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1 Introduction

The role of abductive reasoning in science has
recently received much attention in the domains
of Artificial Intelligence and Cognitive Science.
Abduction, as characterized by the philosopher
Charles Peirce, is both a form of logical inference,
one complementary to deduction and induction,
and also a "logic of discovery", an initial stage of
inquiry in which scientific explanations of anomalies
are constructed.

Work to date on the theory and modeling
of abductive logic has concentrated on verbal
abduction--that is, abductive reasoning with word-
like representations of information. One way of gen-
eralizing this work is to examine the use of visual
representations of information. Psychological and
biographical evidence suggests that people do use
visual representations, i.e., visual mental imagery,
when engaged in certain cognitive tasks. The likeli-
hood that visual imagery plays a role in abductive
reasoning makes visual imagery a natural subject of
research in Cognitive Science.

One significant kind of visual representation was
classified by Peirce as iconic, meaning a represen-
tation of an object that maintains properties of its
appearance, such as shape or spatial structure. Ex-
planations as to the causes of the shapes and spatial
structures play an important role in the conduct of
certain scientific pursuits, such as physical anthro-
pology and archaeology. Clearly, the role of visual
abductive reasoning in these sciences must be ap-
preciated if a proper understanding of them is to be
attained.

This paper outlines work in progress (Shelley,
1994) which characterizes visual abductive reason-
ing and examines its role in the domain of archae-

ology. Section 2 gives an introductory discussion of
the nature of "verbal" abduction, while section 3
presents an examination of visual abduction and
some examples of it taken from the anthropologi-
cal literature. Section 4 presents conclusions that
may drawn from work done so far, and describes
the computational modeling that needs to be done
to support these conclusions.

2 Verbal abduction

Generally speaking, Peirce (CP 2.511,623; 5.270)1

characterized abduction, induction, and deduction
as different forms of syllogisms. Table 1 gives the
basic form of all three types of inference as Peirce
described them. Abduction is distinguished by the
fact that it constitutes an inference from a rule
(a D ~) and a result (/~) to an initial case 

A simple example of abduction goes as follows:

All beans from this bag are white [rule]

These beans are white [result]
Therefore, these beans are from this bag. [case]

Three things should be observed from this example:
(1) The case abduced from the evidence concerns
the past history or initial condition of these beans;
(2) This history is a potential explanation of why
these beans are white; (3) There are other possi-
ble explanations since white beans may come from
many sources, so that abduction is not a strictly
sound form of inference.

Peirce (CP 2.755, 758) also saw a particular
role for abductive reasoning in the Philosophy of
Science.2 He came to see scientific investigations

1Citations like (CP 2.511, 623; 5.270) refer 
volume.paragraph-number in (Hartshorne and Weiss, 1958),
e.g., volume 2, paragraphs 511 and 623, and volume 5, para-
graph 270.

2 C]. (Thagard, 1981).
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Abduction Induction Deduction
a D ~ [ruleJ [casei D fl [rule]
/3 [result] [result] [case]
Therefore, ol. [case] Therefore, a D ft. [rule] Therefore,/3. [result]

Table 1: The syllogistic forms of abduction, induction, and deduction.

as proceeding in four stages: (1) observation of 
anomaly; (2) abduction of hypotheses for the pur-
pose of explaining the anomaly; (3) inductive test-
ing of the hypotheses in experiments (and therefore
also comparison with further data); and (4) deduc-
tive confirmation that the selected hypothesis does
predict the original anomaly (which is thereafter no
longer an anomaly). On this view, abductive rea-
soning is not simply a form of inference, but also
constitutes a "logic of discovery" which describes
hypothesis formation and concerns potential causes
for observations. The proper conduct of abductive
reasoning then licenses further stages of inductive
and deductive investigation in the sciences.

Abduction has recently attracted research in
the field of Artificial Intelligence, which has con-
centrated on generalizing and expanding Peirce’s
characterization. 3 Konolige’s (1990, p. 370) the-
ory is fairly typical and may be summarized in the
following definitions:

Definition 2.1 Let £ be a first order language. A
simple causal theory is a tuple (C, E, E) where:

1. C, a set of sentences of £, are the causes;

2. E, a set of sentences of £, are the effects;

3. E, a set of sentences of £, is the background
theory.

Definition 2.2 Let <C, E, E) be a simple causal
theory. An explanation of a set of observations
0 C_ E isafinitesetA C C such that:

1. A is consistent with E;

2. EUASO;

3. A is subset-minimal.

These definitions provide a straightforward general-
ization of features of Peirce’s theory of abduction.

~See, for example, (Konolige, 1990), and (Bylander et al.,
1991).

The set of causes C generalizes the result a, the set
of effects E generalizes the case ~, and the back-
ground theory E constitutes a set of rules that gen-
eralizes the rule a D /3. However, shortcomings
remain in these definitions as a characterization of
what scientific explanations are,4 although these are
not discussed here.

3 Visual abduction

There is substantial anecdotal evidence that scien-
tists do make use of visual imagery in construct-
ing hypotheses or explanations of observations,5 al-
though almost no psychological investigations have
examined this phenomenon. Roe (1952), however,
found evidence in her investigation that scientists,
particularly those involved in "hands-on" fields, do
use iconic visual imagery abductively. The next
step in exploring this usage is clearly to give a cogni-
tire characterization of iconic imagery informed by
examples of visual abduction from a scientific do-
main. In this section, I describe examples of visual
abduction from the archaeological literature that
emphasize the iconic representation of shape and
then structure.6

A good example of how the causal history of
shapes may be imagined to explain the shape of
objects is given by Schick and Toth (1993, pp. 140-
2). These archaeologists made two novel observa-
tions about the kinds of stone flakes that were being
found in paleolithic sites in Kenya:

1. The flakes occurred in two different forms,
"right-handed" and "left-handed";

2. The ratio of right-handed to left-handed flakes
was 57:43 percent.

A "right-handed" flake is shaped such that the
right end is larger than the left end, and the up-
per surface (the outer surface of the original stone)

4See (Thagard and Shelley, 1994).
5e.g., (Root-Bernstein, 1985).
6See (Shelley, 1994) for further discussion and examples.
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is smooth while the lower surface (newly created by
the toolmaker) is rough. The "left-handed" flake is
a mirror-image of the right-handed one.

It is not immediately obvious why there should be
two different kinds of flakes produced by stone tool
making, or why the labels right- and left-handed
should be appropriate. But, as Schick and Toth
(1993, p. 142) explain, the reasons can be made
clear by a visual thought experiment:

Let’s look at what a right-handed tool
maker typically does during hard-hammer
percussion .... a right-handed individual
normally holds the hammer stone in the
dominant right hand ...and the core to
be flaked in the more passive left hand.
The left hand essentially acts like a vise
to securely grasp the core during repeated
blows from the hammer stone, orienting
the core properly for each successive im-
pact.

...If a sequence of flakes is removed
from one face of a core, there is a ten-
dency for the left hand holding the core
to rotate it in a clockwise direction as the
flakes are removed. One hits off a flake,
rotates the cobble a little, and strikes off
another to the right of the first, rotates
it slightly again, and flakes again, and so
forth.

This process is depicted in figure 1. By this process,
a "right-handed" flake would naturally be produced
by a tool maker using his right hand to deliver se-
quential blows with a hammer stone and his left
hand to hold and rotate the core. A "left-handed"
flake would be produced by the exchanging the role
of the hands in this process.

A left-handed flake might also be produced by
virtue of the natural fissures in the core, regardless
of the handedness of the tool maker, but a predom-
inantly right-handed tool-making procedure could
still explain why more right-handed flakes are found
in these paleolithic sites than left-handed flakes.
Experiments conducted by Schick and Toth confirm
that the right-handed procedure results in a ratio of
right-handed to left-handed flakes of 56:44 percent,
similar to that found in the fossil record. It is pos-
sible, then, that the tool makers were right-handed.

What is relevant to note about this example is
that it illustrates how the shape of certain ob-

0@@
! ¯ $

Figure 1: The reconstructed, right-handed flaking
procedure.

jects, the flaked chips of stone in this case, can
be of theoretical importance in scientific research
and how imagining their causal history, in this case
the method by which the flakes were detached from
the core, can suggest explanations for those shapes.
Where the tool is sufficiently complex, this abduc-
tion amounts to a visual understanding of the de-
sign process through which the tool was made.

A good example of visual abduction on struc-
tures from reconstructive archaeology is provided
by Hansen (1977). One of the primary difficulties
in the archaeology of buildings is abducing what
the upper parts of the structures were like from the
remains dug out of the ground. Hansen headed an
archaeological project in Denmark in which recon-
structions of Iron Age houses were built in order
to test whether or not they were, in fact, habit-
able. Numerous problems with theoretical recon-
structions were noted in the course of the project.
Experiments were also undertaken to see what kind
of ruins these replica houses would leave if they were
destroyed. This would serve two purposes: (1) 
see if the ruins matched ones excavated in the field,
and (2) to see if the ruins would suggest evidence
which might be present, but unlooked for, in field
excavations.

This second consideration is relevant here. It
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is conceivable that if the buildings were destroyed
under special circumstances the upper parts would
leave traces in the resulting debris that could, when
found, allow them to be reconstructed. To deter-
mine if this is the case, Hansen burned down two
of the replica buildings to see how the roof and
wall posts would be deposited. The largely wooden
and thatch structures burned easily and collapsed
so that certain structural details were indeed pre-
served, as (Hansen, 1977, p. 21) describes:

Carbonized rafters leave a dark imprint of
the contour of the wood on the red-burned
surface of the floor .... A burning roof may
slide far outside the wall line. A heavy roof
may sag along the mid-axis of the house,
thus leaving large coherent parts of the
roof on the floor. The large roof beams
came to rest upon the construction they
originally supported. An exception occurs
when these posts have decayed below the
floor. In these instances the posts fall in-
ward at an early phase of the conflagration
and end up underneath the roof. In these
cases there is a much better chance of pre-
serving the carbonized posts.

Since burned buildings are found in excavations,
this kind of data could be revealing. A square meter
from the burned remains of one of Hansen’s build-
ings is illustrated in figure 2.

The visual information left behind by a burned
house consists largely of the holes where the posts
where placed and lines of ash where the posts,
beams, and rafters fell. The layout and vertical
order of these ash lines, as Hansen has shown, is
diagnostic of the structure of the upper parts of
the house. Therefore, the appearance of an entire
edifice may be reconstructed by imagining its burn-
ing sequence in reverse. Since the structure of the
original house and the structure of its burned re-
mains are each essentially a framework of poles and
joints, this reconstruction process can be viewed as
a series of transformations on the ruin-framework--
essentially a graph or wire-frame representation of
its structure. In a sense, this amounts to ’un-
collapsing’ the ruin-framework to guess at what the
original house-framework must have been. Such an
abductive procedure seems to be well-suited to the
use of visual imagery.

.:"7"

Figure 2: The ruins of a burned building. The
black, vertical areas are fallen rafters, while the
hatched, horizontal beam is a support post which
fell on top of the rafters.

4 Summary and future work

The examples discussed in section 3 indicate that
visual abduction does play an important role in the
forming of hypotheses in archaeology. Appropri-
ate representational schemas have been proposed in
the Cognitive Science literature that have the po-
tential to act as bases for computer simulations of
visual abductive reasoning. In the case of shapes,
Leyton’s (1989) shape grammar is the most obvious
choice. In the case of structures, graph grammars as
proposed by Thagard and Shelley (1994) and array
grammars as developed by Glasgow and Papadias
(1992) are suitable for constructing computer sim-
ulations. Immediate plans for the continuance of
research in the area of visual abduction call for the
development of such applications in order to assess
and expand the study of this phenomenon.

A better understanding of visual abduction has
broad implications. It promises to provide an im-
proved theory of cognitive processes inherent in the
conduct of science, as well as a better understand-
ing of the process by which technological items are
designed7 and can therefore be expected to apply to
a broad range of interests in cognitive science and
artificial intelligence.

7See (Ferguson, 1977).
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