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Subjects rated the physical similarity of familiar individuals from photographs and mental im-
ages. Multidimensional scaling and hierarchical clustering techniques revealed little difference
between photographs and mental images in the subjects’ similarity ratings. This result implies
that people’s preexisting imaginal representations derived from direct experience are function-
ally equivalent to their visual percepts of human beings.

The relation between mental imagery and visual ex-
perience has been an interesting puzzle to psychologists
for quite some time. Research has demonstrated that visual
properties such as size (Kosslyn, 1976), shape (Shepard
& Chipman, 1970), and color (Finke & Schmidt, 1977)
can be represented in people’s mental images. Further-
more, studies have demonstrated the functional equiva-
lence of mental images and visual percepts in such tasks
as dot localization (Podgorny & Shepard, 1978) and ro-
tation of forms (Shepard & Metzler, 1971). Such demon-
strations imply that imagining an object is similar to the
experience of seeing it (for reviews regarding the equiva-
lence of imagery and perception, see Finke, 1980, and
Finke & Shepard, 1986). Some evidence, however, sug-
gests that mental imagery is related to higher order cog-
nitive processes, and that it differs from visual percep-
tion. For example, Kosslyn and associates have found that
people construct mental images by parts (Kosslyn, Ball,
& Reiser, 1978; Kosslyn, Reiser, Farah, & Fliegel,
1983), and congenitally blind individuals perform on im-
agery tasks in a fashion similar to how sighted individuals
perform (Kerr, 1983). Thus, the relation between visual
and imaginal experience continues to be a puzzle.

An important issue in this debate is to what extent the
representations people use to form mental images of ob-
Jjects are like the representations they use in perceiving
those objects (Farah, 1988). A feature of many studies
in this area is that subjects have judged stimuli that were
relatively unfamiliar to them (e.g., Kosslyn, 1976; Pod-
gorny & Shepard, 1978; Shepard & Metzler, 1971).
Given that subjects are asked to imagine things they have
only recently experienced, researchers may have been
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stacking the deck in favor of finding equivalence of im-
ages and percepts. To avoid this problem, and to provide
a fairer test of the equivalence of imagery and percep-
tion, researchers have investigated subjects’ imagery for
familiar objects, of which subjects presumably have long-
term representations. A high degree of correspondence
between subjects’ similarity ratings based on names and
those based on pictures has been found when stimuli were
outline figures of states of the United States (Shepard &
Chipman, 1970), faces of political figures (Gordon &
Hayward, 1973), and faces of motion-picture actors
(Shepard & Castro, cited in Shepard, 1975). These results
indicate that imagining an object on the basis of a memory
representation is functionally equivalent to perceiving that
object.

Although Gordon and Hayward (1973) and Shepard and
Castro (cited in Shepard, 1975) have examined imagery
of familiar people, their stimuli were faces of famous in-
dividuals whom the subjects were unlikely to have ever
met. Subjects must have learned these faces from photo-
graphs, television, and movies, and so the comparison in
these studies was made between perceiving pictures of
faces and imagining those faces on the basis of one’s
memory of previous pictures. The purpose of the follow-
ing experiment was to examine the extent to which the
representations that underlie visual imagery are like those
underlying visual perception, using multidimensional scal-
ing (MDS) and hierarchical clustering techniques. In this
study, however, familiar individuals that the subjects knew
personally were selected as stimuli, because they could
easily be imagined on the basis of just a name, and the
subjects developed their representations of these people
from direct experience, rather than pictures.

MDS and clustering techniques provide means for in-
terpreting subjects’ similarity ratings of objects. To the
extent that subjects’ imaginal representations are like their
perceptual representations, they should generate equiva-
lent ratings of similarity, whether the subjects are mak-
ing their judgments on the basis of mental images or visual

Copyright 1991 Psychonomic Society, Inc.



42 BRYANT

experience. A second-order isomorphism (Shepard &
Chipman, 1970) of imagery and visual perception, re-
flected in similar MDS and clustering representations of
their similarity ratings, would constitute evidence that peo-
ple’s long-term representations of visual information are
functionally equivalent to their perceptual representations.

METHOD

Subjects
Four graduate students in the Stanford Psychology department served
as volunteers in this experiment.

Materials .

Eight female and 7 male graduate students in the Stanford psychol-
ogy department served as ‘‘experimental individuals.”” The appearances
of the experimental individuals were familiar to the subjects, as assessed
by a preexperimental questionnaire. A 57 color photograph was taken
of the chest and face of each individual who posed in front of a blank
background. An IBM PC was employed to collect the subjects’ similarity
ratings.

Design

The subjects completed two tasks: the picture rating task, which con-
sisted of rating the similarity of appearances of experimental individuals
on the basis of their photographs, and the imagery rating task, which
consisted of rating the similarity of appearances of experimental in-
dividuals on the basis of mental imagery. During each task, the subjects
were presented with either all possible (105) pairs of photographs or
names of experimental individuals in random order, so that subjects made
a comparison of each possible pair of experimental individuals. The sub-
jects gave ratings of physical similarity on a 10-point scale in which
9" indicated maximal similarity and ‘‘0"" indicated maximal dissimilar-
ity. Two subjects completed the imagery rating task first and the pic-
ture rating task second, and 2 completed the tasks in the reverse order.

Procedure

During the picture rating task, the subjects sat at an IBM PC while
the experimenter presented pairs of photographs according to a random
sequence controlled by the computer. The subject indicated a similar-
ity rating as each pair was presented, by typing a number from 0 to
9 on the computer keyboard. During the imagery rating task, the com-
puter presented a random sequence of pairs of names of experimental
individuals on the computer screen. The subjects again indicated a
similarity rating as each pair was presented.

RESULTS

The data were analyzed using nonmetric multidimen-
sional scaling (Kruskal, 1964; Shepard, 1962) performed
by the KYST computer program (Kruskal, Young, &
Seery, 1973), and by an additive tree-fitting procedure
performed by the ADDTREE computer program (Car-
roll, 1976; Sattath & Tversky, 1977). Multidimensional
scaling represents similarity between objects as spatial
proximity of those objects in an n-dimensional space, and
tree-fitting techniques represent similarity as shortest paths
through a tree structure.

The order in which the subjects completed the rating
tasks had little impact on either the MDS or the tree-fitting
solutions. For this reason, the data were collapsed across
task order.

Multidimensional Scaling

The mean correlation between the subjects’ ratings on
the imagery and on the picture tasks was .85. Thus, the
subjects’ similarity ratings tended to be much the same,

J.T
eee= A.F OVAL FACES
______________ P.T.
.L.
___________________________ R.V.
________ K.B. SQUARE FACES
-------------- T.T

E.G.
____________ S.W.

OVAL FACES

---------------- P.J.
________________ D.S
__________________ E.B. SQUARE FACES

Figure 1. ADDTREE solution for the picture condition. The experimental individuals are identified by contrived initials, and the

broad groupings are indicated in block letters.
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Figure 2. ADDTREE solution for the imagery condition. Experimental individuals are again identified by contrived initials and

the broad groupings are indicated in block letters.

whether they were judging pictures or mental images. An
MDS procedure, however, was used to further explore
the relation of subjects’ performance on the two tasks.!
For both tasks, three initial configurations of experimen-
tal individuals were employed in the KYST program. A
solution was considered to be globally optimal if it could
be consistently obtained with several starting configura-
tions and had a minimal stress value associated with it.
While solutions in four or five dimensions offered the
greatest reduction of stress, these were not readily inter-
pretable, and two-dimensional solutions were accepted for
both the imagery and picture rating tasks.

The two-dimensional MDS solutions for the imagery
and picture conditions were very similar, and the two
dimensions seemed to be similarly interpretable in each
case. One was a ‘‘color’’ dimension, ranging from in-
dividuals with blonde hair and fair complexions at one
extreme, to individuals with black hair and dark complex-
jons at the other. The other dimension seemed to reflect
gender-related features, such as hair length, skin smooth-
ness, and face shape, because females tended to be at one
pole and males at the other. The subjects were not sim-
ply making polar judgments of gender, however, for there
was a continuum of individuals along this dimension. In
addition, the clustering analysis revealed that face shape
seemed to influence the subjects’ judgments. Overall, the
patterns of the solutions were very similar in the imagery
and picture conditions. Thus, the subjects appear to have

used the same criteria or dimensions when rating appear-
ance in the imagery and picture conditions, and they seem
to have reached similar conclusions.

Tree-fitting

An additive tree-fitting procedure, ADDTREE, was
employed in order to further explore the similarity data
and reveal relations between the experimental individuals.
The similarity of the ADDTREE solutions for the imagery
and picture tasks (see Figures 1 and 2) is striking.3 With
the exception of the transposition of J.T. and B.J. and
the movement of E.G. to another branch, all the ex-
perimental individuals fall into the same basic clusters.
Analysis of the clustering solutions revealed that the sub-
jects appeared to distinguish between oval and square
faces. As is labeled in Figure 1, this was true for both
dark- and light-haired individuals. The clusters may also
be distinguishable on the basis of other features as well,
but face shape was the most apparent, and there is evi-
dence that face shape is a salient feature in perception from
pictures (Ellis, 1984; Ellis, Deregowski, & Shepherd,
1975) and imagery (Ellis, Shepherd, & Davies, 1980).

DISCUSSION

The functional equivalence of mental imagery and perception has been
established in a number of tasks (Finke, 1985). In many of these tasks,
however, the stimuli have been relatively novel or learned from pic-
tures, so the subjects may have been biased to display similar perfor-
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mance in imagery and perceptual tasks. There are both ecological and
theoretical reasons why one would want to compare imagery and per-
ception of highly familiar objects. When people use imagery in real life,
they tend to imagine familiar things for which they have a long-term
representation derived from direct experience. In addition, much debate
in this area centers on the relation of long-established imaginal represen-
tations to perceptual ones (Farah, 1988). Thus, in this experiment, peo-
ple’s imagery of familiar individuals was compared with their percep-
tion of photographs of those individuals.

Three major findings arose. First, interpretable MDS and additive
tree clustering solutions were obtained for similarity judgments of hu-
man appearance, both when subjects employed pictures and when they
employed mental imagery. Second, subjects used the same general fea-
tures to make their ratings when using pictures and when using imagery.
In both cases, hair color, gender-related features such as hair length
and complexion, and face shape influenced subjects’ ratings. Third, sub-
jects exhibited remarkably similar psychological spaces for photographs
and mental images of familiar individuals. Their ratings of physical
similarity were highly consistent whether they rated photographs or men-
tal images. Thus, imagery and perception of human faces show a second-
order isomorphism, even when subjects form their images from long-
term representations. These findings offer evidence that long-term imag-
inal representations are functionally equivalent to visual percepts.
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NOTES

1. I have not included the MDS solutions because of difficulties in
presenting the color photographs, which are important in interpreting
the solutions. The solutions and copies of the experimental materials
can be made available on request.

2. The stress value is a numeric measure of the badness-of-fit of an
MDS solution. Although good fits, and hence lower stress, are desir-
able, good fit in the absence of interpretability defeats the purpose of
MDS—the revelation of hidden structure in data.

3. Distance along vertical line segments does not reflect similarity
in an ADDTREE solution. Thus, the inverting of the order of the blonde
and brown-haired groups in Figures 1 and 2 does not reflect a differ-
ence in the solutions.

(Manuscript received June 17, 1990.)
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