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' INTRODUCTION

The half-century from 1637 to 1687 is universally
recognized as the fountainhead of modern mathematics.
The first date marks the publication of Descartes'
Geometrie. the second that of Newton 8 Principia.

~ Newton's development of the calculus and his studies of
rates of change or motion of physical objects were (along with
the accomplishments of Galileo and Xeplar) dependent upon

2

Descartes' development of the coordinate system® which brought

the power of algebra to the siudy of the geometric relation-

ships (static and dynamie) of physical objecta.3 Any point
could be located in the coordinate aystem by 1ts coordinates,
The coordinate eystem facil;tated the systematic analysis and
mapping of functional relationships between continuous concepts,
defined generally directly or indirectly, in terms of funda-
mental measurement.
| In general, this work is concerned with the poasibility of
construéting a manifold (analogous to & coordinate system) for
gocial objecta. This manifold might.provide a continuocus com-
mon framework from which 1o analyze discrete social objects
{({e.g., walking, fighting pollution, laughing). Tﬁere are a
number of possible bernefits of this social manifold: 1. con-
étructing a picturé bf thevconceptual‘apace of a siﬁilgr‘ag-
gregaté and/or social grdup; 2, uﬁcovering functional rela-
tidnshipa directly or indirectly among social objects; 3. con- .
tributing to the potential development of a system of funda-

1



2
mental measurenent for aocidlogy. These are al} potentials
whiph serve to spur on the necessary preliminary work of which
this diésertation is a part, | N

The ‘specific goals and hypotheses of this work are as
foilows;' '

“'-A. to analyze the characﬁeristica asaociated with scientific
advance in physics (which most of Chapter One is devoted to);
.'  B.  +to evaluate (with theoretical and empirical évidence)
the‘avéilable procedures ~- in terms of their own validity and
in terme of the criterie ( continuous, homogeneous, iéotropic,
linear, and metric) hexein established for the construction of
the soéial manifold; (Chapter Two.is devoted firstly, to a disg~-
cussion of the criteria, and secondly, a critical reiiew of
technical procedures relevant to the construction of a social
manifold)

C. to devise instrumentation, collect preliminary data for
use in the system, and utilize the technical procedures decided
upon to construét the social manifold; the data collecfioh
.techniqﬁes; underlying theo:etical basis,. and technical pfo-
cedures for constructing the desireﬁ conceptual space éoﬁaist-
iné of gocial oﬁjects is referred to all togethér as the Galileo
System;: (Chapter Three is specifically concerned wifh the ﬁres-
| entation of the character of-fhe Galileo System.) Hypotheasis
Afour specifiecs the eipected dimeﬁsional natﬁre of the social
manifold. |
Hypothegis 4- The dimenaibns, or axes, required to present the
relationships between social objectis will be few, perheps as

few as three.




D. to provide a preliminary assessment of the reliability
and face validity of the instrument.
- Hypothesis 1l- The spatial relations between objects in space will
ve relatively stable over the relatively short time interval
bétween administrations of the questionnaire,
Hypothesis 2« The total amount of movement in the manifold ~-
- measured in terms of the distance between the same objéct at
different pointe in time (i.e., administrations)-~ should not
be great.
Hypotheais‘B; Movements of the objects in the social space will
be orderly, i.e., movement will not be chaotic.

Chapter Pour pfesénts the results and a discussion of the
results, Finally, Chapter Five provides a aummaiy and conclusions
to this work,




FOOTNOTES

1E. T. Bell, "The Beginning of Modern Mathe-matics,
1637-1687," in Robert Marks (ed.), The Growth of
Mathematics (New York: Bantam Books, 1964), p. 133.

2

Ibid., p. 141.

Ibid., pp. 140-47.




CHAPTER I
THEORY AHD‘RESEARCH:.SOME DIFFERENCES
BETWEEN PHYSICS AND SOCIOLOGY

The diajainted character or'theary and reaea:ch in Soclology
represents a baaiq'problem for acientific advancemant. That they
are disjointed means that aociologicai theory is often arbifrarily
omerationalized and that research results do not clearly have a
gignificance for the supposedly operationalized theoratical con=
cept. This diaaeftation focuses on some specific pfoblema
sociology has in contrast to physics as regarda-the gap between
theory and research--and takes some preliminary steps towards

developing a possible solution to them.

Theo;x, Reaearch, and Meaaurament
and the Construction of a Sooial Hanifold

The problem rocnsed on in this diaaertation is aaaentially
twofold: 1. the basic . concepts of Sociology (e.g. value, norm.
act, role) are discrete and qualitative as opposed to continuous

1

and quantitative;’ and codsemiéetly 2. sociology lacks fundamental

xconcagta charactarized by fundamental measurement Irom whidh

othar conoepta meaauremanta' can be derived; i.e.,. aociology
lacka a ayatem of fundamental maaau:ement. The two prob;ema
can be compared to the situation of physical machanipa wherein
all concepts can be derived from distance, time and mass (or
force) which are quantitative concepts —- both theoretical and

empirical at the same time.2
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Specifically, this work attempts to construct a manifold

~ for sociological variables, i.e., a social space, which will
utilize the continuous, quantitétive concepts of distance anﬁ
time as a common framewo;k to analyze'the heterogeneous d;screte
and qualitative concepts of socidlogy.3

The construction of a social space can be approached in a
number of ways -- some of which are discussed in Chapter Two.
However, the procedure adopted herein was guided by the scientific
goals of parsimony and facility for mathematical manipulation.

Thus the pfoceduré for constructing a social manifold has been
guided by the desire for a spacial manifold thch is continuous,
homogenous, isotropic, metric and unbounded. (A description of
these characteristies and an elaboration of why they are desirable
is found at the beginning of Chapter Two.)u The social space
or manifoid is constructed in a manner which will aveid viocla-
tions of fhese criteria.‘ The Galileo System5 is the name used
to descriﬁe both the prodedure for éonstructing this desired
space and.the thepreti§a1 paradigm underlying the construction
of the ndesired” paradigm.

It iéiimportant to understand that the creation of a manifold
with thesé ﬁroperties does not ensure or require thﬁt the data
will conform to these desired properties. The properties are
being pos;ﬁlated'because of theréonvenience fhey provide for
: mathematiéél-maniﬁuiatibn énd'fqr the construction of a continuous

quantitativéé backdrop against which empiricallrelations may be
clearly diSplayéd. In this sense the Galileo System is partly
analogous to the Weberian “ideal type.® The conformity of the
data to the conceptual model is an empirical question (addressed
)7

in Chapter Four. But the basic purpose of the Galileo System
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is to provide a clear cut baseline against which such empirical

relations can be measured. The critefia set down do not require
that the relations between the social objects qua numbers in a
spacial manifold will correspond'exéctly to the numerical rela-
tions between real numbers, although such an outcome would Be
highly desirable. As wiil become clearer later, the Galileo.
System makes it possible to utilize two of the most fundamental
measures of physics - distance and time.

This work does not try to develop a theory for the analysis

of the relationships between distance and time and sociological

variables; however, some possible concrete interpretations (pre-

liminary as they may be} of the social manifold are suggested for

explanatory purposes later in this chapter.

The @ajor tasks undertaken in this work are:; (1) establishing

the criteria ar ideal social manifold should meet, (2) The pdn-
structiontof.the social manifold -- utilizing mﬁltidimensidﬁél
scaling tééhniqges. (3) the development of instrumentation for
collectionléf‘data to use in the construction of the social
manifold éﬁd (&) the preliminary assessment of the reliability
and face Qalidity of the manifold constructed.

The Galileo System and its Expected Character

To réité}éte, the Galileo System represents a conceptualiza-
tion with;bctﬁ theoretical and empirical import. It entails an
attempt tﬁ construct a cdnceptual sogial-psyéhological sSpace
wherein the relations between social phenomena can be represehted.
Implicitly it aléo represents an attempt to develop a fundamehfal_
system of measurement (with theoretical implications) for socioiogy.

Just as when the motion of a body changes, there has been
an agent of change, the Galileo System provides a continuous space

wherein the motion of psychological objects can be observed.



‘Motion alerts us to look for the change produc1ng phenomena.
Most of the SpElelC hypotheses which are tested in this
work concern the reliability of the 1nstrument and the face
validity of the preliﬁinary findings from the data. The hypo-~
theses delineated relate to the expected character of the re
sulting social space.
Hypothesis 1 - The spatial relations between objects in space
will be relafively stable over the relatively short time interval
" between administrations of the queotionnaire (which was designed
to furnish data for the construction of the social space.) -
Hypothesis 2 - The total amount of movement in the manifold -
measured in terms of the distance between the same object at
different points in time (i.e., different administrations) --

should not be great.

~ Hypothesis 3 - Movements of the objects in the social space will
be orderly, i.e., movement will not be chaotic.
Hypothesis 4.- The dimeﬁsions, or axes, reguired to present'tﬁe
relations betﬁeen the eocial objects will be few, pefhops as
few as three. |

Failure of- emplrlcal data to conform to these hypotheses
would lessen the utlllty of the Galileo System for the descrip-
tion of soc1a1 phenomena. '

. The Use of Fundamental Continuous Concepts

Fundamental and derlved measurement characterlze physics
whereas measurement in the soc1a1 scienceg is essentially "by

fiat." Whlle this does not signify that all social science



heasurement is meaninglees,'it doeSMMeanifhet results of
empirical eociological';nvestigations cannot be assumed to.have
implications for the discrete quelitatire theoretical conceot
which presumabiy was the source for the investigation. The.gap
between theory and researoh_represent a major problem.for'the
development of-socioiogy through the close interconnection of
theory and research. It is difflcult to put to test concepte
which have no clear operatlonal meaning. By clear is meant
to signify the precision of description possible with continuous
mathematics. |

A major advaﬁtage that physical measurement has over social
measurement is.the existence of a few fundamental measures that

are measured in terms of their own internal relationshipe.~

Pfanzagl defines fundamental measureﬁent as "the construction
of scales by maﬁping an empirical.relational system isomorphioally
into a nuoerical relational system."8 Digtance and time are
the most fundamental concepts of phy51cal mechanics. The unit
of any quantlty in mechanics can be expressed in terms of any
combinatlon of dlstance, time, and mass. (Only temperature and
electric current are needed as additions to derive all concepts
in physics. These five variables are generally considered the
five fundameotel yariebles of physics.) 'The.uoits of.mass-and
force can be treated in terms of distance and time, if the other
(mass and force reepectively) is held constanf.g_

Whlle it is true that qualitative terms exlst in physics,
it is also true that if of any experlmental use, they are derlv-'

able from the flve fundamental concepts. For example, while
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atom may be'conéeived of as a disgrete term, it is also trge
fhat it can be derived from fhe fundamental concepts. Moreover
it is exactly those terms which were not derivable from the
fundamental meésures. and hence werec not open to operationéliza—
tion -- e.g., phlogisten, ether -- which had to be discarded'for
scientific advance.>C. ' '

It is important to understand that in the physical sciences

and particﬁlarly physics all basic or fundamental theoretical

concepts are themselves equally like research language-~guantitative

termg like mass, time, velocity, distance -- all implying in
their very statement ratio-type quantitative measurement and
research; to say that M = % is itself to cite a ratio. The

theoretical and research lahguage of physics share a funda-

mentally éoﬁmdn-character.

The problem of sociology may well be the unbridgeable
gap between a theorefical language that is discrete and qual-
itative (é;é.. action..norm, role) and the continuous and
quantitati&e and commensurate with the character of scientific
research. It is imperative to understand that such a strategy
is appealing not because it seems to be in some sense *true"
in its de;criﬁtion-of human social behavior as we know it, ‘but
because of its potential utility.’ Nuﬁnally'points out that
theories con31st of collections of words (statements about
the nature of events,) and "though such theorles may suggest

1nterest1ng 1nvest1gat10ns of cross structures among sets of
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obsefvables. the evidence obtained is not so much of the

truth of the theories as it is proof of their usefulness."1l

Social scientists may be so sure of the "truth* of their dis-
crete qualitative constructionl? that they ignore the possible

usefulness of a continuous and quantitative construc*ion.l3

Measurement

Torgefsen.felates the problem as he sees it for the socizl

sciences:
:The concepts of theoretical interests tend
“to:-lack empirical meaning, whereas the
‘corresponding concepts with precise empirical
" meaning often lack theoretical import. One
- of the great problems in the development of
-s¢ience 1S the discovery or invention of

- °°nStIB°tS that have, or are likely to have,
both.

Torgerson..believes that the problem of developing rules of
correspondence between thecoretical constructs and observable

~data “reduces to the problem of dev151ng rules for the measure-

ment of the construct."l5

Typlcal ‘of the problem of contemperary sociology is the
following statement concernlng theory and research. "Sociol~
oglsts seem to have two dlstlnct languages. one whlch 1s in
some sense mcre complete than the other. The flrst is a .

theoretical language in which we do our thinking. The second

is an Operatlonal 1anguage involving expllclt instructions

for classxfylng or measur1ng."16 The requxslte process of
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measufemept in research suffefs froﬁ'its Séparation frém its
theorefical conceﬁts. Since qualitétive'méasufements of the
theoretical conéegts is difficult to attain, the results of
quantitative research and the relevance'of quantitative finéings
tend to be of tenuous relgyance to qualitativé theory. Herein
lies much of the ﬁroblem of "measurement ﬁy fiat." Measure-
ment by fiat or what Torgerson believes to be an “arbitrary
definitiong of a "presumed relationship between observations

and the conéépt of interest" characterizes social sciences --
(eeBey Soci;economic Status, Intelligence.)l? Physics is

characterized by a system of measurement based on three fun-

danental quantitative concepts -- distance, time, and mass.
The measurement of all other concépts can be derived.

Derived measurements obtain their meaning from
laws which relate properties tc. other properties;
e.g.y Mmass is force divided by accelerat%on.
Density is the ratio of mass to volume;l

- ;. For. example: _D - average = Distance
- T velocity Time

Derived measﬁrement leads easily into testable theoretical

relationships. This dissertation represents some preliminary
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work in the diroction of developing a fundamental ayatem of
meaaurement for sociology from which the measurement of other
ooncepts can be derived.

Velocity,-acceleration—-as well as force and mass some-
-times-—derive their theoretical and research conceptualization
from ratio relationship between other properties. -The following
description of how other concepts can be derived from distance
and time is included because it is suggestive as to ihe
-character of meaouremont in Newtonian mechanics--a ouceeasful
acience.lg
The meaning of these concepts is closely constrained in
terms of thei; ratio relationships with other fupdamentally
defined concepts. Following are illustrations of derived
measurement: '
l. Velocity, a term with both theoretical and operational
‘significance, is deaoiibed in terms of the quantitative ratio
D= h: (D = distance covered, -T = time passed, and V= averagof
‘rvelocity);- '
2, Acceleration can be conceptualized in terms of the change
in velocity/timo elapsed i.e., A = fg or in torma'or oiotance

and time, as: 2
A = distance/(time)

3. The magnitude of a force can be determined by comﬁaﬁing

the relative accelerating effect upon the same objoct of dif-
ferent forces. The ratio of the forces is the pame as the ratio
of the accelerations (which it has been Just polnted out ia

derivable from distance and time):
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2 )

4, The definition of mass as a Quanfity of matter has been
considered, Ly some physicists, an antiquated and unfortunéte
use by Newton. A "resistance to acceleration" has been sug-
gested as an intuitive alternative definition:

F _ -
o M. M = mass

Mass as a derived measurement has been used to contribute to
the development of Einsteinian relativity 'theory,20

Measurement at its highest level entails the assignment
of numbers to properties of objects in a manner which corresponds
to the relationship between numbers in the real number syétem.
(That real numbers are continuous can be.recognizéd by their
.description as "the set of all endess decimals.")21 Real numbers
are characterized by order, distance and origin.

In the physical sciences, most measurements of phenomena
are on ratio scales ({.e., absolute zero point) so that
mathematical manipulations such as multiplication, divisioh,”
addition, and subtraction as well as algebra, analytic gécmetry,
calculus and the more stringent statisties are possible.

These ratio level measurement capabilities are a direct
result of the fact that the fundamental theoretical concepts of
physics are themselves quantities and defined in terms of their
ratio felationships to'thémsélves and/or each other.

This dissertation is a step'towards the development of a
theoretical concept--an ﬁnderlying paradigm--that is quantitative

and commensurate with scientific research. It 1s likewise, at

the same time, attempting--in a very preliminary way--to develop
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a s&stem of fundamental meésuremant for sociology. -

This strategy, it is necessary to underatah@, is appealing
not because it seeme "true” in its deécriptioh of hﬁﬁan aogial
behavior as we know 1t, but in the sense of Nﬁnnaily, because
of its potential utility. Quantitative and continuous repre-
gentations are open to verification in a meanner which has proved
fruitful in other sciences and seems worth pursuing in soclology

for that reason.

Some Examples of Fundamen tal Phxsical Measurement—-

Distanca and Time 1n Phxaica
Diatance and time can be measured in terma of ratio rela—-

tionships to themselves. These terms have both constitutive
and operational meaﬁing._ They are both fundamental measurements.
Both_the unit and the number of times the unit appears in
the distance meﬁsurement nust be specified for‘fundameﬁtél
measurements. A standardized unit must be specified if the
measurement is to have.aignificéhce. Time is based on & clock
aysteﬁ or‘clpck which is "any mechanism which givés us a set
of signals such that the duration between any two adjacent signals
is alwaye.the Bame."?2 _
"Good clocks are the class of physical phenomena which
repegi themael#ea over and over again in such a wa& thét the
number of-repetitionalbf anj one of the meﬁbe:a ot a class has
always a constant ratio to the number orrrepétitioha of any member
of that claés."?s Both time and distance measuremeni entails
establishing a standard of measurement which serves as a basis

for comparison for any particular distance or time. "We now
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see that the problem of observing a ghange in shape of an object,
or a lack of change depends on our ability to éonstruct measuring
devices which, to the best of our knowledge} do not change in

24 " Becguse units of measurement are so crucial to

shape, "
~measurement of motion among physical objects, it 1s plausible
to. suggest that socizl motion or change in social behavior may

also benefit from a standardized aystem of measurement.

Motion;_;Thg Significance of the Spatial Manifold in Physics

and Soeciology

thysics deals with motion and the forces which bring about

motion., Thus, physics needs beéides scalare, i.e., Jjust mag- .
nitudes (e.g., the mass of an object) also vectors to describe
the direction associated with motion. Thus angle is éometimea
considered a fundamental measurement in terms of motion and
location,?? o
The analfaia of location and motion (i.e. directed distance)
for physice (and perhapa also aoéial psyéhologiéal bbjects) ré~
quires a gpatial manifold. Both the.description and.expiaﬁﬁtion
of motion (a change of position) of objects entails the use of |
- the concept of directed distance (often called diaplabement -
a vector quantity). Directiop (e.g., + or -, North or South,
East or West, up or down,.forwaid or backwaid)’cén 1n1t;§11y
be an arbitrary designation. ihe original choice of a2 positive
direction is arbitrary though future designations within an
analysis must be consistent with the original choice if confusion

26

13 not to result. Calculation of a distance involves at least

two points --d(X,Y). Direction between two points can be con-
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- ceptualized only in terms of an arbitrary point, i.e., an origin
in space.z7 The change of ﬁosition of a ﬁhysical or social .
psychological object implies a éhange of position relative to
some frame of reference. For example, in the Galileo System
lying down and sitting are given as one galileo apart. Some
sort of spatial manifold is required to systematically represent
the motion of physical or social psychological objects when
there are two or more dimensions to consider. Positive or
negative movement (i.e. displacement or directed movement oﬁ
a line) is conceptualized in terms of an arbitrary point (or
origin.) A system of time permits the description of a sequence
.of positions of an object (physical or social psychological)
in motion and thus potentiéily an analysis of the causes of its
motion. Measures of distance (or length) and angles enable -
description of the relative arrangements of objects at a poiht
in time.28 ' .

"The Desirability of Constructing

a Manifold for Sociél Objects

A spatial manifold for discrete social objects might permit
the 1pbation of these objects in terms of the quantitative,
cohtinuous concepfs-of distance and time, as well ag the rela~
tionship angle.s As was indicated above, description of spatial
locations over time might refleét_conceptual (and in some manner
behavioral) patterns. Object ﬁotion'(i.e.. social change?)
might reflect fuﬁétibnal rélatiohshipé between soéial objects

which were otherwise not obvious.
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The Galileo spatial manifold ié'both a graphic representa;
tion and a theoretical ﬁaradigm for social science wherein the
relationshifs BetWeen social objects might be expressed in tefms
of fundamental continuous, quanfitative variables--e.g., distance
and time. This spatial model can be sketched as follows: The
dimensions of the manifold are wholly determined by its content
of social objects (conceived of in term of behavioral signifi-
cance.} Some éiémples of the behaviors and social-objects are
walkiﬁg, sitting, studying, war, fighting polliution, making love,
me. In all, this dissertation reports the results of research
based on thirty-three pairs of behaviors and objects were
scaled for use in constructing a multidimensional space. As was
pointed out above for physical objects, it is analogously sug-
gested that change of position (motion) of the social objects
might be systematically described in terms of a coordinate systeﬁ,
a relative frame of reference. Calculations of physical motion
are made in terms of an object's change of position relative
to an arbitrary origin within a specified time period. Coﬁcepts
such aé force, mass, velocity, and acceleration can be derived
from the more primitive concepts of distance and time.. If social
objects can be-locéted in a similar arbitrary coordinate system,
these same variables may have some'significance for social phenomena..

Mass has béenldefinéd as “resistance to accélerafion."-lf
a given force is being applied to a number of related objects
(e.g., studying mathematics, studyihg physics) with one asso;
ciated behavioral object moving more closely into an area of
behavioral objects that are frequently being performed (measured
as a continuous, quantitative variable), one might derive the

mass in terms of the resistance to acceleration. Thus an object
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which is more massive (e.g., base@ on more information) might
move less--or even not at all--given the same applicatibn of
force; attitude (following Woelfel usage) has béen conceived'of
in this work as a vector representing a proposed raté of be-
'havior which is a reflection of the mean aggregate of all the
incoming information (also as vectors of proposed rates of be-
havior.)29 The use of spatial model based most fundamentally
on distance and time (buf from whiéh mass, force, velocity,
and acceleration can be derived or perhaps.other complétely
sociological conceﬁts) offers the possibility of ﬁonstructing
a theory for social behavior whicﬁ is closely alligned to
research: A system of measuremgnt and a theory might thus
eﬁerge simultaneously. Distance and time are not really

inherently explanatory concepts only for physical objects but

may generally be conceived as such because of past uses. Future
utilities shouid determine the éxtent to which concepts are
used in the social sciences and not past conceptual frameworks.
Distance and time might offer a common framework from which to
view objects. Their potential social applicatiohs should not
be constriéféd mérely on the basis of the seeming *truth" of
"more sociélﬁ'approaches-jo

Some Illustrative Hypothetical Descriptions
o of the Galileo System

For illustrative purposes, preliminary though this state-
ment may be, the significance of distance and time in the Galileo
System will be elaborated while recognizing that theory con-

struction is not directly this work's purpose.
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The product of the Galileo System will be a multimulfi—
dimensional (i.e., at least two axes required) configuration

of ﬁoints which represént socialebjecta. Sdme examples of

behaviors used in the Galileo System are smoking marihuana, going

to college, me, revolution and swimming, as well as more prosaic
behaviors such as walking,_aitting and eating., Thirty-three
behavioral objects were included in all.

Behavioral objects which are clustered near (i.e., a
rela£1Vely small distance) the object "me' for the aggregate
are expecied to be performed more regulariy than behaviors
associated with objecté located far from "me". For é;ample,
if "smoking marijuana® is a relatively small distance from
"me® whi;e another agéfegate or group ylelds & pattern bt
" mari juana being very far from its "me," it would be expected
that the.rorme: group'émbkes marijﬁana-ragulaxiy while:the
latter does nof. In the sunmer (given accessibility), it would
be predicted that the points repreaenting awimming and sun-
bathing would be closer to objects associated with behaviora
being acted out, while in the wintar they would be more distant
from me and the bqhaviora which are regularly perfdrmed.

Time; asg wéll'ﬁa diétﬁnég. has also been described as a
elgnificant concept for the Galilao s&atem; " Td"caicﬁlﬁte the
rate of chnnge of position fo* a paychological object (e &
women's 1iberation) 1n the behavioral manifold requirea a time
measurement as well as the measuremqnt of. the distance (from
the origin--with its significance for direction). Thus if the
roint representing fighting pollutiocn moves rapidly in towards
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me or some frequeﬁtly performed objects it would aigﬁify ﬁbllu-
tion fightipg behav;or is on the increase rapidly.

The abovg e;amplea are merely meant to be suggestive, It
is important to understand that this work is more of a prélimin—
ary attempt to cpnstrﬁct and evaluate (relimbility and face val-
idity) a social manifold thén an attempt ‘o prediét, construct
or verify a theory.

The Specific Aims of the Dissertation

To reiterate, the specific goals of this dissertation are
fourfold:

1. +to analyze the nature of the characteristics associated
with scientific advance in physics;

2., to decide upon the initial mathematical algorithms for
the establishment of a spatial cﬁordinate system which has as
contents meaningful socioclogical objects and which meets the
criteria for physical sclence theory established in Chapter 1,
This involves a discussion o£ prior related work in the péycho-
metric literature and a critique based on the above criteiia;

3. to devise instrumentation and collect preliminary data
for use in the systen;

#. t0 proyide a preliminary assessment of the reliability
and face validity of the instrument. -

Thus, in summary, this work‘répresents only a preliminary

step--involving the exploration of some teéhhical, methodological
problems--towards the development of a éjstem of measurement
based on quantitative fundamental concepts (both theoretical and

empirical) for the social sciences.
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Footnotes

Thia does not mean the concepts are inherently qualitative,
However, iypically, .they are treated as such. "~ The situation
could posaibly be compared to that of the historical circum-~
stances of the concept atom. The concept atom was conceived by
the ancient Greek Democritus but its scientific value came only
much later, i.e., with its gquantitative development

2The development of modern ‘chemistry involved reject
‘the four elements theory (i.e., fire, water, earth, and air
and the phlogiston theory.' The scientific revolution in- ehemistry
involved weighing, i.e,, measuring, It was the added weight of
an object after burning which was significant. It was the
heaviest part of the alr which was oxygen. -

3Perhape, for discrete and qualitative concepts to be use~
ful (in terms of explanation and prediction) in a preciee way,
a continuous, quantitative backdrop is needed.

4By continuous, is meant the technical mathematical meaning
of infinitely divisible. The Galileo guestionnaire is conatructed
g0 as to yield magnitude estimations. Numbers are continuous in
the resulting scale in the sense that there is no break in the
possgible continuum of numbers,

5The name Galileo is used because of his significance in
the breakthrough to modern science in physics. His breakthrough
has been partly associated with his conceiving of motion in a
new way (i.e., the "impetus theory" as opposed to the Aristotelian
"ever present force" view of motion)., Moreover, quantitative
analysis was very important in his work. See Herbert Buiterfield,
Origine of Modern Science (New York: Free Press, 1957).

Qualitative enalysis in chemistry tells you the number
-and kinds of elements., Quantitative analysis tells you the
amount of the element and their quantitative relationship.
Quantitative analysis gives significance to the qualitative,
nominal distinctions..

7For example, there are large negative roots, and triangle
inequalities in the resulting data. Moreover, other geometries
may eventually be found which better represent the empirical
relationahips found among the data..

8J. Pfanzagl. Theory of Measurement, (Wurzburg, Germany:
" Physica~verlag, 1968), _ -

gFrancea Sears and Mark Zemansky, University Physies, Second
Edition (Reading, Massachusetis: Addison-Wesley, I§3¥).
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lOSee Butterfield, op. cit, and see final chapter of this

work.

llJum Nunnalily, Psychometrlc Theory (New York: McGraw Hill.
196?) [} pl 980

lzPor example, the phenomenologlcal approach in Sociology

attempts to.recreate human interaction in its full richness.
Maurice Natanson in affirming the phenomenological approach
says the following:

it fulfills the method of Verstehende

since it offers a philosophy of the

social world, rather than techniques or

devices in the narrower methodological

sense. . . When the naturalist approaches

social reality in terms of the methods

of natural science, he forfeits his

philosophical concern with a crucial

dimension of reality and indeed reduces

himself to limbo. Phenomenology claims

to reconstruct social action providing a

fundamental clarification of its inten-

tional structure within the framework of

a comprehensive philesophy. It claims

to return us to the social world in its

full richness and urgent complexity.

The problem with this goal for science gua science (perhaps
not the goal of Natanson) is that analysis of only essential
characteristics is the goal. Thus Galileo paid no attention -
to the color of the ball and board in his experiments on gravity.
Richness of description is sacrificed to verifiability {and its

- other side ~- disproof.) See Maurice Natanson, "A Study in
Philosophy and the Social Sciences," Philosopay of Social

Sciences, Edlted by M. Natanson. (New York: Random House. 1963),

13See for a relevant discussion of phy51cs, A. D'Abro, The
Evolution of Scientific Thought (New York: Dover, 1950.)

D'Abro, in descrlblng the compatability of Einstein's.view
with that of mathematicians says that pure mathematicians:
: more than all others, have been led to

realize how cautious we must be of dic~

. tates of intuition and so-called common
sense. - They know that the fact that we

.can conceive or imagine a certain thing

~only in a certain way is no criterion of
the -correctnesc of our judgment. . . . At

.-all events, mathematicians, as a whole,

. 'refused to question the soundness of
Einstein's theory on the sole plea (of
some non-mathematicians) that it conflicted
with our traditional intuitional
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Concepts of space and time..." (p. xvi)

According to D'Abro, . . . Berkeley's view
of space -- as arising from experience ~-
has -been supported over XKant's who believed
.concept of three dimensional Euclidean
space was "antecedent to all reason and
experience and was essentially a priori, a
form of pure sensibility." (p. xix)

Moreover, in discussing the evolution of
scientific thought, he says, "As soon as

we recognize that the fundamental continuum
of the universe and its geometry cannot be
posited a priori and can only be disclosed
to us from place to place by experiment and
measurement, a vast number of possibllities
are thrown open, Among these the four
dimensional space-time of relativity, with
its varying degrees of non-Euclidianism,
finds a ready place.” (p. xx)

1yarren Torgerson, Theory and Method of Scaling (New York:
Wiley, 1958), p. 8. .

51bid., pp. 9-10; see also Nunally, op. eit., pp. 2-3.

6Franz Adler, "Operational Definitions in . Sociology,"
American Journal of Sociolo 52 (March, 1947) 438-444, cited
by Bubert Blalock, "The Measurement Problem: A Gap Between -
the Language of Theory and Research," Methodology in Soec al o
. Research, Edited by Blalock and Blalock (New Torﬁ McGraw
HI1T, I§68). P. 14.
7Torgeraon, op. cit., pp. 21-22, His discussion was: taken
from N. R. Campbell, An Account of the Princiglea of Measurement
and Calculation, (1928).

181p14,

'19That ia a science with explanatory laws, predictive
ability and technical achievements.

205, Henfy Semat, Fundamentals of Ph-sica {New York: Holt,
Rinehart and Winston, Inc., » PP : .
.M - the mass-of a body ia m,tion - is given by:
. . - M : .
M = °

(1 - vz/cz)§1

This formula only becomes significant for particles
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moving at speeda which are great relative to
the Bpeed of light., Greater force is required
to accelerate the same partlicle when its velocity
is comparable to the speed of light than when its
velocity is comparatively smali, However, M_ is
never more than M. : °

21

(New York: Wiley, 1959), p. 59.
22 '

Walter Michels, et.  al., Foundations of Physics (Prince-
ton, New Jersey: D. Van Nostrand Company, 1368), D. 23.

231pia., p. 25.

Israel Rose, A Modern Introduction to College Mathematics

241pi14., p. 9.

zsIbido"po 300

(2) Practions of revolutions around a point can be
used to measure the angle, i.e., amount of rotation.
Degrees (o) and rZdians (rad) are both used to
measure angles: 360° = 1 revolution
o 2 rod = 1 revolution
(b) The asize of an angle can be expressed as © = S5/R;
S = the distance measured along the arc in the same
length unit as R, -
If S = R, then € = 1 radian

F.3

Azsxbidog pp.-19-20.

2Typ14.

281pid., p. 40.

29Woelfe1 et, 8l., "A Theory of Force Aggregation in
Attitude Formation and Change," (unpublished paper in progress,
1970).
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39

See Footnote 13 for a relevant discussion.

See Woelfel, op. cit.




CHAPTER IT
CRITICAL REVIEW OF TECHNIQUES RELEVANT TO THE CONSTRUCTION
OF A SOCIAL MANIFOLD

Introduction

In chapter one, an analysis was conducted regarding fhe
relationship bhetween fheory and research in soclology as con-
trasted with the relationship between theory and research in
physics. The problem of méasurement was specifically focused
upon. It was pointed out that two characteristics which dis~
tinguish physics are 1.) that ite basic concepts are jJointly
theoietical and empirical (continuous variables), and 2.) that
its basic theoretical concepts are characterized by having
fundamental measurement -— with the measurement of all other
theoretical concepts being derivable from those measured
fundamentally. The significant role that coordinate gystems
play (both theoreticaily and empiricﬁlly) in physics ﬂae_also
explained., For coordinate systems to be of use, however, re-
quiréa'continuous variables. And if these continuous variaﬁles
are‘to be significant, ihey must have or éevélop theoretical
tiea; relating.conéeptg.fhrougﬁ th&ir joint derivation from
a few fuﬁdamental concepte would seem to facillitate recbgni-
+tion of lawful functional relationships.

This work is specifically concerneﬁ with the construction
and preliminary evaluation of a manifold for social objects

(analogous to a manifold for physical objects) wherein con-
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tinuous variables can be functionally related, Implicit also
in the development of & continuous social manifold is the

- potential for the development of a sysfem of fundaﬁental
meaaurement

This chapter is divided into two major sections. The

fiiat part describes the criteria for the constiruction of a
social manifold and explains the value of these criteria. The
second section preeehta a review of available techniques
relevant to the conetruction of a social manifolé. These
techniques are evaluated botﬁ in terms of themselves as valid
procedures and also in terms of the criteria délinegted for
,thé coﬁstr&ction of the social manifold. The techniques
evaluated herein include: factor analysis of cross products,
factor analysia of scalar products, ‘the Semantic Differential
technigque, metric multidimensional scaling, and nonmetric
multidimensional scaling.

Criteria for Constructing the Social Manifold
Theoretical and methodological,conéiderationa faver: con-

-ceptualizing the social manifold as a space thaf has the fol-
lbwing characterisiica:-continuous, linear homogeneous, un-
bounded,'isﬁtropic,-aﬁdlmetric.‘ |

These assumptions facilitate mathematical manipulation by
utilizing a spétiél paradigm wherein descriptive and explanatory
concepts are quantitative, continuous and expreaaable as ratios.
The social manifold as so specified would be accessible to high

powered mathematical analysis.
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By homogeneous is meant that the space is éhafacferized
by a uniform compoéition or structure. Variations in mgaéufe-
ment will thus be due to differences among the.objects be;ng
measured or among thg properties of objects as opposed to
vafiations in the characteristics of the‘space ver se. Like-
wise, the charaéteristic of isofroyx means that the prbperties
of the space, gua a sSpace, do not vary according to direétion
'or, in other wd?@s, acpbrding to the axes. The space is con-
tinuous and thus, in its technical meaﬁing the separation between -
any two points in the space is infinitely divisible. Likewise
though, continui#y also signifies that the space, qua space,
is'composed of a set of points which éorresponds.to the same
set of transfinite cardinal numbers as does the set of real
numbers.2 Along with these more mﬁthematically technical meanings
of_cpntinuous_is the idea of a continuum: “something continuous
or homogeﬁeous of which no distinction of content can be affirmed
except ﬁy'referehce to something else (as duration.)"3

This éohtinuous, homogeneous, and isotropic charaéter of
the space'ﬁfovides sométhing of a2 fundamentally common character
from wﬁich to 6bserve discrete variations, which perhapsné}e
seemingly unpatte;ned and unintelligiblé.

Linéarity is defined by the additive function

- - ' Yy = mxi4 b : g

This expression states that the change in any given variable
. is directly (6r in#érsely) proportional to the forces impinging
upoﬁ it. It is important to understand, however, that thé assump~
tion underlying linearity in this dissertation is not that all

relationships are linear, but that the spatial coordinate system
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in which thgse felations are arrayed is itself linear. Any
‘deviaticn from iinearitj can thus be clearly.displayed.against the
‘linearity- of the space ratherlthén being confounded by non
linearities in the space itself.

By unbounded is meant that the space as a space is not
temporally‘limitgd. While the particular configuration of-
points représenting behavioral objects is a product of a par-

ticular saﬁﬁle at a particular time, this configuration can be

compared across time for the same sample. Also - as was
pointed out above - the spatiai continuum has cardinal numbers
associated with the transfinite set of real numbers.5 Thus,
the term unbounded has technical meaning.6 By characterizing
the space as metric is meant that the spatial model entails

a standard of measurement. The comparison of objects, prop-
erties, of constructs quantitative;y implies some common
standérd. Fufthermore. ratio measﬁrement implies the neceésity

of a zero point, i.e., an origin in a spatial model.

To suﬁmafize, the behavioral space is absolutely continuous
and homégeneous;. The épace qua space has no diétinctions.of
content except by reference to something elée. e.g. duration,
or a metrié ﬁeasure from an arbitrariiy constructed reference
origin. The advahtage 6f a construction of this type of space
is that it provides sogéthing of a fundamenfal common chﬁracter—-

a basic underlying structure, 2z theoretical paradigm -~ from which
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seemingly insengible and indefinite variations can be ahaiy;ed.
The construction of a social manifold is suggestive for the _
future devalopmenf of a system of fundamenizl measurement which
at the same time has theoretical significance. - Thia spatial
paradigm provides a generic structure through which quantitativel
des&ription and analysis of relationships among the social ob-
jects in the behavioral menifold is possible.’ '

Distance, time and the other derifed‘conatruota of velocity,
acceleration, mass and force, are-~as has been pointed out above-~
continua which means each represents & quahtitative set which is
isomorphic with theraet of real numbers. Given these concepts!
isomorphism with the set of real numbers, the tools of high
powered mathematical analysis (with all ita advantages of pre-
cision of research findings and thus preclsion of theoretical

feedback for further theoretical construction) is available.

The goal of course is not mathematical menipulation as &
fancy reseaich technique. These tools can represent mere
sophiatry if the aim of representation of 1awfﬁ1 humgn behavior
is forgotten., The point is thet the language of everyday life
is léoae and vague-—-and 1nappropr1ate to acience. cdncepta
which have exact quantitative meaning (i.e., continuous vari-
ablea) have clarity and mnch potential for uncovering functional
relationehips betwean aocial variables.s

Harvey's diacovery of the circulation of the blood fol-
lowed his attention to the amount of blood coming into and
being pumped out of the heart per unit of time -- i.e., the

rate of & particular gquentity of blood being pumped. Thus again
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we gee that thie loose concept of circulation which 18 used in
efe;yday 1anguage could only be or-use to the scientist when
1t was translated into a fundamental quantitaiivg measure.
Circulation represénts a derivea measure., ’Sociologiéta4-both
those who oppose the "empiricists" and those who represent
the American empirical.tradition—;hava generally not'cohfranted
the problem of the absence of a system 6f fundamgntél measure-—
ment in aoéiology from which the measurement of ofher.aocial
concepts could be derived.

The Coordinate System was important in the development
of modérn Physics because it facilitated the meaauiement of
motion through its capacity to locate any point in spéce with
referendq to the point's coofﬂinateﬁ. (All.of,the coordinates
in the system have been defined relative to a zero point of
origin.) Thus the Coordinate System ies both a tool of measure-
ment and a theoretical basis for procedure for clearly working
out the implication of relationships among variébles underlying
physical laws. This dissertation is éoncerned with the develop-
‘ment of a soecial manifold wherein there would also.be & reference

for the social objects and coordinates from which to locate the
object in the a§c1a1 manifold.

In the firat section of fhis Chapter a number .of charac-
teristicb were cited as crite#ia in construeting the social
manifold, Why these charﬁcteristics are considered deeirable
was aieo discussed. It must be reiterated fhﬁf the quel used
in-constructing the social manifold did not and does not con-

strain the data to conform to the characteristice of the model.




llllllllllllIlllllllllllll!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!ﬁ

33
Avallable Technical Procedures9 Relevant

t0 the Construction of the Desired Social Manifold

While theré-are nb piedeceaaéra who ﬁavé attg@ptéd the
construction of a maniroid with the jointly fhedreticalland
empirical interests of this dieaertation,-there have been those
who have ﬁtilizgd phyaiés in some manner as a moqél for social

10 and there has also déveloped a body of literature

science
cancerning multidimenaional scaling which is the baaic tool
for the construction of a social manifold It is that latter
work which is most relevant to the construction of a2 social

manifold,’

Cross Products - Scalar Products Controversy
Factor Analysis is an integral part of multidimensional

scaling. However, the raw data is often in the form'of dig=-

tances in multidimensional scaling.

Factor analysis atteﬁpta to express n.variables in terms
of (n-1), of preferably less, factors, This goal éan be thought
of geometrically in terms of trying to express n vectors in
terms of k vectors which repreaent a "basis" for that apace
(kx - n). It a get of vectors form a& basis for a space V, then
every vector in that space 13 expressible uniquely as a 1inear
combination of the baeis vectora. Baeis vectora are linearly
iﬁdependent. Por example, if x, y and z are the basis veptors
of a space, then Yector A in that space couid 5e expréssgd as

follows:
A= 84X + 8o ¥ a3z.
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In other words 84y 8o,y aﬁd az represent the coordiﬁatga of a
on the three independent axes of the space. The regquirement
of lineer independence is that the uniqueness of aﬁy.othér
vector in the space 1is aaaurédly determined in terﬁs of the
bagis vectors. A linearly dependent set might be represented-
in an infinite number of representations.11
Let us return now to the question of scalar products and
cross products. Nunnally, a péychoﬁetrician, acknowledges
the nonorthogonality or at least questionable orthogonality
of a matrix of cross products of raw diataﬁce matrices. How-
ever, he denies the significance of this "ecanvention. "
There is no mathemafical necessity for
restricting the use of D and of cross-
products analysis to those situations -
where variables are uncorrelated. - For
the mathematical analyses, the orthog-~
- onal space is constructed, and there
is no need to make the angles among -
vectors proportional to their natural
correlations, The real issue is %Be
‘interpretability of the analyses.
I will present both thedréticél and empirical-evidenge which

mekes Nunnally's position queétionable.-

‘Mathematical Explanation of the Relationship Between Cross
Products and Scalar Pruducts N '
'"With any 2 vectora we aaaociate a Scalar a.b which is
defined by the equation
. =% (a + )2 - 1212 - |b12
.aob =% (i(aj_ 1)2'-£&1 —zbi '
R 2 2 )
a.b = ya, by o
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a,b = a,by + a,b, +_a3b3
"This equation defines a Scalar Product in terms of the coor-
‘dinates in a rectangular coordinﬁte syatem..."13 The coordi-
nates on axis 1 of point a is aq. If the system is not rec-
tilinear, 4 then '
‘a.b =y ,\_aibi
= cosine @ab
Cosine & drops out in a rectilinear coordinate system because:
ejey =Ai.‘] {e = basis vector)

11f 1 =
>\13 01f14=§'

It can be seen then, that strictly mathematically, cross

]

products are equivalent to scalar producte only under the special
case of the cosine being equal to zero or one, i.e., the two
vectors belng orthogonal or superimposed. In the case of
“ orthogonal vectbrs, this describes the situation whereby any
veint in space can be located in terms of the basis vectors of
the space, -
Vectors a and b's coordinates are given by a =jza,e;
and b = Thye,.
The vectors e are called a set
of basis - ve%torg a a, are the
. coordinates of vector a ielati;e to these
- basis vectors. Thies is abbreviated as:
Any point in space can be

1ocate& }elative to th basis vectors -
€5y 05y €3 (or axes).

P = a'point in space
0P = position vector of P relative to 0 the origin.
0P =

x; = the coordinates of x on the basis vectors (ei).16
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o Thus the Scalar Product of a vector A and & basis vector
‘gives the projection of that vector A on the axia.
If you had the coordinates of 2 points on haais vectors,
by taking the cross products of the coordinates you would get
their Scalar Products: the projection of the vectors on each

other.

. Factor Analysis, Metric Multidimensional Scaling,_
' and Scalar Products
It may be useful to stop momentarily and put in perspective
this presenfatibn of the relationship between cross products

and scalar products. Much of this explanation and discussion

has been in terms of the coordinates of points.on axes (or
basis vectors). The primary problem of multidimensiéna; scaling
ig. howéver, to construct from givenrdistances a ﬁultidimenaidnal
space and thus answer the following: (1) What are the.ndﬁber of
axes or dimensions? (2) What are the coor&inatea of the points
(or social objects or stimulus objecte) on the axes (or dimen-
sions)}? |

It would thus seem that the purpose of metric mulfidimen-
sional scaling. in a technical sense, would be to tranaform
the data into some form upon which factor analysis could be
performed, Factor analysis énswere the question concerning
dimensionality.17 Rememher also that it is the object's factor
loading which is the projection of that point in space (i.e.,
the object) on the.axis.'

Thus the gquestion remains as to how to convert distances
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beiween pairs of objects ;nto a spacial configuration. Multi~
&imenaional scaling is a technique for the presenfétion df
proximity relations among stimuli or stimulus objects (de-
pending upon your perspgctive) as pointe 1ocatéd‘in spaée. A
similar way to conceptuaiize it is thatﬂmultidimensiéﬁél scal-
ing entails assigning a set of numbers to represent the simi-
larities between a setlof points.18

Young and Householder derived, uging Euclidean geometry,
2 means of determining the dimensionality and imposing a co-
ordinate system on a set of points (stimuli) when only the
distances between pairs of stimuli were givgn. _They showed
how any element in a sygmetric distance matrix (n-1) x (n-1)
could be converted into the Scalar Product of & pair of points
by utilizing a third point and geometric laws and thus locate
voints in space., From thg law of cosines, it cah be aeenlfhat
fér any thrée points:

a2

2 2
3k d

= dij + 44y - ZﬁijdikCoa ejik

Moving terms yields:
4y 90 008 Oy = % (dij * dik2 - 3k2’°

dij ik Cos ejik repreeenta the Scalar Products of vectors dij
- and dik‘ Young and Houaeholder formed & matrix B4 wherein each

element by, was the Scalar Product of vectors dij and dipe It
- ghould be apparent that all the information required to solve
the above equation are distances. Young and Householder re-
duced the problem of finding a matrix A "wﬁich epecifies the
configuration of points" to the trigonometric problem of deter-
mining a triangle when the length of its sides are given, The
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following are Young and Householder's theorems and apply to aﬁy

Bi'matrix whose elements are Scalar Products,

1. If a matrix B; is poeltive semi-definite, the dia-
tances betweei the stimuli may be considered as dis~
tances between points lying in a real Euclidean aspace.
For B, to be positive semi-definite the triangle law
muat Be fulfilled: the sum of two sides of & triangle
cannot be less than tke third side.

2. The rank of any positive semi-definite matrix Bi is
equal to the dimensionality of a set of points.™ The
rank of a matrix for a given set of points will remain
constant over variations in the choice of a point 1
to be the origin,

3. Any poaitive gsemi~definite matrix Bi may -be factored
" %o obtain a matrix A, where : -

B:L = AA'

. If the rank of matrix B, is equal to r, where r (n=-1),
then matrix A is an (n—%) x r rectangular matrix whose
elements are the projections of the points on r or-
thogonal axes with origin at the ith point of their
dimensional, real Euclidean space.1?

Torgerson improved on theAYoung and Householder formulation
by deriving from it an equatioh which computes the Scalar Products
plus impoaes an axis on the center of the contiguration of points
80 that the origin of the Scalar Products Matrix would be at the
centroid of .all the stimuli (or social psychological objecte) 20

2 1n 52 1 2
jk.““"l‘ (nfj'- 3k "'Efd;)k n??ﬁ-djk jk’

Torgerson's formula can be made more comprqhensible-by
changing some of the subscripts without changing any of the
formﬁlais subst&ntive meaning:

* 1n.2. 1n .2 1 n
n=*%(3 fke "nE%mTn2% zjdgk- azy).
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It ie'eaaier to see from this that Torgerson's formﬁla is based
on the Young and Householder usage of the law of tpiangle in-
equality: two sides of a triangle are aliaya equal to-or éfeéter
than a third side. (f. n. on straight line). However, Torger-
son has substituted fhe mean distance from all other poiﬁta,
k = 1,..h,:for Young and Householder's third p&int i. Mﬁre-
over, Torgerson also aubtracﬁs the midpoint of the diéfanées
and in a sense imposes a central axis on all the points. Note
axis coordinates have ggi yet been deri#ed."Ail‘we have is a
matrix B with elements b;k --scalar products-- spatially located

around & rather centrally located o:r:igin.21

Resolution of the "Scalar Products
varsus Cross Productsa® Debate

The scalar products are Vivz cosine 6v1 Vo (where.‘
v, = vector 1). This is conaistent with the earlier discussion
of crosse pfoducts where a.b = a1b1 in a rectalinear system
(cosine equals O or 1) but in other cases a.b = A a1b1, where
A = cosine 6ab, It is thus incorrect to use the sum of cross
products -1 €., in the sense of multiplying a pair of rows
acroas columng, or & pair of columns across rowa,zz_- as a
subatitution for scalar products when the items subject to
the cross productis transrormation are not 1ndependent and
orthogonal. Otherwiae, a crucial element of information will
be missing as to the spatial relations bétween the items.

The sufficlency of factor analysia of.cross producfs as

opposed to scalar products was'put 1o an empirical test. A
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-perfect data matrix for én oblong s0lid was submitted to the
foliowing procedure, A distance matrix of an obioog solid's
eiéht corner pointa was constructed. The matrix was traooformed
(via.SSUPAC) to one of eross products (i.e., akbk)' A?Prinoipal
Axie factor analyaio was then performed. The results were in=
adequate. The oblong solid could not be reconstructed from

the resulting factor loadings. A whole dimenaion was left out..
Even when data is perfect, the cross producte of deoendent
(i.e., not orthogonal) items does not reproduce a configuration
of points perfectly.23 '

The relationship between cross products and soalgr products
has to some degfee-been confused in the psychométrio literature.
Part of the reason for the confusion is bacause.of the hot_un-
typicel procedufe of psychologiats of treating eithef péraons
as ortﬁogonal -- even fhoogh their test scores are hot uncor-
related -- of of treating psychological tests.as orthogooal
and indepenﬁenf. 'These oaaumotions are not usually.empirioally
true. However, as has been pointed out ahove} the 1oco£ion of
a pair o: vectors in space can only be accufotely determined
in torma of the cross producto of their valuoe on iﬁé basgis
vectors -- i,e,, the orthogonal veciors defining the - ‘space.
Nunnally uses the following derivation to ahow the relation-

ship betwaen the distance and cross products measure.24

(1) Do’ = LXyy - xbj)z

= £(%gy% + X% - 2 Xgy Xy y)

2 2
=£’1{a:l +gxm 'zﬁ%wa
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(2)  FXgy Xy =%, +5%,,% - 0,

2

Nunnally does not point out that the initial equation represents
_the distance formula for deriving the distance between two
roints from their coordinates on the axea, i.e., } = 1..r. It
cannot be assumed that all the , for example, test yariables
used as j's (in transforming a raw data matrix - e.g., diatapceé -
to a cross pioducts matrix) would be orthogonal, i.,e,, independ-
ent, in a geometric representation.

Nunnally says that "the major problem in multidimensional
scaling is to establish an origin for the space:" He says
that once the origin is determined “"the squared distance of
each point from the origin can be found, and this supplies
the 1nformation necessary to compute the sums of eross products'zsx
Nunnally 8 description is inconsistent with the actual procedure
generally followed in multidimensional scaling. In the example
Nunnally cites to demonstrate the procedure,-he has as g_xgg
the "score” of a point a on dimension A and dimension B, He
- then derives the distance of the point from the origin by the
Pythagorean theorem, although he does not identify his mathe~
matical reasoning But, it 18 necessary to rememher, that
neither the dimensionality, nor the "scores“ on the dimensions
are known. The problem for Nunnally may be that as a psycho-
metrician, he generally works with scores of people on either
tests defined as the dimepsions or else people assumed to be
orthogonal at the outset., He seems to be trying to redefine

the problem in terms of the cross products some psychometricians
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use, =-- perhaps illegitimately -- for factér anélysis. Nuhnally
even lifts an example of multidimensional scaling directly from
Torgerson and describes it as the "“sum of croaa products.
Nunnally is implicitly suggesting that Torgerson meana thé
'same thing as the former does by his derivation described above
(equation two) -- rather than the scalar products which it
actually is. Note also that the scalar product is closely
alligned with geometric_repreaentation; also note that the
normal Procedure of many psychometricians, including Nunnally,
entails assuming as given the geomeiric relationship of or-
thogonality., This m;gﬁt indicate some of the reasons under-
lying Nunnally's somewhat misleading analysis of multidimen-
sional scaling and cross products,

The superiority of scalar products over cross products

for the transformation of raw distances has been demonstrated
both in terms of mathematical analysis and in terms of empirical
evidence. The inadequécy of the factor analyéis of the cross
prﬁducta of the distance matrix of eight corﬁer fointa'df aﬁ
oblong solid. Factor analysis of the scalar pfoducta of the
'oblong solid's distances resulted in three facfors - léngth,
ﬁidth, and height. Plbtting the factor loadings {or coordi-

nates) produced a scale version of the oblong solid. 26

Nonmetric Multidimensional Scaling
Nultidimensional scaling began with unfolding methods.
The goal was to find the required number of dimenéions and the

rank order of ecaling on the dimensions, However, multidimen-
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aional'unfolding wasg fully nonmetric and thus one could not
reproduce the conriguration, only the rank order of projectiona
on dimenaions could be constructed. As Green says Coombs pro-
vided the "conceptnal ground“ for 1ater developments but'lntef
teéhniquea pnovided more information for the same aéaumptions
i.e., nnly ordinal estimations nare required, Shepard providéd
the real beginningn of nonmetric multidimensional acnling;27

Nonmetric scaling has origine in unidinenaional scaling,
Pioneering work was done by Abelson who used ordinal ranking
of pairs of points tn deternine spatial relations between points
‘on & line. This type of scale, while often not'interval, is
-superior to scales of only rank order.28

Two major contributors to the development of nonmetric
multidimenaionnl scaling have been Kruskal and Shepard. Kruskal's
work repreaenta a direct extension of Shepaid'a work which‘was
pioneering in the field of nonmetric multidimensional acaling.
Multidimensional -s8caling is a relatively new field and nonmetric
multidimenaional scaling is even newer, Shepard.aa;d the goal .
of multidinensional acaling should be the monotonic;ty between
the exnerimental_eimilarities or dissimilarities and'fhe'diatances
between points in ihg dénived configuration. Kruskal also be-
lieved that the requirement of order was enough to tightly con-
atrain the soiution and repnoduce the configuration. Kruskal's
majnr cnntnibufion was to attenpt.to dnfine how dissimilari?ies
and distances should bé related and tn develop & atatistin for
evaluation of the "goodness of fii" of the derived configura-
tion to the original dissimilarities.
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Kruskal's basic ppsition i1s also that diesimilarities and

distanbea should be monotonically related. Exruskal gays he
viéwg the problem of multidimenéional scaling as one of
"statiaticai fitting" wherein diétances must be found which
best fit the given dissimilarities. Basically Kruskaifs
techniqﬁe ehtaila a2 monotonic regression of distance upon dis-
similarity end then the use of the normalized residual variance
"ag the Quantiéative measure of error.zg

Nonmetric multidimensional scaling's goal is summarized
by Forrest Young. ﬁThe purpose . ., .1is to find a set of .
numbere'repreaenting the separations (or dissimiléritiea) be-
tween a set of points. That is, the method attemptsvto proiidel
a scaling solution with ratio properties which i1s based on data
without rétio propertiea.“30

Kruskal's qualitative error measure is called (Kruakal's)
Stress., The best fitting solution is defined as the solution
with thg loweat stress. He defiﬁes ﬁhe level of‘accgptability

of the normalized residual variance (Strgsa) as fellowe:

Stress ' Goodness of Fit
20% poor

10% fair

5% good
23% — : ; excellent
Oﬂ ~ "perfect®

Eruskal says that by perfect he means a solution wherein there
is a "perfect monotone relationship between the distances and

diseimilarities. "> |
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raw stress = S =z(dij - dij)
. 13

dij represents thé #aluas fitted to the mondtoﬁibally
ascending line rélating the distances to the disaimilarities.
Thus each dij,is.greater than the one before.
| The hofizontai déviationa are represented by dij - ﬁij.
Shepard notes his atatigtics close relationship to the "residual
sum of squares" type of fitting technique, |
Kruskal standardizes hié statistic as followe:

j(diﬂ - diJ)
f:%ﬂij

With both Kruskal'q atress and Young-Torgerson's index

T

of it the derived distances are compared to the monotonically
‘4ransformed disparities (e.g., Kruskal's disa}milaritieé).
This procedure is followed because, nonmetiic Scaling aaéﬁmés'
no more than ordinal information in the origin31 a1m11arit1és.
Thus, data information provided initialiy may be'diarégafdéd;
re.g., data collected with ratio estimations - as in thé Galileo
System - may lose some of its potency.. : |

Young's definition of metric determinacy (labeled M) "the
squared ‘correlation batween the true distances and the recon-
structed i tancea.“. Young criticizes Kruskel as basing his
1ndex, i.e.y Kruakal'a Stresa, upon how well the reconstructed
distancee reproduce the probably error-ridden diaaimilarities.
Young describes dij as nonmetrically reconstructed distances
and ﬂij as numbers which are monotonically related to the dis-

similarities. He then chides Kruskal's formula as refleciing
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"the relationship between‘the recongiructed distances and . the
dissimilarities" whereas his own index of metric deterr:p'inacy
is based upon "the relatronEhip between the true and recon-
structed distances,"2 . While Young's point is valid, 1t is
-not as useful as one might wish for'ae he himself admite, the
true distances are usually not lmown for pyschological dnta.
- The investigation Young performed is based upon different com-
binationa of given random coordinatee.

Forest Young investigated the queetion of whether metric
information can be recovered from nonmetric Scaling He took
a configuraticn of known structure, (i.e. Monte Carlo - random
numbera) and added error to the points and performed & mono-
tonic transformation on the pointe in the configuration. He
is examining to what degree the original configuration can be
reproduced. Young also compares his metric determining
statistics to Kruskal's stress, & major statistic which has
been used to analyze the degree of confidence the experimenter
should hawe in the configuretion he hae produced.

Young found that metric determinancy is poeitieely related
to tne number of points used but is invereely related to tne
number of dimensionsa and .the amount of error in the configura—
tion. Kruskal's measure of stresa increases with the number
of points used and the error but is inversely related to the
number of dimenaions.- For low error, sunpoeedly even & emaii
number will give 99% metiric determinacy. Note for 8 points
with no error, the metric determinacy is practically per.fec't.33

As far as choosing dimensionality, Kruskal emphasizes the
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fact that scientific judgment.is intimately involved Two'in—
portant components are (1) small atresa and (2) interpretability,
i.e., the theoretical significance of the factors. As. error
increases, Kruskal pointa out, that with error, it becomes

increasingly 1ikelj that-added dimensions are merely error.34

TORSCA

~Since Shepard's work on nonmetric multidimensional scaling
in 1962, a number of computer programg for nonmetric multi-
dimenaional gcaling have been developed. i:.:; prcﬁrs;¥.
While many are similar, among the ways they vary is how netrical
they are. For example, Lingoes has written a multidimensional

sealing program for nominal data..35 One of the beat available

programs is TORSCA - 9.36 This Fortran IV program is aemi-
metric and retaina relatively more of the information provided
by.the original distance matrix than most other “non—metric“
programs and perhapa thus can only be conaidered “quaei-non-
metric. "

The TORSCA program ia'dinided info two ?arta.A‘The firsf
procedure is aemi;metric. It reduirea fhat the.number of
'dimensions - r = be giggg by the user on the program control
cards. The distance matrix (i.e., the.data) ia converted to
scalar products and then factor analyzed, ‘Using.only the first
r factors, the distaneea are then reconstructed by uaing a.
formula generalized from the dietance formula differing only -
in that any Minkowskl metric number can replace the square

and aquare root required for a Euclidean space:
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1/m -

_ T o A
i — z:(via vja’
| a
a = factor 1 : |
Via = point i's “loading"‘on factor a
T = requested number of fectors.
These derived distances are then mcnotonieally transformed to

beet £it the original similarities -—- i,e., original distance

matri;. An index of fit is computed. - The monotonically trang- -

formed distances, i.e., the disperitiea, are used through the
next factor analysis cycle, After each cycle the index of fit
is computed. When the index ceases 1mﬁrov1pg, iterations stop
and the initial configuration prior to the nonmetric elgoiithm
is prepared; Young says concerning the semimetric first al-
goritm thet, "when one realizes that this algorifm is being
used only to ﬁrepare a etarting'contiguration for the nonmetric
algoritm, one also reelizee that tﬁe besic eaeumptieee'of non-
metric scaling are not being violated.“?7' '

The derived dietancee are monotonically tranafermed to
the dieparitiee. Each block of disparities 18 compared with
the previoue ona' if larger, go on to the next but if it is
smaller, find the mean of both blocke and enter them in both
blocks. The index of fit compares ‘the derived configuration
with the monotonically traneformed dieparities. The index of
fit procedure ie baeically a regreesion problem. The degfee
Ee which "ea plot of dij versus eij can be fitted by an equaticn

‘of the form 'y = ax is examined.
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Factor Analysis, Nonmetric and Metric
Multidimenaional Scaling Some Comments

This dissertation deals with the construction of a manifold
for social objects wherein social change might be observed. The
manifold to be constructed is to offer a continuous, homogenous,
isotropic and metric framework from which to examine the discrete
social objects.'

Multidimenaional acaling, metric as well as nonmetric,
along with factor analysis have been characteriged by applica-
tions which indicate theoretical inconaiatency with the construc-
tion of the social manifold gspecified in this work. The source
of the problem lies to a large degree with the concepiion of
factor analysis which is associated with the first Psychological
uses of the technique, Factor analysiavwaa used to determihe '
the cdmponents underlying ﬁsychological tests; psychblogists
desired & means of reducing their batteries of tests to a smaller
number of theoretical variables. Thus‘factor analysis came to
be -associated with discovering underlying "traits."

Factor analysis provideé a mathematical ﬁodel
which can be used to describe certain areas of
nature, A series of test scores or.other
measures are intercorrelated to determine the
number of dimensions the space occupies, and
to identify these dimensions in terms of
traits and other general concepts, The in-
terpretations are done by observing which:
tests fall on a given dimension and inferring
what these testis have in common that is absent
from tests not falling on the dimension. Tests
correlate to the extent that they measure com-
mon traite. By observing and analyzing the
pattern of intercorrelations, the operation of

one or more underlying traiis og other sources
of common variance is inferred,
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Meas@rement is often described as relating to properties

or éttfiﬁutéé - colof; ﬁgight, or lenétﬁ).of oﬁjecfs.
"Torgerson, and Pfénzagl. This approaéh ie consistent withrthe
fypical fac{or analysis wherein gnde;lying propertieé,--- or
in multidimensional scaling, dimensions of properties such as
the Brightnesa and éhroma of color, are aeafched for to cor-
respond to the dimensions (axes),

In physics,-poorﬁinaté systems and points of coordinates
(not unlike the impésing of axes and variables' loadings in
factor snalysis) are used to locate the position of objecta.l
The motion of objects can be analyzed in the coordinate aysfem.
The axes may have measurement units such as distance, time, or
even velocity but these are not properties of the-objécta being
located. | |

Another way of conceiving of measurement‘is that it "pre-
supposes no preexisting property", but instead involves
"measuring operations with a more or iess coherent results."39
While one could argue against thé atheoréticﬁlnegs of.thia'
description, at least, it does not assume measgremeﬁt of an
object's proﬁéity. Ruﬁael'a definition of mgasuremént élso
does not iﬁglﬁﬂe the idea o;-proﬁerty as a necessity. "Measure-
ment of mégnitudeania, in its most general senmse, any method
by which a unique and recijrocal'cofreapondenpe is established
between all or some of the ﬁagnitudea-of a kin@ gnd alllor'soﬁe
of tﬁe numbers, integral, rational,‘or real as the case ﬁéy bé.“%o

The latter definifions of measurement correspond more -

closely to the use of coordinate systems for the anelysis of
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the motion of objecte. This latter conception is also more

coneietent with the development of a social manifold which

might be useful for the analyeia of social motion. Distance,

or velocity is not possesged by thet'dimeneion.‘ Objectelfalliﬁg
near the distance axis do not possess more dietance wnile those
near the other axis possess tine. It is instead that cor-
respondences are established between certain magnitudes —-

-1 - dietanee, time, and'velocity.« Theee can then eerve as

an "explanation" of the motion ‘of objects,

The too typical use of factor analyeie has been in ways
which do not satisefy the characteriatics set fo:th as desirable
for the construction of a social menifold‘ the epaeee con-
structed through factor analyeie have been more typically
heterogensous, anieotropic. and discrete. As factor analysis
has been used, the development of a unbounded netric space
for the obeervation of eocial change has been inconoeivable.

The interpretability and thus usefulneee of factor analysis
"as 1t has been used can be questiioned. The analysis of isolated
factors and the relaﬁionehip of variables from thein_loadinge

on isolated factors can be misleading. -For example, a color's

brighiness or ch:oma alone would poorly_eerve‘ee a basis for
predicting how & euoject perceives the Bimilarity of colors

of the same hue. Multidimensional ocaling hae improved on
factor analysis by its eimultaneoue attention to the dimeneione
considered significant. Multidimensional scaling epproaches
are more likely to treat the scaled points -- or stimulli -- as

phenomena to be plotted in a manifold characteristically analogous
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to a manifold, The metric system treat the input data as metric

and give metric output as results. Metric multidimensional
scaling has typicaily dealt with sensory stimuii. Objeéis are
scaled in multidimensional scaling analysis, However, there
is a tendency to assume that the axes must represént some at-
tribute or property of the objects béing scaled, This ié be-
éauée.multidimensional scaling has typicallj_been used for
éiatic.analysis —-- often for a descriptive présentation of
the perceived similarity of the objects,

From the plots of the perceived similarity of the objects,
there is an attempt to discover the underlying dimenaions or
properties of the objects which were used to determine simi-
larity, The axes are then labeled for the properties, (i.e.,
dimensions) ---e.g., gportiness or luxuriouaneSs.

The manifold to be cohstructed herein -- The Galileo
'System - 18 distinguished by its socihl character. Social
forces or processea-at work, not immediatel& ébvious when
dealing at the level of indiiiduals and propeftiea of objects;
might be made apparent.

Semantic Differential41 _

The conbeption 6f space in the semgntic diffeiential is
contrary to the characteriétics ponsidered desirable fof the
construction of & social manifold. The sﬁace'of the semantic
differential does not pro#ide'a homogenéous coﬁfinua from yhich
to analyée discrete social phenomena. The semantic space in-

atead ig in itself discrete and heterogeneous and anisotroplc,
s
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Axes are treated as if they embody the psychological dimensiona.

of evaluativeness, potency, and activity. Concepts are ohaerved
as to their loading on theee axes with leaser regard to-their
interrelefionshipa despite the fact that the polar adjective
~8cales are correlafed and also despite the fact that attention
to loaQings on isolated dimensions can not tell you how dif-
ferent concepts will be located in the semantic space. '
The_seﬁantic differentialitechniqne inveolves the use‘of
distance to construct a multidimensional eemaﬁtic space, Folar
agdjectives are "assumed to reﬁreeent straight lines passing

through the origin of a space."42

Osgood, et. al., says that

a sample of polar ccordinate adjective scales represent a multi-
dimensional space, The more scales, the better the sample of
adjective scales, and the better defined is the space. The

goel is to find the orthogonal dimensions -- axes =—- which de-
fine the space. A problem ehicﬁ is cleaf from the eta:t is

that the boundaries of the space are defined from the outset.
The space ls assumed to be polar and the subject is given the
option of'classifying.concepts in terms of these polar adjective
scales on a Bcele which runeifrom +3 to 0 to -3. The procedures
nsed to limit the poeeibilities of the spread of the space is
contradictory to the present deaire to construct a manifbld
which reflecta the conceptual space of the aggregate sampled.
The degree to which this scale of measurement ( =3 to -3) is
equal interval, aa.aeaumed,43 is dubioue cons;dering that is
wholly externally imposed and thus should probably not‘be con~

sidered metric.
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Osgoeod also states that "the saﬁpling of cencepte presented

a less critical problen, eince our purpose was a-faefor anelysie
of ecalee of judgement rather than of concepts. whé This state~-
ment is matter for concern since it is orthogonal concepte
whieh ere truly spanning the space, Summing_of cross producte
is done.acrose edjecfive scales to determine the eistaﬁce be-
tween conceptE.45 A concept or a pair of concepts which are
highly loaded.on adjective.ecalee assoclated with eraiuatien,
potency, oxr activity, are labeled as the dimension. The polar
ad Jective scales which are supposedly meaeuring'theee-dimeneione
are however, not uncorrelated. ?he extent to which the_dimen-'
sionelity of the space has feen imposed .becomes aniieeue.
Questions of the validiiy of the procedure becomes more prom-
inent with the recognition that though there does not seem to
be a change in the factor structure due to subjects but there
was one when concepts were changed.46

Osgood talks of the space as being defined by K &imeneione
of polar adjective scelee. However, on examination it ie ap-
parent that the dimensions I, II, and III axe paeee@ through
concepts with concepis being_cﬁoeen according to which has

the highest sum of squares of scores across acales.47

Summary and Conclueiona

In thie chapter, a number er technical procedures relevant
to the conetruction of a eocial manifold were presented and
evalunated, both in terms of their own validity and in terms of

the criteria (homogeneous, continuous, isotropiec, linear, un-



56
bounded and metric) set up for constructing 2 social manifold.

These criteria for the apatial model do not require the data
conform to theaa apeciricationa.

Factor analyaia of the cross products of a Taw data matrix
was found to be inadequate based both on a mathematical explana-
tion of the technique and on empirical evidence. ' The “traditional
treatment of dimensions in factor analysis was shown to be in-
consistent with the construction of a continuous, homogeneoos.
and isotropic space.

The Semantic Differential was found to be misleading in
its designation of the three dimensions -- evaluative, potency,-
and actitity ~=~ ag defining a semantic space. it was also ex-
plained to be diascrete, anisotropic, and heterogeneocus as op-
posed to contlnuous, isoiropic, and homogeneous. The bemantic
Differential's imposition of &2 unit of measurement was also
noted to be ipappropriate for constiructing the deaired social
manifold, |

Honmetric multidimensional scaling tedhniqnea vary in the
. degree to which they pay heed to more than juat ordinal informa-
tion provided by the original data. Those that ut;lize only
ordtna; information would tend to lose some of the information
provided by data collection téohniquea which collected sooject's
direct magnitude estimotions with ratio properties (e.g., the
.galileo questionnaire -~ to be discussed in the next chapter).

In general, metric metbods of multidimensional scaling are
procedurally most applicable to the construction of a-aocial

manifold according to the criteria specified. However, in
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) practice,'the use and conceptualization of fhis techniqﬁe, as

with nonmetric multidimensipnal scaling and factor anélysis,
héa-been greatly influenced by the1posiﬁg-of problems as con-
ceived by psychologists and psychémetriciaﬁa. In chapters
three and four, a basicelly mefric mult;dimenaional scaling
tecﬁnique will be used to analyze a sociological ﬁroﬁlem: the

statics and dynamics of social objects in conceptual and be-

havioral space.,
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FOOTNOTES -
1' B . . o .
- 'E. T, Bell, "Newton", in Robert Marks (ed, ), ' The Growth
of Mathematics (New York: Bantom Books, 1964), gives the.
mathematical meaning - which is the way they are used in this
‘work ~ of the terms "variable" and "function." On pp. 177-78,
he writeas "a symbol which can take on many different values
during an inveatigation is called a variable. Y is a function
of x If every time x is assigned a numerical value, the value
of Y is also determined. ...Let y be & function of x, say
¥y = f(x). The rate of change of y with respect to X, or as

iI ig;called, the derivative of y with respect to x is deter-
mined." . : '

25 cardinal number "describes an abstract property shared.
by all sets which can be put into one-to-one correspondence with
a given set." GSee Israel Rose, A Modern Introduction to College
Mathematics (New York: Wiley, 1959), p. 8.

3See Webster's Seventh New Collegiate Dictionary (Spring-

*The resultant vector can not be resolved into its com-
.ponent parts in the way that 2 regression line can (i.e., the
‘beta welghts) since the orthogonal axes are merely arbitrary
coordinate axes, Even if a behavioral vector laid right on
an axis, you could not be sure that this particular combination
.of possible vector combinations resulted in the resultant
vector, R. . '

5Roae, op. cit., p. 151,

gote that it 1s possible for space to be unbounded and
yet finite., ZEinstein seemed inclined, at least at some points,
towards this view of the physical universe. See Max Jammer:
Concepts of Space.(Cambridge, Mass.: Harvard University Press,

o 7Hose, op. cit., on p. 31 writes: "The fundamental gg;ﬁoae
of any coordinate system on a plane is to identify points of .
that plane by means of ordered .pairs of real numbers." (Italics
added. ) This statement can be extended to an n-dimensional
gpace without either changing the purpose or losing signifi-
cance., o - : -

The possession, in physics, of a system of fundamental
measurement meant that the point could be located as &8 funetion
directly or indirectly of fundamental unite of measure.

80f course, functional relationships do not ensure theo-
retical importance, However, the additional emphasis on de-
veloping a system of fundamental measurement based on a faw
basic concepts is meant to support the development of concepts -
jointly theoretical and empirical,
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gmhe use of the term "technical" is not meant 1o suggest

E?at the procedures to follow do not have theoretical 1mplica-
ons.

10Some social scientista who have used phyaics, more or

1eaa, as a model are Lundberg, Dodd, followers.of psychological
“field Theory," and Catton.

11Seymour Schuster, Elementary Vectd; Geometry (New York:
Wiley. 1962), pp. 46"’48' 2 » 3 . .

Jvm Nunnally, Ps chumetric Theo {New York: McGraw-
5111 1967). pp. 385-

: 13? ‘M. Cohn, Solid Geomet;x (London: Routledge, and
Kegan Paul, 1961), pp. 9-11.

| 14 0yrus MacDuffee, Vectors and Matrices (Menasha, Wis-
congin: The Mathematical Association of America, 1943), pp.
18-19., :

15¢ohn, op. cit., pp. 3-T.

161444,

17Factor analyzing a configuration without error will
reproduce the object perfectly in the correct number.of dimen-
sions; see Chapter Four for a detailed discussion of this
matter. .

1BSee F. W. Young, "Nonmetric Multidimensional Scaling:
Recovery of Meiric Information," Paychometrika, 35 (December
1970), -455~74, W, .S. Torgerson, Theory and Methods of Scali
(New York: Wiley, 1958), and R. W, Beals, D, H. Krantz, and
A, Tversky, "The Foundations of Multidimensional Scaling,™
Paychological Review, 75 (1968), 127-42.

1983e Gale Young and A, S. Householder, "Discussion of
a2 Set of Prints-in Terms of Their Mutual Distances," Pgycho-
metrika, 3 {March 1938) 19-22, and Torgersan, op. cit., pp.
254~

20

21In a similar formula 2n is uaed where n 13 used in
Torgerson' 8 formula,

22899 Nunnally, op. cit,, for an example of how the term
"eross products® is used, p. 380,.

Torgerson, _B.-cit., PP. 257-59.

23See Chapter Four for an extended diacussion and graphs
(tigures 14-16? relating to dimensionality.
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See Nunnally, op. cit., for distance forﬁula. PP. 384,

24
407.

251pia., p. 408,

263&e figures 12 and 13 in Chapter Four.

: 27P E. Green and D, s. Tull, Research for Marketin
Decisions (Englewood Cliffs: Prentice-Hall, 1953). o
28R. P. Abelson, "A Technique and a Model for Multi-

dimensional Attitude Scaling," Publie Opinion Quarterly, 18
(1954), 405-18, Co S

29See J. B, Krusekal, "Multidimensional Scaling by Opti-
mizing Goodness of Fit to a Non-metric Hypotheslis," Psycho-
netrika, 29 (March 1964), 2-3, and R. N. Shepard, "The
Analysis of Proximities: Multidimensional Scaling with an -
ggknown Digtance Function,“ Pszchometrika, 27 (June 1962),
5-390

30 Young, op. eit., p. 455.
31

32

Kmskal, _QE-.;EE-| PP. 2-30

Young, op. cit., pp. 457-58.
331pia.

34Kruskal, op. eit., pp. 15-17.

35533 J. C. Lingoes, "An IBM=T7090 Program for Guttman-
Lingoes Multidimensional Scalogram Analysis -~ I " Behavioral
Science, 11 (1966), 76=-78. _ _

36839 F. W. Young, TORSCA - 9: A Fortran IV Program for
Nonmetric Multidimensional Scaling (Chapel Hill: Thurstone

Paychometr;c Laboratory, 1968).
3T1bid., p. 6.

3SBenjamin Fruchter, Introduction to Factor Analvais
(Princeton: Van Nostrand, 1954). P. 2.

393rian Ellis, Basic Concepts of Measurement (Cambridge'
Cambridge University Press, I§66), Pp. 24-25. .

40

41Charlea E. Osgood, George J, Suci, and Percy H, Tannen=-
baum, The Measurement of Meaning (Urbana: University of Illinois
Press, 1957).

Torgerson, op. cit., p. 43.
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CHAPTER 3
THE CONSTRUCTION OF THE DESIRED MANIFOLD:
THE GALILEO SYSTEM

Introduction

Chapter one expresses the deaifability of constructing
a theoretical paradigm for sdciolcgy wherein theory and're-
aearch.gould be joined through the use of a parsimenious set
of fundamental quaﬁtitativa constructs~-both theoreticai and
operational at the same time., Specifically the conatrucﬁioﬁ
- of a manifold for social objects Was proposed to providena |
continuous, quantitative backdrop through which relationships
between discrete social and psychological objects could be
expressed. Chapter Two examined.the available techniques
for congtructing a manifold in terms of the theoretical
characteristics desired. |

This chapter examines the "Logic ¢f Inquiry," and also
gpecifies the techniques for constructing the deéired-social
manifold--cdntinuous,'homogeneoué._unbounded, 1iﬁear. and
metric--which has been termed fhe»Galileo System. - The jointly
theoretical-me%hodological aiénificance of dafa collection
techniques such as the Gaiileo questionnaire is speéified.
The Galileo quaationnéife is distinct in-that it collects
direct estiﬁationa of distances between sogial objects aﬁd
in that it has a scale with a natural origin (i.e. zero
distances between pairs of objects).

62
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Prior Sociological Research Underlxigg-Galileo stfam

Théié is a Logic df Inquiry-~based on both a‘tﬁeérefical
and a methodological gﬁaiysis--underlying this disaértétion
which concerne.the construction of a manifold‘for aociél oh=-
jects.

Theoretically, the desire to construct a picture of
sociai space underllies the originé of the Galileo Systen.
Methodblogically, factor analysis was focused on as the tbol
to handle thée problenm.

. Factor analysis was conceived of as a descriptive tech-
nique for spatial enalysis. It was proﬁoeed that if a matrix
was formed whose elements contamined the distances between
'pairs of objects e.g., objects in &2 room, factor analytic
technique could be used to reproduce the dimensionality (1.e.,
length, width, and height--all arbitrary) and determine the
projections of the.objecta on the dimensions with the end
result of reproeducing the spatial relation between the ob-
Jeets in the room. |

This methodological question began tp achieve theoietical
aigniflqance with the folloﬁing research; . it was proposed
thét if people are to behava in physical space--i,e.,, walk
through dooré,.not fall ovgr‘chaira--they must have some con~
eeptibn'of it., Moreover, if people_act joiﬁtly in the same
phjsical space, they must share a pictu:e of that space.

The following representa'a test of the hypothesis:
A picture of Alice in Wonderland was presented to a social

gscience clsss at the University of Illinois. (See Figure 3)




Figure 3. Alice in Wonderland Picture
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The.élass members were asked to estimate the distances between
all pairs of the objects in the picture, N(n-1) . (See Figure
3.) It was expected that through:factor aﬁalysia the space
could be reconstrﬁcted. Since fhe cross ﬁroducts of'fhe- |
distance matrix was computed (as oppoéed to the scalar pro-
ducta)1 there were some distortions in the recomstructed
victure, though the likeness was good enough for the results
to be encouraging. (See Table 1 f&r examﬁle of what is meant
by a distance matrix.) ‘

The next logical step involved extending the "Alice"
prpceduré'to social behavior. Underlying this step is the
theafetical position that for people to act jointly while
engaging in social behévior, they must share a "picture of
social space," o

The firat;édmihistration of the primgry Galileo ques-
| tionnaire involved only-ten goclal objects.' it was con-
jectured that if_men}must share a conception of physical
space (Aliée questionnaire) to sct joinily in it and co~
ordinaté their actions in space, e.g8., not bump into one
another, they'must also share a ﬁonceﬁticn of social épace
to act conjdiﬁt;y. The Galileo system ﬁaa-éftempting to

reconstruct a ﬁicture of that social apace2

in the way the
'Alice' procedure attempted to reconétruct a picture of
physical space from an aggregatefa-mean conception (i.e.,
conceptualhspace) of 1it. |

The Galileo System represents an attempt at developing

a coordinate system for social objects wherein social objects
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TABLE 1

EXAMPLE OF A DISTANCE MATRIX
BASED ON A SEGMENT OF THE'®'ALICE' DATA

DPoor |

in Cheshire March - Mad
‘ Alice tree Cat Hare Chimney Hatter
Alice 0 2 22 i6 40 15
Door in tree 2 0 21 17 42 16
Cheahire - ' -
Cat : 22 21 0 40 25 38
March Hare 16, 17 40 - O 35 1
Chimney 40 42 25 35 0 36
Mad Hatter 15 16 38 1 36 0

can bhe located in quantitative relgfions.with one other, It
élso attempts to provide a frame of reference fron whiéh to
view the rate of change of the relationship between'social
objects. The purpose of developing a funﬁamentél system of
measurement (e.g., 2 unit of measure from which other measures
can be derived) argues at this time against using non-metric
tachniﬁues which can lead to a loss of scale, factor analysis
of cross produéts is also not adequate because of its increas-
ing errﬁr as tﬁe data varies fiom an axis like perpeﬁdicﬁlar

representation. >

The Method of Constructing the Galileo Svstem.

A Spatial Manifold for Social Dhnmpts
' Overview

Data collection is significant and an integral part of
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the Galileo System. The scale is continuous with ratioc prop-
erties., - The data does not hecesaarily conform to fhesg'at-
tribvutes but.the gcale offers the opportunity for the most
powerful:data possible.4' Moreover, it set up the basis for

a metric system of measurement. The Galileo manifold based

on the unit of galileo distance is a homogeneous end isotropic
model. Technically, isotropy designates the "rotational sym~
metry" of space and homogeneity designates the "translational

symmetry" of space.’

The Galileo Space
The Galileo Manifold is unbounded in the sense that it
is administered at varioua points in time with the—data being
compared via a rotation process,

The Galileo Space should have the same metric unit of -
‘measurement throughout the manifold, The rate of social
motion could be expressable in terms of how long it takes
t0 cover a galileo unit of diétance pef unif of time, The
’ 1inear model ig expressed through the use of factor analysis -~
with ite linear equations - and metric multidimensibnal_scaling
in a Euc;idean space. Thia model does not enforce conformity
of the data. It representa a mathematically powerful model
whose correspondence with the data is an empirical question.
Coomﬁa, et. g;.; distiﬁguiahee:between measurement theéry and
scaling because as he pbinta out, rarély are the axiomatic

agsumptions of a model completely fulfilled.sl
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Scaling and the Galileo Questidnnaire7
The participanis were given the following written direc~

tions:

Recent research has shown that people see
different actions as more or less "far apart"
or distant from each other. PFor example,
"sitting" is closer to "lying down" than it
is to "running." Unlike physical distance,
which is measured in feet or miles or meters,
eic., social distance is meaBured in "galileos,"
You are supposed to estimate how many galileos
apart the following actione are. Flease enswer
every question, even if you must guess, since
any blank gquestion ruins the whole gquestionnaire.
They were also supplied with a given unit of measurement:
that sitting and lying down were cne galileo apart. See
Figure 4 for example of thirty-three object Galileo Questionnaire.
The Galileo Questionnaire was designed to collect data in
a manner consistent with the underlying theoretical paradigm.
For example,‘the estimations of the magnitudea of distance
between objects were not numerically-bounded. The scale is
treated as continuous and ieomorphic-ﬁith the real number
system. The natural zero point of no (i.e., zero) distance
apart is consistent with the attempt to construct a ratio
scale,
Some distinctions which can be made between methods of
scaling are as follows: _ |
1. What is being scaled; does the mcale examine the
relation between the subject and stimulus or does it concen~-
trate on the stimuli? Coombs makes & diatincfion between
"Joint space" for the former and "stimulus space" for the

latter.8 The Galileo Kanifold results in & stimulus space




69

Figure 4, The Galileo Questionnaire
{33 object)




ASSUME THAT "SITTING" AND "LYING DOWN" ARE ONE GALILEO APART:
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bésed on the mean of the aggregate déta of the aamble.

2. level of measurement; ordinal, ordinal with natural
origin, interval or ratio scales repreaent in inverse order,
more tightly conatraining (1.6., numerically) scales. The
Galileo Queatiqnnaire aims for‘ratio measures. Utilizing
magnitude estimations of distances entailed ﬁaing a scaling
model which was isqmorphic with the set of real numﬁers.

3. data collection techniqueé; Rating methods, metﬁods
of rank order, sorting methodé, methods of paired comparison
represent different scaling techniques. An important dis-
tinction is made betﬁeen reaponses which are basically cate-
gorical and those which are comparative; While psychologists
‘have ﬁade extensive use of the latter, sociologiste have
tended to use fhe former more. -The advantages of the iatter
will be further discussed later.g The distinction between
absolute Judgments and relative-comparative judgments is
also a central iasue. The Galileo Questionnaire combines
tﬁe advantages of paired comparisons and direct magnitude
juﬁgments (i.e., where the subject assigns a specific
quantity to the difference).

4, cognitive versus af?ective Tesponses; The aoiicit-
ing of Judgments as oﬁpoéed to sentiments charéctefizea the
Galileo Questionnaire. This diétinétion is descridbed as
scélea of response‘va. Judgment by Torgersoh and is aaaoéi—
ated by him with subject centered va. stimulue centeréﬁ data.10
The Galileo System is stimulus centered as it asks for cog-
nitive as opposed to affective judgmentis.
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Cly@e Coembe has developed a theory of data eherein ﬁie
baeic point is that:
A measurement or ecaling model is actually
a theory about behavior, admitiedly on a .
miniature level, but nevertheless a theory:
so 'while building .theory about more complex
behavior it behooves us not to neglect the
iggﬁﬁ&?%one on which more complex theory
Coombs is pointing ouf that the scales we construct will be
based on our conception of the problem or the questions we
ask., He says that mapping of behavior into a particular type
of data and analyzing the category of data we gather by a type
of model for analysis is cleeely reiated to the questions
asked.12 |
S. order and/or proximity relations; According to Coombs,
"an observation of a relation between two objeete faile into
one of only two classes: an order (dominance).- relation or
a proximity tconsonance) relation.13 Dominance includes the
idea of more, heafier, iouﬁer, brighter. Correlation matrices
represent a common form of proximity matrix. Distance ﬁeasure-
mente, 1nc1uding the Galileo system, represent proximity rela~
. tione between rairs of objects. - However, the distances be-
tween pairs of objecteican be drﬁered.- The 'ﬁetric'dafaf
from the Galileo Qﬁestionnaire is utilized in metric multi-
dimensional scaling to try to conatruct a metric.mﬁltidimen-
sional apatial manifold for eocial objects.
é; Eubject/etimulus or etimulue/etimulue data; Accord-
ing to Coombs, besides distinguishing between modes of data

analysis, data collection technigues can also be distinguished
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on the basis of whether they compafed Bt;mulus-and sfihﬁius,
or stimulus and subject.'? . Both the scaling of subjects with
their results on a number of aptitude testp‘(by psychometri-
cians) and the ecaling of subjecte and their thréahoiﬁa.tb
stimuli (by ﬁsychophysicists) represeﬁt typical uses of
scaling of subjects gnd étimuli together, _Psychologiéts'
have tended to use joint apacés of étimulua.and subject more
than sociologlists because, for one reason, their concern hae
been more with the understanding of specific individual cases
and eecondly,'they often do not use a large enough sample to
justify aggregating tﬁeir-resulta and generalizing to any
population,.however limited (e.g., social science college
students).

In the Galileo System, the elements (i.e., data) to be

scaled are soclial objects, both tangible behaviors such as
walking and eating, for example, and more abstiract social
phenomena guch as fighting pollution and women's 1ibgration;
Eore intermediate abstraction's such as"gbing to college'
and '11§1ng in a commune' are also social objects which are
parts of the queationnaire.

The behavioral objects were chosen to be as diverse as
possible. It was reasoned that if stability and small di-
mensionality could be shown'with behaviofa as unrélated as
these, the support for a conceptual‘"behavioral space“ of

few dimensions would be more decisive.
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Sampling

The Galileo data was collected d;fferently than most
peychological data is collected. for examﬁle,-moét psyéhb-
logical multidimensional scaling has been characterized by |
small numbérs. The Galileo administrations were cﬁaiacterized
by relétively large numbers., For each aggregate, the number
-of administrations varied from one to three.per "group." |
In each case the sample was at least 80 and as many as 250.
Somé of the positive aaspects of the sampie 8lze were diminished
by the fact that the full eleven page questionnaire required
splicing to three pages, Ail thirty-three social objects
were present on every page hoﬁever, with the one social ob-
Ject serving as the standard of comparison varying according
to which segmeht was received by the subject. (The‘prqblems
of splicing wiil be-discussed further in the next chépter.)

Another distinction the Galileo System has from psycho-
logical acéliﬁg.is that the emphasis is on the mean aggregate
data of the sample and not on predictiﬁg individual différ-
ences.15 It was veasoned that the large sample would lead
to a canceliing out of extreme and random individuals estima-
tions. | _ _
| Specifiéally, the Galileo Questionnaires were adminis-
ate;e&iﬁ‘soqial science classes at the'University éf Illinois.
an intrdductory élaaa was administered once in Jahugry of
1971: (i.e., administration number seven}, 4 social atrati-
fication class was administered twice (i.e,, administrations

five and six) in December and January of 1970-71. In the
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Spring of 1971, a 1aige regearch methode class was administered
three times (i.e...adn;nietratione-eight,‘nine and eleven),
a8 very lerge 1nterdieciplinary eociel science class was ad-
ministered the questionnaires.once in the spring of 1§71,(i.e.,
administration ten).

Neither the'eample or the Bubeamplee are a'?gron?'iinlite
technical sense -- although they may contain gronpe., While
their eimilarity as social science students at the University
of Illinois o?fera reason to belleve ithey are more homogeneous
than a random sample of respondentas would be, they are still

16 This.

basically an aggregate as opposed to a sociszl gronp.
is problematic to some extent in that the idea of collective
representation would beet“be expressed and tested via a true
social gnonp. ‘However. access facilitafed the choice of ..
'cleeeea and their greater homogeneity than a random aggregate .
was hoped to permit the preliminary examination of the
etability and dimension of a gocial manifold based on the'
mean aggregate data. Theoretical sampling 17 Ior true social

: groupe would recommend iteelf as a comparison sample, The
presence of etability in the conceptual space of this ag-
gregete would however, represent even more powerful evidence
of the validity of the underlying theoretical framework.
Another point of diecueeion is that behavioral dietancee may
'vary according to the context, Sitting and lying down may

be cioeer or further according to the circumstances of the
group at a particular time and within the group according

- t0 the context. Sitting and lying down may be further apari
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‘in school but closer together at home. At présent, it . is
beiﬁg proposed that the mean distances foxr the aggrégate
sample will reflect the general distances bétween objects,
It is implicitly being sﬁégested that overall, for the total
population the sample reﬁresents, there will be a relative
stability -of distance between behavioral objects. In other
wordé, it is implicitly being hypothesized that random in-
dividuel variations in contextual factors will not be a factor
when dealing with the mean responses of a large aggregate
sample, Contextual factors such as where the questionnaire
is aﬁéwered is not considéred a factor wheﬁ dealing with
the mean of the aggregate aamplé. These variations are
taken as random érror to be cancelled out by using large.
- samples in the reconstruction of the picture of social space

from the mean conceptions of the aggregate population.

Goliective Representations

The theoreticel view's rélation to traditional socio-
1ogiéa1 thedry can be briefly reviewed. Some traditional
soclological views from.jhe discrete qualitative sociological
tradition are convergent with the Galileo System,. a continuous
modei. For example, Durkheim has attributed the scurce of
coordinated action among people to collective representations;
these fepresentations can be conceived of as the shared cog-
nitive categories that are created and learned by individuals
in the context of a social group.

Paul Bohannan has interpreted collective representations
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in”a.useful way; as beth the thing being perceived and the’
perceivor—-i e., as "percetvings.,* He sees perceivings as
both the cause and result of social organization.lg

The pattern of social paychological objects found in
the Galileo System could be conceptualized similarly to "per-
ceiﬁings"—-both a cause and reflection of social organiza-
tion. _

The Choice of Reference Objects
in the Social Manifold

The distance between sitting and lying down-was glven as
one galileo apaft Thie was intended to set up a relative
unit of measurement for the *Boecial group" involved., Lying
downt and sitting were chosen because they seemed to be prosaic
behaviors which wpuld be_chnracterized by stability for a
gronp; They were assigned one galileo distance to provide a2
common frame of reference. There are & number of conceivable
problems with this choice though.

The iwo behaviors which were chosen as the basic unit of
reference are close togetner. The difference between Bitting
and';ying down may_thus vary Jjust e.little; €ees be twice
as peyehologically_dis@ant as it was before, and make other
behaviors which were_twenty,galileoe epent ncep:ding to the
former frame of reference.seemhaeAif they were ten galileos

according to the second frame of reference. Thue it

‘might seem as if movement had occurred between behaviors

whereas there had only been movement in the reference unit.20
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The whele picture of the social ﬁbrld may not have expanded'
or contracted, just the behaviors given as éhe frame of
reference may have.

The choice of behaviors further apart has been euggested
a8 a means of lessening the effect of small changes in the
peychological diétances between the reference behaviors.
Perhaps, even those farthest out might be best chosen for
this reason, While there is mefit to this possibility, there
are other problems which may be increased by this schenma.

For example, behaviors which are Qery clogse together would

be easier to utilize in relating the reference unit to dis-
tances between other behaviors (e.g., one galileo distance
would be easier to use as a psychological sfandarﬁ from

which to derive other &istancee in ratio relationship te the
standard..) Alao it might be expected that behaviors which
were both close together and prosaic (eeBes sitting and ly-
ing down, the standard used for 1 galileo apart)quuld.have
a-greater stability as unit of_referenee'tﬁan.toﬂcebte"mhieh
‘were more esoteric (e.g., revolution whieh,was'fei out) or
not as apﬁarently connected to the:sqcial‘apace of the "group."
Chobsing behaviors not easily associated et-this preliminary
'etage miéht hafe yielded completeiy'iheoherent results mefely
becauEe the chosen unit of reference was difficuit to.utilize
as a standafa of reference,

Another possibility for the reference unit might be colors.
There are problems with this cheice also. For example, colors

like behaviors also vary in their significance to groups and
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%he‘dictance between colors is open to cultural varidticﬁs.
‘The choice of black and white may vary culturally in terms of
the distance aeparating them, It also haa the added problem
of imposing a bipolar frame of reference which might contaminate
the picture of the social world reconstructed through the
galileo questicnnaire.21

The problem of standard of mecsufement might be recon-
ceptualized in terms of the physical sciences,  As a philoaopher
of -science once aaked, how would you know if you woke up che
morning and everything (including yourself and all the ob-
jects on the earth) had expanded or contractéd. How ccﬁld
acience deal with the situation where the system of measure-
ment had expanded or contracted along with everything else?
For the Galileo system, the answer might not be ‘80 different
as that for the physical earth, It is 1mportant to remember
that 5sccial worlds® exist within groups. Thus if a whole
social ﬁorld expanded'cr ccntracted, it ﬁight not be apparent
.wifhin itself but there may be behaviors that.have been far
away which are behaviorally closer to other social groups.
What may appear at first aight to be an indication of a be-
havior moving closer while examining only the one social group
alone -~ and plotted alcne might be the whcle social group
moving closer to another aocial group in apace which the be-
havior is asscciated with. This would indicate that eventually
both social grcucs and behaviors may have to be plotted.
In Coombs' terms, there would be & "joint space" - of behaviors

and groups - rather than Just a behavioral space for a par-
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ticular group. The joint space might be even more fruitful

for prediction and explanation and description.

It may not be necessary for a unit of reference.to have
the same psycﬁological distance in different groups. In ths
long run, all that is necessary 1s that the unit be stable
within its own frame of reference and that trsnsfonmstions
be developed between frames of reference. To-reiterate,
what is needed is to discover some psychological rsference
that has stability within a given sociel frame of reference
though it is not necessary that the behavioral objscts chosen

have the pame distance for different social groups.

Treatment of Data

All thirty-three behavions were assigned a number, They
were written directly on the questionnaires next to thsir'pair
of objects. Larger numbers were siways written first to-per-
mit ease of prognsmming.; i.e., there were only thi:tyéth:ee
pairs of objects to identify since order of prsssntation.of
objects was not considered a factor. Five spaces ssrs lsft
free for the ~Tesponse -- estimation of Galileo distance.
Thus a ooding limit of 99, 999 galileos apart was placed on
the responses. Questionnaires with responses such as in-
finity were not coded.

The scalar products matrix was then submitted to a SSUPAC
Prinoipal Axig factor analysis program. The vsrisnco associ=-
ated with the factors was used to determine the number of

significant dimensions. Dimensionality wae determined in
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accordance with where the variance explained dropped sharpljr.z3

The "loadinga" of each aocial object on the significant
factor 18 utilized as that object'a coordinate on that dimen-
sion. Thus a behavioral space is conatructed by plotting
the loadings of the social objects on the significant dimen-
sions., .

- A Portran rotation program was utilized to aid in the
e#aluation o£ tpe stability of the location of-the behavioral
obﬁecta'in.space across time. The social manifolds were
"taken two at a time (one criterion manifold which each of
the other behavioral manifolds was compared with). The
origins of the pairs of manifolds were glven as'walking in
'.one case (i.e., object number-one) and me in the other (i.e.}
objectlnumbér twenty). Thus the two behavioral manifolds
were placed on &2 common axis, With th§ angle of rotation
being 1.00 degree, the coordinate systems were rotated to
a least squares best fit. Specifically, each behavioral
object'a 1ocation is compared to itself. 1n the two behavioral
spaces. -(The criterion manirold was taken as number seven
for the thirty-three behavioral object manifold and number
‘four for the- ten hehavioral object manifold. ) The mean
| squared diatance between manifold (1) and the eriterion
manifold was intended as a 1nd1cator of the stability of
the objects across administrations. The problems encountered
with using this to eQalugte stabllity will be discussed in

chapter four.
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Summggxz
VThis chapter has described the underlying logic and

technical procedures foilowed in an attempt to construct a
social maniiold th#t is characterized b# béing contihuous.
iinear, unbounded, metric, isotropic, and homogeneous. -

These desired characteristics were central in the full
‘design of the Galileo System's research procedure--e.g., in
‘the queationnaire conatruetion.-spatiél model, cqnception
of multidimensional scaling, and time series sample.

The Galileo System is suggestlve of & means of recon-
ceptualizing qualitative aﬁd discrete cognitive categories
in terms of continuous, quantitative variables like distanée,
timé, and mass, since it prévidea a continuous homogeneous,
linear, unbounded, isotropic manifold through which the dis-

crete concepts may be séeﬁ to move, The motion is continuous,
Be it that people do organize their behavior on‘thé basis of

- discrete categéries, this does not mean that the social
scientist must peréeive behavior-in that and‘only fhat hanner;
i.e...scienfific constructs must be evaluated on thg:basie of

their explanatory power and their utility for social research,
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Footnbtes

1See Chapter Two for an explanation of the significance,_
ofithis statement, See the Appendix for the "Alice" question-
naire,

?See the Appendix for the Galileo questionnaire based on
ten social objects and the 'Alice' guestionnaire.

3See chapter Two and Chapter Four for a discussion of
factor aualyais of cross products,

4By powerful is meant giving the most information (eeBo s
interval vs, ordinal data) and correapondingly open to high-
powered mathematics.

: 5Max,Jammer. Conce ta of Space (Cambridge, Mass,: Har-
vard Univergity Press, pp. 201-203, The physies of the
microscopic have raised the question of the complete accuracy
of isotropy. The physics of what has been termed "anti-matter"
has dealt with the possible anisotropy or lack of parity be~
tween right and left in weak interactions.

0. H, Coombs, et. al., Mathematical Psycholo

ology: An
Elementary Introduction (Englewood Cliffs: Prentice-Hall,
1970), p. 31.

7See Appendix for copy of Galileo questiionnaire (33 social
objeets).

8See C. H. Coombs, A Theo;y of Data (New York: Wiley,
1964), p. 431.

; )
See ¥, S Torgerson, - Theo;x and Methods of Scaling (New

York: Wiley, 1958}, Chapter 3, and Coombs,. op. cit., Chapters
1-and 2,
10

See Jum Nunnally, Ps chometric Theory (New York: McGraw-
Hill, 1967), Chapter 3; see also the references in the pre-
ceeding footnote. '

1jcoomba, op. cit., . p. 50.
12;§;Q., P. 29 and Chapter 1.

13cbombs, et al., op. cit., p. 32 and Chapte;“3{
14;9;9., rp. 7-8.

15See W. S. Robinson, "Ecological Correlations and the

Behavior of Individuals," American Sceiological Review, 15
(June 1950}, 351-57.
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. 16“Baaica11y it 1is the eme.-gence of some pattern of social
organization that distinguishes a group from a social category."
- kielvin De Fleur, W. D'Antonio, and L. De Fleur.  Sociology:

Man in Society (Glenview, Illinois: Scott, Foresmen and.Co.,
1971), p. 38.. Characteristics euch as "we-they" feelings
have also been used to distinguish groups from aggregates.

- The sample used in this study was of soclal science
college students at the University of Illinois. . While this
"aggregate" may not entail the degree of organization {(i.e.,
norms, roles, social control, ranking systems, we-group and
they-group feeling, shared perceptions, shared "goals") that
a8 long established group of friends might have, these social
classes certainly do have quite & degree of social organiza-
tion. This factor is especially true in comparison to any -
random sample of disparate individuals.

-L’”17Bainey Glager and A, Straﬁsé,{The Discovery of Grounded
Theory (Chicago: Aldine Publishing Co., 19687, _ .
1B5ce BEmile Durkheim, The Elementary Forms of Religious
Life (New York: Free Press, 1954), S
1QSee Paul Bohannbn, "Consecience Collective and Culture,”

in Kurt Wolff (ed.), Essays on Sociology and Philosophy (New
York: Harper, 1964). _ .

2OI am indebted to Professor Kenneth Southwood for point-
ing out this problem and suggesting the use of very dintant
objects as the standard. :

21Osgood's semantic differential has.this same problem;
see chapter four of the present work.

: 22y anifolde (or coordinate gystems) can be very useful, .
as can be seen from the following example. A moving rod that
is longer than a barn yet seems to be capable of being .closed
in the barn according to the frame of reference of the barn.
However, the paradox is more apparent than real because of the
problem of the "implicit assumption of simultaneity.® '

The great virtue of Minkowski diagrams is that they en-.
able us, by drawing a picture of our colloquial wverbal des-
cription of a situation, to get at this underlying reality.
Once we have the picture in any frame in which it is simple
to draw, we can immediately see how things must be described
in any other frame simply by tilting the space and time axes
according to the Minkowski rules, : For this example and a

related discussion see N. David Mermin, Space and Time in .
Special Relativity (New York: McGraw-Hill,  1968), pp..194-99.

23See Chapter Four for a discussion of the problems of
determining dimensionality.




CHAPTER IV
RESULTS AND DISCUSSION

Introduéfion
Chapter one provided a discussion of the problems of

the separation of theory and research in sociology. The

lack of a fundamental syatem of measurement and of theoretical
concepts defined quantitatively (i.e., concepts Jointly
theoretical and empirical at the same time) was proposed as
a possible source of the problems of contemporary sociology.
The significance of the concepts distance and time in physica
along with the analytic utility of coordinate systems was
explained, - The development of a coordinate system or social
manifold for apcial 6bjects was suggested as a procedure
which might provide a atep-toward developing concepts ﬁhich
are jointly theoretical and empirical as well as a systenm .
of fundaméﬁtal measurement for sociology. An aim of this
wofk-haa been to present and evaludte possible procedures
for the construction of the manifold, This was done baa;cal-
ly in chaﬁters two and three., Chapter three dencribed the
ﬁrocedﬁres follbweﬁ:to construct tﬁe social manifold in ac-
cordance with the desired model, i.e., the Galileo System.
Specific hypotheses concerning stability, lawfulness, and
dimeﬁsionality weré statéd. This chapter reports some pre-
liminary findings on the hypotheses and also evaluates the
adequacy of the presently‘available procedures for the as-

sessment of the concernms of the hypotheses,
85
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This chapter also contains the results of some tests done
to clarify the nature of factor analyais, This is important
for an understanding of the methodological approach to the

construction of a social manifold.

Overview of Hypotheses and Analysis ggpcedufas.

The aim of this dissertation has been to construct a’
spatial manifeld for sociel objects and to present some pre-
liminary findings relating to .the reliability and face validity
of the relations viewed in the social manifold. One h&pothesia
(Hypothesis 4) states that the dimensionality of thg space
will be small; probably three dimensions should be adequate.
(See Chapter Three for a theoretical justification of this
hypothesis. ) | ‘ ‘

A second hypothgsia (Hypothesis 1) proposes that the
spatial relatioﬁs between objects in space will be stable.
over the relatively short time intervals, i.e., across ad-
ministrations of the Galileo questionnaires to a given sémple.
The position of an object in space is compared with itself
across time, Hypothesis 2 proposes that the amount of move-
mént between the 6b3ecfs in different manifolds (1.e.; ad-
ministrations) willhﬁbt"be great, (The mean of the sum of
the‘least squares distances bétween sociﬁl objects and thenm~-
selves in'differént administrations will not be great. The
configurations of pointa.- i.e., the manifolds - of the dif-
ferent administrations are given a common origin and rotated

to & least squares fit.)
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Hypothesis Three proposes that the movement of objects
in the manifold will be orderly.

The questione this dissertation have focused on reléte
to fhe stability of the configuration of social objects in
the manifold, the orderliness o# "lawfulness" of the move-
ment of the social objects in the manifold, and the dimen- .- -
slonality of the social space, This chaptér will regéft.the
findings from the data and assess both the utility and |
problems of the present data aﬁd analytic techniques for
answering these questions.

Firast of all, the ascertainment of the stability of the
mean conceptual configuration of the aggregate of similar
1ndif1duals can be approached in a number of ways. Firstly,
the raw mean distances between social objects can be examined
for stability across edminisirations. This entails 1ﬁapect—
ing the cells of the mean disténce matrices across time,
Specific objects may be examined across time (i.e., reviewing
a number of administrations) with all the other thirty-two
social objecta; Clusters of social objects may be examined
'aﬁrosa time., The magnitude of the mean distances can be
surveyed. All of these things have been done, .

Sécondly, atability of the objects might be assessed
by plotting -- i.e., the points representing the coﬁcép'tuai
objeéta can be located on & coordiﬁate gystem bf the ap-
propriate dimensionality. The "lcadings" of the variables
on the appropriate number of factors eouid be used as co-

ordinates. Moreover, the rotation program delineates the
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coordinates of each conceptual object on three dimensions,
These also could be plofted and compared acfoss time since
the.rdtétion program has the advantagé of imposing the same
origin oh the conceptual mahifolda resulting ffomithe.dif—
ferent édminietrations.ﬁ (The four aamﬁles with the ten
social objects consist of one set of cbmparisons. The seven
samples utilizing thirty-three Bociai objects represent
another set which can be compared through the procedure of
imposition of the same origin and rotétion to the least squares
best fit.) This comparison is made for each manifold in a set
ahd the criterion manifold; the seventh of éhe eleven samples
was utilized as the criterion manifold for samples five
through eleven; the first administration of the small sample
was used as the criterion manifold for the other three ten
social object sampléa. Difficulties were encountered in
utiliging plotting as a means of assessing the degree of
stability. The distortions found in the coordinates and
factor ®"loadinga™ and the cause of these distortions will
be discussed in this chapter. Since the coordinates of the
variables had much distortion in them, they ﬁq longer were'

a useful technique for asseesing the stability of the con-

ceptual configuration. Therefore, only a few plots are

graﬁhed andrthéy consist of éonfigurationa based on the ten

conéept sets which did not encounter the saﬁe_probiems as

did the configurations hased on the thifty-three object set.
A third way which was planned to assess stability is

dependent on the coordinates of the social objects delineated
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in the rotation program. ijothésis Two proposed (in its more
technical_form) that the mean of the least squares distances,
(i:e., sum of the squared differences between the same Qb-
ject's coordinates on thé.three aies summed over all the ob-
jects) between a pair of manifolds ( i;e., each of the mani-
folds in the set and the criterion manifolﬁ) will not be great,
This techniéﬁe for the estimation of stability becoﬁés, of
course, very dubious when the validity of the numerical falues
of the coordinates become questionable, Thus while the figures
are recorded, theirvsignificance.is dﬁubtful because of the
distortions in the coordinates on which the mean distance
between thé manifolds is based. Again, only in the samples
using the ten objecf questionnaires -~ where there are not
the distortions in the coordinétea ~- are the resulting
figures of mean distance between manifolds considered un-
distorted and meaningful. -

Another hypothesis of this.wbrk involved the expected
order or "lawfulness" of the motion of the social objecté
in the conceptual manifold. A large number of erratic res-
ponses as to the mean distances between pairé of sgeial ob-
jects would weigh és.evidence against the existence of 2
lawful conceptual manifold. -Since the time periocds are not
that great between administrations, i.e., across timé, to a
clasgs, it is not expeétéd that éxtreme violations of seeningly
existent conceptual patterns should oceur. 1If these viola-
tions do occur and if a lawful conceptual manifold does exist

for the mean of an aggregate of individuals, then either, one,
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there should be some possible explanétion for the ahift,.or
two, there should be reason to propose that the violation ia
due to error. The total number of'adﬁinistrétions (eleven
for some conceptual.objecta and seven foi tﬁe rest)'aa well
as the administration to the same classes more tham once
over a tiﬁe period contrihutgd to the possibility of dis~
covering uniformities, The time factor and number of ad-
ministrations provided a greater likelihood that unifdrmities-
would be recognizable desﬁite the negative effects of error,
and problems with the respondent and social object sample;
i.e., a sample of respondents based on a true social group
would more 11ke1§ yiéid a stable and orderly conceptual
manifold than an aggregate of "mimilar® individuals; like-
wise, social objects éhosen within a nore limited frame of
reference as éﬁposed to the very diverse sample of objectis
included in the present Galileo Questionnaires would also
have been more likely to yleld stable and lawful conceptual
spaces. Returning to the point, the number of administra-
tione to the same and different aggregates of similar in-
dividuals (as well as the sample size) aided the explorétion
for uniformities.

The appraisal that the motion of social objects : -
is lawful does not requiré that the motion.of all the objects
be orderly in the hypqthesized shared conceptualrapace. 1f
the overall configuration is rélatively stable and orderly,

the "chaotic¢" and erratic movements of some conceptual ob-

Jects might be an indication of a characteristic of that
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social object in relation to the sample of respondents. For
example, the erratic movements of parficular social objects
pight be indicating that the aggregate as a whole has no
ggtaplighed pattern of behavior toward that social object and
fﬁﬁéf%g stable place for it or even orderiy pattern of move-
méniﬂfof it; the disorderly motion of the social object
might be an.indication that the object was unimﬁortant and/or
quite removed behaviorally and conéeptually from the ag-
gregate of individuals., Thus, some disorder in the manifold -
over time and samples - would not only be possible but also
_probable given the purposely desuliory choice of objects for
the social manifold, '
' The thixé hypothesis which this work began with, was
that the dimensionality of the space would be small. VWhile
determination of the exact dimensionality entails some dif-
ficﬁlty, the ﬁtilization of.the number of factors accounting
for the grand portion of the variance -- or the disavowal
of all factors after there is a sharp break in the variance
accounted for and the size of the eigenvalues - is most help-
ful and has been 1ns£rumenta1 in determining the dimension-
ality oflthe sqcial maﬁifoid.r The procedure followed here
to aaséss the number of dimensions is viewed when practiced
on bbth the scalar produéta and cross products of the means
matrix of a known aolutioh (face and 6b10ng golid). The
dAifficulty of determining the correct dimenaionality in the
TORSCA non-metric multidimensional scaling program will also
be discussed in this context, The general problem of ensuring
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the selection of the exact namber of true dimensions will also

be explained,

Stability of kean Distances

The stability of the configuration of behavioral objects
could indicate a) reliability andLb) faee validity.t '‘Ohe .
procedure followed was to determine behavioral objects wthh
were elther stable or highly erratic and unstable, i €.y with-
out any orderly patterm: i great deal of disorder and er=
ratic movement would indicate that the Galileo ajatem bad
failed at thla preliminary step to preve its rellability;

Stability of Mean Distances Between Me
and Other Social Objects

The most atable objects - in terms of range of galileos
between me aad the social objects -~ were eating, laughing,
getting ahead, fighting pollution, gbing‘on vacation, sun-
bathing, and going to college. See Table 2, They vary from
one to'no more than seven galileos distance from me in aeveh
admiaiatrationa'involving four different classes, Laughing
is the most stable behavioral objeet, always being either
two or three galileos away from me. {(One could hypethesize
from the pattern within a sample that "éetting ahead" 1is
slightly furiher away near exams but the dlfference-ia BO
slight one could mot propose the difference to be significant
at this time.)

Eating varies over a range of from three to ten galileos

away from me, and in six of the seven administrations, eating
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TABLE 2
MEAN DISTANCES OF ME FROM THIRTY-TWO SOCIAL OBJECTS?
- IN ADMIRISTRATIONS 5 THROUGH 11
» 5 6 7 8 9 10 11
S 1 Walk _ _ . .
(3-12)°- 12 9 4 6 4 ] 4
S 2 Sit _ ) , v -
(4=12)- 12 10 ~ &5 4~ 6 10 5
M3 -Stroll . - - _
g .(.1-_291)i (3-33)" 13 29 6 8 5 11 3
un : -
(6-54)(6-15) 15 8 6 54 6 13 5
M % Sleep ‘ o
(4-12) 12 5 i 8 4 11 5
M6 Fighz 06 . 16 a1 S
(8-4178) (8-26) 20 21 - 1 4178 8 14 8
M T Revol. - _ , -
(6-4173) (6-16) 16 16 8 4173 “1- 11 6
U 8 Marry : B o .
§§ 661_(5-82) 666 82 67 10 5 14 5
9 Sing ‘ _
e (4=7) 6 - 4 1 T ) T
M 10 Pot B . _
(4=-22) 17 5 20 5 2 22 4
S 11 Make Love ‘ _ : o 0
(2-10) 10 3 3 2 8- S
U 12 -Kill _ : .
(13~-3722) (13-129) 36 129 38 13 3722 18 15
S 13- Eat o ' _ : |
~10) (3=1) 10 4 ) > 6 3 4
‘MW 14 Steal
g8-259) (B-66) 259 66 20 13 8 26 10
S 15 - Laugh . ‘
2-31 2 3 2 3 3 2 3
6 Get Ahead : E - ~ '
15 10)_ - 5 10 8 6 6 9 7
.87 5 = Stable object
M = Moderately stable object
U= Unstable object _
:b (3-12) = Range of mean distance eatimations

. When two rangea are given in one box,-the second
. range represents the mean distances with the
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TABLE 2 - CONTINUED
5 6 7 8 9 10 11
5 17 Vacation , _
13-10) (3-5) 10 5 3 3 3 3
S 18 Sunbathing :
LngO 5 5 10 - 4 6 8 3
i Swim _
(3-25) (3-15) 25 1 4 14 9 15 3
20 Me
S 21 Fight Poll, , : ' :
3-1) 6 7 4 5 3 5 3
M 22 Ice Skate ] ) _ _
(5-13) 10 12 - 6 5 7 13 5
M 23 Womens Lib, _ _
(4-31) (4-18) 18 5 8 & 10 39 4
M 24 Ski - ) .
_(_4__25) (4-17) 8 11 6 7 17 - 35 4
M 25 - Home .
= -12) 79 4 6 4 8 12 4
N Qult School o _ .
Ls-g_) 17 9 9 11 19 - 20 3
M 27 Smile ]
(2=-14) (2-7) 2 2 4 7 4 14 2
S 28 Go to Coll., . ) R , ‘ _
2= 3 4 3 7 2 "6 2
?22281Ta%g 1 14 3 3 38 4 7 - 2
- (2-14)
M 30 : Study : ‘ :
-15:529)" 12 6 4 629 5 20 4
War . . _
; 706) (6 146) ° 146 21 10 40 6706 109 6
U 32.. Commune N - T
§§ ~53) (3-39) ' 15 9 9 39 6 53 3
3 . Pract, Med, .
(6-286) ({6-102) - 286 16 13 10 25 102 6
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varies only over a range of three to six galileos away from

me., Th;s indicates that eating is quite a stable behavioral
object.

Fighting pollution is also a stable behavioral object,
varying over only a range of three to seven galiieos apart
from me. Going to college ranges from two to seven galileos
away from me. Reliability may be even greater than is indi-
cated by this short range of two to seven galileoé. Wheﬁ
the results are looked at in terms of samples, administra-
tions five and six were to the same class and they reported
three and four galileos distance between themselves and go-
ing to éollege. The next administration, number seven,
given at approximately the same time as administration six,
involves a different class (Introductory Sociology) and the
members of the class report three galileoa between them-
selves and going to college. Administrations eight, nine
and éléven were for the same introductory methods class and
were seven, two and two galileos respectively between me
and going to college. Administration eight also had a dis-

-proportionately large number of galileos between me and
studyihg (six hundied twenty nine gaiileos), which suggeats
that there may have been participants present at that ad-
miﬁistratioﬁ fhat were not present at later administrations
for the same class, (Where studying was oniy.five and four
galileos away from me.) Anotﬁer possible factor affecting
the results might be the time of the semester, with studying

becoming closer as finals approach, This is consistent with
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the movement in adﬁinistrations Tive aﬁd six (same clasé).
from twelve to six galileos for the distance between me and
studying. The second administration wés cloaér to .the end
of the sémeéter and f1h51a. Home also seems to be cloaer
right before and after vacations::seventy-nine to four
galileos and four, eight, four for the class administered
to three time&; the two fourq were at the beginning of the
semester and at the:end.f mdéf of the behavioral objects
seemed to fall intoc this kind of category where the dis-
tance did not remain quite as stable as those designated
stable but yet the movement was not so great as to be termed
chaotic and where the movement seemed to be consistent with
an orderly pattern.

Fighting and revolution have both moved in closer during
the Spring semeéter as compared generally to the Fall
semester (with the exception of the huge number reported for
administration eight which could have been the result of
just a few gigantic.esiimations,%a.g.,139999; In addition,
fhis is the Spring administrétion'wh;ch 18 closest to fﬁe
fall semester. ‘; ' |

Adminiatratioﬁ nuﬁbnr'teh yielded a much greater'éélileo
distance between war and walking, sitting and strolling than
the other samples. Since this class waa distinguished by
being particularly associated with leftiat polities, the
socio-political context of the class may have affected the
responses of the participants so as to emphasize the distance

of war from everything and anything. It is possible that the
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interactional context may-have affected the tone of all the
responses. Yef.perhaﬁa‘inconsistehtly, 1t is edministration
number ten which has a méan diataﬁce of fifty-three galiléos
betweén ﬁé'and.iiving in a cdmmﬁhe, the furthest distanée of
éhy of the administrations, . |
- rThe'overall mean distance in galileoa between me and
the thifty-two other behavioral objects is comparativé;y
stable, The range in galileos for most behaviors is not very
large over seven administration to three different samples,

Thus, the reliability of this test utilizing divergent be-

haviors to aggregates of individuals (as opposed to social
groups) is encouraging. One might guess that etability
would increase given a more specified or limited behavioral
space with a true social group.

Even those objects.which you might.yish to label un-
stable ox uﬁreliable vary in their "errgticnésé" and might
not be as chaotic ag they first appeared. Marrying, for
example, fgnges-froﬁ five galileos to six hundred.aixty-aix
galileos distance from me. However, there may be some mean-
ing to the fact that the large distances all were in the
Fall semester and the closer distances (five'to fourteen
galileoé) 211 in the Spring (perhaps in conformity to
statistics about Spfing marriaéeé). No theory is being
proposed here, it must be-remembered, except for explanatorj
purpcses, -

War, while having a very large range of distances as-

sociated with it--6 to 6706 galileos--and thus earning an
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fungtable" label, also suggests a pattern of being cioser to
me at the end of the semester. .While this is very. hypothetical
and ad hoc (and not meant to be anything more at this stage),
- war being closer at the end of the semester made eense in
terms of the relationship of flunking out and graduation to
eligibility for the draft. The instability of practicing
medicine from me suggests that the concept is not very eig—
‘nificant to most of the sample in relationship to the con-
cent me and thus there is little consistency in defining
its relationship to me.

These hypothetical attempts to explain motion are
problematic especially since movement of objecta in- the
Galileo space quite possibly is not explainable in terms:ﬁf ‘
"individual psychology." |

Senaitivity to Error and Effect on Indications of'Stabilitx

Both the factor'analysis and the error estimation progrém—-r
mean squared distance between manifolds--have difficulties,
for they are highly senoitive to atypical large numbefs (i.e.,

_distances). Yet, these atypical large numbers might only be
an indicetion of an atypical large response (nhichhgreatly
affected the mean distance) or enen just a'ketpunch error.

The mean'distance matrix for administiation'number ten
(Sociology 199 x) is inconsistent with the spatial relations
indicated from plots based on coordinates in the rotation
'program and factor analysis, The plotted distance between

walking, sitting, strolling and running is greater than is
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actually the césé accofdiné to the mean distance matfix. The
mean distance between walking and aitting is only three |
galileos and only one and two galileos reapectively between
walking and strolling, and walking and running. Yet they

appear far apart on the rotation coordinates and factor_

analysis "loadinga“ though not as far apart as they appear:
according to the rotations coordinates for administration
number six, Administration number ten is distinguished,
like number six,'by'having a behavioral object which is ex-
tremely distant from walking, while not being &s distant
from sitting, strolling, and running, war is nine hundred
nineteen galileoslfrom walking, while only one huﬁdred fifty
galilgos from sitting, two hundred tﬁgnty-three galileos i
from strolling and only eighteen galileos from running.
. See the below figures as well as Table (walkihg).

Class ?23, 7l.. XNumber 5. T, = Time 1.
‘talking and war is 28 galileos. :

Siiting and war is 27 galileoa._

Strollingran¢ war.ia 27 galileos.

Runﬁing and war ia 19 galileos.

Class 223, T2._ Numbex 6
Walking and war is 18 galileos.
Sitting and war ia 18 galileoe.
Strolling and war is 29 galileos, .
Running and war is 4 galileos,
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TABLE 3 . ,
NEAN ﬁISTANCES BETWEEN WALKING (AND OTHER BEHAVIORS
IN WALKING CLUSTER)® AND FIVE SOCIAL OBJECTS
Admin- . o {-11 : :
totraz | g0 | t-12 1-31 . IW.-Making | 1-15
Walking-~-MelW, =~ Kill {W, ~ War Love W, -Laugh
 eii/ o120 161 29 20 3.7 .
stroll/hy, 43, 15 |41, 31, 18)27, 27, 20|22, 15, 11[4,3.7,3.8
6 9 23 . 8 14 1 11,
1, 30, 8 |7, 18, 8 |18,°30, 5 |8, .30, 27 |18, 27, 6
4 oo 12 9. |12 5
7 . .
5’ 6| 6 111"611.9 529 53: 7 4! 10! 16 4’ 4! 5 .
6 . .23 9 11 1 6
8 - ~
, 8,54 127, 16,.24117,.18, 25i5, 9, 12 |5, 4, 11
4 13 XL 11 6
9 : —
- 6, 5, 6---112, 14, 6-113, 13, 7°|6, 6, 8 5, 4, 5
3 11 | 920 T =3
10 , _ _ _
10, 11, 13 19, 43, 27 | 151,224,199, 17, 27 |3, 11, 8
4 B 8 .5 4
1 . — .
- 5,:3;, 5 9, 10, 5 11, 10, 4 4‘1-5_1 5 4, 2L5

8751t, stroll, and iun are the other béhavibrs.in the Walking

‘Cluster. EFEach of their distances from each: of the five

objects is reported in the bottom of each box,
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In administration six, the 2622 galileos distance of

women's 11beration from walking hae caused the factor analysie
'1oadinga" and the coordinateo in the rotation program to be
greatly distorted Note that the factor analysis showe the
theoretically surprising reaulte of only one factor.erplaining
moet of the variance, The problem operating becomes clear
when the 1oadinge of the thirty-three variables on this dom=-
inating factor are examined. Walking and women's liberation
- (number one and number twenty-rhree) override all other vari- |
ables; e.g;, walking and women's liberation are four digit
whole numbers as compared to the largest other whole number
being only one digit and most loadings being‘only deoimalo.
In addition, they together define the positive and negative
polee for the space,

 The problem geems to be caused by 1) the itremendous
relative dietanoe between walking and women's liberation,
and especially, 2) that the distance between walking and
women'e liberation did not coincide wifh their distances
from otner behaviore.. For example, women's 11beration is
relatively close to sitting, strolling and running which are
also close to.walking, yet, walking and women's liberation
are 8 tremendous diotance apert. See Teble 4 (Women's
Liberation). _

~In this case, ooth the feotor analysis and rotation
program proved to be very sensitive to just one distance
*error.”™ One check for this type'of error might be 10 have

the median ag well as the mean reported. Thias would not be
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TABLE 4

DISTANCE OF WOMEN'S LIBERATION
FROM WALEING CLUSTER

sit - Stroll _Bun  Walk

#5

10 R T 11 8.6

#6

31 19 9 2621

#7

9 - 8 9 10.7

#8

13 12 o272 7.4

#9

#10

40 . 39 a8 18,7

#11

7.4 T.4 6 5.5 |
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for theoretigél ;eéaons.; Ho#eve?,_the median distance would
provide a check on the data diatributibn. AFor eiémple, if
the median distance between walking and women's liberation
were tenlgélileos and the mean was two thousand, fhen & mis-
punch error, or some kind of error would be indicated.

The distoftiqn that is occurring becomes apparent when
examining therrdtatioh program for administration six which
uses me (ébject twenty) as the origin. Ifa comparison 1s
maﬁe with the mean,ﬁistance matrix, inconsistencies can be
sighted. For example, the mean distance between me and
women's liberatioﬁ is only five gallleos apart. Yet the
.coordiﬁates of the rotation ﬁrbgram'shows women's liberation
(aB well as.walking) to Be farther from me than any ather
behavioral object. This distortion in the rotation pro-
gram's coordinates were fed in from the factor loadings and
scalar products. It is the atypical and higﬁly inconéiétént
(with the other distances) response in a cell of the meéﬁ_
distance matrix which affects the scalar products‘which con-
fuses the factor analysis.

Administration number seven (aﬁ introductory sociqlogy
class) leo demonstrates how incohaistencies'(i;e. violétions
of the model of Euclidean Geometric space) lead to distor-
tions in the behavioral objects "loadings" or coordinates.
By examining the rotation which utilizes wélking as the origin
for administration seven (the criterion sample in fhe rota-
tion program), it can be seen that making love (object
eleven) is far from both walking and me (object twenty).
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Yet im exami'ning the mean distan.cea, neither walking' nor me.
are much of a distance from making love (twelve galileos and
two galileos respectively) See Figures_s'and 6.
Making.love seems very distant from other social cbjects
' becaose the mean distance agsociated with it and two other.
behaviors (killing--number twelve, and war-~-numbexr thirty-
one) are gigantically'large relative to the scale of distance
used between most other hehaviors, including (and this.is
crucial) .social objects which are supposed tc be olose to
making love as indicated by their mean distances apart in
galileos. Making love is approximately Tour hundred fifty
gallleos away from both killing amd war. . These large ir- |
regular mean diatances have the end effect of hiding'an ’
overall stability of the galileo distances when just the re-
solting distorted coordinates are examined.

Walking is only twelve galileos away from killing and
nine galileos away from war. Me, while distant relative to
the other mean distances in the behavioral epace. is only
thirty-eight galileos away from killing, (moat distances
are fifteen galileos or under in administration seven)

In administration seven, laughing is five galileos from
walking and two galileos from- me. Yet in the rotation program
: the coordinates of laughing, using either walking or me &8
the origin, indicate that laughing is one_of the.most dis-
tant_behaviors in the social manifold. The problem is the
same again. TLaughing and killing are four hundred and sixty-

six galileos apart. It is the largest distance--and enormous
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R - . /', _ . . B L -
- THE COORDINATES OF THE CRITERION MANIFULD
1 -0.00000 0.00000 - ~0. 00000 ;
2 -1.24731 - 0.15967 -3,17631 |
3 3.99533 ~-0.02765 - T =0.66314
4 -0.12410 =0.,06690 _0.06295
{ -5 ... 0.08345 0.05133 . =0.18566 -
' .6 " 0.31659 - _0.03666 - " =1464957
T -0.50832 .. 0.09507 . 0.24298
i 8 . 18.01973 11449504 ~45.46368
T 9 . 0.88446 "0,.54656 ~0.59437
10 ~ ' 1.22370 195.80803 T.29618 -
11 240.20575. . 3.05037 —=94.69337
12 =248,39165 . '3.19120  ~91,05420
. 13.. .1.37953 —0.05414 T 0.50466 |
: '~-0 ). 00830 O 36530_“_u___; 0.38265
\j 162.52254 L. =4.T6270 - ~150432683
16 - 1.03C69 -0.20732 __"_“;_ 0.87721 !
17, —1.33534 T =0.13070 0.9G386
18 "1.24308 o =0.03541 ~1.02421
zo T 0.B6931 -0.53797 . 2.38358
“21 7 T 1.10101 T T=0.C6596 1.06125
g 22_;__;1;39511 _m:o 39932 - _0.63356
;23 1.13474 S0.17795 0.90628
P 24 "1.52803 T ~155. 97937 =4.40975
.25, - .1.16847 =0.49121 - 0.86087
" 26 =0.00400 - -0, 71289_ ~ 0.01154
1227 - 1404550 -0.0TL71 - 0.56542 -
.28 ____ 1.18734 =0+03395__ "~ - 0.63577__
. 29 1. 20469 ~0.,05973 - 0.96401 .
30 - 2.21499 =0.33652 " -~ 1,97636
+ 31. =146.21103 = . : -5,88607 159. 65552
32 - 1459602 - '0.20836 _=0.93003
© 33 -, 1.07796.

T -0.51532

7 0.88618

Figure 5. 'Coordinates of Administration Seven

with Walk as Origin
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,eompared to moet uf the dietances-—in adminietration aeven.
The fact that laughing 8 reported distance from ktlling ie
'ao great in comparieon to their clustere of other behavioral
objecte which laughing ie cloee %o in terme of their mean
distance apart leads to 1aughing being relatively distant
from theee other behavioral objects in terms of their res-
pective coordinatee--i.e,, ractor loadings.

.Since both the coordinates of theﬁfactor analyeee and
" the coordinates baeed on the rotation program are very mie-
leading as to the amount of movement and instability, i.e.,
it seenms to be highly exaggerated, only a few social mani-

folds will be plotted, since they have many distortions
| caused by the phenomena I have already euggeeted The blote
for the thirty-three objecte WOuld be woree than ueeleee--
'.they would mierepreeent the actual mean aggregate Galileo
distance data, See the Appendix for copiee of all the rota-
tions. ' '

The {wo behavioral objects which are furtheet out in
adminietration eeven are killing (nnmber twelve), and war
'(number thirty-one). Both in the factor analyeie and rota—
tion program, making 1ove (number eleven), emoking pot (number
ten), 1aughing (number fifteen), and ekiing (number twenty-
four) are all quite dietant from the other behavioral ob-
.jecte. This seems to be a dietortion caused by the large :
number of galileo dietance they are from one or two far out

objects like war or fighting.
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20RSCA| and Distortions

TORSCA has both some similar and some different problems
than the metrie multidimensional sealing program. The prin--
cipal axis factor analysis program for administration seven
has laughing (15), smoking pot (10), making love (11),
¥illing (12) and war (31) as most distance from the axis with
marrying (8) a moderate distance. |

.The TORSCA program has similar distortion problems but
they are not sc cbvious because all the differences are
squeezed together. The overall scale in TORSCA is compressed,
so that much of the information relating to scale of dif-
ference is lost. Many behaviors are relatively far out in
TORSCA's administration seven (Revolution, marrying, fighting,
smoking pot, stealing, fighting pollution, living in a com-
mune, practicing medicine) and only killing has somewhat of
a real distance bresk, However, using absolute distance in
galileos, something like stealing (14) is perhaps, at most,
twice as distant (.3 to .4 more on a 1,0 scale) as strolling
(3) and killing is only the same amount again more distant
on one axis only (.3 to .4 more on a2 1.0 scale) as stealing,
Thus the scale is lost.

However TORSCA does have the virtue of not paying dis-
proportionate attention to just one or two large distances
out of the 32 poséible pairs, Thus behavioral objects like
making love and laughing, which have gigantic distances from
war, but are close to many other behaviors including me, have

coordinates that place them as less distant from the other



110
behavioral objects in the spece than does .the metfic mulfie
dimensional scaling. See TORSCA cohfiguration hatrlx for
edministration seven, See Figures 7 through 10. |

One possible approach that would improve metric methods,
(e.g.{ the Galileo System) which utilize information about
scelelis to remove the few large numbers before analyeis.
This would permit the use of the metric method (whieh can
utilize more information) while removing the highly dis-
torting large numbers, - At least part of the reason that the
factor analysis and rotation programs work out on the sample
uaing only ten behaviors is that *+he behaviors which are
dietant from, for example, walkiﬁg are also distant from
other behaviors close to it in a behaviorel cluster~like
sitting, strolling and 1unning. . Administration one (time
one, small sample) ehowa'revolution, marrying, and practic-
ing medicine being'felatively distant from walking, sitting,
strolling and running, but they are all within a smaller
range. For exemple, marrying varies only from 16 to 20
gelileos distance from the walking behavioral cluster,

Pracfieing medicine ranges over 13 to 18 galileos distance
© from that cluster. Revolution ranges from 16 to 23 galileos
distanee for the walkiné beﬁavioral clueter.A

Asaeseigg Dimeneionalitx with Galileo, Cross Products and TORSCA

_ The reaultlng number of factora required to explain the
great bulk of the variance of the thirty~three social objects

(i.e., variables as conceived in factor amalysis) is small,
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'@ ___ CODNFYGURATION

T 5 3 TORSCA SYMBOL
' 2 -0.334 cC,.360 0.237;8IT

3 ~ —-0.338 ©.225 -0.394° STROLL

4 0.754 —(.158% —0.2451
S 5 =0.NM27 " Q.434 0, 474"SLEEP:

6 . 0D.655 -0.215 -©.119, FIGHT

T €. 780  C.2B4 -0,?14  REVOLUTION

e B " 0.043 .0.044 0. 7__7_':"MABRY
i 3 -0.247 0.495 =-n,330: SING
; 10 . C.06? 0.8l1 0.123;SNOKE POT
9 11 ~0.554 —0.018 0.322H.1A.KE LOVE

;{ -2 1.138 ©,201 —O.BOB;KILL

A
B
C
.D
E
F
G
H
I
J

K .
; L
a 13  -0.307 0.118 0,589'EAT M
; 15  —0.471 —C.048 -0.134 {LAUGH . 0
; 16 -0.079 -C.540 n.013,GET AHEAD P
8 17 =-0,461 -0.034 —-0.374 GO ON VACATION Q
; 18 -0.688" 0,224 ~0.0C4 . SUNBATHING R
19  ~0.432 =~0,.37? —0.099 !SWIK 'S
o 200 -0.199 -C,153 -0.327 M2 I
i “21 0.312A —0.6R7 _Q_lnq'FIGHT POLLUTION U
. 22 -0.176 -0.152 -0.683 LCE SKATE - v
o 23 0.434 C.449 0,291 WONEN'S LIB, W
- 24 -0.557 -C.537 -0.,037:5KIING X
25  —0.371 —0.454 ~0.488 'GOING HOME Y
Q- 26 0.271 -C.444 -0,479 QUIT SCHOOL Z
; 27 —0.417 0,267 =0.045 SKILE- 1
i 28 -0.7223 -0.344 0.341.60.T0 COLLEGE 2
LY 29 -0.111 ~-0.023 ' 8:172 TAIK 3
i 30 - 0.247 -0.422 0.593 | 57UDY 4
P 31 0,836 =0.249 -0.405" : y 5
L 32 -0.167 Q0.706 0.179 |§¢m IN COMMUNE 6
| 7

: 33 0.187 -C.680"'0.509 PRACTICE MEDICINE
a . ' SRR |

Figure 7. TORSCA Configuration for Administration 7
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Figure 8. TORSCA-~-Plot of

Dimensions 1 Versus 2'—-A&ministration 7
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- Figure 9., TORSCA--Plot of

Dimensions 1 Versus 3~-Administration 7
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Figure 10. TORSCA--Plot of

Dimensions

2 Versus 3--Administration 7
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Specifically, in administration one, there is a sharp break

in the pe?cent variance explained after the third f&cﬁor: fhus
this manifold is iﬁierpréted as requiring three diﬁensions or
‘coordinate axes. Likewisme, the ﬁercent variance eXpléineﬂlin
;samﬁle two drops shérﬁly after the third factor. Sample three
and four also drops after the third factor. Administration
number five is a more problemétic case with more factors

than usual being needed to explain all the variance. four
factors do explain the largest bulk of the vafiance though,
Administration number six, according to this procedure, has
.one gigantic factor which explgins the vast amount of variance
with no other factor seeming to have much significance., 1In
administration.number seven, the variance drops sharply after
the third factor. In administration number eight, three
factors explain most of the variance, however, the dimen-
sionality is less c¢lear with the fourth and fifth factors
having moderate significance. In administration number nine,
we again éonfront the apparent complete domination of all

the variance by one factor. In administration number ten,

the first two faétors explain most of the vaiiance; however,
factor three eépecially, and factors four and five less so,
explain a moderate amount of the variance, In administrétion
number eleven, the first two factors explain the greatest
proportion of the variaﬁce; the third, and to é much lesser
extent faﬁtora four and five, explain a small portion of the‘
variance.

The procedure being used for .the determination of dimen-
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sionality entalls using percent of variance explained as the
indicator. The assessment of the number of axes needed to
represent the cbnfiguration of social psychological ijacts
is derived from tests using factor analyszis of the scalar
products of distances between points for a configuration
whose dimensions were known. An'eight by elght matrix with
cells consisting of the distances between pairs of the eight
corner points of an oblong solid was calculated. After these
distances were converted into the scalar products of the pairs
of points, they were factor analyzed (Principal axis), Three
factors cumulatively accounted for 99.99 percent of the
variance. See dblonéaiﬁ:pigiré=11,When:a'factbr analysis
of the oblong solid was done usiﬁg'a'distance matrix which
.had error in it (i.e., incorrect diétangea between two paira
of pointe). See Figure 12, PFactors foﬁr through eight were
merely error., There is however, a sharp drop in the variance
after the third dimension which we lmow to be the correct
dimensionality.' The forth dimension 1s-indicated to explain
a small amount of the variance although we know this is Jjust
a reflection of the error in the matrix. . This, of course,
becomes a aource of difficulty when, 28 is thg normai case,
the true dimensionality of the configuration is uhknqwn.
Note also that the errors in the oblong solid matrix_aeeh
to result in the increase of negaiive e;genvalues;'negétiﬁe
percent variances, and in the cumulative percent variance
(i.e., more than 100 percent). Error results in the pro-

duction of more factors, Likewise, factor analysis (Principal



PITOS JuotqQ 3083394

JO B4ONPOXI IBTRBOS JO sré&teuv 03081

"1l 8InItg

e . ——————————

AXIS FACTOR ANALYSIS PROGRAM -

pRGGRAM NUMBER 2,77
EXECUTING PRINCIPAL rl!HPUNFNT SIPPINC[PAL

ACDRESS (OF HEHMORY WORK M\EA IS NAFDE0. LENGTH OF

FACTOR  VARIANCE . PERCENT_ VAPIANCE

: : 17.9992 64,2845 bhe 2645

L

MEMIIRY WORK AREA 15 OISA0A.

_CUMULATIVE PERCENT

G2.853A0
99,9973 T
100,0013 .

00,0046 T
100.0046°
100,0C00

28,5693
7.139% ~

TTHn0s0 T
0, 0040

T oL.0033 77T
-0 ONCN
~0.N045

Ta97292
1.9990
‘c.coll
n.0011
C.0n09
Q.NA00N0 .
=5,5013

|
1
1
1
H
1
]

W~ v W N

CTHETTRACE IS~ 777 27.4993 ST T T e e e e
THETSUMTOF THE FIRST’ U3 ROOTS IST""_"_27:9§7ﬁ""'""___“_—"_""_—_"_”_“"“"m'
e e R Ok MATRI KT T T e e e e

' _—... - -:._ - 1 - A — 2 ...... -_ -t 4=~ 3 _‘,_

1 1.49997° -0.99995 -0, 49988
2 1.49997 €.59995 -0.49988
3 1,44997 . 0499995 MC.49988 )
T4 T T 1448987 =n.99G95 T 0.49948 T
5 ~1,49997 -0,99995 -0.49988
8 T 21.,45%997 T 0,.999958 T =n,49688 ) ]
7 -1,49997 099995 r. 49986
8 ~1.,49997 -0.99995 C.48638"

ZaL




I0Ixg Y3TA PITOS FuoTqQ

2T e:nﬁrg

PROGRAM NUMBER 2.

LENGTH OF MEMORY WORK AREA IS 015A00.-

EXECUTING PRINCIPAL COMPONENTS/PRINCIPAL AXIS FACTOR ANALYSIS PROGRAM.

ADDRE 5SS OF MEMORY WORK AREA IS 04B000.

TEACTOR VAR ANCE

PERCENT VARIANCE

.. CUMOLATIVE PERCENT

Jo sjonpoxd xeteos ;o sTsdTRUY 03084

~1.57251

; 1 17.4160 60,8436 6008436
: 2 BaAl46 30,7942 91,6378
i 3 2.9024 10.1397 101.7776
i 4 ___0.7822 (247326 __ 104.5100
5 ~ 0,0010 0.0036 104.5136
L6 =0.0000 -0.0000 10445135
. ~ ~0.0001 -0,0002 104.5133
8 -1.2919 -4,5134% 99,9999
' _THE TRACE_IS 28.6243
1 THE = SUM_OF THE FIRST 3 ROOTS_IS ..29.1331
FACTOR MATRIX .
1 2 3 :
1 1.47382 0496597 €. 10882
2 l.47381 =0.90331 0.64058
;3 1.47382 ~0,96597 -G, 10882
4 1.4738) _~  0.90991 ~0.64058
5 -1.37512 1.34846 0.78655 ,
6 .=1,57251_____ =0,90990 _0.64060_. :
7 ~1.37512 ~1.34846 ~0.78655 :
8 0.90990 ~0,64060_ :

€21




. 124

Axig) of a.Qistance matrix constructed from the knbwn diéténces
between eight points 6n é face (two eyes, two eyebrows, a ndse,
two corners of the mouth, and the chin) but with incorrect
figures entered in two pairs of cells lead to all eight of
the factors being reported by the factor analysis 6f‘the scalar .
products. See Figure 13, Howe#er,.again it should be observed
that there is a sharp drop in variance explaine& after'the
geconﬂ factor., 3By examining the coordinates or factor
"loadings" of the third factor as well as observing the cells
with 1ncorr§ct distances, it becomes apparent that the "load-
ings" on the. third factor ﬁrimafily entail an attempt to
compensate for the inconsistencigs,caused by the incorrect
distances between the eyebrows (points four and five) and
the corners of the mouth (points six and seven); it is points
five and seven which have the highest "loadings" on this
dimension. '

The use of a configuration of known dimenaibnality‘qan
also be used to examine the adequacy of a Principal Axis
factor analysis of cross products (instead of gcalar products)
for ﬁeterﬁining dimensionality. Pactor analysis of the cross
produéts of an errorless disfance matrix based on an oblong
soiid db not result in a perfect reproduction of the dblong
soliad. Seé Figure 14, Factor one acédunts for 78 percént
of the variance alone, while the Qecond and third fgctora
account for 15 and 4 percent of the variénce respectively.
The resulting configuration constructéﬁ from the coordinates

(i.e., loadings) in the factor matrix is only twec dimensional
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3 1.09082 0.24729 ~ <0.62955
4 -5,58G06_ =2,97923  =1.73686
5 ~5.55173 2,12403 3.65438
6 3472552 @ =2.79370 __ _1.80521
7 5.30545 2,79012 ~2.47447 .
8 9.09207  _ ~0.561359 1.15418
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PROGRAM NUMBER 3,

EXECullﬂﬁ_ﬂﬂlﬂﬁlEAL;QQﬂEﬂNENISAERlNﬂlEAL_AKLS_EACIDR_ANALISLS_EBDGRAM__H_“___
LENGTH OF MEMORY WORK AREA IS 013200.

ADDRE SS OF MEMORY HURK AREA IS 048000,

EACTOR________MARIANCE

PERCENT_VARIANCE ______ CUMULATIVE PERCENT_

1'- 151 .3900_ I8 .4372 78.4372
.2 68,4458 15.2785 . . 93,7156 .

3 19.5435 i 4.3625 _98.078)
4 - 442082 6.9394 99.0175
5 __2.3538 0.5254 99.5429_ "

& 0.8798 0.1964. . 99,7393 .

1 N p247 0.1395 99.8TRT .
.8 | 0.5438 0.1214 100.0001

THE TRACE IS 447 9890
. 3 ROOTS IS

THE SUM OF THE FIRST

439,.3792 .

f R FACTOR MATRIX

‘ 1. 2 .

L B.62780 C 2.92502 1.56299
(.2 6462750 2.92502 © ~1.56299
-3 6.62750 - 2,92502 -1,56299
L4 65.162750 - 2492502 l. 56299
LS 1 6.02T50 =2.92502_____ _1.56299 -
i 6 6462750 .-~ =2.92502 . .-1,56299

1 b H2 150 -2,.02502 =1.56209_

B 6.02T750 -2,92502 1.56299

921
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as opposed to three deépite'the fact that the data freated
was error free. The'twoldimensionality can easily be recog-
nized by the fﬁct that each pair of points (2 and 3, 1 and 4,
5 and 8, 6 and 7) are identical. Thése-points depicted'éhe
oblong's depth in the original configuration. This test in-
dicétes the superiority of the factor‘aﬁalysis of scalar
products as opposed to cross products for detérmihing the
correct dimensionality. When the cross products werelused
on data with known error in thé Qistance matrix, i.e., the
face matrix discussed above, the resulfs were very poor.

- See Figure 15. Incorrect (i.e., inconsistent) distances
were includéd between two pairs of points. The resulting
configuration based on fhe lcaéings of the factor matrix was
extremely distorted. The first dimension which accounts for
77.7 percent’ of the variance wésﬁquite distorted. See .

Figure 16. The third factor (note points 3.and 4, and 6 and 7)

-ty — - H
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i
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1

T Tt T
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Figure 15. Loadings of Cross Products of Face with Zrrox
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" EXECUTING PRINCIPAL COMPONENTS/PRINCIPAL. AXIS FACTOR ANALYSIS PROGRAM Y
ADDRESS _OF MEMORY_WORK AREA IS 095000. ' LENGTH DF 'MEMORY WORK AREA IS 013200, !

e s e et e
L S e

- FACTOR VARTANCE . ... . PERCENT VARIANCE CUMULATIVE PERCENT - !
1 3758.1202" - - 77.7837 ST7.7837
2 771.3636 15,5653 . 93,7490 i
T3 180. 6731 3.7395 - . 97.488% - . i
4 62,8471 _ _1.3008 98.7893
5  42.4838 0.8793 99.6686 :
6 - - . _12.0599 _ - . _.0e2496 _ 9%9.9182__ !
7 3.9157 0.0810 99,9992 1
B 0.0367 0.0008 100.00a0° |
__THE TRACE 1S 4831.5000 __ __ |
' R S ' t o, !
__YHE_SUM DF THE FIRST' _ . _3 ROOYS IS 4710.1523
. Tt . : : |
_____ i . FACTOR MATRIX L - T _ _
: ol o2 T3 S
1 < 20.64191 B.68865 .. -6.55706
2 20.56554 ____ B.23%47___ ° T.29516
"3 17.88541 °©  =2.20821 0.16372
_ 4 22,34197.__ 10,6582 _ . =5.99573_____ __ L
i 5 - 22.34723 10.55677 .. 5.46150
6.7 19488781 =T.51289 . __ =2.92208. ]
T 21.55102 -10.00456 2. 77467 . !
8 - - 27.02782_ _ -15.51533__  =0,43963

L
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which is shown explaining only 3.7 ‘percent of the variance ia,
nonethelesa, the dimension indicating the only horizontal
distinctions (e.g., right and left eye).

The ascertainment of the correct dimenaionality is also
a problem when using TORSCA the generally nonmetric method
for multidimensional scaling. Two indicators are included
with TORSCA scaling results. One 1s Kruskal's stress and
the other is the Index of Fit which is another indicator of
the degree of fit between the derived distances and the dis-
.parities - i.8., the original distances monotonically trans-
formed., :

The TORSCA multidimensional scaling program was tested
with the error free oblong solid distance matrix. The results
ghowed . zero Stress, an excellent Stress and an index of 1,00000
for the three dimensional aolution. See Figure 17. Deter-

: c'o'N‘F“l“G‘U‘R‘A'T’I'U'N'fl
* 1 2 3 '

©1- . 0.530 -0.354 0,177
—2 _ _0.530__(.354  0.117
© 3. 10s530 - (.354 -0.177

- L N.830 =\ 354 -0 177
; -5 '—C 530 -u 354 0.177
! 7f‘ -e 530 . 0.354 -L-177 g

Figure 17. TORSCA Coordinates
of Perfect Oblong Sblid
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L
mination of dimensionality is only'poﬁsible within fﬁe iORSCA
program by the achievement of a aatisfactory_levelrof Sfress
and/or a sufficient Index of Fit., Difficulties arise in dig-
covering the true dimensionality since error in the oiiginal
distance matrix leads to satisfactory Stress being achieved

only by using a larger number of dimensions. The problem of

determining diménaionalify with the TORSCA mulfidimensionalv
scaling program can be demonstrated by exaﬁining the results
of a test casé using a given matrix of diataﬁces between

Pairs of points on a face wherein point five (the eyebrow) --
qr'point E as designated by TORSCA -= has incorfect distances
(inconsistent with the other distances in a Euclidean space
and resulting in violations of triéngle inequality) given
with both mouth corners -- points F and G -- in the original
distancé matrix, Tﬁe program results show satisfactory stress
for three dimensions but only minimum stress for iwo dimen-
8ions, The Index of Fit on the iwo dimensions barely meets
the minimum of ,999 suggested as aﬁpropriate with the Index

of .99995 being much better in the three dimensional case, -
However, since the true configuration of points is actually
nown, i,e,, the‘face (4 and_B are the éyes, C the ﬁogé, D
and E the eyebrows, F and G the corners of the mouth, H the
chin), the derivéd configuration can be evaluated.in terms

of its conformity to.the true relaiionaﬁips between the points.
Piotting the coordinates of d;menaions one aﬁd two ylelds a 
relatively accépfable represéntation of the face, The third

dimension appears mainly to be an attempt to respond to the
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given spatial inconsistencies or errors in the distance matfix.
See Pigures 18 - 20 for the plots of dimensions one and two,
one and three, and two and three respectively.‘ Thé progrém
Tun asking for only two d4mensions aéems‘somewhat better than
the plots of diﬁensions one and two on {he three dimensiona;
plot. .See Figure 21. " 0Of course, since the true cohrigura#
tion is not known, and since there are likely to be viola- =~ -
tions of triangle inequality among the diz*ances'in the
original data matrices, determination of dimensionality via
the level of Stress and/or Index of Fit become both difficult
and questionable. Furthermore, as is evidenti from observing
the plote with the third.dimenaion of the face, the result-
ing configura}ion can be highly distorted while the stress
may be reported és satisfactory and the index of fit quite
sufficient., It wouid thus seem that the only 1ndicator§--

available in TORSCA for the assessment of accuracy'ﬁay not
only be insufficient (as in the case of the oblong =solid
whose dataris distorted but y=t receives a2 quite satis-
faétory Stress and Index of Fit?5} but even worse may be

|
misleading (e.g., as with the'third dimension of the face). t
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Figure 18, TUORSCA Plot of Dimensions 1 Versus

2 of Face with Error .
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Figure 19. TORSCA Plot of Dimensions 1 Versus
3 of Face with Error
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Figure 20, TORSCA Blot of Dimensions 2 Versus
3 of Face with Error
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1 FOR THE 2 DIMENSIONAL SOLUTION:

i HlNIMUM.STRESShACngyED.-

i INDEX = (.99962 STRESS = o.oséi

_CONEITGURATIOQN
. 1 2
D1 0.43] (.423
2 0.431 -0.426 :
3 _=0,171.-0,005____
4 . 0.641 0.329 L
5 062 =0.325___
6 =0.460 0.300
i 4
8

=0 4T =0,303
~1.040 0.008

. 3 UIHENSIUNEI’SDLUT[ON.

SATISFACTORY ‘STRESS ACHIEVED.

Figure 21.

—NPEX = 90.59995 STRESS = 0.015

i CONFI1IGU a A T.1/0 N
1[ . 2 3 !

1. " De4lT =U.9430 ~C.050 1
.u_l____u*&liﬁ_a*&ai__uAuSﬁ

3 -G.134 O UL‘b cUO?
| _&___mzz_maz_qu__

l
506618 . 0.179 ~U.356 |
'.

vt

_1_1 afS7 =N 210 ~0.131

-]

&

T = =Ge4T4 - 0311 UV.135

B =1.007 =0.009 -U‘Uﬂﬁ_.....

l
l
t
!
1
]

TORSCA 3 Dimenaionél Versus 2 Dimensional
Solution of Face with Error |
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é [ UUFOR THE 3 DIHENSIURAL SULUTIUN‘_,fu." R
! B L. . CP .o [
Lo *SATISFACTOPY STRESS acntEv:D.,ﬁ¢;;,.?l;;ﬁ;&ggjf;;gf;ﬁgga;vgﬁ
. INDEX = 0 99994 STRESS =-.0.015 - Do e e T

DI SPARITIES 0/ o oo o om0 0

‘ S W3 3 4 "5 & y VRN S
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Figure 22, TORSCA 3 Dimensional Solution for
Oblong with Error
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Summary

When examining the mean distance matricea, the
etability of the mean aggregate galileo distancee seema
relatively stable (considering the infinity of numbers poa-
sible) acrose adminietrations both within a particular clase
and between claaeee. However, - there is difficulty in as-
seeaing how significant the degree of etability indicated
is.

As to the orderliness of the motion of sociel psﬁch-
ological objects in the behavioral manifold, some prelim-
inary interpretatione were made as to the treaeonahleneee'
cf the motion. However, they eere-not meant to be more

than 'plausible' interpretations. Long term examination

- ¢f.motion in the behavioral manifold on_data which is less
'6§ea to the problems of this exercise ( BeBay sciicing, key-
| punching error) seems indicated. Moreofer, the exact
- mapping relation of this behavioral manifold to overt be-
havior has not yet been clearly assessed and will require
further work. _ |
The procedure for estimating distance change was
found faulty because of its sensitivity to large distances
in the means matrix. It is euggeeted that prior to factor
analyeie, the distancee which are exceedingly large on only

one or two comparieons be removed go as to not distort their

relationship to the other behaviors.



~Ae to the dimensions ofithe ﬁanifold, they were found
to be small.as indicated by the number of lafge bdéitive

eigenvalues,
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FOOTNOTES
See F. W. Young, TORSCA-9: A Fortran IV Program for

Psychom

ic Multidimensional scaling (Chepei Hill: Thurstone
etric Laboratory, 1968). '




CHAPTER V
SUHMARY ARD CONCLUSIONS

dhapter one presented some problems of contemporary
aociology which may be heédiﬁg itse ﬁrogreaa'ae & sclence,
Theigap between fhe theoretical and research concepis of
: aoclology is cited as an elemegt of the "problem." A pér-
épgétive on the nature of ihe'trouble is Bought by examining
the relationship between theory  and fesearch in physice. A
ﬁﬁﬁber of factors seemed to cheracterize physics: fhe basic
concepts were both theoretical and empirical at the same time;
all other concepts could be derived from the fundamental ones.
-~Thﬁs, atated.difterqntly, theory in physicg'wah built on a base
of concepte characterizediby fundamental measuﬁemenf -- distance,
.time..ahd td a lesser degree, either mass or forcé. Al othéf
.concepts could be derived from these concepts, Meaaurement'in
+he. social sciences is, on the other hand, chﬁracterized by fiat,

Phyaiés can be characterized as studying ﬁotion, forces,
and matter. The eimple application of a messuring stick or
scale is not a aurriciént procedure for thelanalyaié or.métione
Motion ia not a property of a phyaical object. Hotion. or
velocity, is analyzed relative to a fixed point. Coordinate
systems in physics have provided a very uaeful tool of analysia
in physieca. The object in motion ia located against the con-
tinuums of diatance and time relative to a fixed origin.

Descartes' development of the coordinate system involved
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preliminary undorotanding of tho ooncepta of 'variablo' and
'function' which along with derivative playod suoh an important
..role in the davelopment of. Hewton s calculus which Iocuood atten-
ftion on rateo or change (or rates of motion or rlow) Deocartea'
coordinate system brought the power of algebra to the goometry
of opoce.2 Any point could be located in terms of ito ooordinatea.
The Cartesian coordinato-syotem contrihotod fundamentally to the
dovelopment of oalouluo--which permittod the mathematical study
of motion or, i.e., rates of change of moviné objects, It is
the coordinate system which permittied the methodical treatiment
of tho tunctional relationships between the fundamental meaaurea
of diatance and time angd velocity and acceleration, i.e., motion.
This work has suggeatod the possible valuo of oonotructing
a social manifold or coordinate oyatem ror social objecto. This
work has tried to demonatrate how tho concepta or diatanco and
timo == both theoretical and empirical - have been noed in
phyaios to Join fundamental moaouremont to a:oet of theoretioal
laws through derived measurement. There has been an attemot.to,
demonstrate in a very p:eliminary waj, how the oonoepto of.
distance end time might be useful in developing a fundamental
oystem of meaouroment for sooiology.
In both chnpter one and more elaborately in ohapter two
the characteriotica of the desired manifold were doaoriboo.
The manifold fo: social psychological objocto waa‘to-be_con-
tinuous,'homogeneous, 1ootropio,'linear, unbounded, aod metriec,

These characteristice, with tho exception of linarity, have

contributed to the creation of a Iﬁndamentally common quanti-
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tative and . continuoua framework from which to locate and obeerve
'diecrete aocial objecte and their dynamice. While linearity
may not eventually prove an appropriate model for eocial space,
it was propoead at thia etage because or ita aimplicity and
utility for mathematical analyeie. These two reasons while .
not ultimately adequate. given evidence for other models, do
euffice at this preliminary etage.' The poeeible contribution
of a model which facilitates mathematical analyaie can not be
ignored. Throughout this work, in the body and in the root-
notes, contributione to scientific advaace aeeooiated with fhe
.conceptualigzation of phe problem mathematicaily have been noted.
Not the least of which has been the place mathematical analysis
hae rlayed amoag Descartes, Keplar, and Galileo'e three great
achievemenis upon which Newton built hia grand accompliehmenta
or dynamice and celeetial mechanica. Specirically, a factor
euppoaedly eaeential to the ecientiric revolution in phyeica
was Galileo's reconceptualization of motion in- terme of an '
initial impetua rather than a conatantly neoeaaary rorce in ,
contact with the moving object.4 This reconceptualization of
motion freed it of assumptions which were mathematically cumber=-
aome. Thua, the choice of a epatial model for a manirold of
aocial paychological objects waa affected by the deaire not. to
hinder the aocial manifold with agssumptions which were mathe—
'matically urdensome. It is necessary to underatand that this
model neither ensures nor requires the daia to confopm to the
spatial model and the data did not completely conform to the
model, The degree to which the inconeistiencies between the data
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and model were a matter of error, sample inadoquaciea, or the
1nappropriateneas or the apatial model ia not clear, ,Howevar,
the data reaulte, as will be discussed fnrther ahortly,réeeﬁed
to indicate some degree of stability and small’ dimenaionality.
It is aleo neceaaary t0 understand that while there are im-
portant mathematical reaaona to aupport the use pf the present
spatial model, there is nothing to préveﬁt.the adoption of an
alternative'spatial‘modal if the empifical evidénce‘indicataa
the latter's possible auperiéfity for reflecting simply be~
havioral relationships.

To reiterate the model underlying the-de#elopment of a
social manifold was of a space which was hombgeneoup,_iaotropic,
continuoua. metric and linear, Chaptér two examined thé avail-
able technical procedures which bore upon the construction of
a manifold for social psychological_objectq. These procedurga
were examined both in terms of their own attributes (as isolated
techniqres) and own.péet uses as well as in terms of the
criteria identified aboveras desirable for a aociél manifold,
Faéfbr analyﬁia, the Semantic Dirfefential, matric pulti- |
dimenaional scaling. and nonmetric multidimensional acaling
were all described and evaluated. The advisahility of factor
: analyzing the cross products as oppoaed to the scalar products
ot distancea waa examined at length. The evaluation was done
both theoretically. in terms of the underlying mathematical
asgumptions of factoxr analyzing prosa producta ~= 1,.8,,0rtho~
gonality -~ as well as empirically, in terms of -evidence based
upon the inadequacy of the results of a factor analysis of the
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‘croee produote ot a eymmetric dietence matriz of the eight cornere.
’.or an ohlong eolid. Thie extended criticiem wee neceeeary in
the light of a noted peychometrician B eupport for factor_
'tanelyeie of cross producte as well as hie mieleading use or the
term croee producte as a eubetitution for scalar producte.5
They are -the eeme however, only when calculating the eross

-producte of two vectore coordinatee or 1oad1nge on the axes

(i.e.,-beeie vectore or orthogonal dimensions accounting for
‘all variance) It should be clear that factor analysis of

creee producte of a distance matrix was considered an inadequate
way to conetruct the social manifold.. It is importent to under-
stand that the typical raetor_analsreis rackage if permitting
more than correletien will inc;ude an optien,ror compufing the
croas prodﬁcte but not the scalar preducte of raw deta.

Factor analysis in general was described as ‘suffering from
1te close asgocliation with its paet applications, peychologiete
"were first using factor analysis to try to determdpe_ir.what
fhey were measuring with infelligence tests was uﬁiddmeneienal-
or really composed of several traits. One of the priheipal
applicetione of ractor enelyeie hae been by peycholegiete who
were adminietering n number of teete and wanted to know 1f they
‘could find- less than n dimeneione. or factore. which would help
indicate the underlying etructure. Aree were often treated as
it,they emhedied a ddmeneion or varieble with 1eeding-er a”fector
being taken in isoclation as a measure of the degree to which
the factor explained a varjable. The inadequacy of conceiving
of an axis as embodying some psychological dimension is discussed
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in chapter tﬁoUénd inAchaﬁtéf four which reé&fts and ahéiyzea
the fiﬁéihés‘of'tﬁie ﬁreiiminérj attempt éf éoﬁstructing:a
sbciél hénifold.l-it.is chépter:foqr whiéh-;nclﬁﬂesfrimgiily
the factor analysis 6: ihe‘réapectiye diét&hcé métfix'a of an
oblong aolid qnd a face. Thése tests were meaut as empirical
evidence of the similarity of the resulting factor matrix and
factor loadinga to the axes and coordinates of & coordinate
system.

The nature of the typical appiications of faéto:'anélyais
has been essentially such as to construct social épaces which
~ are heterogeneous, aniaotrdpic,—and discrgte,»and thus incon-
sistent with the.criteria specified és desirable in ‘the con-
struct;on of a social manifold. This problem of past apﬁlica-
tions i1s increased by the fﬁndamental probleq that factor analysis
pPrograms wili include an option'for cross prodncta (éince if must
be computed.in the correlation program'ahngy) but not fof scaiai
products, ' _ '

The Semantic Differentiel was devised in an attempt to
"measure meaning! or, more apecifically, determine the under-
lying structure of dimenéipna of fhe semantic épace. -ﬁhe qugstidn
-asked was, -what psychological dimenaioﬁa are nsed in ofﬂering
the rélations between_coﬁcepts. Oégood; et. al., have indiéﬁted
that tﬁe semantic space is dominated by.tﬁree scales - évélﬁa-‘
tive; pbtency, and activity. The space is described as being
spanned by polar adjective scales, At the technical level,
there is question as to the accuracy of this description since

the dimensions are actually passed through the concepts. And
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aince it ia really the concepta whioh the dimenoiona are paeaed
through whioh are orthogonal. the dimenaione of evaluation.
aotivity, and potency (abatractad out or the polar adJective
ecalee) are aotually correlated empirically. .

Besides theae technical problema with the method of con-_
atracting-a soclial epaoe. procedurally the apaoe is bounded by
an imposed polar unit of measurement. The space as conceived
is diaorete, heterogeaeoue, and anieotropic._ |

Multidimeneional scaling, wetric and nonmetric, wae also
exanined. This technique's ability to construct a oonrigura#
tion from only the distances between pairs of objeota.repreaeate
an advance over factor anelysis, Youns and Householder's
geomeiric derivation from any third point was converted by
Torgerson into formula utilizigg cross produote to express the
same essentially geometric formula which also used the average
of all n points to replace any particular point 1.

Completely nonmetric methods of multidimenaional scaling
were considered inappropriate for a oonetruotion of a aocial
space acoording to the criteria specified baasjically beoauaez
they ignore information - rrom the input data - of greater than
an ordinal level., This wae-inooneiateat with a data oolleotion
-:teohaique'(i'e., the galileo queetionnaire) whioh'aaked reapoad-
'ente ‘for direot magnitude judgements on a ratio haaia. Geaerally,
metric methode of multidimensional eoaling seemed most appropriate
“for the construction of a social manifold as epeoified by the
criteria given. In the Galileo System, metric multidimensional
scaling is directed at the analysis of sociological questions:
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what 1a the configuration of aocial objecte in the conceptual
-(and perhaps behavicral) apace of an aggregate of aimilar in- :
dividuala, what are the dynamics of these aocial objacta? In
thia work the majcr concern in chaptera two through four haa
been with.the.neceaaary preliminary.atepa of evaluating possible
methoda for fheuconatruction of the social manifold,'conatracting
the space according to the criteria specified,: and evaluating

_the reaulte.

Chapter Three is concerned apecifically with how the deaired
social manifold --.the Galileo System --.waa constructed. Both
the logic of inquiry underlying the preliminary apacial aiudiea
and the specific technical proceduras followed are deacribed.

The aignificance of the method of datae collection wag diacnased.
Direct eatimatione of the distances between pairs of objecta

was utilized which provided tha advantages of both direct
magnitude judgement by the aubject and alac the method of" com-
parative judgement. The scale of. galileo diatancea is con-
tinuoua with a na+nra1 Zero point exieting in terma of ne
galileoa apart or zero distance separation between a pair of
objecta. The subject is given the distance of~one galileo
apart_between aifting ané lying down in crder'to proyide a

irame of reference. Other‘diatance'estinationaiwere then ex-
pected to be eatimated proportionally. The Galileo Questionnaire
was thus devised to facillitate the development of a ratio acale.
The problems involved in the choice of objects to impoae a frame
of reference is dincuaaed at length.

The sample the Galileo Questionnaires were given to was
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fiva aocial acianca'nlaaaea; eabn-at ahich'renaivad.from'ona.tb.
three a&niniatrationa of tﬁa-quaationnaine. The aamplea were
—more aimilar than a random aggregate of individuals would be,,
however, they were not aocial groupa which may have arfeotad
the data reaults. Ine samples were 1arge with the intention
'that erron would oanaal-itaelf nnt. _The'tachnical procednre
:oilowad in the analysis of the data was: 1, constructing a
matrix of maan distances between all paira'of abjecta; 2. con-
verting the distance matrin into a matnix of scalar pfadncta;
3..performing a principal axis factor analyaia on the matrix
of scalar products; 4. rotation of pairs of manifolde (result-
ing from dirrerent_taat aéniniatrationa) to a 1eaat'aquaiea
best fi4 on a common origin.

Chapter four presents the data results from tha galileo
adminiatrationa. A aubatantial portion of thia aaction is
devoted to demonstrating how idioayncraciea and/or inconaiatencies
in the-iata {distances and mean diatancaa between pairs of ob-
jects) interact with tha te.hnical praceaurea of acalar
producta, factor analysia, and the rotation progran, to reault
in‘diatortad conrigurations.qr pointa (i.e.,-social payehoiogica;
objects). - The conriguration‘cdnstructed often conceals the nore'
.typical, ptable and pattarned-relationshipa which can be seen
- DY. acrutinizing the mean diatance matrices, ‘These problema
bear directly, of courae, on one of the principal 1ntentions
of this work -- the assessment of the reliability and face
validity of the Galileo Sjatem {the procedure devised for the
construction of 2 manifold for aocial psychological objects).
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It was hypotheaized (1) at the very beginninge of thic
work that overall thc multidimencicnal ccnfiguratione of social
objects wculd be relatively ctable acrcee time, i.e., adminietra—
tions, It was- reeeoned thet if the exiatence of a shared con~
ceptuel epace_underliee Joint behavior. at least some moderate
degree of atebility should characterize the rerlections of that
shared conceptual space 1f the orderlineee of behavior across
time 18 to be explained and/or expressed {hrough,the reeuiting
"pictures" of social space. Likewise, the hypothesis (3) that
movement of objects in space will be order;y wag meant as a
| preliminery indication as to the face validity of the spatial
configuration over time. The preliminary assessment of the
Galileo System's utility as a measure of iawfu;ceee in human
behavior was intended., The proceduresrcr evaluation of possible
'1awfu1nece" of object's motion. (apart from the queetion of
etability) was problematic. Analysis centered upon the
“:eaeonebleneea“ of the covement of social pcychclogical ob=-
jecte. The potentiel appropriateneee-cf this type cf procedure
could be questioned in terme of its often peycholcgical emphasis.,
' The 1nrluencee or torcee acting upon the changes 1n the con-
| figuraticn of social psychological ohjecte may be reflecting
social’ factors acting on the aggregate over time and not im-
'mediately apparent or interpreteble in_terme of social peycholcgy.-
-VSome degree of dieorderly movement was not considered an in-
consistent with the basic lawfulness of the social manifold,
Objects such as war, abstract for many of the respondenta, and

far removed from their everyday lives and behavior, was par-
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ticulerly irregular with regard to its dietaneee from the other
objects in the social manirold - Highly unatable ‘cases (there
-were not a great many of them) euch as war were interpreted in
.the context of the muoh greater etebility of most of ~the ob-
Jjects in the social menirold In nany cases the erratio pat-
tern was associated with the particuler object retner than.ae
charaoterizing the social manifolﬂ aeAa whole. -

The stability of objects in the eocial manifold wae_in-
ternretable in three ways: 1,)the '_mgan distance matrix _oould
be scrutinized with regerd to both etability.between pnir5~o£
aoeial objects across time as well aB to etepiiity oi object
clusters; 2.) olote of coordinates (in tne rotation program)
or loadings (in the factor enalyeie)fconld'he nee&'aa a naeie
ror comparing the conriguratione of eocial oejecte reenlting
from the different- adminietratione, 3.) the'meankleaet equeree-
distance between object configuratione reeulting from dirferent
'adminietratione could be examined. This last procedure wae
formalized in the form of a hypothesis (2) that nthe total
amount of movement in the manifold -~ measured 1n terms of the
dietence between the same object at diirerent pointe in time
(difterent adminietratione)r-n should not be great. ‘

The mean least squares dietence between the thirty-three
behavior-adminiatratione was quite large although the distance .
wae not great for the aﬂminiotratione using the ten behavior
Galileo Queetionnairee. The large least equaree distance
reflect distortions cazused by the technical procedures' sen-~

sitivity to error and/or to a2 small number of inconsistencies
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involving very 1arge numbere (i.e., in the mean distance matrix).
There is an extensive analyeie of thie problem in ehapter four.
However. stability as indioated by procedure number one «- i.e.,
via the mean dietance matrix -- i8 greatly underestimated and
distorted in the eonfiguratione and thus plote (procedure two)
baeed on the coordinatee and 1oadinge of the rotation and factor
analyeie “eepectively are aleo dietorted. Thia, of course,
results in apparent‘inetability acoording to prooedure'three
(the estimation of le=st eguaree distance between the conrignra-
tions of social objects) appearing much greater than instability
according to procedure one {(observation of the mean distance
matrices).

Ghapter four also examines the data results relevant to
the determination of the dimeneionality of the eecial manifold.
In chapter one it was proposed (Hypotheeie 4) that the dimeneione

- or axes required to present the relations between the . objecte-

in the aooial manifold would ‘be few, perhape as few as three,
permitting ease of graphic iepreeentation.- Thie 1atter limita-
tion- to three dimensions was not neceaeary to the conetruction
of a social menifold ‘Just ae analytic geometry (geometry in
a coordinate eyatem in very eimple terms) ie not confined to

'three dimeneione neither is the Galileo Syetem neceasarily
-eonrined to three dimeneiona.

In chapter four, the proeedure for determining dimeneion-
ality in the Galileo System, TORSCA (i.e., the young program
for semi-nonmetric multidimensional scaling), and factor analyais

of the cross products of & distance matrix ars compared, The
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distance matrix of known configurations (i.e., an oblong splid
and faée) and thue also known dimensionality is uaed-to taét

_ the above p:oéédurés' adequacy for asseasing dimenaioﬁality.
The effect of imposed error in the given diétanég ﬁatriées_upbn
the asaessment of aimensionality was also obseried. Witﬂ re-
gard to the perfect distance matrix of the oblong solid, both
the Galileo System and Toraca reported fhe correct dimenaionhl-
ity and reconatructed perfectly tha ‘oblong solid, Factor
analyeis of the cross producta railed to report the correct
dimenaionality even for the perfect matrix and also could not
reproﬁucé the oblong solld., The addition of error c;eated
diff}culties for all three procedures, although:thé crosse
products was still by far the least adequate, Error affected
:the galileo pfocedurea by reporting all eight points as fadtors,-
hpwever fhe variance explained drbpped sharply aftqr the third
factor; ~Analogously, in constructing the Boéial manifold for
thé Ggiileo Syétem - whgrein'there ig of éourse;erfor -
dimenaionglity was_takén to be the number of'fabtbrs réported
up‘until the pdint where the variance éxpléiﬁed drops éharﬁly.
This procedure became aomewhat problematic under the circum-
atances of the preaence of distortions in the factor 1oad1nga B
themaelves.-(mheae are the same distortions which were dis~
cusaed above, ) with TORSCA. the reported level of the Index
of Tit and Kruskal's Stress are the only indicators which aid
in the assessment of the user's cholce ot dimenaionality.
Error in the data however, leads to a greater number of

dimensions being needed to achieve satisfactory stress, making
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1t difficﬁlt to assess correctly the dimensionality.

Finally, one would have to conclude by saying that it is
tbo early and the results {oo preliminary to make a final
evaluation of the gdal of constructing a sociel manifold --
an aggreéate or group's conceptual space of social oﬁjects
which-has'implicationa for the aggregate or group's behévioral
space. Difficultigs were encountered with all proéedureé.
However, the stability of the objeects in the social manifoid
wés sufficient, considering many of adversities assoclated
wilith the procedures, to encourage continued-study. Moreover,
the joinfly theoretical and methodological questions posed
in this work are of sufficient magnitude as to warrant further

work in this area deapite technical difficulties,
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FOOTNOTES

1E. 7. Bell, "The Beginning of Modern kathematics,
1637-1687," in Robert Marks (ed.), The Growth of
Mathematics (New York: Bantam Books, 1964), p. 1l41.

°Tbid; p. 133.

3E. T. Bell, "Newton," in Marks'(ed.), op. cit,,
. 172,

44See Herbert Butterfield, The Ofigins of Modern
Science ‘(New York: Free Press, 1957).

5See Jum Nunnally, Psychometric Theory (New York:
McGraw-Hill, 1967).
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