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THE STRUCTURE OF VISUAL CONCEFTS

Joseph Fsotka
Computer-Eased Systems Devel opment
Army Recsearch Institute
Alerxandria, Yirginia.

The research reported here addresses the gquestion: What ie the vicual
equivalent of a word, idea. or higher—-order concept? This research is
a beginning attemptlt to analyze visual caoncepts in ways that are maost
appropriate for future richer computaticonal envirornments that will be
able to process images quickly and in great numbers:  massively
parallel machines like thase envisioned by Feldman and Ballard (19832).
Fricwledge representation in artificial intelligence applications and
pothar computer-based systems today uses many structuwring schemes:
featuwe liste, vectors, trees, networks, and produaction systems. In
each, entities or nodes are filled with concepts representing words ar
lists of words., Most of these sevetems have developed out of a
Linguistic background, and retlect the symbolic processing limitations
of  present-day computers. This contexst has made images and pictures
ditficult to use, but it is changing.

The foundation Ffor this research lies in  the many experiments that

demonstrate  the great fidelity of  the humarn pattern recoagnition
eyetemn and its enormous capaclity to store and process large numbers of
vigual representations  in very  short periods. For instance,

recognizing the face of an acqguaintance one has not seen  for many
vears implilies  the existence of an akility to select one alternative
from thousands (perhaps millions, given the many transformations  a
face may undergo) within a few moments. Computer-~based systems cannot
hegin to rival this real-time feat, 1in part perhaps bhecause no
Enowledge representation schemes appropriate to specifically visual
concepts have yet been developed.

Several edperiments have been conducted ( and one will be demonstrated

to the audience) that provide some support {for the theoretical
proposal that BGalton®™s system of composite portraiture provides one
model for  the structure of visual concepte. This proposal also has

practical implications and applications to computing. Galton used &
photographic process to add several photographs of human facee onto
the same picture, one on top of the other. The resulting single face
may be a prototype for this particular set of faces ( see Qsherson and
Smith, 1981 AFor & discussion of prototypes). Hig technigue was used
in these euperiments and has been extended by Weil (1982) to a
computer—-controlled optical videadisc system funded by DARFA.  Large
scale parallel optical computerse offer the possibility of dramatic
future enhancements.
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The experiments in this report are an impoverished beginning for the

very large task ahead. They have established that:

1) Composite faces can be recognized after viewing the set of
component faces they comprise;

2 The similarity of components to composites correlates with

recagnition performancesy

and X)) Composites are more attractive than their component faces.
These findings are hardly earth-shaking in Lheir own right, but they
+it  well with the general framework that composites are prototypes.
RBasically they provide an incentive {for looking for more critical
facts that might flesh out the critical features of visuwal concepte.

Galton™s technique of superimposing whole faces in registration to
develop an average ftace provides a wholistic procedure for creating
prototypes and making them wvisible. The {first qguestion that the
procedure raises is: can people recognize these whalistic composite
faces after viewing theilr components? BbBecond, do these prototypes
accurately represent critical featwes and relations amang the
components they comprise? Trdre, is  there anvthing unigue or
distinct about these prototvpes. not  found in their components™

Finally., the Galtonian process of composite portraiture provides a
reduced analogue for convolution and crosscorrelation processes  (as
ueed 1in  heolography) that have provided the impetus for models of
memory (cf. Fsotka, 19773 Metcalfe and Muardock, 19281). Are these
composites sensitive to common memary research manipulations?

SUBJECTS: Four groups of 25 undergraduates were wused in  the first
hal+ of the exdperiment. A fiftth group of 20 undergraduates were use
in the second half. All students were naive about the purpose of the
experiment and participated as part of a couwrse requirement at the
University of Waterloo.

FROCEDURE ¢ 100 full—face photographs were selected randomly from male
yvearbooks with the restriction that there should be no facial hair or
eyegl asses. These faces were randomly grouped into ten lists of ten
faces whose composites were photographed.

The First fouwr groupe were shown only ore—-half of  Tthe 100 faces in
tive lists of ten faces, each list followed by & forced choice pair of
composites (See figure 1). They were asked to pick the more familiar
af the two composites. 0Only one of the composites was composed of the
list of ten faces previousely shown. In order to ensure that each
student examined each face carefully, they were asked to rate the
attractiveness of eeach face on a ten point scale. The taces were
presented on slides shown in groups with order of presentation of the
lists counterbal anced.

The +ifth group rated the similarity of the paired composites to each
af the two sets of ten components on a ten point scale. This task was
performed individual ly LS ng prints ot the s=lides.
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The  high correlation between the difference in similarity ratings and
paercent correct recognition provides evidence that people base their
recognition process on the entire group of faces they have seen. If
the group of faces 1s remembered as a whole, then in some sense it can
be represented best by a composite that is an average of the entire
Group . It seems impossible to distinguish between a set of separate
and unigue dndivicduals and an amal gam ——- schema or prototype —-—— that
acts separately unless an emergent property of the amalgam can be
found. Thie emergent property mav be attractiveness. There seems to
e o satisfying explanation  for the increased attractiveness of the
composttes except that they are more representative  of the whole set
ot faces (beyond this experiment) encountered in owr experience. They
are more like the prototypical face we have unconsciously created as a
standard in its physical rather than personal ity characteristics.

In suwnmary, there are four main pieces of evidence to leave with:
First, there exist longstanding conceptions and theories with elegance
and considerable power. They address the existence of global concepts
as unique ldeaz ar  associations, separate  from  individual  stimulus
items, events, or eplisades in memory.

Ssecond, the techniguesz reported here have uncovered several facts that
may not provide critical support for Lhese theories, but lend credence
to them and offer avenues Ffor research to discover facts that would
distinauwish them from competing theories.

Third, the +indings are of same 1nterest in  their owtr right. Thes
relations among motivation and cognition are still wide open to be
explaored by cognitive scientiste For they have hardly advanced since

Waolfgang Kohler’=s monumental effort in "“"The Flace of VMalue in & World
af Fact'.

Finally, these technigues applied with greater computational power may
be useful tocls for other purposes: to create beautiful images, or for
criminal identification as Weil (1982) began to explore.
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