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Visual and haptic perception of
three-dimensional solid forms
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Subjects sorted 24 solid forms into groups on the basis of perceived similarity of shape, and
rated each on a series of physical attributes under either visual or haptic conditions. Multi­
dimensional scaling analyses within each condition produced highly similar two-dimensional
solutions. Both first dimensions were related to size judgments, and both second dimensions
were related to shape judgments. Correlations between haptic and visual attribute ratings were
high, and the between-attribute correlational structures within each condition were also very
similar. The findings are discussed in terms of Gibson's notion of partial perceptual invariances.

Brown and Owen and their associates have systemati­
cally explored Gibson's (1966) contention that the
visual and haptic systems represent shape information in
the same way. Brown and Owen (1967) produced
1,000 two-dimensional polygons using Attneave and
Arnoult's (1956) Method I and analyzed 80 physical
measures taken from each. Subsets of these forms pro­
vided well-defmed shape forms for the study of visual­
haptic equivalency in terms of complexity, size, and
general shape perception.1

Brumaghim and Brown (1968) used an anchoring
procedure to show that visual and haptic complexity
ratings were highly related and that anchoring could
occur in either cross-modal direction. Brown and
Brumaghim (1968) also showed that multidimensional
scaling (MDS) of "similarity of complexity" ratings
for pairs of polygons produced a single dominant dimen­
sion (i.e., number of sides) for each modality. Finally,
Owen and Brown (1970) reported that visual and haptic
complexity ratings were highly correlated (.98) and
strongly related to the number of sides of the polygon
for both modalities.

Owen (1970) reported that visual and haptic size
ratings were both associated with dispersion and elonga­
tion measures when polygon areas were held constant.
However, size ratings from the two modalities were not
as highly correlated (.68) as were complexity ratings,
and only the haptic ratings correlated with number of
sides. Thus, sensory equivalence was not as strongly
supported for size perception as for complexity percep­
tion.
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for her comments on an earlier version of this paper, and Martha
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Owen and Brown (1970) found that response latencies
for visual and haptic oddity and cross-modal match-to­
sample tasks each varied as similar quadratic functions
of the number of sides of the polygon targets. They
then employed multiple regression in an attempt to
model the stimulus information used in these tasks.
However, the results showed "few instances of common
information utilization" (p. 305). Thus, although per­
ceptual equivalence has been strongly supported for
complexity information, and somewhat supported for
size information, Gibson's notion has not received
support from this series of studies in terms of the per­
ception of complex holistic shape.

The present study compared visual and haptic per­
ception, both of individual stimulus attributes and of
holistic shape of irregular three-dimensional solid forms.
Four interrelated hypotheses about perceptual equiv­
alence were tested. The first hypothesis, that individual
stimulus attributes are similarly perceived through the
two modalities, was tested by correlating visual and
haptic ratings of several attributes, including size and
complexity. The second hypothesis, that the interre­
lationships among the various attributes are similarly
perceived through the two modalities, was tested by
comparing the factor structures of the attribute ratings
from each modality. The third hypothesis, that visual
and haptic perception of holistic shape (i.e., the per­
ceptual structure) is similar, was tested by comparing
the MDS solutions derived from shape similarity judg­
ments under visual and haptic conditions (Isaac, 1970).
The final hypothesis, that a similar set of attributes
underlies both visual and haptic holistic shape percep­
tion (i.e., the definition of perceptual structure in each
modality), was tested by comparing the stimulus attri­
butes that describe the MDS solution space for each
perceptual condition.

To provide a fair test of these hypotheses, each
stimulus for this study had to have sufficient shape
information and complexity to support, at least poten­
tially, perceptions of "different shapes" for different
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subjects. That is, common geometric shapes would
probably not be appropriate stimuli, because no one
would be very surprised if visual and haptic subjects all

. formed separate homogeneous groups of circles, squares,
stars, etc. The present three-dimensional stimuli seemed
to fulfill these requirements at least as well as the
polygons described above. Also, use of the present
shapes would allow an examination of the generality of
the findings using those polygons. This choice of stimuli
introduced one substantial difference between the
studies surveyed above and the present one: The former
polygon forms were all quantified physically, whereas
the present forms were quantified psychologically via
subject ratings. Except for some simple attributes, for
example, vertical extent, objective quantification of the
present forms is substantially more difficult than it is for
polygons. Thus, the use of these forms represents a
tradeoff between quantifying forms objectively and
broadening the range of complex forms used in the
study of shape perception. Previouswork (e.g., Monahan
& Lockhead, 1977) has shown that object classifications
are better correlated with subjects' ratings than with
physical measures. Therefore, use of psychological
ratings of the attributes should not be construed as a
major weakness of the present study.

METHOD

Subjects
One hundred right-handed undergraduates participated in

this experiment to fulfill introductory psychology course re­
quirements-50 subjects in each perceptual condition.

Stimuli
The 24 forms shown in Figure 1 were sampled randomly

from a larger set of 45 stimuli that had been created to repre­
sent an informally defined population of complex irregular
three-dimensional solid shapes. Each form was molded by hand
from roughly the same volume of air-drying pottery clay. All
forms could fit within a 3.5-in. sphere. Fingerprints and other
fine texture features were removed prior to painting; the final

Figure 1. The 24 forms are shown along with a standard film
canister for size comparison. Form number 1 is to the immediate
right of the canister; forms are ordered from left to right and
from back to front.
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painted weights ranged from 85 to 99 g. Each form was assigned
a base and remained resting on this base throughtout the pro­
cedure.

Apparatus and Procedure
The subjects were seated at a 60 X 90 em table with a neutral

brown top. Each session started with the stimuli on their bases
and arranged in four rows of six forms each. In the haptic condi­
tion, a sheet was draped from two poles reaching 60 em above
the tabletop and over the subject's shoulders to keep him or her
from seeing the forms. In the visual condition, two small screens
were used to keep the subject from seeing forms other than the
one being judged.

All subjects sorted the 24 forms into groups, such that mem­
bers of a group were similar in shape. The subjects were told
that each form had a prescribed base that was to remain on the
table top at all times, but that the orientation of the form on
its base was not prescribed. That is, the subjects were told they
were free to select any rotational orientation for each form, and
they were encouraged to consider several such orientations
before making their judgments. They were free to use any
criteria or rules that they wished, except that the groups had to
contain between two and eight forms. The subjects in the
visual condition were told not to touch the forms except to
rotate them on their bases or to slide them along the tabletop
into groups. The subjects were watched carefully throughout
the procedure to ensure that they did not explore the forms
haptically. The subjects in the haptic condition were encouraged
to use both hands to explore each form, but were not allowed to
see the forms until after the sorting and rating procedures had
been completed.

Following the sorting task, the subjects rated each form on
each of 12 9-point bipolar attributes: (1) small YS. large,
(2) short vs. tall, (3) narrow vs. wide, (4) dispersed YS. compact,
(5) angular vs. round, (6) smooth vs,jagged features, (7) smooth
vs. rough features, (8) simple vs. complex, (9) asymmetrical vs.
symmetrical, (10) orientation not important vs. orientation
important to shape, (11) shallow vs. deep, and (12) thin vs,
thick.

The 12 attributes used in this study were those suggested by
pilot subjects to describe the rules they had used to complete
the sorting task. In addition, most of the attributes were related
to measured or factored attributes used by Brown and his
associates. Separation of the size measures short YS. tall and
narrow YS. wide was possible because each form had a prescribed
base.

The subjects were reminded that the rotational orientations
at which the forms were presented were random and that they
could orient the forms however they wished when making the
various ratings. In addition, the meanings of the bipolar attri­
butes were not, with two exceptions, specifically defined for the
subjects. The subjects were asked to provide an "overall" rating
of symmetry, rather titan to select a single axis along which to
give the rating. Also, the importance-of-orientation attribute
was explained as the extent to which the form would change its
overall shape if it were rotated on its base. These procedures
were selected to explore the consistency with which the subjects
applied the various attributes, particularly wide vs. narrow,
shallow YS. deep, and thin vs. thick, all of which seemed to be
"two-dimensional" judgments about the three-dimensional
forms, which, unlike short YS. tall, could be applied to different
aspects of the forms. Each subject rated the forms on the attri­
butes in a different order.

There were no explicit time constraints for either the sorting
or the rating task. Experimental sessions lasted about 55 min
for visual sessions and 70 min for the haptic ones. All subjects
completed first the sorting task and then the rating task. This
ordering was chosen to ensure that subjects completed the
sorting task using rules of their own design rather than adopting
the stimulus attributes used in the rating task.



106 GARBIN AND BERNSTEIN

RESULTS

Analysis of Rating Data
The rating data from the haptic and visual conditions

were analyzed separately. Inspection of the resulting
288 frequency distributions and variances (24 forms X
12 attributions) for each condition revealed that the sub­
jects were in good agreement in their ratings, except
for two of the three "two-dimensional" attributes
mentioned just above, shallow vs. deep and thin vs.
thick. Both of these produced nearly rectangular distri­
butions across the 9-point scale and large variances for
at least 20 of the 24 stimuli, for each perceptual condi­
tion. This indicated poor consistency in the application
of these attributes across subjects. Consequently, these
attributes were dropped from further analysis. The
third "two-dimensional" attribute, narrow vs. wide,
seemed to be consistently applied to the most narrow
axis parallel to the tabletop. For the 10 attributes
(excluding shallow vs. deep and thin vs. thick), bisquare
estimates of central location were calculated for each
attribute rating of each form.

The hypothesis that individual stimulus attributes
are similarly perceived through the two modalities was
tested by correlating visual and haptic ratings of each
attribute. The leftmost column of Table I shows these
correlations. In general, the visual and haptic ratings
were highly correlated; in particular, small vs. large,
short vs. tall, and simple vs. complex showed the highest
correlations, in agreement with the work by Brown and
his associates cited above.

The hypothesis that the interrelationships among the
various physical attributes are similarly perceived through
the two modalities was tested by examining how well
the correlations among the attributes within each
modality fit a common a priori factor structure. The
physical attributes were hypothesized to represent
three factors or categories: (1) size (small vs. large,
short vs. tall, narrow vs. wide, and dispersed vs. com­
pact), (2) shape (round vs. angular, smooth vs. jagged

features, smooth vs. rough features, and simple vs.
complex), and (3) symmetry (asymmetrical vs. sym­
metrical and importance of orientation).

The separation of size and shape attributes has been
demonstrated both by Brown and Owen (1967) and by
Richards (1972) in factor analysis of two-dimensional
polygons. The decision to distinguish further between
shape and symmetry measures was made on the basis
of reports from pilot subjects and our own examination
of the stimuli, and was given initial support by examina­
tions of the correlations among the attributes. Various
results from the research cited above and pilot work
led to the hypothesis that there are substantial correla­
tions between size and shape factors and between size
and symmetry factors within each modality, and that
there is a somewhat higher correlation between shape
and symmetry factors.

The attribute ratings from each condition were sub­
mitted to separate oblique multiple groups (OMG)
factor analyses to test this hypothesized three-factor
structure and set of interfactor correlations. The oblique
multiple groups factor analytic method was used be­
cause it, unlike the more common exploratory tech­
niques (principal components and common factor with
or without rotation), allows one to define factors in
advance and then to test how well these a priori factors
account for the data relative to alternative sets of
factors. In addition, one can examine the interrelations
among these defined factors and test hypotheses about
these factor intercorrelations. The basic computations
of an OMG analysis may be found in Harman (1976);
for recent applications of this procedure see Bernstein
and Eveland (1982), Bernstein, Garbin, and McClellan
(1983), and Bernstein, Lin, and McClellan (1982).

The variance in the correlation matrix accounted for
by the proposed structure was compared with that
accounted for by other factor solutions that provided
the best and worst fits for three factors. The amount of
variance accounted for by three principal components
(PC) is, by definition, the maximum amount possible.

Table I
Correlations Between Visual and Haptic Attribute Ratings and OMG Structure Matrices and lnterfactor Correlations

Visual Condition Haptic Condition

Attribute Size Shape Symmetry Size Shape Symmetry

Small-Large .97 .96* -.39 -.30 .97* -.29 -.48
Short-Tall .98 .88* -.62 -.43 .86* -.54 -.63
Dispersed-Compact .85 -.74* .79 .52 -.84* .70 .70
Narrow-Wide .88 .66* .09 .09 .57* .29 .21
Angular-Round .73 -.75 .88* .64 -.31 .85* .48
Smooth-Jagged .80 .46 -.92* -.50 .47 -.93* -.73
Rough-Smooth .86 -.26 .85* .34 -.13 .74 .28
Simple-Complex .94 .44 -.96* -.72 .42 -.93* -.73
Asymmetrical-Symmetrical .81 -.47 .50 .91* -.48 .68 .93*
Orientation Unimportant-Important .63 .20 -.61 -.91 * .44 -.52 -.93*
Size Factor -.53 -.36 -.39 -.50
Shape Factor .61 .64

"Indicates the a priori factor on which that attribute was hypothesized to load most heavily.



Randomly formed three-factor solutions provided an
estimate of the minimum amount of meaningful variance
in the correlation matrix that could be accounted for
by a three-factor model. These random models were
formed by randomly choosing four attributes for the
first factor, four for the second, and two for the third,
without replacement. Thus, these factors mimicked the
structure of the size-shape-symmetry model except for
which attributes represented each factor.

A "good" proposed model will account for nearly as
much variance as the PC model with the same number of
factors, and substantially more variance than the cor­
responding random model(s). The proposed structure
fit very well for both the visual and haptic data, in
support of the second hypothesis. In the visual case,
three PCsaccounted for 85.9% of the variance (X = 5.76,
1.84, and .99), the proposed structure accounted for
85.0% of the variance, and the average variance ac­
counted for by the three random models was 60.4% for
the haptic data, three PCs accounted for 85.3% of the
variance (X = 5.58, 1.96, and 1.00), the proposed model
accounted for 82.5% of the variance, and the average
variance accounted for by the three random models was
63.2%. The OMG structure matrices and the interfactor
correlations are shown in Table 1.

An examination of the structure matrices shows that
interrelations among the attributes were very similar for
the haptic and visual conditions. Each attribute has a
higher loading on the proposed factor (indicated by an
asterisk) than on the other factors, except in one case.
The attribute dispersed vs. compact is about equally
correlated with both the size and shape factors in the
visual condition, but not in the haptic condition. As
hypothesized, the shape and symmetry factors are more
highly correlated than are the other combinations, for
both conditions. The factors are significantly correlated,
in both conditions (p < .05 with df = 22), indicating
that, for these stimuli, the size, shape, and symmetry
scales are not perceived independently of one another.

Analysisof Sorting Data
Subjects in the haptic condition tended to form

slightly fewer groups than those in the visual condition
[means = 5.12 and 5.77, t(98) =2.31,p< .05]. Thirty­
seven haptic subjects formed four or five groups, whereas
only 25 visual subjects did. Twelve haptic subjects
formed more than five groups, whereas 25 visual sub­
jects did so.

Individual sorting performances were represented in
the off-diagonals of a 24 X 24 dissimilarity matrix in
which a 0 indicated that the item pair had been grouped
together and a 1 meant that the pair had not been
grouped together. Data from subjects in the visual and
haptic conditions were analyzed separately, using the
SAS (Young & Lewyckyj, 1979) version of ALSCAL.
Separate individual differences analyses were carried
out under assumptions that the data were: (1) interval
level, (2) ordinal level from a discrete underlying Pro-
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cess, and (3) ordinal level from a continuous underlying
process. To help exclude the possibility that solutions
were the result of local minima, multiple analyses with
different starting configurations were carried out for
each of the three sets of data assumptions.

The various ordinal/discrete analyses did not converge
to very similar solutions or to similar goodness-of-fit
values, and will not be discussed further. Interval and
ordinal/continuous assumptions led to very similar
solutions and to similar goodness-of-fit values for the
various analyses. The remaining discussion will be in
terms of the ordinal/continuous solutions.

Solutions in two through six dimensions were ob­
tained for each condition; ALSCAL does not provide
one-dimensional individual differences type of solutions.
The values presented are from solutions for which the
algorithm chose the starting configuration and are
representative of the other solutions. For the visual
data, the averageKruskal Formula 1 stress values for two
through six dimensions were .138, .134, .131, .129, and
.124, and the average R-square values for the 50 subjects
were .923, .935, .939, .942, and .945. For the haptic
data, the average stress values were .169, .143, .136,
.132, and .129, and the average R-square values were
.878, .879, .882, .885, and .887.

For both the haptic and visual data, the two-dirnen­
sional solutions fit the sorting data well, and there wasno
apparent advantage to the more complex solutions.
Additional analyses were carried out to determine
whether a one-dimensional solution might be sufficient.
Visual and haptic composite matrices were formed by
summing corresponding elements of the 50 individual
matrices within each condition. Each composite matrix
was analyzed separately using ALSCAL. The three data
assumptions and multiple starting configurations were
used with results very similar to those reported above.
The results presented are from the ordinal/continuous
analyses for which the algorithm selected the starting
configuration.

For the visual data, the stress values for one through
three dimensions were .172, .093, and .086 and the
R-square values were•.823, .942, and .963. For the
haptic data, the ~tiess values were .194, .112, and
.099 and the Rsqtiare values were .744, .912, and .921.
Thus, it seems that, for both the visual and the haptic
data, the second dimension adds substantially to the
model, but the third dimension does not.?

Figures 2 and 3, respectively, show the visual and
haptic individual differences solutions in two dimen­
sions. The two solutions are generally similar, although
some elements are located differently. For example, the
stimulus groups (4,7,9,17,22), (11,12,21,24), and
(6,10,13,14,16) appear in both solutions and in nearly
the same relative positions. The groups are more tightly
formed in the visual solution, and form 19 is included
in the first group in the haptic solution. Inspection of
the raw sorting data indicated that these groups (or
their proper subgroups, e.g., 4,7,9, or 11,12,24, etc.)
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Figure 2. Two-dimensional visual MDS solution; Dimension I
is the vertical axis. (O.I.S. = orientation important to shape;
O.U.S. =orientation unimportant to shape.)
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the visual and haptic MDS solutions. The extent of
their similarity was measured by the coefficient of
congruence (CC) (Wrigley & Neuhaus, 1955, cited in
Harman, 1976). These CC values were .90 for Dimen­
sion I and .73 for Dimension II.

Cross-validation analyses within each condition pro­
vided the basis for evaluating these results. The 50 sub­
jects in each perceptual condition were randomly split
into two groups of 25 subjects each. Separate individual
differences analyses were carried out for the four sets
of data; the data were treated as ordinal/continuous,
and the algorithm selected the starting configuration.
For the visual condition, the CC values for Dimensions I
and II were .95 and .88; for the haptic data, they were
.93 and .78. Thus, the CC of .90 reported above indi­
cates that Dimension I of the haptic solution is very
similar to Dimension I of the visual solution, whereas
the corresponding Dimension lIs (CC = .73) are less
similar. In addition, the second dimension within each
condition is somewhat less stable than the first, and this
is more true of the haptic data.

The fourth hypothesis, that visual and haptic judg­
ments of holistic shape are based on a similar set of
stimulus attributes, was tested in terms of the attributes
that best describe the MDS solutions from each condi­
tion. A multiple regression procedure was used to
interpret the two-dimensional MDS solution from each
condition in terms of the 10 subjective attribute ratings
and three attribute scales. The attribute scales cor­
respond to the size, shape, and symmetry factors dis­
cussed above, and were formed as the sum of the appro­
priate attribute ratings." In each of 13 analyses within
each condition, one of the attributes or an attribute
scale was regressed over the coordinates of the MDS
solution. The inverse cosines of the normalized regres­
sion beta weights from each model were used to define
the vector in the MDS solution that corresponded to
that attribute or attribute scale (Kruskal & Wish, 1978).
Table 2 shows the results from the analysis of each
attribute and of the size, shape, and symmetry scales.

Figure 3. Two-dimensional haptic MDS solution; Dimension I
is the vertical axis. (O.I.S. = orientation important to shape;
O.U.S. =orientation unimportant to shape.)

Table 2
Multiple Correlations Between Attribute Ratings

and MDS Solution Coordinates

-2 -, o

Visual Haptic

Small vs. Large
Short vs. Tall
Dispersed vs. Compact
Narrow vs, Wide
Angular vs. Round
Smooth vs. Jagged Features
Rough vs. Smooth Features
Simple vs. Complex
Asymmetrical vs. Symmetrical
Unimportant vs. Important
Size Scale
Shape Scale
Symmetry Scale

appear more frequently in the visual than in the haptic
condition. Thus, the tighter clusters of the visual solu­
tions reflect greater between-subject consistency in that
condition than in the haptic condition. The slightly
higher R-square values for the visual than for the haptic
MDS solutions reflect this consistency also. Certain
forms do have substantially different positions in the
two solutions. As one example, forms 1 and 15 and, to
a lesser extent, form 2 are located near form 18 in the
visual solution but near form 5 in the haptic solution.

The third hypothesis, that visual and haptic percep­
tions ofholistic shape are similar, was tested by comparing *p <.01. **p <.001.

.86**

.86**

.61 *

.80**

.87**

.69*

.41

.80**

.71*

.79**

.92**

.76**

.80**

.78**

.91 **

.57

.90**

.63*

.80**

.26

.72**

.58

.67*

.88**

.72**

.66*



Figures 2 and 3 show the vectors of those attributes
and scales that passed a goodness-of-fit criterion of
p < .01 (Kruskal & Wish, 1978).

Dimension I, the dominant dimension in both solu­
tions, is a size information dimension for both. The size
scale vector is similarly located in both solutions, at
64 deg in the visual solution and at 69 deg in the haptic
solution. The individual size attributes, however, are
somewhat differently positioned. For example, tall vs.
short is the one most aligned with Dimension I in the
haptic solution but the one least aligned in the visualsolu­
tion. Note that although the attribute dispersed vs.
compact weighed about equally on the size and shape
factors in the visual case, as shown in Table 1, it clearly
lies with the other attributes of the size factor in the
visual MDS solution. For this reason, dispersed vs.
compact was included in the size scale for the visual
solution, as it was for the haptic solution.

Dimension II is a shape/symmetry information dimen­
sion in both solutions. The various shape and symmetry
attribute vectors are more highly aligned in the haptic
than in the visual solution; also, the relative positions
of the symmetry and shape scale vectors are reversed
in the two solutions, although in general the vectors of
the individual shape and symmetry attributes are inter­
mixed.

Individual differences analyses provide information
concerning how each subject employed the solution
dimensions. This information is given by ALSCAL as
the proportion of variance of each subject's data that
was accounted for by the dimensions of the MDS
solution, thus showing the relative importance of each
dimension. This information was explored in two ways.
Cluster analysis (Howard, 1977) of these data revealed
no distinct groups of subjects. Analysis of angular
variation (Schiffman, Reynolds, & Young, 1981) re­
vealed no consistent gender differences for either per­
ceptual mode. Most subjects weighted the first dimen­
sion of the solutions more heavily than the second in
their sorting patterns, as would be expected.

DISCUSSION

Results from each of the four phases of the analysis
give support for Gibson's claim of perceptual equiva­
lence between the visual and haptic systems. Visual
and haptic ratings of physical attributes tend to be
strongly correlated, and the interrelations among these
attributes are highly similar for the two senses. Sorting
procedures produced two-dimensional MDS solutions
that were highly similar, especially along the dominant
axis (size attributes). Finally, interpretation of the MDS
solution in terms of the rated attributes indicated that
subjects in the two conditions used similar rules to sort
the forms.

Although the bulk of the present evidence supports
Gibson's claim, differences in the visual and haptic MDS
solutions and their interpretations were found that are
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predominantly related to the Dimension lIs of the
solutions. One of these is that the various shape and
symmetry attribute vectors were more highly aligned
with each other in the haptic than in the visual solution.
This suggests that less distinction was made among these
attributes under the haptic condition than under the
visual condition. Perhaps greater differentiation among
these shape and symmetry attributes would occur if the
haptic subjects were more familiar with the forms.
Alternatively, perhaps these attributes are more highly
correlated when shapes are perceived haptically. The
visual-haptic literature provides little help on this issue.
While visual discrimination is typically found to be
better than haptic discrimination (see Jones, 1981, and
Marks, 1978, for excellent reviews), and haptic dis­
crimination is known to improve with practice (Gibson,
1966; Simons & Locher, 1979), these findings all refer
to discriminations among stimuli rather than among
stimulus attributes, an important distinction. Thus, the
present finding is of a somewhat different sort from
those previously reported, and it remains to be seen
whether this apparent visual-haptic difference can be
attributed to some form of familiarity or practice effect.

In the visual solution, the shape scale is more aligned
with Dimension II than is the symmetry scale, whereas
the converse is true in the haptic solution. Closer inspec­
tion of the figures reveals that the shape scale vector is
similarly located in each solution (13 deg for visual,
16 deg for haptic), whereas the position of the sym­
metry vector differs substantially. The third difference
between visual and haptic solutions also mainly involves
the Dimension lIs. As noted above, some forms are in
different relative positions in the two solutions. These
differences most often involve displacement along
Dimension II. This was also reflected in the different
CC values comparing visual and haptic solutions for
Dimension I (.90) and Dimension II (.73). In addition,
haptic Dimension II was somewhat less stable when
cross-validated than was that dimension of the visual
data (CC values .78 and .88, respectively). As with the
lesser discrimination among the shape and symmetry
attributes in the haptic case mentioned above, this may
be an effect of unfamiliarity with the stimuli. In this
case, however, findings such as those by Gibson (1966)
and Simons and Locher (1979) are of direct value, and
based upon them, one might expect greater visual-haptic
similarity with additional stimulus familiarity.

In this study, subjects were permitted to form as
many groups, of whatever size, as they chose (within the
limits of two to eight forms per group), and usually
formed four to six groups. An alternative procedure
would be to direct subjects to form groups of various
sizes on different trials (Harvey & Gervais, 1978), say
of two, three, four, six, eight, and twelve forms. Data
from this procedure would indicate whether visual and
haptic structures become more or less similar when
subjects .are required to make discriminations that are
more coarse or more fine than those they normally would
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make. To have used this procedure in the present study
would have invited an unwelcome complication. A sub­
ject might "change rules" as s/he was asked to create dif­
ferent sorting patterns, so that a single analysis based on
these sorts would confound rules and produce an MDS
solution that represented none of them.

All of the studies discussed, including this one, have
looked at form perception in terms of various continu­
ous metric attributes of the forms. That is, they have
ignored distinguishing characteristics, or substructures of
the forms. For example, forms 11, 13, and 16 all have a
vertical projection that many subjects referred to as a
"handle," and forms 4 and 8 both had "places to fit
your fingers between the ridges." Similar reports were
found during informal investigations with polygons
similar to those used by Richards (1972). Subjects seem
to have sorted items in terms of attributes rather than
characteristics, even though they reported noticing
these characteristics, were free to use any sorting rules
they liked, and had not yet been introduced to the
attributes used in the study. For example, Figures 2 and
3 show that forms 4 and 8 are in separate clusters.

In conclusion, this study lends support to Gibson's
claim of supramodal perceptual invariances, but suggests
that the invariants for irregular three-dimensional solid
fOnTIS may be at the level of composites such as size and
shape, rather than at the level of specific attributes or
distinguishing substructures.
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NOTES

1. In this research, the touch condition was referred to as
tactual. Because of the abundance of vibrotactual research that
has appeared recently, the distinguishing label "haptic" will be
used here.

2. These two-dimensional solutions were very similar to the
corresponding individual differences solutions. Individual differ­
ences scaling was used to exclude the possibility that solutions
based on aggregated data might not represent individuals' data.

3. These were unweighted sums. Scales formed as proper
OMG component scores and as weighted sums were both corre­
lated above .90 with these unweighted sums, and the correspond­
ing vectors in the MDS solutions differed by no more than
2 deg. This robustness of unit weighted scales is commonly
found (e.g., Nunnally, 1978).
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