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It is axiomatic not only in thesociazal sclences in
general but in communication in particular that the ling-
ulstic system or encoding svmbols utilized by an ob-
server play a fundamental role in the perceptions of that
observer and in the cognitive processing of data yielded
by sucli perceptions. The cevelopment of language, Trom
this standpoint, iay be seen to provide a set of shared
symbol® by which observers can apply common perceptual
frameworks to yleld increasingly consensual statements
about their perceptiocus.

Science too may bLe encoupassed within this view, and
the past centuxry has scen the emergence of a consistent
and appealing view or sclence as an exbtension of this fun-
damental human process. lLargely through the work of
Lagrange (1788}, Helwhoitz (1869), Mach (1883}, Hertz
(1894), Poincare (1922), Einstein (1952) and many others,
many physicists have come ©o see the principle work of sclence
as the development of sghaied sywbol systens and relatlons
defined on those sysmols which define the domain of possible
perceptions, which are selt into correspondence with per-
ceptions of observers. Sucn a sct of symbols; along with
a stipulation of the relations possihle among the elements
of the set and rules for setting the symbois into corres-
pondence with percepltions of observers constitute a scien-
tific theory. Scientiiic theories can be said to be an
advance over everydsy language in three ways: first,
within the domain of phencmena to which they apply, they
are more complete, that 1s, no matter how finely obser-
vations may he discriminated, some symbol in the set may
be set into correspoundence with each percept. Second, the
relations defined on tne set -~ that 1s, the relatlons
among percepts considered possibtle «- are loglcally con-
slstent according to some iule. Tnird, rules for establish-
ing correspondince between symbols and percepts are more
clearly and consensusliy speciried. To the extent to whiech
these criteria are met, scientific theories create increas-
ed predictive capabllity in those who understand them.

This paper presents the thesls that the notions of
perceived discrepsancy and time, when setinto correspon-
dence with the cet oi complex numbers, along with the re-
lations defined by multidimensional scaling and physical
mechanics, provide & theory which is consistently superior
to ordinary language systems for the perception and pre-
diction of communication phenomena.




Contemporary scientists (Kramer, 1970) and philoso-
phers of science (Reichenbach, 1951) generally agree that
sclentific theories have their ultimate roots in certain
fundamental or primitive variables which cannot be defined
in terms of yet more basic concepts, but rather are de-
fined, Collowling Kant, by some a priori call to the ex-
perience of observers. The fundamental variables of phys-
ics ?re usually considered to be distance, time, force or
mass- and temperature. (King, 1962) Of these, two --
distance and time -- are special in that they alone re-
fer directly to observations made by observers. These are
usually called descriptive fundamental variables, whereas
the latter are deriveable as ratios of the two descrip-
tive variables and are usually called fundamental explana-
tory variables. From these variables all others in modern
physical sclence may be derived.

This paper suggests that all variables requlired for
a useful sclence of communication phenomena can similarly
be derived from two fundamental variables, perceived dis-
crepancy and time. Since time in communication is the
same as time in physical sclence, perceived discrepancy
will be treated here initially, but time and its relation
to discrepency will be discussed shortly.

Perceived discrepancy as a fundamental descriptive varlable:

In his now classic text, (Torgerson, 1958) Warren
Torgerson established a clagsification scheme which, in
spite of substantial technical advances, remains a viable
and exhaustive system for the description of known psycho-
logical measurement procedures. Among other criteria,
scaling methods may be described in terms of the information

1.) Since force and mass are reciprocals, that is,

F=m/a oras="Fmnm, only one of the two need be con-
sidered. Some writers include angle as a fundmental variable,
but angle can be derived from the ratio of the chord of
a circle included in the angle to the radius of the cirele,
both of which are measures of distance.
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they require from respondents. In the most demanding
case (which Torgerson calls categorical subjective esti-
mate methods) subjects are required to distinguish for a
series of stimull how much of some attribute each po-
ssesses or represents. (How tall is Mary?) Implicit in
thls task is a comparison among stimuli in which each is
distinguished or ®discriminated” from all others in

terms of the absolute amount of some attribute or gual-
ity they possess or represent. Less demanding scaling me-~
thods, such as the comparative variability mod cls, sim-
Ply require that subjects discriminate stimuli from each
other with regard to stated attributes, but do not re-
quire a quantitative estimate of the maghitude of the
discrepancy. If we remove finally even the notion of
attribute, the simplest judgment rh~t could be madr ghout
the relation between two stimuli i< whether they -

be dlstinguished at all. At the basis of every perception
lies the fundamental notion of discrepancy.

Within the limits of current knowledge, these dls-
eriminations of difference between objects cannot be de-
fined or accounted for by yet more fundamental concepts,
that 1s, therc is no way that the experimenter can speci-
Ty what i1s meant by "different” in the question %are A
and B different?%, or even the guestion “are a and b
different in piltch?", or “are a and B different in length?®
Such measurements require the assumption that each re-
spondent can in an a priori way define "difference” and
relate it to his or her perception. The definition of
"different® is ultimately made not by the experimenter but
rather by the respondent and in that sense is g priori
or fundamental as that word is used here. To be sure,
dise cies of many different kinds may be identified;
Mﬁ%WTmmymmtemity, piteh,
hardness or in other ways, and even physical distance can
be seen as the special casc of discrepancy in location,
but a2ll these differcnces share ultimately the more funda-
mental notion of simple difference or discrepancy. Thils
means that =211 perception, information and communication
can be derived from the fundamental notion of discrepacny.

Assuning that “perceived discrepancy® may be consldered
a fundamecntal concept, the next step in the developnent of
a measurc of this concept is the specification of rules or
procedures for the estimation of relative magnitudes of
discrepancies.
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Here Einstein®s conception of the measurement of distgnce
is instructive: (Einstein, 1961)

Tor this purpose(the measurement of distance) we
reguire o “distance” (Rod S) which is to be used
once and for all, and which we employ as a
standard measure. If, now, A and B are two
points on a rigid body, we can construct the line
joining them according to the rules of geometrys
then, starting from A, we can mark off the distance
S time after time until we reach B. The number of
these operations required is the numerical N ’
measurc of the distance AB This 1s the basis of all
measurement of length,

Einstein's meaEuroment procedure is two-staged:
first, an arbitrary® distance (or discrepancy, in the
gencral case) is stipulated by the scientist. It 1s vital
to note that rules for the perception or neasuremcent of
this initial measurement distance or disercpancy are not
stated; rather the scientist must assune the subject and
hinself/herself share a common referent for the ordianry
language synbol "distance® or ¥difference?, and that the
subjcct can make this initial recognition unaided by fur-
ther definition. Ultimately it is this a priori call to
cormon experience as codified in ordinary lsnguage sy—bols
that cstablishes a link betweon the everyday cxperience
of the observer and the scientific theory.

Sccondly, the scicntist specifies a rule by whichother
instances of distance or discrepancy arc to be compared to
this unity. In this case, the observer 1s asked to nake
ratio conparisons of all other distances or discrepancies
to this arbltrary standard. Clearly, fundanchtal measurc-
ment represcnts a joint activity of scientist and observer.

27.) While the cholce of the unit of neasure is arbitrary,
choice of different standards will have consegqucnces for
the patterms of measurcrnents nade with the sysctm. Chooslng
as Rod S some ordinary langunge synbol who relation to
other such synbols is stable over tince might nake results
of the nmeasurcncnt more clearly interpretable in terms of
the ordinary language system that would o Rod S defined

by a symbol whose meaning fluctuates in the vernacular
systen. Good sealing practice, furthermore, would suggest

o standard nidway betwecen the larger a~nd smallest discrep-
ancy likely to be cncountered, so that judgnents of extrene-
ly large or cxbremenly small discrepancies are nininized.
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Since thls technicue vieldes both a true zero (that
is, no difference between two stimuli) and =a standard unit
or interval of measure (Rod =), it may be =een to consti-
tute, by definition, a ratio scale whose validity rests
on the conventional iinguistic synbol system. This means
that nuanbers yielded by thoese procedures renresent dis-
crepancies smong stimulli as they anvear to the respondent,
rather than as cefined by the gcientist®s fiat. Formally,
these procedures performed for a single observer over the
(N{N-1))/2 possible non-redundant pairs of N stimuli,
yield the N X N symmetric matrix S (see figure one) where
any cell sij represents the discrepancy or difference be-
tween the ith and jth stimuli as renorted by the observer
and expressed as a ratio to some arbitrary discrenancy Sxy.

Initially the recognition of the fundamental depen-
dence of this type of measurement on philosophical assump-
tions may be disquieting, but the pattern of responses of
subjects to the task yielad evidence pertinent to the validity
of the a priori assumption. Spetifically,if the outcomes
of these procedures yield ¥lawful patterns" among measures,
s0 that the results of certain applications of the measure
might be predicted by other measurements, = system with
rredictive validity can be scen to exist.

Several such outcomes are possible. First, respondents
may fail to respond at all, indicating they arc unable
to make the obscrvation required, and in such cases the
assumption must be hetild suspect. Second, subjects may re-
spond, but responses across individuals might vary greatly
and unsystematically. In this case, the assumptlion that
all persons make the same observations in accordance with
the same principliecs zg suspect. Thixd, we might find that
responses made by an individual are randomly related to re-
sponses made by the same individual at subsequent times,
in which case we could not assume the same subject makes
might find systematic agreement among the responses of in-
dividuals over time and/or across individuals, or even
within an aggregate of individual responses across time.
These outcomes support stronger or weaker variations of the
hypothesis favoring the a priori capabilities of observers.
The validity of the system of fundamental measurement of
percelved discrepancies can be shown operationally, there-
Tore, by the demonstration of extensive patterning among
the variables so measured.



The Geometry of Discrepancy:

The concept of a geometry of discrepancy capitalizes
on the rccognition that physical distance is a special case
of discrepancy in general, and therefore is isomorphic to
discrepancy in formal structure. Since this is so, the
seperation or diffcrence between two discrepant stimuli may
be depicted as o distance. Since the procedures for meas-
uring and concelilving distance arc so well articulated and
widely shared, they represent a useful set of symbols or
“psychological framework® for interpreting discrepancics.
The discrepancy scorc for any cell Sij of the discrepancy
matrix S may be picturcd as a distance between the ith
and the jth stimuli. The interrelations of all these dis-
tances can be seen to result in a shape or geometric pattemn
amohng the stimuli. Thus consider the matrix:

A B C
A0 O O
5 = B o 0
C 0
Here, since spp = Spe = SBC = 0, the three stimulil lie on
a point in a O gimesﬁlonal space. In the Matrix

A B C

A 0O 1 3

S = B 0 2
C 0

the discrepancics form o line segment in o onec-dimensional
space, that is,

o= 3 UNITS 4

k-1 UNIT i 2 UNITS'~———*4

A B @




and the matrix

and finally the matrix

A B C

A 0 1 4

3 = B C 2
C 0

represents a complex (non-Euclidian) space of 2 dimensions.
In generzal, the configuration will always be az geometric
shape which fits into a space of Xk n -1 dimensions

for n stimuli. Figure two represents the spatial pattern
underliying the discrepancy matrix of city locations presented
in figure one.

(figure two about here)



This geometric realization makes it simple to state
the intultive basis for the valldity of the fundamental
measure of discrepancy: similarity of patterns across
Individuals is given by the extent to which these configu-
rations are congrucht acros: individuals. Over time pat-
ternning is shown by stability und relative continuity of
the shape over time. Noise or randoz components will be
represencted as rapid random motlion or “jiggle®™ in the
shape over tine, rather ilke 'camera shake® in a movie.
Should the confliguration neeit these criteria, evidence for
the validity of the procedure should be considered substan-
tial, since cleaily such lawfully changing patterns can
provide a basis for prediciions of future states of the
configuration, o for pradicting the observations of one
observer from tihe observations made by another.

Metric Multidimensional Scaling:

Technigues whicn map the structurc of discrepancy
or dissimilari®y data onto a space where they may be in-
terpreted as distauces sre well known in the multidimen-
slonal scaling literatiire and have been since Torgerson
defined the procedure. {Torgersou, 1953) Computational
egquations for Torgerson's ucthod, called metric or classi-
cal or Torgerson mulitidimensional scaling, have been de-
tailed in several places (Torgerson, 1958; Woelfel, 1974;
Serota, 1974) but certain salient aspects deserve mention
here.

Pirst, metric rultidimensional scalling (MMDS) yields
a coordinate system of k< N orthogonal dimensions for N
stimuli. Seccond, The mapping of discrepancies into this
spacec 1s cne-iodo-ohne, thav is; 1o information is lost by
MMDS. Third, thc frnciion wnich maeps discrepeneles (sij)
reportci by the respontents crnto distances in the
space (s?ij) is the siuple

that is, distances in the space conform exactly to discrep-
ancies reported by the respondent. Sich a system of measure
can be seen to confoim in cssential respects to the spatial
coordinate system of elassical (and medein) mechanics.
Should thc systen of nmessure which provides the input
discrepancics te the MiDS proccss prove tTo have predictive



validity, the exceptional conceptual apparatus developed
by mechanics would therefore apply directly to the de-
seription of whatever processes might be found in the
data.

As we suggested carlier, the structure of interreia-
tions among discrepant stimuli will be conveyed in the
MMDS space as a geometric pattermn, and processes among
the stimuli will be represented as change in this pattem
over time. Any single stimulus in the pattern will be
described as the curve of a point through the space over
time. (See figure thrce)
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Figure 3. Three~-dimensional representation rof a

stimulus moving over time in a MMDS space.

Following Lagrange (1788) this motion may be decomposed
into its components along the orthogonal dimensions, and
velocities and accelerations may be computed as derivitives
of the resulting curves agalnst tiem, as (for a 3 space)

Ve = ds = ds; 4 dfj + dsg
dt at at dt

where Vi = the velocity of the point p at time t.




or, for k dimensions,
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Similarly, accelerations in the spacc are given by the
second derivitive:

a g S g%
¢ = [ = =L
Tt
_('_:'f
where ay = the acceleration of the point p at some time t,

While thesc are, of course, only descriptive variables
completely deriveable from the fundamental descriptive
variables percelved discrepancy and time, nonetheless
extrapolatin g the curves into the future and integrating
can be scen to yield predictions of futurc states of the
pattern. Furthermore, thc precision with which the state
of the system can be measuied f{rom moment to moment enhances
greatly the likelihood of identifying the sources of per-
turbations in the pattern.

These are very recal advantages, and a discipline
like communication which is sensitive to the effects of
symbols on cognitive proccsises should be espeeially cog-
nizant of the advantages of gaining the usce of the elegant
and elaborate symbolic apparatus of mechanics for the de-
scription ofsocial and ccmmunication proccssces. This, of
course, would be o highly deslreable outcome, and we should
thercfore be attentive to arguments for and against the
possibility that such a symbol system might be fitted to
‘our cxpericnces of soclal phenomcna.

Non metric scaling mod. ls:

In spitc of these potential advantages, psychometri-
cians have spent relatively little cnergy on the development
and usc of the metrlc model since Torgerson's work, but have
turncd rather to the *non-metric* or ordinal models.
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Proponents of the non metric models generally reject
the MMDS model on the basis of the following assumptions:
First, respondents are generally assumcd to be unable to
make reliable ratio judgments of discrepancics among
stimuli. (Shephard, 1966, 19723 Kruskal, 1966) Second,
many psychometricians, for philosophical or heuristic
reasons, resist the notion that k, the dimensionality
of the spacc, should be left a frec parameter to be dis-
covercd inductively as a comnscauence of the rule for
measuring distances, but rather fecl Xk should be sct
at some arbitrarily small value snd distanccs (discrepancies)
reported by observers adjusted accordingly. This last
assumption is similar in intention to the practice of
relativity theorists, who generally assume the 4-dimensional
character of the space-time continuum as an axiom and
ad just distance obscrvations to fit this constraint, but
differs importantly in procedure. (Weyl, 1952; Rlemann,
19535 Reichcnbach, 1958)

As a conseguence of accepting these agsumptions, non-
nmetric advocates i.) sclect some small and arbitrary
value of k; 2.) dctemmine some algorithm (generally an
iterative proccdurc) which transforms the configuration
and its discropancy relations in any way which does not
violate the order relations among the reported discrepsnclces,
and which maps the modified configuration into the k
space, and 3.) measurc the discrepnney between the modified
configuration and the original configuration. To this dis-
crepancy somec “goodness of fit¥ criterion like Krusknl's
Stress (kruskal, 1968) is then applied, and an arbitrary
Judgment of the adequacy of fit is made. Several routines
for non metric MDS arce currcntly nvailable, the best known
being Kruskal®s MDSCAL (Kruskal, 1964): Young-Torgerson’®s
Torseca (Young and Torgerson, 1967): and Guttman-Lingocs
series »f non metric progrsns (Lingoes, 1972).

In spite of the promise of the non metric techniques,
all share a potentially serious shortcoming: as Reichen-
bach notes, in general a space of r dimcnsions cannot be
mapped onc-to-onc into a space of k dimensions wherce

k ¢ r . This means thnt, in goneral, no function reclates

the resultant conflgurqtuon to the original discrepancies
reported by the respondent. Although opcrations 1ike those
specified above for thc dcecrivation of descriptive variables
like velocity and acceleration can be defined for the non
metric spacces, no onc-to-one corespondence can be cstabllished
betwecn such symbolic operations and the perceptions of ob-
servers. Thus non netric procedures leave an inherent indeterm-
lnacy between the concepts and operations of theory and the
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perceptions of observers that is not present in metric
models. Clearly this is an undesireable state of affairs,
and in fact onc that would not be tolerated at all exccpt
for the assumptioca of imprecision of the original discrep-
ancy scorcs. Scveral argunenvs may be levelled against
this assumption.

Whatever crror might occur in the discrepancy judg-
ments of individuals must be, first of all, error due to
simple unrcliabillty rather than systematic bias. This is
clearly truc, since the phenomenn under study are perceptions
of obscxvers, and criteria for systematic misestimates
of perceived discrepancics must assumec the a priori oxis-
tence of ¥true perceived discrepanciles®™ whose values are
indeopendent of the perceptions of human observers. In

o e 4+

scientist; onc cannot pe systematically in error in reporte
ing one®s perception. This would reguire not misperceiv-
ing "reality®, but misperceiving one’s own pereceptions.

In this important sense, no systematic crror of cstimate
could ever be -etected, and its existence or non existence
beconcs a nctaphysical natter.

Cnc might argue, however, that, at least in the case
of psychopnysical measures (such as loudness, distance,
color, cte.) such a criterion exists. (Torgerson, 1958)
While initinlly appealing, this view is also flawced.

The developnment by scientists of a systematic synm-
bollie proccdurc through which the obscrvations of obser-
vers nay be cncoded conhances the observational capacity
of the observer, so that he/she may experience phenomena
norc systematically and morce precisely than when obser-
vations arc expcericenced and cncoded by verracular coding
systems. Purtheiriore, by pireociscly specifying the oper-
ational »ulc by which obscrvations arc to be made, the
scicntist standaxdizcs the observations of cobservers.

We should expect that, prior to the development of a stan-
dardized nmeasuring rulc, d¢iffcerent observers would differ
widely among themselives, cven, for example, about physical
distances, and that cstablishment of the standard measure
would create inter-cbserver correspondcnce. The inmportance
of this standardization has seldom becn fully recognized,
and there 1s reasoa to belicve that 1t may be the sole
contribution of scicnce to human undcrstanding.
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What we today call physical measures, such as distance,
loudness, light intensiity, and so on, are measurcs
themselves developed by science, and quitc recently. It

is & main thesis of this papcr that developing or

learning such a system of neasure “improves® the perceptual
abilitlics of those who mow the system, and, since it
standardizes the operations of observation across obscrvers,
creates a conscnsual or ¥truc® view, although clearly the
result is not a "truc” vicw in a metaphysical sense.

Rathcer than serving as a "true neasure® against which
psychological discriminations may be vallidated, physical
neasurcs of stimuli ougnt more rcasomably be considered
simply an altcrhative set of procedures for observation which,
although more completc and more consistent, is not meta-
physically morc “correct.” It would be unlikely that ob-
scrvations of the subject using more prinitive vernacular
nethods would yield results idcnticnal to these scientific
procedurcs, but nonetheless these vernacular observations
should not be viewed as in error in nny absclute sense.

We might then expect that the development nnd dissem-
ination of thc measurcment methods described in this paper
would not show their full cffccets lmmedintely. The nmeasurencnt
nethods described here, as is truc of others, are not simply
passive scales upon which the perceptions of respondents
arc projeccted, but rather serve themsclves as symbolic
nechanisas of perception which alter the perccptunl abllities
of thc respondents. They are constructed by the joint
act of scicentist, who speccifics the unit of measure and
defincs rulcs for its application to perceoptions, and the
obscrver, who provides thc referent {(definition) for the
standard unit. Practice in thelir use and communication about
thelr outcomes results in standardization of meaning and
percoption in the same way as vernacular lingulistic symbols
arc developed. Thus a physical scientist should be able to
make distance judgments that are morc nearly cquivalent to
those resulting from scientific procedures than those nade
by non scientists, and surveyors should do better still.
Sinmilarly, audiologists familiar with thec decibel secale
should be able to convert pcrecived loudness into sound
intensity ( a Pphysical® measure) insofar ns they arce
familiar with the logistic relation betwecen the two.
Continucd practicc, both for the individual observer and
the collcetive culturce should yicld increased correspondence
among obscrvers and over time.
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We should not be surprized, therefore, if the im-
mediate application of the procedures for measuring dlscre-
pancy described here would result initially in unrceliable
neasures,; just as we would not be surprized if mombers of
a mathcomatically naive culture made unreliable measures of
distance after a fow minutes of instruction in surveying.
We should cxpecet, however, that the development of a cadre
of scientists tralned in the nethod, along with subsequent
diffusion of the system through the educational systen
should result in increasingly prccisce judgments of discrep-
anclcs by thce populatlon in goneral.

Finally, cven though pirccise and reliablce measurements
of perccived discrepancies by individunls may be a long
way off, nonetheless discrepancy estinatces averaged over
a large sanple of individuals can yield extremcly precisc
and reliable cstimates of discrepancics as perccived by that
aggregate of people cvea now. (Woefel, 19743 Barnett, 1972)
These measures might well be scen as descriptions of discrep-
ancles as scen by the culture from whoan the sample of indi-
viduals is drawn. While we might hope that this theory
and its associated neasurement system can ceventually serve
as a precise tool for the analysis of individual coghitive
proccsses, 1t would scem to be fully able to serve now as
a precisc systenm for the analysis of cultural or macro-
comnunication processes. In fact, recent applications of
thesetechniques to political processes (Barnett, Scrota and
Taylor, 1974) nass nedin coffects (Barnctt, 1972), Cultural
definitions of sex roles (Saltiel, 1974), and cven individual
cognitive processes (Marlier, 1974) have shown greant promise
ceven at this carly stage.

Should this linc of reasoning prove correct, comnuni-
cation scientists night well consider less willinghess to
scttle fer the weaker and lecs satisfactory aon netric ap-
proach and concentrnte greater effort on the more difficult
but potentislly more rewarding task ofestablishing mensurcs
sufficiently prececisc Lo fit the metvric model. Perhaps more
importantly, thce development of n general theory of discrep-
ancy nay well lave important conscgucnces for physical sclence
by providing a more comprchensive synbolic represcntation
of thec relationship of human observers to what are now con-
sidered physical phenomena.,
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