psychology see Lach-
mann, R., Lachmann, JL. and
Butterfield, E.C., 1979 and Smith,
1990.)

Mathematics, computer science
and linguistics played an active
liberating role. in the cognitive turn
in the following way. For the
psychologist trained in a positivistic
flavour and reluctant to talk abut
the inner world, these disciplines
made the talk about inner worlds
(in the form of abstract models)
scientifically respectable without
the stigma of subjectivism. The
cognitive turn proved to be a
winner, not by claiming direct
access to consciousness and by a
revival of introspection, but by
coming to the analysis of the
internal world through indirect
routes. The availability of concep-
tual approaches that provided an
option to talk about inner reality,
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while preserving the aura of scient-
ism, was a massive support in
finding these indirect routes. Ear-
lier, during the fifties a similar role
was played by information theory.
The (then) New Look has borrowed
concepts like coding, recoding and
capacity from the formal analysis
of communicative systems, i.e.
from information theory.

The concepts of algorithm and
heuristics were also been taken over
by cognitive psychology from the
formal sciences. The same is true,
however, for the representation
theory so central to cognitive psy-
chology. One of the basic solutions
to this latter will be the import of
logical models into psychology.
Propositional calculus shows up not
only in the trivially most relevant
domain of psychology (in the study
of language understanding and in
the analysis of human inference)
but it plays a central role in the
analysis of memory storage as well.
The analysis of human knowledge
took the form of a propositional
characterisation. Memory, for ex-
ample, re-emerges in psychology
not as an unstructured mosaic of
ideas, but rather as a rich pattern of
predicate-argument networks that
give structure to knowledge (Col-
lins and Quilian, 1969). The formal
inspiration quite naturally shows up
in the logical analysis of thought
processes as well. This took the
form of analysing human categori-
sation with graphs representing a
series of hierarchically embedded
decisions (see, e.g. Feigenbaum and
Feldman, 1963.) Likely logical
models show up in the analysis of
problem solving first proposed by
Herbert Simon and Alan Newell
(for a summary see Newell and
Simon, 1972). In this approach
human problem solving protocols
are analysed into /FTHEN types of
logical reasoning chains (that are, in
their turn, interpreted in the Al
models as production systems).
From the point of view of psychol-
ogy proper in all these cases what
one witnesses is a transfer of an
analytic language from another
field to the study of the individual

mind that allows an analysis of the
structure of performance instead of
an introspective account of the
inner world. The logical type of
analysis reveals what man had to
do in order to produce perform-
ances of a certain kind. This atti-
tude is similar in one regard to the
tacit knowledge proposal of Po-
lanyi (1962). We know more than
we can tell. However, while Po-
lanyi emphasises the soft, unfor-
malised aspects of skill (cf. Cros-
son, 1985), what is in contempo-
rary terminology a kind of implicit
memory, the early cognitive trend
starts from the idea of formal
processes (algorithms and hidden
factual knowledge) unavailable to
consciousness and introspection. As
Dreyfus (1990) points out, how-
ever, even Polanyi becomes par-
tially formal when he looks for the
sources of tacit unverbalised
knowledge in rule-like maxims.
But, as Nyiri (1992, Chapter 5.)
summarised it recently, in practical
knowledge, or skill, there always
remains an application level that is
not organised like a formally stat-
able rule. We shall see later on that
this problem is similar on the
action side to the now famous
symbol-grounding problem (Har-
nad, 1990) on the input side:
cognitive categories as descriptions
of the world in a representational
theory of mind have somehow to
be anchored to the real world
through non-symbolic processes
(i.e. through sensation).

After a while, this formal inspira-
tion has become a real force in
research and not merely a cover-up
when wandering on the muddy
terrain of thought. When the seem-
ingly machine-like explicit systems
of psychologists were turned into
the basis of real machine systems,
it became clear that the psychologi-
cal model quite frequently was not
explicit enough. Thus, the psy-
chologist was forced to make more
and more explicit his model of
what man does and what types of
information are in fact used in a
given performance. This has be-
come rather straightforward in the



design of question-answering or
language-understanding  systems.
One of the exciting tasks facing the
psychologist here is to make ex-
plicit all those inferential chains
that make our stories coherent (see
for a theoretical attempt e.g.
Schank and Abelson, 1977, for
some experimental studies, Pléh,
1987 and the volume edited by
Graesser and Black, 1985). As we
shall see later on, the application of
a simplistic machine model, and
traditional formal models, to psy-
chology had to face two types of
obstacles, both on the ‘periphery’
of the model. Perception and every-
day social knowledge are not that
easy to model by machine, and not
easy to make explicit.

It is worth noticing here a certain
duality inherent in the cognitive
approach. Cognitive psychology
puts information and meaning into
the focus of research. Meanwhile,
in its purest form, it does not care
about the realising system. This
focus on information would inher-
ently drive the study of cognition
towards an engagement that does
not treat man as a mere object. All
of this implies a kind of Platonist
approach that presupposes the ex-
istence of pure forms of knowl-
edge. At the same time, however,
this Platonist view of man still
tends to treat man on the analogy
of a machine. The main formal
support and inspiring force for the
cognitive movement in psychology
is a machine, the computer. This
feature shows some clear affinity of
the cognitive trend towards the
traditional mechanical view of the
world that treats man as an object.
Many internal tensions of the cog-
nitive view and many external
criticisms of it are in fact based on
this duality: man is treated as an
information system which is char-
acteristically a non-object, while at
the same'ﬁ(me man is treated on the
analogy of an object.

3 The linear computer
and the information-

processing approach

The most basic analogy between
the point of view of cognitive
psychologists and the computer has
been the trend on the part of
psychologists'to treat human cogni-
tion on the analogy of a linear
information-processing system with
a single central processor (as a
Neumann-type computer). The hu-
man cognitive system, like a tradi-
tional computer, was also supposed
to have a limited capacity short-
term storage and a long-term back-
ground store that has a (practically)
unlimited capacity, and its mode of
operation is basically sequential. It
is rather revealing that this image
of a sequential machine is usually
supplemented with the remark ‘with
the exception of the obviously
parallel sensory processes’. With
this remark, however, the issue of
relationships with the outside world
is usually over. These sensory proc-
esses are dealt with in models of
cognition only to the extent that
they provide a set of features for
the description of objects.

The dominant cognitive approach
for about 15 years has been the
theoretical framework outlined in
the seminal book Perception and
Communication by the British ex-
perimentalist, Donald Broadbent in
1958. Essentially, this position
claims that human cognition con-
sists of coding steps corresponding
to more and more abstract informa-
tional features. In ‘processing’ an
mcoming word for example, first
its physical features are identified
(acoustic and graphic representa-
tion). The filtering function that
corresponds to selective attention
would work on the output of these
processes. The system is parallel
and has a large capacity on the
pre-attentive stages. This is sup-
posed to be followed through a
sequential coding process by a
short-term store of limited capacity.
Then, in semantic coding, all the
mformation stored about the given

word in the long-term memory
system, would be mobilised.

The stages and the stores corre-
sponding to them are not mere
abstractions postulated for the sake
of organising data. The inspira-
tional role of the machine analogy
in fact appears in this aspect.
Psychologists have devoted long
series of experiments for the identi-
fication of each of these stages. In
the analysis of the filtering func-
tion, for example, the classic issue
of whether we can indeed make
several things in parallel is refor-
mulated as a model according to
which, in the early stages preceding
recognition, there is indeed parallel
processing through multiple chan-
nels, but this is followed by filter-
ing in the recognition stage, recog-
nition being a strictly sequential
process. The detailed experimental
questions are issues about such
matters as what kind of representa-
tion is being formed at levels below
full recognition, what features are
and could be used in filtering, and
if filtering partial or total. The
corresponding experimental para-
digm is the cocktail party situation
(continuous listening to parallel
verbal messages). The characteristic
experimental situation correspond-
ing to short-term storage is false
recognition of letters following a
few seconds of interposed activity.

This general metaphor of the
Neumann-type computer in psy-
chology, beside its positive impact
upon research, has introduced or
reinforced several limitations in the
psychological research on cogni-
tion.

1. The overwhelming nature of
sequential processing

This is the most controversial issue
today. We shall return to it later on,
in connection with the controversy
around parallel and sequential
processing.

2. The idea of a limited capacity.

Our resources are limited in a
unified manner. That is to say, all
mental computations use the same
central processor; they have to
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share a common capacity. With
respect to limitations, all cognitive
processes can be reduced to a
common denominator. This idea is
still with us even in the avant-garde
propositions of the seventies that
made processing contextand task-
dependent in contrast to the me-
chanical automatic image of the
original model. These new propos-
als drew a distinction between
automatic and controlled processes,
the latter ones requiring effort as
first proposed by Kahnemann and
Tversky (for a review see Kahne-
mann, 1973). This new approach
still preserved the basic idea that
we have one limited cognitive re-
source that has to be divided
among different tasks. To take one
experimental example: while listen-
ing to sentences, the recognition of
irrelevant noises is slowed down if
they are presented around the end
of the sentence. The reason for this
is that if our resources are busy
with the analysis of the sentence
(this is the case around the end of
the clause as opposed to its begin-
ning) no more resources are left to
analyse the irrelevant material (Fo-
dor, Bever and Garrett, 1974).
Thus, in the common denominator
of the shared limited capacity, even
the processing of a buzzing tone
and the meaning of a sentence have
something in common.

In the eighties, both the idea of
parallel processing (e.g. Rumelhart
and McClelland, 1986) and that of
modularity (Fodor, 1983) chal-
lenged the concept of limited ca-
pacity as the common denominator
in cognition. The capacity limita-
tions, as Allan Allport (1980) very
aptly put it, are not due to a neutral
central processor, but are due to the
competition of different tasks for
the same executive system, i.e. for
the control of speech.

3. The idea of stores with a fixed
order and parameters

The linear-sequential metaphor has
proved to be of limited validity in
memory research as well. First, it
has become obvious that in the
classical view, a correspondence

6 Appraisal Vol.1 No.1 March 1996

was suggested between the repre-
sentational form and the temporal
sequencing of stores. Left-to-right
sequencing in this way corre-
sponded to representations going
from the physical code towards the
more abstract ones (Table 1).

Table 1
Storage systems and forms of
representation in traditional cogitive
psychology
Very short | Short Long term
physical name semantic
features codes codes

This conception has clearly relied
on the machine analogy of opera-
tive and background storage. Three
considerations questioned this gen-
eral image. As an opposition to the
bottom-up linear sequencing meta-
phor of human cognition, models
emphasising top-down processes,
the anticipatory role of higher order
organisation, showed up, most no-
tably in the form of different
schema theories. These theories are,
in a way, structural formulations of
the New Look ideas on perception
(for a clear exposition see Rumel-
hart, 1980). It has also become
evident that the temporal fate of
different codes and representations
is a flexible process. The context
and the task have a determining
influence over the retention of
different codes. The physical code,
as in the famous matching experi-
ments of Posner (identity judge-
ments of AA vs. Aa after 0 to 2000
ms delays) that seemed to disap-
pear after 1 sec., may be present
for longer times provided that
physically identical pairs are much
more frequent in the set (Posner,
1986). According to the levels of
processing theory proposed by
Craik and Lockhart (1972), flexible
coding processes should be postu-
lated rather than boxes with fixed
parameters and a fixed sequence to

account for the dominance and avail-
ability of different representations.

The working memory conception
of Baddeley (1976) also empha-
sises flexibility in the memory
system. Although it presupposes
stores, it treats their interrelation-
ships in a functional rather then in a
preassigned way.

It has also become clear that in
models of recognition long term
stored knowledge cannot be as-
signed to such a late phase in the
process as the original model has
suggested. If we want to account
for, say, the recall of words after a
few seconds (the so called short
term memory performance), we
have to postulate a temporary acti-
vation of the knowledge store (the
long term store) that is prior to
short term storage. Thus, in a way
contrasting with the initial model,
the workings of the ‘long term box’
somehow precede the workings of
the ‘short term box’.

4. Machine and human parsimony

It is a rather peculiar way to map
machine thought onto human infor-
mation processing when psycholo-
gists start from machine parsimony.
Furthermore, its starting point is the
early machine model that considers
memory to be the most expensive
ingredient. Thus, all data should be
stored only once. This conception
had a dual effect on models of
semantic memory interpreted for
psychology. The paradigmatic ex-
ample is the famous knowledge
representation and retrieval system
proposed by Collins and Quilian
(1969). Due to the hierarchical
relations among nodes (canary-
birdanimal), predicates valid over
the extension of the superordinate
node are only stored by that node
(e.g. the canary node has no sepa-
rate predicate about flying; only the
bird one has). Experimental studies
to verify this model compared
decision times for specific predi-
cates (The canary is yellow) with
decision times for generic predi-
cates (The canary can fly). Early
studies supported the theory: spe-
cific predicates had faster reaction




times (RTs) than generic ones. It did
not take much time to realise that
the real situation was more compli-
cated. There are subordinate con-
cepts that have fast RTs for certain
generic predicates. Also, not all
subordinates have the same RTs for
a generic predicate (compare Swans
can fly with Eagles can fly). It
seemed to be safer to propose a
dual parsimony principle for hu-
mans. In the human processor,
redundancy is avoided, but decision
speed plays a role as well. Fre-
quently used items of information
have multiple representations in the
network (Smith, Shoben, and
Ripps, 1974).

This modification is a good exam-
ple for the general workings of the
machine analogy towards psychol-
ogy. We simplify the human model
by using ideas derived from the
machine. Later on, contradictions
are observed between the simplify-
ing model and experimental results.
Therefore, the oversimplifying
model is refined. However, both
cases are fruitful in this process.
Simplification and revision are two
steps in the endless process of
approximating reality, and flirting
with the machine and disillusion-
ment from the machine are exam-
ples of this dyadic process. In the
reversed engineering conception of
cognitive research, the ideal is to
start from the performance (the
behaviour) of the system and find
actual computational models that
are increasingly more and more
equivalent in their performance to
the human mind. The approach, as
fruitful as it is, certainly has to face
some basic boundary limitations:
e.g. could we ever try to include
experience into the reversed engi-
neering model? is modelling the
physical structure (the body) a
realistic aim? (See about these
matters Harnad, 1993). But even at
levels where reversed engineering
works, it seems to be that the actual
computational models it uses tend
to show this circularity of being
inspired by actual machines and
then rejecting the given machine
model for a new one. Polanyi

(1967) in his antireductionist stand
concerning life implies in this re-
spect that although we have to look
for mechanical (machine) models
what we shall actually find will be
mechanisms that are irreducible
boundary conditions as in the case
of life interpreted in a physico-
chemical framework. Similarly,
when he discusses the logic of tacit
inference (Polanyi, 1969) he claims
that when we are using a machine
model for the functioning of the
body we are using only some
aspects of biological functioning:
the function itself cannot be under-
stood starting from the machine.

4. Uniformity and multi-
plicity in thought

Some of the most basic dividing
factors in contemporary cognitive
psychology could be related to the
way psychologists deal with the
initial simplified linear machine as
a model of cognition. Two charac-
teristic and central dividing factors
will be selected here: the issues of
uniformity and sequentiality in
thought. In both cases the rival
alternatives, while questioning the
modelling value of machines with a
traditional architecture, are them-
selves flirting with a new machine
metaphor or implementing new ar-
chitectures. Thus, they preserve the
fruitful relationship between the
study of man and machine in a
productive way: they tumm to new
types of machines to support hu-
man imagination.

With regard to the umformity-
multiplicity issue, from the begin-
ning of cognitive psychology on-
wards, one can witness two differ-
ent attitudes. The idea of uniform-
ity was always dominant from the
beginning of the empiricist move-
men, but from time to time there
were strong voices of dissent claim-
ing for a more quality-oriented
view of the human mind postulat-
ing several different types of men-
tal processes. The first modemn
multiplicity-view was presented by
classic faculty psychology (see pa-
pers in the volume edited by Smith,

1990). In modern times this attitude
was revived by Sir Frederic Bartlett
(1932). His multiplicity centred
approach was aimed to demon-
strate, for the behaviourists as well
as for the classical associationists,
that the human mind was too
complicated to be accounted for by
simple principles of connection for-
mation. Similar ideas were pro-
posed in early cognitive psychology
by Neisser (1963) in a largely
forgotten paper where he empha-
sised that in psychoanalytic theory,
in the experimental study of cogni-
tion, and in the study of human
abilities as well, one can differenti-
ate between ordered and unordered,
and analytic and holistic, cognitive
processes as basically different
qualities.

At the birth of modemn cognitivism
proper, the opposition between uni-
form and multiple views of mental
functioning took the form of an
opposition between associative and
structure-bound processes. Chom-
sky and his followers opposed
learning-theory principles and lan-
guage-acqui-sition, the latter being
characterised by self-organisation
and rule-formation rather than asso-
ciation and environmental determi-
nation (Chomsky, 1959; Miller and
Chomsky, 1963). This was the
beginning of a straightforward dual
view of mental functioning: there is
a mechanistic and a structure-de-
pendent mode of functioning, the
latter being characteristic of com-
plex forms of behaviour like lan-
guage. From the late sixties on,
however, this view of dual organi-
sation was gradually replaced by an
overextending unifying trend within
the same structuralist group. Spe-
cifically, a conception took form
suggesting that all interesting proc-
esses should be dealt with within
the framework of structuredepend-
ent processes and hypothesis-testing
rather than association. This con-
ception replaced the duality of
learning versus rules, association
versus structure, with an over-
whelming structuralism (Chomsky,
1968, Fodor, 1968).

This view is not shared by the
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entire cognitive trend. It has be-
come gradually clear that the cogni-
tive trend is radically divided in
this respect, and its division might
very well be interpreted as a divi-
sion of opinion with regard to the
explanatory power of the unitary
symbol-manipulating machine. The
idea that human cognition follows
basically the same principles every-
where has taken definite form. Its
most explicit version is the theory
proposed by Herbert Simon and his
associates. According to this view,
the very same general problem
solving principles show up in every
human process. Human cognition
applies so-called production sys-
tems for repeated problems. Their
structure is the same in every
problem area. They look for an
input of a certain kind and from
there on they arrive at a result as a
consequence of a chain of reason-
ing. The neutral language of the
human mind is the language of
logical calculus. The train of
thought is the same, be it a question
of playing chess, understanding a
sentence, or even typewriting. At
the same time, our entire back-
ground knowledge system partici-
pates in all cognitive processes
(Simon, 1979; for a new synthesis
along these lines, see the volume of
the late Allan Newell, 1990).
Parallel with this process, the
conception inspired by generative
lingwistics—itself being a unifying
conception for a while—gradually
became the most straightforward
opponent of unitary theories. This
took the form of the modular
conception of mind based on the
model of modern linguistics.
Modularity, of course, has several
sources and interpretations, from
the electronic idea of modules to
the concept of neurological mod-
ules as put forward, for example,
by Szentagothai (1975). One of the
basic features of this proposal is the
emphasis on a unitary kind of
organisation in the cerebral cortex.
The units in the cortex serving
different functions basically have
the samc kind of organisation, and
that makes their genetic determina-
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tion feasible. They function as a
highly interrelated structure, with
much more internal connections
than external ones and they com-
municate to other modules only the
net result of their computations.
The cognitive modularistic concep-
tion takes over the idea of encapsu-
lated computational units from the
neurological doctrine. It proposes,
however, modules of a much larger
scale. And at the same time, it puts
the emphasis not on the identity of
structure, but on the qualitative
differences in function.

This conception was most clearly
articulated by Jemry Fodor (1983).
He started from a critical analysis
of a specific shortcoming of the
classical ‘unified’ information
processing positions, namely that
they are in trouble with regard to
the specific processes of percep-
tion. They just suppose that the
analysis gives a description of the
stimuli in terms of features but the
features and the process of their
extraction are not clearly articu-
lated. For an information-process-
ing paradigm there are no quantita-
tive differences between the treat-
ment of data from vision and from
audition, for example. However,
states the modularist claim, no
matter how similar the processes
are for an algorithm of concept-
formation, if it has to do with a
series of decisions based on visual
features, when it has to classify
objects into the categories of trian-
gle and square, and when it has to
classify certain stimuli as salted and
sweet, these are only apparent simi-
larities (as any phenomenologist
should have known for long). Pat-
terns can be regarded as equivalent
to each other only to the extent that
they are treated as descriptions. In
this case, however, nothing was
said about the way the descriptions
themselves were obtained.

Phrased in the idiom of the
machine world, the conception of
modularity brings into focus an
important aspect left out of tradi-
tional machines: the relationship
between representations and the
outside world. Fodor (1983) and

Pylyshyn (1984) define as‘input
systems’ those supposed neural
components that perform the sepa-
rate tasks of coding incoming infor-
mation independently of each other
in a prototypically genetically de-
termined order, and interact with
each other only at the level of their
outputs. These micro-machines are
encapsulated, and also impenetrable
in the sense that knowledge, in the
traditional meaning of the term,
cannot influence their workings: i.e.
knowledge, expectation and other
contextual factors, have an influ-
ence only on the results of these
computations and never on their
inside. This conception is general-
ised by Fodor into an overall
modular view of the human mind.
Not only perceptual processes, but
most of our cognition in general, is
organised according to the principle
of mput systems: most of the
human mind consists of encapsu-
lated, task-specific modules that
fulfil their tasks with remarkable
speed and in a reflex-like automatic¢
way.

From the point of view of ma-
chines, this conception suggests that
several task-specific small proces-
sors co-exist in our mind, and the
results of their computations are
made available to a symbol-ma-
nipulating system which is like a
General Problem Solver. Thus, a
little room is left by Fodor for
experience-bound general cogni-
tion. But this is done unwillingly
and the domain of this factor is
gradually narrowed.

Concerning language, for example,
the modular thesis claims that con-
text or frequency has no effect on
the immediate mechanisms of wor-
d-recognition. These factors have
only a post hoc effect modulating
the ease of word use. In a similar
vein, there is no interaction be-
tween the lexical, syntactic and
semantic components of under-
standing, all of which operate as
self-contained systems. Interactions
appear only on the level of their
outputs, on the level of the results
of their computations. The two
diverging views here are the en-



tirely interactionist view (this isthe
one supported by the general cogni-
tion idea) and a modular view that
postulates totally autonomous sub-
processes. For a presentation of the
views and the supporting empirical
evidence see the volume edited by
Garfield (1987).

Historically—and Fodor is very
conscious of taking up here a
classical position—this conception
is a revival of the -eighteenth-
century faculty psychology of

Franz Gall. (Concerning this aspect -

of Fodor, see Pléh, 1985.) And this
one, in its turn, leads us towards
classical theories of the multiple
action views of the human mind,
including not only Reid and the
Scottish school, Kant and Leibniz,
but even the scholastic teaching
about faculties. (See Smith, 1990.)

5. Polanyi on multiplicity
In this broad context, the multiplic-
ity view proposed by Polanyi
(1962) for human nature is rather
parallel to the modular view. When
he proposes different approaches to
the world, among them a rational-
discursive (propositional) and a
more experiencebound, sensation-
oriented approach, he stands on the
same side with the multiplicity
people and with the claim for
qualitatively different cognitive
mechanisms. Polanyi, inspired by,
among other things, the organisa-
tional ideas of Gestalt psychology
(see Ujlaki, 1992) in his anti-
mechanistic and anti-elementaristic
world-view, quite naturally stood
for a multiple view of mental
functioning in several respects. He
postulated—without considering the
machine-minded cognitive trends,
but seriously considering and chal-
lenging the neo-positivistic implica-
tions of cybernetics (e.g. Polanyi,
1969)—that beside explicit proc-
esses which can be reconstructed in
a logical way, one has to suppose
several types of hidden processes
like the ones underlying skill, the
empathic understanding of move-
ment, intuition, etc. (Polanyi,
1968).

Dreyfus (1990) clearly presents

Polanyi as a precursor for a dy-
namic view of cognition, Accord-
ing to this view, in contrast to the
entircly Socratic representational
theory of cognition, in which all
our mental acts should be com-
posed of operations clearly statable
in terms of explicit rules, real
skilful cognition is always based on
tacit knowledge and non-focal con-
sciousness. Not only do we always
have non-stated sides about what
we know, but the important cases
of knowing how (as opposed to
knowing what) are based on max-
ims rather than rules. Polanyi is on
the side of a view on cognition
where knowledge and the process
of knowing are more than what is
statable in the form of a proposi-
tional calculus. We should add that
his emphasis on non-explicit
thought is not irrational, but in-
cludes large sub-symbolic compo-
nents (perception) and tacit inferen-
tial components (practical infer-
ence).

6. Innateness versus expe-

rience

The modular approach is put for-
ward as an opposite of and a
challenge to the New Look view of
perception that has played such a
great role in the formation of the
entire cognitive movement. The
essential component of this concep-
tion was that perception depends on
several factors beyond the local
stimulus: our expectations, fre-
quency, the actual context, and the
motivational significance of the
signs, all contribute to perception
(Bruner, 1957). The modular con-
ception, on the other hand, treats
perception as impenetrable from
knowledge (Pylyshyn, 1984). In
this sense, it denies continuity be-
tween different levels of cognition.
In this respect, the computational
theory of vision proposed by the
late David Marr (1982) shows
some parallels with the modular
conception concerning the structure
of the perception of form and
space. Marr also proposes a solu-
tion with algorithmic steps that are

independent of experience with the
given individual pattern and con-
text. Note that, in this process of
reconstructing the process of hu-
man vision, he also relies on ma-
chines in two respects. First, the
general framework of the computa-
tional theory proposes that the first
step is to clarify the logical struc-
ture of the task to be solved by any
system capable of vision independ-
ently of the properties and con-
straints of the system. This is
followed by a description of actual
algorithms and by the implementa-
tion of these algorithms in humans
and in machines. On the other
hand, Marr also relies on machines
in everyday research. He is con-
stantly willing to learn from artifi-
cial modelling (sometimes from its
failures). Vision is understood if we
are able to reproduce it.

From a historical point of view, all
of these debates and divergent
opinions remind us of the debates
that have been with us at least since
the middle of the eighteenth cen-
tury regarding the experiential and
innate theories of the perception of
space. There is one new feature,
however, most clearly seen in the
work of Marr. The idea of formal
analysis brings in an abstract level
into the structure of research en-
deavour. The first task of the
scientist is to make a conceptual
analysis of the problems, which is
the ‘computational level’ of the
logics of research. There is a
one-to-many relationship between
this level and that of the algorithms
actually used by humans. In princi-
ple, several realisations could be
made available for the very same
computational theory. That is the
reason why the work of Marr has
become a model in cognitive sci-
ence. This is a new pattern, slightly
different from, for example, that
proposed by early researchers into
artificial intelligence, where the
starting point was the programme
rather than the structure of the task.
It is a conscious realisation of the
thought-provoking possibility of
machines on an abstract level.

A similar conceptual model char-
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acterises modemn linguistics. There
too, the need for an abstract charac-
terisation of the system and the
products is emphasised, preceding
considerations of the actual imple-
mentation of this model in the
performance of human speech. In
language this duality is between the
abstract theory describing a genera-
tive grammar of the given language
as a theory of competence that is to
be followed by theories of how
competence is used in actual per-
formance (Fodor and Garrett,-
1966). This duality, originally pro-
posed by Chomsky (1965) some
thirty years ago, sometimes even
takes the form of a triple system
resembling the three levels of ap-
proach proposed by Marr. The
grammatical theory, the theory of
competence, is to be followed by a
theory about the algorithms repre-
senting that competence (this is
sometimes referred to as a theory
of competence mechanisms, some-
times as an abstract theory of
performance, e.g. by Fodor and
Garrett, 1966), and this is followed
in its turn by an account of the
actual processing and production of
sentences, in a theory of perform-
ance (Watt, 1970). However, and
this is a very important similarity,
as Miller and Chomsky (1963)
have emphasised a long time ago in
connection with language, the theo-
ries of performance (say, the imple-
mentation level) have to embody a
grammar, a theory of competence.
Or, to put it in another way, a
theory about the requirements that
any implementation theory has to
fulfil (Pylyshyn, 1972). In all of
this, in the case of language for a
longer time, and in the case of
vision quite recently, the machine,
rather then giving with its physical
constraints a limitation to the fan-
tasy of the researcher, stimulated
the need for an explicit abstract
theory, which is the last formal
kind of inspiration taken over from
issues of computation.

7. Sequential and parallel
During the last decade another
approach has appeared. It is a rival
10 Appraisal Vol.1 No.1 March 1996

both of traditional architecture and
of modularity. In respect of its
psychological content, this is a
radical neo-associationist way of
thought (cf. Pléh, 1991). Similar to
classical architectures (for the char-
acterisation of psychological mod-
els as ‘architectures’, see Fador and
Pylyshyn, 1988) it advocates a
unified and unitary model of cogni-
tion. The key to this unity, how-
ever, is not the language of logics
and rules, but the world of net-
works based on mere contiguity.
The unity of cognition is provided
by a theory of representation where
only facilitating and inhibiting con-
nections exist between the nodes
interpreted as abstract neurons. The
apparent complexity of mental life
would be explained by the fact that
nodes and sub-networks coexist in
different levels (e.g. in the case of
word recognition, on the level of
features, letters, and words) and the
connecting lines between them may
produce rather different activation
patterns: there is top-down as well
as bottom-up and collateral facilita-
tion (reading pr facilitating the
processing of 0) as well as inhibi-
tion (reading pr inhibits the activa-
tion e.g. of a and u in English).
Knowledge, however, remains, in
all of these additions, a mere
activation of a partial network (Mc-
Clelland, 1988), rather than the
application of rules. In the case of
reading, for example, the classical
approach would interpret effects
such as an easy reading of proas
the result of phonetic rules, while
the connectionists stand for a sys-
tem where only connections be-
tween an enormous number of
individual units are postulated. This
is the basic content of the new
approach with regard to representa-
tion that is aptly referred to as
connectionism. (The starting vol-
ume for the connectionist move-
ment is Hinton and Anderson,
1981. For an exposition of the
development of the movement and
its relationship to other approaches
see the volumes edited by Pfeiffer
et al., 1989 and by Brink and
Haden, 1989.)

This is supplemented by the
fundamental idea of an overwhelm-
ing parallel processing (Feldman
and Ballard, 1982). This is exposed
most explicitly in the conception of
Rumethart and McClelland (1986;
McClelland and Rumelhart, 1986).
This feature gives the name of the
most active group within the more
general connectionist movement:
PDP, Parallel Distributed Process-
ing. The parallel processing appears
in this framework not as a particu-
lar issue (e.g. the extent of parallel
processing before and after atten-
tion as it was treated in classical
cognitive psychology from the
Broadbent model onwards), but as
the basic feature of all cognition. In
the familiar case of the recognition
of written words, for example,
starting from the letters, all possible
word candidates (i.e. all words that
are consistent e.g. with the first
letter) would be activated in paral-
lel, and the most probable one
would gain victory due to multiple
activation (both from each of its
letters and from the activation of all
partially compatible words as well)
and also because the rejected candi-
dates would get inhibitory input as
well (e.g. from the non-correspond-
ing letters).

This new and ambitious project
has generated several penetrating
discussions (see the volumes edited
by Pinker and Mehler, 1988, and
by Pfeifer et al., 1989). Two of
these critical aspects are relevant in
the present context. First, while the
theories of parallel processing try to
get rid of the metaphors inherent in
traditional machine architecture, at
the same time they try to prove
their theories by constructing new
machines. In their research strategy
they rely on three foundations.
They try to use data from psychol-
ogy, the construction of machine
networks, and neurology. The con-
nections among neurology, the
computational networks and mental
processes is assumed to be rather
strict. In this respect, they take up
the lead of McCulloch and Pitts
(1943). In the original proposal the
binary neuron was made responsi-




ble for the unitary binary princi-
ples of logics in mental life. This
neuronal structure explained the
most basic scaffolding of the mind.
In a similar reasoning, in the new
conception, the most general argu-
ment in favour of overwhelming
parallel processing is found in the
famous so-called 100 steps rule
(Feldman and Ballard, 1982). Es-
sentially, this rule again claims a
fundamental isomorphism between
neuronal and mental organisation. It
relies on the insight that the neuro-
nal parameters of individual neu-
rons are in the order of magnitude
of milli-seconds, while usual hu-
man recognition and reaction times
are in the order of hundreds of
milliseconds. The relationship of
their magnitudes does not allow
more than 100 steps to be arranged
in a sequential manner in the
modeiling of any given cognitive
task. Since most of the usual
conceptions imply much more el-
ementary steps, one has to suppose
parallel processes.

Following this lead, on the one
hand, massively parallel machine
architectures are constructed (see
for this Fahthman, 1988, and the
full volume edited by Kowalik,
1988). From the psychological
point of view, in the theoretical
models, the abstract neurons and
their connections represent directly
the coding steps involved in given
cognitive tasks (McClelland 1988).
Thus, the now traditional flirting
between machines and psychology
is strongly reinforced here. Simply,
machines with a classical architec-
ture are replaced by machines with
new architectures as the inspiring
forces.

Another important aspect is the
sincere negative approach of con-
nectionism to the issue of rules in
mental life. Rumelhart and McClel-
land (1986, 1987, see also McClel-
land, 1988) are especially clear
concerning language that they treat
rules not as internal, inherent laws
of the mental system but as exter-
nal characterisations of the products
of the mental system. The task,
they claim, is exactly to produce

mechanical models that imitate, and
thereby eliminate from the pro-
posed mechanism, the level of
rules. One does not need too much
fantasy here to realise that these
proposals have lead to the unearth-
ing of old animosities in linguistics
and psycho-linguistics (see the
Pinker-Mehler, 1988 volume, and
especially Fodor and Pylyshyn,
1988, and Pinker and Prince, 1988,
which, by the way, figures in that
volume as well). It is of interest on
the conceptual level, that the storms
raised around and by the connec-
tionist camp have revived and com-
bined two debates that have been
with us for decades. Are rules
inherent in the machines or are they
present only in the mind of the
designer, and—transplanting the
machine model to man—are rules
indeed in the human mind or are
they only to be found in the
researcher’s model about behav-
iowr? The classical issue of the
mental reality of rule systems, as
proposed by e.g. generative gram-
mar early on (Chomsky, 1968;
Fodor, 1968) not only gets a fresh
start in this new debate but it
becomes a parallel epistemological
issue of the rule governed nature of
machines and man.

8 Rules or connections:
Some basic criticism of

connectionist models

The most interesting criticisms of
connectionist theory all concentrate
on the issue of structure versus
elements. On the contemporary
scene this takes the form of discus-
sions about whether there are rule-
governed actions not reducible to
simple connections or the forma-
tion of habits. The generativist-
structuralist critics point out that
their traditional rejection of asso-
ciative and stochastic principles for
the explanation of language (Chom-
sky, 1957, Miller and Chomsky,
1963) is still valid concerning the
neo-connectionist models, and that
these latter ones are unable to deal

Table 2

The juxtaposition of connectionist
and classical cognitive achitecture
according to Fodor and Pylyshyn

(1988)
Connectionists Classical View
nodes descriptions
only causal rich relation-
relations ships
(history of (language of
excitation) thought)

excitation paths rewriting rules
entities

dependent on
structure

(constituents)

units independent
of structure

with rule-like regularities in a clear
way.

Fodor and Pylyshyn in their
criticism of connectionism, summa-
rised in Table 2, clearly show that
the basic limitation of connectionist
models is their lack of structure.
One can characterise this feature in
several ways:

Models based on patterns of (co)exci-
tation cannot differentiate between
two concepts being active simultane-
ously and them being in a given
relation (like IS, PART OF etc.). This
was supposed to be solved by label-
ling the graphs in ‘classical’ network
models.

A connectionist representation has
no clear syntax (lack of structure).
The associationism of connectivist
models situates the human mind at
the mercy of the arbitrary and
unsystematic nature of the world: it
allows any connections whatsoever.
It is worth remembering that Max
Wertheimer (1922), in one of his
theoretical papers on Gestalt psy-
chology, has also criticised what he
called the ‘mere existential relation-
ships’ responsible for association in
classical associationism. No essen-
tial or meaningful relationship had
to exist between the elements to be
associated. He proposed that this
was only true in extreme situations,
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in certain limited cases. On the
whole, it had to be replaced by
meaningful and top-down organisa-
tion in mental life. As Fodor and
Pylyshyn put it today: ‘All it (i.e.
the connectionist model) can do is
to build an internal model of
redundancies in experience by alter-
ing the probabilities of transition
among mental states’ (Fodor and
Pylyshyn, 1988, pp. 49-50).

In order to account for the system-
atic nature of mental phenomena
one has to go beyond this, to
postulate structure-sensitive mental
processes. The basic flow of con-
nectionism is parallel to the flow of
all associationism from the classical
associationist accounts of the mind
through Hull (1943) to Hebb
(1949) and Osgood (1963): in
order to reconstruct semantic coher-
ence of thought, associations, being
insensitive to structure, have a hard
time. Why not to give up their
explanatory power and replace
them with internal organisation, or
structure?

In a more permissive formulation,
Lachter and Bever (1988) also
conclude that connectionist ac-
counts are associative in nature.
However, being parallel and allow-
ing for associations at different
levels, they provide for an enor-
mous amount of elementary habits.
But habits never become rules.
However, ‘It is equally obvious that
some actions are habits’ (Lachter
and Bever, 1988, pp. 243-244).
Connectionism can be claimed to
be a description of that (lower)
level of behaviour. Habits and rules
should still be differentiated, as it
was proposed a good 30 years ago
by Chomsky (1959), and the asso-
ciationistic account should be re-
served for habits.

9. Simple and complicated

in a new light

It was mainly the pitfalls of ma-
chine modelling and artificial intel-
ligence (or, to be more kind, their
difficulties) that directed attention
towards the fact that, earlier on,
human specificities have been
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viewed in a short-sighted way (see
about this Dehn and Schank, 1982).
Classical psychology has developed
a rather definite sensualistic con-
ception concerning the relationships
between simple and complicated.
The more something is independent
of any stimulus, the more complex
and higher the process is postulated
to be. According to this image,
working from the outside world
inward, the achievement becomes
more complex and more human.
Thus, thought is assumed to be
more complex and more human
than perception. However, machine
intelligence has shown us that proc-
esses that were supposed to be of
the highest and most human type
were rather easy to model even if
not necessarily in a strongly equiva-
lent way. Logical calculus and
mathematical proof are classical
examples of this effect. And psy-
chology traditionally treats them as
higher order functions specific to
humans.

As we have alluded to it several
times before, perceptual achieve-
ments are rather difficuit to model
on machines. Just think of the
modest results in computer vision
or the automatic understanding of
speech. This factor concerning ma-
chines had a twofold inspiring
force with regard to psychology as
well. First, psychologists have real-
ised that the world of transducers,
i.c. the sub-systems assuring our
connection to the outside world, are
in fact very complex and compli-
cated. Their contribution to the
representation of the outside world
cannot be dealt with as a trivial
achievement (by just stating that
they somehow provide a descrip-
tion of the stimulus), since exactly
the birth of this description be-
comes one of the key issues.

Besides becoming the dnving
force behind the general popularity
of modular models, the compli-
cated nature of perception has led
to the realisation that seemingly
low-level systems may be specifi-
cally human as well. All that we
witness, especially in connection
with modularity, the computational

theory of vision and the complexity
of ‘low level vision’ (Julesz, 1984)
means that the relationship between
simple and complex is certainly not
trivial in human beings. Anything
human can be as complicated as the
most abstract levels of complexity.
It is of non-trivial interest here that,
besides the perceptual world, in
fact the mundane reality, our every-
day knowledge and its use in
understanding the world proved to
be the most challenging for Al
models (Schank and Abelson,

1976; Schank, 1982). We may have
to conclude that even in the study
of cognition one has to overcome
human vanity. We may have to
admit that what seems to be spe-
cifically human (e.g. the effect of
language on the perception of the
world) is specifically human, not
because of its being complicated,
but because of its intersubjective,
communicative ongin.

The apparent non-success of the
machine model in modelling non-
algorithmic and non-propositional
knowledge, and the resulting recon-
sideration of what is specifically
human and of what is simple and
complex, have some natural reso-
nances in Polanyi’s work. The
whole idea of tacit knowledge
being central to our knowledge of
the world, the emphasis on skill
and perception, are all consonant
with the view that cognition is
based on non-conscious schemata.
Historically, it is rather telling that,
not unlike Polanyi, Frederic Bartlett
(1932) who first formulated the
schema-based view of cognition in
psychology, also started from the
analysis of skill and bodily func-
tions and extended this analysis
into an overall conception of
knowledge and memory.

10. Body and mind in the
light of machines: func-

tionalism rediscovered

Relationships between man and
machines processing information
placed the issue of the relationships
between body and mental life in a
new light, more precisely, in a




rediscovered new light. In the ter-
minology of Kripke (1972), the
contemporary question can be
phrased as follows: Can one postu-
late a rigid designation between the
mental and the physiology of the
human brain (is there an identity
there that is valid over all possible
worlds?)? Or—in a more traditional
idiom—is there a strict identity
between human cognition and brain
processes, given that machines are
also able to show evidence of
intellectual achievements? The an-
swer to this question has basically
led to a renewal of the classical
Aristotelian type of functionalism
(see Fodor, 1981, and the volume
edited by Block, 1980). What used
to be soul as the form of bodily
functions appears now as soul be-
ing a program, a set of instructions
to run the system, the software
running on the hardware, if you
like it.

The following line of thought led
to the renewal of functionalism in
the traditional sense as regards
relationships between man and ma-
chine. Is the °‘machine thought’
characterising the information-
processing approach indeed a vi-
able route to the understanding of
the human mind? Specifically, is it
a sensible approach to take experi-
mental data— mainly reaction-time
data—as the point of departure and
to postulate on the basis of them a
stupid machine that only takes into
account the factors under the con-
trol of the experimenter and would
produce similar results following
algorithmic steps? When this kind
of model was found, it was as-
sumed that an explanation was
created for the procedure under
study, Functional models in an
information-theoretic sense claim to
be explanations while in fact they
are only new descriptions. Argu-
ments external with regard to the
functional model are in fact needed
to show that the subjects had
indeed followed the proposed strat-
egy. When looking for explana-
tions, one has to leave the tradi-
tional framework of the cognitive
laboratory and use biological func-

tions and culture. The information-
processing model certainly presents
important constraints: it clearly
shows the kind of complexity the
explanatory factors (e.g. psycho-
physiology) have to cover. It does
not show the explanatory solution
itself, however.

Different types of explanatory
biological models showed up, basi-
cally corresponding to the two
usual types of biological reduction-
ism in psychology. One takes a
long step and looks for evolution-
ary bases of behaviour, while the
other takes a shorter step and looks
for the immediate physiological
mechanisms of behaviour. One of
them is the evolutimary theory of
human cognition. Interestingly
enough, on the contemporary scene
there are some attempts to combine
the two approaches, and have not
‘merely’ a Darwinian explanation
of behaviour over the range of
millions of years, but try to extend
the selectionist paradigm to neuro-
physiology proper over the range of
a lifetime. Evolutionary theories of
cognition are proposed in the sense
that Darwinian type of selection is
postulated in the individual somatic
life to account for the genesis and
stabilisation of neural circuits re-
sponsible for cognition and percep-
tion (Changeux, 1983; Edelman,
1987).

The other kind of biological
interpretation, a direct physiological
interpretation that treats cognitive
mechanisms as reducible to discrete
physiological events, in the brain,
have also undergsne important
changes lately. The traditional silent
assumption of all psycho-physiol-
ogy, especially electro-physiology,
had always been a kind of event
reductionism when we were look-
ing for neural correlates (?), equiva-
lents (?), or bases of given cogni-
tive events that result e.g. in press-
ing a RT button. However, in the
idiom of the last decade, this type
of physiologising has been supple-
mented, or—in the eyes of
some—even replaced, by a new
type of neural talk. Cognitive
mechanisms are expressed as com-

putational solutions that function
over networks composed of ab-
stract neurons. This approach is
most characteristic of the connec-
tionist group (see McClelland,
1988, and Pfeifer et al., 1989 for a
clear expression of this) where it is
overtly claimed that this new kind
of thought speaks a neural language
rather than a lingua mentis of
Fodor (1975). Thus, the traditional
paradigm of a symbol-manipulating
machine is replaced by a sub-
symbolic brain language. It is of
course a matter of debate whether
this brain talk is really about the
neurons, or about a sub-symbolic
level interpreted in an abstract and
not necessarily neural way (see
about these solutions Smolensky,
1988 and Clark, 1989). Are not the
abstract neurons simplified to the
extent that it becomes unlicensed to
talk about the brain at all? The
details are not important for us at
this place. It is relevant to note,
however, that this kind of new
brain-talk—both the evolutionary
and the network version—has be-
come so prevalent during the last
years that a new materialist ap-
proach has evolved in the philo-
sophical interpretation of these de-
velopments that sometimes refers to
itself as neuro-philosophy (Church-
land, 1986; about the interpretation
of this new eliminativism, see the
volume edited by Lycamy 4990).
This kind of diwest Wlogical
anchorage is, in a way, counter-
balanced by a functionalism that is
biological in principle but mental in
practice. There are several versions
of functionalism on the contempo-
rary cognitive scene. One is a type
of machine functionalism that basi-
cally claims that type-identity is
untenable: a mental event is not
necessarily always identical to the
same brain event. A better image
for analysing body-mind relations
would be to see a similarity to the
relationships between functional
states of a machine and the corre-
sponding (variable) physical proc-
esses (Putnam, 1960; Fodor, 1968).
Another type of functionalism is
nearer to the classical biologically
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minded one: it starts from the
apparent teleology of mental life.
(See about the different varieties of
functionalism, Block, 1980, Lycan,

1990, Putnam, 1989).

Not ignoring the important diver-
gences in the interpretation of func-
tionalism, one could summarise this
line of thought in the following
way. Mentality is indeed a form of
organisation of neural processes. It
has to be characterised functionally
as a certain type of information-
processing. But that requires us to
look later on for the actual systems
that accomplish this performance
and how they in fact do this.
Beside the computational theory of
Marr (1982), already referred to
several times, the functionalism put
forward by Jerry Fodor (1981) also
belongs to this camp. Beside pro-
posing a physiological metaphor,
this approach also reverses the
traditional line of influence be-
tween physiology and psychology
and questions the reductionism in-
herent in some of the physiologis-
ing models. In particular, this ap-
proach assumes a three-level analy-
sis of cognition. The computational
analysis (or, the grammar, to that
effect) characterises the task which
has to be done in order to under-
stand sentences, recognise shapes
and so on. The algorithmic charac-
terisation that (among other facts)
relies on data from experimental
psychology, provides us with a
functional analysis of the how: how
do we proceed to solve the given
task phrased in terms of informa-
tion processing stages? Finally, this
is implemented by psycho-physi-
ological research and computer sci-
ence (for machines by the later and
for humans by the former).

A simpler, although misleadingly
simplifying, metaphor to character-
ise this is the application of the
software-hardware opposition to the
study of mind-brain relationships.
The psychologist is presented as the
scientist of natural softwares who is
looking for a functional description
in terms of symbol-manipulation.
Doing this, he presents the physi-
ologist with a task: show how the
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given hardware is able to solve the
given processing? It also raises the
issue whether our machine is an
entirely flexible one with no or
very little system implemented (the
traditional empiricist view that is
partly echoed in contemporary con-
nectionist models) or a machine
that has a built-in basic processing
mode that is part of its hardware
(binary logic, universal grammar,
the language of thought, or what
you like, as part of our nervous
system.) This corresponds, of
course, to the traditional rationalist-
mnatist position. We are able to use
other modes of information-
processing, other softwares, but the
latter would all be secondary
processing modes (see Block,
1980).

11. Eliminativism and the

varieties of functionalism
The different interpretations of
functionalism, of course, touch
upon many other issues. First, in a
historical sense, the diverging inter-
pretations make sense historically
as well. Functionalism has its direct
antecedents and sources in mental-
istic trends like Chomsky’s philoso-
phy of language and the neutralis-
ing attitude of cognitive psychology
and cognitive science that tries to
make as few substantial commit-
ments as possible. Moreover, an
equally likely and traditionally even
more naturally given antecedent is
the Darwinian functionalist psy-
chology and biology. Some of the
controversies are due to the fact
that many functionalists (like Fo-
dor, 1968, 1981, Block, 1980) are
‘structuralists’ in a traditional sense,
while others (e.g. Dennett, 1991)
are inheritors of a Darwinian func-
tionalism with an eye on the origin
and function of intentions and tel-
eology in the mind rather than just
mental structure interpreted in it-
self.

Another background feature of the
controversies is that while most of
the functionalists combine a psy-
chological or computational and a
philosophical training, most of the

advocates of a reductionist-elimina-
tivist way of thought are people
who are socialised in the practice
of physiology and the neuro-
sciences. Because of these differ-
ences in tradition and in the content
of the respective theories, the two
approaches present themselves as
divergent ways of thought regard-
ing progress in science as well.
Basically, in the eyes of most
functionalists, the proper way to
study cognition is from psychology
(linguistics, cognitive science etc.,
the softer disciplines) towards
physiology. It is the psychologist
who gives the task to be explained
to the physiologist. The reductionist
camp, on the other hand, presents a
rejuvenated version of the tradi-
tional belief that the proper way to
study cognition is from physiology
(neuroscience etc.) to psychology,
and it is the study of brain that
should have the keys and the
strategic lead in understanding cog-
nition. The physiologist presents
tasks and solutions to the psycholo-
gist, and to that matter, even to the
mathematician as the debate be-
tween Changeux and Connes
(1989) shows where the neuro-
biologist claims for a neural Dar-
winist solution even the origin and
development of mathematics.

Regarding the issue of research
style and how to proceed in sci-
ence, the new functionalism and the
(ideal) computationist approach
broke with three traditional lines of
thought. They got rid off an alter-
native inherent in old-fashioned Al
research that builds strictly from
the bottom up. They have broken
with physiologising in a bottom-up
way, and (most of all) with any
fetishistic usage of reaction-time
data gained from traditional experi-
ments in cognitive psychology.
With the computational level of
analysis, they present an abstract
characterisation of the performance
(the functions) as the primary start-
ing point for a study of cognition.
Logical analysis has to proceed
empirical data-gathering. The start-
ing point should be neither a given
machine nor a given programme,



rather the logical analysis. With
respect to the research affinity
between machine thought and hu-
man cognition, functionalism, in
the general sense and the need for
an abstract analysis (computational
models), has proved to be the most
promising kind of machine inspira-
tion in psychology and in cognitive
studies in general. In our present
belief, this kind of functional char-
acterisation indeed gives a neutral
description of knowledge that is
independent of the presently preva-
lent metaphors and models. In the
dilemma of either machine or infor-
mation, the abstract, Platonistic in-
spiration regains its deserved posi-
tion (that, by the way, was there
from the beginning in the work of
people like Frege). We are not
entitled to believe, however, that
after a while this neutral model
won’t prove to be just another
metaphor.

With regard to Polanyi, this kind
of anti-reductionism is in accord
with the idea so forcefully pro-
jected by Polanyi (1962, p.31, see
also Dreyfus, 1990) that it is a
primary task to try to reveal the
structure of the silent, unconscious
skill of the expert when we aim to
understand a cognitive function
rather than to start with some
preformed conception about that
structure.

One specific historical remark is
relevant here. The kind of function-
alism proposed today was prefig-
ured in terms of analytic philoso-
phy by Ryle (1949) and by the
Hungarian psychologist  Schiller
(1947) half a century ago in a
behaviour-centred context. Al-
though they not talking about func-
tional models of the mental (and
therefore, Ryle is usually criticised
as a logical behaviourist), their
functionalism sounds very modern
if we trade behaviour for cognition.
To phrase it in everyday terms,
their view corresponded to a naive
materialism that is Darwinistic on
the one hand, and despises direct
minute physiological reductionism
on the other:

(i) mental phenomena are realised

of necessity by some material sys-
tem;

(ii) this is not necessarily the human
nervous system, however;

(iii) the very same function could be
realised by different material sys-
tems (think of humans and comput-
ers both doing simple calculations);
(iv) thus, as a research strategy, the
function has to be first clarified and
then it is the task of the biologists
to find out what part of the brain
could fulfil this function and how it
might work.

This kind of functionalism was
bom far away from actual compu-
ter science, most of all in the
realms of philosophical discussions.
However, for the computer-minded
cognitivist this is quite good. It
represents the practice where some-
one could be a dedicated software
person without paying any attention
to the hardware. The psychologist
can also be happy with this kind of
functionalism. One can stay objec-
tivist but still keep the independ-
ence of the trade. Furthermore, the
psychologist can also entertain illu-
sions that it is actually he who will
show the physiologist or the UFO
expert what kind of material sys-
tems to look for, namely ones that
are in principle capable of realising
the given functions described by

psychology.

% % %

Thus the overview of the way
psychology has been flirting with
computers during the last 40 years
brings up the following morals.
Psychologists are inspired and disil-
lusioned in a cyclical way by
analogies with machines. At the
end of each cycle, however, it
comes out that the technological
metaphor finally leads back to the
basic philosophical questions. Clas-
sical issues become relevant again:
such questions as, Is the human
mind unitary or divided? Is man a
conglomeration of accidental habits
or is the mind to be characterised
rather by given rules that are at
least partially a priori? What is the
correct interpretation of the rela-
tionship between body and mind?

We end up in a peculiar intellectual
situation where the most technically
minded excursions in contemporary
psychology lead back to Plato,
Aristotle, Descartes and the classi-
cal issues of epistemology and
psychology in general. Thus the
machine was unable to put through
an entirely technological metaphor.
Polanyi would be glad to see that
machine-minded thought turns
against itself towards a revitalisa-
tion of classical issues in the hu-
manities.

Department of General Psychology
Lorand Eotvos University (ELTE)
Budapest

Reprinted, with permission, from
Polanyiana, Vol. 2 No. 4 (1992) &
Vol. 3 No.1 (1993) (joint issue).
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POLANYI'S DISTINCTION BETWEEN PURE SCIENCE AND TECHNOLOGY

1. Introduction
Michael Polanyi’s post-critical
analysis of the structure of human
knowledge has lost nothing of its
original freshness and relevance
since he formulated it almost half a
century ago. The notions of focal
and tacit knowledge provide a
brilliant insight into the relationship
between individual specialist sub-
jects, which are studied separately,
and their ‘Sitzen im Leben’ by
which they combine to throw light
on the human condition. Moreover
the idea of ‘commitment with uni-
versal intent’ stressed by Polanyi
joins the individual human explorer
to his fellows and to the external
environment and links meaning
with value.

Polanyi is very much at home in
his discussion of physics, chemistry
and biology, where he had first-
hand research experience. However,
his touch is less sure when he
comments on technology. He tends
to regard technology as a craft
rather than as a scientific activity
and has no vision of the vast
developments in control engineer-
ing and information technology, for
which the foundations were being
laid at the time when he was
writing. Although a detailed study
of such failures of foresight would
have little interest except as a
biographical footnote, an important
purpose would be served if such a
study could show that Polanyi’s
general epistemology had a much
wider application than he himself
realised and that it can be applied
to modern technological society as
well as to the pursuit of pure
science in academic institutions,
which was his primary interest. Not
that he limits knowledge to the
knowledge of science in an explicit
manner. His own medical back-
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ground prevented such narrowness
and he gives many examples to a
wide range of human activity. A
particularly vivid one is the discus-
sion of the method by which
medical students learn to interpret
x-ray photographs!. Nevertheless
there is an implicit limitation which
becomes apparent in his discussion
of technology. The object of this
paper is to examine Polanyi’s dis-
tinction between pure science and
technology and to suggest that it is
in many respects invalid in the
context of his theory of knowledge.
If this is so, an unnecessary restric-
tion can be removed from his
theory and its usefulness.

2. Polanyi’s views of the

nature of technology

Although technology is not Po-
lanyi’s primary interest, he dis-
cusses it in some detail. The pur-
pose of that discussion is chiefly to
contrast technology with pure sci-
ence, because it is the latter which
he uses as the paradigm of his
theory of personal knowledge. Thus
he writes that whereas science aims
at a deep understanding of nature,
technology is concemned with con-
triving devices and processes which
give economic benefits?2. Technol-
ogy works by means of inventions
which are patentable in contrast to
pure science which works through
discoveries which are universal and
therefore cannot be patented3. Al-
though technology may use scien-
tific discoveries, it relies heavily on
indefinable knowledge?. There are
three stages of leaming which are
well illustrated by experiments with
animals. The first is trick-leaming,
the second sign-learning and the
third latent learning. Trick-learning
is a contriving, sign-learning an
observing, and latent learning an

understanding>. Technology is akin
to trick-learning®, whereas pure sci-
ence is a form of latent learning.
Since technological success de-
pends on economic advantages,
such knowledge lacks the value of
scientific knowledge which is inde-
pendent of external factors. Inven-
tions can be rendered useless and
even farcical by changes in the
price of materials, whereas discov-
eries are valuable in themselves
because they increase knowledge’.
The economic constraints on tech-
nology require an organisational
structure which is controlled by a
central agency. Hence technological
tasks are essentially subordinate
and subject to central direction®.
Science on the other hand cannot
be planned. It works through spon-
taneous co-ordin- ation among sci-
entists and requires independent
action and originality. It follows
that the proper organisation of
technology is in centres of indus-
trial production and the proper
home for scientific work is pro-
vided by universities®. In education
also there is a clear distinction
between pure and applied science.
Technology is generally taught in
separate technical institutions!0.
There is a similar clear distinction
between scientific and technical
journals!!. Scientists and technolo-
gists find it difficult to co-operate.
The scientist is irritated by the
practical pre-occupation of the
technologist, while the latter thinks
that scientists are blinkered!2. All
in all, science and technology are
completely separate domains!3 .
Occasionally Polanyi softens these
sharp distinctions. Electro-technics
and aero-dynamics can be culti-
vated like pure science and the
study of materials is a technically
justified science!4. There is an
activity intermediate between sci-



ence and technology which can be
described as engineering!>. The
theoretical principles of engineering
are a branch of applied mathemat-
ics. They possess intellectual beauty
and are best studied within an
academic community. Nevertheless
their intrinsic interest is linked to
external usefulness, whereas pure
mathematics and the natural sci-
ences have an interest which lies
wholly in themselves!®. Besides
engineering there are also medical
subjects which overlap both science
and technology as for example
pharmacology. The observation of
the effects of a drug is a fact of
nature, while the prescription of the
drug for producing this effect ful-
fils a practical purpose. Neverthe-
less the two aspects of pharmacol-
ogy are distinct!’.

So far I have been careful to
present Polanyi’s views of technol-
ogy without comment. There is,
however, one very strange matter
which cannot be mentioned without
drawing attention to its contradic-
tory nature. Polanyi frequently re-
fers to operational principles which
govern technology and are absent
in pure science. These principles he
regards as being linked to the
economic purpose inherent in tech-
nology!8. The curious thing is that
in his view such principles cannot
be studied scientifically, because
contrivances cannot be understood
by science!®. At times his reason
seems to be that many contri-
vances are human artefacts, but he
also admits that living beings ex-
hibit operational principles?. No
reasons are given why operational
principles should be excluded from
scientific enquiry. If science stops
short of studying such principles, it
camnot study any systems whether
these are techno- logical or biologi-
cal. It is even doubtful whether
language itself can be understood

apart from its operational principles?!.

If this is so, the use of the presence
and absence of operational princi-
ples as a demarcation between
science and technology does not
seem possible and Polanyi’s con-
tention that science is to be valued

above technology in the pursuit of
knowledge is unconvincing.

3. Polanyi and the free-

dom of science

Polanyi’s published work and his
career throughout his long active
life show him to have been a man
of exceptionally wide interests and
sympathies. He had experienced
racial persecution and was deeply
aware of the malpractices of totali-
tarian societies. Moreover he could
understand the fatal attraction of a
utilitarian and positivist philosophy
to western liberal intellectuals??. In
particular he was aware of the
danger of Marxism with its limit-
less moral demands on society
coupled to a rejection of moral
values in individuals. The chapter
on ‘Conviviality’ in Personal
Knowledge gives his searching
analysis of Marxist ideology with
its consequence in the destruction
of liberty. He was very concerned
with the use made of such terms as
‘scientific materialism’ and the po-
litical overtones in Marxist discus-
sions of scientific matters. During a
visit to Russia in 1935, Polanyi was
able to observe the working of
Marxist scientific policy in that
country. He was told that science
was in reality the same as technol-
ogy. The notion of pure science
was nothing but a bourgeois perver-
sion?3. Scientists in Russia were
forced to make false declarations of
practical usefulness to justify their
work23. Polanyi saw clearly that the
very existence of pure science was
in danger from this ideology and
that the pursuit of science might be
abandoned altogether where this
utilitarian doctrine prevailed. He
worked tirelessly to defend the
freedom of science, which he knew
to be linked to all other human
freedom. It is very likely that he
regarded the strict separation of
science and technology as a prereq-
uisite for the preservation of inde-
pendent scientific research. In this
he may have been mistaken. It may
well be that science and technology
are natural allies because technol-

ogy no less than science requires
liberty to pursue the truth. It is
relevant that the collapse of the
Soviet Union was largely due to the
subordination of technology to
politics. In the context of this paper
we shall stress the point that Po-
lanyi’s distinction between science
and technology may be a hindrance
rather than a help in the defence of
intellectual integrity and that it
imposes an unnecessary restriction
on the application of his ideas of
the nature of human knowledge.

4. Personal knowledge

Let us now enquire whether Po-
lanyi’s distinction between science
and technology follows from his
central investigation into the nature
of human knowledge. In a short
paper like this it is impossible to do
justice to the intricacy and persua-
siveness of Polanyi’s diagnosis and
we shall have to be content to
select some of the important
strands of his discussions. The first
of these is that knowledge requires
a learning process guided by com-
mitment. Polanyi deliberately fuses
together the objective and subjec-
tive aspects of learning and there-
fore of knowledge. There is a
world to be discovered but it needs
an explorer to make discoveries
and a community of explorers to
share and evaluate them. These
explorers have to be strongly moti-
vated and committed. First he illus-
trates the process from observations
on animals where the motive is
generally the obtaining of food.
There he examines infant behaviour
as described by Piaget, in which the
motive of the child is the establish-
ment of a fixed interpretative
frame-work for understanding his
environment. As already men-
tioned, Polanyi describes three lev-
els of leaming. First there is trick-
learning which involves skill, then
sign-learning which involves obser-
vation, and thirdly latent learning
which leads to a deep understand-
ing of a situation.

This classification of types of
learning is valuable but in my view
it can become misleading if pressed
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too far. There is surely a great deal
of overlap between all three types
of learning. There is also a danger
in the manner in which Polanyi
attempts to distinguish between the
motives in such leamning processes.
Trick-learning he associates with
purpose, sign-learning he describes
as guided by the achievement of a
strained attention and latent learn-
ing he attributes to a heuristic
process of intellectual re-organisa-
tion25, There seems to be no reason
why purpose should be confined to
trick-learning especially as Polanyi
discourses most eloquently on the
passionate commitment required by
people involved in scientific dis-
covery. Moreover, human motives
and purposes are always mixed and
are not totally defined by the task.
The desire for promotion or re-
cognition is likely to be present in
scientific work alongside the more
noble motive to make explicit some
of the beauty and order of natural
processes. Conversely, a desire for
good workmanship is generally
present even in very simple tasks
which may come under Polanyi’s
somewhat derogatory description of
trick-learning. All kinds of learning
involve effort and effort requires a
purpose. That consideration is rel-
evant to Polanyi’s distinction be-
tween science and technology. Sci-
ence no less than technology re-
quires motivating purposes. When
Polanyi describes scientific knowl-
edge as being independent, whereas
technology is governed by eco-
nomic factors, he comes danger-
ously close to the positivist view of
knowledge as an object in the
manner of Sir Karl Popper’s ac-
count of objective knowledge
stored in libraries?0. In general, this
is contrary to Polanyi’s considered
opinion, because he strongly argues
that scientific knowledge needs a
scientific community to sustain it?7.
If knowledge cannot be detached
from human beings, it is not sur-
prising that the pursuit of scientific
knowledge is subject to a greater or
lesser extent to non-scientific influ-
ences. Where such influences are
dominant they may require special
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kinds of organisation, but it seems
contrary to Polanyi’s central thesis
to assert that knowledge is de-
graded by being useful. Of course
pure science needs to be defended
against economic planners who are
concerned only with monetary re-
turn. However, a defence based on
an intrinsic absence of useful appli-
cability is likely to be misunder-
stood. It may even lead the plan-
ners to seek to prove their point by
cutting off economic support for
scientific research. That would be
misguided but it would show that
economic factors influence science
as well as all other human endeav-
ours. It is also worth remembering
the story of Michael Faraday who,
when asked by Mr Gladstone what
use electricity was, is said to have
replied, “You will soon be able to
put a tax on it 28,

5. Focal and tacit know-
ledge

One of Polanyi’s most valuable
insights into the nature of knowl-
edge is that personal knowledge is
necessarily of two kinds. As an
illustration he wuses the act of
driving a nail by hitting it with a
hammer?®. To perform this action
skilfully one has to attend to both
nail and hammer, but in a different
way. Attention has to be focused
on the nail, but the way in which
the hammer is grasped by the hand
and moved by hand and arm is also
part of the knowledge required.
However, this know-ledge is sub-
sidiary and tacit. Another telling
example is the use made by a blind
man of his stick, which he uses as a
probe to explore his surround-
ings30. Focal and tacit knowledge
co-exist and cannot be separated,
nor is there any sharp demarcation
between them. However, they are
also mutually exclusive in the sense
that an examination of the tacit
component shifts the focus and
involves new tacit components. It is
impossible to have focal knowledge
without its tacit background. This
destroys the possibility of isolated
objective knowledge and severely

limits the value of critical methods
of analysis such as the method of
deconstruction.

The example of the hammer and
nail is clearly a technological one,
whereas the activity of exploring by
means of a probe is more akin to
science. The blind man with his
stick can be taken as a type of
scientist, if the stick is replaced by
a particle accelerator or a computer,
or a mathematical hypothesis. In
terms of focal and tacit knowledge
there is a complete identity between
the technological and the scientific
activity. Polanyi tries to rescue the
distinction by saying that hammer-
ing a nail produces a material
change and is an achievement
rather than knowledge. He writes
that such achievements are charac-
terised by success or failure,
whereas knowledge is true or
false3!. This does not sound con-
vincing. The blind man’s successful
negotiation of a street corner com-
bines achievement with knowledge
and so do all technological and
scientific investigations and actions.
Indeed, knowledge always involves
successful action and is itself an
achievement. Conversely, techno-
logical failure, such as the collapse
of a bridge, is always associated
with lack of knowledge.

6. The nature of opera-
tional principles

Polanyi’s distinction between tech-
nological achievement and scien-
tific knowledge is carried further in
his discussion of operational princi-
ples which in his view are unrecog-
nisable by science. Such principles
he attributes to machines as against
parts of machines32. The measure-
ment of time by a clock is an
operational principle. It resides in
the clock as a whole and cannot be
understood by considering its parts.
This is undoubtedly a valuable
insight. To tell the time we need
focal knowledge of the clock as a
whole, the parts provide a tacit
field of knowledge. If we study a
part like the minute-hand focally,
we can no longer tell the time.




However, once the clock has been
observed focally, it is useful for
clock-makers and other specialists,
such as antique dealers, to shift the
focus, so that time-keeping be-
comes subsidiary and tacit. Un-
doubtedly the clock as a whole i1s
an achievement, but so are its parts.
For example, the case of a grandfa-
ther clock is a considerable
achievement and can itself be con-
sidered to possess an operational
principle. So do all the other parts.
In terms of knowledge, Polanyi’s
distinction between the whole and
its parts has little explanatory
power.

However, he does have an impor-
tant point in drawing attention to
the relationship between the opera-
tional principle of the clock and the
complexity of its parts. A clock
measures time only when its parts
combine and its operational princi-
ple does not reside in the parts by
themselves nor in a collection of
parts. There has to be an intercon-
nection of the parts which can be
described as complexity. It should
be noted that a part without such
interconnection is strictly speaking
not a part but a whole. As such it
has its own operational principles
and can again be examined as a
system of parts. Surely this is the
reason why the so-called funda-
mental particles of physics can
always be sub-divided.

This thought leads to a considerable
extension of Polanyi’s ideas. He
showed that the analytical proce-
dure of examining the parts of an
object possessing an operational
principle cannot define or explain
the object as a whole. In techno-
logical terms the better description
of such an object is as an intercon-
nected system. What Polanyi appar-
ently did not realise is that all
objects are themselves systems and
that this applies even to the funda-

mental entities used in pure science. -

The boundaries of such systems are
similar to the boundaries between
focal and tacit knowledge. Strictly
speaking there are no isolated ob-
jects or systems, although they can
be examined focally. Polanyi’s

separation of technology from sci-
ence seems to imply that science
deals with entities which cannot be
sub-divided whereas technology
deals with assemblies. The proc-
esses of technology are indeed
assembly processes but so are many
natural processes and particularly
those described in terms of evolu-
tion.

Nor does the criterion of the
patentability of operational princi-
ples provide a clear demarcation
between science and technology. If
it did so there would be no role for
patent lawyers. The trouble is that
operational principles are always
embedded in general physical laws
which cannot be patented. Patents
afford essential protection in the
pharmaceutical industry but are not
very important in engineering. The
reason is that chemical substances
can be defined by formulae, but
engineering processes are difficult
to define. It i1s fairly easy to
circumvent a patent description of
an engineering device and compet-
ing industrial firms often hold simi-
lar patents. Litigation to establish
priority is relatively rare. The use
of the patents is chiefly in market-
ing a product. Polanyi’s extensive
use of patentability in his discus-
sion of the difference between
technology and science is not borne
out by industrial practice.

7. Emergence and com-
plexity

Polanyi tends to regard his discus-
sion of learning processes into
trick-learning, sign-learning and la-
tent leaming as stages of develop-
ment, but he is aware that this
presents difficulties33. In particular
there is a difficulty in regarding
technology as trick-learning be-
cause it already makes use of
scientific knowledge, which is ac-
quired by latent learning. There is
the further difficulty that opera-
tional principles depend on com-
plexity and yet in his view they are
in some way inferior to scientific
principles or laws. In the final
chapter of Personal Knowledge,

Polanyi deals with the emergence
of machine-like operations in living
things34. The term ‘emergence’
evokes a temporal process and is
closely connected with the idea of
evolutionary development. It is
very difficult to reconcile evolu-
tionary progress with a theory
which regards machine-like opera-
tions as a preliminary and some-
what unsatisfactory form of trick-
learning. However, this does not
necessarily lead to the opposite
conclusion that technical ‘know-
how’ is superior to scientific gener-
alities, nor that technical develop-
ment necessarily comes later in
time. The immense cathedrals of
the middle ages were successfully
constructed without a knowledge of
structural analysis. On the other
hand, modern tele-communication
systems could not have been de-
vised without the scientific knowl-
edge of electrical phenomena. It
seems right to conclude that tech-
nology and pure science are by no
means ‘totally disparate domains’,
but, on the contrary, that they are
closely related in an intricate and
complex manner.

8 Knowledge as an

achievement

A recurrent theme in Polanyi’s
analysis is that knowledge always
entails activity. Such activity in-
volves personal commitment which
is to be shared in community and
which therefore has both objective
and subjective aspects. Moreover,
there is the possibility that the
commitment may be mistaken.
There is an inevitable risk in mak-
ing a commitment. Knowledge is
both either true or false and also
successful or unsuccessful. Knowl-
edge, as a successful activity, is an
achievement.

How is success to be measured?
Scientific knowledge will be tested
experimentally and will also judged
by its inherent beauty and its
fruitfulness in suggesting further
research. In mathematics the tests
will be consistency, elegance and
intrinsic interest.
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What about technology? Polanyi is

uneasy about technology because he
distrusts economic tests. Scientific
discoveries have permanent signifi-
cance, but technological inventions
become obsolescent. Steam engines
are replaced by electric motors.
Science is pursued for what it is in
itself technology is pursued for
gain. Clearly Polanyi is reacting
against an overbearing utilitarianism
and many academics will have
sympathy with his view. Neverthe-
less in terms of the theory of
knowledge as achievement this re-
jection of economic motive is un-
necessarily restrictive. There 1is
more to technology than monetary
advantage, although such advantage
often provides a useful test of
successful achievement. Monetary
advantage is an aspect of a more
general test in terms of ‘added
value’. That will involve ‘fitness for
purpose’ and will include such
features as use of natural resources,
social effects, environmental effects
and safety. Academics need to be
reminded that the provision of
research facilities is a technological
achievement, just as politicians
need to remember that scientific
work deserves support even if it
confers no immediate economic
benefit.

9. Conclusion

Polanyi’s theory of personal know-
ledge is an enormous achievement.
It sets us free from restrictive

critical views which seek to equate
knowledge with sense data and
which turn their backs on human
imaginative powers. By stressing
commitment and achievement Po-
lanyi shows the uselessness of a
corrosive analysis which replaces
whole persons by collection of
parts and in so doing destroys both
meaning and purpose. By remind-
ing us that our focused vision is
always surrounded by a tacit field,
Polanyi enables us to accept tradi-
tion and use it as a means for
discovery. It is a pity that, in his
struggle against the implications of
Marxism, Polanyi sought to sepa-
rate scientific knowledge totally
from technology. Such a separation
is not an integral part of his theory.
When this is realised, the power
and scope of his views become
more clearly visible.
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