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The article looks at two types of computer simulation of mental process: the so-called ,.o_ummmoﬁ,,
serial architecture based on discrete input categories and a compositional syntax and semantics,
and the ‘neural network’ approach based on connections that determine EE_T..VEE: ..w_.,_:nw:m.
After giving an outline of the main features of the two types of architecture, we discuss .:6 claims
made on their behalf, and try to sum up their strong and weak points as Ssaam_mw for
duplicating human processes of understanding. A key point in the argument is the discussion of
the ‘recognition of intention’ aspect of human understanding, where we argue :E.p computer
simulation can only handle intentions in terms of plans that can be taken as fixed in N.asioo,
while human intentions can only be understood as based on an assumption of freedom of action,
implying notions like responsibility and free will. Having suggested how different. aspects. of
language understanding fit into this picture, we conclude that no B.m:n_. how far 85?:2
simulation proceeds, the inherent discrepancy between the status we attribute to a ::Ew: subject
(as part of our basic pragmatic competence as fellow subjects) and the status we m::wEw to a
computational process (as part of an inherently controllable human E_msv Em_ﬁm .: ooa_Ea_SoQ
to assume that a full understanding can take place by simulation. The contradiction, however, is
not theoretical: it emerges from the ground rules of human practice.

1. Introduction

In the following we are going to take up some issues that are currently co.m:m
discussed in cognitive science, with the main emphasis on the confrentation
between ‘classical’ artificial intelligence based on serial processing and symbol
manipulation, and accounts in terms of parallel distributed ﬁSomm.wEm, based
on ‘neural networks’ organized in terms of nodes with connections deter-
mining intput-output relations — from which stems the term connectionism.
The first approach will for convenience be abbreviated AI, although many
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would think of AT as covering the entire field, and the latter will be referred to
as PDP, although there are other types of PDP than connectionism. We shall
argue that in order to see these issues in a proper perspective, a pragmatic
dimension is essential, and that an awareness of precisely where pragmatics
comes in will make it possible to set up a division of labour between the two
types of cognitive architecture, where neither of them has the last word, but
both offer illuminating insights.

Although we occasionally digress into other fields the point we would like
to make is basically about natural language understanding. As can be seen in
the themes of the 1990 and 1993 pragmatics congresses in Barcelona and
Kobe, the relationship between cognitive and social aspects of language is one
of the challenges that research in language is currently trying to face. That
language crucially involves cognitive aspects has been generally recognized
after the heyday of behaviourism; that language has crucial social aspects has
been generally recognized after Wittgenstein — but it remains controversial to
what extent the ‘social interaction’ aspect of language needs to be taken into
consideration in accounting for the arguably central cognitive aspects. Our
position is based on the assumption that cognition is basically a pragmatic
activity, interwoven with the social process, and the feeling that the status of
cognitive processes as an aspect of human activity is not sufficiently recognized
in discussions on cognition, in which a form of intellectualism is often one of
the basic assumptions. ) p

2. Al and PDP

First of all, it should be made clear that although we may appear to make
sweeping statements about the entire state of the art of computational
description, what we are trying to do is much less ambitious. Our aim is to
talk about two fairly general types of simulation, which we take to be
important enough to be worth discussing without attempting to give anything
like an exhaustive impression of the work that is presently going on in the
field. What is important to us is the basic orientation of each of the two
approaches we focus on; we do not claim to cover everything.

Before we go into the differences between the two approaches, there is a
similarity which is crucial from a pragmatic perspective. Both positions
arose as part of the same research paradigm: the attempt to simulate mental
performance on the computer. Certain aspects of the basic research activity
have therefore necessarily shaped the way both camps think about cogni-
tion. Progress in research is necessarily progress in terms of what the
machine can do; what happens outside the machine is outside the focus of
interest. It is more or less inevitable that getting the machine to solve a
problem in one or the other way will steal some of the attention from the job
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of getting a plausible complete picture of how cognition as a human activity
works. )

This does not mean that we accuse practitioners of computer simulation of
lack of interest in the real world; on the contrary, simulation of ways in ‘which
text processing depends on world knowledge is becoming subtler every day.
Our point concerns the difference between the situation of a ‘machine-in-the-
world’ and a ‘human-being-in-the world’. .

We do not want to take up a ‘holier-than-thou’ attitude on this point, and
we think there is every reason to be excited about the prospects of computer-
based work on cognition; we.also think this is wholly compatible with the
attempt to be aware of the fundamental embeddedness of cognitive processes
in human practice. We aim only to show how this basic pragmatic perspective,
which tends to be overlooked, may serve to deflate certain exaggerated claims
on-behalf of machine ‘architectures’ of whatever kind.

This means that we have no quarrel whatever with exponents of Al or
PDP who see what they do only as a way of describing the things that a
human mind must be able to do, similar to ordinary langnage, but more
precise and reliable. For instance, there may be very good reasons for
describing human language activities in' logical terms without thereby
implying that human processing is a matter of logic. However, it has been a
fairly widespead assumption that the programs are not just capable of
yielding descriptions of human performance in terms decided by external
considerations, but that the programs were actually capable of duplicating
mental processes. This would imply that what goes on inside the machine
(and not just the input-output relation, as seen from a particular theoretical
perspective) matches up with actual mental processing. The very term
‘artificial intelligence’ would seem to raise this kind of expectation — but we
think that it is a question which would be worth considering even if nobody
understood computer-based work on cognition in this way. Our discussion is
to be understood as an attempt to throw some light on the issue of
similarities and differences between what goes on in the two architectures
and actual human understanding.

3. Survey of ‘classical AT

In classical AI, simulation of human understanding and interpretation of texts
is done by a program which consists of a dictionary, a grammar (dealing with
syntax and semantics), and a parser. .

The dictionary is a list of all minimal signs of the language that we want to
be able to process. The list does not contain letters but only minimal signs, ie.
morphemes or words (fixed combinations of letters having a constant form-.
meaning relation).
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The grammar is a set of rules that describe the sentences (or strings) of a
language and the structures that underlie those strings. The rules of the
grammar can be seen as the set of instructions used by the machine in
deciding whether or not a particular sentence is part of the language. The
grammar consists of a set of nonterminal symbols (names of constituents), a
set of rules that rewrite a symbol as a string of symbols or words, and an
axiom, namely the initial symbol ‘S’, which is rewritten, in accordance with
the rules, in ways which correspond to any sentence that is part of the
language described by the grammar.

The parser is a set of instructions on how the machine using the grammar
and dictionary is to generate an analysis of an input string. It is a set of rules
specifying the order of application of the rules of the grammar and instruc-
tions for the input and output devices to work. The parser does not describe
the linguistic expression as such, but describes the process of analysing the
linguistic input. A Markov process machine is one type of parser, an ATN
(augmented transition network) is another, and a left corner parser a third
type of parser. There are many others.

Normally an Al interpretation model takes as its input a text and yields as
output an analysis of the text in the form of a kind of formal representation —
tree diagrams, bracketed strings, logical expressions, translations of the
meaning of the text into a feature structure, or a sort of markerese, an
artificial language with well-defined properties. We shall be talking about tree
diagrams, but our argument is based on the assumption that in the respects
we are interested in, other representations would not be essentially different. If
the AT model is taken as a cognitive model, not only the grammar is relevant,
but also the dictionary and the parser — especially if it is compared to a PDP
model.

An important feature of a classical grammar and parser is its seriality; it
only takes one step at a time, and all steps made by the machine are ordered
in a sequence. That means that options in the grammar are computed by
backtracking. If the grammar allows a choice between, say, two word classes
in one position, the machine first computes one option until the analysis is
finished or fails, then backtracks to the point of choice, and then it computes
the second option until the analysis is finished. In many cases with options in
the grammar a serial machine will backtrack for a very long time, and
overgenerate, i.e. create many possible solutions to the same task. Serial
parsers can handle options in other ways. You can rule out some of the
generated structures by means of a filter which (according to specified
principles) excludes some of the generated structures, by a preference mecha-
nism, by lookahead or by tables, but all have runtime problems of the same
dimensions as those involved in backtracking.

The role of the grammar, the lexicon and the parser can differ in different
AT approaches; there has been a tendency towards less grammar and more
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information in the lexicon. But common to all AI aproaches is the principle of
compositionality, namely that if you know the meaning of the elements (in the
lexicon) and how the elements are combined (in the grammar), you can
calculate the meaning of the whole. Whatever procedure you use, the proces-
sing presupposes discrete input categories. ‘ )

In processing natural language many items will @oﬁ:zm_g @o_wsm to many
such discrete input categories, as exemplified above. The discussion of _umow-
tracking and its alternatives was meant to illustrate the kind of problems this
gives rise to. Whatever way is chosen to handle the problems, any &a@d
must have a mechanism, containing many computational steps, for filtering
out the unwanted readings.

4. Survey of PDP

The PDP model consists of a set of input ‘neurons’ (processing units), a set of
output neurons, a set of connections and hidden neurons 250.: .oozsno.ﬁ the
input neurons with the output neurons, and a training set consisting of input
strings, and correlated canonical output strings. o

The input neurons are processors which represent — or, more wnoo_wo_u\,.:ﬁ
programmer uses to represent — distinctive features of the input string.
Distinctive features can be (parts of) phonemes or letters of a word, dots of a
picture, or semantic features of words and clauses. Every input neuron
transmits a signal if it ‘recognizes’ the input feature. Output neurons are
processors that transmit signals with defined meanings - or, ‘more precisely,
signals which the programmer uses to designate defined meanings. An output
neuron signal can designate a concept, a gestalt type or a moaamoo type. In
some cases if the input value to the output neuron exceeds a om:.m_d threshold
value, the output neuron ‘fires’, i.e. transmits the signal, and ._m :. does not
exceed the threshold value, thé output neuron does not produce .:m output
signal. In other cases the output may vary as a (non-linear) ?:oco: of :.5
input, so that the influence on the output achieved Enocmv. an increase in
input depends on the overall size of the input (cf. Johnson-Laird, 1988: 186).

Connections are ‘pipelines’ which (in a common design of neural networks,
viz. feed forward networks) connect the input neurons with the oﬁ?.:
neurons; they eighter strengthen or inhibit the mmmﬁ& depending on their
weight or strength. The recent resurgence of interest in systems based on such
processors is due to the addition of so-called hidden neurons, processors
which are intermediate between the input and output layers and thus contrib-
ute an extra Hmmom.% connections, which considerably increases the power of
the system. o .

The training set is a series of ‘trial runs’ used for adjusting z:.w Eo._m:a of
the connections. PDP networks are ‘trained’ by a process which involves
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comparing the actual output with a target output, so that if actual output is
off target, the connections responsible for the ‘wrong’ output are corrected
E\ the process of back propagation. If the output is too strong the connec-
tions to that unit are weakened;-if the output is too weak, the connections to
that unit are strengthened. So the weights are ‘trained’ to deliver the desired
output as a response to the prepared input. When the network is trained, it
can process any kind of input and always gives some sort of output — not
always the right one — chosen among the possible patterns of firing output
neurons. What takes the place of rules, i.c. the network’s ‘knowledge’ of
regularities and uniformities in the input string, lies in the pattern of weights
of the connections.

. H_ﬁ input to a PDP network could be a (polysemous or ambiguous) word
in its context, a picture or a sentence; and the output could be the meaning
variant of the word, the name of the depicted thing, or the type or function of
the sentence.

In principle, the name ‘parallel distributed processing’ means that all the
connections transmit their signals at the same time, and all the neurons
transmit their signals at the same time. That means that the processing is very
fast. The back-propagation process during training, on the other hand, is very
slow. This is not surprising in view of the fact that all weights are adjusted for
each piece of training material; normally there are over 10,000 connections
and Ew. network often needs hundreds of runs before it has “learned’ Em
correct input—-output relations.

In practice most PDP networks are made in normal serial computers, and
the parallel processing is only simulated by the ordering of the instructions to
.:6 computer. All the connections transmit their signals before the sum of the
input signal is computed at the first output neuron, and so on. Often the
grammatical insight built up in the pattern of weights in the PDP network is
part of the same linguistic knowledge as the programmer puts into the serial
computer program; so in a way a PDP program can be viewed as an
alternative to the parser and to parts of the grammar, not an alternative to the
grammar alone.

5. A comparison

Some of the interesting features of PDP accounts compared to classical Al are
the following:

(i) The processing takes place at a sub-symbolic level, i.e. the input—
output relationship is not mediated by any semantically interpretable symbols
of the input. In a sense it is as when a picture is processed as a series of
coloured dots on a tv-screen; the picture is not in any of the single dots, but in
the pattern of all the actualized dots.
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The relation between the sub-symbolic level, the connections, and the
symbolic level, the output, in a PDP process can be compared to the relation
between phonemes (letters) and signs in human communication. At the sub-
symbolic level the minimal parts have no meaning, only distinctive function.
Thus, one connection in a network has no meaning, either in the system (i.e.
the architecture of connections), or in the processing; the meaning is mediated
by the pattern of activated connections. Similarly, one phoneme in a word has
no meaning, either in the system of phonemes, or in the actualization of a
given word; the meaning is mediated by a pattern of actualized letters.

Writing systems with letters (representing phonemes) are much more econo--
mical than writing systems with logographs (representing words or morphemes
as in Chinese writing) with respect to the inventory of signs. So a PDP
network is more economical than a dictionary as a computing device as far as
the processing of the input string is conceérned, in a PDP network the same
connections are used for the computing of many different pieces of meaning,
while every piece of meaning must have its own dictionary entry in a normal
parser. .

A symbol manipulating program must have a dictionary containing all
possible words or symbols in the natural language, while a connectionist
program will do with a limited set of distinctive features to process the input
string. It should be mentioned that the economy is not guaranteed, only a
possibility: the number of distinctive features will be crucial for how succesful
the processing is.

(ii) Because the processing takes place:in a large network of interconnect-
ing units, there is no well-defined place in the system where a particular aspect:
of the process always may be said to belong. All messages are processed
globally in the system (although some areas in some cases will have:specific
meanings). This makes the process very robust. Noise, false signals, deleted or |
damaged signals of the input will not damage the output as a whole — exactly
as single misprints do not spoil the meaning of a text. In a PDP network the
error on the output will be proportional to the damage on the input signal
(‘graceful degradation”) — in contrast to normal serial computer processes
where the whole output is damaged or totally missing because of only one
single misprint in the input (leading to the charge of ‘brittleness’).

(iii) In (feed forward) PDP networks the range of output signals is limited
and predetermined, comprising only the number and types which the designer
of the network wants and has foreseen. Conversely, the network can recognize
almost any input, viz. all combinations of sub-symbolic signals, as belonging
(or not belonging) to one of the already known output types. Classical serial
computation, on the other hand, has a limited and predetermined range of
input signals, consisting in the signs already written by the programmer in the
dictionary — but allows an infinite number of output signals, viz. all complexes
made by (recursive) combinations of input'signs. There is therefore a potential
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element of economy on the output side for Al just as there was on the input
side for PDP.

Put differently: PDP can yield recognition of complex input tokens as
belonging to a type, but cannot generate complex output structures out of
simple elements; classical computation cannot recognize complex input tokens
as belonging to a type, but can generate or compose complex wholes out of
simple elements.

(iv) PDP processing typically presupposes a phase of training in which the
weights of the connections are adjusted. That means that the programming, the
making of the rules in the grammar of the program, is made through inter-
action between the system and the environment, viz. through the back propaga-
tion process. Classical serial programming is made once and for all before the

start of the input—output interaction of the system with the environment. In so-

called learning algorithms the learning is the input—output interaction of the
system, and the rules of learning are not changed during this interaction.

That means that the motor, the basis and the driving force of the PDP
program is the evaluation of the output by the environment (the wishes, the
desires of the programmer). Normally we say that an implemented Chomsky-
grammar is syntax-driven, which means that the motor and the basis is the
grammatical rules and the lexicon.

In a way the PDP programming may be seen as mirroring a scenario for the
development of human cognitive capacity in childhood, with the programmer in
the role of a social partner; similarly, serial computation may be seen as
mirroring the innate capacities of human beings, where the programmer plays
the role of the creative God. PDP programs are plastic and approximative,
serial programs rigid and precise.

This summary has tried to make the most om the differences between the two
types of architecture. Before we go on, we need to emphasize a central hedge
about the distinction. As already mentioned, most PDP networks run on serial
computers. Similarly, parallel machines could run serial processes. Also, in each
architecture programmers may adopt strategies that make it very difficult to tell
whether a given machine performance is based on one or the other kind of
architecture (There are, however, serial processes which cannot be matched on a
PDP network; more on that below). But when in the following we mention Al-
like or PDP-like processes, we are not taking for granted any simple relationship
between architecture and process type — we are talking about two (proto)types
of mental process, with a view to suggesting a plausible place for them both.

6. The Argument. Compositionality and meaning

The feelings generated by the controversy are fuelled by a well-known
ideological opposition: connectionism looks like a plausible imitation of some
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aspects of neurophysiological processes, or what one would traditionaily call

- unconscious, automatic processes; the system is made to work through what

is essentially a process of imitation: the machine is told what outputs-it should
produce and then works out a way of getting there — but as with a parrot, the
process that leads to the output is not assumed to matter. As against that,
classical AI with a level of logical syntax looks like a simulation of well-
established notions of logical, consciously explicable, mental processes. To the
extent that connectionism succeeds in accounting for performance that would
otherwise be ascribed to logic-like processes, it may be seen as a setback:for
human dignity, conceding territory that had been reclaimed from behaviour-
ism once again to mindless routines.

A lively example of this debate can be found in Fodor and Pylyshyn (1988)
and Smolensky (1987), some features of which will be discussed in ‘the
following. The notion ‘level of analysis’ is central to the structure of the
argument. The physical world is organized in many levels — particles, atoms,
molecules, etc. — and phenomena due to effects at the molecular level cannot
be analyzed by looking at particles. But saying that there is a molecular level
does not, of course, amount to denying the existence of particles. Fodor and
Pylyshyn, as champions of the AI position, argue that one can have the
advantages of both positions by seeing PDP-type structures as representing a
lower level in the hierarchy of mental process. What at the low level is messy
and gradual, is at the higher level organized into precise units; PDP imple-
ments Al categories.

Smolensky, in his reply, puts himself in a dialogue- oriented position, by
accepting one of the basic tenets of classical Al viz. the existence of properties
that are not gradual and messy in the cognitive process. Summing up the
positions of Al and PDP in the slogan words ‘hard} and ‘soft’ (respectively),
he reviews several possibilities, dismissing attempts to deny the existence of
either ‘hard’ or ‘soft’ properties, or of allowing them to exist in separate
compartments of the brain. He also argues against having a basic level of
‘hard’ rules, which because of their complexity can have emergent ‘soft’
properties, and argues instead that the fundamental level is ‘soft’ but takes on
some emergent ‘hard’ properties. This puts him, as he points out himself,
quite close to the position of Fodor and Pylyshyn on certain points. The
difference is that according to Fodor and Pylyshyn, once you go one levelup,
there’s an end of softness, and we can go with AI the rest of the way. PDP
belongs at the basement level, and should stay there. Smolensky, however,
thinks that softness remains fundamental, but only takes on some hard
properties, which are approximately like the hard categories of AL So-the
hard and discrete categories of Al are not a higher-level truth, but only an
approximation to the more complicated facts that PDP-structures, if amended
as suggested by Smolensky, alone can account for.

A key argument in the discussion is the constituent structure of mental
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representations (cf. the title of Smolensky’s paper), or, to put it differently
the combinatorial properties of elements in mental representations. m.OQOM
and Pylyshyn argue (and Smolensky, by agreeing with them, locates himself
on a ‘middle ground’) that it is necessary with an account that can identify
o_nﬂoﬁm across contexts, so that mental representations can be seen as
having some constituent structure.

.mEo_gm_Q gives as an example the case of ‘cup with coffee’ and ‘cup
without coffee’. In contrast to those who would want to see these complex
oouowﬁa as completely unanalyzable wholes, Smolensky points out that you
can in fact work out an analysis of ‘coffee’ by comparing the two. In
contrast to those who would want to say that we therefore have a ‘hard’
level of discrete symbols, Smolensky points out that the representation of
oﬂ.ummm we get out of the comparison is a very special kind. It is precisely the
kind of coffee that is relevant in combination with the word ‘cup’. One of
the features involved is therefore e.g. ‘hot liquid contacting porcelain’.
mBo_.m:mww uses this to argue that symbol meanings are not discrete, precise
and identical across contexts — they involve, rather, family HmmmB_&wsomm of
the gradual kind that PDP captures. .

w.& does this answer all the objections that Fodor and Pylyshyn make
against letting softness have the last word? As far as we can see, there is one
argument that has not been answered. What Smolensky shows is how
constituent structure in some restricted cases can be preserved, even if
no.EEnx constructions are analyzed, as wholes, in terms of PDP - and how
this can be done without handing over everything to a superimposed ‘hard’
FS&. But the central objection of the Fodor/Pylyshyn article is that the
notion of analysing all complex constructions as belonging to pre-established
categories is basically implausible. Their key argument is that the number of
twenty-word English sentences is somewhere in the order of the number of
mooo.zam since the big bang. If the brain were to treat such sentences in PDP-
.mmmEoP as described in the last section, it would require a pre-established
inventory of output categories comprising this fantastic number of possi-
bilities. :

But the difficulty is not only numerical. It is also a matter of whether
understanding an utterance is basically a process of putting it in the right
slot — which is essentially what a PDP network does. Neural networks do
not ‘understand’ utterances or pictures — they divide them into categories
after having been trained to do so, cf. the description in section 2. If
understanding of linguistic utterances was like that, it would be like guessing
which of father’s twelve funny stories he was in the process of telling right
now; understanding consists in assigning the utterance in progress to a
category, e.g. ‘joke No. 6’. The important truth about compositionality is
not only the ability to recognize constituent elements — it is also the ability
to use elements to build up entirely new combinations, i.e. combinations
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which are not instantiations of a pre-established type consisting of all such

" combinations. Understanding is more than recognition.

So the Fodor-Pylyshyn objections to a mental architecture based entirely on
PDP remain in force even if we accept that a Smolensky-type PDP could show
emergent ‘hard’ properties. However, we think that the facts they point out
should be understood differently from the way they are understood in ‘the Al
view. At the heart of classical computational processes lies the notion of an
algorithm, an ‘effective’ procedure that is fully explicit and decomposable into
minimal steps of the same fundamental kind that enter into the original
conception of the Turing machine. Corresponding to this one must assume
that mental representations, as involved in the production and reception of
natural language, work according to a fully compositional, fully explicit
procedure that works out the meaning of the whole by working out the
meaning of the parts.

What is wrong with this view can be illustrated with reference to the notion
of the ‘hermeneutic circle’, which (in Schleiermacher’s version) says that you
cannot understand the whole before you understand the parts, and you
cannot understand the parts before you understand the whole. The reason for
this is the fact that the meaning of an ambiguous part is not clear before you
know the meaning of the whole in relation to its context. The hermeneutic
circle means that you cannot reach an understanding by putting constituents
together, as in an algorithmic procedure: there are aspects of understanding
that are not cumulative. So just as we had to reject the PDP-oriented process
of assigning the utterance to one among an inventory of pre-established
output categories, on a hermeneutic view of understanding we have to reject
the Al-oriented view based on computational operations working from pre-
established and unchanging input elements. :

The basic point in showing why this is so has to do with the nature of the
input to compositional calculation. Pre:established input elements are a
necessary condition for calculability, but the establishing :of the input elements
themselves is not part of the calculation; and the hermeneutic circle implies
that we cannot establish the precise nature of the contribution of each part
independently of the process of working out the meaning of the whole. The
parts, necessary as they are, are not the whole story about how to make sense
of a complex whole. This does not mean that we contest the validity of the
Church-Turing thesis. We do not doubt that what can be calculated by
humans can be calculated by an explicit algorithm too; what we doubt is that
the meaning communicated by language, ie. the semantics of a whole
utterance, is exhaustively describable in terms of calculation. Putting two and
two together is mecessary, but it is just not enough. Neither input nor output
occur as purely discrete well-defined units on which the effective procedure
can be used. Understanding is more than cumulative composition (cf. also
Penrose, 1989, on the non-algorithmic aspect of mathematical understanding).
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7. Intent-driven cognition

The picture that we are going to .om,o.n involves concessions to both classical
Al and PDP. Recognition and combination are both essential; overall catego-
_._.mmao: of aggregates and identity of constituents are both parts of the
picture. But an account in terms of levels or an account in terms of emergent
hardness is not satisfactory, because the bottom line of understanding has to
do with the social process, not with either discrete elements or pre-established
output categories. A

Ho .ﬁm_ﬁw the example of ‘coffee’: Smolensky is right in pointing out that

assigning a meaning to ‘coffee’ involves finding the right place in a loose set of
family resemblance, not simply an assignment to a discrete unit in the system.
The word means something slightly different in ‘can with coffee’ and ‘cup with
oomww.“ and this problem cannot be fixed by having a function that modifies
the input meaning for each element in the syntactic context (cf. Lewis, 1972),
vmomcmm determination of actual token meaning (interpretation) ultimately
:.u<o_<8 the communicative situation. Examples like ‘the ham sandwich is
sitting at table No. Five and is getting impatient’ (cf. Nunberg, 1978, as
quoted by Johnson-Laird, 1983: 241) involves assigning meaning to ‘the ham
sandwich’ based on what makes sense in the situation, rather than simply
syntactic combinations (more on this in the next section).
. But Fodor and Pylyshyn are right in saying that PDP can only handle this
if we know in advance all the possible variations there may be. The whole
fleld of family resemblances must be ready for us to recognize an invidual
occurrence of the word as belonging to one particular corner of the field. If
we combine elements in such a way that understanding requires a creative
effort, we put PDP out of business. A network trained to recognize pictures of
m.:mmmm from pictures of camels does not have the option of saying: Ah! A
giraffe with two humps! — it has to stay within the pre-established categories.
Either it is a giraffe or it is not.

The capacities of PDP in relation to creative processes could be illustrated
by the results of applying the technique in the field of computer music. Loy
Qomom&v claims that there are a number of things about music that offer
nxo_amm prospects for PDP. Learning is often achieved through mimicking
(‘do like I do!’) rather than through precise prescriptions; gradual variation
Em.aa an important role, and musical skill involves an ability to maintain one’s
orientation across a spectrum of variation that fits badly with the ‘brittleness’
of Al etc. (but cf. Johnson-Laird (1988: 260ff.) on non-PDP-like aspects of
musical competence). However, what the networks can do is always to
identify the already established invariant elements across different contexts. It
can do this in ways that are subtle and many-faceted; for instance, a network
may pick up patterns of tone sequences that correspond to general, cultural
patterns, and also specific patterns that identify a particular piece of music
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(cf. Bharucha and Todd, 1989). As soon as'a type has been established, PDP
techniques may pick it up, and by identifying a specific sequence and
simultaneously putting it outside the cultural norm, it may even identify
something which is a creative departure from the norm. But this is done by
combining two types of pattern identification; and it is only the pattern
identifications that are performed by the machine. It is the human observer
who identifies the creative element in the discrepancy between two established
patterns — or who, as a composer, decides that just this tone is the right one to
put next. )

Before we go on to suggest our own views, we can sum up an important
part of the discussion so far by saying that PDP because of its fixed output
categories is well adapted to account for ‘backward-oriented’ aspects of
understanding: everything about the utterance that must be understood by
assigning it to pre-existing categories, regardless of deviations. On the other
hand, AI because of its fixed element categories is well adapted to account for
some of the ‘forward-oriented’ aspects of understanding — those that can be
captured in terms of shuffling the cards in a new way.

As already announced, what we see as missing in the pictures of cognition
offered in the debate referred to above is a pragmatic understanding: of the
nature of cognitive process. The ‘forward-oriented’ aspect of understanding
that is missing from the AI picture is the fundamental forward-orientation
that is implicit in the notion of action itself — the fact that an act is an attempt
to bring about an intended purpose, as pointed out by Grice and followers.
The crucial feature of intentions in this context is that an intention is a step
into the concrete, pragmatic future of the speaker and audience. Under-
standing involves knowing to what future point the utterance is designed to
move the interlocutors. All aspects of cognition involved in understanding is
subordinate to this fundamental task. What we talk about here is not the rules
relating means and ends, but the very choice of goals of a given interaction
between speaker and addressee in an ongoing situation. As shown by; Shank
(1977), once you have a scenario in which the goals and intentions can be
taken as settled, intentions are not problematic any more; the problem is that
neither goal nor subgoals can be assigned definitively in advance of under-
standing any given utterance.

That this is so for ironic and metaphorical communication has long been
generally recognized, but the notion of ‘literal meaning’ has made it possible
to preserve the idea that ‘regular’ communication could be dealt with on Al
terms, in the absence of the notion of communicative intention. There are
several possible objections against this view. Ambiguity or multiplicity of
meaning is such a ubiquitous feature of everyday language that a combi-
natorial explosion would put most known procedures relying on a series of
yes-and-no decisions in a syntactic tree or on yes-and-no filter devices out of
business very quickly as a plausible account of mental process.
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The word pass, to which we return later, can mean ‘go past’ (pass the
bridge), ‘come to an end’ (the moment passed), ‘reach the required standard’
(pass the exam), ‘approve’ (pass the law), ‘make no bid’ (after four hearts, his
partner passed), ‘hand over (pass the salf), ‘be tolerated’ (I'll let it pass), not
counting idiomatic combinations like pass water. This situation is vaob for
frequent words, and is especially rampant in the case of prepositions, which
tend to have more than ten clearly distinct readings. In a normal everyday
mmanzonv which is immediately intelligible in context, there can be a series of
highly ambiguous items which the processor must decide on in order to be
able to make inferences.

In a normal serial computer program this series of decisions would be
made by backtracking and it would be impossible to simulate it on a
computer ‘in real time’. It would take minutes or half hours to accomplish
even small disambiguation tasks. And even if a serial procedure could be
oo:msso.aa which would do the trick, the ‘leave-no-stone-unturned’ aspect
of effective procedures makes them very ineffective and hence implausible as
om:&gm.am for resolution of ambiguity (compared with the ‘Jjumping-to-
conclusions’ aspect of PDP). Even in Al short cuts, all steps must be fully
specified. -

But m.:m practical problem should only be seen as a pointer towards a
508&::323 objection to the view of meaning that is embodied in the
algorithmic view of interpretation — the reliance on overall intention in

fixing the meaning of the parts on which a calculation would have to be .

based. That is not to say that intentions could not be calculated by a
program. In fact it is possible to calculate ironic interpretations provided we
vmé the sentence and the ironic intention — but the problem is that the
wigao: has to be part of the input to the computation. We cannot generate
W:Hmzao:m from linguistic input. As we saw above, a word like ‘coffee’ — even
in .wmmlz pedestrian combinations — offers a spectrum of interpretations
united by no more than family resemblances. Representations must change
not .o:q as a result of syntactic operations, but also as a result of what Em.
Ew intention of the speaker. If Joe wants coffee, he may want something to
drink; if Nancy wants coffee, she may want something for granny’s visit
tomorrow. These everyday cases have the same feature as the ‘ham sand-
wich’ case — the syntactic context alone does not provide all the information
we need.

As a first test for ‘intent-driven’ cognition we may return to the question
raised by our rejection of classical Al as a complete theory of utterance
understanding. How can we preserve the element of compositionality that
makes it possible to avoid having a number of output categories similar to the
number of seconds since the big bang? The answer involves an adjustment in
our understanding of linguistic meaning.
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8. Instructional semantics

The slogan ‘instructional semantics’ embodies our version of a view of
meaning wich in different versions have been advanced by procedural seman-
tics (cf. e.g. Winograd, 1976; Johnson-Laird, 1977), discourse representation
theory (Kamp, 1981) and relevance theory (Sperber and Wilson, 1986). The
essential aspect is to see meaning as input to the process of interpretation.
Meaning, according to this picture, is something that affects the audience’s
state of information — or, more generally, their overall position with respect to
the speaker and other people in the situation. It needs to be emphasized that
information is too narrow as a cover term for what linguistic meaning does to
the audience.

According to this picture, the meaning of a lexical item cannot be specified
in advance in all possible contexts, as assumed by Al Neither is there a
pattern of firings that uniquely determine the range of possible inputs that
would have a particular lexical item as output, as would be necessary if PDP
were to cover lexical meaning adequately. Rather, a lexical item (as used in a
given utterance) is a signal to the audience to apply the meaning potential for
a certain word in a way that is consistent with their overall interpretation of
the intention of the utterance of which it forms part. There is neither a fixed
meaning, nor a predetermined pattern of variation — only the instruction to
the audience to use what they know in a way that makes the best possible
sense. A

The meaning potential of a word we understand in such a way that it has
properties reminiscent of neural networks, as well as of traditional descrip-
tions of memory organization; cf. also the relations between meanings of
polysemous items in cognitive grammar (Langacker, 1987, 1991; Lakoff,
1987). It involves a number of nodes that are more or less closely associated,
and connected along many different paths (cf. Johnson-Laird, 1988: 328). All
properties, both of form and meaning, are multiply organized in a net of
associations, so that activity is widely distributed in the associative net: when
understanding takes place. What particular type of organization must be
assumed for a given word depends on a number of factors, but in order for a
word to survive and be useful, it must of course be organized in such a way
that communication about the sort of things that people in the speech
community actually talk about is helped by the existence of that particular
word — or speakers would not learn it. The word ‘cow’ presumably bears a
privileged relation to experiences and knowledge of members of a certain
natural kind; also, the word is associated with milk, possibly with calves and
animals in a field saying ‘moo’, etc. The central status of the natural kind
means that the natural kind would be directly related to practically all nodes
in the ‘cow’ net, while other nodes might not be related except via that
connection (e.g. ‘cow/bull’ and ‘cow/milk’)
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This net of associations could be seen as a common data-base for
knowledge about the world and knowledge about language. The difference
between the two would be basically determined by the difference between
individual and social aspects of the ‘cow’ net. For speakers who had a long
and happy record of riding on cows, there would be a close association
between cows and riding; but if they were competent speakers of the
language, they would not use the word in ‘riding’ contexts, apart from
conversations between old friends, because as speakers they would be able to
distinguish the communicative potential of the word from its private associa-
tions. Thus, the use of the word for communicative purpose determines a
certain search strategy, different from that of reminiscing about cows.
Similarly, if we search the ‘cow’ net of associations for the purpose of
finding information about cows that is relevant for a particular context, we
organize our search differently again. Lexical items are crucially social
phenomena; their raison d’étre is that if we let our welter of experience and
knowledge be organized by principles that have social validity, we can draw
on these resources together.

What this means is that what makes a lexical item identical across contexts
is the entry to a net of associations connected with that particular lexical item,
not what communicators find within those associations. Compositionality
exists at the level of potential meaning; but it is the actual meaning, i.e. the
interpretation that involves representation. The context, linguistic as well as
sitvational, co-determines where you are going to end up. And you may end
up with a variant that you have never come across before.

If the meaning of a sentence does not in itself add up to a representation of
a state of affairs, this raises the question of how speakers are able to represent
to themselves the interpretations of utterances that they work out. Fodor’s
assumption that there is a language of thought which is structurally close to
the human language that we speak must stand in suspicion of needless
duplication of the notion ‘language’. If, with Johnson-Laird (1983), one
instead assumes the ability to build ‘models’ of states of affairs as a general
cognitive skill, one can say that the model-building capacity has a language-
like property, viz. the relationship between the mental model and that which it
is a model of. But the similarity is striking only if one assumes that meaning is
representational in nature. If we assume that it is instructional in nature,
involving the act of drawing on conceptual resources rather than the interpre-
tations produced by drawing on those resources, the division of labour
between the model-building capacity and human language becomes more
natural. Meanings are instructions, on the basis of which we perform certain
‘cognitive actions’ — and among those actions are the building of mental
models. Other cognitive actions could be: referring from words to entities of
reality or rather to perceptual representations of reality, restructuring of
models, comparison of models, and so on.
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Meaning is a meta-phenomenon in relation to the representational level,
so to speak. Human language does not ‘represent’ or ‘denote’ model$ or
those things of which they are models — it serves as a medium prodding
interlocutors to produce and manipulate the:models. And, more generally,
prodding interlocutors to produce the understanding on which communica-
tion depends.

This means that lexical items are not strictly speaking representations of
anything in the mind or the world. The word ‘cow’ does not ‘stand for’, the
monolithic concept ‘cow’ (as constituting the putative integrated level above
the connections). Rather, the word ‘cow’ is an instruction to draw on' the
relevant mental resources, embodied in the net of associations, to produce a
mental model or representation appropriate to that word, as required by. the
current purposes of the interaction. What we come up with depends on what
context we have: whether we are thinking of the bull’s mate, the source of
milk, beef, the price of brides, or the calf’s mother; but there is no reason to
think that there is a different meaning potential for ‘cow’ in each case.

This view of meaning, as part of a picture where understanding is ‘intent-
driven’, means that the mechanism that creates metaphors is part of that
process of understanding which is required to make sense out of all utter-
ances. The audience always has to get the best possible sense out of the
instructions that are linguistically encoded in the message. New metaphors
arise when there is a clash between instructions; but even when there is no
such clash, there is always an element of finding out precisely in what way the
existing potential makes sense in this particular context, and the type of
conflict that we associate with metaphor is only a special case of this more
general phenomenon. v

Such cases also illustrate the constant interplay between meaning potential
and actualization. It is necessary to have a meaning potential to start with, or
the process of interpretation would not have anything to go by; but when a
new combination of elements is used, the process of interpretation may
necessitate the assignment of a type of actual meaning to an element that was
not part of the potential meaning that existed before. To take a case that as
far as we know is new, let us imagine that someone uses the phrase “he:is a
football elephant”. The audience would then invoke the ‘elephant’ net in
trying to determine what sort of entity this phrase is meant to convey, and
invoke it in such a way that the ‘football’ net of associations could be used to
characterize the entity selected. If it turned out that the phrase meant (= was
intended to be interpreted as designating) a football-player who was as
massive and inflexible as an elephant, the two nets of associations would have
interlocked in a new way, setting up a link between the potentials of the:two
words — and the interlocutors might next time only have to talk about
‘elephants’ without the modifying ‘football’, so that the meaning potential of
‘elephant’ had expanded marginally as a result.
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The difference between interpretation of normal syntactic combinations of
words (i.e. when “a football elephant” means ‘an elephant playing football in
circus’) and metaphorical interpretation of new combinations lies primarily in
the fact that the new combination changes the potential meaning of the words
and normal combinations do not. The potential determines the process of
establishing the actual meaning; but the actualized meaning in turn influences
the future meaning potential. The death of metaphors is a special case of
semantic change through use.

The reason why the distinction between literal and non-literal meaning is
generally felt to be necessary is that it points to an obvious truth, viz. that in
describing the meaning of a word or phrase in context we can distinguish
between more constant and basic aspects of its meaning and more marginal
and variable aspects. But the concept of literal meaning gives a simplistic
account of this polarity. To understand what goes on we need two distinc-
tions. The first is the distinction described above between potential and actual
meaning. The second is a distinction between central and peripheral aspects of
the meaning potential. As described above in the case of ‘cow’, the natural
kind ‘cow’ can be assumed to form the center of the net of associations
involved in the word — if we eliminated that aspect of the net, it is difficult to
imagine what would be left. Other aspects of the meaning potential are more
dispensable; one could remove the culturally central role of cow milk as
opposed to e.g. pig milk and leave most of the meaning of the word ‘cow’
intact. However, some uses of the word cow would be ruled out, as in ‘I am
not a very good cow!’, a summing-up by an acquaintance of ours when she
found that all her children refused to be breast-fed as soon as they realized
that there were alternatives.

Those aspects of meaning that are put forward as plausible candidates for
literal meaning are generally those that are historically prior, and which have
formed the necessary basis for other shades of meaning, so that the extended
meanings would not have been possible without this ‘basic’ meaning. To the
extent that there is a part of the meaning potential of a word that is presupposed
by other parts of the meaning potential, there are good reasons for giving it
special status; in case of clearly defined core areas with a corona of gradually
more marginal cases, we get the classical prototypes (cf. Rosch et al., 1976). In
other cases we get less clearly defined centres, as in ‘game’, Wittgenstein’s
classical example; there may also be bi- or tri-focal cases, where more than
one central area can be contrasted with other, more marginal areas.

The two distinctions preserve what is worth preserving in the distinction
between literal and non-literal meaning without committing us to any unten-
able idealizations. By insisting on the distinction between potential and actual
meaning, with potential meaning being understood as constituted by the
whole net of associations, we emphasize that in all actual uses of a word there
is an element of interpretation — no matter how close to the ‘standard’ or
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‘basic’ meaning we may be. By assuming degrees of centrality as a momﬁcn.n that
may be built into the structure of the meaning potential, we can m<oa. the
chaotic situation that the notion of literalness is felt to protect us mmw.:mr
without taking on the task of dividing all meanings into two neat areas, literal
and non-literal (cf. also Bartsch, 1984).

9. An integrated model of understanding

Summing up the claims that we have made so far, we can say that E.&w?
standing involves recognition of types and also the ability to recognize
elements as identical across contexts, but both types of skills must be seen as
subordinate to the fundamental task of recognition of intentions. It now
remains to be a bit more precise about the division of labour and interaction
between the components involved in this overall picture, m:.a to see how the
view of linguistic meaning argued above fits into the picture of under-
standing. o . .

‘Softness’, as pointed out by Smolensky, is ubiquitous in Ew sense that it
cannot be put aside as a low-level phenomenon superseded at higher levels by
‘hard’ categories. Not only at the level of individual words, but at the levels of
all conceivable combinations, recognition processes involving vague elements
of association may influence interpretation in ways that cannot be omm.;::&
by algorithmic (i.e. purély compositional) rules. All ‘chunks’ are susceptible to
processes of that kind, up to and including whole utterances. However, m:.o:
processes do not have the last word. If they did, we would be back @E
stimulus and response as the bottom line in accounting for understanding,
however refined the connectionist versions are compared with e.g. Bloom-
field’s.

Further, human interpretation of linguistic texts is not a Bm:on om om_o:_.m:-
ing the content as something that is ‘in’ the text — it §<o_<am intentions which
are not part of the text as an object in itself. In principle any E:.:m.:
interpretation process is the mediation of intentions and external linguistic
stimuli. Any stimulus is interpreted under a certain aspectual shape (ct. ,mowzo,
1990) which is not emergent from the stimulus itself but depends on the
intentional stance of the human being. . o

One way in which the PDP-type processes are constrained is via the
compositional element in understanding, i.e. Eo.mn »m.wm.oa that are due to the
meanings of constituent elements. For each _Em:_m.:o element, there _m.m
meaning potential which is invoked, and whose integrity must .@o Hmmﬁno.ﬁma in
working out the total meaning. When the word ‘coffee’ is used in an
utterance, the ultimate understanding must contain an element of locating an

actualized meaning for the word ‘coffee’ based on the (socially recognized)

potential meaning of the word.
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What we see, then, is partly that compositional meanings are (part of) the
input at all levels to processes of type recognition. If component elements
dictated the types that were possible, ‘hardness’ would have the last word. If
understanding of linguistic utterances could freely ignore individual compo-
nents in favour of an overall assessment, ‘softness’ would have the last word.
In fact neither is the case. Typification must respect the integrity of individual
components, but understanding has to go beyond any computable aggregate
of components. The actual meaning (=interpretation) of a text is always
underdetermined by the component meanings. .

The basic reason for the insufficiency of compositional understanding is
expressed by the notion of intent-driven understanding, which is also the
second way in which the type-recognition processes are constrained in human

" understanding. As pointed out above, understanding an utterance is basically
to understand what it does in context, which means what it does as a token
rather than what it is in terms of a type. This means that type-assignment on
whatever level cannot be final, until an interpretation has been found that is
satisfactory in terms of the ‘recognition of intention’ aspect.

At the level of whole utterances, certain ‘speech act’ properties are impor-
tant ‘typification’ aspects. If there is a speech act type of ‘promise’ in the
speech community, interlocutors need to recognize something as a promise
when that is appropriate (whatever additional properties the utterance may
have). But the naked output category of ‘promise’ is not the sum total of
understanding. Understanding involves the whole process of working out
what the utterance means in the actual position of the interlocutors — in other
words seeing the utterances as bringing about a pragmatic change in the here-
and-now situation of the human agents concerned, rather than merely as
instantiating a type.

Two examples may serve to illustrate this picture. Can you pass the salt? is
immediately recognizable as a polite request. But according to the constituent
elements it could also mean ‘are you able to go past the salt (desert)? In
understanding an utterance involving these words, we disambiguate ‘pass’ as
meaning either *hand over’ or ‘go past’, we understand ‘salt’ as referring either
to a salt caster or a salt desert, and possibly we understand ‘you’ as either the
addressee or the ‘generic’ you. It is unlikely that we would ever understand it
the second way; but the option is open and would come into its own if the
question of crossing a salt desert on foot arose, and somebody spoke such an
utterance standing outside in the blinding sunlight, staring into the shimmer-
ing distance. Neither type recognition nor compositional computation can
take us all the way; only recognition of intention could produce anything
worthy of the name of understanding. .

The utterance the policeman attacked the black man with the knife is,
linguistically speaking, ambiguous with respect to who carries the knife. The
audience is free to decide where the knife is, based on preconceptions involving
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recognizable situation types. They are also free to form a picture in their mental
model in response to the phrase the black man in which he comes outasa ao.nn-
peddling dropout — again, linguistic meaning c:an&mﬁoa_.znm .c:awaﬁ.msa_:m.
In with the knife, the policeman attacked the black man, the m;.cmros. is a_m,oai.
It is still possible to imagine a dope-peddling aaovwﬁ if one is so disposed; but
with respect to the knife, the utterance is not ambiguous. .

In many cases, empirical processes of understanding EozE ﬁ.ﬂog_uq still put
the knife with the black man (cf. Miller, 1951, ch. 12: “The Social Approach’) —
because the situation where policemen attack people with knives does not belong
to the pre-existing set of categories. However, it is part .0m playing the game' of
language that the compositional rules are valid in spite of iw.mﬁ.wn overall
assessment purely based on the ‘soft” approach would lead to. This is true even
if the speaker did in fact want to place the knife with E.o black B.m:.v but got
mixed-up because he also wanted to front the phrase ‘with the knife’. In that
case we would want to say that there was a difference between what he said and
what he wanted to say — which would be impossible if there were no ‘hard’ rules
of language, and understanding was probabilistic all the way E._.ocm._._. .

The notion of intent-driven cognition also involves a basic difference in
relation to the view of linguistic meaning as conceived both in AI and PDP.
Both camps adhere to a notion of meaning that is ultimately om.cmﬁ in nature.
Fodor (1987) discusses how one can set up an account of meaning ﬁ.r.«: w<o_.%
all the familiar fallacies of the crude causal theories of meaning, ir:o. remain-
ing ultimately causal in nature. In PDP, as pointed out wdo.<9 processing EWQW
place at a sub-symbolic level, replacing the notion of a sign or symbol with
input-output relations. What takes the place of meaning is ?o process of
excitation of neurons by the input. This process is clearly causal in nature, and
close to some of the cruder causal theories that Fodor wants to avoid.

In the terms used above, both views of meaning are backward-oriented,
each on their level — AT on the level of constituent symbols, PDP on the level
of output categories. This is logical if we want machine processes to rmégo
last word in the process. If assigning meaning to an utterance involves
basically that you have to find out what the utterance is .%m_muoa to ao.,_,o_.
you in a concrete situation, we put the machine out of business as a meaning-
assigning device — which is in fact what we have to do. Zmoriom have no
intentions, and do not recognize them in human beings; if they did not work
in a fully deterministic manner, programmers would have a rather more
difficult time.

10. Machines, intentions and the Turing test

Before we take the last step of the argument, there is a @::Em.q cno_u.HmE that
needs to be placed in the context of the issue under consideration. The
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11. The complementarity of AI and PDP

We have now tried to demonstrate at some length why AI and PDP cannot
give a complete account of cognition, either alone or in combination. It
remains to look at what they can do in the perspective outlined.

What takes the place of intentions and purposes in computer processing is
the task task set by the programmer. In the language of computation: the
grammar does not compute anything without a parser and a ‘go’ command.
The ‘go’ command is the instantiation of an intention in the machine. It
means something like: use the rules of grammar until you have generated a
representation (a tree structure) of the input string with the top node ‘S’.

The machine is, so to speak, commanded to have the intention to recognize
the input as an instance of a grammatical sentence. The human addressee, on
the other hand, has the intention to recognize the input as an instance of a
social action which makes sense. The computational procedures, whether
based on compositionality or on pattern recognition, are unable to carry out
the full disambiguation process as performed through human cognition,
because it ultimately involves recognition of intention, as argued above; it
only ‘has the intention’ to do precisely what it is told, which in the case in
question is to recognize the input string as generated by the rules of the
grammar.

What this means is that the programmer must specify tasks to be performed
to such a point that the task is sealed off from interference by intentional
mechanisms, before the computer can perform them. This is why issues
involving ‘modularity’, ‘autonomy’ and ‘impenetrability’ of subtasks of the
organism is so important in defining the scope of computer simulation. But
we need not assume built-in autonomy in order for computer simulation to be
useful — we only have to assume that there are subtasks that are sometimes
performed autonomously, and then see the goal of simulation as capturing
ways in which cognition can solve such subtasks. .

In that perspective, Al-like processes and PDP-like processes may be seen
as complementary, not only in language understanding, but generally. We
have seen how fitting utterances as a whole as well as their component parts
into pre-existing types was an important part of understanding. We have also
seen how conflicts sometimes had to be resolved in favour of compositional
rules, rather than gradual overall assessment. It has sometimes been claimed
that one type of ability was inferior to the other. Adherents of AI have
claimed that PDP-like skills were ‘primitive’ compared with the precise logic
of Al procedures; and opponents of AT have claimed that expert performance
was being able to do without rules (cf. Dreyfus and Dreyfus, 1986, as quoted
by Smolensky, 1987: 138). But it may be better to see Em processes as being
mooa for different purposes.

To exemplify this, we may take the case of a bird-watcher. It is easy to see
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that expertise in bird-watching has some PDP-like properties. The list of bird
species of the world constitutes a pre-existing set of output categories, and an
expert can assign a large proportion of the specimens he comes accross to one
of these species with great accuracy ‘at a glance’. Where the beginner has to
look at the colour of the primaries and the length of the tail etc. and often
gets it wrong, the expert does not need to worry about individual features and
almost always gets it right. To say that experts had to go through precise
logical steps each time they made a judgment would obviously be implausible;
and often a beginner will worry about a white spot that should not have been
there, which the expert has hardly noticed because he can confidently say that
this must be an albinistic specimen: confidence in overall assessment permits
negligence towards details. Therefore, experts need more than rules.

But if the expert was like a PDP processor, he would have no possibility but
to make overall assessments in relation to pre-defined output categories,
mechanically putting everything in places he knows beforechand. A human
expert does not limit to that. He may, for instance, first categorize a specimen
according to his pre-established categories, and then start doing exactly what
the rankest beginner would also be told to do: note down carefully each
individual feature of the bird, going through it in a step-by-step fashion. On
his return he may then compare with museum specimens and discover that
this was the subspecies from Siberia, with which he was not familiar.
Analogously, the human addressee may come up with an interpretation based
on overall assessment, and then have misgivings, think carefully about a
component element of the utterance and revise his interpretation.

True competence, therefore, involves knowing when to use what type of
processing and being able to change gears between them. In the controversy
between AI and PDP this means that we need both to be able to test
phenomena that we work on against our preconceived output categories (as in
PDP) and see what that yields — and to be able to work with some pre-defined
input elements and see where we get when we put them together (as in Al).
The hermeneutic circle, where parts and whole mutually presuppose each
other, strictly speaking means that understanding is never achieved; and there
is an important truth in that. Understanding, as part of the process of life,
always involves moving forward from what we know to something new that
needs to be integrated into our position, which changes in the process. It
cognition was not open-ended it would be a bad servant in carrying on this
process.
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