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CHAPTER 1

INTRODUCTION

1.1 Summary

The cognitive space is introduced as a Euclidean spatial repre-
sentation of an individual's perception of the dissimilarity of a set of
stimulus objects. Since certain experimental evidence suggests that. con= .
text affects perception, a change in the perceived context is expected
to change the cognitive space. Yet investigations of the effect of con-
text on cognitive spaces defined for a group have been inconclusive.
Intergroup differences in cognitive spaces have not been explained by
context differences. This research argues that the analysis of groups
tends to obscure context effects because of interindividual differences,
and demonstrates at the individual level, that substantive, statisti-
cally significant and replicable changes in cognitive spaces do occur
because of context changes. The spaces defined from four experiments
differed in dimensionality, dimension identity and configuration of

stimulus object points in the spaces,

1.2 Cognitive Models

Expressing preferences for, or assigning values to alternatives
can be viewed as the end result of a two-stage cognitive process:

comparison and evaluation. While both stages are fundamental to a

1-



comprehensive understanding of human decision making, this research
focuses on the comparison process part of the complex cognitive oper-—
ation. Furthermore, this research suggests that explicit recognition of
the influence of context on comparisons can substantially enhance the
ability to explain and understand evaluative judgments.

It is assumed that the EomparisonnproceSS‘can be described by a
model of an individual's cognitive structure and that affective disposi-
tion is associated with elements of that structure. The content of the
model consists of mental representations of stimuli (people, concepts,
things, etc.) defined in terms of their attributes. The model structure
reflects the behavior of the stimuli and their interaction with the indi-
vidual and his enviromment in specific situations. The mental represen-
tations are related or connected by association or similarity and their
interdissimilarity dictates metric relationships in the model.

The theoretical amalysis of similarity relationships has been
dominated by geometric or spatial models which represent stimuli as
points in a coordinate space such that subject-defined stimulus inter-
dissimilarities correspond to metric distances among the respective
points. The Buclidean spatial model resulting from a nonmetric multi-
dimensional scaling of the dissimilarity data is used to model an
individual's cognitive structure; this model is called a cognitive
Space.

There is ample evidence from a wide variety of experiments and
applications which demonstrates the usefulness of the cognitive space.

Examples of various stimuli imclude human traits {(Walters and Jackson



1966), combat situations (Cliff and Young 1968), occupations {Burton
1972), colors (Indow and Uchizono 1960}, presidential candidates (Mauser
1972), speech patterns (Matsumoto, Hiki, Sone and Nimura 1973), bakery
items (Green, Maheshwari, and Rao 1969), saline solutions (Gregson
1968), natural resource planning objectives (Harris 1977), shapes of
U.S. states (Shepard and Chipman 1970), and artistic drawings (Skager,

Schultz, and Klein 1966).

1.3 Context and Cognitive Spaces

Attneave (1950) seems to have been the first to recognize that
cognitive structures dependent upon dissimilarity or similarity measures
can be influenced by context. Similarity needs a referent; when things
are similar, they are similar with respect to something. Consequently,
the way in which they are similar may also change.

Consider, for example, three stimuli: table, fable, and chair.

Table and fable are similar bhecause they sound alike. Table and chair

are also closely associated, but as furniture. The pattern of similar-
ity among these three words will differ for an individual depending on
whether he is working a2 crossword puzzle or responding to a word associa-
tion quiz; on whether he considers the meaning of the words or merely
their sounds; on whether other homonyms are included in the stimulus set
or merely other pieces of furniture; and whether the individual is a lin-
guist or a furniture salesman. Attneave suggests that a separate cogni-
tive structure might be achievable for each state of attention, or as

interpreted here, for each facet of context. Context could thus affect



a person's cognitive structure and hence its representation by the cogni-
tive space. It could also affect his evaluation of the objects and his
behavior in relation to them. Thig study will explore the influence of
context on cognitive spaces.

Context is believed to have an effect on personal statements of
value. This effect has been demonstrated in word ratings (Heise 1969,
Halff, Ortony and Anderson 1976), bread and pastry preferences (Green
and Rao 1972), and gift selection (Hansen 1972). Sometimes, however,
personal statements contradict personal behavior (Bickman 1972),
Anecdotal evidence of context influence on behavior is also available.
For example, in retail settings, the presence of children (Wells and
LoSciuto 1966), friends (Bell 1967), and sales personnel (Albaum 1967)
have been observed to alter purchase outcomes.

In contrast to these studies, Green and Carmone (1972) found
that evaluations of magazine ads were generally independent of context.
Similar results concerning the negligible effect of context on percep—
tion were also reported by Green, Maheshwari and Rao (1969), Ryans
(1974), and Heeler (1974). After a series of studies of various stim-
uli, CIiff concluded that changing the context of a decision making Etask
had only the effect of changing the use of the cognitive space, not the
cognitive space itself (CLiff 1966, Cliff and Young 1968). Negative
results such as these may have encouraged a neglect of context. Dif-
ficulties in explaining behavior by measuring attitudes, for example,
have been ascribed to the neglect of context, most explicitly by Rokeach

(1968). Further research in this area is clearly needed. Are context



effects on individual perception a common occurrence or a rare event? If
it is a common event, it raises serious questions about consumer product
design or marketing concept evaluatién nodels that assume invariant per-
ception or preference structures under context changes (s.g., Pessemier
and Root ‘1973, Ryans-197%4; Shocker -and Srinivasan -1'974,-Rao—and-Soutar - --
1975). This research uncovers evidence on the circumstances in which
perception of stimulus objects changes, and the cognitive structure

which an individual uses to combine .his.perceptions .of the stimuli.._. ... ..
changes.

It is no doubt due to the inconclusiveness of the evidence that
has prompted authors to continue to speculate on whether or not context
affects the spatial cognitive model. Day says '"there is widespread
unsupported (emphasis added) agreement that perceptions (and cognition)
and preferences are context bound" (Day 1972, p. 284). And Green and
Carmone note, ""The question of (cognitive space) iamvariance over changes
in ... scenarios appears wide open for future study. It seems that
similarities and preference judgments ought to be context bound . . ."
(Green and Carmone 1972, p. 204). They are right, there seem to be no
studies in the literature which clearly show that similarity perceptions
are context bound. Moinpour, McCullough .and MacLachlan.(1976) also.
recognize the need to investigate the nature of changes in individual
cognitive spaces in response to context changes in order to apply spa-
tial cognitive models to marketing. Ryans and Deutscher (1978) note
that although cognitive models have been studied extensively as an

invariant structure, their potential for improving the understanding



of the dynamics underlying consumer choice is largely unrealized. To
this writer's knowledge, no one has shown that an individual's cognitive
space changes under different contexts and that the changes are quanti-
fiable and replicable. This study addresses that void,

The systematic ‘research-on the éffects of context on cognitive
spaces to be reported here- hasy to the contrary, found substantive, sta—
tistically significant and replicable changes in the cognitive spaces
due to context. The cognitive spaces differed in dimensionality, dimen-
sion identity and configuration of points. It was found, however, that
the separate spaces for each context could be embedded in a "master"
cognitive space of which they were special cases in which particular
dimensions were given more, less, or even zero weight depending on the
context. Whereas other studies have treated the cognitive model as an
independent variable or invariant structure, the resear;h presented here

treats the cognitive space as a dependent variable and imnvestigates the

effects of a limited set of other independent variables defining context

upon the dynamics of the cognitive model.

1.4 Study Organization

In Chapter 2, conftext is defined and analyzed and an account is
given of how it would be expected to affect judgments of dissimilarity
and the sgpatial cognitive model resulting from such judgments. Chapter
3 provides a critical review of the literature relevant to countext

changes and their effects on spatial models. Conclusions are drawn and



implications are defined for this study, With the review as 2 back-
ground, specific study objectives are presented,

All four experiments im this study used the same procedures and
data analyses. These methods are discussed in Chapter 4. The four ex-—
periments are detailed~inrChapters -5-8v~—Each of ~these expériments-tas ~-
been selected to investigate a different type of context change. 1In
each chapter, the nature of the effect of the particular type of context
on the cognitive spaces is discussed, quantified, and. substantiated.by.
replication. and. significance. tests. .. . -

Chapter 9 summarizes the principal results of the study and dis-—
cusses their implications for practical applications with specific
examples.

Three technical Appendices cover areas of particular interest to
this study. An extensive review of nommetric multidimensional scaling
(MMDS) is covered in Appendix A,. especially the NMDS algorithm (MDSCAL)
used to produce cognitive spaces in this research. Basic assumptions
and unique features of the algorithm are also discussed. Finally, tech-
niques for determining the proper cognitive space dimensiomnality and sig-
nificance of results are also given.

Appendix B discusses the. INDSCAL model which.is used to develop
a cognitive space with differentially weighted dimensioms. The use of
this techmique to produce a master space which spans a set of cognitive
spaces is also addressed.

A major objective of this study is to demonstrate that two cogni-

tive spaces formed from different contexts are different. Appendix C


http:which.is

provides a metric for comparing two spaces and suggests a measure of

congruence. Furthermore, a test of significance is developed for this

measure.



CHAPTER 2

EFFECTS OF CONTEXT ON JUDGMENT

2.1 Overview

The term context is defined in this chapter and analyzed into
its component aspects.... Much of _the definition.adopted results from-a. -
survey of the literature of situation but.an important distinctiom is

made between situation and context. A review is then given of the exper-

imental research on the effects of context on human behavior. Finally,
an account is made of how context would be expected to affect judgments
of dissimilarity and how those effects would be represented by changes
in the parameters of the general form of the spatial cognitive model.
This 1s in preparation for presentation in subsequent chapters of experi-

mental work demonstrating such changes.

2.2 Context

2.2.1 Context vs. Situation

The terms context and situation are used almost interchangeably

by human behavior researchers with much of the psychological literature
‘on this subject using the term situation. The term context, however, is
preferred in this report because of a significant distinction. The dic-—
tionary (Webster's Third New International 1968) defines situation as

the sum total of internal and external stimuli (physical, social and



psychocultural factors) that act upon an individual in orienting and
condigioning his behavior in a given interval. Context is defined as
the interrelated conditions in which something exists or occurs so as to
characterize or indicate its meaning. The difference lies in the use of
the phrase "indicate its meaning." Where situation is objective, poten-
tially measurable, and is described in terms of physical, psychological
and social stimulus features, context is subjective and represents a
person's response to those stimulus features. It is described in terms
of aspects of the psychological significance of the situation, of how it
is perceived and reacted to. Confusion has existed in the literature
because of a failure to recognize this difference. Magnusson (1971),
Ekehammar (1974) and Pervin (1975) noticed, however, a difference in

usage of situation and context depending on whether the terms ars used

to mean objective description or personal perception. Their views sup-
port a definition in which context results from the perception of a
situation, and attaches meaning to it.

Since context depends on situation, a discussion of how situa-
tion is treated in the literature is given next. Bieri et al. (1966,
page 209) and Belk (1975) suggested that a situation may be viewed as
comprising all those facgors peculiar to a time and place of observa-
tion which do not follow from a knowledge of individual or external
stimulus attributes, and which have a demonstrable and systematic effect
on current behavior. Several attempts to inventory "all those factors"
have met with limited success. Sells (1963), for example, classified

situations in terms of their objectively measured characteristics which
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are external to the individual. However, he listed 5 major categories,
16 subcategories, and over 50 further subdivisions which appeared to
vary in the ease with which they could be measured (e.g., terrain, natu-
ral resources, language, social organization, novelty). Classification
attempts- by Bellows (196393 Wol£ (1966) and Moos (1973), are less com—-
plex, but also are impractical from the standpoint of measurement. A
limited taxonomy by Allen {1965) of the situational factors found to af-
fect conformity, highlighted several important social dimensions (e.g.,
public/private, interdependence_of participants). and task dimensions.. .. .
(e.g., difficulty, importance) of the situatioﬁ. Magnusson (1971) fac-
tor analyzed similarity judgments of typical student activities or situa-
tions in an academic domain to investigate the cognitive aspects of

situations. Social, task and persomal involvement dimensions were in-~

cluded in his list of factors.

Barker (1963) described a situation in terms of the entities and
actions of which it is composed; that is, the physicai_ggjects, the peo-
ple present and the processes going on. Finally, Bieri et al. (1966,
pages 14-~15, 209-210) considered three types of situational influences
on judgment: social, interpersonal, and contingency. Social influences
refer to the relatively stable characteristics of the social structure
within which the subject makes his judgment. Interpersonal characteris-
tics address the nature of the relatiomship between the judge and the
stimulil, subdivided into role, purpose, inferences, and personal involve-

ment. Situational contingencies consist priwmarily of situational events

that are antecedent to or precede a judgment, By such terminology, it



is obvious that Bieri addressed the perception of situation; i.e., con-
text. ’

In contrast to objectively defined properties of situation,
Endler and Magnusson (Endler and Magnusson 1974, Magnusson 1974) and
Ekehammar (1974) emphasized- how the -individual represents and -constructs
the situation. Hansen. (1972, page 47) believes- that the individual's.
perception of the situation depends upon the actual elements in the situ-
ation. Since perception is unique to the individual, the same situatiomn
can yield different contexts for..different. .persons (Magnusson, Gerzen,
and Nyman 1968). Restle (1961), however, blurs the distinction between
situation and context by defining identical situations as those with ex-
actly the same perceived charaéteristics. This has led toward a defini-
tion of situation in terms of perceived properties (Berlyn 1967, Palmer
1975), essentially the definition of context te be adopted for this
study.

Bobrow and Norman {1975) show that context determines how infor-
mation contained in memory is interpreted and used; it delineates some
restricted set of elements or connections within the memory that are rel-
evant to the situation and used to understand it. Reitman (1965, Chap-
ters 3-4) relates context to an individual's cognitive structure by
describing context as a link from the abstract or general to the spe-

B
cific; a connection between the meaning of an element in the cognitive
structure and its relation to other elements. Others emphasize that con-

text serves to limit the range of possible meanings of information or

bound the internal representations of a concept (Kaplam 1972, Halff,
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Ortony, and Anderson 1976). For Neisser (1976), coatext is embodied in
what heo(after Bartlett) calls schemata, preexisting structures that di-
rect perceptual activity by determining what stimulus features will be
perceived, and that are modified as perception takes place. Dreyfus and
Dreyfus (1976)-suggest that -the context aids rthe-individual -to:perceive -
which stimulus attributes are relevant to the task, the.importance of
these attributes relative to each other, and the extent to which each at-
tribute is present in the stimuli. In support of this, Haber's (1966)
study._suggests_that.the.selection of stimulus._attributes.-.thought. rele—=- .
vant to the task follows a "tuning" hypothesis whereby attending to a
certain context results in a clearer and more vivid perception of cer-
tain properties—--they stand out more. By the same token, the incidental
attributes are not as clear and do not stand out.

The need for contextual representation of a situation for intel-
ligent behavior has been extensively analyzed by Minsky (1975) who pro-

poses the notion of "frames,"

information processing structures thab act
as schemata, for implementing context in artificial intelligence. Some

attempts have been made to implement frames in machine vision (Kuipers

1975).

2.2,2 Characteristics of Context

For purposes of the present research, situation 1s defined as
the sum total of external and internal stimuli that act upon an individ-

ual in orienting and conditioning his behavior in a given time interval.



Context is then defined as an individual's interpretation of the per-
ceived characteristics of a situation which gives it meaning for him.
By selectively combining features suggested in the various
studies and taxonomies cited earlier, a notion of the factors rhat com—
prise a context may- be offered. ThE‘reviewed"expe;imenpai'research sug-
gests. that context depends. on the meaning attached to who is-involved,
including the possibility that the individual is alone, why he is in-
volved, where the action is taking place, what the nature of the action
occurring is,. and when it occurs. The. context is defined by. the per-
ceptual organization of these various components so that it takes on
a gestalt quality and if one of the components changes sufficiently,
the context is considered to have changed. These components suggest
five aspects of context that may have an influence on spatial cognitive
models: .

1. Physical environment factors are gemerally related to the site

or facility where the action takes place but may also reflect the physi-
cal state of the subject. Some of the more readily apparent features of
physical environment include geographical and institutional locationm,
decor, sounds, aromas, lighting, weather, and visible material configura-
tions surrounding the stimulus objects. The environment also includes
intangibles such as scenic beauty and physical facts like gravity and
limitations (e.g., deafness) of the subject.

2. Social enviromment describes the presence or absence of other

individuals (participants and non-participants) in the task action. The
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social environment considers the number of such individuals, their per-
sonal characteristics and backgrounds, and the extent and nature of
their previocus interactions with the subject. The actual or assumed
attitudes and beliefs of these individuals concerning the subject, the
stimuli and::the .task-arezalso-of=importancejespecially=the manner-in—"
which such information is exchanged between the individuals and the sub-

ject.

3. Task definition .specifies the.desired conditicons_.as_to-how.the

task will be..performed,..as_well as. criteria.-and:constraints<of perferm—-~
ance. The definition always reflects a stated or implied objective or
purpose of the task. This purpose is instrumental in the subject's se-
lection of a set of stimulus attributes which are appropriate to the
specified use of the stimuli or the purpose of the task.

4. Individual perspective represents the relationship of the per-—

son judging the stimulus objects to the task, to .the objects, or to the
purposes which the task or the objects serve. It is essentially the
role the person plays in relation to the other aspects of context and
his view of that role. Some factors which may influence perspective are
familiarity with the stimulus objects or the task, fatigue, commitment
to task purpose and ownership of the stimulus objects.

5. Temporal setting characterizes the context along the time dimen

sion and relates the subject to actual or assumed past or future events.
This allows considerations such as time of day, season of year, time
since payday, and time constraints imposed by prior commitment or exter-

nal limitationmns.
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2.3 Context Characteristics Experimentally Tnvestigated

There are two relevant kindi of situations and hence contexts
which relate specifically to spatial cognitive models. The first con-—
text is identified with the stimulus comparison task itself (i.e., the
dissimilarity judgments?); while the -second is-identified with -the real
or imagined application, use or consequences of the stimuli. For exam-
ple, if the stimuli are political candidates, the first context may deal
with a subject's choosing.among.the .candidates..at the polls while the
second context may be assoclated with the candidates.being in office.
Situational characteristics that affect context apply to either. Of the
two kinds of context specifically related to spatial cognitive models,
this research held the stimulus comparison context fixed by intention
and did not comsider it further. Rather‘this research was concerned
with the context of stimulus application.

Five context characteristics were identified above: physical
environment; social environment; task definitionj individual perspec-—
tive; and temporal setting. The physical environment was not analyzed
because its features were too numerous and difficult to identify, quan-
tify or control, and it is not at all clear which features can be mani-
pulated to affect context. Similarly, temporal setting was not analyzed
because of the difficulty in controlling experimental conditions over
any appreciable interval of time. This research investigated the re-

maining three characteristics of context: social enviromment; task

definition; and individual perspective. Task definition, however, was

subdivided for further study.
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One of the more interesting features of task definition is the
individual's interpretation of how the stimulus objects are to be ap-
plied or used in the task. Many tasks differ om whether or not the use
is made specific. Accordingly, thes? two features of task definition

called specifics use:and nonspecific use—(of -the 'stimutus objects ) were =~

investigated in this report. -

Experiments, presented in four subsequent chapters, were de-

signed to produce changes in.these_context characteristics and_to. test ..
the .effects. of. these.changes. :ondndividual scognitive-spacess --Eaeh- exm— -

periment assumed that context characteristics of physical environment

and temporal setting were held constant.

For context to be a useful concept, it must not only be defined,
but shown to have a systematic. effect on behavior. The following sec-
tion reviews gome empirical research on the effect of context on judg-
ments other than those used to derive spatial cognitive models (i.e.,
dissimilarity judgments) and examines the extent to which contextual
knowledge can be expected to add to one's ability to explain human

behavior.

2.4 Context in Judgment Tasks

In the past decade, an increasing number of empirical studies of
contextual influence on human behavior have been conducted using various
consumer-oriented contexts and stimulus objects. Typically, subjects
are asked to rate the likelihood that they would choose each of several

alternate products or services under each of different comtexts. The
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trends indicate a general influence of context on preference judgments
but the results are far from conclusivé. For example, in a series of
studies of preferences for beverages (Sandell 1968), meat products (Belk
1974a), snack products (Belk 1974b), and fast foods (Belk 1975), it was
shown that systematic context differences explained a -sizable proportion
of variance in indi%idual preferences; for the first two cases, conkext
explained more variance than did individual differences. When leisure
activities (Bishop and Witt 1970) were analyzed, the effects of comntext
were lightly overshadowed.by individual differences. In the case of
preferences for motion pictures (Belk 1974b) and TV programs (Friedman
and Fireworker 1977), however, the results indicated that subject pref-
erences did not depend on context. Individual differences explained the
largest variance in prefereuces. -

Regarding contextual influence on consumer behavior, Lavidge
(1966) maintains that for many products, consumption is closely related
to specific contexts, and he cites evidence from media and other
studies. ZLongman (1968) makes the same point in relation to attitude
measurements and consumer purchase studies.

In the general areas of psychology and sociology, the question
of contextual influence upon behavior has been raised most directly by
Endler and Hunt (1969). Based on a study of variations in human anxiety
responses from different situations, their findings consistently showed
that more variation is explained by contextual factors than by individ-

val differences, and that interaction between thase two sources of
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variation accounts for more variation than either of the other two
sources taken separately.

In summary, evidence strongly supports the propositioun that con-
textual factors, separately and in interaction with personal variables,
influence behavior. 1In particular; this influence applies  to consumer
behavior. However, it is worth noting that all of the above experimen—
tal research deals with the effects of context on behavior assessed by
aggregating individuals' responses. Such studies rely on the question-
able assumption that .interpersonal .comparison .of context is meaningful,

a topic to be addressed further in Chapter 3.

2.5 Spatial Cognitive Model and Context

2.5.1 Origins of Spatial Cognitive Models

One's actions are based on an understanding of the world, and
this understanding can be thought of as being embodied in cognitive
structures built up through successive interactions with the world. The
cognitive structure is linked to the world by perception and is modified
by context. The concept of spatial cognitive structures has been used
variously in psychological theories, imcluding Sarbin's (1960)
"modules,"” Osgood's (1957) '""representations,'" and Kelly's (1955)
"constructs.”" Although there are a variety of conceptions of cognitive
structure, there are at least four common areas of agreement among cog-

nitive theorists:
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1., The individual is assumed to possess a finite number of
(usually) bipolar dimensions represented by an adjective and its oppo-
site,

2. The individual pervceives and discriminates stimulus objects in
terms of these dimensions.

3. The indiwvidual is. assumed>to:use-a-hyperspacer formed from- these
dimensions to assess his perception of a set of stimulus objects.

4. The hyperspace, the stimulus objects, and their interrelation-
ships as represented in the hyperspace comprise the individual's cogni-
tive structure.

Cognitive structures are impossible to observe directly. If one
is willing, however, to assume that such a structure would imply specifi-
able behavioral consequences, it may be possible to construct a descrip-
tive model of the structure from observable behavior. The notion of an
n~dimensional hyperspace is central to the concepts of "space" employed
by Sarbin, Osgood, and Kelly. All three of these theorists suggest that
nonmetric multidimensional scaling (NMDS) procedures are appropriate for
describing an efficient representation of an individual's cognitive
space. A NMDS-derived spatial model is proposed to be a descriptive
model of a cognitive structure. Whether the model represents what actu-
ally is going on inside an individual, whether one thinks spatially as
it were, is a separate question and will not be addressed here.

Many researchers have developed NMDS numerical techniques (e.g.,
Torgerson 1958, Shepard 1962a, 1962b, Kruskal 1964a, 1964b) for construc—

tion of spatial cognitive models. Each procedure represents stimulus
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objects as points in a Euclidean space. The position of each object is
determined in relation to the cognitive dimensions used by the individ-
ual when he discriminates among objects. Psychological content of the
objects is represented by their projections on these dimensioms, which
can be related .to .perceived.stimulus attxibutes....Observed dissimi-.- -
larities between objects correspond to metric distances between the re-
spective points in the cognitive space. The more psychologically dissim—
ilar two objects are, the more separated they are assumed to be in the

space.

2.5.2 The Spatial Cognitive Model Used in the Present Research

The present research uses the NMDS approach to derive individual
spatial models, but modifies it under the assumption that some salient
attributes will be more important than others in discriminating among
stimuli, or more desirable or essential for the stimulus to possess in

a given context. The result is a model callad a master space which

spans the several spaces for an individual obtained under several
contexts,
If di 5 is the distance between points representing stimuli i

and j in the coguitive space derived under context k (context space k),

and if

projection of stimulus i on master cognitive space dimen~
sion r
W = subjective relevance of master space dimension r under

context k



then the spatial cognitive model is specified by

where symbol.= means- approximation in a,least sum of squares sense.

The model parameters of dimension projections (y), dimensions
weights (w) and proper choice of dimensionality (M) are obtained in a
two-part process. The first part employs an ovrdinary NMDS analysis that
incorporates the weights implicitly in the definition of the stimulus
projections. It requires a matrix of dissimilarity judgments (§) taken
under one context and produces one spatial model for that context (con-
text space k) by finding the dimension projections (x) and dimension-

ality (m) such that

dise = 81k —
and
m
d:LJk - Z(Xir - Jr)z
r=1
where sijk = dissimilarity judgment between stimulus i and j under

context k, and

ir = Ykr¥ir
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The symbol = means a monotonic transformation which requires dijx > dpqk
whenever Gijk > quk-
Procedures for finding the x's, d's, and m are discussed in Ap~
pendix A. Note that the derived projections (x) are implicitly depen-
- -dent -upon- the rcontext—ky=TFhese-projections—are collectedrfor-reachof— ~— —-
several contexts and serve as input to the second part.

The second part analyzes the—several spatial configurations ob-
tained under the various contexts .and produces. a master. configuration, ...
—such_.that_when.dimensions: are weighted, it approximates—{(in a-least .

squares sense) each input configuration from each separate context.
Inputs to this part are each of the configurations (x) derived by an
NMDS analysis of the dissimilarity judgments made under various contexts

and output consists of .the dimension weights {(w) .and a master space.

dimensionality (M), such that

M

m
d = E - 2 . E _ 2
ijk r=l(%ir Xj;) - Wkr(yir yj'r_:)

r=1

The solution for the parameters is based on an algorithm adapted
from a procedure of individual difference scaling (INDSCAL). developed. by
Carroll and Chang (1970). The procedure was modified to work with spa-
tial configurations rather than dissiwmilarity judgments and a detailed

discussion 1s given in Appendix B.
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2.5.3 The Relation of Context to the Spatial Cognitive Model

The spatial cognitive model is based on experimental observa-
tions that péople act as if the following processes were carried out:

1. Context development: The individual subjectively develops the

judgment context by:” -moticing- the-physical-and social- environment and -
temporal setting, perceiving the task definition, and establishing an in-
dividual perspective. The outputs from this process are the set of at-
tributes or dimensions the individual considers relevant to stimulus dis-
crimination .and.-a_set.of .dimensional.weights which.reflect the.relative
importance of the dimensions. (See Bobrow and Collins 1975, p: 133,
Osgood, Suci, and Tannenbaum 1957.)

2. Btimulus analysis: Each stimulus is analyzed to discern partic-—

ular values of relevant attributes., This information is used to prepare
a stimulus description or concept. The pexceived attribuktes may be aug-
mented with information from observation, retrieved from memory (Baker
and Santa 1977) or inferred through the use of personal heuristics
(Gregory 1970).

3. Cognitive organization: Weighted information is organized by

representing the stimuli as points in the cognitive space. The dimen-
sions reflect relevant attributes with relative importances implied by
dimensional weights.

4. Stimulus classification: The stimuli are classified in the spa-

tial model such that the perceived dissimilarity of two stimuli is a
monotonic nondecreasing function of the distance between the two points

representing these stimuli.
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Context is expected to affect the pattern of stimulus values and
weights that an individual uses in a particular judgment task. The
value of stimulus information is defined to be the quantitive represen-
tation of that information on a particular relevant judgment dimension.
Weight refers to the functional importaunce of that dimension for the
required judgment, and is alw;ys in reference to a particular conktext.

A change in context, then is expected to change the stimulus coordinates
(i.e., attribute values) because a different dimensional weight in the
spatial cognitive model becomes relevant. Changes in weights could then
account for differences in dissimilarity judgments made under different
contexts. The next chapter reviews the pertinent %iterature that deals

with the effect of context om spatial cognitive models.
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CHAPTER 3

LITERATURE REVIEW

3.1 Introductiqn

In Chapter 1 it was noted that the usefulness of a cognitive
space has been demonstrated in a wide variety of experiments and appli-
cations. A review of those applications will not be attsmpted here.
Most of the studies, however, treat the cognitive space as a well—
defined invariable structure. Yet a few authors have coﬁjectured that
the space could change with a change in context. The idea that a vari-
ety of cognitive spaces could exist for the same stimulus set, depending
upon the context under which they are perceived, is not original to this
research. But this research is the first to demonstrate that changing
the context while maintaining the same set of stimuli and requiring the
same set of judgments can change the cognitive space for a given indi-
vidual. Some studies have shown that a cognitive space defined for a
group of subjects can change because of variations in experimental treat-
ment but none have addressed variations in context or the effect of
these variations on an individual's cognitive space. (The use of the
term group does not refer to "an assemblage of persons belonging togethex
with established reciprocities" as social psychologists would define the
term, but rather to a process whereby the responses from a number of

subjects are pooled or aggregated in some way under the assumption that
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the individual differences can be treated as noise.) WNevertheless,
these studies are reviewed to demonstrate the nature of cognitive space
changes and to indicate theories of change and methods of analysis which
proved untenable.

A literature review of the relevant experimental treatment of
groups of cognitive'spaces.suggesgs that the treatments can be broadly
categorized into five types:

1. Variations in skill or experience level

2. Changes in stimulus attributes

3. Context confounded with stimuli

4, Variations in the cognitive space over time

5. BSpecification of stimulus attributes considered

The review will be divided into sections corresponding to those
types.

There is one study that addresses context directly and it will
be discussed separately. Cliff (1966a) had three respondent groups
judge the similarity of photographs according to different instructions.
These instructions determined the context. The cognitive spaces derived
from the three groups as well ags from a fourth control group were found
to differ only slightly and the differences could be directly attributed
to differences among groups. This apparent insensitivity of cognitive
space to context changes was essentially replicated in a later study
(Cliff and Young 1968) involving human trait adjectives and simulated
combat conditions as stimuli, and prompted CLiff to conclude that chang-

ing the context of the decision making task had only the effect of
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changing the use of the cognitive space, not the space itself. The
present research, however, contradicts this finding. Here, the cogni-
tive space did change with a change in context in a replicable and sta-
tistically significant way. Cliff's studies may have obscured contex—
tual effects by only investigating groups or by not analyzing stability

of the cognitive spaces.

3.2 Review of Specific Studies

Although none of the-studies reviewed-addresses context di-—--
rectly, all demonstrate the potential dynamics of the cognitive space
with appropriate manipulation of experimental treatments. The studies

differ in the variable treated, but all derive cognitive spaces at the

group level.

3.2.1 Variations in Skill Level

Shepard (1963) reanalyzed four separate previously published
studies of subjects judging whether two successive Morse code signals
were the same or different. The studies differed in the number of
subjects, data collection techniques, signal similarity measures, signal
content, and signal generation procedures. In spite of this, Shepard
found that there was a common underlying two-dimensional structure that
could be recovered from independent groups. In two studies (Keller and
Taubman 1943, Rothkopf 1957), however, the nature or identity of the di-
mensions differed depending on whether the group consisted of subjects

who were skilled or unskilled ian understanding Morse code. But z
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reanalysis of these two studies indicates that there was a comtext
change which may have caused the difference in group cognitive spaces.
The task purpose differed between two experiments: one required judg-
ments of discriminability while another required stimulus identification
and therefore constituted a learning task. Consequently skill may have
been coﬂfounded with context obscuring its effect on cognitive spaces.
Furthermore, all of the studies reviewed by Shepard were perception
tasks rathér than cognitive tasks and the transfer of findingsrbetween
the two domains is not at all clear.

In a similar study, Neidell (1974) had three groups {(ordinary
drivers, traffic engineering students, and traffic engineering experts)
view wide angle movies of road segments and evaluate each segment for
driving safety. A spatial cognitive model was formed for each group
based on similarity data derived by averaging individual road evalua~
tions along specific attributes over the group. Neidell found very lit-
tle difference among group cognitive spaces. In contrast to Shepard’s

findings, the differences could not be related to differences in road

safety training among the groups.

3.2,2 Changes in Stimulus Attributes

In their report of attempts to modify cognitive spaces, Moinpour,
McCullough and MacLachlan (1976) describe two types of modification:
1) structural -— a change in the number or character of dimensions, and
2) spatial —— a change in the importance of dimensions or position of

stimuli on dimensioms. Their study dealt with the impact of persuasive
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communications on group cognitive spaces. - Half of -the groups received
instructions designed to cause spatial changes for actual toothpaste
brands, while the other half received instructions designed to cause
structural changes.

Spatial changes attempted by linking a particular brand with a
favorable message were unsuccessful. A second procedure informed sub-
jects of the. abrasion levels of all. brands. which seemingLy:caused a sig-
nificant repositioning of-brands -along sthe-abrasiveness  dimension -and--am- - -
increase in the- importance- of that dimension. Since the -imformatiom — -
about abrasion could be consulted by the subjects while they made éheir
judgments, the observed change in the group's spatial model does not nec-
essarily reflect an internal change in group perception of that informa-
tion. The observed change might be appropriately considered the result
of judging 2 new set of stimuli.

Attempts at changing the structure of the groups' spaces by in-
structing the subjects to use only one of two attributes were totally
unsuccessful. This result has been previously demomstrated by Peak (1960),
Axelrod (1963), and Lutz (1975) using Fishbein's (1963) linear-sum-of-
weighted~beliefs model to predict behavior. Also Briar (1963) has shown
that physical environment effects persist even when subjects are instructed
to ignoré their actual environment when making judgments under experimental
conditions. It seems that subjects have difficulty ignoring attributes
which they know to exist, and which, it seems, they consider important

in a specific judgment context.
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Based on their findings, Moinpour et al. (1976) stated that spa-
tial changes are easier to accomplish than structural omes. They also
observed that attempts to cause cognitive change will be quite difficult
when the stimuli are unfamiliar and cognitively complex (e.g., more than
two importaﬁt attributes). The present research did not find either
of these observations to be the case.

Ryan (1975) demonstrated that information causing cognitive dis-
sonance can reshape ‘one's '‘perception of reality and cause distortions im
a cognitive space. He-had undergraduates rank distances between a num-
ber of campus landmarks before and after detouring around an imaginary
barrier, and substituting new landmarks for some original ones. He
found that while landmark substitutions caused little perturbation to
the group cognitive space, the introduction of the barrier generated sig-
nificant distortions.

It is important to note that both Ryan and Moinpour et al. manip~
ulated stimulus attributes in trying to affect the cognitive space.

The stimuli with the changed attributes technically amount to a differ-
ent stimulus set and it is reasonable to expect differeat (but related)
cognitive spaces to result from judgments concerning different (but re-

lated) stimulus sets.

3.2.3 Context Confounded With Stimuli

Wish (1976) had college students rate communication episodes on
bipolar scales. The episodes consisted of interpersonal relations

(e.g., between business associates) in a specific situation (e.g.,



having a brief exchange about a minor techmical problem). - -Wish, Deutsch
and Kaplan (1976) essentially repeated this experiment with a larger set
of relations. In both studies dissimilarity measures between the epi-
sodes were derived by averaging individual ratings over the group.

In these studies the context is that of the "actorg"” being
judged and not that of the judges themselves relating to the actors.

Thus context,.as used in .these experiments, is confounded with-the: stim- =
uli. Furthermorey~the twowstudies -reach-confticting-conclustons. ~“Fhe == °
earlier study indicated that -the -way ‘groups perceived-how -peoplte im-- - --
different kinds of relationships communicate with each other is influ-
enced by the communication context; the later study did not support this
finding.

Wish's work dealing with the effect of context changes on spa-—
tial models was..contemporary.with_this sauthor's:preliminary research- -
(Dupnick 1975). In Wish's studies, however, the context is part of the
stimulus and the question addressed in the present study is the effect
of the subject's context on his cognitive organization of the stimuli.
Context, in the sense used in the present study, is in the person per-
ceiving the stimulus, and not in the stimulus itself.

Some of the episodes (stimuli) in Wish's experiments specified
the subject as a participant in the stimulus event (e.g., communication
between you and your mother vs. betweea a child and his mother) and thus
the social environment characteristic of context was addressed. These
cases, however, were not sorted out or even separately identified in

Wish's experimental analyses.
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3.2.4 Variations Uver 1Time

Osgood and Luria (1954) performed an analysis of semantic differ-
ential ratings of abstract concepts {e.g., truth) obtained from a sub-
ject exhibiting multiple personalities and presumably undergoing psycho-
logical therapy. Osgood and Luria knew nothing about the person. The
ratings were obtained while the subject was-'"in" each. of three person—
alities, with a 2-month period between two testings of each personality.

The spatial representation-of  the~goodness;-activeness—and-strength di—---

mensions (the usual dimensions in-semantic differential analyses) of the
concepts showed that there was little similarity in relationships of the
concepts across the personalities. For all practical purposes, three
separate persons existed. Each person's perception remained stable over
the 2-month interval since none of the personalities showed significant
repositioning of the concepts. Differences in spatial models stemming
from phenomena of this kind (e.g., multiple personalities, hypnosis,
drugs, etc.) are due to changes in the subject and are not the result of
a context change.

In a study of a group's perception of presidential candidates in
the 1973 election, Moinpour and MacLachlan (1973) assessed the impact of
news events on a group's cognitive space over a 9-week interval. Both
similarity and preference measures were taken at 3 times and a separate
group cognitive space was derived for each. The five cognitive spaces
were extremely similar except for small position differences of some can-
didates. At least three factors peculiar to each individual could ac-

count for the differences: 1) inconsistency, 2) cognition (i.z., time



to think about-the comparisons);—or-3) information-acquisition. -The-au-
thors favored the latter explanation but since the others were not
explored, they canmot be ruled out.

Although the cognitive space did not change appreciably over
time, the preferences for the candidates did, and shifts in preferences
were shown Lo be related to-major news-events; campailgn .issues; and can—
didate characteristics.: This-finding supports-Cliffls earlier state-. - ..
ments that changing=the—judgmeunt-contexthad—only-—theeffect—of-changing —
the use of“the'cognitiveqspécej"not"the -space “itself- (CH£f-1966a7—- ~— -~
1968).

Jones and Young (1972) performed a longitudinal study which
sought changes in perceived social structure for ﬁembers of a research
group during one year. It was predicted that various subgroups (e.g.,
new graduate .studentss:flold!sgraduatezstudentsy faculty)-wonld—systemati=sz:
cally change in their perceptions of the re}ationships among" themselves
and othersi i.e., the stimulus objects, over the year. An INDSCAL anal-
ysis was used to form two 3-~dimensional research group cognitive spaces
based on two annual surveys. From a comparison of the positions of the
stimulus persons common to the two group spaces, the authors concluded
that the group structure did not change over the inrervening year. A
clustering analysis of changes in dimensional weights revealed, however,
small but significant differences among the various subgroups in the two
group spaces. The differences suggest that a subject's perception of
the relationships among the various members of the group, including him-—

self, stabilized with increasing seniority in the research group. The
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inference is that additional {(i.e., new) information available about the
stimulus persons diminishes over time ("as people get to know one
another") which tends to stabilize perception. But some of the weight
changes may have been caused by a change in composition of the research
group (both in the stimulus persons and the judges) over the two-part
study, so that the stimulus set and the subject set were changed. Fur-

thermore, group judgment consistency was not assessed.

3.2.5 Specification of.Stimulus Attributes Considered

Three studies required the subjects to judge stimuli on each of
several specified attributes separately. This procedure generally
resulted in larger than usual cognitive space dimensionalities and ap-
proximated the concept of the master space formulated earlier in Chap-
ter 2. -

Fenker and Brown (1969) defined a conceptual space as the collec—
tion of all linearly independent psychological dimensions underlying the
mulcidimensional scaling of a set of tasks. They reported a total of 10
linearly independent dimensions obtained from a single subject in judg-
ing similarity of random polygons under 15 different task conditions
which required the subject only to consider each of 15 verbally-defined
shape attributes. Green and Carmone (1971) extended this work to four
subjects and used bakery-type food items as stimuli and specific attri-
butes such as flavor, caloric content, ete. Four to six linearly inde-

pendent dimensions were obtained depending on the subject involved.
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Finally,; Wallace (1969) noted that a limit -on the complexity of
kinship terminology apparently exists among human cultures, from modern
to primitive. He found that for six very diverse cultures, six ortho-
gonally related distinctions, binary due to sex, were needed to contain
the definition of all kinship terms. Furthermore, ‘the number of ‘kinship

terms bore no relationship to:.the complexity of ithe culturen ..v . -

3.3 General Review Observations. .. ... .

A number of-conclusions can—be- drawn “about context -research =~
needs or from faults identified in the experiments:

1. WNone of the studies provides a model of how cognition is
formed, influenced, or changed. Context has not been defiped and no one
has suggested how it might affect a spatial cognitive model. Without
supporting .theory, use_of .the: spatial_cogaitive=model may be a-steriles: .
statistical or geometric exercise.

2. All of the studies, in one form or another, have contrasted the
behaviors of different groups. Experimental results concerning the ef-
fects of context on group behavior are inconclusive. Part of this incon-
clusiveness is resolvable through analysis of subject inconsistency and
the effects of aggregating subject responses. Intraindividual analysis
is essentiél in the validation of cognitive models, especially where
model changes are concerned, yet none of the studies has investigated
subjects at the individual level.

3. There is a conspicuous absence of cognitive space replication

so that their stability (or altermately, subject comsistency) can be
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asgsessed. Consequently little significance can be attached to findings
of changes in cognitive spaces in response to changes in experimental
conditions when subject response variability may also be an underlying
cause of such changes.

4. Aggregation of response data from a group can obscure possible
individual changes. Kaplan (1972) has noted that a change in a single
element of the cognitive structure of one individual may be offset or
outweighted by -serendipitous changes im cognitive elements of -other - -
individuals. - Bass and Wilkie (1973) argued that the use of groups re-—
quires very strong assumptions (e.g., meaningfulness of interpersonal
utility or dissimilarity comparison, adjustments for within subject vari-
ance, and respondent homogeneity) which are often difficult to substanti-
ate. Additionally, group analysis assumes substantial similarity of in-
dividual contexts,. which.implies _that..all..individuals .perceive. the  same.-. =7-
meaning of a situation. Consequently aggregation of response déta from
a group may obscure any context effects by averaging over individual
contexts.

5. Cognitive space dimensionalities are not inherently limited to
three or less as Shepard (1969) stated. Task instructions may require
the subject to cpnsider many different stimulus attributes in making com-
parison judgments and could result in large cognitive space dimension-
alities. Yet the spaces are related sufficiently to be represented by
a master cognitive space. It is likewise reasonable to expect that con-
text variations would also result in different cognitive spaces and

these spaces could be contained in a master space for an individual.
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6. No study has addressed context as- an experimental-variable-and
demonstrated how context changes alone can cause changes in a subject's
cognitive space. TIndeed, up to now it has been an open question as to
whether and how context affects the formation and dynamics of cognitive
spaces, although as shown in Chapter 1, -there has' been some speculation

that it is influential.

3.4 Research Objectives

The research -to-be-discussed in-this report-is-an-attempt to" sat- -
isfy a need stated in earlier chapters and restated immediately above:
To determine how the context in which dissimilarity judgments are made
of stimulus application, affecks the formation and dynamics of cognitive
spaces for an individual. The studies reviewed in this chapter sug-
gested the. ressarch procedure-used here:.:

Chapter 2 outlined a theory of how cognition is formed, reviewed
the nature of a cognitive structure which behavioral psychologists sug-
gest an individual uses to form judgments, and related the cognitive
structure to the spatial cognitive model introduced in Chapter 1. Con-~
text was also defined and an account was given of how it would be ex-
pected to affect judgments of dissimilarity and how those effects would
be represented by changes in the parameters of the general form of the
spatial cognitive model.

Four context characteristics were selected for investigatiom

1. Social environment

2. S8Specific stimulus application
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3. Nénspecific stimulus application
4. Individual perspective
Experiments presented in four subsequent chapters were designed

to produce changes in each of the above four characteristics of context
and to test the effects of these changes upon individual cognitive
spaces. To ensure that any observed changés would clearly be those
sought, and to avoid the possibility of compensating changes as Kaplan
{1972) had warned, -onlyone-characteristic  of context was varied in each
experiment. Furthermore each—-cognitive- space was replicated in- order to™ -
show that cognitive space changes were due to context change rather than
to inconsistency of judgments or to cognitive model instability over
time. Lastly, the experiments were drawn from different areas of appli-
cation and used different kinds of stimuli. This minimizes the possibil-
ity that..a demonstrated_change. in the. spatial cognitive.model was due
.only to a fortuitous choice of experimental setting, and it indicates

the generality of the context effect.
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CHAPTER 4

EXPERTMENT PROCEDURES AND DATA ANALYSES

4,1 Overview

The experiments=descyribed~in-Chapters 5-8 were 'designed to- demon-
strate thatTcontrolled-changes—inrcontext—can cause~changes  in g spatial-
cognitive model-for-~an individuails -Each experim;nt"consisted'of‘dEter=“
mining the cognitive space for a particular set of stimulus objects for
each of a number of subjects under each of two or more contexts --
context being the manipulated ''variable'" in the research. The contexts
were chosen to represent the types analyzed in Chapter 2 and the stimu-
.dlus objects.were—xhosen=tozbesguitablex=forzthe.contemt—to provide—mean===
ingful and relevant experimental tasks- for the subjects.

To show that the spatial cognitive model changes were due to
context rather than to inconsistency of judgments or to cogunitive model
instability over time, it was necessary to show that:

1. A spatial cognitive model can be formed for each subject under
each context.

2. The model is replicable under each context.

3. There are significant changes in the model across context --
changes in the number, identity or importance of dimensions or in the

positions of stimuli on dimensions.
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The judgments of dissimilarity from which the spaces were
created were replicated once for each subject under each context. The
judgments and the resulting spaces were then analyzed to determine sub-
ject consistency and space stability within context, and the changes in
judéments and cognitive spaces across context. ~-

A master cognitive- space was formed for each. subject, one which
spanned his individual cognitive spaces for the various contexts. A set
af dimension weights was determined peculiar to each context such that
when these weights were applied to .the masterspace,. they.approximated,
in -2 least—sum—of-squares sense, an individual cognitive space.

In addition, an attempt (usually successful) was made to label
the dimensions of subjects' spaces. TFor this purpose, selected subjects
under each context were asked the characteristics they thought they
might have consideréd in making their judgments. Then some or all sub-
jects were asked to rate each of the stimuli on these characteristics.
These data along with measurable characteristics of the stimuli were
analyzed to cobtain labeled dimensions for these subjects' spaces. These
subjects' master cognitive space was also labeled for dimension identifi-
cation. The changes in dimension weights and labels across context were
interpreted in light of this information.

All four experiments used the same procedures and data analyses
and these methods are described in detail below. This chapter thus

serves as a reference to the four chapters on the specific experiments.
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4.2 Procedures

4,2,1 Disgimilarity Judements

Nenmetric multidimensional scaling (NMDS) was used to obtain cog-
nitive spaces from subjects' comparison judgments of stimulus objects.
The experimental tasks consisted of having the subjects rate all pairs
of stimuli. [For n stimuli, there are n(n-1)/2 pairs of stimuli since
the order istnot considered-importants+-rRatings:wereimade on:a subjec— -~
tive, presumably-ratio;scale-of~dissimiTarity between=0-and=100:" Tow*-
numbers meant-low-dissimilarity-while—a high number meaut “high dissimi~
larity.

A set of instructions along with all stimulus pairs was con-
tained in a booklet which also served as a response recording sheet.

The instructions introduced the experimental task, the stimulus objects,
_the . judgment -context ;srandsthemanmer of=naking and-reecording=comp grisorm i ..

son judgments. No mention was made of spatial ‘thinking: e

For each subject amd for each context, two sets of judgments
were made. The random sequence of stimulus pairs in the second set differe
from that in the first, but the pairs were otherwise the same. The second
set of Judgments was never made ilmmediately after the first, but followed

it from about 4 hours to 1 week later depending on the subject and the

experiment.

4,2,2 Attribute Specification

After making their judgments under the various contexts, some or

all of the subjects were asked to specify the stimulus aktributes they
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thought they might have considered in making the dissimilarity judgments
for any of the specified contexts. When possible, known measurable
properties of the stimuli were added to the list of attributes provided

by the subjects for purposes of analysis.

4.2.3 Attribute Ratings

Some or all of the subjects rated each of the stimuli on each of
the nonmeasurable attributes by giving a number to indicate the degree
to which the stimulus possessed or was characterized by the attribute.
Comery's (1950) technique was used to obtain ratio scaled ratings be-
tween 0 and 1 for the first experiment (Chapter 5). A scale value of
unity characterized the stimulus having the greatest degree of an attri-
bute. For the attributes used in the remaining experiments (Chapters
6~8) the .subjects.were-required.only -to rank order-the:stimuli. ~The-set
of ratings of all stimuli on one attribute by one individual is called
a property vector. The measurable or otherwise known values of the phys-—
ical properties of the stimuli also constituted property vectors but
these did not depend on subjective judgment. A separate set of property
vectors was maintained for each subject in each experiment although in
the case of physical properties, some of the property vectors were iden-

tical for all subjects within an experiment.
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4.3 Analysis

4.3.1 Construction of Spatial Cognitive Models

The comparison judgments for each .context and each subject were
represented as an individual symmetrical dissimilarity matrix where cell
i-j indicated=thezdegreerof=dissimitarity~between—stimati-i—and~J under—
a given context. FEach matrix was analyzed using Kruskal's (1964a,
1964b) iterative nonmetric multidimensional scaling (NMDS) algorithm
called MDSCAL-V .(Kruskal_1969). to_give _a_spatial representation._of_the_
stimuli.. . The.algorithm-seckssansm=dimensional-sspatial..zepresentation-of—
points, one for each stimulus, such that the rank order of the inter-
point distances approximates the rank order of the input dissimilarity
judgements (see Appendix A for a more detailed description of Kruskal's
algorithm).

A value of stress S(m) is associated with an m-dimensional repre-
sentation of a set of stimuli, and indicates the degree of nonmonotoni-
city between distances in the representation and the AE;;i@ilarity judg-
ments. Since stress decreases with increasing spatial dimensionality,

a problem exists as to choosing the ''correct'" value of m. If m is cho-
sen too 1arge; noise is treated as meaningful information resulting in
spurious dimensions. .If m.is chosen.too .small,_the spatial representa- .
tion inadequately describes the dissimilarity judgments. A statistical
test for choosing the "correct" value of m using a simulation derived
empirical sampling distribution for stress was used in this research

and is described in Appendix A.
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4.3.2 Comparison of Judgments

To avoid confusing change due to context with inconsistency of
response or imstability of the cognitive model over time, analysis of
consistency and stability of the judgment data is necessary. If consis-—
tency and stability can be established, then a comparison of judgment
data. over context changes can be used to detect contextual influences..
Two direct measurements were used for these comparisons: a product-
momenkt—correlation between sets of judgments, and a matrix similarity
measure between the cognitive spaces derived from these judgments. The
judgments came either from replications of the experiment under the same
context if consistency was being assessed, or from two experim?nts per—
formed under different contexts when context effects were analyzed. An
indirect measurement using a master space to represent several cognitive
spaces from one individual was @lso used to detect:contextual-influences.

These techniques are described in turn.

4.3.2.1 Product-Moment—Correlation. Each subject was required

to make two sets of dissimilarity judgments for each context, the sec—
ond set being a retest. The check for subject response reliability was
per formed by computing the Pearson product-moment-correlation rg between
the test and retest judgments when the contexts were the same (S). Since
the correlations were expected to be high for reliability, accepting a
null hypothesis that the population correlation coefficient pg is non-
zero between sets of judgments when the context is the same, is a2 weak

test. A stronger test would be to accept the reliability hypothesis that

pg > p, where p = .90, say. Dissimilarity judgments were assumed to be
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reliable if the reliability hypothesis could not be rejected at the .05
significance level.
Differences ip dissimilarity judgments when the context was.

changed were detected by computing -rp between sets-of judguments-made-.

—- when—the -contexts=were~different—{b)v=~Ifrthese—judgments—were—indepen=-r—
dent, the population-coefficient Op between them would be' zero. When-.
the context changes, however, it is expected that the judgments will ap-
pear to be from different cognitive_spaces, but.not.so.different.that.no. ...

e —cOrrelation will.be ohserved:: Hence.a reasonablexdifferencexhypothesism=s

is that pp < p, where, say, P = .40. Dissimilarity judgments were as-—
sumed to be different and therefore influenced by context changes if
the difference hypothesis could not be rejected at the .05 significance
level.
Although the true sampling distribution of r when p # zero is
. very difficult.to.derive, a large sample_approximation .to a normal. . B

statistic is given by

«Jk-3ln (L+r)(1 - p)

5 PRI (1

where k is the sample size (Fisher 1921); here k = n(n-1)/2 and n is the
number of stimulus objects in the experiment. This statistic can be
used for a test of the reliability hypothesis and the difference hypothe-

sis. Curves for a significance level of .05 for these hypotheses were
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computed using Fisher's norxrmal approximation for n = 9 and n = 14
stimuli and are given in Figure 4-~1. In order to simplify the presen-
tation of comparison statistics when several contexts were involved,
worst—case estimates were made for the population correlation coef-
ficients pg and Oy using worst-case reliability and difference sample
correlation coefficients rg and'rp and Figure 4-1. Worst-case means:
that the values used for rg were the lowest of those from the various
contexts investigated for each subject for assessment of judgment relia~
bility, and the values of rp were the highest per subject when the ef-
fects of context changes were assessed. This procedure provided the
lovest value of pg and the highest value of pp for which the reliability
hypothesis and the difference hypothesis could not be rejected at the
.05 significance level.

The effect of context changes on dissimilarity judgments was
also demonstrated by determining the significance of the difference be-
tween the two population correlation coefficients. This tests the hy-
pothesis pg > pp where the subscripts refer to comparisons in which the
contexts were the same (S) or different (D). A normal deviate for

testing this hypothesis is

k-3 . (l + rs)(l - rD) 2
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a result also due to Fisher (1921). Curves for a significance level

of .05 for this test are given in Figure 4-2. If the worst—case relia-
bility coefficient rg for each subject is used as a reference value,
Figure 4~2 gives a worst—case value of the difference correlation coef-
ficient rp consistent with the two coefficients being statistically dif-

ferent at a .05 significance level. Tihis value of rp is referred to as

*Dpax*

Although the product moment correlation coefficient can be
thought of as simply a measure of linear fit, the use of the above sig-
nificance tests assumes that the two judgment sets used in comparison
tests are bivariate normally distributed. This assumption was not
tested rigorously since there was no theo;etical reason to.suppose that
the population of judgment pairs were bivariate normal. The actual ex-
perimental data, however, were examined for- outliers and-appeared to be

approximately bivariate normally distributed.

4.3.2.2 Matrix Similarity Measure. Cognitive spaces derived

from the original dissimilarity judgments under each context and across
context were compared by using a similarity measure based on a matrix
fitting technique proposed by Schonemann and Carroll (1970). Since the
stimulus coordinates of a cognitive space could be written in the form
of a rectangular matrix (stimuli x dimensions), configurations of two
spaces could be compared by comparing their matrices. The matrix Ffit-
ting technique examines the similarity of two cognitive spaces by ro-
tating, translating and rescaling (i.e., a similarity transform) one

matrix to attempt to "match™ the other {see Appendix C). The matrix
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similarity measure (MSM) used to determine the degree of match was
adapted from a measure (S) proposed by Lingoes and Schomemann (1974) to
measure the success of that technique, where MSM = 1-8 . MSM varies
from 0 (no match) to 1 (perfect match). A perfect match means that an
appropriate similarity transform can be found to make the spaces identi~
cal. An.empirical cumulapive.ﬁistribution function F(MSM|n,m) for the
statistic MSM was generated by the present author using Monte Carlo simu-
lation for n= 9 and n = 14 stimuli for dimensionalities m = 1-5. Se-
lected values of this function are given in Table C-1 of Appendix C.
The simulation procedure consisted in repegtedly computing the MSM be-
tween two random n X m matrices with uniformly distributed columm ele-
ments that were scaled to zero mean and unit variance. This dietribu-
tion was used to test the null hypothesis that the two matrices were
random and independent-.~=When-cognitive -space-reliabilkisty was being as~ --
sessed, the test of the null hypothesis was weak since the sampliang dis-
tribution of MSM under the alternative hypothesis could not be speci-
fied. It was expected that in tests for reliability, the null hypothe-—
sis would be rejected. The MSM was also used to demonstrate differ-
ences between cognitive spaces. Here, the test of the null hypothesis
was strong since it was reasonable to expect some similarity in two
cognitive spaces from the same experiment even though the context was
changed.

Since the application of a matrig similarity measure was new to
the area of cognitive spaces, the more familiar correlation coefficient

between the judgments was used in parallel in this research. Yet close
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comparisons between these two-measures can mot be made since correla-
tions were used to measure similarity of the input judgments while the
MSM was used to measure the similarity of the output cognitive spaces

derived from the judgments.

4.3.2.3 Master Cognitive Space. An indirect measupe of change
in cognitive space resulted from the use of a master space which quant-
ified and assisted-interpretatiomw-of ithe: change. Carroll -and .Chang.~ .-
(1970) developed—an "algor ithn-called- INDSGAL “£ot -comparison—of cognitive - -

spaces from different subjectss - -It-defines @ common gpace; a ‘space com— -

mon to a group of individuals, and a set of dimension weights which are
unique to each individual (see Appendix B for a description of INDSCAL).
When applied to the common space, an individual's dimension weights. .
provide an zpproximation to his cognitive space. In the present work,
Carroll_and:..Chang’s.:technique-was—adaptedstozcompardsomn-of--cognitiverinr====
spaces derived from-a single subject under-different—context -conditioms.—

It resulted in a master space —— a cognitive space for one individual

common to two or more context conditions with a set of dimension weights
unique to each context. When applied to his master space, an individ-
ual's dimension weights for a context provided an approximation to his
cognitive space for that comtext. Thus all single conktext spaces were
spanned by the master space. The-dimensionality of the master space was
no less than the greatest dimensionality of the various context spaces
and no greater than the sum of their dimensionalities. The basic inter-

pretation is that the individual acted as if he had the master space at

53



nis disposal and differentially weighted dimensions' according to the com-—
text. The weights indicated how the subject emphasized or used certain
iimensions in certain contexts and a change in weights demonstrated

the effect of countext.

The degree to which the master space approximates a cognitive
space Is determined in INDSCAL by the product-moment-correlation between
the squares of the stimulus interpoint distances in the original space
and the respective-distances—in-the dimensionally-weighted-master spaces -
The choice of minimum dimensionality can be based-on-either 1) the low~
a5t correlation among those for a set of cognitive spaces, or 2) an
average correlation over a set of spaces. Both parameters are available
from INDSCAL. This research derived the minimnm‘dimensionality by in-

creasing the dimensionality until no appreciable gain in average cor-

relation betwsen.the.input. interpoint..distances.and:.the. reconstructed ... ..

interpoint distances was realized. The sum of the squares of the dimen-
sion weights for a context space measured the goodness of fit between

the dimensionally-weighted master space and that context space.

4.4 Cognitive Space Dimension Labeling

Nonmetric multidimensional scaling (NMDS) analysis of dissimilar-
?ty judgments results in individual cognitive spaces in which objects
are represented by their projections on m dimensions. However, the anal-
ysis does not reveal the nature of the dimensions. If the dimensions

:an be identified or labeled, they can suggest how the subject arrived
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at his judgments-and how they -are affected by :context.- -Since the -indi- -
vidual can describe the stimuli in terms of attributes, either measur-
able ones of the stimuli, or subjectively perceived ones, it would seem
reasonable to assume a relationship between the attributes he would name
and the spatial cognitive- dimensions. -One might then expect to infer
the identity.of;:or-to.derive. 1abels_for. the dimensions-.from this. set. of.

attributes.r.For..analysis., a.property- veetor: P-was -formeds forweachssubms.ss

ject.fon:eachxnamed:attxibnteT::ArcomponentrUﬁ:thisﬁvectotnpﬁmin¢icatedﬂr
- the degree- to-whichy--for-himy—stimulus—~j-possessed—or-was-characterized——-
by the attribute. The property vector P was defined on either an inter—
val scale or a rank order scale depending on how the attribute's compo-—
nents were assessed,
A label is a directed lime in the cognitive space and coasti-

. -tutes_a _newsdimension im:that space.:z Bothsrof -the: labelking. techniqueszzams
used in this research and described here-are concerned-with finding ~-
labels in the cognitive space such that, the projections of -the stimulus
points in the space on the label are maximally correlated with a prop-
erty vector. The directionmal cosines of the label are determined from
a linear regression of a property vector (the coordinates of which are
values of the dependent variable) over the stimulus coordinates (the in-
dependent variables). The label, or new dimension in the cognitive
gspace is thus linked to a property vector and the identity of that dimen—
sion is based upon the attribute that the property vector represents.

The labels do not necessarily identify "old" cognitive space dimensioms,

although they might, but generally define "new'" dimensions for which the
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identity (label) is known. Simply, a label defines a direction with
known identity.

A cognitive space is considered to be labeled if the property
space (a space that has property vectors parallel to the corresponding

"labels) spans the  original-cognitive spaces That is, each cognitive -~
space: dimension. (viewed as .a-vector defined by the projection of the
stimulus points on that dimension) is a linear combination (in a vec-—
tor algebra sense) of one or more of the property space dimensions
(i.e., labels). This.requires that 1) there are at least as many la-
bels (i.e., property vectors) as there are cognitive space dimensions,
2) the labels are sufficiently independent (measured by correlation),
and 3) the labels correlate well with the cognitive space. The possi-
bility that one or more of these requirements may be unsatisfied will
be taken up subsequently.

Two techniques were used in this research to construct labels
for the cognitive spaces, linear regression and monotonic linmear regres-
sion. The choice depended on whether the property vector had been meas-
ured on an interval scale or a rank order scale, respectively. The re-
gression techniques are sometimes referred to as '"fitting' techniques
since their aim is to orient or "£it" the property vector in the cogni-

tive space in order to label the space.

4.4.1 Linear Fitting

Linear fitting is a technique of finding directed lines (labels)

in the cognitive space so that the projections of the stimulus points on
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the lines are maximally correlated with -the values:zof-the ‘property -
vectors. Linear fitting is only appropriate if the property vector is
defined on at least an {dnterval scale. Then the directional cosines of
the line are defined by the beta coefficients from a multiple linear re-—
gression of the components of -a property vector(dependent -variable) -~
over the stimulus‘COOrdinatea:in.the¢cognitive:spaceﬁﬁindepgndent:Vanir
ables).. The:goodness-ofrfitsisTdeterminedsby- the .multiple' correlation ---
coefficient:rand ‘measureswthe —abiltty—ofrtherattributeronzwhich~the=rr—==
property vector -is-based, ~to—identify-~or~label—a direction—for “dimen~— —
sion) in the cognitive space where the direction is defined by the
constructed line., That the correlation is nonzero is tested with the
two—tailed student's~-t distribution. This research used the linear
fitting technique available in the "maximum r method" (i.e., maximum
product moment-correlationmcoefficient) procedure<ofzMilier; Shepard. .z =
and Chang (1964) which has been conveniently implemented into Chang - --

and Carroll's (1964) computer program PROFIT- (Property Fitting)s -- - -

4.4.2 Monotonic Linear Fitting

When the property vector '‘was defined on a rank order-scale, a-
fitting technique called CM5 (Conjoint Measurement) devised by Lingoes
(1973) was used to find labels. The objective of this techmique is to
find directed lines (labels) in the cognitive space so that the projec-
tions of the stimulus points on the lines are maximally correlated with
a set of ratio scaled numbers (called a psuedo property vector) which

have the same rank order as the components of the original property
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vector. This objective is tantamount to maximizing the rank order cor-—
relation between the property vector and the projections of the stimulus
points on the label. The term conjoint is derived from the fact that
the lines and the set of numbers with the specified rank order are si-
multaneously or conjointly determined. Lingoes' technique begins with
an arbitrary pseudo property vector which is monotone with the rank
order of the property vector.. Then a standard linear multiple regres-—
gsion model is- wsed ‘to-relate -the-pseudor property vector torthe cognitive
space stimulus coordinates - Next, the pseudo property-vector is-ad-
justed based on the results of the linear regression and another lin-
ear multiple regression is performed. This process is repeated until
a multiple correlation coefficient between the pseudo property vector
and the stimulus coordinates is maximized. The beta coefficients from
the final regression prmowide.:the. directional cosines-of .a:line in the ..
cognitive space such that the stimulus projections on this line have
the same rank order (or nearly so) as the respective property vector.
The collection of lines produced by these fitting techniques de-
fine a new coordinate system (and new stimulus point coordinates) for
the cognitive space. Since the identities of these lines are known as
they represent known properties, the new coordinate system and the origi

nal cognitive space are said to be labeled.

4.4.3 Nonorthogonal Labels

I+ is frequently the case that the labeled dimensions obtained

in the above manner are not mutually orthogonal. This situation may
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occur when the number of property vectors available exceeds the dimen-
sionality of the cognitive space, or when the labeled dimensions (and

the underlying property vectors) are interdependent. The interdepend-
ency of the labels can be described -by their label intercorrelation -..

- matrix. - ArptobLemrmaythenaexisf:asztoffindfngzaﬂsettoﬁ:oﬁéhogonaizstﬁ:z
dimensions that -labels the cognitive spacev -The solution Thes .in factor
analyzing the -intercorrelation matrix. -The -application-of-factor anal-—
ysis to the problem of finding orthogonal lines, or. the labeling.of a.

—_cognitive. space_is..original: to.this research... The reader. is:referred to-

other sources (e.g., Fruchter 1954) for information on factor analysis.
The general goal of factor amalysis is the redefinition or reduc~-
tion of a set of intercorrelated variables (scores) used to represent

data from subjects to a.smaller set of new, uncorrelated scores (fac=- _

tors) which are defined sélely in térms of the original scores, and
which retain the most "important" information.in the original_scores._.

This relationship can be represented by the matrix equation

S = FV (3)
where 5 represents the standard scores (zero mean, unit variance), F the
uncorrelated factors, and V the factor loadings of the scores. A basic

assumption of factor analysis is that the intercorrelation between the

scores can be accounted for by the mature and extent of their common
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factor loadings. This results in the basic equation factor analysis for

independent (orthogonal) factors
R = FF' (4)

where R is the intercorrelationmatrix-of--the -scores-amd-F--is~the~ - - -
matrix transpose of F.

When factor analysis was applied to the labeling problem, the
directed lines or labels obtained by either of the .above. fitting proce-
dures were viewed.as .correlated.!scores!' and.represented-as matrizx.L.. . ..
Factor analysis determined a set of independent labels (i.e., factors)
represented as matrix L which were the most "important" information from
the total set of labels. That is, factor analysis determined the m inde-
pendent lines that underlie the p lines, where m was the dimemsionality
of the cognitive space to be labeled and p was the number of property
vectors {m < p). The m-dimensional cognitive space could then be de-
fined in terms of these m orthogonal lines. Since the identities of
these dimensions were known, the cognitive space was said to be labeled
by the m lines.

Let Rpp be the intercorrelation matrix among the p lines. Then

P

this matrix can be factored to find factor loadings Fpm such that

Rpp = Fmemp (5)

and the matrix of m independent lines Ly, can be obtained from

>

me - Fpm mm (6)
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where me is the matrix of -p- intercorrelated-~limes in-the wm-dimensional-
cognitive space,

Although factor analysis can determine a set of orthogonal
labels, it does not indicate how these labels are correlated to the
cognitive space. This_information"is obtained from the ‘fitting tech--
niques and is. contained..inm .the multiple correlatiom coefficients be- . . -
tween the labeds and:=the-cognitive- space -stimulus.coordinatess .Label %~
~and cognitive—spacerrelatedness—wasTimeorporated=in=the—labeting-proc=— =<
ess by weighting-the~originalt-factor Tloadings—for-eachlabel-by-the - —--
respective multiple correlation coefficient and then rotating this new

factor loading matrix teo a varimax condition (Kaiser 1958). The vari-

max condition results in a simple structure in which the variances of

all the coordinates (factor loadings) are maximized. In other words,

—each_column is_feimprified as.much:as possiblesin=keeping -withothe ru -2z

restrictions of-orthogonality-of-columns .~ Tdeally-a—factor loading ma—---
trix with simple structure would have only one nonzero loading in m —
of p rows and only one nonzero loading in each of the m columns.

In general, one must make a judgment as to what labels are appro-
priate for describing the cognitive space. The procedure suggested here
and used in this research was to examine the rotated multiple correla-
tion coefficient-weighted factor loading matrix for the m rows (repre-
senting lines) which had the largest values in the columns and rows in
which they appeared, where m was the dimensionality of the cognitive
space. Additionally, the other values in these rows and columns should

have been small. Then the cognitive space was said to be labeled with
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the attributes represented by the lines associated with the m rows

{(lines) so chosen.

4.4.4 Cognitive Space Labeling: Quantitative Measure

The labels chosen for a cognitive space are required to be mutu-
ally orthdgonal.(or nearly .so), .to be significant descriptors, .and to
span the épadé.- While-the first.two.requirements have been addressed
above, the -ability of-the—~chosenzlabels:tosspan thercognitivenspaceTcamz—I7 =
be assessed by computing ‘the matrix similarity measure (MSM) between the - -
component factor scores and the cognitive space. (The MSM is an index
developed for this research to determine the similarity of two cognitive
spaces and is discussed in detail in Appendix C.)

If the original property vectors {or in the case of monotonic
linear fitting, .pseudo .property.wvectors) .arecrescaled:ascz..scoress.then .. ..
the following formula expresses the method of computing component factor

5CcOores:

>
i
|.—l

(7

I

X Z F
nm np pm mm

>

where X = component factor scores, an approximation to the
cognitive space

Z = z scores of property vectors

o
I

= factor loadings

s
I

diagonal matrix of eigenvalues of RPp
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The ability of‘ﬁ to span the -original -cognitive-spaceX -is-then
measured by computing -the M5M between ﬁ and—X. A-high value -of MSM-
(approaching unity) indicates that the cognitive space.can be
approximated by a linear combination of the set of property vectors and
strongly suggests ~that -the-individual acts as if-the respective attri-
butes were directly:used in making-the .comparison. judgments.. Con=-- = -
versely, the MSM can approach.zero=if .1). the.set..of:property. vectors - -~

- .. analyzed “does=mot=representrone=(ormmored=atiributesractuatiy-used=by o
the -individualy-or—2)-the—labels—are—pooriy-correlated—with~the -property-

vectors, or both.

4.5 Summary of Analyses

This section lists the analyses performed for each experiment.

— o For rsome= experimentsz=becan se—the~mumber=of-msubjectszwas—sox karge,z = ==

either a summary of -certain--results of-the-analysis -is giveny-oxr de— -~
tailed analyses are—provided for—a-typical subject in the experiment. -
The following analyses were perforwed for each subject in each experi-
ment:

1. Development of and selection of an appropriate dimensionality
for a spatial cognitive model of original and réplicated judgments for
each context.

2. Comparison of dissimilarity judgments for the same context and
across different contexts.

3. Comparison of cognitive models for the same context and across

different contexts.
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4, Development of and selection of-an appropriate dimensionality
of a master space for all contexts.

5. Examination of the change in dimensional weights of the
master space with a change in context.

The following analyses wexre performed for some of the subjects

randomly selected in each experiment:

1. Development- of property vectors

2. Labeling of ‘cognitive -space for-each context---- -

3. labeling of the master space ~~--

4., Comparison of the individual cognitive space labels with the

master space labels with consideration of the master space dimension

weights

5. Examination of the change in cognitive space labels with a

change in-context--sw:. v
6. Comparison of ‘cognitive model -and-a spatial model represented

by component factor scores from labeling for each context
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CHAPTER 5

THE EFFECTS OF- SOCIAL- ENVIRONMENT: CHAWNGES -~
UPON SPATTAL, COGNITIVE MODELS OF TV PROGRAMS

5.1 Summary

Twenty-three subjects judged the dissimilarity of the same set
of 14 _popular TV programs .while assuming. different. contexts-in-which.—
viewing would take place. The specified contexts were the social envi-
ronments defined by the other persomns (spouse, close friends, young chil-
dren, church minister) who viewed the programs along with the subject.

Four different cognitive spaces, one for each context, were de-—
veloped for each subject and the four spaces generally differed in
dimensionality, .dimension._labels and stimulus.point configuration. For---
each subje;t, it was found that the four cognitive spaces could be con-
tained within a high dimensional (often 6 or more) master space. Each
of the four spaces obtzined with the four contexts was represented in
the master space by a set of unique weightings for the orthogonal dimen-
sions with some near zero weights indicating that the-associated dimen-—
sions or attributes were not necessary for discrimination among the TV

programsg in certain contexts.
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5.2 Experiment Background

Probably the most pervasive and influential environment effects
are social. The social environment can be described by the additional
participants to the task action, their apparent roles, and their inter-
person#l reiabionships*withwthe*subjéctvw'This’chapter”presents*the're— — -
sults of an experiment. dealing with the effects of social environment on
spatial cognitive models. The experimental results have implication for
marketing, especially in the use of visual media and TV programming.

Predicting.individual chaice is critical.to_effective marketing.. ... ...
Many researchers have attempted to predict purchase rates or brand
choice from respondents' demographic or persomality characteristiecs, but
results have not been encouraging (Evans and Roberts 1963). Some more
recent research shows that individual choice among similar alternatives
appears to be governed by specific attrfibutes of thoée alternatives
(e.g., Frost 1969). Lehmann (1971) examined the effectiveness of a
preference model for TV programs based on specific attributes. The
model assumed that the programs were points in a multidimensional space
and that preference was inversely related to the distance of a point
from an ideal point (defined by the ideal amount of each attribute). The
model was somewhat successful in that the average correlation between
subjects' stated preference ratings of TV programs and model predictions
of preference ratings was .49.

Context may also alter the relationships among attitude, choice,

and preference. TFriedman and Fireworker (1977) have noted an apparent
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belief among TV executives that cerxtain types of programs should only be
shown during specific time slots when certain audiences are watching.
This suggests that the executives consider context to influence program
preferences.

i o e LW 10 =R e-punpos e-ofesthis--experimenttosconsider=choicesormsm
preference, but-the results demonstrated that changes in the context, -
the social- environment—in—which--a -program was—viewed; produced- substan-- - -
tial changes in the perception of the program.. These changes,.in turn,.

—.wonld be_expected to exert significant influences on indiwidual

preference and choice behavior.

5.3 Method

5.3.1 Stimuli ...

The stimuli were the names of 14 TV programs selected from a
(then current) 1975 TV Guide (see. Table.5-1).__All_programs.were sched=. ..
uled for prime time viewing, thought to be familiar to most people who
at least occasionally watched TV, and representative of the variety of

available shows.

5.3.2 Subjects

Twenty—three subjects participated in the phases of the experi-
ment requiring dissimilarity judgments, but due to subsequent unavail-
ability of the remainder of the subjects, only five were carried through

all phases with accompanying analyses. The subjects included 15 men and
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TABLE 5-1.—- STIMULI FOR TV PROGRAM EXPERIMENT

1. The Smothexrs Brothers

2. The Rookies

3. Adam-12

4, National Geographic Special
5. MzAxSxH

6. Hawaii Five-0

7. Marcus Welby

8. Little House on the Prairie
9. Petrocelll
10. The Waltons
11. Wide World of Sports

12, All in the Family
13, 60 Minutes

14. Hot'l Baltimore

8 women ranging in age from about 25 to 50 who were volunteers from a

book discussion group.

5.3.3 Procedures

The 23 subjects rated the subjective dissimilarities of the 91
pairs of the 14 TV programs in accordance with the general procedures
detailed in Chapter 4. The subjects were instructed to make the dis-
similarity judgments by considering that they would view the programs
under each of four social enviromments; (1) good, close adult friends,
(2) one's church minister, (3) one's children, and (4) one's spouse.

411 judgments for each context were replicated using different random
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orderings of the stimulus pairs and different orders of context presen-
tation, but the stimulus pairs were otherwise the same.
All subjects were asked to specify the attributes of the pro-
grams they considered.in_making. the.dissimilarity.judgments...- Because .
-collectively-stheir -9 -attributes-coveredsthese-most=frequently-mentioneds-
10 of the 23 subjects were interviewed individually to solicit words or
phrases descriptive of the 9-attributes mentioned. These are  given in

Table 5-2.

TABLE 5-~2.- STIMULUS ATTRIBUTES USED IN TV PROGRAM EXPERIMENT

1. Maturity, average age level

2. Invites personal involvement

3. Humorous, comical

4. Suspenseful, mysterious

3. Educationzl, informative, value—laden
6. Active, dymamic

7. Well-produced and directed

8. Depicts goodness, well-being, harmony
9. Controversial, satirical

16. Personal preference

Only 5 of the original 23 subjects completed the remaining part
of the experiment which required these subjects to rate the programs on
the 9 attributes and also on personal preference. A set of 10 ratio-
scaled property vectors was formed for each of the 5 subjects from these
ratings. The description of the analysis and the discussion which fol-

low refer, for convenience, to one subject chosen at random from the
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5 who completed all phases of the experiment because his data are typi-
cal. He is referred to as subject A. (Results for the other 4 subjects,
for whom property vectors were also derived, will be referred to where
appropriate.) Subject A's property vectors for the 14 programs are given

in Table 5-3; intercorrelations arer~given=in-Table 54— ---

5.4 Analysis

5.4.1 Construction of Cognitive Spaces

, _ Four cognitive spaces.were _developed for .each .of .the 23 subjects .
under the 4 contexts using the techniques discussed in Chapter 4. One-
to 4~dimensional spaces resulted for each context. The stress values

for each number of extracted dimensions for subject A is shown in Figure

5~-1, Using the dimensional selection procedure described im Chapter 4,

spatial models dimensionalities for the friend, minister, child, and

spousa context were selected to be 3, 4, 3 and 2, respectively, for sub-
ject A. The dimensionalities selected for each of the 23 subjects

are given in Table 5-5.

5.4,2 Comparison of Judgment Data

Chapter 4 described procedures for comparing sets of dissimilar-
ity judgments using the Pearson product-moment-correlation coefficient
(r), and for comparing cognitive spaces derived from the judgments using
the matrix similarity measure (MSM). Table 5-~6 presents worst-case sum-
mary statistiecs for comparison of judgments for the 23 subjects. Worst

case means that the values listed are the lowest comparison statistics
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TABLE 5-3.— PROPERTY VECTORS FOR SUBJECT A:

TV PROGRAM EXPERIMENT#*

=~
Television 2 — — 3 -
=] o ()] QO
program B — @ “q-; g o @ o &
e L] j=] [ o © ] > [}
~rt o ] o I Q 3] U o H
H ] |~ P T] o > g B - N SR
2 w =) o at ot o o Y Uy
£ b §E 5 &5 © £ 8 8 ot
= . A E - B mes - om- B O P
Smothers mm -87 > 84+ 31 =298 -- 27~~~ 71 - 26 -~43 34 - 36 -
Rookies 100 45 60 49 36 75 42 52 53 42
Adam~12 65 61 27 89 27 79 21 37 28 15
Geographic 82 91 40 70 21 47 46 63 57 29
M*A*S*H - 71 - 70- 13 -71 78 70 - 46 -—- 63 — 23 32 --
Five-0 87 53 27 100 38 78 56 41 30 42
Welby 58 &41--18 - 72 - 84 --100 - 69 66 - 30 48
Little House 54 100 27 73 531 - 90 45 62 29 51
Petrocelli 78 99 41 83 74 72 65 100 23 100
Waltons 80 79 29 64 95 79 74 66 47 26
Sports 70 82 18 20 100 65 100 93 20 55
Family 95 73 100 23 17 -- 51 27- 44 100 29
60 Minutes 80 62 60 75 33 71 44 47 71 28
Hot'l 92 61 84 33 56 42 63 48 96 58

*Decimals omitted.
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TABLE 5~4+— INTERCORRELATIONS-QF PROPERTY-VECTORS:. -

SUBJECT A OF THE TV PROGRAM EXPERIMENT

—i
o
Attribute = .; o
o =1 =
) — 2] Q o] o v a
i) o = P o @ w &
~ o 0 o o o 0 @ o
H 3] 5L @ % . > o o b
=] 0 o] o, o - vl e 4
2 o = @ 3 o o) © o
o o = = ] O = o 3]
= £ o<1 o = <4 =¥ o &
Personal -22
Humorous 69 -12
Suspenseful_ . | -26 03 _=52
Educatiounal -33 -06 -~56 -0&4
Active -63 =21 -65 52 38
Produced -23 07 -30 -37 84 07
Goodness -33 50 =34 -27 58 09 73
Controversial 63 -19 93 =53 -51 -68 -25 ~-44
Preference -05 33 -00 -07 40 03 50 71 =22

*Decimals omitted.
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Appendix A, Table A-1
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Number of dimensions extracted

Figure 5-1.- Final stress vs. number of dimensions extracted for four
social enviromments: Subject A of TV program experiment.
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TABLE 5-5.- COGNITIVE SPACE DIMENSIONALITY SELECTED FOR EACH SUBJECT:
TV PROGRAM EXPERIMENT

[p < .05]

Context

Friend
Minister

Child

Spouse

Subject -
L M
3 1
3 2
2 2
3 2

[FH33




of those from the various contexts compared for each subject for assess-—

ment of judgment reliability, and the highest comparison statistics when

the effects of context changes were. assessed. Table 5-6.also gives a

worst—case value of the difference correlation .coefficient such: that. it -
- ‘ts—statisticatty—-different—than—the—sanpled-reliability—correlationmcoest~

ficient at the .05 significance level.

Table 5-6 shows that the reliability hypothesis can be  accepted
at the .05 .level for each subject .for.Pg >...41.. That is, when.the con-

—text. is-fixed,—the-probability s :05 that.a set-of test-retest-dissimi~_

larity judgments are related with a population reliability correlation
coefficient pg of less than or equal to .4l. Similarly, the difference
hypothesis can be accepted at the .05 level for each subject given a poﬁ—
ulation difference correlation coefficient pp < .63.. With..the.exception.,
of 6 subjects (E, K, M, R, 8, and V), the worst—case (lowest) population

reliability correlation coefficient exceeded-the worst-case (highest). __.

population difference correlation coefficient. But, for all subjects ex-
cept M, a difference between the two correlation coefficients was statis-
tically significant at the .05 level or better.

Table 5-5 demonstrates that for most subjects the cognitive
model undergoes a change in dimensionality, but. even. more. convincing. . ..
data that support a change in the cognitive model are found in Table ._
5-6. The generally low values of the difference coefficients show that
the change in context caused substantial repositioning of the stimuli
in an individual's cognitive space. That this repositioning is not

attributable to inconsistency of subject responses or imstability of
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TABLE 5-6.- CORRELATIONS (r) BETWEEN DISSIMILARITY JUDGMENTS AND SIMLLARITY
MEASURES (MSM) BETWEEN COGNITIVE SPACES FOR FEACH SUBJECT:
TV PROGRAM EXPERIMENT* (p < .05)

[Sample Size = 91] ,

Relationship Subject -

A B ¢ D E F ¢ B I J K L M ® o P Q R § T U VvV W

9L

Context compared: Same - ‘ .

- - T
rg 86 80 57 87 57 78 75 82 67 71 73 69 54 91‘ 95 79 76 66 ‘72 91 90 56 87
Pg 80 72 44 81 44 69 66 75 54 61 63 59 41 84 90 71 67 55 §2 84 83 43 82
MSMg## 8 81 62 91 72 83 8 85 71 83 74 88 S0 97 87 89 74 89 83 8 88 53 92

Context compared: Different

rp 37 47 19 17 34 05 40 34 25 21 49 16 45 34 13 48 08 45 &9 20 47 33 13
. i
Pp 50 61 35 33 48 22 54 48 41 37 63 32 59 48 29 62 25 59 63 36 61 47 29
ek Kiede TRt ke S Frdedes e vk
MSMpy## 437720 11 05 50 05 30 23 19 44 48 14 27 46 09 33 03 51 43 36 36 41 19
13)) 78 70 38 80 38 65 62 72 51 58 60 54 34 86 92 68 64 50 58 86 85 37 80

*Decimals omitted.,
*%p < ,01 . :
Fewkp <, 10



the cogaitive model is supported by the reliability coefficients. The
worst—caée difference coefficient is substantially less than the worst-
case reliability coefficient and the difference in correlation coeffi-
cients is statistically significants . TFhis-.implies that:-each.-cognitive-
spacerepresents-a-unigue—context-foran—imdividualr-Fhese-datarpro—s
vide strong support that changes in the context -of -stimulus: applica--
tion (social environment) can cause the spatial cognitive model for

an individual to change. ..

e - Subject- A famong-.others)-was-ra.possible<exceptiontosome sof

these statements. Detailed results of the comparison- analysis of ‘A's
judgments appear in Table 5-7. The subject was quite consistent for

fixed contexts. When the context changed, the cognitive space changed

TABLE 5-7.- CORRELATIONS BETWEENW DISSIMILARITY "JUDGMENTS™AND™ —~ *7%
COCNITIVE :SRACE. STMILARITY MEASURES ~(-IN_PARENTHESES) .BEFWEEN 1= -.a. =
COGNITIVE SPACES UNDER FOUR SOCIAL ENVIRONMENTS:
SUBJECT A.OF TV PROGRAM EXPERIMENT#

Diagonal terms are values of rg and (MSMS);
off-diagonal terms are rp and (MSMp)

Friend Minister Child Spouse
Friend 92
(84) %%
Minister 27 87
{19) (92}
Child 17 37%% 94
(16) (21D (85)
Spouse 28 15 21 86%%
(43) (07} {(10) {96)

*Decimals omitted.
**Yzlues shown in table 5-6.
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substantially except for the apparent relationship between the friend

and spouse cognitive spaces. The moderate similarity between these two
cognitive spaces is not surprising and may be a reflection of the fact

that there is a moderate similarity-in the-relationships between adult-
friends and between spousés. A similar reldtionship-between the-friend---—
and spouse cognitive spaces for subjects E, K, M, ﬁ, §, and V accounted
for the worst—case (lowest) relisbility correlation coefficient being

less than the worst—case (highest) difference correlation coefficient as.

noted in Tab%e"5—6-and discussed above.

5.4,3 Master Cognitive Space

A master cognitive space for onme individual is an approximation
to the union of the cognitive spaces formed under different contexts. An
INDSCAL analysis of subject A's 4 context spaces indicated that 6 lin-
early independent dimensions could reasonably span the spaces. The
dimensional weights for the master space of subject A are given in
Table 5-8. The sum of the squares of the weights measures the goodness
of fit between the dimensionality-weighted master space and the separate
cognitive spaces. The manner in which the master space spans each cogni~-
tive space can be examined by identifying the dimensions with the k
largest weights where k is the dimensionality previously chosen for the
cognitive space based on an MDSCAL analysis. For the friend context,
the dimensionality chosen was 3, and according to Table 5-8, the 3 larg-
est weights are for dimensions 3, 4 and 6. Such weights are circled in

Table 5-8 and indicate the manner in which the master space spans those
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TABLE 5~8.- DIMENSION WEIGHTS FOR THE 6-DIMENSIONAL
MASTER SPACE: SUBJECT A OF THE TV
PROGRAM EXPERIMENT*

Dimension Cognitive space -

Friend Minister Child  Spouse

ele
clele
@

o
.
—_
=
s

Figh# 83 97 89 98

*Decimals omitted; weights < .10 deleted.
**3um of squared weights.

cognitive- spaces under-the—noted-context. -The-minister-and child con~ -
text appear to use unique dimensions that no other spaces use, dimen-
sions 1 and 5. The remaining dimensions are shared- im wvarious -ways-—ove
the four contexts.

Master cognitive spaces were developed for each of the 23 sub-
jects and Table 5-9 presents a summary of pertinent results extracted
from these analyses. The upper bound on dimensionality is the sum of
the dimensionalities of the individual spaces. - The master space dimen-—
sionality for any subject is at least half of the upper bound implying
that about half of the dimensions of the individual cognitive spaces
are unique. Dimension sharing, however, is more common than dimension
uniqueness. Only for subject B did the number of unique dimensions

(4) exceed the number shared (3). Subject M had complete sharing of
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TABLE 5-9.- SUMMARY OF MASTER COGNITIVE SPACE ANALYSIS FOR EACH SUBJECT:
TV PROGRAM EXPERIMENT

08

Parameter " .Subject -
A B c D E F G H I J K L M N o ' P Q R 8§ T ) \ W
Dimension 12 10 13 7 10 6 11 10 11 '8 12 11 7 1y 10 12 11 12+12 11 12 13 1O
upper bound .
Dimensionalityl 6 7 8 4 5 4 6 5 7 5 6 5 4 5 5 6 5 67 6 6 71 6
Worst f£it¥ 86 78 81 68 88 65 78 61 59 85 94 81 70 B4 67 79 64 87 91 83 74 89 82
Best fit 98 95 93 87 95 83 84 90 83 96 99 91 79 91 94 B8 92 96 98 97 92 93 96
Average fit® {92 88 86 76 86 86 82 78 73 91 96 87 76 88 83 84 83 91 94 50 86 91 91
Shared & 3 5 3 2 3 4 3 4 4 4 3 4 4L 4 5 3 3 4 3 5 4 3
dimensions
4 .
Unique 2 4 3 1 13 1 2 2 3 1 2 2 0 1 1 1 2 3 3 3 1 3 3
dimensions ! :

*Decimals omitted.



dimensions meaning that the four contexts evoked a set of four independ-—

ent dimensions but they were differentially weighted in each context.

5.5 Dimension _Labeling

T ‘Five of“the -23 “subj&tts~supplied-informatronr—thatcotld>be-used——
to label their cognitive spaces. A set of 10 property vectors were ob-
tained for each of the 5 subjects using this information according to
the procedures discussed -in--Chapter..4. ..The-vectors-represented .the- ...

-~ -gubjects-ratings—of-the—l4Fr-programs—aecording=to--the-ll--attributes
specified in Table 5-2. Property vectors for'subject A are given-in
Table 5-3. Cognitive space labels were developed for each of the 4 con-
text spaces for the 5 subjects investigated using the limear regression
property fitting technique-discussed in Chapter 4.: Table 5-10 presents
the results of a factor analysis of the interlabel correlation matrix
for subject A's cognitive space under-the friend context. The factor - -
loadings have been weighted by the multiple correlation coefficient be-
tween the property vector and the cognitive space stimulus coordinates
and rotated to a varimax condition.

The maturity, action and goodness attributes have the highest in-

dividual weighted loadings on the three dimensions that define this space
and are noted in Table 5-10. Hence, the friend cognitive space can be
defined for subject A by the labels representing these attributes.

Dimension labeling for the four individual cognitive spaces and
the master space for subject A is summarized inm Table 5-11. A check

mark appears in an attribute—cognitive space cell if labeling analyses
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TABLE 5-10.—~ WEIGHTED FACTOR LOADINGS OF INTERLABEL .
CORRELATION “MATRI¥=FOR ~FRIEND»GONTEXD: -~SUBJIECT- &+~
OF THE TV PROGRAM EXPERIMENT*

Attribute. C—— Factor#®¥* ok
1 .2, 3.
1. Maturity 12 -11 95
2. Personal 02 21 61 64
3. Humorous ~10 00 78 79
4. Suspenseful 24 48 22 58
5, Educational -19 38 -28 51
6. Action -09  -13 89
7. Produced 19 30 14 38
8. Goodness 10 16 39
9. Controversial 24 -08 47 73
10. Preference -13 57 19 70

*Decimals omitted.

**Loadings rescaled to rms value of rZ,

*¥*Multiple correlation coefficient from linear
regression (rg=_qg) = -78).
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TABLE 5-11.- SUMMARY OF LABELING ANALYSIS FOR FOUR COGNITIVE
SPACES: BSUBJECT A OF THE TV PROGRAM EXPERIMENT

Attribute Cognitive space -
Master TFriend Minister Child Spouse

Personal v v
Educational Vv Y 4
Action v v v v
Goodness v v
Controversial~ [~ - - v
Maturity v v
Humorous v
Unidentified v

indicated that the particular attribute was used in making dissimilarity
judgments in that context. Of the 10 attributes mentioned by the sub-
jects, 7 were sufficient to identify dimensions in the four spaces for

gubject A. The suspenseful, well-produced, and preference attributes

did not figure in any of subject A's spaces., The strong similarity be-
tween the pattern of checks in Table 5-11 and the pattern of relative
sizes of the master space dimension weights in Table 5-8 confirms the
ability of the master space to span the 4 cognitive spaces since the
master space uses a majority of the same labels used in the 4 spaces.
Table 5-11, for example, indicates that only the minister context evoked

the personal attribute and Table 5-8 indicates that only dimension 1
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has a substantial weight under the minister context and no other con-
texts. This suggests that dimension 1 of the master space is linked
to the persomal attribute. In like manner, the master space dimension
labels can be compared with the individual space labels in Table 5~1l.
) The labeling analysis, hdwever,’ did not idéntify-the~sixth-di-" -°
mension of the master space, yvet Table 5-11 suggests its identity. The
attributes of maturity and humorous, applied to 3 of the 4 individual
spaces, were not represented among the 5 attributes identified for the
master space.- Because of-their- apparent subjective similarity, it is
conjectured that these two missing attributes are somehow blended

(their intercorrelation of .69 noted in Table 5-4 supports this possi-
bility) into the unidentified sixth master space attribute; perhaps

adult humor. Finally, tin order for the master space to represent the
first three contexts adequately (and the goodness-of-fit values in

Table 5-8 indicate that it does), the unidentified attribute must be

a combination of humorous and maturity, or else the dimensionality of

the master space must be increased to include these attributes.

The ability of selected labels to span the cognitive space they
described was determined by computing the cognitive space similarity
measure (MSM) between the cognitive space and the cogmitive space repre-
sented by the component scores obtained from the factor analysis of
label intercorrelations. Table 5-12 indicates the MSM's for the four
context spaces and the master space for each of the 5 subjects investi-
gated in the labeling study. The generally high values indicate that

the selected labels provide a good description of the respective space.
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TABLE 5-12.-.SIMILARITY MEASURES BETWEEN COGNITIVE SPACE
AND COMPONENT SCORES FOR FOUR CONTEXT SPACES AND MASTER
SPACE: _ 5_SUBJECTS._OFE _THE_TV_PROGRAM FEXPERTMENT®_. _ _ __

Space Subject -
A G K M )
Friend :-- -- | 79 . 67 s 84 .52 .83
Minister 84 . 73 91 74 89
Child 81 76 79 66 80
Spouse 86 74 87 71 79
Master 76 71 74 64 75

*Decimals omitted.
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5.6 Conclusions

The change in context produced different spatial cognitive

models for all 23 subjects. Some of the differences were structural in
that the number and identity of dimensions of the models changed.
Others were shifts id dimensiohal emphasis (weighting) and modificationr
of the stimulus configuration. These changes suppoxt the majog hypothe-
sis of this research that changes in the context of judging stimulus ob—
jects can cause changes in a spatial representation of their perception
(i.e., spatial cognitive-model)for- a given -individuak.- ---

The preference attribute did not feature in any of the labels

used in the cognitive spaces of the 5 subjects studied in detail. That
/
is, preference did not explain any of the cognitive space dimensions so
these subjects judged dissimilarity -of the TV programs without reference
to preferences. Only one set of preferences was obtained from each of
the 5 subjects who rated the programs for labeling purposes. The con-
text, however, was not specified when preferences were solicited. Had
a set of preferences been obtained for each context, the conjecture that

context affects perception and ultimately preference, might have been

tested.
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CHAPTER 5

T T T THETEFFECTS TOF TCHANGES TINT TASKPURPOSE-UPON™A™ *~ " 7"~ =~
SPATIAT, COGNITIVE MODEL OF AERTAL PHOTOGRAPHS

6.1 Summary

One subject,-skilled in -the- visual- and-mathematical-interpreta—
“““““tion“of*satei%ite*photo*data:-judged-the*ﬂissiﬁiiarity“of“tomputer~proc~————

essed black and white aerial photos of a yacht basin. The 14 photos
presented an identical view but appeared to be different because of dif-
ferent amounts of noise and blur introduced in their generation from
the original photo. -The—context -was-manipulated-im the experiment by-—--— -~
changing the stated purpose for which the photeos would be used.

The subject was—asked—first to judge -the-dissimilarity-of-the—— - —

photos for the purpose of identifying unspecified objects gemerally

(unspecified objects context). This task would essentially be akin to

using them for general photo interpretation. Next the task was changed
to judging dissimilarity of the photos for the purpose of surveying boat

classes; i.e.,” wirtth objects specified- (specified- objects -context).- The

first context produced a 3-dimensional space while the second a 2-
dimensional space. The judgments were replicated with the same subject
about one week later and the entire experiment with replication was re-
peated one year after the original study with virtually identical

results,
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It was found that context change, in this case, change in the
stated purpose for which the objects would be useé, produced a differ-
ence in spatial cognitive models for the subject. The differences were
both structural and spatial; i.e., the spaces differed in dimension-—
ality, dimensiof’ labels and stimuléis configurdtidn. A 3~dimehsional mds—
ter cognitive 5p§cé éas developed to span the two spaces for the sub-
ject. Each space was represented in the master space by a unique set of
weightings for--the three dimensions, with-a near zero weight for the di-

mension unnecessary- for- discriminating—among-the—aerial-photos- for the

objects specified context.

6.2 Experiment Background

This chapter addresses the task-definition-characteristic of con-
text. It presents the results of an experiment to study the effects of
changing the stated purpose for which the stimuli would be used on spa-
tial cognitive models. $ince the experiment setting deals with the ef-
fects of context on image perception, this topic is discussed and some
application of experimental results are given, especially in the area of
visual displays.

Zatoni (1978) has indicated that making the picture of a large-
screen TV display acceptable to the average viewer is a difficult problem.
Since the eye and the brain form a complicated system for interpreting
images, simple measures like brightness and contrast can't always deter-
mine if the picture is good. Huang, Tretiak and Schreiber (1971),

Marmolin and Nyberg (1975), and Hunt and Sera (1978) have suggested
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that there are different image properties of importance to image qual-

ity, and their importance-may—depend-on-the-observer!s—experience; the

type of task to be performed with the images, the nature of the inforéan

tion sought-from-the-image;-and-so on:: Consequently;- image-quality ig=.z—

likely to be’a funttion of & numbér - of diffeéréntpércéptual-dimensiond==-"
It is the thesis.behind.the _present researchﬂthag;percepiion"de— ..

pends upon context.. If so, it. would.be reasonable_to.expect to_find . .

that the: relationship-between -subjective-picture-quality -and-physical-- ..

prﬁ?e?ﬁeﬂl@o‘mmmmofﬁcme*qua-'l:i:t-y—e’va-lu-a-t—i-eﬁew
As Hunt and Sera suggest, human beings may adapt to circumstances in a

way that depends on the perceived context. A given level of image qual-
ity can be acceptable to an individual if associated with a human por-
trait, but unacceptable if the same quality is associated with an aerial-
military reconnaissance photo. The same physiological vision processes

are involved -in -both -cases,” but--the context—is- radically-different—be——— -
cause of different viewing purposes. Specifically, one should expect to
find that a model used to predict image quality and based upon subjec-

tive data gathered under one context will not perform satisfactorily

.when the context changes sufficiently. Hunt and Sera recognized this
problem by limiting their study to nonperformance environments (i ey -
situations) characterized as viewing images for recreational, enter-—
tainment, or aesthetic purposes. Context effects are likely to be

more pronounced in performance or task—oriented situations where the

image is a tool employed in achieving a particular goal. The study


http:it-would.be

reported here supports this possibility, although image quality was not

directly assessed.

6.3 Method

6.3.1 Stimuli

The stimuli were 14 digitally processed images of an aerial pho-
tograph of a yacht basin. Black and white Polaroid photographs were
taken of CRT representations-of the images. The pictures were identical
except that different- amounts of-noise~fgivingan-appearance-~of-grain— -
iness) and blur (giving the appearance of different numbers of gray
levels) were introduced by computer in production of the pictures from
the original photograph. The "best™ and the "worst" pictures are
illustrated in the top and bottom portions of Figure 6-1, respectively.
The stimuli were those used in previous studies by Hunt and his aséqqi—
ates and their production- is- described-in-detail in Hunt and Sera (1978
The loan of the stimuli by Dr. B. R. Hunt of the University of Arizona

Digital Image Analysis Laboratory is gratefully acknowledged.

6.3.2 Subject

One subject, skilled in the visual interpretation and mathe-
matical analysis of satellite photo data, participated in the experi-
ment. The subject routinely processes and uses digital images in her

employment.
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Figure 6-1.- Examples of two "extreme" photos from the aerial photo
experiment.
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6.3.3 Procedures

The subject judged the relative dissimilarity of the 91 pairs of
the 14 photographs in accordance with the general procedures outlined in
Chapter 4. Pair judgments were performed by randomly arranging the 14
stimulus photos enclosed in individual opaque envelopes on a table in
front of the subject. The procedure then required the subject to obtain -
the next pair of photo index numbers from a questionnaire, remove the
two appropriate photos from their envelopes, judge the dissimilarity of
the pair according to the stated context, record her judgment on the re-
sponse sheet, and finally return the photos to their respective envel-
opes. The 91 judgments took about an hour.

Two context conditions were used. The first required the sub-
ject to consider the pictures for the purpose of discerning unspecified
objects; i.e., for the general photo interpretation task of determining
what is in the photograph. Under the second context, the judgments were
repeated considering the pictures for surveying boat classes or 'sizes.
For this context, the objects were specified. Judgments under each con-
text were replicated and all sets of judgments used different random se-
quences of the 91 pairs of photos, but otherwise the procedures and
stimuli were the same.

The experiment was administered twice, first in 1976 and again
approximately a year later in 1977, with the same subject and stimuli
and with virtually identical results. Except where noted, the results

from the later version of the experiment are reported.

92



Candidate attributes were needed to identify the dimensions of
the spatial model so the subject was asked to specify as best she could
the attributes used in making the dissimilarity judgments. Six were ob-
tained and the subject rated each photo on each of these, Table 6-1 comn-
tains the definition of these 6 attributes as supplied by the subject.
Two known physical properties of the photos were available, blur and
noise, and they served as additional attributes. Thus there were 8 at-
tributes used to describe the photos. The 8 corresponding property
vectors are given -in ‘Table-6-2 -and the rank order-correlations ‘between
these vectors are given in Table 5-3. No property vectors were obtained

for the 1976 experiment since it essentially served as a pilot study.

TABLE 6-1.- DEFINITION OF SUBJECTIVE STIMULUS ATTRIBUTIES:
AFRTAJ, PHOTO EXPERIMENT

Attribute Definition

Sharpness A lack of sharpness has a tendency to
diffuse the outlines of objects and
makes them appear ragged

Clarity The degree te which certain features of
an object can be discerned sufficiently
to establish its idemtity

Contrast Difference or number of steps between
gray levels (tones) of contiguous objects

Granularity The average size of the unit cell (grain)
of which an image 1s composed

Density . The overall average gray level (tome) of
the image
Chroma The apparent number of different gray

levels (tomes) used in the image
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. TABLE 6-2.- PROPERTY VECTORS USED IN AERIAL PHOTO EXPERIMENT

Attribute

Photo number -—

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Bluf, pixels 1.6 5.0 5.0 0 1.6 1.6 1.0 0 4.0 0 5.0 2.5 1.6 0
Noise, dB 6 6 i5 hed 15 9 o 9 @ 15 9 o © 6
Sharpness; min (1),{ 5 2 3 14 10 7 12 9 4 13 1 6 11 8
max (14)
Clarity; min (1), 6 2 1 14 11 5 13 10 4 12 "3 7 9 8
max (14)
Contrast; low (1), 5 1 2 14 9 7 11 12 4 13 3 6 8 10
high (14)
Granularity; 3 5 7 13 11 4 12 2 B 14 6 9 10 1
coarse (1),
fine (14)
Density; light (1), ] 14 13 2 8 11 6 5 10 4 12 9 7 3
dark (14)
Chroma; few (1), 2 1 3 13 10 9 12 7 6 14 4 8 11 5

many (14)




TABLE 6-3.— RANK ORDER CORRELATIONS OF PROPERTY
VECTORS USED IN AERIAL PHOTO EXPERIMENT#*

Attribute b
@ ol
i » & 3 3
L] Cl ] E =] vt
H . H e o =} @
= I a8
m = w o ] ] =]
Noise -31
Sharpness - =24 -13
Clarity -20 23 06
Contrast -30 48 40 33
Granularity - -36 -24 ~32- -25 05 -~
Density 00 4] -27 64 26 -40
Chroma 00 08 23 13 02 25 06

*Decimals omitted.

6.4 Analysis

6.4.1 Construction of Cognitive Spaces

Cognitive'spatial models were developed for the subject under
the two contexts using the techniques discussed in Chapter 4. The
stress values as a function of extracted dimensions for the models for
the two context conditions are given in Figure 6-2, From this figure it
was concluded that the appropriate number of dimensions to -associate

with the unspecified objects context was 3 and with the specified

objects context, 2. The significance levels associated with the 3- and
2-dimensional cognitive spaces are about .08 and .01 for the 1977 experi-
ment and .12 and .05 for the 1976 experiment, respectively. Although a
minimum significance level of .05 had been arbitrarily established for

selecting model dimensionalities, the 3-dimensional unspecified objects
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Final stress, n.d.

'\/{976 Objects

specified

\9}6 Unspecified

ohjects

5% acceptance level
Appendix A, Table A-1

1 2 3 4 5

Number of dimensions extracted

Figure 6-2.- Final stress vs. number of dimensions extracted for aevxial
photo experiment.
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context was 3 and with the specified objects context, 2. The signifi-

cance levels associated with-the 3~ and 2-dimensional cognitive spaces
are about ,08 and .0l for the 1977 experiment and .12 and .05 for the
1976 experiment; -respectivelys —Although “a—minimum significance-level-of-

.05 had béén arbitrarily”established- f5i-selefting-fiodel--dimensiod~—s -7~

alities, the 3-dimensional. unspecified.objects context model. was re- . __

tained in this case because (1).the 3-dimensional .model_consistently and

adequately -described--the subject’s-responses-in-the-two experiments-a .-
——year apart;-(Z)-choosing~onlty-2~dimenstons-would~have~been-very~conserva -

tive (significance level << .0l), and (3) there was a substantial reduc-

tion in stress in going from a 2~ to a 3-dimensional model.

6.4.2 Comparison of Judgment Data

Chapter 4 described procedures for comparing sets of dissimilar-
ity judgments using the-Pearson product—moment-correlation--coefficient--- -
(r) and for comparing cognitive spaces derived from Eﬂé judgments using
the matrix similarity measure (MSM). Table 6~4 presents worst—case sum-
mary statistics for comparison of judgments for the subject. Listed are
rg and the MSMg (reliability coefficients) for assessing reliability of
judgment and stability, of cognitive-spaces respectively, and rp and the
MSMp (difference coefficients) for assessing the effects of context
change on judgments and cognitive spaces. The highest value of the dif-

ference correlation coefficient T Doas such that it is statistically dif-

ferent from rg at a .05 significance level is alsc given. Table 6-4
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TABLE 6—4.— CORRELATIONS (r) BETWEEN -DISSIMILARFFY--

JUDGMENTS AND SIMILARITY MEASURES (MSM)
BETWEEN COGNITIVE SPACES FOR THE AERTAL
PHOTO EXPERIMENT (p < .05)

[Sample size = 9.].]. -

Contexts Parameter Valued
compared
Same rg 75b
Pg 66
MSMg 84°¢
Different ™D 34
MSMp 384
rDmax 62

3Decimals omitted.
Lower of two values.
€p < .001

dy < 100
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shows that the reliability hypothesis can be accepted at the .05 level
for pg > .66. Similg?ly, the difference hypothesis can be accepted at
the .05 level for a populationm difference correlation coefficient

Pp < .48,

- - As an additionaT*théck7%nJéubjéct’cﬁnéistenty?MIJS"were'tomputed“
between dissimilarity judgments made under the same context, but.in dif-
ferent years (1976, 1977).. The lowest. r.of 8_values, including.replica-

tion judgments, was .53, with an average of- .68,

- ~emwe The -dd fference-coefficrents~show—that-the—~change—in-context -~
caused substantial repositioning of the stimuli in the subject's cogni-
tive space. That this repositioning is not attributable to inconsis-—
tency of subject responses or instability of the cogritive model is
supported by the reliability coefficients. The worst-case reliability
coefficient is substantially greater than the respgctive worst—case dif-
ference coefficient, and- the difference between them Is -statistically— --
significant. This supports the conclusion that each context evokes a
unique cognitive space for the imdividual; the same one is evoked for
the same context. When the context changes, another appropriate cogni-
tive space is evoked. 1In light of the reliability analyses, the dif-
ference analyses-provide strong-evidence-that changes in the judgment
context {task purpose) can cause changes in perception which cause the

spatial cognitive model for an individual to change.
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6.4.3 Master Cognitive Space

An TNDSCAL analysis of the subject's 2 context spaces indicated
that a 4-dimensional master space could reasonably span the spaces. The
dimensional weights for the subject are given in Table 6-5. The weights
indicate that the two contexts share dimensiorn 1. Dimensions 2 and 3 -

belong only to the unspecified objects context, while dimension 4 be~

longs only to the specified objects context. Changing the stated pur-

pose of the task from discerning unspecified objects to specified ob-
jects appeats to cause”the-subject to-increase the-relevance-of--one-at—---
tribute slightly, to drop the other two attributes and adopt another

more important omne,

TABLE 6—5.—- DIMENSION WEIGHTS FOR THE 4-DIMENSIONAL
MASTER SPACE USED IN THE AERIAL PHOTO EXPERIMENTI#

-Dimension Cognitive space -
Unspecified Specified
objects objects
1 44 59
2 62
3 47
4 66
Fig#* 84 82

*Decimals omitted; weights < .10 deleted.
**Sum of squared weights.



6.5 Dimension Labeling

A set of 8 property vectors -was obtained from the-subject -

using information supplied according to the procedures discugsed

in Chapter 4. 8ix of the vectors "represented-the~subject's ratings-of- -
the 14 photds atcording-to dttributés Specified” inTable-6<1; "thé Fe-'"-
maining two vectors represented_known physical.properties.of _the photos.
Cognitive space labels were.developed.for . the_subject's 2.context.spaces
using the-monotonic-linear regression -property-fitting-technique.dis-

—e e e - —pgsed—in-Chapter—4+Tabte—6=6—represents—tire~factor—Toadings—werghted——

by the multiple correlation coefficients for the subject’s cognitive

TABLE 6—6.~ WEIGHTED FACTOR LOADIRGS OQOF IRTER-
LABEL CORRELATION MATRIX FOR UNSPECIFIED OBJECT
CONTEXT: AERTIAL PHOTO EXPERIMENT

Attribute. . - woo Factor®* ... p2EEH
1 2 3
Blur 78 18 -04 80
Noise -17 -67 13 70
Sharpaess 36 27 -75 87
Clarity 35 ~49 14 52
Contrast 37 73 13 83
Granularity -18 =35 23 46
Density 25 17 -61 58
Chroma ) -24 41 26 54

*Decimals omitted.

**Loadings rescaled to rms value of rZ.

#%%ultiple correlation coefficient from
monotenic linear regression (rg=g,1 = -78).



space under the unspecified objects context. The blur, sharpness, and

contrast attributes have the highest individual weighted loadings om the
three dimensions that define this space and are noted in Table 6-6.

Hence, the unspecified objects cognitive space can be defined for the

subject by the labels representing these attributes.
Dimension labeling for the two-individual cognitive spaces and

the master space is summarized in Table 6-7. A check mark appears in an
attribute—cognitive space cell-if labeling analyses- indicated that the
particular attribute  was used—in making- dissimilarity~judgments- in -that
context. The physical attribute noise which was used in the generation
of the photos was apparently incorporated in the subjective dimensions.
The strong similarity between the pattern of relative sizes of the mas-

ter space dimension weights in Table 6-5 and the pattern of checks under

TABLE 6-7.— SUMMARY OF LABELING ANALYSIS FOR AERIAL
PHOTC EXPERIMENT

Attribute Cognitive space —

Master Unspecified Specified
objects objects

Blur \/ \/ \/

Noise

Sharpness v v

Clarity

Contrast v v

Granularity v v
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the two cognitive spaces in Table 6~7 confirms the ability of the master
space to span the two 'spaces. Table 6-7, for-example,- indicates that

only the specified objects context evoked the granularity attribute and

Table 6~5 indicates that dimension 4 alone has -a substantial-weight -----=-
under this™ contekt and no other context. This suggests -that :diménsion” - -
4 of the master space is-.linked..to. the. granularity.attribute... In like . .
manner, the master. space. dimension.labels. can.be compared with .the indiz _
vidual space- labels-in Table 6-7~- - - -

oot — s —ab ity —of the—selected—tabels—tospan—the—cogaitive—space —
they described was determined by computing the matrix similarity measure
(MSM) between the cognitive space and the cognitive space represented by
the component scores obtained from the factor analysis of label inter-—
correlations. --Table 6-8 -indicates the MSM's for the two cognitive -
spaces and the master space for the subject. The high values indicate
that the selected -labets provide-a—good description-of -the respective-

space.

TABLE 6-8.— SIMILARYTY MEASURES (MSM) BETWEEN
COGNITIVE SPACE AND COMPONENT SCORES FOR
TWO COGNITIVE SPACES AND MASTER SPACE:
AERTAL, PHOTO EXPERIMENT#

Space MSM
Unspecified objects 83
Specified objects 79
Master 86
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6.6 Conclusions

The change in context produced different spatial cognitive
models for the subject. Some of the differences were structurzl in that
the number and identity of dimensions of the models changed. Others -
were shifts(in dimensional emphasis (weighting) and modificatidn of the
stimulus configuration. These changes support the major hypothesis of
this research that changes in the context of judging stimulus objects
can cause changes—in -a-spatial ‘representation of their  perception (i.e.,
a spatial cognifive model) for a given -individualv-—=r-=-- -~~~

The subject displayed remarkable consistency; the judgments over
a year apart correlated fairly well. This was due, probably, te the
subject's high proficiency. She possessed an operational skill in proce-
dures kthat were very similar to those perférmed in the experiment and an
appreciation of the difference and importance of the differences in the
purposes for which photographs ‘may-be used, Considering the subject's
skill in image discrimination and the inherent complexity of the photos,
it is somewhat surprising that higher dimensional cognitive spaces did
not result in this study.

Since the photos differed only on two objective atktributes,

blur and noise, it might be argued that the cognitive spaces ought

to be 2-dimensional and based on blur and moise. But poise did not
feature in either of the spaces because the mathematically measurable
physical attributes wmight be quite different from the resulting subjec-
tive attributes of images. The noise objective attribute may be only a

part of the noise subjective attribute, perhaps even a minor part.
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Noise may have been overshadowed by blur since the subject reported that

blur tended to obliterate distinguishing-—characteristics—of-photos, more

so than noise. The importance of blur to .the subject is suggested by. ..
its appearance-in-both—cognitive~spaces+—Finally;=when—image—qualkity=—"====
was an issue; Huht® -and™-Sera—(1978) §tatéd that -Tow’ corfelatidn-between -~ -
noise and quality--should be .expected-due to the profound capability..of.._.
man to "filter out™.noise. --This.also.suggests..that.noise is.not.a.sig= - .
nificant discriminator—of—photos—and-showkd-not--feature~in-cognitive -~ — -~
models of photos.- -----

The use of the sharpness and contrast attributes in the

unspecified objects cognitive space seems reasonable because the task

purpose in this context was to identify objects in general. Object iden-
tification requires-edge -detection -and-local region analysis which, ac—--
cording to the definitions of Table 6-1, should be compromised without
sharpness and contrasts ——These attributes—have—-also-been-reported--in- -
other studies on image perceptions (Marmolin and Nyberg 1975).

When the purpose of the photos was changed to that of identi-

fying boat sizes (specified objects context), the subject appeared to

retain blur, dropped two other attributes, and adopted a granularity
attribute with major emphasis.---She acted as if these two attributes
were quite relevant in detecting the presence of a boat (distinguishing
a2 boat from its background) and finally determining its size. This

suggests that an excess amounkt of either blur or granularity can cause

an object to blend into the background.
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For all replications of the study, the subject consistently
yielded higher dimensional spatial models when the image application was
to look for unspecifieé objects than when it was to look for specific
objects. From this fact, it might appear: that for unspecified- objects ---
the subject uses all attributes that might be of any value in detecting
objects. Then, when a specific object is stated, the subject selects
only 'those attributes from the previous. set- which are.relevant to.the. ..
new context.--The-second space-should then be a-subset-of the first.. Bul
this was not found to be the case-as was-determined-by-the master-space--
dimension weights and the labeling analyses. Whether the comsistent dif-

ference in dimensionality is peculiar to this experimental task or to

the subject cannot be determined from the data.
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CHAPTER 7

e ——THE—EFFECT S OF - CHANGES - IN“STRULUS APPETCATTON-UPON *A~SPARRAL -~z
COGNITTVE MODEL OF SIMULATED FLOOD HISTORY PROEILES

7.1 Summary

- -w - . Fifteen-subjects—judged_the.dissimilarity .of "high water level . .. ._
s tortes—in~Houwston-bayeussloThe~ti~-lhistoriesib-verewpresented-ac—iiva—m——
points on a line with a reference mark, but with mno indication-of the
sequence in which they were supposed to have occurred. The points were
actually samples from a normal distribution. The context was varied
by connoting a change im -the- use -or application of the samples.-.In- -
the first part of the experiment the subjects were asked to judge the
dissimilarities of the histories (history context).- -In the second - -
part, they were asked to judge the dissimilarities of the meteorological
processes that supposedly caused the histories (process context).
The results for 12 of the subjects were that the history context
produced cognitive spaces of 3 or more dimensions and were based on vis-
ual pattern attributes of the. stimuli. The subjectsuapbeared to..perform _
this task as a pattern comparison activity. The process context pro-
duced spaces with less than 3 dimensions and were based on sample esti-
mates of the parameters of the underlying random processes. The data

for 2 of the 15 subjects were not consistent with spatial cognitive
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models at all and for a third subject the spaces were not stable over
replication.

The effect of context change was to produce different spatial
cognitive models for-each- subject. The‘dfffeéences were both-structural -
and spatial-and Wweke démomstrated by changes 4n-dimension-weights—of-a — -~
ﬁaster space for each subject that spanned his- two context spaces. But
the cognitive spaces were sufficiently similar across individuals that
a commen cognitive..space- was -developed .for each context,.spanning all.. . ..
subjectss -- -

Generated data suggested that subjects familiar with stochastic
phenomena would have lower dimensional cognitive spaces than others
without this background, and that for them the difference in dimension-
ality across context change would be reduced., The data, however, were

not statistically significant.

7.2 Experiment Background

This experiment is similar to the one reported in Chapter 6.
Both address the task definition facet of context, or more specifically,
stimulus use or application. The difference in the two experiments, how-
ever, lies in the manner in which the statement of stimulus application
was made. Whereas the experiment in Chapter 6 explicitly specified the
purpose for which the stimuli should be used, this experiment only
conmnoted a stimulus use. It did not suggest how the subjects were to
apply the stimuli to the judgment task. Consequently the subjects were

free to select any application they perceived to be relevant.
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The study was performed at a time when the rainfall had been par-
ticularly heavy in-the Houston area.- In fact, since. many bayous are
used for runoff in most of Houstom, there had-been recent serious water
- -damage caused-by=bayou—overflowswr-These-pointe~indicate=the -relevanco s
”“ﬁf’tHE"Eiﬁéfiﬁéﬁf“tb%tﬁE"subjét{s+4réCent*p8$ceptions—andrthinkiﬂgvﬁ?$hevmr
judgment was seen less as a_laboratory artifact and more as research on
a current problem. Because the results of this experiment have implica-
—tions—£for-human-assessment.ofuncertainty, this secrion.provides a brief
background- of~that -areai- -~ -
People oftem make decisions--concerning the-outcome-of  uncertain-- -
events on the basis of fallible or incomplete data, a state of mind, or
the perception of a particular situation (i.e., context) without the con-
scious use -of- well-defined-.reasoning.-.In some cases,. they rely.on ... ..
heuristics by which they reduce the complex tasks of assessing likeli-
hoods and predicting--values to- simpler judgmental operations. Tversky
and Kahneman (1974) have noted that, in general, these heuristics are
quite useful, but sometimes they lead to severe and systematic errors.
They further note that it is possible to learn to recognize the contexts
in which judgments are likely to be biased, and to make appropriate al-
lowances for -the biases (Tversky .and Kahaneman 1973)._ One_ such.circum— _
stance is that in which the person making decisions does mot interpret
the phenomena as stochastic, but instead uses a deterministic intermal
model (Alberoni 1962). Gaines (1976) demonstrated that people commonly

generate elaborately complex internal deterministic explanations or
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models of a stochastic phenomenon if determinism is postulated and often
these models produce erroneous results.

Based on these authors' findings, a change in context which
would make it more appropriate—to-view—a—stochastic—phenomenon—as:-sto— =+ —~--
chastic rathér thah deéterministic, -would—be ‘expected—to -cause—a-change- -
in the spatial cognitive model of that phenomenon. The model should
change from a more complex deterministic-based representation toward a
simpler stochastic-based.representation.. -The.experiment described in. .. -.
this chapter was-designed—to -see if- such-a- context -change would-effect - -..
a change from a cogunitive space related to patterns of the stimuli
(deterministic—~based), to one related to statistical deseriptors of the
stimuli (stochastic-based). The descriptors would be expected to be es~

timates of the characteristics of the stochastic phenomenon.

7.3 Method

7.3.1 Stimuli

The stimuli were 14 random samples, computer generated from nor-
mal distributions with known means and variances. The samples were
posed as water level histories of Houston bayous. The stimuli are

illustrated in Figure 7-1.

7.3.2 Subjects

The study began with 15 subjects who were employees of a large

government facility. Their professions ranged from secretary to senior
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engineer and their ages ranged from about 23 to 45 years. Five of the

subjects were female.

7.3.3 Procedures . ..

Tﬁé 15 sTbjecis fated'the'subjEctive‘ﬂissimiIar%ties -of-*the- 91-
pairs of the 14 samples in accordance with the general procedures de—
tailed in Chapter 4. The subjects were told that the stimuli were the
last five yearly high water- levels at gaging statiomns..along various .
bayous in Houston:- ~The-subjects-were-advised that-the-data were-not--
given in chromological order, but omly ranked from low to high levels,
and in addition that the "0" on each line was an arbitrary but fixed ref-
erence mark. The dissimilarity judgments were considered under two dif-
ferent contexts. For the first context (history-context), the subjects
were requested to judge the dissimilarity of the histories of the water
levels. Approximately a week after the first set of judgments, the sub-
jects received essentially the same instructions for the second context
(process context) as they did for the history context. The subjects
were requested to judge the dissimilarity of the processes that produced
the water levels. All judgments for each context were replicated a few
days later using different random orderings of the stimulus pairs, but
they were-otherwise the same. Each subject completed each set of judg-
ments Ffor both contexts in less than 30 minutes. Three subjects
failed to give reliable dissimilarities and were dropped from further
consideration and analyses, leaving 12 to complete all experimental

requirements.
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Six different subjects were interviewed after each context pres-—
entation (excluding-the replications) to-determine-the.-stimulus. charac-..
teristics they perceived or comsidered in making their judgments. .-The
7 most commonly mentioned—attributes-can-be-expressed-asr«sample-mean;i

- ganplestandard=~deviatiohy~tegular ity-of-interpofnt—spacimg;=number—oi=
point clusters; local.symmetry (the degree of internal .symmetry of .the.
sample ignoring. the reference mark); global symmetry (the degree of .

- - —overall symmetzy—of.-the.sample. with-respect.-ta.the.xeference mark); and_

———depree—of—shift-{with-respect—to—the-reference—markiv

Following an -explanation of--the attributes;—the final phase of
the experiment required the subjects to rate the stimuli om the 5 subjec
tive attributes (the last 5 above). A rating was to indicate the degree
+to which a:waEermlevel*sam?%e—%es&essedwthe—att;ibutevmnawsetnoiplmpnopr
erty vectors was formed for each of the 12 subjects from these ratings;

- the 2 proPerty—vectorsuof«sample-meanmand.samplenstandandwdemiationJWEte
common to all subjects. The description of the analysis and the discus-
sion which follow refer, for comnvenience, to one subject chosen at ran-
dom from the 12 who completed all phases of the experiment because his
data are typical. He is referred to as subject H. (Results for the
other 11 subjects- for whom-property..vectors.were..also.derived, will be _.
referred to where appropriate,) Subject H's property vectors .for. .the .14
water level samples are given in Table 7-1; intercorrelations are given

in Table 7-2.
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TABLE 7-1.- PROPERTY VECTORS FOR SUBJECT H: WATER LEVEL HISTORY EXPERIMENT

Attribute History sample -
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Sample mean S4.2 4.2 ~4.0 4.4 4.4 0.4 0.5 0.6 0.8 5.2 5.2 5.2 5.2 5.4

Sample standard | 5.3 6.9 4.3 7.9 8.9 2.9 6.4 6.2 9.5 .53,7 4.2 5.7 9.1 7.7
deviation .

1

Regularity¥ 2 12 3 1 7 11 5 14 8 9 6 13 4 Mo
1

Number of 2 11 3 5 9 1 4 i3 8 10 7 14 12 6
clusters®

Global symmetry*f 9 1 5 3 2 14 11 13 12 7 8 6 4 10

Local symmetry#® 7 3 2 1 4 9 8 13 5 12 10 14 6 11

Degree of 14 12 13 9 11 8 6 7 1o 3 5 A 1 2
shift*®

*Rank orders, most (14) to least (1).
%#*%Rank orders, most left (14) to most right (1).



TABLE 7-2.- RANK ORDER CORRELATIONS OF PROPERTY
VECTORS FOR SUBJECT H: WATER LEVEL
HISTORY EXPERIMENT*

= g
. 2 e &
() K " @
- a 4] -t
- = T - B a2 - 2 E
s = & 2% 3
= » & o o 3
Standard 27
deviation .....|..
Regularity 20 20
Clusters 43 22 33
Global symmetry 16 21 52 59
Local symmetry 53 25 38 34 27
Shift -85 03 -19 -52 09 -55

*Decimals _omitted. _ _.__..

7.4 Analysis

7.4.1 Construction of Cognitive Spaces

Two cognitive spaces were developed for each of the 15 subjects

under the two contexts using the techniques discussed in Chapter 4. One

to four-dimensional spaces resulted for each context. The stress values

for each number of extracted dimensions for subject H.are.shown in-Eig-
Using the dimensional selection procedures described in Chap-

ure 7-2.

ter 4, subject H's spatial models for the history and process context

were defined to be 3- and 2-dimensional, vespectively. Figure 7-2 indi-
cates that- these values of dimensionality are statistically significant

at better than the .05 level.
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History /
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Appendix A, Table A-1
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Number of dimensions extracted

Figure 7-2.— Final stress vs. number of dimensions extracted fox
subject H: Water level history experiment.
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Two subjects' data were dropped from further consideration be-
cause the stress measures for their spatial models were not significant
for even 1 extracted dimension. An analysis of their dissimilarity judg-
ments revealed arsubstantialnuomber-of-violations of-~thertrianglerdnrrses >
squali ty;ar-important-assumption-in—therconstruction—of-a-Fuelddeanmme tre=-
ric (see Appendix A for further discussion). The various dimension-
alities selected at .a significance level of .05 or better for each of

the remaining 13 .subjects..are..provided in Table 7-3..__. . ..

TABLE 7-3.— COGNITIVE SPACE DIMENSIONALITY SELECTED
FOR EACH SUBJECT: WATER LEVEL HISTORY EXPERIMENT
(p < .05)

Context| .- -+ Subject -

A B C D E F & H I J K L M

History |2 4 3 3 3 4 3 3 4 2 2 4 3

Process|2 2 2 2 2 2 3 2 3 1 2 2 2

7.4.2 Comparxison of Judgment.Data . .. .

Procedures defimed in Chapter 4 described how sets of dissimilar-
ity judgments were compared using the Pearson product-moment-correlation
coefficient r, and cognitive spaces derived from the judgments were

compared using the matrix similarity measure MSM. Table 7-4 presents
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TABLE 7-4.~ CORRELATIONS (r) BETWEEN DISSIMILARITY JUDGMENTS AND SIMILARITY MEASURES (MSM)

BETWEEN COGNITIVE SPACES FOR EACH SUBJECT:

(p < .0

[Sample siz

5)

e = QG

WATER LEVEL HISTORY EXPERIMENT

Parameter Subject
A B C D E F G H I J K L M
Contexts compared: Same
rg 99 8 8 77 83 78 92 82 71 80 73 79 63
Ps 87 79 82 69 76 70 8 715 61 72 &3 71  5I
MSME™ 93 88 91 8 8 87 90 8 ' 78 83 77 83 58
Contexts compared: Different
i
rp 39 41 28 20 35 49 45 21 31 27 39 33 50
op 53 55 43 36 50" 63 59 36 46, 42 53 48 64
MSMR* 37 40 31 25 37 47VF 47T a7 36 35 37 39 4%
W 8% 75 80 65 74 67 88 72 57 70 60 68 46
*Decimals omitted.
*kp < L0

*wkp < 10



worst—case summary statistics for comparison of judgments for the re-
maining 13 subjects. Listed are rg and MSMg (reliability coefficients)
for assessing reliability of judgments. -and stability of cognitive

spaces, respectively, and:rp and'MSMD“GdifferenceﬂcoeffﬁcientsOHfor?-r Lt

— assessing theeffects=of vontext-change—oi—judgments~rand~cogni-tive = s toraranes
spaces. The highest value of the difference correlation coefficient
rp o, Such that it is statistically different from rg at a .05 signifi-
cance level-is. also-given.. Table.7Z=4.shows..that with _the exception.of. . .. .
~--~gub-jee t-M-the-reliability-hypothesis—ecan—be-acecepbed~at-the— 0o levelimiion
for each subject for Pg > .61 and the difference hypothesis-can -be - - -~
accepted at the .05 level for each subject (except M) for a population
difference correlation coefficient pp < .55.
The reliability correlation -coefficient rg for subject M-was .sub= .-
stantially less than those of the other subjects. While there was no a
priori minimum acceptable .value for- rg or maximum acceptable.value.of rp. ..
that would lead to rejection of a subject, the value of Dpax 46
compared with the sampled value of rp = .50 indicates that the hypothe-
sis pg > Pp cannot be accepted at the .05 level for subject M. The anal-
ysis indicates that for subject M, the reliability of judgments within
context was mot statistically. greater than the difference in judgments. . ..
across context. In isolation, the difference coefficients suggest that
the change in context influences and modifies this subject's judgments.
But the reliability coefficients indicate that replication within the

same context also affects his decisions, and to about the same degree as
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a context change. Hence, this subject was dropped from further anal-
ysis, leaving 12 subjects.

The difference coefficients in Table 7~4 show that the change in
context causes substantial -repositioming -of -the stimuli in-an:individ-
ual's cognitive‘sﬁaceT:‘That ‘thése changes -are not ~attributable-to~incon——~-
sistency of subje;t responses or instability of- the cogunitive model is
supported by the reliability coefficients. For the remaining 12 (of the
original 15) -subjects,.the worst—-case .difference.coefficient. is.substan=...
tially less -than~the -respeetive-worst-case -reliability-coefficient; -for .-
the correlation coefficients, the difference is statistically signifi-
cant. This supports the conclusion that each context evokes a unique
cognitive space for an individual and the same one is evoked for the
same context. - When the context changes, another appropriate cognitive

space is evoked.

7.4.3 Master Cognitive Space

INDSCAL analyses of subject H's 2 context spaces indicated that
5 linearly independent dimensions were required to account for the
spaces, The dimensional weights for subject H are given in Table 7-5.
The two contexts appear to use different dimensions, indicating that the
two respective cognitiée spaces are independent. There is little or no
dimensional sharing between the history context and the process context.
Master cognitive spaces were developed for each of the 12 remain-

ing subjects with results strikingly similar to those of subject H.

Table 7~6 presents a summary of pertinent results extracted from these



TABLE 7-5.- DIMENSION WEIGHTS Fun
THE 5~DIMENSIONAL MASTER SPACE

FOR SUBJECT H:
HISTORY EXPERIMENT#

WATER LEVEL

Dimension. Cognitive. Space, —-
Histor; Procés;
1 69

2 50 13

3 8 - T 25
4 13 ~ 79 -

5 10 38

Fip#s 19 86

*Decimals omitted; weights <

.10 deleted.
#*3um of squared weights.

TABLE 7—-6.~ SUMMARY OF MASTER COGNITIVE .SPACE. ANALYSIS EOR
EACH SUBJECT: WATER LEVEL HISTORY EXPERIMENT

dimensions

Parameter Subject -
A B Cc D E F G H T J K L
Dimension 4 6 5 5 5 6 6 5 7 3 4 6
upper bound
Dimensionality|[ 4 5 5 &4 5 & & 5 5 3 & 5
History fit#* 83 95 88 75 B89 96 83 79 88 83 87 91
Process fit* 80 86 86 83 91 94 87 8 79 84 8 90
Shared 0 2 1 ¢ 0 0o o0 0 1 0 O 0

*Decimals omitted.
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analyses. The upper bound on dimensionality is the sum of the dimen-
sionalities of the individual spaces and is noted for reference. The
master space dimensionality for the majority of ;ubjects is equal to

the upper bound-of -dimensionality:~~A 7-dimensional ~common space-was - -
constructed from thé 24 iﬁdiﬁiduar'cogpitive spaces (12 -subjécts x 2->- -
contexts) in order to investigate the-commonality of the various
dimensions among the subjects. The weights for the common space are
given in Table 7-7. -

The number of-sitgnificant weights-(i.ve., >.10) suggests the-di-
mensionality for each context space for each subject. This number
matches perfectly the dimensionality listed in Table 7-3 except for two
cognitive spaces. The history context space for subject G is one dimen-
sion shy, and the process context space for subject J has two extra
dimensions. The low values of fit indicate that these spaces are only
marginally spanned by the common space.

There is almost complete segregation of weights between the his-~

tory and process contexts; the first context uses only the first 4 di-

mensions while the second context uses the last 3 (subject G's process
context space is an exception). This suggests that when the context
changed from history considerations to process considerations in making
dissimilarity judgments, every subject appeared to drop one set of
attributes and adopt another set. The labeling analysis below tended

to confirm this by identifying the dimensions used,
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TABLE 7-7.- DIMENSION WEIGHTS FOR THE 7-DIMENSTIONAL COMMON SPACE (ALL SUBJECTS) :
WATER LEVEL HISTORY EXPERIMENT#*

3

Dimension " 'Subject -

E]

Lel

1 18 66 4o so| les| [s8 {77} |65 40} 169
2 6o le2{ |55 - « {17l s3l las| . [1s| - fe4} |79 - f45
3 87 26 29| t43] [66] |53 ; 571 {60 fis
4 1 f22| Je3 26{ |44 64|16] , {25 ‘ 40
5 s2| |79l 87| las| s8] |59 82| |56 Ha1l |7a]' {89
6 o] lasl 2ol 1770 liz] [71] il 138} ‘lss| (33| {s4]" |13
7 ' i 55 f 23| {17 :
Fit*** 82 77|91 83|87 82|74 82|87.80[93 8863 75|81 85|86.77|79 6881]86(87 83
*Decimals omitted; weights < .10 deleted. : S R b

**Cognitive space contexts: H = higtory; P = process.) | ]
&%%Gum of squared weights. '
An v 1" LT %

1




7.5 Dimension Labeling

All of the 15 subjects supplied information that could be used
to label their cognitive spaces. However, 3 of the subjects were
dropped from the -experiment--for-reasons -discussed abovey: and no attempt .
was ‘made to label -thedr ‘spacess ~A—set-of 7 property vettors-was" ob—r ==
tained for each of-the 12:remaining subjects'using the- information
according to the procedﬁres di'scussed in Chapter 4. The vectors repre-
sented the subject's-ratings of the 14 water level .samples according. to.
the 5 attributes -specified-in ‘TLable-7-3;-two-vectors-represented sample. - -
statistics and were the same for all subjects. Cognitive space labels
were developed for each subjeét's two context spaces using a linear
or monotonic linear regression (depending on the property vector meas-—
urement scale) property fitting technique- as discussed in Chapter -4.
Table 7-8 represents the factor loadings weighted by the multiple cor-
relation coefficients for subject H's cognitive space under the history

context. The regularity, local symmetry, and shift attributes have the

highest individual weighted loadings on the three dimensions that define
this space. Hence, the his;ory context space for subject H can be
defined by the labels representing these attributes.

Table 7-9 summarizes the results of dimension labeling for all
subjects. A check mark appears in an attribute-cognitive space combina-
tion if labeling analyses indicated that the particular attribute was
used in making dissimilarity judgments in that context. Of the 5 attri-
butes mentioned by the subjects, 4 appeared to be sufficient to identify

dimensions in the 2 spaces for all subjects. The comparison of labeling
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TABLE 7-8F—-WEIGHTED ~FACTOR “LOADENGS-TEROM~-*
INTERLABEL .CORRELATION. MATRIX FOR HISTORY _."_.
CONTEXT: SUBJECT H OF WATER LEVEL
HISTORY EXPERIMENT

Attribute . TFactor¥*x. . | 2%F¥
1 2 3

Mean ~-57 35 31 ) 74
Standard deviation 14 01 54 56
Regularity .. ... -86  -I9 10 89
Clusters . 21 08 41 47
Global symmetry 68 06 -11 69
Local symmetry 19 27 75 82
Shift -25 61 45 80

*Decimals omitted.
**%Loadings rescaled to rms value of rZ,

*%%Multiple correlation coefficient from
monotonic linear regression {ra=.01 = ,78).



TABLE 7-9.- SUMMARY OF COGNITIVE SPACE LABELING FOR EACH SUBJECT AND FOR EACH CONTEXT:
WATER LEVEL HISTORY EXPERIMENT

Attribute Subject -
A B C D E F G H T J K L
H#*|P H{P HiP HIP H|P H|P H|P H1p HiP H|P Hip HiP
Mean X X X X X X X X x| |x X
. I i
Standard X X X X X X X X X x| Ix X
— deviation -
la)\ v
Regularity X X X X X X X X b4 X
Clusters X X X X X X X ﬁ X
Global X
symmetry
Local symmetry]| X X X X X X X X X X
Shift X X X X X X
MSM#x 78 72191 89|69 74|83 76|85:80|74 79|71 84)856 83|91{86153 31181 76194 88
H
*Cognitive space contexts: H = history; P = process. . .
‘represented byjthe

**Comparison between cognitive space and the cognitlves space
component scores for that context; decimals omitted. ¢

¥

t

i
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results across context shows a clear tendency for subjects to use char-—
acteristics of the water-level samples -closely.related to the statisti-

cally relevant properties of mean.and. standard .deviation.when -the -

process context -is:.consideredgy:but -to. bei:concerned:withipattern-pecus - ==
'fliarftieSﬂaﬁﬂthefsampiesswheuftheahisEﬂryﬂeantextﬂieunvﬂséﬂefedﬁ&zzxerﬂw“

The statistical properties-of -the samples -were used -to-label -two

dimensions of the common space. The results in Tables 7-7 and 7-9 sug—

- gest that-dimensions. 5, .6, and 7 of the common space.should be related. ..

—to—~the—statistical-propertiesswof.the..camplesaThe.labeling..analysis . .
for the common space-confirmed—this, -as the -sample mean -and -standard- - ~-
deviation labels were found to be essentially orthogonal and signifi-
cantly correlated with dimensions 5 and 6 of the common space (r2 of .78
and .81, respectively). - This..strongly..suggests. .that .these-two..abtri~ —.
butes were considered by the subjects under the process context. HNone
of the candidate.labels seemed appropriate -for_identifying.-dimension-7.. -
On the assumption that the label for 7 would be statistical in nature,
various statistical measures were tried as alternatives; coefficient

of variation (ratio of standard deviation to mean) of the samples pro-

duced the largest correlation (r2 = .46) and hence seemed the most

satisfactory. for. this last dimension... .. .. _.

7.6 Conclusions

The change in judgment context produced different spatial cogni-
tive models for 12 of 15 subjects. All of the differences were due to

changes in the number and identity of dimensions of the models, and most
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subjects completely replaced one set of dimensions with another. These
changes strongly support the major hypothesis of this research that
changes in the context of judging stimulus cbjects can cause changes in
a spatial -representation-of -their-perceptionm -(f.e:j- a~spatial-cognitive-
modéli for & ‘given dndividualy -~ S

The cognitive space dimension weights.agd labels clearly showed
that the subjects considered the history context to be one requiring
what could be called a.visual pattern comparison.task. AlLl the labels .
selected were -based-on-visual- or -pattersn -atEributes -of -the water his-
tories. The subjects appeared to consider the samples to be no more
than just a pattern of points.

In the process context, the subjects acted as if a stochastic
process caused the water histories and they switched to attributes more
appropriate for describing such processes. The diﬁensional weighting in
this context indicated that sample mean was- generally more important

than standard deviation in discriminating among the histories. This

seems reasonable if a shift of central tendency or average is easier to
detect or quantify than a measure of scatter. The apparent emphasis on
sample mean may be due to the fact that water level (and not, for exam~
ple, the chance of flooding) was the variable emphasized in the experi-
ment.

Based on the dramatic shift in attribute weighting, it appears
that the subjects did not consider the stochastic nature of the under-
lying process in the history context. Initial consideration of the

stochastic nature by the subjects could have lead to the statistical
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descriptors being more relevant for use under the history context. Con-
sequently, -had the order of -context -presentation-been-reversed (i.e.,
process before history), .one might expect to.find more weight for the

- statistical=dimensions-=under~therldstory—contextir=Butrdf-suffictenterrm

- tinle was allowed between Hifferdntitontert-etposuresyrsay— a=week=as wash
used here, -then.the.effects of. a.prior consideration.of. the .stochastic...
nature of the.samples might have decayed sufficiently, and the results

- would not differ.much.from.those.reported here.... . .:_.. . .

e e seen pe g @ cON AT Y- WP o Ehe S0 fakhismexperinent-vas—thatwsubjec toxnfa=as
miliar with -stochastivphenomena—woutd—have-lower—dimensional—cognitive-
spaces and less change in dimensionality across context change than
others without this background. To evaluate this hypothesis, subjects
were asked at the end of the experiment to report the number of years of
work experience and formal education they had in dealing with stochastic

-- ..phenomena. - —The -author-~also..rated..each_subject.on.statistical sophistica
tion based on his own knowledge of the subject. These two ratings were
each used as independent variables to predict the dimensionality of each
context space, and the algebraic difference of dimensionalities between
context spaces for each subject. 8ix linear regressions were performed
using each .independent.variable (2) to_predict_each dependent variable
(3) for each subject, but momne resulted in a statistically.significant. .
correlation coefficient. Though not significant, there was a slight
trend: The more background the subject had, the lower the cognitive
space dimensionality produced, and the less change in dimensionality

across context changes.
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Three subjects were dropped from the experiment; two because
their dissimilarity judgments were not consistent with a spatial cogni-
tive model, and the third because his judgments did not appea} to be
replicable. . There was- Littler noticeabler-similarity-between -the first -
two subjects. - One-was &-female-secretary-and-the -other~was~a male~en— : -~
gineer with about 5 years- of background in stochastic phenomena. The
latter was interviewed after the experiment and informed that his judg-
ments appeared to wiolate the triangle inequality,.a basic assumption
of the spatial cognitive-model.---He..could.effer no.explanation.for.the .....
violations but concluded with the observation "T guess that model
doesn't fit my judgment style."

Discussions with the subject whose judgments did not appear

|
replicable suggested that, because of his "dedication" to the experiment
he continued to think about the samples between experiment sessions.
He admitted that,- as a- consequence, this caused.him to.consider .the..
stimuli with a new perspective and to change relevant attributes between
replications for judging the stimuli. Effectively, this subject changed
his judgment context for every experiment session.

The finding that the dimensionalities of the spaces from the his-
tory context were as least as great as those.from_the_ process context
parallels a similar result from the previous experiment. In Chapter 6
it was conjectured that the second context space might be a subset of
the first context space. But as was also found for that experiment, the
weights and labeling analyses for this experiment showed the two context

spaces to be completely independent.
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CHAPTER 8

THE EFFECTS OF CHANGES IN JUDGMENT PERSPECTIVE UPON ' -
A SPATTIAL COGNITIVE MODEL OF MICRCPROCESSOR COMPUTERS

8.1 Summary

To demonstrate the change in comparison.judgments caused by a
change in:judgment perspective,--subjects-were asked-to make dissimilar-
ity judgments about microprocessor computers (micros) from their own
viewpoints as sellers and from the viewpoint of a purchasing agent or
buyer. The situatiom was part of an actual procurement process for the
National Aeronautics and Space Administration (NASA), and the micros
were offered in proposals in response to the client's advertised needs.
One of the subjects (the buyer) was a principal member of the team
established to evaluate and ultimately select one of the nine micros
offered. The other three subjects were micro marketing salesmen
(salesmen) who represented three of the seven companies bidding on the
proposed contract.

Under the first context, the experiment required of each subject
his own individual judgments of the dissimilarity of the micros with re-
spect to appropriateness for the stated needs of the buyer. A spatial
cognitive model was formed for each subject using his individual judg-
ment perspective. Under the second context, the experiment required the

salesmen to judge the micros as each thought the buyer would. This
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change required a buyer judgmenit perspective and created a form or role
playing for the salesmen. Cognitive models were formed for the salesmen
using the buyer perspective and comparisons were drawn between the two
perspectives for each salesman.

The change in judgment perspective produced-differences im-the
cognitive spaces for the- salesmen. The differences were both structural
and spatial and were demonstrated by changes in dimension weights of a
master space for each salesman that spamned his two cognitive spaces.
The dimensionality -of the. individual cognitive..spaces was-high (i.e., 3
or more); the objective physical attributes of the micros proved to be
better labels for cognitive space dimensions than were the
subjectively—supplied attributes.

Of the three salesmen investigated, the one most able to emulate
the buyer's perspective represented a micro that was a more serious con—
tender for winning the contract than those of the other two. That sales-
man's knowledge of the buyer and of what the buyer 'actually" considered
to be important may have enabled him to understand the buyer and influ-

ence his selection process in a more effective way.

8.2 Experiment Background

In Chapter 2 the individual perspective was defined as the rela-
tionship of the person judging the stimulus objects to the task, to the
objects, or to the purposes which the task or the objects serve. It is
essentially the role the person plays in relation to the other aspects

of the task. This chapter presents the results of an experiment dealing
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with the effects of individual perspective on s%atial cognitive models.
This section discusses the background of the experiment setting because
of the implications of the experimental results for marketing tactics,
especially-in thevarea-of influencing-industrial-purchasingrdecisions. - -z
Classicaleconomic~theoryrassumes—that=a~consumerhs=belravior=is==:
motivated solely by rational economic considerations. However,.in addi-..
tion to such considerations, empirical evidence has led to an increasing

recognition-that.industrial buyers, for example, can be significantly

~-influenced~by~psychological-{nen=economicdsmotives.{Llazoid 9601 Rex
search findings—further suggest-that -the selection- of-one-vendor-from--- -
several competing ones is always accompanied by some perceived risk on
the part of the individual buyer (McMillan 1972). Consequently, the
buyer, by selecting-that-vendor for which- the least. risk. is perceived,. ...
selects a course of action which reduces or at least allows him to han-
dle the perceived- risk- {Bauer- 1960, Cardozo and Cagley..1971).. McMillan .
(1974) lists three sources of buyer risk: product,-saleéman, and com-—
pany. However, the uncertainty assigned to each of these sources will
vary greatly with the individual buyer involved. Each buyer views the
buying process with a unique perceptual bias reflecting his own psycho-
lggical perspective and the specific characteristics. of. the particular.
purchase under consideration. It is therefore plausible that the.extent
to which a vendor can understand the buyer's perspective affects his
ability to sell to the buyer. A discrepancy in the perception of the
purchase between the buyer and the salesman, if it exists, could have an

impact upon the buying decision. A spatial cognitive model provides a
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http:However,.in

means of quantifying the relation between the buyer's perception and the
salesman's understanding of it.

A NASA facility recently issued a request for proposals (RFP)
for a microprocessor computer- to--control subsystems-of-a manned-vehicle
simulator. The propdsals were to -bewevaluated-by-a-team-composed-of~con- -
trol engineers and computer systems analysts in two steps, point-by-
point comparison, then overall evaluation. The evaluation would be
based on predefined-criteria applicable to ali micros.

Nine micros-were-proposed=bywsevencompanies..-~The-experiment.. . .-
reported here deals with three of the seven micro--sales-representatives
and one of the evaluation team members. The three salesmen, referred to
in the experiment as A, B, and C, represented micros 2, 1, and 3, respec-—
tively. The experiment was performed after the team had completed the
previously mentioned comparison step and prior to the actual evaluvation
step. However, some data were obtained after the evaluation step.

Legal aspects of letting U.S. Government contracts formalize any
communication between themselves and suppliers or vendors. In the sub-
ject case, specific requirements for the micros {required interfaces, ap-
plication, etc.) and criteria for selecting the contract winner were con-
tained in the written RFP issued to all companies interested in bidding
on the contract. No other communications to the companies or their
salesmen were allowed. Furthermore the companies could only communicate
their response to the RFP through a formal written proposal. Request
for further clarification, etc. by any company, or by the Government

selection team are strictly prohibited. At the Govermment's option,

134



however, if sufficient genmeral ambiguity exists, they can make an oral
presentation of comtract requirements to all companies, or each company
can make an oral presentation.of.their written-response.. .These options
were not exercisedsfor :this-—contract.rracos -

- -=---=-Study ofrthistindustrizl=purchasimgrcasesprovidedranzexceldentomrr s
opportunity to demonstrate that experimental:changes xin. the perspective -« .

characteristic of judgment context can cause. substantial changes of.

.practical _significance..in.spatial cognitive models for an .individual. ..

—There .are~ne known-studiessof-cognitive.medels.that.have.madeusesof:

such real -situations—of-comparable—importance-—~to-the participantsy that-
have had subjects as highly skilled in their professions, and have had

stimuli as complex as the experiment reported here.

8.3 Method

Nine micros offered in proposals, served as stimuli. Relevant
attributes were obtained from the proposals and company brochures list-
ing the characteristics of each micro. Subsequent discussions with
micro salesmen not in competition for the subject contract helped to fa-
cilitate data presentation. Twelve attributes common to all micros

(listed in Table B-1). were .used .to describe. them.on_ 3.x 5.cards. _ .. _.

8.3.1 Procedures

Experimental tasks consisted of having the 4 subjects rate the
subjective dissimilarity of the 36 pairs of 9 micros in accordance with

the general procedures detailed in Chapter 4. Under the first context,
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the dissimilarity judgments were to represent the individual’s own per-

ception of the appropriateness of the micros to the stated requirements

of the buyer (i.e., the RFP). These instructions specified the ju&gment
context to be that of individual perspective.

Under the~second~contexty-thersalesmenrwere—instructed-torre==-r~
judge the micfos, but this time from.the perspective of how each thought
the buyer would perceive the micros. Essentially, the salesmen were
asked to play the. role_of the .buyer.when.they considered the.bpuyer per- .__
spective. Judgments-wene.veplicated..for-each.context on.the. same.dayo .. .
using different random orderings of the stimulus pairs, but the pairs
were otherwise the same. The buyer perspective was introduced to the
salesmen about a week after the individual perspective.

All subjects were asked to specify, in addition to those listed
in Table 8-1, the attributes of the micros they considered in making
their dissimilarity judgments. Because of legal rwequirements of the pro-
posal evaluation, the buyer éeclined participation in this phase of the
experiment. Collectively, the salesmen offered 6 attributes. These are
listed in Table 8-2. Because McMillan's (1974) list of sources and char-
acteristics of perceived risk by a buyer in choosing a vendor is simi-
lar, that list is also included in Table. 8-2 for comparison. Contrary
to McMillan's results, the salesmen did not list themselves as a signifi-
cant factor in a buyer—salesman transaction.

The salesmen were then asked to rate the micros on the 6 attri-
butes checked in Table 8-2. A set of 6 property vectors was formed for

each salesman from these ratings; 12 property vectors formed from the
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TABLE 8-1.— PHYSICAL PROPERTY VECTORS USED IN MICROPROCESSOR EXPERiMENT

Attribute

Computer index number -

1 2 3 4 5 6 7 8 9
l. Number of imstructions 46 50 43 28 60 27 70 46 96
available :
2. Typical cycle time, 12 24 10 15 10 1 6 , 20 2.5
sec
3. Prggram addressing 2 1.3 1.5 0.756 8 0.512 65 65 4
range, kilo words
4. Data addressing 128 96 1000 64 1000 32 65,000 65,000 320
range, words
5. Decimal arithmetic® 0 1 1 0 I 0 1 1 1
6. Address stack depth, 1 2 2 2 7 2 1 3 8
number of jumps f
7. Number of conditiomnal 1 30 10 5 16 3 9 3 14
jumps ! ! 4
8. Input/output expanda- 2 1 2 1 3 1 3 3 3
bLility¥* .
9. Memory expandabilityw 0 0 0 0"’ i 0 1 1 1
10. Program memory, 2 1.8 1.5 0.76 1 0.51 1 2 1
kilo words ! .
11. Data memory, words 128 94 96 64 80 32 64 256 64
12. Wumber of input/output 28 31 18 33 2} 24 32 & 23 27

lines

*Yes (1), No (0)}.

**%Yes (3), limited (2), No (1).



TABLE &-2.— COMPARISON OF SALESMEN-SUPPLIED ATTRIBUTES
WITH MCMILLAN)S..(1973).LIST OF SOURCES . .- .
OF BUYER-PERCEIVED RISK

McMillan Salesmen—supplied

Source
Product:

Cost

Performance

Quality

Quality consistency

NN

Salesman:

Honesty

Dependability of promises
Competency

Effectiveness

Company:

Ability to deliver vV
on schedule

Innovative nature

Dependability of promises

Capability of supplying Y (Service)
future demand -

Reciprocity

Technical capability

Emergency assistance Y
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physical properties listed in Table 8-1 were common to all subjects.
The description of the analysis and the discussion which follow refer,

for convenience, to.ome subject chosen.at .random. from.the. 3 salesmen. be~ .

weaf op—the--buyerrand=the=p ther=2=galesmenr=widd=besreferredmtorvhererapprormere:
priate.) Subject A's property vectors for.the 6.subjective-attributes
are given in Table 8-3; intercorrelations.for.all 18_property:vectors - .-

are given in_Table.8-4. _. _

TABLE 8§-3.- SUBJECTIVE PROPERTY VECTORS* FOR SALESMAN A:
MICROPROCESSOR EXPERIMENT

Attribute Computer index number -

1 2 3 4 5 6 7 8 9
Cost 2 7 5 6 3 4 9 i 8
Performance 7 6 5 9 1 3 2 8 4
Quality 4 2 8 5 9 7 3 6 1
Delivery 5 9 6 4 8 7 2 3 1
Service 9 6 7 4 5 8 2 1 3
Emergency 5 6 1 7 3 8 & 9 2

assistance

*Rank orders, most (1) to least (14).
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TABLE 8-~4.- RANK ORDER CORRELATIONS OF PROPERTY VECTORS
MICROPROCESSOR EXPERIMENT

FOR SALESMAN A:

. g T £ g
E . § . 5 - & 0§ § 4 ;
o Z H o0 £ w o o] = 2 — =
W e =] [T = H - A =} o s
g Y B § =5 ° 5 g » B g 2 g 2 5 ¥
5 08 B <« & ¥ T °o 35 B o« 7 L & S 2 %
s 3 0F £ % % s 2 § § 3 5 £ 3 %3 3 i
- &) [=¥] (=] = n =4 [ = ¥ [} 2z © - =4 = 23]

Cycle time 12

Program range 37 -33

Data range -07 -30 26

Decimal 26 02 23 40

Stack depth 15 -25 19 35 85

No. jumps -44 31 =55 =25 35 41

1/0 expand 29 ~-20 55 35 68 38 =-13

Memory expand 29 =45 35 45 78 68 07 70

Program memory 21 -04 -42 -22 -22 -22 =27 -10 -25

Data memory 22 -04 -42 -22 -22 -22 -27 =-10 =25 99

No. I/0 lines -15 40 -73 13 10 -13 28 -18 02 32 32

Cost -42 40 -12 25 -27 -73 35 38 18 13 13 10

Performance ~72 37 -23 -30 07 15 28 ~33 -28 20 20 50 42

Quality 50 -40 38 12 37 -62 25 35 -20 07 07 -48 13 =62

Delivery 15 -58 15 -50 62 =~-25 47 -08 -~-68 12 12 =13 07 27 32

Service -17 =37 =20 -22 68 -07 67 -30 -70 20 20 48 08 47 08 75

Assistance -47 13 35 -28 -23 13 -42 05 05 23 23 07 07 62 -60 17 00

*Decimals omitted.



8.4 Analysis

8.4.1 Construction of Cognitive Spaces- -

¢ Two cognitive spaces were developed.foxmea&h_of the.3_ salesmen -
under_the 2s-contexts:wsing:ithesstechniquesudiscussed: inzChapter 4w=» 0ne w1~

"—cognitivevspace*was~devé&©ped:fnrzthe#bu&ézn:wﬂmmﬁrfOffcdrfdimensiﬁna&wrﬂ~=
séaces resulted from.each -context.. - The:stresssvalues: for. each:number.of -:
extracted dimensions for all subjects are shown in Figure 8-1; dimension-

. alities .selected _for each subject are given in Table 8=5. .. _ . . .._.

TABLE 8-5.— COGNITIVE SPACE DIMENSIONALITY
SELECTED FOR EACH SUBJECT: MICROPROCESSCR
EXPERIMENT (p < .053)

Context » ~~}~—Buyer [~——~ Salesman-- » =« —
A B C
Individual ——— "3 3 3
Buyer 4 4 2 3

8.4.2 Gomparison of Judgment Data

. Table 8-6.presents. worstrcase. summary statistics _of_ comparison. .
of judgments for the 4 subjects.(intrasubject comparison) and for compar-
ison of the judgments and cognitive spaces between salesmen and buyer
(salesmanbuyer comparison). The latter part of the table is discussed

later. Listed here rg and MSMg (reliability coefficients) for assessing
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Final stress, n.d.

— .05 significance level
Appendix-A, -Table-A-1--

3
Salesman
C
A
Buyer
2
B
I
A
B
SN C
\\_
NEF
< Buyer
| I 1 | | (From Buyer context
shown for comparison
0 1 2 3 4 5

Number of dimensions extracted

Figure 8-1(a).~ Stress vs. number of dimensions extracted for
individual context: Microprocessor experiment.
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.05 significance level
Appendix A, Table A-1

3 —
Salesman
B
‘C
A )
2 Buyer v/
=]
=
8
e
=
L
'1 =
B C
7 A
N— Buver
| | | 1 | Hye
0 1 2 3 4 5

Number of dimensions extracted

Figure 8-1(b).- Stress vs. number of dimensions extracted for buyer
context: Microprocessor experiment.
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TABLE 8-6.—- CORRELATIONS (r) BETWEEN DISSIMILARITY JUDG-
MENTS AND SIMILARITY MEASURES™ (MSM) BETWEEN COGNITIVE

SPACES FOR EACH SUBJECT:

(p < .05)%

[sample size = 36]

Pl

MICROPROCESSOR EXPERIMENT

Parameter Intra-subject Salesman-buyer
comparison comparison
Buyer A B C A B C
Contexts compared: Same
rg 34 88 79 75 76 64 39
ps 73 80 65 60 61 44 11
MSMg 76 78 86 71 78 53%% 13%%
Contexts compared: Different
rp - 38 41 36 36 41 28
oD - 59 62 57 59 62 32
MSMp - 31 4QFFEL3ENE G2okx LoREE Q6
Dhnax - 75 56 50 ——— mee e

*Decimals omitted.
**Not significant.

*%p < L10.
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reliability of judgments and stability of cognitive spaces, respec—
tively. Values of rp and MSMp-(difference coefficients) for assessing - -
the effects of context change .on judgments and cognitive-spaces, and.the.

highest* values GE'the*differenceﬂtmrrebationﬂcoeffioientsrﬁgzﬂfSuch»ﬁhatju
- X

it i§ statistically “différent “dt~a05"significance~level-are—also
given. Table 8—6. shows that the reliability.hypothesis can be accepted
at the .05 level for each.subject for Pg > .60 and the difference hypoth-
- es%s—ean—be~a&cep%éd—a%—&he—«05—ievei—ﬁox-eachasalesman"Lthemhuyer_mas___m_
~~—not“expose&=teﬂawconfextmchangeézée@aa»popuiationﬁdiiﬁexence;eonnelatinnha;
coefficient pp < .62.

The difference coefficients in Table 8-6 show that the change in
context causes substantial repositioning of the stimuli in each sales-
man's cognitive :spacew~ That this -repositiening-is-not attributable Lo .. _
inconsistency of subject responses or instability of the cognitive
models is supported by the reliability-coefficients.. For each salesman,
the worst—case difference coefficient is substantially less than the
worst—-case reliability coefficient; the difference between the correla-
tion coefficients is statistically significant. This supports the con-—
clusion that each context evokes a unique cognitive space for am individ-
wal and the same one-is eveked for-the same context. .....-

Since ome part of the experiment required the salesmen to judge.
the micros from the buyer's perspective, comparisons were made between
cach salesman's cognitive space developed under the buyer perspective
and the buyer's cognitive space. Those comparisons are also given in

Table 8-6, and indicate that salesman A's buyer perspective space is the
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best approximation to the buyer's space (rg = .76) while salesman C's

buyer perspective space is the worst approximation (rg = .39). Salesman
B's individu;l perspective space, however, was a better approximation to
the bujer's space {riy==41)- than.was A*s -individual-pexspective-space..

(xp = .36). Thé natuTe of - tHese~approximations—is—addressed~-in-subse——

quent sections.

8.4.3 Master Cognitive Space

An INDSCAE analysis~of-salesmansAls~two-context-spaces. indicated.
that 6 linearly independent dimensions were required to account for the
spaces. The dimensional weights for salesman A are given in Table 8-7.
For the individual perspective, the dimensionality previously chosen for
salesman  A's cognitive space-was-3.- According-to-Table 8~7, the three
largest weights are for dimensions 1, 2 and 6 which suggests that these
master space dimensions are used in this context. The buyer perspective
appears to use dimensions 3, 4 and 5 in addition to dimension 1 featured
in the individual perspective. Master cognitive spaces were developed
for the other two salesmen with results similar to those of salesman A.
Table 8-8 presents a summary of pertinent results extracted from these
analyses.

The primary objective of this experiment was to determine if one
individual could adopt another's perspective in making comparison judg-
ments. In particular, it was of interest to assess the ability of the
salesmen to adopt the buyer's perspective in judging the micros. This

assessment was made by defining a common space for all the subjects and
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TABLE 8-7.- DIMENSION WEIGHTS FOR THE 6-DIMEN-

SIONAL MASTER SPACE FOR SALESMAN A:
MICROPROCESSOR EXPERIMENI*

Dimension Cognitive space-—
Individual Buyer
perspective peispective

1 40 57
2 80
3 65
4 14
5 32
6 13

Fit#* 83 89

*Decimals omitted; weights < .10 deleted.
**Sum of squared weights.

TABLE 8-8.- SUMMARY OF MASTER COGNITIVE SPACE ANALYSIS

FOR EACH SALESMAN:

MICROPROCESSOR EXPERIMENT -

Parameter Salesman
A B [

Dimension 7 5 6

upper bound
Dimensionality 5 4 5
Individual fit+ 83 91 86
Buyer fit¥ 89 87 93
Shared 1 1 1

dimensions

*Decimals omitted.
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a set of dimension weights which were unique to each individual. When
applied to the common space, an individual's dimension weights provide

an approximation to his cognitive space. Three different collections

of cognitive spaces-were-used-~-te form common-spacess ¢l1)--all cogni- s
tive spaces for all subjectsy -(2)~all individual-perspective-spacesjy - -
and (3) the buyer's spaceaaﬁd-the salesmen's buyer perspective spaces.

The last two collections were no more informative than the first, and
hence, subsequent discussions will address that common space using .the.
seven (buyer + 3> salesmen x -2.perspectives)-cognitive spaces. -A. com-

mon space dimensiomality of 8 was selected. Table 8-9 provides the
dimensional weights for this common space.

A comparison of each salesman's judgment data under the buyer
perspective to judgment data from the buyer (see the values for rg in
Table 8~6) suggests that the salesmen should be ranked A-B-C (best to
worst) based on_their ability to adopt the buyer's perspective. The di-
mensional weights in Table 8~9 indicate why this ranking might be appro-
priate. Salesman A achieved a good appréximation to the buyer's space
by appearing to adopt three of the four attributes the buyer used and
having about the same weighting (emphasis). C appeared to adopt one of
the attributes the buyer used (dimension 8) but underemphasized it. The
fact rhat salesman's C buyer perspective space was marginally included
in the common space suggests that he used other attributes to judge the
micros; ones that the other subjects did not use and are not represented
in the common space. Salesman C's two context spaces are included in

the common space only because of his strong emphasis on dimensions 3
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TABLE 8-9.- DIMENSION.WEIGHTS FOR THE 8§-DIMENSIONAL ..
T T T COMMON™ SPACE™ (AL =SUBIECTS )T MICROPROCESSORZH v

EXPERIMENT*
Dimension - - Subject .. ..
- : Buyer = AT#¥%+ -ABr>BI =»BB~r- CI~ ~~CB -+~
1 66 41 53 10
2 19
3 10 65
4 ' 82
5 62 41 12
6 16 61
7 34 14 39 81
8 45 33 85 16
Fipwwk 81 87 85 94 87 51 48

*Decimals omitted; weights < .10 deleted.
*%Contexts: I = individual; B = buyer.
#%%Sum of squared weights.,
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and 6. Furthermore, one of the three dimensions from C's buyer perspec-—
tive space (see Table 8-5) is missing from the common space. Because of
the poor fit between these two spaces, it is obvious that this unknown
dimension constitutes-a significant--portion -of-C's buyer perspective
space’ which -the bdmmﬁnmspaceraiis"to“represgntt-$he~anaiysisﬂbelowvvﬂﬂb4

tended to confirm this by identifying the dimensioms used.

8.5 Dimension Labeling

Twelve property-vectors -derived- from-known-physical-measures.of..
the micros were used to label cognitive spaces. The salesmen also sup-
plied rating information om 6 attributes (listed in Table 8-3) and these
data were used to form an additional set of 6 property vectors for each
subject.

Cognitive space labels were developed for each salesman's two
context spaces and the buyer's ome context space using a linear or a mon-
otonic linear regression property fitting technique (depending on the
property vector measurement scale) as discussed in Chapter 4. Table
8~10 represents the factor loadings weighted by the multiple correlation
coefficients for salesman A's cognitive space under the buyer perspec-

tive. The number of instructions, I/0 expandability, program memory

size, and data memory size attributes have the highest individual

weighted loadings on the four dimensions that define this space. Hence,
the buyer perspective space for salesman A can be defined by the labels
representing these attributes. Table 8-11 summarizes the results of di-

mension labeling for all subjects. Of the 6 attributes collectively
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TABLE 8-10.— WEIGHTED FACTOR LOADINGS FROM INTERLABEL
CORRELATION MATRIX FOR BUYER PERSPECTIVE: SALESMAN A
OF MICROPROCESSOR EXPERIMENT#

Factor *¥
Attribute -~~~ -
1, 2 3 4 ri***
Instructions 04 -09 85 16 87
Cycle time 08 -41 -06 -06 43
Program range =54 -38 08 05 67"
Data range. Jd 22 . -13 23 16 38
Decimal 36 20 22 41 62
Stack depth -32 -08 33 -28 58
Number jumps -21 31 13 23 46
I/0 expand -88 ~-14 17 -08 91
Memory exXpand< =4--—01 1+ -09 22 12 27
Program memory— -| --10 - 78 05 08 79 -
Data memory 17 -11 13 79 83
Number I/0 lines 21 11 09 16 31
Cost 30 -14 -08 11 36
Performance 26 01 39 -27 54
Quality 13 33 -29 04 46
Delivery 66 03 13 10 68
Service 09 -04 28 -04 28
Assistance 08 -01 -15 02 17

*Decimals omitted.

**Loadings rescaled to rms value of r2,

#***Multiple correlation coefficient from monotonic
linear regression (rg=,g] = L9483,
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TABLE 8~11.- SUMMARY OF COGNITIVE SPACE LABELING FOR EACH SUBJECT
AND FOR EACH CONTEXT: MICROPROCESSOR EXPERIMERT

Attribute ¢ b = “ > - Subject . b B

Buyer AT* AB BI BB CI C38

Number of Y v v v

instructions
Cycle time Y
Program range ¥

Decimal arith- ] v
metic

Number of jumps 4
1/0 expandability Y Y v

Memory expanda- : v v
bility

Program memory / v Y Y
Data memory 7/ v v

Number I/0 lines v vy

MSM** 78 82 84 91 86 37 42

*Contexts: I = individualj; B = buyer.
#*%Comparison between cognitive space and the cognitive space rep-~
resented by the component scores for that context; decimals omitted.



mentioned by the salesmen, none appeared to be adequate for identifying

cognitive space dimensions... Of the 12 physical..attributes. available ._ ...

from micro company brochuresy-only-the :data. addressing range -and-address -
stack- depth-attributessdid. not=feature.inany: subject s spaceus swaroce  um
oo v Ph @-ma i stmidar bipeme s urerMSMImeonputadahatvecnesth emeo g i
tive space and the.tognitiVETspaceﬁformed:fromrthe:componéﬁttscoxes:0 ==

tained from the factor analysis of label intercorrelation for. each: con-.:-
text_ space_is..given.in.Table 8=11. The generally high valuas of the MSM .

-indicate~thatsthewselestedlabels.providezasgoad.description ol the re=

spective context -space. The low values- for salesman C;-however,- support -
earlier observations that C appeared to use attributes other than 12
physical or 6 subjective attributes analyzed in this study.

- Table 8-12- provides-a-binary- classification (abowe. or..below) of ...
how a micro compared to the "average" micro in competition for the con-
tract, on the attributes -the. salesman. representing.that.micro..appeared. ...

to use in each context. For example, a plus appears under A's individ-

ual perspective for the number of jumps attribute because that attribute

was used by A in that context (see Table 8-11) and A's micro (micro #2)
has a 30 jump capability compared to the overall micro average of 10,
i.e., #2 was above average.. .FErom this.table_ it_can.be.seen _that with an._.
individual perspective the salesmen generally .appeared..to .choose. attri-
butes For which their micros surpassed the average micro but with a

buyer perspective they seemed to choose attributes for which they were
surpassed by the average micro. C was an exception. In both contexts,

he appeared to use attributes on which his micro excelled. What this
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signifies is not clear. The results suggest that salesmen A and B
believed that the buyer would rate the micros on attributes for whic
their micros would rate only fair-—a somewhat pessimistic attitude.

C, on the other :hand,-.seemed to .take an optimistic VieW.a

TABLE 8-12.— COMPARISON OF EACH SALESMAN'S MICRO TO
“AVERAGEY MICRO ON ATTRIBUTES USED IN CONTEXT SPACES: -
MICROPROCESSOR EXPERIMENT

Attribute Subject¥*

Al AB BI BB CI CB

Number instructions Co- - -

Program range &
Decimal &
Number jumpé +

I/0 expand - - +
Memory expand + +
Program memory + + +

Data memory - +

Number I/0 lines + +

*Contexts: I = individual, B = buyer; symbols: "-" is

less than average micro, "+" is equal to or greater tham
[=) r q
average.
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8.6 Conclusions

The change in judgment context produced different spatial cogni-
tive models for-all salesmen: -Some.of-the differencesTwerevstructural--::
in that the number- andwidentity=xoefzdimensdonszof=the.models- changedw mmess

—~Qthers-were-shifts—tirrdimensionalremphastsmiweigtrting)andenodriicatfonsss
of the stimulus configuration.. .These changes support the major hypothe--
sis of this research that changes in the context of judging stimulus ob-

. jects..can.causeschanges.in.a-spatial.-representation.oftheirzperception—.
(dve-ep—spatial-cognitivesmodeld~forrargivensindivi du el pin Fifmme. v ————

The relisbility—analysis—of—the—salesmen‘s—judgment—data—indi=—-—
cated cated more variability using the buyer perspective than using the
individual perspective (i.e., their own). This is quite reasonable,
Taking on another's walue-—system-and--using-it-to-make .certain~judgments——=
skillfully (i.e., as the other person would have), requires a complex
cognitive process. Because of the individual's unfamiliarity with =
another's process, the individual would be expected to be prone to
biases, etc., which might appear as judgment replication errors. -

Although 6 subjective property vectors were supplied by each
salesman to aid in identifying the dimensions of his cognitive space,
they were of limited value (see, .for. example, Table .8-10)..in comparison _.
to the 12 commonly known physical attributes of the computers. -It ap- -
pears that although the subjects could suggest‘ﬁhat characteristics they

felt were important to their judgments, they were not comsciously aware

of which attributes they actually used.
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Of the 3 micro salesmen considered (out of 7 bidding on the
micro contract), A apparently did the best job of role-playing, while
C was the worst if role-playing success can be measured by the number
of attributes thal = -salesman: chose:in common: withr-the buyer and- -- - -
weighted: by -aboutthe~same—amount+-—The—ability~to perceive~which-~ - — -
attributes a buyer considers important constitutes a po&erfui asset
for marketing strategy formation. These attributes are of major
interest to industrial marketing. researchers who.are_concerned.with .. .. ...
"What factors affected--the buyer-selecting vendor-X—instead-of-FoM. wwe -
(Wind, Green and—Robinson—1968)+Kelly and- Hensel (1974)- suggest ---
that in his role as gatekeeper of the flow of informatiom, the salesman
can increase his effectiveness by concentrating his efforts on using
only sources of information- considered -to -be of high value by the
buyer and favorable to the salesman's product. The salesman who
does not (or cannot) perceive what the buyer wants might present
his product in a poor light (i.e., emphasize the wrong qualities
in a written or oral proposal) and have his product rejected. On
the other hand, a good salesman {in terms of ability to role—play
or perceive what the buyer wants) may be able to get a medioere product
accepted. There is some evidence to suggest that A's good and. C's .. .
poor perception of the buyer's viewpoint may have been reflected
in the buyer's peécepticn of the salesmen's proposals.

After the experimental data were obtained, salesman C's company
challenged the legality of the original request for proposals, claiming

ambiguous and biased reqdirements. The charge was made after the evalua-

156



tion team's comparison of the micros and before its evaluation. Follow-
ing the cha;‘ge, the proposal request was withdrawn pending review of the
charges. At this point, the buyer was askedh his view of the salesmen's
proposals. . -His: responsecwasctoxtheseffect=thatzCdidn tknowewhat-thewsn 2z
—=contract -required y~what~the~competitionrwasyror—even—whatrhis—product-—r-r
could offer, whereas A would have been a serious contender for winning

the contract.
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CHAPTER 9
CONCLUSIONS

9:1 Summary

This chapter briefly .summarizes.the.results of research on the
effects of. context on .spatial cognitive-models from the four experiments-
and draws some conclusions about the methodology used. (For specific re-
sults from each experiment refer to the appropriate chapter.) Possible
areas of practical application of the context sensitivity of spatial
models are then outlined. Areazs of promise include project implementa-
tion, diagnostic information, product perception, analysis of decision

making, attitudes and beliefs, .and context specification.. ..

9.2 Experimental Conclusiong

9.2.1 Conclusions About Context

Previous work on spatizl cognitive models has shown that an indi-
vidual appears to simplify judgments of the dissimilarity of stimuli by.
reducing them to comparison of the stimuli om a few relevant dimensions.
The present research investigated whether the dimensions or attributes
used depend upon the context of the judgments required of the individ-
ual. Conkext iuvolves a perceptual interpretation and cognitive under-
standing of a judgment situation, and cannot be directly assessed or

manipulated. 1In the experiments reported here, the stimuli were kept
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the same but the situation was redefined by asking the subjects to give
it a different interpretation or to adopt a different perspective. In
effect, they were asked to assume a different context. This had a sub-
stantial and replicable effect on the cognitive spatial model.

As the result of analysis, context was classified with respect
to five characteristics, physical enviromment, social enviromment, task
definition, individual perspective and temporal setting. Attention was
focused on the social .environment,. task. definition and .individual per-
spective. Experimenfs selected to demonstrate that changing these con-
text characteristics would change individual spatial cognitive models
were notably successful. This confirms a speculation by certain authors
(e.g., Attneave 1950, Green and Carmone 1972, and Day 1972) that context
might affect a spatial cognitive model and disecredits Cliff's wview
(Cliff 1966a, Cliff_and Young 1968)_that.it would not. This research
found that the effects on the models were both structural and spatial.
Structural changes were statistically significant changes in the number
and nature of dimensions when context was modified. Spatial changes
were changes in the representation of stimulus points and could be de-
scribed by changes in attribute weighting. That the spatial models ac-—
tually changed was always verified by replication.

Structural and spatial changes in the cognitive model show that
the individual can be characterized as using a master cognitive space in
making the dissimilarity judgments. The perception of a specific situa-
tion (i.e., context) appears to cause the individual to weight the stimu-

lus dimensions (some perhaps with zero weight) such that the stimulus
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interpoint distances in.the individual's .cognitive space-reflect the
perceived dissimilarities among the stimuli under that context. When

the context changes, the individual appears to change the dimension
weights such that the new spatial configuration of the cognitive model
represents a different. set of éissimilarity judgments--made under the new
context. The master.space concept is that a. specific context .evokes a
specific subspace_.of_the_mas.ter;spac-:e.,..and.;r;esul.ts..sugges.t.«tha.t.‘.i;tcwould~
be rare to find.a context.so.comprehensive.that .it..would .evoke-the.en- .

tire master. space. . .....

9.2.2 Methodology Conclusions

The uncommonly high -dimensional (e.g., 3 or more) cognitive
spaces formed in this research may be due to the subjects attempting to
make interwval. scaled dissimilarity-judgnents..:z Thirss.contrasitsavisth . mos.t ==
other studies which produced only 2-dimensional-spaces . but.required.only -
rank crder judgments.

The use of factor analysis in the interpretation of cognitive
space dimensions provided insight to the labeling problem and is unique
to this research. Cognitive space labzls were selected by factor load-
ings where the loadings represented correlations between each label and
a set of independent factors. The factors were derived from a fackor
analysis of label intercorrelatioms. Factor analysis was an important
aid in identifying labels which were significantly correlated with the

cognitive space but mutually orthogonal.

161


http:htsucont""""as.ts

In spite of the many studies which have used some form of a spa-
tial model, no one has proposed a statistical test whereby cognitive
spaces can be compared. Consequently, a matrix fitting procedure was
adopted froem another application along with a goodness—of-fit measure
for comparing two cognitive spaces. 1In addition, this research devel-
oped an empirical significance test for a modified goodness—of-fit mea- ’
sure. Present application.of..the. test, however, .is limited to comparing
two cognitive spaces from.different .contexts. (i.e.,.testing .whether the. -
two spaces are independent)...-.The use of such techniques for cognitive
space replication analyses would require the development of the sampling
distribution for the test statistic under the alternate hypothesis that
the two cognitive spaces are not independent. This development is
expected to be complicated by the need to incorporzate the effects of an
error distribution.due.to subject_inconsistency.or.response measurement._

biases.

9.3 Applications

The fact that the spatial cognitive model is sensitive to con—
text has implications for a variety of practiecal situations in which con-
text is important. There is, of course, the very practical implication
that all those who use spatial models in their research should control
carefully for context or else consider it to be a relevant variable.
Aside from that, particular applications of interest are (1) human per-
formance measurement, (2) congruence of individual perspectives, (3) mea-

surement of consumer perception, and (4) research about context.
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9.3.1 Human Performance‘Measurement -

An individual may.change. the perspective with which. he. views. a
set of stimuli through experience with the stimuli or acquisition of a
skill in dealing with them. Since the spatial cognitive model is sensi-
tive to changes in.perspectiwe, it.can be..used to determine whether or
not an individual .has.mastered.a.skill .or. attained a.certain skiil.
level. This may be useful_in_analyzing_compigx_man:machinemsystems.;-";n
(e.g.,-helicopter.pilot ability in Zavala.et..al..1965)... In.particular,_ .
current studies of the_ perception.of workload (Siapkaras 1977,.Sheridan .
et al. 1978) using cognit&ve spatial models should tazke context into ac-
count since it is likely to have a strong effect on the perceived diffi-
culty and demand of a task.

Spatial model sensitivity to context can also illuminate biases
Ain subjective.deedsioun=makings =Wiser:fk970)=has:- shown=that-maz spatd a1l wog:

nitive model can-be used to modelzsubjectiverprobabilities. with stimlus:

events represented as points in the space. The present research -sug-
gests that one would expect to find systematic biases in probability as-
sessment due to context effects (see Tversky and Kahneman 1974 for a re-

view of certain biases).

9.3.2 Congruence of Individual Perspectives

Congruence of individual perspectives is basic to the efficient
functioning of most project teams. The effective implementation of a
project, for example, depends upon certain psychological factors which

can be examined with a spatial cognitive model (DeBrabander and Edstrom
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1977). Context effects in general and individual perspectives in par-
ticular are especially important in the light of Ulrich's (1977) six
points of view which a project implementer must consider to get accept-
ance by managers. To the degree that the implementer's perspective of
the project is at odds with the manager's, the project will have limited
success (Doktor and Hamilton 1973, Bariff and Lusk 1977). Spatial cogni-
tive models can be used to detect such differences in individual perspec-
tives. Erlandson (1978) uses_cognitive models to_ihtegrate.the.value. .-
systems of various individuals.to._establish_a.reference point .for spe-
cific systems evaluation.

In a similar way, the spatial cognitive model can be used to de-
tect and quantify the extent to which one person can "empathize" with,
or adopt another's viewpoint. This can have important application in
areas ranging from_choosing or_.training-isales=zpersonnel= (Churchill,.. .. .
Collins and Strang 1975), to conflict resolution.(Janis 1959) _and to

determining advertising strategy (Wright 1973).

9.3.3 Measurement of Consumer Perception

Consumer product perception can be altered for marketing pur-
poses by context manipulation. Slovie and MacPhillamy (1972) and
Tversky (1977) have shown that common. attributes of stimulus objects are
more heavily weighted in comparison judgments than are distinctive attri-
butes. This phenomenon could be precipitated by appropriate context
manipulation (e.g., product advertising messages) designed to invite

consumer comparison of competing products along a few common attributes.
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These attributes are carefully preselecited to enhance the marketing

image of an advertising sponsor's product. {(See Kelly and Hensel 1974

for further details.) .Methods of affecting attribute selection and"

weighting- by «contextmanipulationrrcoald=be~explored witth spatial~cogni~" =
~“*tive~mode}sr“?Suthrxeﬁ%arth"wvufﬂﬂberxﬁ?ﬂnmmnﬁﬁkﬁnrﬁnﬂnﬂﬁﬁ;*ﬁ?ﬁﬁﬁtf"ﬂ@ﬁ%?*

sign. There the objective is not only to develop the prod;ct with.the _..

"best" attributes, but. also to determine how these attributes should be

. .displayed to .the_ consumer and in what-context.they--should-be.presenteds-==

for effective marketing-. -=-> -

9.3.4 Research About Context

Several studies which have attempted to classify the characteris-
tics of context .have.either. been-.too.-detailed-with--cespect to-the sit— — -
uational factors (e.g., Sells 1963) or else lacked measurement {(e.g.,

Moos 1973). These problems stemmed from an apparent failure to realize -
that context results from an individual perception of situation. Since
perception is unique to the individual,‘the same situation can yield dif-
ferent contexts for differen; individuals. Yet context could be "stand—
ardized" for an individual by constructing a spatial cognitive model

using a .standard set. of_stimulus.objects._.The context would then.be ... .. .
considered to change to.the. degree that. the "standard" cognitive model
changes.

Wyer and Goldbexrg (1970) have suggested that many social phe-
nomena (e.g., attitudes and beliefs) can be viewed in terms of processes

of classifying objects or events on the basis of their attributes, or of
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inferring attributes om the basis of claés membership. This suggests
that such phenomena can be represented as spatial cognitive models.

Since a cognitive model is expected to be sensitive to context, use of
the model would enable one to assess the effect of context manipulation
on attitudes (Wyer 1970a) or beliefs (Wyer 1970b). If attitudes or eval-
uations are conéext dependent, one could use the spatial cognitive

model, for example, to probe the widely observed phenomenon of people

maintaining different values.in different.spheres of. activity. .

9.4 Final Word *

There appears to be an extraordinarily consistent pattern that
eﬁerges from this research. Experimental treatments intended tc be ma-
nipulations of context (although they cannot be proven independently to
be manipulations of.context except.by .the original arguments as:to the
nature of context), have resulted in very clear; distinct, and unambig-
uous changes to individual spatial cognitive models. These-changes are
of a sort that can be explained in a reasonable way with the master cog-
nitive space and the labeling of axes.

The weight of the evidence appears to this author to be that con-
text has been affected and it is the context changes that have produced
the observed effects on the cognitive spaces. The results seem to be
too consistent and clear of interpretation to admit any other explana—
tion. It would appear now that context must be explicitly taken into
account in this kind of work simply because judgments are so dependent

upon it.
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APPENDIX A
AN OVERVIEW-OF *NONMETRIC MULTIDIMENSIONALSCALING (NMDSY "~ '

A.1 Introduction ... -

The typical-problem-to:beshandled-bycmultidimensional .scaling. -:
(MDS) -proceduresemight—be~roughkysstated-as=fotlowsCiven azsetwof ~=x=."
stimuli which-vary with- respect- te-a -number of~dimensions {(not—all—of —-
which may be known to the subject nor the the experimenter), determine
from comparison judgments of the stimuli

a. A configuration of points representing the stimuli in a
Euclidean space of minimum dimensionality

b. Projections=fscalmr—vakies)=afisthe sfinudizonreachofsthe "dimen=:
sions involved -

The procedures attempt to assign these~scalar values so that the
numbers, when considered in terms of a specified geometric space, re-
flect relations among the stimuli. These relations are usually dis-
similarities (or similarities) which are interpreted to be psychological
distances and are represented by the interpoint distances in the spatial
model. The Euclidean geometric space is chosen for a number of distinct -
advantages: It is familiar; graphical representation is convenient for
two and possibly up to three dimensions; and it has particularly simple

mathematical properties.
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A.Z ND5 Lypes

There are two basic types of MDPS analysis, metric and nonmetric
or WMDS. The difference depends on how the dissimilarities are measured
and used. If 813 is the psychological dissimilarity measured on an in-
terval scale (at least) between stimuli i and j and if d; 4 is the dis—
tance to be derived between the two stimuli represented. im n—space then

metric MDS analysis. requires. ...

§,.=ad_. +b (1)

where a is non-negative. The parameter b is determined so that all dis-

tances satisfy the triangle inequality (djy < di:

i F djk)' The triangle

inequality requires:<that-Af .stdmuli 4 -and zjarewclosesin:the: cognitivernzzz:
space (i.e.,, if they are viewed as being similar), and stimuli j and k

are close, then stimuli i and k must also be close (i.e., be similar).

(For further discussion see Beals and Krantz 1968). Torgerson (1958)

was the first to develop systematic procedures for deriving the dis-

tances based on interval-scaled dissimilarity measures.

Algorithms to produce NMDS configurations were lacking until a
major advance was made by Roger Shepard (1962a, 1962b) who pioneered two
significant innovations: First, he introduced, as a central feature of
MDS, the goal of obtaining the same rank order in the experimental dis-
similarities and the interstimulus distances. He clearly stated that

the satisfactoriness of a proposed solution should be judged by the
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degree to which this condition is approached. Second, he showed that
simply by requiring a high degree of satisfactoriness in this sense,.- one
generally obtains wvery tightly constrained.solutiens: If=the rank-- - ----
. orders of interpnintm&fstancesgaﬁeainpuﬁgethenﬁﬁheainEegpeingndistanceSﬁsw
can' be accumtedy-recoveredireIn-otheriwordsprhershowedstiatotheranksrrw
order of the dissimilarities is itself enough to determine-the solu—
tion. In addition, Shepard described.and used a.practical iterative
. computer. procedure..for.finding.his .solution. Since then,-Kruskal..:zzce...
(1964 2.y 1964Dipm 1969y @R A - FOUN Grra lodsIel 2l BOT GO LR F Siguen) VR~ @ Vi L O P @ A itrasritins
what each considers-to be -an—~improvement—over—the--origimal~Shepard: ------
program. One of Kruskal's versions, MDSCAL-V was used in the research
reported here. .

The NMDS..procedures .require .only that. the.dissimilarity. Jjudg~ . -.
ments be made on an ordinal scale. (Although judgments in this research
were obtained on. a presumed. interval scale, oniy the rank order informa-
tion was used.) The solution technique used for MDSCAL begins with a
random or assumed starting configuration which is used to compute stimu-
lus interpoint distances. The distances are then used to compute psuedo

dissimilarity measures (§*) from a regression equation:

%

I«

89 = 8d;, * 0D (2)
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with special conditions that

6* < 6*
ij = st (3)
whenever
845 7 Sat (4)

MDSCAL offers alternate forms other than (2) and special techniques for

handling tied ranks in (4) and the reader is directed to Kruskal for

these details. The starting configuration is iteratively adjusted until

(3) is satisfiediiand :a..goodness—of-f£it measure;:stress, is minimizeds-

Stress is generally measured by

% 2
2 - )
S = LJ

2

(5)

Since the minimization of stress requires an iterative algorithm

for solution, there is the problem of obtaining a local minimum. MDSCAL

uses a technique of steepest descent for solution search, however, which
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seems quite robust-to thé local -minimum problem as:ewvidenced- from.sev=-""
eral studies on the sampling distribution of stress (Klahr 1969, Spence
and Ogilvie 1973). In addition, both MDS and NMDS procedures must be
concerned with proper choice of dimensionality, and with the statistical
significance of goodness=of-fit measures. Fortunately, recent studies
have begun to address tﬁese issues: Before these topics are-discussed,: .-

however, an example of .the:use of.NMDS with-MDSCALzwill-be giveni: s.i%—-

A.3 Hypothetical Example

Consider an example of a hypot%etical subject who judges 4 cups
of coffee, A through D. The cups have 2, 2, 1, and O teaspoons of
sugar, and 2, 0, 1, and 1 teaspoons of cream, respectively, The subject
is asked to judge the dissimilarity of the cups and his judgments are
translated. dnto.the: matrix-dnzthecupper=partmofeldpireesAilnaghere=l~indds:
cates least dissimilar and 6 indicates most dissimilar-

The cups can be represented- as points in a 2-dimensiomal prop="" -
erty space (lower part of Figure A-1). OFf course this space says noth-
ing about how this particular judge views the cups of coffee. The prop-
erty space can be looked upon as an input to the.cognitive_process, but
it does not result from the process. The cognitive space, on the other
hand, is purported to represent the psychological dissimilarity of the
cups of coffee and can be derived by an NMDS analysis of the dissimilar-
ity judgments.

One of the first questions concerning the space deals with its

dimensionality. What dimensionality is required to represent the
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Figure A~1.- Dissimilarity judgments and property space for four
hypothetical cups of coffee.



dissimilarity judgments adequately. Cognitive spaces of 1 through & di-
mensions were constructed from. the.dissimilarity.data..of Figure A-1.

using MDSCAL. 1In all but the l-dimensional: space,.the-strass-was. zero

to three signifiicant:figures;. for-the lxdimensional=casepit-was: .272u.

- The-followings disewssdonsempiddorcontrastsstjorlerandad~ddmerrsiohad=sspacors e

The 2-dimensional: cognitive-space is given in—the upper part of —
Figure A-2 and the Shepard Diagram (named- for—Roger -Shepard who intro-—
duced it) is presented in the lower. part.. The (rotated) cognitive. space.

~issquite similar to the propexrty space... Tt appears . thatudimensions.lee——
and 2 can be related -to the property-attributesy cream- and -sugar;-respec-
tively. One of the main differences is that cup D lies at an extreme
along dimension 1 in the cognitive space, whereas D does not occupy such
a position in .the.property.space.. While. the. rank order of..stimulus-.coors
dinates for dimension 2 matches that of the sugar dimension, the rank
order of coordinates for.dimension.l. does.not match .that of the_cream... -
dimension. There is, of course, no a priori reason the order should
match. The problem of identifying or labeling the dimensions of the
cognitive space is discussed at length in Appendix C.

The Shepard diagram demonstrates the satisfaction of the mono-
tonicity criterion: for increasing dissimilarity, the recovered dis-
tance must not decrease. The depicted relationship between these. two
measures is nonlinear,

Figure A-3 represents the lowest stress l~dimensional solution

(cognitive space) for the problem and the Shepard Piagram is in the
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Figure A-2.- Two-dimensional cognitive space and Shepard diagram for
four hypothetical cups of coffee.

174



Dissimilarity

A C D

Qw

& S —&

One-dimensional cognitive space

Recovered distance

Shepard diagram: Dissimilarity vs. recovered
distance in one dimension

Figure A-3.- One-dimensional cognitive space and Shepard diagram for
four hypothetical cups of coffee,
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lower part of this figure. The.Shepard Diagram indicates that the mono--
tonicity criterion was not satisfied for this solution. The coanfigura-
tion in the upper part of Figure A-2 suggests that the problem is with
stimulus A; it cannot lie on the same line with the other stimuli and
still satisfy the monotonicity criterion. The stress measures this lack
of fit and its magnitude suggests that the l-dimensional cognitive space

is an unacceptable representation of the dissimilarity judgments.

A.4 Statistical Analysis

A.4.1 Bignificance of NMDS Results

Kruskal's iterative NMDS analysis technique seeks to find an
n-dimensional spatial representation of points representing the stimuli
such that the rank order of the interpoint distances matches the rank
order of the imput.dissimilazity measures....The:xdegree of match at a. .
given number of extracted dimensions is determined by stress which in-
dicates the degree of non—monotonicity between the computed distances
and the original dissimilarities. Other measures of fit have been sug-
gested (Sherman and Young 1968, Hall and Young 1975, and Trunk 1968) but
these have not proved to be popular.

Kruskal (1964a) describes a resultant stress of .10 as a "fair"
fit, .05 as "good", and .025 as "excellent." He further suggests that
one pick the dimensionality of the cognitive space corresponding to the
"elbow" of the stress vs. dimensionality curve —-- the point at which an
increase in dimensionality gives no appreciable decrease in stress.

Most researchers have taken this suggestion as a criterionm (if they take
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any at all) :for:.dimensionality ‘selectiom im NMDS -analysesv ~:But stress

is only a descriptive statistic:s; Stress may be due to having extracted
fewer dimensions E than actually underlie the data, or it may be due to
variability unrelated to the spatial representation, or both. Thus sta-
tistical hypothésis tests are needed to test for the true underlying
dimensionality T of a particular. matrix of:dissimilarity-.data. foriaw.stim=
ulus objects.:. Desirablestests are: .= :77:

1. Significant :structurer-im:the: data =~ =--3-

2. Tests for--dimensionality

HO: T < E

In neither of these cases has a completely satisfactory test
been developed. This is because few researchers have recognized the two
sources of stress and that separate statistical tests (i.e., those

above) are needed to deal with these sources. A number of authors have
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developed an approximate test for the hypotheses.

by obtaining -the conditional- distributions of stress.given the number-.of
dimensions extracted using Monte Carlo metheds. Their work is described
below.

Klahr (1969), Wagennar and Padmos (1971), Stenson and Knoll (196
and Spence and Ogilvie (1973) have approached the problem of attempting
to identify the underlying stress distribution by experimentation.
Ramsay (1969) and:Young={1970)_hawve. treated thecproblem :theoretically
but neither provide for direct application of their analyses. The exper-
imental approaches consist of a Monte Carle simulation in which randomly
formed n x n matrices are analyzed by an NMDS algorithm, generally
MDSCAL. The matrices are usually formed from random samples of permuta-
tions of the first (n(n-1)/2 integers. which represent.dissimilarities
(or rank orders of dissimilarities) among n stimulus objects. The occur-
rence frequency of different stress values as a function of the number
of dimensions extracted E are collected for selected values of n and E.
In spite of the differences in randomization techniques or number of
replications, the reported means and variances of these stress values

by the various authors are quite clese. This agreement justified the
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present author's-regressing _the_stress. mean rand-variance-.over—extractedy
dimensionality to obtain predictions of these -parameters -for dimension---
alities not conmsidered by these authors but which were of interest to
the present research. Based on a technical discussion by Young (1970)
indicating that stress can be assumed to be-normally distributed-{which
Klahr's empirical data supports), Table A-l-lists selected .percentile:-
points from,an;empiﬁicaily:derinedgcumuﬁatixe:dtstributton:function¢d£zxa
--stress~for 9 -and- M—stimuli=dissimidarityr-matricesas—a=functionzofthes
number of dimensions -extracted:. . - -
At a chosen extracted dimensionality E, on; can use these re-
sults to test the null hypothesis Hy that the dissimilarity matrix is
random with no meaningful structure, represented against the alternative

hypothesis Hyp that this is not so, and that the proper dimensionality is

~ T,-where . F-is-nob- knowne AA=reasenabkesinterprefationaofthertestrisrrrse—

that if Hy is accepted at the number of extracted dimensionms E, then-the
true dimensionality T, if nonzero, is less -than-E.--When the null-hypoth-
esis is rejected at E, the true dimensionality is assumed to be no less
than E. There is no direct test for the true value of T.

- If s(E) is .the observed_stress_value._of_the random.variate-S.-at..
extracted dimensionality E and F(s|n,E) is the cumulative probability
distribution fumction for 8 given n and E, then the procedure used in
the present research is to choose T equal to the highest dimensionality

E for which s(E) ¢ s,(E) where s (E) is the stress level such that
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TABLE A-1.-~ SELECTED PERCENTILE POINTS FROM CUMULATIVE
DISTRIBUTION OF FINAL STRESS FOR DISSIMILARITY MATRICES
AS A FUNCTION OF NUMBER DIMENSIONS EXTRACTED* ™

Dimensions Percentile ~
0.01: 0:05 --0.10 0:25 =0.50
9 stimuli
1 . 277 .308 325 .353 .384
2 .113 .133 144 .161 .181
3 .031 047 .055 .070 .085
4 . 000 017 .023 .028 .035
£
5 . 000 .005 . 009 0186 .023
14 stimuli-
1 .409 424 431 b 458
yi .224 . 234 .240 .249 .259
3 134 143 147 .155 .164
4 .079 .088 .092 . 100 .109
5 . 045 054 .059 067 077

*Based on regression results using data obtained
from Klahr (1969), Spence and Oglivie (1973), and
Stenson and Knoll (1969).
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F(sa1n,E) = g. Thus the procedure is to:

Accept HO iff s(1) 2 Sa(l)

or
Accept Hy iff s M) <-sd(M) ..

and
s + 1) = Sa(M + 1)

The functions S and sy are well—behaved so that

sM + 1) < s(M)

Sa(M 4+ 1) 4‘5.&(]_54)

Ak.2 Fxtracted vs. True pimensionality
e MDSCAL procedure, ¥ruskal (1964a, PP-

In his development of th
ocedures which used the

1-2) criticized the rationale of previous MDS pr
variability of the data as & critical element ;n forming the distances
in a spatial configuration. Torgerson (1958), for example, jnecorporated
Thurstone's (1927} case V of the law of comparative judgments (Mequally
o noticed differences are equal'’) into his MDS scaling algorithm Lo

ofte
Conven—

obtain interval scaled dissimilarity measures for analysis.
tional NMDS methods (e.g-> MDSCAL) make no provision for variability oT
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error in judgment data,-although it seems likely that this situation
arises in practice. The error could, in fact, be caused by the sub-
ject's inconsistency in replicating judgments, or it could originate

with the researcher's imprecise tools in measuring the judgments, or
both. The source is really irrelevant —— the importance lies in acknowl-
edging the existence of error and incorporating errotr in' the considera-
tion of dimensionality analysis. Although no one has stated it to date,
it would -appear that -stress should be-consitdered to be a multivariate
probability distribution function dependent upon true dimensionality T,

extracted dimensionality E, and judgment data error e such that

8 = £(T, E, e)

The next section reviews studies which have examined special cases of
this distribution function.

A.4.2.1 Dissimilarity Data With Error. A rather large number

of studies (Sherman and Young 1968, Young 1970, Wagennar and Padmos

1971, Sherman 1972, Issac and Poor 1974, and Cohen and Jones 1974) have
been conducted to assess the "robustness' of NMDS when varying degrees

of systematic error were built into the input dissimilarity data. Their
technique was to randomly perturb a fixed but arbitrarily chosen spatial
configuration of points of known dimensionality T. The perturbation was
introduced by multiplying each interpoint distance by a variate with dis-~

tribution N(l,gz) where ¢ took on various values. MDSCAL was then used
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to scale the:modified: distances.:(takemn: as -dissimilarity-measures) --and ex~ --
tract the same number of dimensions as the original (error-free) configu-
ration (i.e., E = T). The resulting value of stress was noted in each
case. Finally, this procedure was repeated in a Monte Carlo fashion and
provided an empirical-sampling distribution of stress-when- recovering a- - -
configuration of known dimensionality.which had: beensubjected=to.errors~ z-
With- the.exceptions:tof Wagennar-Padmosz.and. Tssac=Po0r, . theseme Tu 2.,

=Monte_Carlo.sstuddes=didonot~deat=specificaldy=withstheprobtemmofdetarsmor
mining -the true, but~unknown, dimensionaldty- of -a-coufiguratiomwsrss=—"r- —-
Shepard (1966) found that the true configuration was found satisfacto-

rily with "moderately high" amounts of error added, but there was no men-—
tion of the problem of finding the true dimensionality when it is not

known a priori.

ez = L ALA.2.2 - Probabdd-ityaDistribution=ofsTruerDinensionalitymrFssac—

and Poor (1974) described -an elegant approach- by -defiming- an -index—of —-- -~

“"econstraint" C for a NMDS solution

Ck = E[S(k)] - s(k)

where

E I:S(k)] = expected stress of a configuration based on random

data with extracted dimensionality k
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s(k) = sampled stress- from a configuration with extracted -
dimensionality k
The authors argue that the true dimensionality T should be chosen such

that

The primary virtue of the~index is- its-simplicity; - having ; rough amal- -
ogy to hypothesis testing of means. An obvious drawback is that it
gives a single point estimate of true dimensionality since it does not
use the entire stress distribution. |

While the previous authors analyzed dissimilarity data and ex-

--tracted the same-nmumbersofsdimensdons=as=thexoriginalferror=Ffreed)rconzz=

figuration (i.e., E = T), the Wagennar and Padmos (1971) study was
unique in that these authors extracted dimensionalities other than the
"true" dimensionality (i.e., E # T). Their study produced an empiri-
cal sampling distribution for stress as a function of any dimension-
ality extracted (less than 5), given a known true dimensionality and
error distribution N(1,g2). This is a significant contribution since
a researcher gemerally does not know the true dimensionality, and the
Wagennar—Padmos study provides additional information whereby one may
determine the most probable dimensiomality.

Their procedure involves plots of stress against amount of error

introduced, with a different curve being plotted for each extracted
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dimensionality. A different set of such plots is requirad for each
true dimensionality T and number of points n. Thus, their procedure, in
effect involves comparing an obtained stress curve s{E) with curves with
known true dimensionality and amount of error F(s|E, T, N(1,02)). The
authors' example suggests that one select that true dimensionality T for
which the interval defined by one standard deviation from the mean
stress contains the sampled stress.for E = T, given a2 known error distri-
bution. This procedure is illustrated in Figure-A-4...XIn this example,
the "true" dimension should be selected as 2; the stress is too high for
T to be 1 and too low for T to be 3. The implied strategy is to reject
as true, dimensionalities which give extreme values of stress.

Based on their brief example, it appears that Wagennar and Padmos
did not realize the possible limitations of their approach. First, the
authors appear. to ignore the_sample.stress:values.when.E_#.T; .theix. . .
example only examined the stress values when E = T. Second, they do not
address the possibility of Type T and Type II errors. That is, the sug-
gested procedure could easily lead to rejection of the true dimension-
ality or acceptance of an untrue dimensionality.

A.4.2,3 Suggested Procedure. The proper dimensionality underly-

ing a set of dissimilarity data could be posed in the form of hypotheses
and a probability could be formed concerning the truth of each hypcthe-

sis. The probabilities could be derived from likelihood ratios

£[s(1), s(2), vvy s)|T,, o]
“15 TERM, s, -, @)1, ]
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Distribution for true dimensionality
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E=3 E=2 E=1

Sampled stress, s(E)
Figure A-4.~ Distributions for sampled stress for extracted

dimensionality, s(E), given a true dimensionality T and
error distribution: Example problem.



which provides the likelihood that the sampled stress history s(E) in 1
to m dimensions would result from a set of dissimilarity data having an
underlying dimensiomality of T{ rather than_Tj , given an error .2 in the
data. This technique would require, howevef, joint multivariate proba~
bility distributions of stress. Unfortunately, previous studies con-
sidered or developed only conditional distributions. Generating the
required joint. probability distributions.was considered to.be.an. effort

beyond the objectives of this research. - -
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APPENDIX B

AN OVERVIEW OF THE INDSCAL MODEL

B.1 TIntroduction

Multidimensional scaling (MDS) was originally developed to de-
termine a Buclidean space underlying a two—way matriz of dissimilarity
data; two-way meaning n stimuli are compared with eacﬁ other and the
resulting data are represented by a two-dimensional matrix. But situa-
tions arose in the social and behavioral sciences, and elsewhere, in
which several dissimilarity matrices for the same stimuli were availa-—
ble and a three-way MDS was needed; n stimuli are compared with each
other N times and the dissimilarity data are represented by a three—
dimensional matrix. One would generally like to account for all of
these data matrices in a single comprehensive analysis, based on an ap-
propriate and psychologically plausible model. The most typical situa-
tion arises when one wishes to compare dissimilarity matrices for each
of N different individuals. The INDSCAL (Individual Differences Scal-
ing) method (Carroll and Chang 1970) derives its name from just this
situation. INDSCAL offers some special advantages over other three-
way methods (such as Tucker and Messick 1963, Bloxom 1968): (a) unique
determination of dimensions which eliminates (in most cases) the need
for rotation of coordinate axes to obtain interpretability; (b) a com-

posite multidimensional space with respect to which different "cognitive
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types' can be directly and reliably compared; and (c¢) quantitative in-
formation about the cognitive saliences of different dimensions for each
subject, and about the degree to which the multidimensional space as a

whole reflects the perceptions or judgments of any individual.

B.2 The INDSCAL Model

The input to INDSCAL normally consists of two or more dissimilar-
ity matrices, all pertaining to the same stimulus objects. Each matrix
typically represents one subject's dissimilarity data, but it could be
one judgment context, as in this research. It is assumed that a set of
M dimensions underlie n stimuli and these dimensions are common to the
N cognitive spaces (or individuals). For example, it is as if different
individuals perceive the same stimuli in terms of a common set of dimen-
sions but that -these: dimensions are differentially important or salient
in the perception by these individuals. If the salience is zero, the
corresponding dimension does not affect the subject's cognition at all.

Distances between stimuli are linearly related to a kind of modi-
fied Euclidean distance between points representing stimuli in a compos-

ite cognitive space. The mathematical equivalent of this assumption is

§.., =ad,., +b (1)

where aijk is the dissimilarity associated with stimulus pair ij in
matrix k (for subject k), while dijk is the derived Euclidean distance

. F
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between these stimuli for subject k computed from his unique dimension
weights and the stimulus coordinates in the common cognitive space. The

modified Euclidean distance for subject k is given by

ijk

ja

[
i
=

E

2 :
kt(xit - xjt) ’ (2)

where Xi¢ is a stimulus coordinate representing the value of stimulus i
on dimension t and wy, represents the salience or importance of dimen-
sion t to subject k in forming the dissimilarity judgments. The

symbol = means approximation in a least sum of squares sense.

Thé parameter b- in equation (1) is chosen such that the computed
distances will satisfy the triangle inequality. Techniques developed by
Torgerson (1958) are used. This transformation is necessary since
INDSCAL assumes that the input dissimilarity data are defined on an in-—
terval scale (at least). A judicious value of b will produce minimum
dimensionality m. The parameter a (non negative) is chosen by the pro-

Ay
gram and serves only to scale the common configuration.

The INDSCAL procedure determines, by means of an iterative least
squares procedure, the stimulus coordinates common to the group and di-
mension weights unique to each subject that maximally account for the

variance in all the dissimilarity data (the variance is the goodness-—

of-fit measure). (See Carroll and Chang for mathematical details of the



algorithm.) When the stimulus space is normalized so that the sum of
squared coordinates on each dimension equals one, a subject's weight on
a dimension is approximately equal to the product moment correlation be-
tween differences in stimulus coordinates on that dimension and dissimi-
larity values in that subject's matrix. The squared weight indicates
the proportion of variance in the matrix which can be accounted for by
that dimension. The square of a weight underestimates the proportion of
variance accounted for it when, as is frequently the case, the dimen-
sions of the common space are correlated. TIf, however, the dimensions
of the space are orthogomal, then the square will exactly equal the pro-
portion of the variance accounted for. A dimension weight of zero can
be thought of as meaning that the attribute associated with the dimen—
sion is irrelevant to the subject when he makes his judghent; i.e., he
just does not-perceive ‘the stimulus differences specified by the dimen-
sion, or in any case, acts in that particular task as if he does not.
The procedure used in the research on context differed, however,
from the usual application of INDSCAL. A modified version of INDSCAL
(written by this author) accepts individual cognitive spaces (configura-—
tions) as input previously determined by the MDSCAL program from indi-
vidual dissimilarity data), computes the interpoint distances based on
the input space, and uses the distances as dissimilarity déta. Since
only interval scaling is required of the data, the parameter b is dis-
carded in equation (1) and the usual INDSCAL procedures is applied.
Effectively, this ad hoc version of INDSCAL accepts individual cognitive

spaces from one subject under several judgment contexts, and produces
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a master cognitive space. A master space refers to a cognitive space

for one individual that is common to several judgment contexts and dimen-—
sion weights which are unique to each context., The basic interpretation
is that the individual acts as if he had the master space at his dis-—
posal and differentially weighES'dimensionS'according'tO"thé context. *
The weights indicate how the subject emphasizes or uses ceétain dimen—
sions in certain contexts and a change in weights demonstrates the ef-

fect of context.

B.3 Hypothetical Example Using INDSCAL (From Carroll 1972)

Consider an example in which 9 subjects judge 4 stimuli, A
through D. The common cognitive space in the upper left of Figure B-1
shows the stimuli arranged in a lattice configuration; the subject space
in the upper right shows the weights or percep&ual saliences of the di-
mensions for the 9 hypothetical subjects. These weights can be thought
of as stretching €factors that if applied to the dimensions of the group
stimulus space would produce the individual space.

The differential weights have the effect of producing, for each
subject, a “private" cognitive space by rescaling (stretching and con-
tracting) the dimensions of the common space. In the illustratien, for
example, subject 3 has equal Wéights for the two dimensions. His pri-
vate space would therefore look exactly the same as the common space
(except for am overall scale factor that could stretch or contract both

dimensions uniformly, leaving their relative saliences unchanged).
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A B 5 4
| 3
3
| 72
-T. 9 6 1—1
] C
Master cognitive space Subject weight space
I I
A B
A B
I I
D C
D C
Subject 2 cognitive space Subject 4 cognitive space

Figure B-1.- Hypothetical illustration of INDSCAL: Individual
differences in multidimensional scaling.
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The private spaces for subjects 2 and 4 are shown in the lower
left-hand and right-hand corners of Figure B-1 respectively. Subject 2,
who weights dimension I more highly than dimension II, has his cognitive
space compressed along the dimensiom II axis (or what amounts to the
same thing, stretched in the ‘dimension-F-direction)v~-The-reverse ap—--—---
plies to‘subject 4 who has a higher weight on the ;econd than on the
first dimension.

Although subjects 3 and 7 have the same pattern of dimension
weights, a higher proportion of the variance in subject 3's data can be
accounted for by the hypothetical INDSCAL solution. The data for sub-
jects closer to the origin are generally less fully accounted for by the
analysis, so that all dimensions of the common space are less relevant
for them. The lower commonality for subjects closer to the origin may
be due to their being idiosyncratic dimensions not contained in the
M-dimensional solution or to lower reliability (more random error)
in their data.

Subject 9, who is precisely at the origin, is completely removed
from this analysis. Either he responded randomly or he appeared to do

so by responding reliably to a completely different set of dimensions.
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APPENDIX C

COMPARISON OF SPATTAL COGNITIVE MODELS

C.1l Summary

Comparison between spatial cognitive models is important when
the effects of context on the models are to be investigated. Comparison
distinguishes differences in cognitive models due to context change from
differences due to inconsistency of subject response or instability of
the cognitive spaces over time. This Appendix reviews techniques re-~ .
lated to s matrix similarity transform that was used to compare two
spaces. Disadvantages of each technique are identified. Finally, a ma-
trix similarity measure (MSM) used in this research for cognitive space
comparison is described along with certain statistics for testing hy-

potheses concerning the relationship between two cognitive spaces.

-C.Z Introduction to the Problem

The researcher may often want to compare the result of two multi-
dimensional scaling solutions (i.e., cognitive spaces)}. Comparison is
especially important when the effects of context are to be investigated.
If a cognitive space is replicated with the same context, a comparison
is needed to determine if the space is sufficiently stable or defined to

serve as a basis for quantifying subsequent changes. If the context is

PRECEDING PARE RIANK AT TR TN
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varied between two cognitive spaces, then a comparison can identify the
-changes in the spaces.

Comparisons may be simple if the spaces are 2-dimensional and
"look'" the same. However, a comparison index is still needed to quan~
tify space similarity and often the dimensionality is larger than 2 mak-
ing visual comparisén quite difficult. Sometimes- the: dimemsionality of
the two spaces may not be the same. Since the cognitive spaces can be
represented as n x m rectangular matrices (n stimuli x m dimensions),
most of the techniques to be discussed approach the problem of cognitive
space comparison as a matrix comparison problem and that convention is
adopted here. If A and B are two cognitive spaces, B is said to compare

to or "fit" A if a matrix similarity transform S can be found such that

A = s(®)

~

where A is an appréximation to A. A similarity transform does not af-
fect the rank order of the stimulus object interpeint distances defined
by the cognitive space. The goodness of the approximation or the fit is
given by £(E) where E denotes an error matrix or a "spatial difference"

between A and B;

=
Jl
I
|
B>
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and vhere £ is a monotonic decreasing function of the norm of E, bounded
between 0 and 1 (perfect fit). The matwxix comparison techniques re-
viewed in the next section differ in the generality of the gimilarity

transform 8, or in the fit metric £.

C.3 Review of Previous Comparison Techniques

C.3.1 ZIdentity Transform.

One frequentlynoccurring. :techniqueruses:the ldentity:matrix .

for a similarity transform and compares B directly to Aj i.e.,

A = BL
or

A =B
and

E=A-38

The goodnmess of fit measure is the product moment correlation r of in-
terpoint distances d calculated from the n X m matrices (e.g., Green,

Maheswari and Rac 1969), i.e.,
Fit = r@A, DB)

Similarity transforms allow orthogonal rotations, translations
and rescaling, but the identity transform does not. Consequently, this

restriction may mask possible systematic relationships between the two
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spaces, so that very precisely related spaces will be rejected as being
different. Furthermore, as Cohen and Jones (1974), among others, have
pointed out, the use of r has certain undesirable properties:

1. Since r is computed on all n(n-1)/2 interpoint distances which
are intriunsically interdependent, displacement of a single point in a
space affects n-1 interpoint distances: In this manner, a. large dis-
placement of one or two points in a space could lead to a misleading
value of r.

2. The coefficilent r is not a suitable measure of the relationship
between two ratio scaled variables (i.e., distances) since r is invari-
ant under transformation of either or both variables by an additive con-

stant whereas distances are not.

€.3.2 Orthogonal Rotation - -..

Cliff (1962) proposed an orthogonal rotation to replace the

rigid identity transform and later operationalized the technique

=
]

BP

where P was now an m X m orthogonal rotation matrix (Cliff 1966b).
Schonemann (1966) produced a similar technique but his solution is an
optimal one for minimizing the sum of squares of the error matrix E,
(i.e., trace EE' is minimized) and is more amenable to computer imple-

mentation. The problem with Schonemann's solution is that it does not
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allow the general simitarity-transformation;-matrix-translation~and-—dila--

tion are lacking.

C.3.3 General Similarity Transform

Goodness of fit in nonmetric multidimensional -scaling (NMDS) -
is generally assessed in terms.of the.degree_of—monotonicity-between: -o=z.
observed dissimilarity measures=and-.the. interpoint:distances of<the= ... . :-
reproduced configuration: aszmeasuredzbyssiressa(seesAppendix-Azfor: fur——x
ther details)~- The-coordinates—of the reproducedgéonfiguration'Gspa—“"" -
tial cognitive model) are arbitrary in the sense of being defined up
to a similarity transfbrm; a central rescaling (a uniform expansion or
contraction for every coordinate axis)}, a translation (a shift of the
origin), and a rotation of the entire configuration, as these transfor—
mations in no wayzaffectsthermonotonicity measure oftstressz=Since arsenrs
cognitive space is uniquely defined only up to a similarity transform,
two cognitive spaces ought to be compared-by- assuming that a similarity---
transform exists between the two. Schonemann and Carroll (1970) de-—

veloped such a procedure

A = cBT + GH'

where G' = (1, 1, « . ., 1) and where the orthogonal m X m matrix T, the

m X 1 vector H, and the scalar c are to be chosen so as to minimize

trace EE'. Schonemann's computer program {(a copy of which he supplied
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to the author) provides a solution to this problem and has been used
throughout this research for comparing cognitive spaces.

Schonemann and Carroll (1970) alsc proposed two measures of fit.
These were later criticized by Lingoes and Schonemann (1974) as being de-
pendent upon the norm of the target matrix A; i.e, the goodness of fit
to A would be different from that to k4 where k is a scalar constant.

Lingoes and Schonemann instead proposed ‘the goodness of fit measure F

(trace T'B'WA)2

" trace B'WB v trace A'WA
where W= 1 - (GG'/n)
F is norm invariant ‘and-bounded-by-0-(perfect-fit}-and-1. —-A-more in- —- --

tuitively satisfying matrix similarity measure MSM was defined by the

present author as

}_l

MSM = (1 -~ F)2

MSM is also norm invariant and bounded by 0 and 1, where 1 means cogni-

tive spaces A and B are identically related by a similarity transform.
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C.4 Significance Data for MSM

The MSM (or its equivalent F) is a descriptive measure for a
goodness of fit between two cognitive spaces. No significance test, how-
ever, was proposed by Lingoes and Schonemann, and with the exception of
a product moment correlation measure of fit, no significance test is
available for any comparison technique. Since a comparison index and a
significance test for space comparison were essential to the objectives
of this research, an empirical distribution for MSM was generated.

Matrices A and B were generated randomly for various values of
n and m, using coordinates uniformly distributed between 0 and 1. The
choice of the uniform distribution follows Sherman (1972) and is sup-
ported by empirical evidence from this research which suggests that the
distribution of stimulus coordinates appears uniform. Then, in keeping
with most NMDS procedures, “the matrix columns were-shifted and scaled
to give zero mean and unit variance. Finally the goodness of fit meas-
ure MSM was computed between matrices A and B and the results accumu-
lated for 1000 pairs of A and B. Table C-1 presents selected percent-
ile points from the empirical cumulative distribution of MSM for 9 and
14 stimuli.

As an example, suppose two cognitive spaces ekxisted for 14 ob-
jects in 3 dimensions. If the MSM between the two spaces was found to
be .626, then Table C-1 indicates there would only be a .0l probability
that two random spaces would produce a higher valge of the MSM. Then
one might state with 99% confidence, that such a f£it did not come from

random cognitive spaces.
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TABLE C-1.~ CRITICAL VALUES FOR THE GOODNESS-OF~FIT MEASURE (MSM)

BETWEEN TWO RANDOM COGNITIVE SPACES¥®

P{MSM < tabulated value} = vy

Dimensions Y equal to —-—

0.001 0.010 0.050 0.950 0.990 0.999

9 stimuli
2 080 124 184 649 733 816
3 ) 192 258 324 672 748 822
4 291 360 412 709 756 802
5 381 436 490 746 788 830
6 453 499 550 774 799 859

14 stimuli
2 048 096 150 520 641 708
3 139 194 251 548 626 705
4 253 277 323 574 619 645
5 289 342 384 606 655 678
6 365 395 442 635 679 716

*Decimals omitted.

204



The significant test used above assumes for a null hypothesis,
that the two cognitive spaces A and B are independent and randomly gen-
eratad with uniformly distributed coordinates. This would be a conserva-
tive hypothesis when the effects of context change are being examined.
For this hypothesis to be accepted a changed context must completely
change a cognitive space, making it appear independent of "the cognitive
space prior to the context change. The significance test, however, is
weak when cognitive space stability is analyzed since the sampling dis-
tribution for the fest statistic under the dlternate hypothesis that the -

two cognitive spaces are not independent is unknown.
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