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Abstract:

Causal and diagnostic reasoning.

This paper deals with reasoning involved in the analysis of
singular events as, for instance, outbreaks of diseases. Mackie's
theory of singular causality is shown to be a fruitful tool for
this kind of analysis. We expand this theory and discuss some
issues about the nature of causal complexes (their prototypical
character) and about how detailed a causal tree structure must
be (the stop problem). It is argued that causal and diagnostic
reasoning is driven by constructing mental models.
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Reasoning is not identical with deductions. Even in scientific thinking

we draw conclusions- based on .insufficient premises, and we quite-often---- — -

work with inconsistent theories. A very beautiful description of how
scientists handle inconsistent and incomplete information is given by
Werner Heisenberg- in his characterization of Niels Bohr's early atomic
theory: "Bohr must surely know that he starts from contradictory
assumptions which cannot be correct in their present form. But he has an
unerring instinct for using these very assumptions to construct fairly
convincing models of atomic processes. Bohr uses classical mechanics or
quantum theory just as a painter uses his brushes and colors. Brushes do
not determine the picture, and color is never the full reality; but if he
keeps the picture before his mind's eye, the artist can use his brush to
convey, however inadequately, his own mental picture to others. Bohr
knows precisely how atoms behave during light emission, in chemical
processes and in many other phenomena, and this has helped him to form
an intuitive picture of the structure of different atoms; a picture he can
only convey to other physicists by such inadequate means as electron
orbits and quantum conditions. It is not at all certain that Bohr himself
believes that electrons revolve inside the atom. The fact that he cannot
yet express it by adequate linguistic or mathematical techniques is no
disaster. On the contrary, it is a great challenge." (1). Bohr is not facing a
problem of logic but a problem of rationality, namely, the problem of
inventing or consiructing enough mathematical structure to represent
those phenomena he already has a relatively clear intuitive picture of -
that is, enough structure to make logical deductions possible. This
rational activity is not rule- based but a kind of tacitly given skill that
characterizes creative work.

Although reasoning cannot be adequately modelled as logical
deductions it is a significant part of reasoning to put forward claims and
to justify these claims. Bohr acted rationally as a scientist by picking
out consistent sets of claims about his picture of light emission from
atoms and by drawing logical consequences from these claims. It is of




course very common both in scientific and daily life reasoning to
construct such sets of claims - belief sets or belief systems as we may
call them. Such claims are very often expressed in propositional form.
Therefore, it is natural to model some aspects of reasoning as a process
of modification of belief systems, where belief systems are represented
as sets of propositions or sets of sentences. This is a fruitful idea which
has been explored by Harman (2), Gardenfors (3), Doyle (4) and many
others. But it is evident form Heisenberg's description that states of
belief and knowledge are not the only mental states and processes
involved in reasoning. And, as John Searle says, when we try to trace each
state of our network of knowledge and belief, we will eventually reach "a
bedrock of mental capacities that do not themselves consist in Intentional
states (representations), but nonetheless form the preconditions for the
functioning of Intentional states".(5)

It is important to understand this system of background capacities, and

to understand how they form the basis of more explicitly given states of
knowledge and belief. However, there does not exist - to the best of our
knowledge - any satisfactory theory about this background; and we are not
going to propose- one. What we shall do is to present some observations
about reasoning which indicate that some more fundamental,
non-propositional mental activities are involved. That is to say, we want
to present some further arguments showing the need for a more detailed
analysis of the background of knowledge and belief.

These observations are about the use of knowledge and belief by
experts when they, as experts, aim at solving practical problems . They
may not be relevant to the study of other kinds of belief change, as, for
instance, the kind of changes we experience in our daily life or when we
acquire new results in basic research. Hopefully, these observations may
have some value for further formal work on knowledge representation.

To be more concrete, what interests us is the pature of causal and
diagnostic reasoning especially as this kind of reasoning appears in
clinical medicine. The clinician is interested in classifying and causally
explaining a comprehensive group of important ginqular events, namely
diseases. Diseases are important singular events which we want to
prevent happening, or, if they actually happen, we want to reduce their




consequences. We are interested both in treatment of diseases, when they
have appeared, and in finding suitable measures which eventually will
prevent them from happening. There are three aspects of causal and
diagnostic reasoning in medicine which require a further analysis of
background capacities. They are: '

- - — 1.-construction of first-guesses of-a diagnosis -~ ~ -
2. the stop problem: how far back in a causal
chain must one go?
3. causal field -(to be defined later): the
space in which the explanation takes place.

But more about that later.

Causal and diagnostic reasoning is not only noticeable in clinical
-‘medicine. We find a similar type of reasoning in process industry where
we are interested in analyzing accidents, breakdowns or malfunctions
which might lead to disasters or catastrophes. In this domain we are also
seeking a typology of accidents and their causes. Because of this
similarity it is desirable to give a general analysis of causal and
diagnostic reasoning which applies to both domains. That is what we are
aiming at. But there is an important difference between the two domains,
however. In process industry one knows the design and purpose of the
system, which in some sense makes it easier to diagnose. In medicine you
don't have that kind of information, or you at least only have very
rudimentary information about the design. We are not going to explore this
important difference here.

The kind of explicit knowledge needed to diagnose and disentangle
causes of various diseases is of two types. First, it is important to have a
disease classification, that is, an extensive conception of possible
diseases or accidents and means to diagnose events as members of some
of these classes. Second, we must have knowledge of the _causal network
that might lead to diseases or accidents.

It would be natural to require that all this knowledge should be
explicitly represented in a huge and exhaustive classificatory system, a
system that both include diagnostic criteria and causal structures. As




modern disease entities of course are defined by taking disease causes
into account modern disease classification systems actually can be
considered as being attempts to build such systems. it is also natural to
expect that it might be possible to build diagnostic expert systems. And of
course it has already been done with some success. Undoubtedly such
systems can be improved and in the future be of great help and support to
clinicians and engineers in their diagnostic work.

However, it is well known that expert systems cannot take over the
role of human experts, and it is surprisingly difficult even for experienced
physicians to apply correctly existing explicit classificatory systems. We
want to discuss some epistemological features of diagnostic and causal
reasoning which might explain some of these difficulties and which must
be dealt with if we want to build useful information processing systems
that are able to cope with diagnostic and causal reasoning.

Let us give an example in the form of a clinical case: A 44-year-old
man is admitted with jaundice and ascites, and it is found that he suffers
from cirrhosis of the liver. He readily admits that he has been drinking
heavily for a number of years, and he explains that he drinks because of
loneliness and depression. It is estimated that his daily consumption of
alcohol approaches 200 grams. He is seen by a psychiatrist who explores
the past history, and it is revealed that he had an unhappy childhood. His
parents divorced when he was 5 years old and his mother had difficulties
in coping with him and his two sisters. He did badly at school and was
involved in petty criminality. Then, he became a carpenter and worked at
building sites where it was normal to drink considerable amounts of beer
during the day, but he was never employed by the same firm for more than
a few years. He married young, but his wife divorced him when he started
to drink heavily during long periods of unemployment. The psychiatrist
also concluded from his examination that the patient had a personality
disorder.(6) :

The complex of causal factors in a case like this one is, of course, very
complicated and the following diagram is no more than a suggestion:
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The doctor who treated the patient was in no doubt that the liver
disease was caused by alcoholism, as the ingestion of that amount of
alcohol may be regarded as a sufficient cause of liver damage. But it is
also known that the extent of the damage and the cause of the disease is
to some extent determined by the patient's genetic constitution. If the
patient's ingestion of alcohol had been less extreme and he had had a
stronger genetic constitution he might not have developed cirrhosis of the
liver. Furthermore, many other processes may lead to cirrhosis of the
liver, as, for instance, various kinds of virus infection, metabolic defects,
etc. Consequently, this disease can be caused of many other events. The
full causal space of liver cirrhosis will look like this:



General causal tree

All branches in the diagram are possible courses of events, the actual
sequence of events is consistent with one, and hopefully only one, branch.

We call each box in the diagram an _e_g_q_t_e_&gg_g_g_g_mgle_ and each
Ime in the boxes _a_ngn_LedundanL_QQmp.o.n.em_A_Qaungs_dﬁmgd_as_a
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This theory of causality is a slightly modified version of J.L. Mackie's
theory of singular causality (7). The effective causal complexes are by
themselves sufficient for the disease, but not necessary, whereas the
non-redundant-components are necessary but not sufficient parts of the:
complexes. The non-redundant components are INUS-conditions in Mackie's
sense.

It is possible to say a bit more about the nature of effective causal-
complexes. Usually, diseases and accidents manifest themselves in a
regular manner. Consequently, it is to some extent possible to classify
causal complexes and list possible causal trees. That is what clinical
medicine aims at, and the usual medical disease classification is the
result of this. But, as we shall see below, it is impossible to reach a
complete classification of possible diseases or accidents. Causal
omplexes need n natural kin lly, they ar nsequences of
human decisions. Th ongl f circumstances which, when
Ihﬂ_h.aQQQLLLn__thB_ﬂght_Q.[dﬂ_lﬂad__tQ_the_ﬂ.e.ﬂI Each of the non-redundant
components when considered as part of the complex increases the
probability of the event, but they might not do so in other contexts.

In spite of the fact that human decisions - or some other forms of
contingencies - are involved in causal structures of diseases and
accidents there is still some kind of regularity involved. We express this
by saying that effective causal complexes are robust classes. By saying
that a class is robust we mean that it is more than an arbitrary delimited

set. It is a classificatory entity which supports induction or prediction or
which is theoretically relevant (e.g. plays an explanatory role). This is not

a very precise definition, but the idea is that robust classes, like, for
instance, natural kinds, play a decisive role in causal and explanatory
contexts because they refer to events that apparently occur regularly or in
lawful ways. Examples of robust classes are:

- disease entities
- clouds
- tigers




- alcoholics
- error classes '
- designed mechanisms and structures

All these kinds of classes are categorically very different. But they share
the property of being important concepts in causal reasoning. They all
refer to possible "causal mechanisms” which may turn out to be essential
to causal analyses. But such "causal mechanisms” need not be natural
mechanisms, they may well be social, psychological or even rather
unspecified regularities of which we know from experience that they
occur with high probability.

The non-redundant components of a causal complex constitute a partial
and incomplete description of the complex. They are of a very
inhomogeneous s nature and refer to properties and features in the causal
field or context of the event to be explained. For .instance, they may be of
the following kinds: :

- alien agents (e.g. bacteria)

- important past decisions (omission of certain
precautions) or events

- malfunction of mechanism at a certain level
(e.g. low production of insulin)

- environmental conditions

- contextual conditions

We don't have a clear overview of the range of possible types of
non-redundant components, and neither do we have a theory of how they in
fact specify the causal complex. But we do know that they only partially
specify the complex, probably in the same way as the meaning of natural
kind terms and other forms of concepts only are partially specified by
defining properties.

It is therefore tempting to apply philosophical and psychological
theories of concept formation to the specification of causal complexes.
Many of these theories, e.g. Putnam's philosophical theory of stereotypes




- (8), Rosch's theory of prototypes (9), Marvin Minsky's Al theory of frames
(10) and Roger Schank's and Robert Abelson's theory of scripts (11), are of
course quite different from each other. But they share some remarkable

- similarities: a concept specifies the typical characteristics of ‘members

- of a class; it does not have necessary and sufficient conditions; it does
not have clear-cut boundaries: but in its ordinary context it can be applied
~with great precision. -The-specification—of a causal-complex—is similar. The
non- redundant components give a partial description of a typical instance
of the complex; if the complex is the actual one, then they are necessary
but not sufficient for. the specification of the complex; if it*is not the
~actual one, then they are neither necessary nor sufficient for the
specification of the complex; the specification of the complex, when taken
out of a concrete context, is imprecise, but often very precise when
applied to a concrete case. As a consequence of this we pose the thesis
that causal complexes are prototypical which means that to specify a
causal complex one needs a prototypical picture of the complex beside a
list of non-redundant components.

It would be nice if it was possible to construct for each disease or
each type of accident a full causal tree. If that were possible we would be
able to construct a kind of expert system that could check all
possibilities related to a certain disease/accident. Unfortunately, that
seems not to be possible. The reason is that the way in which we
construct diagnoses and causal trees involve many different kinds of
cognitive activities that cannot easily be integrated. The causal space and
the causal components do not exist ready at hand. Although there are some
general invariant features, it is something that we construct in each
particular case. There does not exist a predefined check-list.

When a physician is making a diagnosis he does not calculate all
possible effective causal complexes and chooses the one that best fits the
observations. Typically, diagnosis making is a skill based activity. The
first guess that a physician comes up with is not computed or inferred.
Rather, he constructs, based on hisg past experiences and scientific domain
knowledge, a first guess of an effective causal complex. This complex will
them guide him in his collection of further data. He constructs or forms a

mental model or picture of the effective complex. This picture is not

unlike the one Bohr had of light emission. We call it a prototypical




identification of the causal complex. It gives rise to a set of beliefs about
the cause. These beliefs may be represented as a belief set, but they are
not identical with the mental picture. They partially characterize the
picture, its structure, its role, and its consequences. Let us give another
example from the history of science.

A beautiful example of mental construction is James Clerk Maxwell's
honeycomb model of the magneto-electric medium. (12)

According to this picture the ether was composed of mechanical
devices in which "idle wheels" were placed between wheels that were
intended to revolve in the same direction. The idile wheels represented
layers of particles laying between contiguous vortices, represented by the
wheels, so that the rotation of each vortex would cause the neighboring
vortices to revolve in the same direction. Maxwell represented this
medium as a cellular ether, depicted like a honeycomb. This mechanical
mode! was then used as a representation of electromagnetic induction. The
model did also explain many other important physical phenomena. For
instance, it made the Faraday effect (that a magnetic field can rotate the
plane of polarization of light), an effect which played a central role in the
development of classical field -theory, because, among other things, it led

10




to the idea that induction had something to do with rotations and vortices.

It is historically fair to construe Maxwell's invention of the )
electromagnetic field equations as a mathematical articulation of this
mental picture of what is going on in electromagnetic induction. This
picture gave rise to-a unifying-conceptual system which—could guide both
mathematical and experimental work. In this respect it is similar to
Bohr's mental picture of atoms and light emission. It is our impression
that the process of diagnosis or, in general, the search for an effective
causal component work in a similar way.

The next step of diagnosis is them to spell out the details of this
proposed complex and prove that it fits the symptoms of the patient. This
part of the process is mainly rule based and knowledge based. But the
search for rules and knowledge is guided by the mental model of the
complex. You do not just require diagnostic tests -and further information
about the patient. That would give you a huge and unmanageable amount of
data. But the mental model of the effective complex that may be involved
constitutes a provisional hypotheses of the disease. Rules and knowledge
will be gathered with the purpose of testing this temporary hypothesis in
the same way as Maxwell's mathematical and experimental work was an
articulation of the honeycomb model. If the model does not fit the date you
construct a new one and let this new hypothesis govern your search for
further information. As the provisional hypothesis is prototypical
identified we usually only need to find enough evidence to prove that this
hypothesis fits the symptoms better than a few other possible hypotheses.

It is of course possible to formulate some rules of thumb that can be
of some guidance for a physician when he is involved in constructing a
first guess of a possible effective complex. But generally such rules are
of very little use unless you already are a skilled physician. There are so
many tacit assumptions and capacities involved in diagnosis making which

can only be learned by actually doing clinical work.
The tacit dimension of medical diagnosing is very nicely illustrated by

Polanyi. He consider a medical student attending a course in X-ray
diagnosis of pulmonary diseases:
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At first the student is completely puzzled. For he can see in the X-ray
picture of a chest only the shadows of the heart and the ribs, with a few
spidery blotches between them. The experts seem to be romancing about
figments of their imagination; he can see nothing that they are talking
about. Then as he goes on listening for a few weeks, looking carefully at
ever new pictures of different cases, a tentative understanding will dawn
on him; he will gradually forget about the ribs and begin to see the lungs.
And eventually, if he perseveres intelligently, a rich panorama of
significant details will be revealed to him... He has entered a new world.
He still sees only a fraction of what the experts can see, but the pictures
are definitely making sense now and so do most of the comments made by -
them. He is about to grasp what he is being taught: it has clicked. (13).

It has clicked for the experienced physician . He has achieved a tacit
understanding of his field and this' tacit understanding governs his
cognitive activity as a diagnosis maker. He is able to use the seemingly
unstructured clinical information as clues for the construction of mental
models of possible effective complexes. In many cases he is able to pick
out the right effective complex right at the beginning and does not have to
check a huge number of possibilities before getting to the right diagnosis.
This is a skill-based cognitive ability which is more like a kind of
construction than it is similar to computation or deduction. We find it a
very important task for cognitive science to develop formal analyses of
such constructiVe activities.

There are other tacit dimensions of diagnosis making. Sometimes it is
not sufficient to stop at the first effective complex. Usually, it is
necessary to extend the causal analysis further back. That is done by
selecting a non-redundant component of the complex and then looking for a
complex that implies the selected component. For instance, during the
treatment of the alcoholic the doctor will be interested in reducing the
man's drinking. In this case it is necessary to find the causes of the abuse
of alcohol, for instance, by analyzing the social and psychical conditions
of the patient. The process of extending the causal chain backwards, as
well as the construction of the various branches, takes place inside a

causal field.
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The notion of a causal field was introduced by Mackie. He does not give
a completely sharp definition but explains the concept by giving some
examples. Mackie expresses his idea in the following way: "a cause is
required to differentiate, within a wider region in which the effect
 sometimes occurs and sometimes does not, the sub-region in which it
occurs: this wider region is the causal field." (14). Consider the following
example discussed by Mackie:"What caused this man~to develop skin
cancer?" As it stands this question is ambiguous. It may mean:

1. Why did-this man develop skin cancer now when he did not develop it
before?

The causal field in this case, according to Mackie, is the career of this
man: "It is within this that we are seeking a difference between the time
when skin cancer developed and times when it did not."(15) We are looking
for factors or events which might have caused the cancer. We are trying to
construct a causal tree in which one of the branches is consistent with
our knowledge of main events in the past history of the diseased man.
Radiation is an effective component in such a tree, and if the man has been
exposed to radiation it is likely that it will be picked out as the cause.

But the question may mean something else, for instance:

2. Why did this man develop skin cancer, whereas other men who were also
exposed to a similar amount of radiation did not?

In this case Mackie defines the causal field as the class of men thus
exposed. Radiation cannot be an active component in this case. It is a
background constraint which does not appear in the causal tree.

Mackie is basically right in introducing the notion of causal field. But
his definition is not satisfactory. We want to redefine the notion without
loosing Mackie's basic intuition. As many other philosophers have observed
a causal factor is something which if it had not occurred then neither
would the effect. So, it is necessary to consider counterfactual
situations if we want to define a cause. This is an insight that goes back
at least to David Hume who writes: "We may define a cause to be an object
followed by another, and where all the objects, similar to the first, are

13




followed by objects similar to the second. Or, in other words where, if the
first object had not been, the second never had existed." (16). It has been
explored further by many philosophers.

Consider the various branches in a causal tree. They all correspond to
possible courses of events. It is part of the causal explanation to pick out
one, and hopefully only one, of these branches as representing the actual
course of events. But a full causal tree represents many possible episodes.
So, a causal tree represents a whole group of possible scenarios only one
of which corresponds to the actual course of events. But when we are
seeking for a causal explanation we rarely consider the full causal tree
but only the most important branches - the branches which, given the
context, are most likely to lead to a causal explanation. The causal field
constraints and delimits the range of possible scenarios. Therefore, we
propose the following definition of a causal field:

The _causal field is constituted by the body of properties and features
which (1) must be present in all counterfactual situations, and (2) which
are comprehensive and detailed enough to characterize the phenomenon or
event of which we want to find the cause.

Usually, the causal field is implicitly given. It is like a paradigm i
Kuhn's sense, or, maybe, a system of frames in the Al sense . It is based on
a huge amount of background knowledge of a rather complex nature. It
considerably narrows the space of possible effective complexes and
causal trees. The causal field forms the background for constructing
mental models of effective complexes. It defines a stance towards the
problem in the way that you focus on some branches rather than others.
During the training as a physician or as an engineer students are usually
‘not taught how to delimit a causal field, but to an astonishing degree
experts agree about what constitutes the causal field when analyzing a
given problem. Consequently, the ability’ to delimit and work inside a
relatively stable and fixed causal field, when searching for a diagnosis, is
a kind of tacit faculty which forms the background of more explicitly
given knowledge.

The causal field depends of course on our medical knowledge and

14




technology and our conception of disease and health. It also varies with
the concrete context and the goal of the diagnosis. Some of it can be
explicitly formulated, but like a scientific paradigm- some important
aspects of it are mainly tacitly given. It does not only restrict the set of
possible effective: complexes to a manageable size, but it usually defines

natural stop rules for the causal analysis..

Let us look at a simple example:

A 23-year-old man is admitted as an emergency, suffering from fever and
neck stiffness. He is found to have meningitis and the spinal fluid' contains
pneumococci. Five years previously, his spleen- was removed after a

traffic accident, and it is known that splenectomy increases the risk of
pneumococcal septicaemia and meningitis. Usually, splenectomized
patients are vaccinated against pneumococci, but this was not done in this
particular case.

In this case we have at least three necessary components of an effective
complex leading to the disease: invasion of pneumococci, splenectomy, and
omission of vaccination.

Invasion of pneumococci
Splenectomy
omission of vaccination

etc.

Each of the three factors can be proclaimed as the cause of meningitis.
But most clinicians would probably say that the meningitis was caused by

15



the pneumococci. That choice is natural from a therapeutic point of view
as we can eliminate this component. But from a preventive point of view
it would be more reasonable to regard the omission of vaccination as the
cause. And furthermore if the patient would sue the hospital for being’
badly treated it would be necessary to extend the causal chain further
backwards to find causes of why the doctors neglected to vaccinate the
patient after surgery. The causal tree can be extended arbitrarily and the
selection of _the cause is the result of a choice which reflects our
interests and background knowledge.

There are other interesting aspects of the stop problem. Consider a
general causal tree as the one on page 6.We have already seen that it is
possible to extend it backwards relatively arbitrary, and we have seen
that it is to some extent arbitrary which component of an effective
compiex is selected as the cause. It is also possible to construct new
branches in the causal tree. The causal field does not completely
determine whether a |ogically possible branch is also causally relevant or
not. Furthermore, when searching for non-redundant components of a
causal complex one does not have clear-cut criteria of how fine-grained
the analysis must be. In principle you may continue the analysis until the
atomic level.

Consequently, when trying to give a causal explanation of a singular
event there are several decisions to be taken. The analysis can in principle
be continued in several directions and one have to decide where to stop
the analysis. There are at least the following stop problems:

1. How many branches are relevant for the problem.

2. How far backwards in the trée is it necessary to go.

3. How many non-redundant factors must be taken into
account in the characterization of the causal complex.

4. How detailed must the analysis of the causal
complex be.

Although the causal field and our experience in general, as an expert,

16




narrow the range of possible answers enormously there does not exist
necessary and sufficient conditions for asking these questions. They must
be decided in each case, and it is an important task to study the basis of
such decusmns

We hope that these observations of how causal and diagnostic
reasoning works -have -made it clear that there are mental activities
involved in this which are quite different from explicit belief states and
logical revisions of such states. We don't want to postulate a dual
architecture theory of mind (17). But we do want to claim that there are
several mental activities involved in causal reasoning which have very
little to do with deduction and computation. Rather they form the
background both of explicit beliefs and deductive and computational
manipulations of such beliefs. We construct mental pictures of possible
causal complexes, we have skills as experts, we make tacit assumptions
about causal fields, we have stances, we decide to focus on some aspects
of the phenomena rather than others, etc. We don't see how existing formal
(mainly computational) models should be able to catch these phenomena.

Let us conclude with a few rather speculative remarks about which
properties models of these capacities must have. It is essential to be able
to model the capacity of constructing mental pictures and to describe the
background, the mental awareness, and the tacit knowledge on which these
constructions are based. For example, we must answer the questions:
Which mental capacities make it possible for medical students to "see"
pulmonary diseases from radiograms. What has physicians and engineers
learned that makes it possible for them to come up with astonishing
precise guesses of diagnoses/causal complexes, and do it in an apparently
effortless way? How can we explain that physicians share causal fields
without being able to describe these fields explicitly? What governs their
stance toward a problem? At the face of it these phenomena seem to be
based on capacities which are quite independent of explicit belief sets and
deductions from such beliefs. Neither are they like computations of best
alternatives from some measure of goodness or utility. Rather they are
preconditions for explicit beliefs, deductions and computations. Of course,
experts have explicit beliefs, and they can perform rather complicated
deductions and computations. But only on the background of these other
capacities.
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In an interesting paper "Geometrical Approaches to visual
processing”(18) Dodwell stresses that the operation of a perceptual
system requires several levels of processing. He .identifies three levels:

- The detection of signals in a noisy environment
- The organization of visual features into patterns

- The cognitive understanding and use of perceptual
categories

When we perceive visually we select abstract features from the
environment, we organize them into meaningful patterns, and we
understand these patterns- by incorporating them into our network of
belief and knowledge. We suggest that the mental process of making a
diagnosis or giving a causal explanation of a singular event is quite

similar. It also involves selective abstraction of features from the
environment, the organization of these features into a mental picture of

possible causal complexes, and, finally, a conceptual and logical
elaboration of this into a causal explanation.

This threefold activity characterizing causal and diagnostic reasoning
is also involved in other kinds of reasoning, we believe. Consequently we
postulate that,in general,reasoning involves a threefold activity
consisting of the following components:

- selective abstraction of features
- organization of these features into a mental picture

- conceptual and logical elaboration of this ‘into a
coherent system of propositions.

We shall call this activity constructive because it goes far beyond mere
computation and deduction but is still something we are able to do
relatively effortlessly. Maxwell and Bohr were involved in such
constructive activities, clinicians and engineers as well as other

18



creatures which are able to reason have the capacity to construct
coherent systems of beliefs in this way. What we need is an
epistemological and psychological analysis of such constructive
capacities of the human mind.
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