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THE HUMAN PERFOR MANCE CENTER

DEPARTMENT OF PSYCHOLOGY

The Human Performance Center is a federation of research
programs whose emphasis is on man as a processor of information.
Topics under study include perception, attention, verbal learning and
behavior, short - and long-term memory, choice and decision proc-
esses, and learning and performance in simple and complex skills.
The integrating concept is the quantitative description, and theory,
of man’s performance capabilities and limitations and the ways in
which these may be modified by learning, by instruction, and by task
design.

The Center issues two series of reports. A Technical Report
series includes original reports of experimental or theoretical
studies, and integrative reviews of the scientific literature. A Mem—
orandum Report series includes printed versions of papers presented
orally at scientific or professional meetings or symposia, methodo-
logical notes and documentary materials, apparatus notes, and ex-
ploratory studies.
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ABSTRACT

I
The successful representation of complex information in a multidimen-

sional display depends on the knowledge and exploitation of naturally occurring

interd imensiona l relationships . Sets of dimensions vary in separability ,

the extent to which the perception of each dimension is independent of

co—occurring dimensions. Nonseparability due to integrality among dimensions

I is distinguished from nonseparability due to masking and distraction . Integrality

may result from two separate types of dimensional relationships , combination

and interaction. Combination can be isolated from interaction using fi l tering

tasks wi th no speed stress. A method for measuring combination by requiring

fi l tering in a similarity judgment task is developed and a demonstration

- experiment is presented.
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The successful representation of complex information in a inultidiinen-

sional display depends on the knowledge and exploitation of naturally occurring

interdimensional relati onships . It Is clear that a single response to a

multidimensional stimu lus can be made most efficiently when the perceptual

H response is also unitary. The nature of the perceptual response, however ,

varies with the choice of dimensions that define the stimulus . Some dimensions

are perceived separately, some interact, and some combine into a single

perceptual attribute. The present report examines the concept of interd imen-

sional relati onships in the perception of multidimensional stimuli. A

distincti on is drawn among various types of nonseparability , and a method

for investigating one particular type of nonseparability is described.

An object can be verbally characterized , of course, by decomposing it

i nto di mensions. A l eaf is green, flat , smooth and of a particular shape .

We are clearl y able to discriminate the component parts of objects and to

compare objects by referring to those parts. Whether perception proceeds

by compounding these dimensions , however, is a problem that is both old and

controversial . The question is complicate d by the fact that the relationships

among dimensions of an object are not of a single type.

Whether the percept of an object is built by adding simple dimensions ,

or whether it is directly based on hi gher-level structural aspects of the

stimulus depends on how separable the dimensions actually are. Dimensions - 
- 1

may interact so that the perception of their combination is not simply the

add ition of their separate effects, or dimensions may be entirely independent.

Dimensions perceived by diffe rent senses , for example , may indeed be simply

added to produce a percept. In addition , dimensions natural ly co-occur

with varying frequencies , so that two dimensions that correlate very highly

may actually not be perceived separately at all. Nonseparability of dimensions

in this sense mi ght also be the resul t of receptor characteristics .

1
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The task of discoveri ng the relationship between the perception of an

object and its dimensions thus entails specifying both the dependencies

among the dimensions and their formation into a percept. The problem can

be restated in the following way: The dimensions we have been discussing

thus far are the experimenter’s dimensions or the physicist’s dimensions.

They are the dimensions along which we have chosen to make our measurements

of the physical world. They are not necessarily th,~ psychological attributes

of an object, the attributes used in perception , or the attributes with whose

combination we should be concerned . Describing the interaction among the

physically -specified dimensions of an object is another way of describing

the psychological attribute that is actually perceived . Wi th the assumption

that a percept is a simple combination of psychological attributes , the

problem of discovering the relationship between perception and dimensions
I

becomes the problem of discovering the mappi ng of physically specified

dimensions of an object onto its psychologi cal attributes.

A disti nction is drawn , then, between dimensions and attributes.

Dimensions are aspects of the physi cal stimu l us as opposed to the stimu l us

as encoded by the perceiver. They are usually continuous and not divisible

into sub-dimens ions. Attributes are the subjective aspects of the stimulus ,

and because they do not necessarily correspond directly to physical dimensions ,

they may be multidimensional . For example , one attribute of a leaf is its

color. Color itself is divisible into three dimensions -- hue , valu e,

and chroma . Whether hue , value , and chroma have psychological reality mus t

be determined empirical ly.

The history of this problem dates back at least to the British association-

ists of the nineteenth century. According to James Mill’ s version of

associationism , the perceptions of objects are compounded of synchronously

associated ideas , ideas being copies of sensations. Thus , the perception of
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a leaf is composed of the separate but simultaneous perceptions of color ,

shape , and texture. John Stuart Mill recognized the danger in this form

of associationism carried to the extreme and abandoned the notion of mental

compounding for that of mental chemistry . In this view , a complex idea or

a percept is not simply the sum of an i ndefinite number of elements , but

the parts combine in such a way that the whole is different from their

-J simple sum. The i dea is that elements generate rather than compose the

whole; it is impossible to deduce the nature of the product—from the. charac-

teristics of the elements which produced it. The theory diverges from previous

associationism in an important way. J. S. Mill has recognized that elements ,

or attributes , may interact in their production of a percept, and that the

product must be empi ri cally observed to be characterized. (The emphasis on

empiricism reappears in our translation of the problem into one of psycho-

physi cal mapping, for if a mapping is specific to a given stimulus , each

sti mul us must be individually observed.)

Gestalt psychology went one step further and denied the importance of

association at all in the producti on of a percept (Kohier , 1929). The whole

object is perceived di ‘ctly. It is organized by the nervous system and has

its own structure . The perception of the separate parts and the associations

among them is only achieved afterwards. Indeed , an object can be divided

into parts in any number of ways, and it is only after determing the nature

of the whole that we can identify the parts appropriate for describing it.

The notion is similar to the idea that the physical dimensions of a stimulus

are specified somewhat arbitrarily with regard to perception and that the

dimensions important for an analysis of the perceptual stimulus are the

psychological ones. Once the psychological attributes of the stimu l us are

known , we can recognize which interactions and combinations of the physical

dimensions give rise to the psychological attributes . The percept of an

3
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object, though, cannot be approximated by an a priori description of Its

physical dimensions.

One approach to studying the relationships among attributes of objects

has employed similarity scaling. In this approach, subjects provide informa-

tion about perceptual experience by judging the similarity of pairs of objects.

Shepard & Chipma n (1970, p. 2) note:

It is a fact of inadequately appreciated significance that,
despite the practically unlimited range and diversity of possible
internal representations, we can readily assess within ourselves
the degree of functional relation between any two by a simpl e,
direct judgment of subjective similarity. Moreover, we can do
this even though (a) we have never before compared the two repre-
sentations In question, and even though (b) we may be unable to
coninunicate anything about the absolute nature of either of the
two representations taken separately...One could even turn the
matter around and argue that it is primi tive, internal assessments
of similarity of this sort...that mediate every response we make
to any situation that is not exactly identical to one confronted
before.

A nice demonstration of the point that simi larity judgments are of basic

importance in mediation of other responses may be found in the work of Isaac

(1970), which showed that such judgments can be used to predict very accurately

the behavior in a more complex “oddity” task. t~.
In order to use simi larity judgments to make Inferences about perceptual

attributes, however, a model Is needed that relates the two. The earliest and

simplest such model is Attneave’s (1950) City—Block metric. According to thi s

model , dissimilarity is a function of the sunned perceptual differences on each

of several attributes. Attneave appl ied this model to similarity judgments of

parallel ograms, varying in the physical dimensions of area and tilt , and to

squares, varying in the physical dimensions of reflectance and area. In these

appl ications, there was presumed to be a close correspondence between the

physical dimensions and the perceptual attributes; for example, if A ,B are two

equal-sized small squares, differing In reflectance, and A’,B’ are two equal-

sized large squares, with reflectances equal to those of A B , then A and A’

I
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will appear about equal in the psychological attribute of lightness , l ike-

wise, B and B’ , and the A ,B similari ty should be predicted to be equal to

the A’ ,B’ simi larity.

More generally, Attneave’s model is representative of a class of models,

in which it is assumed that there is a mapping of physical dimensions onto a

vector of values of psychological attributes, and where the dissimilarity is

assumed to depend , via some definite rule of combination , on the perceptual

differences along each attri bute. Some fairly broad subclasses of models of

this sort were studies by Tversky & Krantz (1970). The key assumption in the

entire class of models is that the psychological attributes determine the

similarities according to some simple combination rule.

A rather different class of models begins with a geometric representation
— of the similarities, by means of a configuration of points in space, with small

distances in the geometric model corresponding to high similarities between a

-
; pair of stimul i , and large distances corresponding to low simi larity. In this

model , a one-dimensional psychological attribute corresponds to an ordered series

of curves or surfaces in the geometric space. An example of attributes

specified by means of an ordered series of curves is the spatial configuration

specified by the 1931 CIE Standard Color Observer. The spatial configuration

does not necessarily yield the similarity of pairs of colors according to any

simple rule involving a combination of Hue differences and Chrome differences.

Such combination rules have been proposed (ci. Judd & Wyszecki, 1963, pp. 293-4)

but there are other models in which similarity In color space is not modeled by

any combination of attribute differences, but rather, by a metric defined

independently of any coordinate system. For example, in MacAdam ’s (1944) metric

the CIE diagram is crumpl ed into an irregular surface in 3-dimensional space,

and after crumpl ing, the distance between any two points Is given by the length

of the shortest smooth curve connecting them and lying wholly on the surface
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(no shortcuts through space). Such a definition of (Riecnannian) distance

does not depend on any coordinate system. Though the metric and the attributes

are defined independently, there may be various empirical connections between

them; for example, a contour of constant Chroma may be hypothesized to be an

isosimilarity contour (constant metric distance) around the white point in

- j color space.

In a sim i lar vein, Chipman & Carey (1975) have emphasized the possibility

that the spatial configuration is a model of primary importance, derivable from

L similarity judgments, and that even a 2—dimensional configuration may have

many, many one—dimensional attributes which can be depicted within the configura-

t-ic,n. They derived a 2-dimensional Euclidean configuration for similarities

of narrow bands of white noise, varying in center frequency and power, and they

showed that some attributes (loudness, volume, and density) might be represented

by oblique linear axes in this configuration , but that pitch apparently could

not be represented as simply.

These two approaches to model i ng the connections between perceptual simi —

laritles and perceptual attributes converge in ambiguity when the Euclidean

metric is used as a model of similarity . In the Euclidean model , the metric

• can be described as a simple function of differences along attributes (Pytha-

gorean combination rule), so it can be employed as a model of the first sort;

yet the coordinates can be rotated and translated without changing the combina-

tion rule , so that any two points in the configuration can be thought of as

lying along a single one—dimensional attribute, or as a Pythagorean combination

of differences along various pairs of orthogonal attributes. Thus , the

Euclidean model can al so be employed as one in which the configuration is a

primary representation of similari ties, and where there are many, possibly

Infinitely many different attributes that can be represented wi thin the

configuration, some as l inear axes, others nonlinearly. Such perhaps 
was6
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Torgerson ’s original idea (1958, p. 254):

For example, if a subject is required to rate a set of stimulus
pairs with respect to their similarity , and the stimul i differ with
respect to obvious and compelli ng d imensions, his ratings might very
wel l behave as though they were a straight sum of the differences on
the separate dimensions: that is, as though the subject were saying
‘These two stimuli differ this much with respect to brightness , plus
this much with respect to size, plus this much with respect to shape.”

On the other hand, if separate dimensions are not obvious , the
subject might be more likely to judge the over-al l difference directly.
In this event, we would expect the Euclidean model to show more promise.

This ambiguity of the status of the Euclidean model has led to some

confusion. On the one hand , some users Of popular multi dimensional scaling

programs have collected similarity data, fitted a 2- or 3-dimensional Euclidean

configuration , and then have sought interpretation of a set of orthogonal axes

in the configuration. The decision to interpret orthogonal axes has the effect

of using the Euclidean model in mode 1, i.e., assuming that there is an under-

lying set of attributes whose difference generate overal l dissimilari ty according

to a particular combination rule, the Euclidean rule. At the other extreme,

several theorists (Garner, l974a; Hyman & Well , 1967, 1968) have followed

Torgerson ’s suggestion and used the Euclidean fit as a sign that the attributes

in a particular stimulus domain are “unanalyzable ” or “integral ” and have drawn

a contrast with “analyzable” or “separable ’ stimul us domains, in which the

City-Block metric yields a better fit to the similarity data.

On the one hand , if similarity data are wel l described by a City-Block

model , there is strong reason to suppose that the principal axes of the model

correspond well to the sal ient perceptual attributes of the stimuli. On the

other hand , if ~imilarity data are better described by a Euclidean than by a

City-Block model , there is not such a strong basis for supposing that the

stimulus domain is unanalyzable. There are many reasons why the Euclidean

model could fit better, even if the domain is highly analyzabl e (for example, a

Pythagorean combination rule might simply be more descripti ve than an additi ve

7
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rule). In fact, the distinction between separability and integral ity has

been based on a number of converging criteria; the nature of the similarity

configuration is only one of these. Integrality of attributes is based on

the Euclidean model for similarities , sorting stimul i by similarity in free

classification , loss in classification speed with orthogonal dimensions that

must be fi l tered, and a gain in classification speed with redundant dimensions

(Garner, 1974a).

There are also degrees and types of analyzabllity. We therefore require

more than converging evidence -- we require a finer analysis than has hereto-
fore appeared of the possible types and degrees of analyzability and their

relation to performance in various kinds of tasks, including similarity judgments.

Such an ana’ysis is attempted below.

There are several practical problems which could benefit from a more

detailed analysis of analyzability. In designing an integrated multidimensional

display system, one must be able to interpret properly the results of psycho-

physical tests such as similarity scaling. It is also important to be able to

predict the consequences of results arrived at using psychophysical methods for

other sorts of performance that may be demanded of the display user. Such

interpretations and predictions may be improved If the dichotomy of integrality

H vs. analyzability can be replaced by a more detailed classification.

8 
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Varieties of Nonseoarability

-
~~ 

- The fi rst dichotomy that can be drawn is between dimensions that are

integrated into a single figure and those that are spatially separated. At-

tributes that are not presented in the same spatial location , for example the

diameter of a circle and the inclination of an interior spoke , cannot be

easily combined and mapped i nto a single response without a large cognitive

contribution . In fact, Torgerson (1965) suggested that the amount of cogni-

tive contributi on to similari ty judgments is an index of separability . Such

dimensions are perceptually separable as well as physically separated.

Torgerson (1958) would not term them dimensions at all , since they are not

dimensions of a single attribute , but actually separate attributes of a figure .

It is thus less relevant to an analysis of perceptual abilities to discuss the

relative separability of such separated dimensions than of integrated dimen-

sions. The separabilit~ 
e spatially distinct dimensions depends on such

H characteristics as their spatial proximi ty, while the separability of integrated

stimuli depends to a larger degree on perceptual interactions among dimensions.

The remainder of this discussion will be concerned with integrated stimuli.

The relationships among their component dimensions can be theoretically divided

into several types.

Interaction Two dimensions of a stimulus interact if the perception or judg-

ment of one dimension varies systematically with the level of the other diiii en—

sion. The result is that discri nil nability of values on the fi rst dimension

cannot be assessed independently when the second dimension also vari es. Iden-

H - tical pairs of values will differ in discriminability when accompanied by

different levels of a second dimension .

Interactions vary in complexity . A simple interaction is exemplifi ed by

illusions such as this: tall rectangles appear to be larger in area than

9 
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shorter ones , where area is held constant. Thus , identical area val ues are

perceived di fferently depending on the accompanying value of height. Height

4 augments perceived area. The interaction is relatively simple because area

values , not area intervals -- differences between pai rs of area values -- are

di storted.

On a more complex level , Krantz and Tversky (1975) found an augmentation

between the area and shape of rectangles , such that equal shape intervals,

defined physically, appeared larger as area increased. The converse was also

true: area intervals appeared larger as shape increased. Krantz and Tversky

suggested that jf the change in appearance (increase or decrease) of an interval

on one dimension as a function of an increase in the other is in the same

H direction for every interval of the fi rst dimension , then two types of inter-

action are possible , augmentation and reduction. An example of reduction was

found by Krantz (1972) in the realm of color , where chromaticness differences

appeared smaller when a pai r of colors was of high lightness than when it was

of lower lightness.

Combinati on Two stimulus dimensions mi ght i nteract in the sense just descri bed

but still be separable under certain conditions . If there is not a resource

l i mitation on the perceiver ’s performance (e.g., pressure to respond quickly),

he could choose to fi l ter one interacting dimension from the other. To the

extent that the perceive r cannot perform such fi l tering , the dimensions are

said to be combined . Dimensions that do not interact can also be combined ;

inte raction and combination are logically i ndependent.

Di fferent sets of physical dimensions perceptually combi ne to a greater

or lesser degree. Combi nation is a continuum. Nevertheless , combination at

the extreme is identical wi th integrality defined by the results of a free

classification task. In this task , stimuli can be sorted into classes either

alon g dimensional lines or based on overall similari ty. When subjects ignore

10 

1! 
-~~~~

-
~~
-.—

~~
---— —

~~~~
- - . - —~~~ - - ~~.- .



. . — - - — ----- -—------- 
~
—-—-—---- ...___

the dimensional structure of a stimulus set and classify by similarity , the
stimul i are said to be integral (Garner, l974a). Essentially, the dimensions

are combined into a single entity. Garner (1974a, p. 119) describes the coin-

binatjon in this way: “Psychologically , if dimensions are integral , they are

not really perceived as dimensions at all. Dimensions exist for the experi-

menter . . . . [But they] do not reflect the ininediate perceptual experience

of the subject . . . .“

An example of combination can be found in similari ty judgments of

el lipses. If one were to compare the minor axes of two ellipses whose major

axes are of different lengths, one could find the major axes impossible to ignore.

In this case, the perceptual distortion of minor axes would not be systematic.

The fact is, however , that the major and minor axes of ~n ell ipse determ ine

its eccentricity. The physically defined dimensions of length and width per-

ceptually fuse in favor of the perception of the more salient attribute eccen-

tricity.

The extent to which two physical dimensions combine is based on the

psychophysical mapping of those dimensions onto psychological dimensions. If

the physical and psychological dimensions are very slightly discrepant, physical

dimens ions w i ll be eas i ly filtered in a perce ptua l task. On the other hand, if
the physical and psychological partitions of the stimulus space are at odds,

the perceiver will act as if the two physical dimensions are one, whi ch indeed

they are, perceptually. Degrees of combination are obtained by intermediate

dimensional discrepancies.

Integrality as broadly defined in the literature (Garner & Felfoldy,

1970; Garner, 1970,1974; Lochead, 1966) includes notions of both interaction

and combination . Particularly in speeded tasks the two types of nonseparability

yield similar results. Subjects behave as i f they are using one psychological

11
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dimens ion instead of the two physical dimensions. Nevertheless, any operational

definition of integrality will have to distinguish between these two logically

independent sources of behavior by developing tasks that differentially reveal

* 

them.

Addi tional characteristics of multidimensional stimuli can lead to behavior

similar to that described above. Such characteristics are not related to di-

mensional integrality and again must be distinguished logically and operationally.

They are described below.

Masking When one dimension of a multidimensional stimulus is so salient that

it dominates the perception of a second dimension it can be said to mask it.

Masking can be contrasted with interaction. When two dimensions interact, di s-

criminability along one dimension depends on the l evel of the second; judgments

of this dimension are systematically distorted. A masking dimension , however,

actually prevents or interrupts the perception of the dimension that it masks.

An example of masking occurs in gustatory stimuli. A high proportion of

sal t in a salt-sucrose solution will prevent the perceiver from tasting the

sweetness in the solution. Thus masking within a multi-dimensional stimulus is

perfectly analogous to visual pattern masking , where \the perception of the

target, a letter for example, is disrupted by superimposing a pattern mask.

The addition of a domi nating dimension to a stimulus disrupts the perception of

a less salient dimension , producing errors or slowing reaction time, but does

not resul t in a systematic distortion of normal judgments.

Distraction Decrements in classi fying levels of one dimension of a n~b~1\
tidimensiona1

stimulus may be obtained from the variation ~ i se of a second, i rre1evar~ ,

dimension. This phenomenon is known as distraction (Egeth & Pachella, 1969).

When dimensions interact decrements in filtering performance in speeded tasks

may result from the fact that di scriminability drops at some levels of the

12
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irrelevant dimension. Filteriny decrements in speeded tasks can still be obtained,

however, when dimensions do not interact and do not combine.

A performance decrement in speeded fil tering given constant discriminabi lity

of the relevant dimension and perfect filtering in a nonspeeded task results

from the fact that the perceiver must ignore a dimension that is varying irrele-

vantly. At least two possible explanations underlie the phenomenon. The first

is based on the perceiver ’s limited capacity. Al though fil tering may be possible

given unlimited time , forcing the perceiver to perform under speed stress reveals

the resource limitations for this task. The second explanation is based on

response competition: fil tering is particularly poor when the perceiver must

ignore a previously relevant dimension (Hodge, 1959). Neither of these sources

of filtering decrements is due to perceptual interactions among dimensions.

Thus, dimensions may be nonseparable as the result of performance characteristics

of the perceiver, as well as characteristics of thei r psychophysical mappi ng.

Logical Relations Garner (1970, 1974a, p. 136) has suggested that “if in order

for one dimension to exist the other must be specified , then the dimensions

are integral. ” In order for a sound to have pitch , it must also have loudness , for

example. The fallacy in this definition of integrality becomes evident by

considering an outline rectangle. For the rectangle to have a size the lines

that compose it must have thickness. The rectangle must also have a position

in space. The dimensions of thi ckness and spatial position are necessary for

the existence of the stimul us, but they are probably not integral with the

rectangle ’s size, nor wi th each other. Stimuli are defined by constellations

of dimensions , so that a given dimension ‘nay be logically necessary for the

existence of a certain stimulus . A dimension is not, however, necessary for

the existence of any other dimension considered in isolation . Thus, a given

dimension may be required to have a non-zero value for a stimulus to exist,

13 
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but the relation of that dimension to the other dimensions of the stimulus

is an independent issue.

Tasks

Class ification Garner and his colleagues (Garner & Felfoldy, 1970; G.ottwald

& Garner , 1972, 1975; Pomerantz & Sager, 1975) have extensively investigated

the perception of multidimensional stimuli using a speeded classification task

— in which subjects sort two dimensional stimuli into groups defined by one dimension ,

ignoring the other. In the control condition the irrelevant dimension is held

constant. In the two experimental conditions the irrelevant dimension is either

varied orthogonally with the relevant one, or is correlated with it. If the

two dimensions are integral , according to Garner, subjects will be unable to

filte r in the orthogonal condi tion and there will be a loss in softing speed

compared to the control. In addition , integral dimensions will provide a

gain in sorting speed when they are correlated.

Garner (l974a) has proposed that integrality be defined operationally

by a converging pattern of results. These incl ude the above pattern in speeded

classification tasks, together with a Euclidean metric in multid imensional

similari ty scaling,and preferential classification according to similarity ,

as opposed to dimensions, in a free sorting task. According to this definition ,

value and chrome in a single color chip, and horizontal and vertical position

of a dot were found to be integral . Val ue and chrome on two color chips, and

the size of a circle and the angle of a diameter drawn through it were found to

be separable (Ga rner & Felfol dy, 1970).

There are contradictions , however, wi th results found both in absol ute

judgment and discrete reaction time classification tasks. In the absolute

judgment task, subjects identify the level of one dimension while a second

dimension is held constant or varies. The task differs from speeded classifi-

cation in that the subject is under no speed stress, and the number of levels
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of each dimension is larger than the short-term memory span; since the

analysis is based on confusions, subjects must make errors. Speeded classifi-

cation tasks, on the other hand, typically use only two levels of each dimension.

Egeth and Pachella (1969) found that subjects in an absolute judgment task could

perfectly fi lter the vertical from the horizontal position of a dot. Garner

and Felfoldy (1970), however, termed the dimensions integral , according to the

speeded classification criteria.

The discrete reaction time classification task differs from speeded

classification only in that speeded classifi cation is performed with decks

of cards, so that sorting time is obtained for an entire deck, instead of

H measuring reaction time for each trial. A more important di fference between

Garner’s work with speeded classification and-that of Morgan and Al l uisi (1967),

and Wel l (1971), who used discrete reaction time , is that the latter group of

experiments vary either more than one irrelevant dimension or more than two

levels of the i rrelevant dimension concurrently. An increase in reaction time

-: with increasing i rrelevant information was evidence against subjects being able

to filter dimensions such as size and color (Morgan & Alluisi , 1967), and position ,

orientation , and distance between dots (Well , 1971).

Discrepancies among results found using the three types of fi ltering

tasks -- absolute judgment, speeded classification, and discrete reaction time
classification -- can be explained by the fact that the three tasks require
di fferent amounts of perceptual processing capacity. There are two types of

l imi tations on performance in these tasks (Norman & Bobrow, 1975). One is

based on the amount of processing capacity required to filter. When available

processing capacity falls below this level the task will be performed more poorly

(Kahneman, 1973). The other limi tation refers to the nature of the stimulus.

If insufficient Information is available , performance will be poor no matter

how much processing capacity the subject has.
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By definition , combination imposes a limi t that is stimulus—based.

Fi ltering is diffi cult because of the nature of two combined dimensions.

Va rying degrees of combination are not measured by the amount of processing

resources used, but by the success of filtering when there is no resource

l imi tation. Imposing time pressure on performance increases the amount of

effort required to complete the task and will result in a performance decrement

if the effort required exceeds that available. In an absolute judgment task the

subject classified stimuli und.r conditions of minimal time pressure. Thus the

nature of the stimulus , that is, the degree of combination between dimensions ,

will affect performance long before capacity limitations take effect. If the

dimensions of a multidimensional stimulus are not combined, filtering performance

should be no worse than performance when there is no Irrelevant information to

be ignored.

The speeded classification task, however, demands that the subject judge

each stimulus as quickly as possible. Under these conditions , uncombined but

interacting dimensions can produce fil tering decrements simil ar to those that

accompany combined dimensions in unspeeded tasks. While in an unspeeded task

a subject might be able to overcome the effects of interacting dimensions and

fi l ter perfectly, a speeded task allows him less time to do so.

Interacting dimensions can Increase fi ltering diffi culty in two ways.

The first was described by Egeth and Pachella (1969). When dimensions interact ,

discriminability along the relevant dimension is affected by the level of

the i rrelevant dimension. If discriminability along the relevant dimension

in the control condi tion Is greater than the average discriminability of the

stimul i in the filtering condition , performance in the filtering condition will

be poorer.

The second cause of poor performance is related to the effects of variable

discriminability on responding. The stimul i in a speeded classification task

16 

—~~~~~- - - - — — - - —~~~-—~~~~~~,~~~~~~~~ - ~~~~~~~~ - -—- - - - -
~~~~

-- -
~~~~~~~~~~

- 



I
typically vary at two levels on each of two dimensions. When one dimension

is hel d constant at a single level , the subject classified two levels of the

relevant dimension into two categories. The effect of varying an interacting

second dimension is to create, in essence, four instead of two levels on the

dimension relevant to classifi cation. While pairs of the levels are nominally

and physically identical , perceptually they are different. The subject therefore

classifies four levels into two categories, a task that Fitts and Biederman (1965)

showed requires more time than a two onto two classifi cation. This effect

will produce a fil tering decrement even when the level of discriminabi lity

of the control condition matches the average level of discriminabi lity in the

fil tering condition .

The contrast between the speeded classifi cation tasks in which no fil ter-

ing decrements were found and the discrete reaction time tasks in which reaction

time increased wi th the amount of irrelevant information can be explained by

the fact that the latter tasks almost always involved more diffi cult or complex

judgments due either to limi tations imposed by stimul us discriminability or

response demands.

Morgan and A lluisi (1967) found both errors and reaction time to increase

wi th increasing amounts of i rrelevant information when subjects classified stimul i

by size and ignored color. Stimul i varying in size and brightness have been

found to be separable in a speeded classification task, however (Gottwal d &

Garner , 1975). A major difference between the two experiments is in the dis-

criminability along the relevant dimension . Morgan and Alluisi varied discrim-

inability explicitly and found i rrelevant color information to have a larger

effect when stimul i were not very discrimi nable in size.

Well (1971) al so found reaction time to increase with i rrelevant dimensions

for stimuli that had been termed separable in a speeded classification task

(Imai & Garner, 1965). Well, however, presented six levels of the relevant

17
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dimension , which subjects classified into two groups. Here, increased task

di fficulty could be the result of this six onto two classifi cation instead of

the usual two onto two stimul us to response mapping.

The lack of perfect filtering using stimul i that were perfectly filtered 
*

in the simple two-level classification tasks used by Gottwald and Garner (1975)

and Imai and Garner (1965) indi cates that factors other than dimensional relation-

ships can generate the same pattern of results as does integrality . One of

these factors, discriminabi )ity, is related to stimulus characteristics, but

not to integrality. The others, speed stress and response complexity, are process

factors.

Norman and Bobrow (1975) note that interprocess interference due to

shared resources, as opposed to data limi tations, wi ll be revealed only when

the processes are forced to operate under limi ted-resource conditions. Fi l tering

tasks that impose speed stress essentially limi t perceptual performance by

taxing limi ted processing resources while the goal of the investigation is to

determine the limi tation imposed by the nature of the stimulus dimensions. Im-

perfect filtering in these tasks could be due to either interaction or integrality

of dimensions, or both. When dimensions interact, a fil tering task that does not H
add a process limi tation is necessary to determine whether subjects can overcome

the interaction, a sign of dimensional separability, or whether dimensions

sti ll remain unfi l terable. Garner (l974b) explained the discrepancy between his

finding that the vertical and hori zontal position of a dot were integra l and

the finding of Egeth and Pachella (1969) that perfect filtering was possible

for these dimensions in an absolute judgment task by stating that “optional

selective attention” was operating. The difference ~n task demands between

these two experiments indicates the point at which selective attention is

optional. Integrality is a continuum. It is reasonable to expect that the ‘

infl uence of task demands and subjects’ strategies will be most apparent when

18
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stimul us dimensions are not at either extreme of the integrality spectrum.

Similari ty Scaling It was previously noted that the Euclidean versus City

Block metric criterion for integral dimensions in similari ty scaling cannot

distingui sh the types 0f non-separability between dimensions . Multidimensional

scaling in which subjects base their similarity judgments of pairs of stimul i

on the overall appearance of the stimul i (that is, similarity scaling wi thout

filtering) can reveal the interactions that may exist between the dimensions

of the stimuli. Krantz and Tversky (1975), for example , showed that an inter-

action between shape and area of rectangles resulted in a systematic di stortion

in the mul tidimensional scaling plot. Lines connecting stimul i of equal area in

the plot were not parallel , but instead diverged as the level of shape increased.

Similari ty scaling requiring judgments based on a single dimension , on

- ;  the other hand, can reveal dimensional combination independently of dimensional

interaction . The logic is similar to that of the fil tering condition of an

absolute judgment task. Subjects must fil ter one dimension from the other in

making their similari ty judgments. The lack of stress on speed or accuracy in

this task maximi zes the opportunity to demonstrate nonintegrality regardless of

dimensional interaction. The method has an advantage over the absolute judgment

task in that is is specifically tied to similarity judgments -- the exact form of
the perceptual distortion due to dimensional combination can be demonstrated

by examining the psychological space of the stimul i as revealed by mul tidimen-.

sional scal ing.

DEMONSTRATION EXPERIMENT

The remainder of this paper will be devoted to a detailed explanation of

the similarity 4~~~1ing-fi ltering method and the presentation of some results

obtained by applying it. Like most filtering tasks, the filtering task in the

context of similari ty scaling consists of two conditions. In the control con-
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dition , the irrelevant dimension is held constant. In the comparison condition ,

it varies . Subjects in both conditions base their similari ty judgments of a

pair of stimuli on a single dimension , the relevant dimension . To the extent

that the relevant and i rrelevant dimensions are combined , subjects will be

unable to ignore the irrelevant dimension. In the comparison condition , where

the i rrelevant dimension varies , pairwise simi l arity ratings will be different

from those of the control . It is expected that different dimensional pairs

or stimulus sets occupy different points on the continuum of combination .

The size of the difference between the control and comparison conditions m di-

cates the degree of combination within a particular stimulus set.

A measure of combination , which we will call the distance ratio , can be

obtained in the following manner. The values of the rel evant dimension of

the stimulus set are randomly divided in half. The values of the i rrelevant

dimension are also divided in half , but here the halves are not random.

Instead , the halves are chosen so that all the stimuli in one half are more

similar to each other than they are to the stimuli in the other half , wi th

reference only to the i rrelevant dimension.

There are actually two control conditions . In each, the i rrelevant

dimension is hel d constant ; that is , the values of only one of the irrelevant—

dimension halves is used , a different half for each condition . The comparison

condition is created by pairi ng each of the relevant-dimension halves with

one of the irrelevant-dimension halves . Thus , the stimuli of the comparison

condition are identical to those of the control on the relevant dimension ,

but now half of the stimuli are of one type on the irrelevant dimension and

half are of the other type.

Figure 1 illustrates the experimenta l design. The stimuli are schematic

faces. The relevant dimension is outl i ne shape and the i rrelevant one is
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emotional expression. The faces of the two control conditions and the comparison

condi tion are i dentical in the values of outline shape represented. All of the

-f faces in one control condition are sad and all the faces in the other control

condition are diabol ical. The comparison condition combines half of the sad faces

wi th hal f of the diabol i cal faces, using the first half of the first control

conditi on and the second hal f of the second control conditi on.

In both control and comparison conditi ons , the distance ratio is formed

by comparing the mean distance between stimuli in di fferent relevant-dimension

halves with the mean distance between stimuli in the same relevant-dimension

half. That is , the distance ratio = 

~ d(a~, b3
)/n2 where d (a~ b~) is

~ d(a~, a~)/n(n_ l)

isi
the distance between two stimul i in different halves , and d(a

~
, a~) is the

di stance between two stimul i in the same half. The distance ratio in the control

conditions serves as a baseline against which to measure the change in distance

due to the pairing of dimensions in the comparison condition. Because it is a

ratio of distances instead of the distances themselves , the distance ratio can

be compared across conditi ons , as wel l as across subjects.

The use of the distance ratio was first applied to stimul i that seemed

to be intermediate in integrality . These were schematic faces. Although they

consistently scaled better wi th a Euclidean metric than a City Block metric ,

the elementary components of the face (eyes, nose, mouth , etc.) were spatially

separated.

The i rrelevant dimension was emotiona l express ion, formed by specific

combi nations of eye slant and mouth curvature. Thus, this dimension corresponded

to a vari able of higher order than an elementary facial component. Since

emotional express ion was a charac ter istic of the face as a whole, it was

expected that components of the face would be somewhat integral with expression.

22 
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I
The relevant dimension in this experiment was the shape of the outline of the face.

Method

The schematic faces were constructed by specifying values on nineteen

• continuous dimensions. They were drawn by a Calcomp Plotter under instructions

from an Amdahl 470V/6 computer. In the present experiment all but six dimensions

were held constant. These six were mouth length , mouth curvature , eye slant ,
eyebrow slant, height to width ratio of the face, and vertical position of a dimple

in each side of the outline. Mouth length and curvature were combined to form

four mouths, two frowning, and two smiling. Eye and eyebrow slant were combined

to form four types of eyes, two slanting downward at the sides and two slanting

upward at the sides. Smiling mouths and upward-slanting eyes were combi ned to

form faces labelled diabolical , and frowning mouths and downward-slanting eyes

were combined to form faces labelled sad. Because it is composed of a number of

continuous dimens ions and i s not actually continuous itself , emotional expression
• as used here is properly termed an attribute , not a dimension , but since the

distinction is not relevant to the use of the distance ratio method , the term

dimension will be used for consistency.

The relevant dimension , outline shape, was composed of the orthogonal

combination of four levels of height-th-width ratio and four levels of dimple

H position , for a total of sixteen stimuli. In the control conditions all sixteen

faces were sad or all were diabolical . In the comparison condition , eight faces

were sad and eight diabol ical. The thirty-two faces are shown in Figures 2 and 3.

The ten subjects, obtained from the paid subject pool at the University

of Mi chigan , participated in one experimental session each , consisting of one

control and one comparison condition. Both control conditions were used:

• diabol4cal expression was the i rrelevant attribute in one and sad expression was

the i rrelevant attribute in the other. The order of control and comparison conditions

23
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1

Figure 2. Faces varying in height-to-width ratio (rows)
and dimple position (columns), with diabolical
expressions .
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Figure 3. Faces varying in height-to—width ratio (rows)

and dimple position (columns), with sad
expressions.
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was counterbalanced . Thus , there were four types of experimental sesssions:

diabolical-mixed (two subjects), mixed-d iabolical (three subjects), sad—mixed

(three subjects), and mixed-sad (two subjects). The integrality of outline

and expression could be measured for each subject by comparing the distance

ratio for the two conditions .

Each condition consisted of 120 stimulus pairs , all possible pairs of

the 16 faces in the condition. These pairs were shown to the subject one at

a time in random order, with the first ten pairs repeated at the end of the

sequence as a check on the stability of subjects ’ similarity ratings . The stimuli

were presented on slides , with the left-right order of the two stimuli in a

- ‘ pair randomized. Each face occupied about 8° 20’ of v isua l angle.

Before a session began the subjects read the followi ng instructions .

We are interested in how people perceive complex figures . In
this experiment you will be shown pairs of drawings of faces. You
are to judge how similar the shapes of the outlines of the two faces
are to each other. Rate the similari ty of the pair on a scale of
1 to 10 (integers only). If the outl i ne shapes of the two faces in
a pair are very similar, rate them 1. If the shapes are very different
rate them 10.

Mark your judgment in the appropriate space on the answer sheet.
Be sure to use all 10 ratings.

When you are done reading the instructions , look up, and the
experimenter will run through all the slides so that you can get
an idea of what the whole set of drawings looks like.

Between conditions in a session the subjects were told the following:

For the next set of faces , follow the same instructions as for the
last set. That is, rate the similarity of each pair of outline shapes.
The outl ine shapes in this set are the same ones as before, although
the faces are different.

Subjects were allowed as much time as they needed to make a judgment.

The experimenter presented a new stimulus pair approximately every 20 seconds,

but a subject could request more time if necessary. A session took from 90

minutes to two hours .
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Results and Discussion

The similarity ratings made by each subject in each condition were sub-

jected to a multidimens ional scaling analysis using the Guttman-Lingoes program

MINISSA (Guttman, 1968; Roskam & Lingoes, 1970). The ratings of the first ten

stimulus pairs given at the end of the sequence were substituted for those

made initially, on the assumption that these would be more consistent with

the criteria used by the subject throughout the condition.

The distance ratio for each subject in each condition was calculated

from the derived interstimulus distances given by MINISSA . Since interstimulus

distance depends on the dimensionality of the space in which the stimuli are

embedded, the proper number of dimensions for scaling each result was first

determined.

In nonmetric mul tidimensional scaling, the configuration of stimulus

points in the space is derived from strictly ordinal data, the rank order of

similarity ratings of the stimulus pairs. Comparing the rank order of the

- :  similari ty ratings wi th the rank order of the corresponding interstimulus

distances in the scaled configuration gives a measure of the goodness-of-fit

of the configuration to the data (Kruskal , 1964). This measure, called stress ,
can be used to determine the proper dimensionality of the stimulus space. If

stress is high for a given configuration, an additional dimension is probably

needed. A second criterion for selecting the proper dimensionaifty of the

space is the interpretability of the dimensions. Adding dimensions will always

lowe r stress , but these dimensions may not be meaningful .

In the present data, it was found that a maximum of two dimensions was

interpretable for each subject. In addition , stress tended to decrease sub-

stantially from the one- to the two-dimensional solution , but adding a

third dimension decreased stress only a small amount. On the basis of these
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I

results , the two dimensional solution was chosen for each subject in each

condition. It must be noted, however, that the distances in a solution of any

dimensionality are monotonically related to the distances in a solution of

another dimensionality , so that the pattern of results in terms of the distance

ratios would remain similar.

The distance ratio for each subject in each condition was calculated

according to the method described above. Table 1 gives the two-dimensional

stress , the mean distance between stimuli within a half , the mean di stance

between stimuli in different halves , and the ratio of the last two quantities ,

the distance ratio.

The most apparent aspect of these results is that individual differences

are large, both in stress and in distance ratio. Subjects 2 and 4, and

H Subject 8 to a lesser extent, show the type of distortion of the similarity

space in the mixed condition expected if emotional expression influenced

the simi’arity ratings; the distance ratio is substantially higher in the

mixed condition than the control. Figures 4 and 5 demonstrate the basis of the

distance ratio increase. Figure 4 is the two dimensional configuration of

stimuli in the control condition for subject 2. The numbers representing the

faces correspond to the numbers in Figure 2. There are four clusters of points

corresponding to the four levels of height-to-width ratio. Dimple location

apparently played little role in the perception of these faces. The stimuli

numbered 1, 2, 4, 6, 8, 12, 14, and 15 composed one half and the remaining

stimuli the other half. Since the halves were chosen randomly, and faces

in both halves had a diabolical expression, the distances between stimuli

w i thi n a half should be no different from the distances between st imul i in

different halves, on the average. The configuration of the mixed condition ,

however , shown In Figure 5, indicates a large effect of the division between

stimuli. Here faces 1 , 2, 4, 6, 8, 12, 14, and 15 were diabol ical

28
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Table l

Stress and distance ratios for comparison

vs. control conditi ons, subjects 1-10.

Stress in Mean Distance Mean Di stance Di stance
Subject Condition two dim. between halves within half Ratio

1 Ctrl-Diab. .09 1.05 1.08 .97
Comp. .09 1.18 1.16 1.02

2 Ctrl-Diab. .15 1.10 1.20 .92
Comp. .13 1.27 .60 2.12

3 Ctrl-Diab. .07 .98 1.06 .92
Comp. .08 .97 1.01 .96

4 Ctrl-Diab . .10 .93 .96 .97
Comp. .14 1.38 .64 2.16

• 5 Ctrl-Diab . .09 1.14 1.15 .99
Comp. .08 1.02 1.03 .99

6 Ctrl-Sad .09 1.00 1.08 .93
Comp. .002 1.32 1.36 .97

7 Ctrl —Sad .06 1.15 1.24 .93
Comp. .02 1.14 1.15 .99

* 8 Ctrl-Sad .16 .98 1.19 .82
Comp. .14 1.18 1.05 1.12

9 Ctrl-Sad .04 .98 1.05 .93
Comp. .09 1.00 1.14 .89

10 Ctrl-Sad .09 1.08 1.18 .92
Comp. .14 1.08 1.12 .96

I.
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and the remaining faces sad. There are two dimensions to the configuration.

One consists of the outline cl usters as before. The other is clearly based

on emotiona l expression. The mixed condition configurations for subjects 1 ,

3, 5, 6, 7, 9, and 10, in contrast, were quite similar to the control . These

resembled the configuration shown in Figure 4.

The stress values for those subjects whose judgments of outline shape

were i nfluenced by differences in emotional expression were completely separable.

The contrast in stress may be indicative of the contrast in filtering ability

between these groups of subjects. For subjects who filtered successfully the

stimuli could be scaled in one dimension; the second was not interpretable.

For the other group of subjects, the second dimension was meaningful . Since

lower stress will result from scaling in more dimensions than are necessary ,

the stress differences between the groups may indicate a difference in the

proper dimensionality of the stimulus space in the mixed condition. However ,

it should be noted that subject 10, who filtered perfectly according to the

distance ratio criterion , also showed a high stress value in the mixed

condition. Since this may be simply the result of increased noise , a

nonsystematic distortion of the space , stress alone should not be taken as

a serious indicator nf integrality in this paradigm .

The individual differences found in fi l tering ability for these stimuli

indicate that integrality is not strictly a stimulus characteristic , but a

characteristic of the interaction between stimulus and perceiver. Such an

interaction is probably most obvious when stimuli are intermediate in

integrality . The fact that some subjects were able to successfully ignore

the i rrelevant dimension indicates that outline shape and emotional expression

are not at the extreme of integrality . The fact that some subjects did not

fi l ter emotional expression , at least given the present instructions , indicates 
•

that the dimensions are also not at the extreme of separability .
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All of the nonfilteri ng subjects indicated that they felt th t emotional

expression influenced their judgments. Subject 8, for exampl e, said that

“if inner features (that is, emotional expressions) were very similar I

tended to think (outline) shapes were more similar.” The individual differences

in the distance ratio demonstrate, then, that the present method is sensitive

to influences on similarity judgments by an irrelevant dimension.

GENERAL DISCUSSION

The method descr ibed here has several advantages as an indi cator of

integrality. Because the method is tied to multidimensiona l scaling , the

effect of a given dimension on the perception of similarity along a second

dimension can be graphically demonstrated. While reaction time measures

indicate only a gain or a loss in the time to make a judgment, an exam ina tion

of the change in interstimulus distances, represented by the distance ratio,

indicates the basis of that gain or loss.

If subjects can ignore the irrelevant dimension in the comparison

condition , the distance ratio for this condition sbould equal that of the

control . Theoretically, these should both be equal to 1.0. Since the

relevant dimension values were divided in half randomly there should be no

difference between interstimulus distances within a half and between halves .

Since the number of stimuli is small , actual distance ratio values may deviate

from 1.0, hence the use of the control condition as a baseline . If the

i rrelevant dimens ion contributes to subjects ’ similarity judgments, the

distance ratio will be greater in the comparison condition than in the control .

A loss in classification speed In a filtering task is at least partially

due to the fact that four stimuli instead of two stimuli map onto two responses.

This can occur when a dimensional interaction produces four levels of discrim-

inability on the relevant dimension, as described above. It can also occur

33



- - -

I when dimensions combine, as pointed out by Garner (1974a). When two physical

dimensions on which there are two levels of variation combine to create a single

psychological dimens ion, the result is four stimuli that vary on one dimension .

Again , there is a four to two, stimulus to response mappi ng .

The functional transformation of two stimul i in the control condi t ion to

four stimuli in the filtering condition is graphically demonstrated in Figures

4 and 5. To illustrate, cons ider stimuli 10, 14, 11, and 15. Stimuli 10

and 14 are at one level on the relevant dimension and 11 and 15 are at another.

In the control condition, the irrelevant dimension is held constant. Figure

4 demonstrates that 10 is perceived to be more similar to 14~ wi th which it

shares a level on the relevant dimension , than it is to 11 . The distance

ratio of .92 confirms the lack of the influence of the irrelevant dimension

on i nterstimulus distances. In the filtering condition , however , the irrelevant

dimension is varied . Now stimul i 10, 11 , 14, and 15 represent the orthogonal

combination of the relevant and irrelevant dimensions . Figure 5 shows that

the relative psychological distances have also changed; now 10 is more similar

to 11 , which matches it on the irrelevant dimension , than it is to 14. The

distance ratio of 2.12 indicates that the irrelevant dimension now plays a

role in determining the overall dissimilarity between the two stimuli. In the

control condi tion, stimuli 10 and 14, and stimuli 11 and 15 were essentially

the same stimuli. In the filtering oondition , they are four different stimuli.

A gain in classification speed typically occurs when two combined dimensions

are correlated. The explanation is straightforward: the distance between

two stimuli that differ on two dimensions is greater than the distance between

stimul i that di ffer on one dimens ion (Garner , l974a). A comparison of Figures

4 and 5 and their corresponding distance ratios demonstrates this fact. The

di stance between stimul i that di ffer on one dimension in the control conditi on

and two dimensions in the comparison condition increases relative to a pair
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that varies on only one dimension in both conditions . For example, the dis-

tance between stimuli 5 and 2 is less than the distance between stimuli 5 and

10 in the control condition , when both pairs differ only on one dimension.

It is relatively greater when the irrelevant dimension is added .

It should be noted that throughout the discussion, the distances referred

to are relative. A pair of stimuli can only become more or less dissimilar than

another pair in the same multidimensional scaling plot. Because nonmetric

mul tidimensional scaling is based on ordinal data, the d istance scales in

two different plots are not directly comparable. The numbers measuring inter-

stimulus distances in a plot apply only to the scale of that plot. In effect,

distance is measured by context. Two equivalent statements are that the

distance between A and B has increased relative to the distance between A and

C and that the distance between A and C has decreased relative to that between

• A and B.

The distance ratio measure mi rrors this relativity perfectly. The

effect of varying the irrelevant dimension in the comparison condition might

be to decrease the psychological distance between stimuli sharing a value on

: 1 this dimension. It might also be to increase the psychological distance be-

tween stimuli with different values on the irrelevant dimension. In terms

of our exper imen t, the two possible changes in distances are these: outline

shapes of two sad faces may seem more s imi lar to each other when there are

also diabolical faces in the stimulus set, or outline shapes of faces with

two dif ferent emotional express ions may seem more different. In the context

of nonmetric multidimensional scaling the two events are identical. The

distance ratio measures the ratio of the average distance between stimuli with

different values on the irrelevant dimension to the average distance between

stimuli with the same value on the irrelevant dimension . It thus combines

these two psychologically different but actually indistinguishable changes
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in interstimulus simi l arity into a single measure.

The similari ty space of a set of stimuli suggested by a multidimensional

scaling analysis is firmly tied to subjects’ similarity judgments, but the

interpretation of the dimensions of the space is largely a matter of intuition.

One comon use of multidimensional scaling in the investigation of perception

is to discover the psychological dimensions underlying the perception of a

stimulus . Using the present method, we can find psychological dimensions by

determining how a set of physical dimensions combine, not by trying to

interpret the dimensions of the scaling solution ~~~~~ Thus certain pitfalls

of mul tidimensional scal ing are avo ided, whi le its analys is of ordered

similarity ratings is exploi ted. In fact, since the use of the distance ratio

measure is independent of the interpretation of dimensions , it might also be

computed by comparing the rank order of similarity ralings for identical

pairs in the control and comparison conditions directly, thus avoiding the

necessity of determining the dimensionality of the space.

Torgerson (1965) argued that similarity judgments are qualitatively

different for stimuli that vary on several dimensions within an attribute,

for example, color , than for stimuli that vary on several multidimens ional

:~ 
attributes , for example, faces. In the latter case, groups of dimensions of

the stimu l us combine to form different attributes. Eye tilt and mouth curvature

combine to form the attribute of emotional expression, for example, and height-

to-width ratio and dimple location combine to form the attribute of head shape.

Torgerson argues that similarity judgments that consider only dimens ions

within an attribute are perceptual and have properties of distance in space.

Similarity judgments that take into account more than one attribute are more

cognitive and not inherently spatial. Thus, the suitability of multidimensiona l

scal ing for multiattribute stimuli is questionable , when the interpretation of

dimensions in space is the goal of scaling . While a dimension is continuous ,
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an attribute may only have nominal values that do not relate to one another

in a clear way. It cannot be specified , for example , where the emotional

expressions sadness and diabolicalness fall on a scale of expressions .

If one avo ids ass igning interpretations to dimens ions of the space where

it is not appropriate to do so, however , use can be made of the clusters into

which multiattribute stimuli fall. Because the interpretation of dimensions

is not a goal in the method described here , multiattribute as well as multi-

dimensional stimuli can be investigated. This is done by focusing on relative

interst imulus distances using the method of the distance ratio. The advantage
is a major one, s ince the dimens ions of many comp lex stimul i are not as pects

of a single attribute, but may be nonseparable nonetheless.

The use of filtering instructions in similarity scaling has allowed the

• development of a continuous measure of dimensional combination, tied to a

meaningful aspect of multidimensional stimulus perception . If combination is

the extent to wh ich physical dimensions mismatch psychological dimensions , the

degree of combination in any stimulus set must be determined separately and

* empirically. The distance ratio measure provides one method with which to

make this determination. While this method is an indicator of dimens ional

combination , as opposed to interaction , a complete picture of dimensional

interrelationships can be obtained by combining the method with the use of multi-

dimensional scal ing without filtering . Repeating the set of similari ty judgments

with attention to both dimensions will indicate how the dimensions interacted

in producing the judgment. The similarity space resulting from this analysis

can be compared to that for the identical stimuli when subjects are asked to

filter. Thus, when a pair of dimensions both interact and combine, multi-

dimensional scaling with attention to both dimensions will ind icate the nature

of the interaction, and scaling with attention to a single dimension will

indicate the extent to which the interaction can be disentangled by the per- ~- 
-
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ceptual mechanism.

To return to the initial point of this paper, the dist inction between

the two types of nonseparability, dimensional interaction and dimensional

combination, has several impl ications for the use of multidimens ional displays

to represent complex information. If, on the one hand, the task of the

observer is to detect a particular combination of levels on a number of dimens ions

independent of the level on any particular dimens ion, dimensions that interact

should be avoided in favor of dimensions that combine. This is because with

interacting dimens ions the perception of any one dimension is infl uenced by

the level of a second. Thus a given proportion of dimensional values , for

example, will appear different depending on the values of the component

parts. If the observer is to respond to the proportion regardless of the

level of the individual dimens ions, interaction can be deadly.

On the other hand , if a single response is to be made to a particular

combination of dimensions , dimensions that naturally combine will enable

that response to be made as the resul t of an automati c perceptual analys is

instead of a more cognitive condensation of the dimensions . The theoretical

basis of this advantage lies in the fact that naturally combining physical

dimensions actually comprise a single psychological dimens ion, to which a

single perceptual response can be made.
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