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Introduction

The concept of "inertia” has played an important role in
understanding communication processes since the Greeks. Even
today the concept of inertia lies at the root of many theories of
communication processes, although often under other names. The
notion of "momentum" in political campaigns, for example, and the
notion of the "bandwagon" are everyday concepts that imply
inertial undertones. Although the connotations of such inertial
metaphor are fairly clear, only recently has the notion of
inertia begun to gain clarity and operational significance in
communication theory. This is not surprising, since the concept
of inertia as it is now understood did not emerge in physical
thought until Buridan in the 13th century, and a precise and
general formulation of the role of inertial forces in physical
motion was not forthcoming until much later in the work of
D’Alembert, Newton and Lagrange (Moody, 1951; Woelfel and Fink,
1980) .

The last several years have seen the introduction of a new
model of cognitive and cultural processes which can serve as the
basis for particularly clear and precise definition for inertia
and related concepts (Woelfel & Fink, 1980). This model assumes
that the definition of any object of cognition (either for
individuals or for cultures) is given by its location relative to
other relevant objects within a multidimensional continuum or
space whose properties are determined by the pattern of
interrelations among the objects. In most situations observed,
the space is curved or Riemannian.

The theory in this form is a model of the utmost generality.
It’s most primitive concept is the notion of "object", which is
defined as "anything which can be designated or referred to"
(Blumer, 1967). A second related primitive concept is the notion
of difference or dissimilarity. Stimuli are assumed to be
associated or differentiated on the basis of perceived
dissimilarities or "distances"™ from other stimuli. Thus objects
thought to be very different are located far apart while objects
thought to be similar are located close together. Stimuli too
similar to be distinguished from one another make up a single
object. Formally the meaning of any object is given by its
pattern of dissimilarity or distance relations with all other.

Unlike typical psychometric practice in the related area of
multidimensional scaling, where the structure of the space is
generally assumed to be of small dimensionality and Euclidean
geometry, common practice in this model is to derive the
structure and geometry of the underlying space empirically from
the distance relations themselves. Typically the space generated
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from a set of distance relations among objects taken from a
domain of interest to communication researchers is of relatively
high dimensionality (e.g., greater than ten dimensions).
Moreover, for most domains measured so far, the geometry of the
space seems to be generally non-euclidean and specifically
Riemannian. Theoretically, Euclidian spaces are characterized by
consistent distances among objects, that is, objects close to
each other may both be close to a third object, or objects both
far from each other cannot be simultaneously close to a same
third object. Technically these relations are referred to as the
"triangle inequalities", and the triangle inequalities relation
is preserved when any two distances for any triangle formed by an
three objects are at least equal to the third distance among that
set.

When these relations are violated (as they often are for real
communication data, two objects may be far from each other but
mutually close to a third object. Such a relation is impossible
in a Euclidean space, since no such triangle can be made to fit
on a flat Euclidean plane. Such non-euclidean triangles must
instead lie on warped or folded planes which are technically
called "Riemannian".

Changes in the meaning of any object are represented within
this model by motions of the object relative to others in the
space, and thus all processes in individual or cultural beliefs
may be modelled as motions of objects in the multidimensional
space generated by these dissimilarity relations.

The power of the model comes at once from its extreme
generality and consequently high applicability across substantive
areas of interest. The theory is indifferent to what kind of
objects it models, and in fact virtually every substantive area
of interest to communication researchers has been cast within
this theoretical framework at one time or another.

Among the areas to which the theory has so far been applied
are Intercultural (Adams, 1978; Barnett, 1974, 1975, 1978, 1979;
Harkins, 1978; Kincaid, 1979; Barnett & Kincaid, 1980; Stewart,
1979; Wallace, 1979; and Wigand & Barnett, 1976); Organizational
(Albrecht, 1979; Barnett, 197%a; 1979b; 1980; Brophy, 1977;
Taylor, 1977; Taylor, Farace & Monge, 1976); Political (Anderson,
Anderson & McCroskey, 1978; Barnett, 1978; Barnett, Serota &
Taylor, 1975); Block, Woelfel, Dinckelacker & Saxton, 1979;
Serota, 1976; Serota, Cody, Barnett & Taylor, 1977; Serota, Fink,
Noell & Woelfel, 1975); Mass Communication (Baldwin, Greenberg,
Block & Stoyanoff, 1978; Barnett & Kincaid, 1980; Barnett &
McPhail, 1979, 1980; Danowski & Stoyanoff, 1977; Gordon, 1976;
Gordon & DelLeo, 1975; McPhail & Barnett, 1977; Stoyanoff, 1976,
1978; Stoyanoff & Danowski, 1977; Woelfel & Barnett, 1974);
Language (Barnett, 1975, 1976, 1977, 1978, 1979, 1980); Methods
(Barnett, 1972; Barnett & Woelfel, 1976, 1978, Danes & Woelfel,
1975; Gillham & Woelfel, 1977; Gordon, 1976, Gordon & DeLeo,
1975; Harkins, 1979, Marlier, 1974, 1977a, 1977b; Wisan, 1972;
Woelfel, 1973); Non-verbal (Brandt & Barnett, 1976, 1980; Kanaga,
1980); Interpersonal (Cody, 1976, 1977; Danes, Hunter & Woelfel,
1978; Saltiel & Woelfel, 1975; Wakshlag & Edison, 1975; Woelfel,
Cody, Gillham & Holmes, 1980; Cushman, Valentinson & Brenner,
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1980); General Theory (Cody, 1980; Cody, Marlier & Woelfel, 1975;
Dinkelacker, 1978; Kanaga, Woelfel & Phillips, 1979; Serota,
1974, 1976; Woelfel, 1976, 1980a, 1980b Woelfel & Fink, 1980;
Woelfel, Holmes, Cody & Fink, 1977; Woelfel & Saltiel, 1978);
Information Storage and Retrieval systems (Cole, 1979); Marketing
and Advertising (Block, et. al., 1979; Dinkelacker & Block, 1980;
Korzenny, Stoyanoff, Ruiz & Ben David, 1978; Siegel, 1980;
Woelfel & Kaplan, 1978); Sociology (Gillham, 1972, 1974; Saltiel,
1978; Woelfel, 1975; Woelfel, Newton, Holmes & Kincaid, 1979)
Criminal Justice (Gillham, 1980; Mistretta, 1976, 1977);
Communication Education (Kanaga, 1978); Women’s Studies
(Kokinakis, 1979); Energy Conservation (Levy, Kilburn & Greene);
and Health Communication (Nels-Frumkin, 1978).

Although limits of space obviously preclude a detailed review
of this very extensive literature here, the most salient feature
of the literature taken as a whole is its positive and even
enthusiastic tone. Without exception, the authors cited above
find the general theory in its specific application to the
substantive area studied performs as well as or better than the
much less general theories specifically developed within the
area, and indeed offers significant advantages as well. Among
the most commonly mentioned advantages are greatly enhanced
precision of measure, holistic, complete and general coverage of
the topic, and enhanced computational capabilities. While most
of the field of Communication may fairly be called "pre-
paradigmatic" in a Kuhnian sense, (as Barnett, 1980, has pointed
out, clearly this work on the other hand seems sufficiently well
defined and widely adapted to qualify as a paradigm in normal
science.

The "enhanced computational capabilities” of the theory
follow most directly from the fact the general theory, consisting
of mathematical points moving through a general Riemannian space
includes physical points and physical space as a special case.
This immediately gives rise to the possibility that the motions
of general objects in space may obey the equations which describe
the motion of physical points in space. Since physical points
are a special case of the more general theory, it is impossible
to deduce this conclusion, which rather must be derived
inductively from empirical instances. In other words, whether or
not the motions of any general points in space fits the same
equations as the motions of physical points turns out to be an
empirical question not answerable by logic alone.

Although the data gathered within the multidimensional
configuration is as yet still too sketchy to form the basis for
well-informed theory about the motions of elements in the space,
several speculative models have been put forth. Woelfel and
Hernandez (1969) suggested that the earlier finding that
individuals’ attitudes tended toward the mean of the attitudes of
their significant others (Woelfel & Haller, 1970) would be
expected if points in the multidimensional space were to obey
Newton’s Laws of motion. This hypothesis has been further
elaborated by others (Saltiel & Woelfel, 1974; Woelfel & Saltiel,
1978; Woelfel, Holmes, Cody & Fink, 1977; Woelfel & Danes, 1980;
Woelfel & Fink, 1980, Barnett, 1980).
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None of the theorists cited think it likely that data will
confirm a simple Newtonian model to more than an approximation,
although most do note that such a model fits observations better
than any known alternative in a wide variety of substantive
areas.

By a "simple Newtonian model" we mean a model in which
objects are represented as points in an empty, frictionless
space, in which the functions of positions of the points in time
are independent of each other. Extensions of the model to the
case of multiple objects and generalization of the Newtonian
equations into their relativistic form have been proposed
(Woelfel, et. al., 1977; Woelfel & Fink, 1980, Woelfel, Barnett &
Dinkelacker, 1979).

Other treatments suggest gravitational effects, restoring
forces, and dissipative forces (like the effects of friction or
viscosity) should be expected (Woelfel and Fink, 1980; Woelfel,
1979; Barnett and Kincaid, 1979). These extended models are not
less "Newtonian" than the simple models, but they are less
simple, since they contain empirical coefficients needed to
modify the simple model to conform to experience. As a first
premise, the model assumes that objects associated with each
other in a message will approach each other in the space. If the
space is Euclidean, then the theory predicts they will approach
each other along a straight line segment, whereas if the space 1is
Riemannian, theory predicts the object will approach each other
along the geodesic or straightest curve which joints them.

Further elaborations derived from the same premi-es suggest
that messages which associate a single object with some set of
other objects will approach the geometric center of those other
objects along the straightest line (Woelfel, Holmes, Cody and
Fink, 1977).

The geometric center is given by the position vector R

R = (rp + ro + ... + rk)/k (1)

where ry,rp,...,rx = the position vectors of each of
the objects in the message.

the number of objects in the
message.

k

These authors note that this hypothesis would require
adjustments should the objects prove differentially resistant to
acceleration, in which case the objects might be expected to move
toward the center of mass of the set of associated objects,
rather than toward their geometric center. The adjusted equation
is

R = (mlrl + moro + ... + mkrk)/(ml + my + ... + mk) (2)
where my, mp, ..., M = the relative masses of the
objects.
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Previous Research

Several empirical investigations of these models have been
reported. Usually these are longitudinal measure-treatment
measure or random assignment to treated or untreated conditions
followed by measures of the chances in mean distances observed,
and/or correlations of observed motion vectors with the vectors
predicted by (1) or (2) above. With one apparent exception
(Craig, 1977) these studies show the model usually shows a fairly
good fit to observations. Barnett, Serota and Taylor (1976), for
example, and Serota, et. al (1978) show that the direction of
motion of a political candidate conformed to the direction
predicted for the candidate by equation (1) above fairly closely.
Cody (1980) showed in a laboratory experiment manipulating
perceptions of public figures and politicians that the predicted
trajectories of candidates associated with other concepts and
candidates seemed to correlate highly with the trajectories
predicted by equation (1), although some discrepancies are noted.
(Cody’s correlations for several treatment conditions range from
.7 to .9). Similarly, Woelfel, Cody, Gillham and Holmes, (1980)
showed that the mean distances among a set of attributes and
message sources changed about as (1) would predict, with only
minor reservations.

Craig (1976) presents what seem to be the only clearly
negative findings in the literature, but closer analysis
indicates Craig’s conclusions may be suspect. Craig, in a two-
point lagged experimental design, attempts to change
undergraduates’ perceptions of names of nations by exposing
subjects to brief paragraphs describing similarities among pairs
of countries. Thus, for example, after measuring students’
perceptions of the magnitudes of difference among pairs of names
of nations, Craig has the same students read a paragraph in which
both Portugal and Brazil are described as Catholic countries,
Portuguese-speaking, parliamentary democracies under the control
of military juntas who share trade relations and common
traditions. He then reasons that the theory predicts the two
country names will approach each other upon subsequent
remeasurement.

While the general line of argument is correct, the specific
operationalization is not in line with theory, since the theory
does not in fact predict the two country names will approach each
other along the line segment connecting them, but rather the
theory predicts that each country name will approach the midpoint
of all the attributes used in the paragraph. Since Craig did not
measure the locations of these attributes it is impossible with
his dataset to determine whether or not the country names move as
the theory predicts.

In spite of this, Craig’s analysis remains useful, since he
is able to show that the instruments are quite reliable within
the experimental design and that the predictions for stability of
the unmanipulated concepts which the theory makes unequivocally
are born out (Craig, 1977).
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Some research does point to the inertial mass hypothesis as a
useful extension of the theory. Saltiel and Woelfel (1975), in a
six-month lagged panel field study in Peoria, Illinois, showed
that the generalized American values of 120 high school students
did indeed show differential resistance to change over the six
month interval, and further showed that these inertial properties
of the attitudes showed significant relations to the amount of
information the students had about the attitudes prior to the
onset of the study. Danes, Hunter and Woelfel, in a
randomization-treatment-measurement laboratory experiment
repeated in two independent trials showed that attitude and
belief changes resulting from the treatments fit the inertial
mass model very precisely and better than two plausible
alternative models (Danes, Hunter and Woelfel, 1978).

As useful as both these studies have been, however, neither
of them tested the hypotheses in a multidimensional context.
Barnett (1980) presents findings specifically relevant to
inertial processes. He hypothesizes, following Woelfel and
Saltiel (1978), and Danes, Hunter and Woelfel (1980) that, on the
average, the inertial masses of synonymns ought to be
proportional to their frequency of occurrence. In a specifically
multidimensional experiment he finds the hypothesis supported for
three synonymns, pig, swine and hog, but finds discrepancies for
the concept boar.

While plausible, however, the relationship between the
Thorndike-Lodge index used by Barnett and the actual frequency of
occurrence of these synonyms among the sample in Bar =ett’s study
is not know, and some of the words are of relatively low
frequency, so that order fluctuations for different samples
should not be considered unlikely. Overall, Barnett describes
his findings as consistent with the Woelfel-Saltiel hypothes-=s.

Barnett’s study stops short, however, of providing numerical
estimates of the inertial masses of the synonyms along with
estimates of the precision of the masses. The present study
attempts svecifically to calculate numerical estimates of the
masses of common concepts in a multidimensional configuration.

Theory

The concept of inertial mass is frequently misunderstood even
in a physical context. Even Newton erroneously defined mass as
the quantity of matter in a body, and this erroneous definition
lies at the basis of conceptual difficulties in applying the
concept of inertial mass to non-material experiences such as
attitudes and beliefs. Mach correctly pointed out the logical
circularity inherent in Newton’s definition and went on to define
inertial mass as that property of an entity which resists
acceleration. This definition makes no reference to the physical
substance out of which an object may be composed, and is
sufficiently general to be applied to non-material classes of
objects such as attitudes and beliefs.

Mach further pointed out the dependence of the concept of
inertial mass on the frame of reference within which observations
are carried out. Fundamentally, acceleration is a measureable
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quantity even of non-material objects, since it refers only to
the rate of change in the rate at which any object is changing
its position. Thus if an attitude or belief is stable and,
following some intervention, begins to move, the rate at which it
changes its velocity at any instant may be taken as its
instantaneous acceleration. If other factors are equal -- that
is, if several attitudes are exposed to the same or equivalent
forces -- their relative inertial masses may be calculated as the
inverses of their observed accelerations.

Since both motion and acceleration must be gauged relative to
some frame of reference, inertial masses may be validly
calculated only within a specified reference frame. Mach’s
illustration of this state of affairs is that of a pair of
magnets floating on the surface of a pan of water. When left
alone, the two magnets will approach one another and meet.

Since, by worldwide convention, we define the forces acting on
each of the magnets as the same in magnitude but opposite in
direction, their inertial masses relative to the pan may be taken
as the inverses of the respective distances each travels
(relative to the pan) prior to colliding. Inertial mass,
therefore, is never a matter of direct observation, but is always
calculated as the inverse of measured accelerations relative to
some arbitrary reference frame (Woelfel & Fink, 1980).

Hypotheses

The first hypothesis in any scheme which requires an inertial
reference frame is that such a reference frame can be established
reliably and to precise tolerances. In the Galileo
configuration, such a reference frame is given by the eigen
structure of the centroid scalar products matrix derived from the
k x k dissimilarities or distances among the reference concepts.
(These distances are obtained by the measurements described
earlier.) Analysis methods are described in detail elsewhere
(Woelfel & Danes, 1980; Woelfel & Fink, 1980); Barnett & Woelfel,
1979).

If a suitable reference frame can be established to useful
tolerances, the second hypothesis central to an inertial model
requires that inertial masses may be measured precisely and
reliably. Although more ambitious hypotheses are possible, the
purpose of this chapter is to test these two fundamental
hypotheses.

Method

The first step in testing any inertial hypothesis is to
establish a frame of reference within which accelerations may be
measured. In order to define a relatively stable frame of
reference, 15 well known occupation names were selected from a
larger list found earlier (Saltiel, 1978) to represent the set of
occupations to which most students in a consolidated rural school
district in Montana aspired.

In a control condition, 195 undergraduate students at
Michigan State University and at the University of Hawaii read a
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one paragraph press release suggesting that a fictitious Federal
Agency was about to publish a dictionary of occupational titles,
and then immediately filled out a GallleoTM type complete pair
comparison questionnaire on which they estimated the
dissimilarities among the 105 pairs of occupation names relative
to an arbitrary standard which suggested that Postman and
Bankteller were 100 units apart (i.e., these two occupations
differed by 100 units).

The administration was carried out independently in two
different years at Michigan State University, and simultaneously
but independently the second year at the University of Hawaii.
Since the results of these three administrations showed the
control groups for all three administrations were nearly
identical (See Table One) data from all three administrations
were pooled for later analysis.

Roughly one-fifth of each of the three groups (Michigan 1977,
Michigan 1978 and Hawaii 1978) were assigned to the control
condition. The other four-fifths were randomly assigned to one
of four treatment groups. The treatment groups read a news
release identical to the control condition except for the
inclusion of a single sentence embedded in the text: "Did you
know, for example, that the occupations A and B are highly
similar? 1In treatment 1, A and B were respectively hairdresser-
and journalist. . In treatment 2 they were hairdresser and artist.
In treatment 3 they were journalist and artist. In treatment
four the sentence was modified slightly to read "Did you know,
for example, that the occupations artist, hairdresse: and
journalist are highly similar?" 1In all, 195 students responded
to the control condition, 161 to treatment one, 151 to treatment
two, 153 to treatment three, and 159 to treatment four. This
gave a total sample for all conditions of 816 cases.

These data were entered into Galileopy version 5.5 at SU Y at
Albany for analysis. The control group was set as the criterion
space in the MAINSPACE option, and each of the treatment
conditions were rotated to a weighted least squares best fit to
the contro. space. The occupation names in the treatment groups
Artist, Hairdresser and Journalist (3, 7 and 11) were set as free
concepts. This set of options causes the program to rotate all
concepts, but to measure least-squares goodness of fit against
only the stable concepts, that is, all but the treated occupation
names artist, hairdresser and journalist. Choosing this pattern
of options is equivalent to fixing the occupation names other
than artist, journalist and hairdresser as a set of reference
points against which the relative motions of artist, hairdresser
and journalist may be gauged. In effect, these stable occupation
names serve as the pan in Mach’s experiment.

Precision of the Reference Frame

Estimates of the precision and reliability of the reference
frame can be calculated readily within the present design, which
includes separate samples of the same population one year apart
(Michigan 1976-77 and 1977-78), and different populations
(Michigan and Hawaii) at the same time (1977-78). Since the
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occupation names chosen are among the most commonly chosen
occupations, it may be reasonable to expect these well-known
occupations to remain relatively stable in meaning across a
single year period. Moreover, the economic structures of Hawaii
and Michigan are quite different. A precise and reliable
measurement system might be expected to show larger differences
petween the Michigan and Hawaii data sets in the same year,
therefore, than for the Michigan data one year apart.

To measure these differences, data from each of the three
samples of the control condition, (Michigan 76-77; Michigan 77~
78; Hawaii 77-78), were assigned coordinates in joint coordinate
systems. Procedurally, data from all three samples of the
control condition were input into the Galileoqy version 5.2
computer program at SUNY at Albany. The eigenvectors ("factors")
or dimensions of the scalar products of the second Michigan
administration were rotated rigidly to a least squares best fit
with the first Michigan administration (Woelfel, Holmes &
Kincaid, 1979). Distances between the location of each point in
the second administration from its counterpart in the first
administration were calculated, as were lengths of the position
vectors of corresponding occupations in the two administrations.
These data are presented in Tables 1 and 2.

TABLE 1 N
Mean Distances Across Three Samples (Control Condition)

Samples Compared

Michigan 77-78 Michigan 78-79
Michigan 78-79 Hawaii 78-79
1. Accountant 66.3 77.3
2. Teacher -6.0 114.4
3. Hairdresser 41.2 70.6
4. Doctor -19.3 75.5
5. Secretary 51.1 63.0
6. Politician 72.4 74.3
7. Journalist 46.1 65.9
8. Carpenter 40.4 52.4
9. Farmer 56.2 28.2
10. Plumber 60.0 86.6
11. Artist 35.3 -34.1
12. Construction Worker -49.9 58.0
13. Veterinarian 42.5 46.9
14. Computer Programmer 10.3 80.8
15. Nurse 50.1 80.8
Mean Distance 33.11 58.97
Standard Deviation 34.41 34.15

*Maximum value set at 5000.
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Table 1 gives the distance each occupation has moved from its
position at the first time of measurement, along with the average
distance moved. The average distance moved (33.11 plus or minus
8.9), is about one-third the distance between Postman and
Bankteller, the criterion pair.

TABLE 2
Lengths and Orientations of Occupation Position Vectors
for Michigan 1977-78 (T1) and Michigan 1978-79 (T2)

t; length t, length correlation angle**

1. Accountant 147 177 .93 21
2. Teacher 98 164 .98 11
3. Hairdresser 209 205 .96 16
4. Doctor 206 198 .98 10
5. Secretary 145 152 .93 21
6. Politician 189 177 .91 25
7. Journalist 157 157 .92 24
8. Carpenter 158 148 .96 17
9. Farmer 179 186 .94 21
10. Plumber 173 174 .94 21
11. Artist 165 157 .97 13
12. Const. Worker 183 164 KKK * K %
13. Veterinarian 167 181 .97 14
14. Comp. Prog. 144 149 .99 10
15. Nurse 141 143 .86 30

Maximum value set at 5000.
The angles are expressed in degrees.
*** The angle is imaginary.

* %

Table 2 gives the distance each occupation has moved from the
center of the space (that, is, the length of each position
vector), and the angle included between position vectors of
corresponding occupations in the two datasets. Both these tables
are evidence for very modest change over the year’s period. As
Table 1 shows, the difference between the Michigan sample and the
Hawaiian sample taken in the same year (1977-78), are
substantially higher than are differences between the two
Michigan datasets measured a year apart. These findings are
consistent with the hypothesis of precise and reliable
measurement suggested above. Taking the face value of the mean
movement between the two Michigan measurements (Table 1) as a
measure of error is conservative, since it assumes no change
whatever in the viewpoint of the population over the year’s time.

Table 3 shows the correlations between corresponding
dimensions of the two Michigan datasets, including measures of
their lengths and the angles included between corresponding pairs
across the two datasets. The high correlations between
corresponding dimensions over the year’s period extends to many
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dimensions, with even very short dimensions showing large
correlations. Moreover, several of these dimensions are
imaginary, indicating the space is a Riemann space in the present
operationalization, so that the extended Riemannian equations are
required.

TABLE 3 .
Lengths and Included Angles Among Dimensions for Micgigan 1977-87
and Michigan 1978-79 (Control Condition)

Dimension t; length  t, length correlation angle™*
1. 398 378 .98 13
2. 326 312 .96 16
3. 238 259 .94 20
4. 214 211 .92 23
5. 172 228 .96 16
6. 134 148 .75 41
7. 121 126 .64 50
8. 107 139 77 40
9. 58 142 .79 38

10. 45 59 .59 54

11. 00 11 *xx * ok

12. 00 80 .15 82

13. 79 127 .77 39

14. 98 108 .83 34

15. 123 133 .48 62

* Maximum value set at 5000.

x*x The degrees are expressed in degrees.
xx* The angle is imaginary.

In general these results seem substantial evidence that a
stable reference system can be established. In the present
instance, motions as small as a third of the distance between
Postman and Bankteller may be reliably distinguished with only a
third of the available sample size (the control condition is
divided in three for these tests, but the full control group is
available for the main analyses). Realistically, the errors are
likely to be smaller than these conservative estimates.
Moreover, the coordinate system underlying this reference frame
is reliably Riemannian in this case. Warp factors ranging from
1.11 to 1.15 show that the deviation from the Euclidian is not
large. The Warp Factor (Woelfel & Fink, 1980) is given by the
ratio of the sum of the positive roots to the sum of all the
roots. 1If negative roots are present, indicating a Riemannian
configuration, the sum of all roots will be smaller than the sum
of only the positive roots, and thus the ratio will be larger
than unity. In the present case, ratios of 1.11 to 1.15 across
the control and all treatment groups are not large.
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Estimating the Masses

The general logic of Mach’s experiment suggests that the
masses of a pair of objects may be determined up to an arbitrary
multiplier as the inverse of the ratio of their motions when
exposed to a force which pulls them together. As implemented in
the present experiment, several non-redundant estimates may be
made of the relative masses of each of the three concepts or
objects manipulated in the design. 1In the condition in which
concepts 3 (Hairdresser) and 7 (Journalist) have been associated
with each other of "pulled" together, the masses of each can be
estimated by the ratio of distances each has moved from the
control condition. Similarly, in the 3-11 condition, the
relative masses of concepts 3 (Hairdresser) and 11 (Artist) can
be estimated as the inverse of the ratio each of these has moved
from the control condition. 1In the 7-11 can be estimated.
Moreover, the last treatment condition, in which concepts 3, 7
and 11 are all pulled toward a common point, provides another
independent way in which the appropriate ratios can be
calculated. The redundancy of design, therefore, allows for
direct estimates of the precision with which each mass has been
measured.

Distances each concept has moved from the control condition
are calculated as follows. First, due to the arbitrary
orientation of the eigenvectors of each treatment space, each
coordinate system (i.e., control and the four treatments) are
translated so that their respective origins lie at t! = centroid
of the 13 unmanipulated concepts. Secondly, each treatment space
is then rigidily rotated until the Riemannian distance between
the unmanipulated concepts in the treatment group and in the
control group, summed over all unmanipulated concepts, is a
minimum. (Details of this rotation algorithm are provided in
Woelfel, Holmes & Kincaid, 1979 [chapter 12]). The Riemannian
distance between any two points is given by the square root of
the sum of squared coordinate differences between treatment and
control condition for those points. Since the coordinate system
is itself a Riemann space, some of these coordinates are
imaginary, and hence the squared difference between them will be
negative, so in practice computing the Riemannian distance only
requires keeping careful track of the signs of the terms in the
distance equation.

Table 4 gives the distances moved by each of the manipulated
concepts across all treatment conditions. Ratios of appropriate
pairs of these distances moved from the basis for estimates of
the relative masses. The inverse of the ratio of the distance
moved by. concept 3, for example, divided by the distance moved by
concept 7 gives the ratio of the mass of concept 7 to the mass of
concept 3.
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Distances Moved by Manipulated Concepts**

TABLE 4

Concept Condition
3-7 3-11 7-11 3-7-11 Error
3 189.2% 254.8* 105.3 142.3* (41.2)
7 111.5* 135.6 102.6%* 48.7%* (46.1)
11 99.2 165.8% 78.7* 44 5% (35.3)

* Concept manipulated in this condition.

** Maximum value = 5000.

Table 5 gives the relative masses of each of the manipulated
concepts as measured in each of the two ways described aboveg
(Since the masses are determined only up to an arbitrary
multiplier, they have been normed so that concept 3, Hairdresser,
has a mass of 1.) The first column presents the masses as
estimated from the pairwise manipulations, along with estimates
of the standard error of these estimates. The second column
presents the masses as calculated from the triad condition.

Since inertial masses in general can only be determined up to
an arbitrary multiplier, it is a standard practice to express all
masses as ratios to a standard unit mass. In the present case,
concept 3, hairdresser, was arbitrarily chosen as a unit, and its
mass is thus set at 1. Given this stipulation, the mass of
concept 7 (relative to the arbitrary unit mass, concept 3) can be
calculated from the inverse of the ratio of motions in the 3-7
condition, and the value of concept 11 can be found as the
inverse of the ratio of motions in the 3-11 condition. In the 7-
11 condition, in which concept 3 is not manipulated, the relative
masses of 7 and 11 can be calculated. If the resulting ratio is
normalized to the value of 7 in the 3-7 condition, a new estimate
for the mass of 11 can be calculated. In Table 5 estimates for
the mass of concept 11 are the averages of these two estimates.

In the 3-7-11 condition, all concepts have been manipulated,
and so the values of the masses of concepts 7 and 11 are
calculated directly as the inverse of the ratios of distances
moved by each of these concepts relative to the distance moved by
concept 3.

Estimates of the standard errors of these masses are obtained
first by estimating the errors with which the distances moved by
the manipulated concepts are measured. These estimates were
obtained from the distances moved by the same concepts across the
two Michigan samples of the control condition.
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TABLE 5 N
Estimated Masses and Their Errors

Condition
Concept Observed Pairwise Observed Triad
Mass Error Mass Error
3 1 1
7 1.70 .37 2.92 .43
11 1.85 .26 3.20 .34

* Maximum value set at 5000.

Since no motion across these conditions is to be expected, all
observedmotion can be taken as error. (Estimated errors for the
motions of these manipulated concepts are given in Table 4.)

Given estimates of the errors of the distances moved,
estimates of the error of the ratios of these distances are given
by the formula of Gauss (Gellart, 1978)

Ela/b] = (E[a]/b/ + E[b]/a/)/bb
where E[a/b] = the estimated error of the ratio of a to b
E(a],F[b] = the estimated errors of a and b

/a/,/b/ = the absolute values of a and b.

In spite of the lengt.y chain of computations between raw
measurements and the calculated masses, these estimates show
errors of less than 20%. Even this is conservative, since t e
mass of concept three (hairdresser) is set at one by fiat, and it
therefore error-free; all errors are accumulated in the remaining
masses. Moreover, the correlation between the three masses
calculatecu in the two different ways is .9988, although a
correlation based on only three points can be misleading.

Measuring the Trajectories

As suggested earlier, communication theorists have suggested
that concepts arrayed in multidimensional scaling configurations
might be expected to exhibit dynamic properties over time
resembling those in other mechanical systems. The promise of
this approach depends directly on a demonstration that coordinate
reference frames of sufficient precision and stability to gauge
motions accurately can be produced. Also fundamental to any such
dynamic theory is a demonstration that primitive dynamic concepts
such as force and mass can be defined and measured to precise
tolerances within the reference frame. The present experiment
presents fairly unambiguous evidence in favor of both these
propositions. Evidence presented here shows coordinate reference
frames can be held stable to within only a few percent over a
year’s time within manageable expenditures. Furthermore,
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measurements of the masses of arbitrary concepts conducted in the
present experiment yield estimates of error typically lower than
20%. Correlations among alternative measurement operations show
good agreement and lend prime facie support for the validity of
the procedures.

While the evidence seems to support the validity of the
notion of inertial mass in the present operationalization,
unfortunately even as large a sample as the present one does not
provide sufficient precision to distinguish between weighted and
unweighted models. This is not because the available precision
is small, but rather because the differences between the various
weighted and unweighted models is very subtle in practice. While
the weighted and unweighted models differ in the precise point
toward which concepts are expected to move under message forces,
both types of model, regardless of weighting scheme employed,
predict that the target point for the trajectory will lie inside
the polygon at whose corners the concepts lie before exposure to
treatment. Thus, in a two concept message, both weighted and
unweighted models predict that the target point will lie on the
line segment the point will be located. 1In the two-concept case,
therefore, the correlation between the trajectories predicted by
both models is 1.00. In the three concept condition, both
weighted and unweighted theories predict that the target point
lies inside the triangle formed by the three concepts, although
differing about the precise location of the target point within
that area. Only in the case of very large discrepancies in mass
among the concepts would the trajectories predicted by the
different models differ by a respectable amount. In the present
experiment, these differences are very small, much too small to
be reliably distinguished from each other, as Table 6 shows.

TABLE ©
Correlations among Trajectories Predicted by the Unweighted
Model and Models Weighted by Masses Estimated in the Pairwise and
Triad Conditions.

unweighted pairwise triad
unweighted 1.00
pairwise weighted .989 1.00
triad weighted .970 . 995 1.00

* Maximum value set at 5000. Pairwise weighted and unweighted
trajectories do not correlate 1.00 due to truncation in entering
data to nearest whole numbers.

While the differences between the weighted and unweighted
models are of genuine theoretical importance, their practical
differences are of no real consequence at currently obtainable
levels of measurement precision. Table 7 presents the
correlations between the trajectories of the manipulated concepts
as predicted by the various models and the ‘“rajectories actually
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observed. While the information provided is clearly not
sufficiently precise to distinguish between the alternative
weighting forms, nonetheless these results are of great
importance in light of Craig’s (1975) earlier report. Craig
calculated both the predicted and observed trajectories of all
concepts in his study, and, at the zero-order level, found the
observed trajectories to conform very well to the predicted. He
noted, however, that this was primarily due to the fact that the
theory (correctly) predicted that most of the concepts should
remain stable. He compensated for this by calculating partial
correlations in which the position of the concepts was controlled
and only the net movement predicted and observed were calculated.
In this case, his results were highly negative, showing no
significant partial correlations whatever. Both Craig and the
present authors have suggested artifactual problems in Craig’s
design which could be expected to yield these negative results.

TABLE 7
Correlations Among Trajectories Predicted by Alternate Weighting
Models and Observed Trajectories

Concept /model Treatment Condition
3-7 7-11 3-11 3-7-11
3 unweighted .51 .44 .53
3 pairwise .51 .44 .53
3 triad .51 .44 .50
7 unweighted .64 .35 .48
7 pairwise .64 .35 .51
7 triad .64 .35 .43
11 unweighted .57 .06 .62
11 pairwise .57 .06 .57
11 triad .57 .06 .43

The correlations presented in Table 7 are equivalent to the
partial correlations reported by Craig, but are not subject to
the same artifactual criticisms, since no "extra" material has
been injected into the message to make it more plausible. Craig
is quite strong in his belief that leaving out such additional
material will result in a message which is too unrealistic to
have any measureable effect, and even suggests that the
experimenter is inherently impaled on the horns of a dilemma,
being faced with the choice of presenting either invalid (i.e.,
"noisy") messages, or ineffective messages.

As Table 7 makes clear, this turns out not to be true, since
all but three of the correlations are positive and as predicted
by the theory, and 24 of the 27 correlations are significant at
the .35 level or beyond. All three of the correlations which do
not bear out the theory refer to the motion of a single concept
(concept 11, artist) in a single condition (the 3-11 condition,
hairdresser-artist).
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Although no clear reason why concept 11 should fail to
perform as predicted is readily available to us, it should be
noted that the correlations in Table 7 are correlations among
difference scores and therefore subject to very high
unreliability. Corrections for attenuation (not presented here)
inflate all the values except the three mentioned to 1.0 or
better, and so even the excellent overall precision available
within this study is not sufficient to reject the hypothesis that
the general theory is completely accurate. This evidence is made
even more compelling by the very mild nature of the messages,
unsupported by evidence and embedded in a much longer, paragraph.

Conclusions

This experiment presented here provides good inital evidence
that cognitive and cultural processes may indeed be modelled as
motions in a multidimensional Riemann space. Additionally the
data indicate that such a theory is indeed realizeable at
practical cost with available social science technology. Within
the model, data support the hypothesis that concepts exhibit
measurable inertial properties, that is, that they have inertial
masses which can be measured to useful tolerances.

While theorists have suggested both simple unweighted models
and more complicated inertial weighting schemes to account for
motions observed in the space, the differences between the
weighted and unweighted models is fairly small compared to
current precision of measure, and in any event too small to be
reliably determined within the present experiment.

Future research will need to provide substantially more
precision than the present operationalization in order to
distinguish among these models. Meanwhile, however, there are
other important problems not yet considered in the current
design.

The most important such problem is most likely that, in
experiments like these, all calculations depend on the elapsed
time between the administration of the stimuli and the
measurement of the effect (Woelfel & Saltiel, 1979). This would
be the case if the lag were just enough so that some of the
moving concepts reached their new equilibrium positions while
others were still in motion. Some writers have suggested that
belief and attitude changes might be represented as equilibrium
processes. If true, the tendency of particularly an underdamped
mechanical system to oscillate makes the length of the lag
between treatment and measurement even more critical. Clearly an
experiment which includes measurements at multiple points in time
following the treatment is needed to help resolve these and other
pending issues.

Whatever the outcome of such future research, the present
experiment does show, first, that inertial reference frames of
sufficient precision to measure dynamic processes can be
established on a reliable basis, and second, that the concept of
inertial mass can be established on an empirical basis, and that
in the present case masses can be estimated to useful levels of
precision in a practical experiment. Moreover, motions observed
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within the inertial reference frame conform within the limits of

precision available to a simple yet powerful general theory which
has important implications for prediction and control of cultural
processes in a precise way.
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