FUTURE TRENDS IN GALILEO THEORY AND RESEARCH

Joseph Woelfel

The Character of Galileo Theory

The purpose of this chapter is not to predict the future
course of Galileo research, but rather to make suggestions as to
how future research might be conducted with greatest advantage.
The first question which must be addressed in such an attempt is
whether any such efforts ought be mounted at all. This 1is
especially so in the case of Galileo type research, because the
Galileo theory and method is substantially different from
mainstream social science theory and research.

Most social scientists, explicitly or implicitly, accept the
common distinction between social and physical science, and view
their work as different not only in substantive focus but in form
and method from that of physical scientists. Galileo workers, of
course, understand that the object of their science is indeed
different from physical science, since they study human cognitive
processes rather than non-human or non-living systems. But
Galileo methods of research appropriate to that theory differ in
no fundamental way from those of their colleagues in the physical
sciences. Even after nearly 20 years of research, this remains a
radical view. A fair answer to the question of whether the
effort to create such a theory should continue must address the
question of its early success or failure.

The first prerequisite of this assessment is a full
understanding of just what the theory must prove in order to
justify its own continued existence. This is a crucial question,
ind some workers have erroneously believed that the theory has,
and indeed must, set out to show that human cognitive processes
obey Newton’s laws of motion or perhaps a relativistic or quantum
variant of them.

This is a serious misunderstanding. In fact, our initial hope
was that a theory identical in form and method to physical models
might be applied to human cognitive processes. In essence, this
means that a model of cognitive processes might be constructed
which is based on the same variables, uses the same mathematical
forms and the same measurement procedures as physical models.

The first primitive concept of the Galileo model, like that of
physical science, is the object. The object in Galileo theory is
meant to have the same epistiemological status as the "point
mass" in physical science. The next primitive variable in
Galileo theory is the concept of difference or distance, as it is
in physical science. Time, of course, is exactly the same
variable for both physical science and the Galileo model, and 1is
defined and measured identically in both systems.

Once distance and time have been established, it becomes
possible to derive additional variables from these. Changes in
distance represent motion in both systems. The prediction,
explanation and control of these motions becomes the goal of both
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Galileo theory and physical theory. It is true that Galileo
theory expects distance and motion to be defined and measured in
exactly the same way for cognitive processes as for physical mass
points. It is not true, however, that Galileo theory expects the
motions of cognitive objects to obey the same laws as do physical
mass points, although finding out whether they do obey the same
laws 1is an obvious research question.

While it is not necessary for Galileo theorists to prove that
cognitive objects obey the same laws as do physical mass points,
it is obviously essential to show that, within the system, the
concepts of distance, motion velocity, and acceleration can be
defined and measured with sufficient precision and reliability to
serve as the basis for useful theory. Moreover, to fulfill the
initial aspirations of the theory, it is necessary to show that
these variables can be defined and measured in identically the
same formal way as they are in physical science, otherwise they
are simply different concepts disguised as physical concepts,
which at best might be a misleading analogy and at worst a
confusing and frustrating detour from the construction of a
useful social science.

The second thing that Galileo theory must establish in order
to justify additional attention is that, assuming one can produce
a model of cognitive processes with the properties of a physical
model, there is in fact some advantage to doing so. In fact,
Galileo researchers have traditionally expected two such
advantages: First, they have hoped to make the heretofore
inaccessible mathematical and conceptual results of “he past
several hundred years of physical research germane to the theory
of cognitive processes. In this way, one might borrow vast
amounts of already will «.veloped theory and procedure without
the necessity for developing everything de novo. Secondly, many
have seriously hoped and expected that the physical procedu es--
particularly the measurement proredures, would actually work
better than common practice in the social sciences. (In the case
of measurement, of course, "work better" means to produce more
precise, .ore reliable measurements at lower costs of energy and
money.) Finally, some workers have at least held the hope if not
the expectation that some cognitive processes might actually obey
existing physical laws to useful tolerances. If this happy
circumstances were actually to be realized, our understanding of
those processes would be immediately and dramatically enhanced.
It is important to understand that, while such a discovery would
be very welcome, if is not necessary to justify the development
of the model.

While the discussion has so far centered entirely on the
social sciences and our understanding of cognitive processes,
proof that cognitive processes can be modelled by physical
science models might well be deepen our understanding of physical
processes as well. A proven relationship between human cognitive
processes and our collective scientific understanding of physical
experience would have important epistmelogical ramifications,
which might even influence the form of future physical theory.

In this sense, the social sciences might find a new way to
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contribute to the development of physical theory. Such a
consideration is beyond the scope of this chapter, however.

Previous Research

The body of existing literature pertinent to the Galileo model
(see Appendix) is too extensive to permit a thorough review here.
Rather this discussion will consider the preponderance of
evidence concerning the four questions posed earlier: 1) Is it
possible to define a theory of cognitive processes based on key
physical variables? 2) Has the model been able to speed its own
development by access to the physical literature? 3) Have the
models and methods of the theory shown advantages over
traditional social-science approaches? 4) Do some types of
cognitive processes obey physical laws to useful tolerances?

Is it possible to define a theory of cognitive process based
on physical variables? The first variable that must be defined
and measured in the model is the distance between cognitive
objects. In the Galileo model, this is defined as the perceived
difference between these two objects. The procedure by which
this distance is measured is taken without change from the
measurement of physical distances: all distances are measured as
ratios to an arbitrary initial standard distance.

Early research has unambiguously supported the validity of the
definition of distance within the Galileo model, as well as the
precision and reliability of its measurement (e.g., Barnett,
1972; Barnett & Woelfel, 1976, 1979; Brophy, 1976; Danes &
Woelfel, 1975; Gillham, 1972; Gillham, 1983; Gordon, 1976; Gordon
& DeLeo, 1975; Harkins, 1979; Kanaga, 1978; Marlier, 1974;
Marlier, 1977; Reeves & Lometti, 1980; Steward, 1979). Few still
question the workability of the scales, which in general produce
more precise measures for any given level of reliability at any
given sample size than do traditional social science scaling
methods.

More importantly, however, the literature on precision and
reliability of Galileo measures has led to a broadened
understanding of the meaning of precision and reliability. It
has been shown that precise and reliable measures of interpoint
distances, however important, are not themselves sufficient for a
powerful theory. This is entirely due to the propogation of
error inherent in the calculation of derived theoretical
variables. Thus, however reliably two distances may be measured,
the difference between those distances -- that is, the result
obtained by subtracting one from the other--will be known to
substantially less precision. Similarly, the ratio of two
distances will be less precisely known than either of the
component measures. This problem grows progressively more serious
as the level of deriviation grows higher. (This fact, of course,
is not particular to Galileo-type measures, but holds true for
any measurements whatever.)

While propogation of error is well known in physical science,
and is discussed in some statistics texts written for social
scientists, its implications have long been overlooked within the
social sciences. In the past, most social scientists have
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typically asked the question of reliability dichotomously; i.e.,
is a scale reliable or not? Typically, arbitrary but accepted
"cutoff" levels, such as test-retest coefficients of .90, have
been set to answer this form of question. Investigators now
understand, however, that increasing precision is a never-ending
goal, since the power of a theory is directly proportional to the
level of precision of its fundamental variables. Simply put, the
more precisely derived variables which become meaningful. Thus,
with typical Likert-type or Semantic-differential type measures,
distances may be measured with reliability, but changes of
distance and ratios of changes of distances may be quite
unstable. As precision grows, such derived variables as motions,
velocities, accelerations and forces, inertial mass, energy and
power become meaningful and measureable. Several studies have
shown that motions can be reliably and precisely measured by
current Galileo methods. Some have shown that velocities can be
precisely and reliable measured, and a few have shown it is
possible to measure even accelerations, forces and inertial
masses to statistically meaningful tolerances. To date, no
Galileo study has yet attempted precise and reliable measures of
kinetic energy or power, but measures of potential energy exist,
and extrapolations from existing studies show that such measures
ought to be attainable at reasonable levels of expenditure.

A fair summary of the existing research record would clearly
indicate that the variables distance, time, motion, velocity,
acceleration, force, mass, energy and power can indeed be defined
and measured within the Galileo framework, and few ~ritics
question the precision and reliability of Galileo measures any
more.

Not only has research showed that Galileo variables can be
measured precisely, but studies have shown the results are
meaningful and useful in an unusually large number of substantive
areas, as Barnett (Appendix) has indicated. Again, the research
record shows that Galileo methods produce meaningful (valid)
measures of variables of real utility in a wide array of
substant:ve areas. In fact, no study has shown any substantive
area within which Galileo measures fail to work at least as well
as methods usually applied by researchers in the area.

A fair reading of the research record clearly indicates that
it is possible to construct a theory of cognitive processes based
on traditional physical procedures. Whether such a theory will
ultimately account for cognitive processes as precisely as other
physical theories account for their subject matter has not yet
been resolved. But it is clear that under no known circumstances
is the present theory less satisfactory than alternative social
science models.

Has the theory gained access to the physical literature?

A key advantage claimed for the Galileo model is the
appliability of such of the literature of mathematics and
physical science to the development of the model. Indeed, since
this literature is so highly developed, some have suggested this
access alone would warrant developing Galileo theory over other

372



social science theories which may be otherwise equally effective,
but which could not benefit directly from the physical
literature. A fair question to ask of Galileo theorists, then
is: to what extent have such applications been made to the
benefit of the model?

The essays in this book as well as the accompanying
literature, show extensive applications from the body of physical
literature. These applications can be classed fairly into four
groups: mathematical applications, procedural or methodological
applications, theoretical applications and computational
applications.

Mathematical Applications

Clearly the earliest application of the mathematical
literature to the Galileo model is the transformation to
principal axes by which Galileo coordinates are obtained.
Although most readers will have become familiar with this
operation through the psychometric literature concerning
multidimensional scaling, the actual motivation for this
transformation originated in the physical notion of the principle
axes of an inertial reference frame. All mathematical operations
involved in the Galileo model are chosen to implement this |
physical notion of the inertial reference frame. This has led to
important differences between the Galileo model and typical
psychometric and multidimensional scaling practice. :

The first of these differences is the complete extraction of
all principal axes, including imaginary axes. The resulting
Galileo coordinate system is thus often non-Euclidean or
Reimannian. Material developed in mathematics and physics to
deal with Riemannian spaces has lent substantial support to the
development of Galileo theory. This means that large bodies of
important mathematical theory and application have been made
pertinent to the study of cognitive processes.

A second important difference is the mathematical system of
rotations and translations used by the Galileo model. While
rotations and translations are sometimes applied in psychometric
and other social science applications, there is considerable
disagreement about the criteria to be maximized or minimized by
such transformations. In the Galileo model, however, the central
notion of an inertial reference frame has given definite
mathematical form to the Galileo rotations and translations.
Again, previous physical understandings (cf. Goldstein, 1951, for
example) have been adapted to the Galileo model to spend
development greatly.

Similarly, the application of the algebra of vectors to
cognitive processes has made possible a compact and powerful
theory of cognitive change, which includes a powerful engineering
application, the "Message Generator" system (Woelfel, Holmes,
Cody and Fink, chapter 12). Extensions of this model were
greatly facilitated by access the mathematical literature on
differential equations, which make possible very powerful
theories of attitude formation and change like those discussed by
Kaplowitz and Fink (chapter 7) and cultural change (Kincaid,
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chapter 6). Finally, systems of differential equations of very
great generality and power (cf. "Variational Principles Of
Communication, chapter 8) have made possible very general
theoretical statements.

Procedural (Methodological) Applications

The Galileo model has borrowed very extensively from the
physical sciences for procedures and methods of research.
Already noted are the extensive application of measurement
notions. More importantly, however, the physical model shows its
impact in the general understanding of the research process. The
Galileo model has seen increasingly that investigators view the
experiment as a system for gathering, analysing and interpreting
information as an ongoing process rather than as a snapshot in
time. In the most powerful of recent Galileo type experiments, a
measurement system and a control system whose values are
monitored over relatively dense (by social science standards)
intervals of time. At some point in the process, the treatment
system(s) are perturbed, and the time-dependent behavior of the
treatment system(s) are compared to that of the control system.

Theoretical Applications

The earliest application of physical theory directly to the
Galileo model is the application of a Newtonian Balance of Forces
model to attitudes and beliefs (Woelfel & Saltiel, . hapter 3).
This theory was almost immediately generalized to its vector from
(Woelfel, Holmes, Cody & Fink, chapter 12). Consideration of the
time-dependent behavior of cognitive systems led quickly to a
consideration of the Theory of Harmonic Oscillators, which lies
at the foundation of much modern Galileo theory (Kaplowitz &
Fink, chapter 7). Similarly, generalizations of these theories
have led to incorporation of much material from thermodynamics
and information theory (Kincaid, chapter 6).

Of course, no scientist would suggest that any theory has been
"confirmed" or proven, but it is fair to say that these theories
have already been shown to fit cognitive processes in a wide
variety of contexts to useful and practical tolerances, and
typically more closely than realistic alternative theories drawn
from the social sciences. Continually improving precision of
measure can be expected to provide increasingly precise tests of
the applicability of these theories in the future, and this may
be considered a fruitful area for future research.

Computational Applications

The Galileo model is perhaps unique in the social sciences in
the extent to which it has produced a dedicated set of computer
software. While clearly a great deal of powerful computer
programs have been written and are commonly used by social
scientists, the motivation for such programs typically has been
methodological. Social science software, such as causal
modelling, network analysis, cluster analysis, multidimensional
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scaling software, and even more the general utility packages such
as SAS and SPSS, is seldom associated with any specific theory,
but rather were written to embody specific methodological
operations generally applicable to a wide range of theories.
These programs are used by theorists from a wide array of
positions. Galileo software, on the other hand, has to an
unusual extent been written to serve the needs specifically of
Galileo theory. Each mathematical operation performed by Galileo
software is specifically required by some premises of the theory.

The Galileo Program

Most widely known of the software associated with the Galileo
model is the Galileo Program. This program was developed over
many years to carry out the most basic analysis in Galileo
theory, particularly the generation of the coordinates of
cognitive objects in the Galileo space. Less well known,
however, are the extensive programs written to support the entire
Galileo research program. The computer plays an integral role in
the Galileo model. Interactive software has automated most
phases of the collection, analysis and reporting of Galileo
observations. Depending on the level of resources available,
current Galileo computer aided models can gather data from
arbitrary populations and display the resulting cognitive and
cultural process within minutes of their clock time. 1In fact, a
major advantage of the Galileo model has been its ability to
generate and analyze large (by social science standards) volumes
of data per unit cost, both in time and money.

A typical 100 item social science questionnaire which
restricts responses to five response categories can yield a
maximum of 232.2 bits of information per respondent. TIf it takes
two weeks to design, test, manufacture, distribute, and code such
a questionnaire, then research using such a technique can gain
about 232.2 bits of information from one respondent in 2 weeks.

A typical 15 concept Galileo questionnaire (105 pair
comparisons) can yield a maximum of 1774 bits per respondent.

But the extensive software which designs, prints, administers and
codes these highly standardized questionnaires makes it possible
to collect data within hours of the onset of research, and to
continue collection continuously over long intervals of time.
Whereas common experimental practice in typical research might
measure only one, two or perhaps three intervals of time, Galileo
research often observes effects over thirty or more intervals.

The precision with which cognitive and cultural processes can
be measured is closely related to the volume of information the
measurement system can produce pertinent to those processes over
the time interval of the process. Since the Galileo theory is so
specific about the form of many research operations, specific
algorithms could be encoded into computer programs relatively
readily. This means, in turn, that Galileo procedure make
particularly precise description of cognitive and cultural
processes.
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Computer Measurement Systems

A discussion of measurement and experimental procedures,
mathematical theory, and computer programs separately does not
emphasize sufficiently the extent to which these components
comprise a measurement and analysis system. When implemented,
they constitute a measurement technology with specific
characteristics.

Traditional research models in the social sciences can be
characterized as measurement and analysis systems with a
relatively long set-up period, a brief period of data collection,
and a relatively extended period of analysis. By contrast, the
computer-based Galileo model has a very short set up period
(usually only a few days or even a few hours), a lengthy period
of data collection (in some cases, years), and a very rapid
analysis, usually repeated and updated frequently during the
measurement period. Principle results of Galileo studies are
available within hours and even minutes of data collection.
Galileo research is to some extent similar to automated
measurement and analysis systems in physical laboratories. 1In
The Galileo model, research is a process which goes on
continuously through the life of a study, while traditional
research 1s like an event, conducted at a specific point in time.
The parameters of such a system are not appropriately described
by terms developed to describe traditional social science
methods. Instead, such a system is best described 'and
evaluated) in terms of the amount of information it can acquire
and evaluate in a given period of time at a specific cost. Since
the Galileo model is an information system, it may be described
in terms of its baud rate, bandwidth, resolving power and i:s
energy and monetary efficiency.

Similarly, the kinds of phenomena which may be described using
the Galileo model are widened. As we have seen, the data usually
considered by older methods may also be examined by means of the
Galileo model. But experiences previously undetectable by older
modles may now be described. Clearly the attitude change models
of Fink and his associates, and the thermodynamic processes
described by Kincaid and his coworkers represent processes which
could not be studied adequately by older models, but which can be
examined by Galileo methods.

Many of the processes made visible by Galileo technology are
of great applied value, and the commercial market for Galileo
technology has grown substantially over the last decade. Exact
figures for the overall size of the annual Galileo market are
difficult to obtain, significant investments in Galileo research
can be found in many industries internationally.

The Future of Galileo Research
Certain trends in the development of the Galileo model seem
clear. First, increasing precision of measure has been a

longstanding committment of Galileo researchers, and this trend
seems likely to continue. Along with this increasing precision
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has come traditionally an increasing sophistication of theory,
particularly theory concerning processes. Future research should
show increasing attention to very high level derived variables,
such as energy, work, power and efficiency. A third pattern of
Galileo research has been a continuing expansion of the range of
substantive problems to which it has been applied. Applications
in Anthropology, Geography, Sociology, Political Science,
Management, Psychology, Education, the Humanities, Business and
Government are likely to be continued and expanded, while the
complexity of processes within each of these disciplines which
may be examined will continue to grow.

The extreme generality of the Galileo model, of course, forms
the basis of its applicability to a wide variety of fields of
interest. At the same time, however, its unique (within the
social sciences) methodology has made the Galileo model
relatively inaccessible to the traditional social scientists. As
a result, the set of Galileo researchers has tended to develop
into a special subset of mathematically and scientifically
oriented users in a multitude of disciplines. This is in
distinction to a more typical diffussion process for a more
traditional theory, which may spread among a methodogically
diverse group of workers in a single discipline. While
originating in Sociology, for a time Galileo theory developed
principally within the field of Human Communication Research, but
most Galileo research is now performed and published outside that
field. Similarly, because of its great generality, Galileo has
proven more usable to mathematically and scientifically oriented
researchers in other countries than to less mathematically
inclined Americans. The mathematics and science in the Galileo
model provides a common language across international boundaries.
Indeed, it is easier for scientists in two different countries to
communicate about Galileo research than for Galileo researchers
to communicate with members of their own cultures who are not
familiar with mathematical and scientific notions.

Future developments are very likely to see a continuation of
this interdisciplinary and international development of Galileo
theory, without the central focus of a specific yield. Galileo
research is likely to continue and increase the extent to which
it is centered on certain cognitive and cultural processes rather
than on a specific named discipline.

These expansions will to a large extent depend on continued
development of the mathematical and computing model underlying
the Galileo model. Most important will be the continuing
development of the Galileo system as a set of programs resident
on a growing telecommunications system. Advances 1in Galileo
technology will take their most visible form as increases in the
number of access ports to the system, increases in the volume of
data which can flow through the system in a unit of time and in
increasing ease and economy of access tO the system. Applied
Galileo research might be most fruitfully devoted to these ends.

On a theoretical level, the early success of borrowing theory
from physical science has not diminished, and much basic research
might well be directed toward more such efforts in the future.

In particular, the models of attitude change as a special case of
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damped harmonic oscillation seems to be a very fruitful area for
future work as does the developing understanding of intercultural
communication as a thermodynamic system.

There seems little doubt that the greatest potential value of
the current Galileo model to commercial research lies in the area
of interactive information systems. Some companies already
maintain on-line access to continually updated Galileo data
bases, and much present and future applied research ought to be
devoted to moving every closer to real-time analysis of cognitive
process on an economical basis.

This brief discussion, of course, can only hint at the
broadest of outlines of the past and future of Galileo research.
But, no matter how attractive such prospects may appear, the most
important area for research has always been and always will be
research into the foundations of the theory. A theory is always
most vulnerable during its earliest periods, and this is an
appropriate time to develop an understanding of the somewhat
arbitrary foundations of any theory. The profoundest progress
requires not the full elaboration of a good theory, but the
complete overthrow of a good theory to replace it by a more
satisfactory model. The most important research of all,
therefore, will be research which undermines the fundamental
premises of the theory in a way which leads to the development of
more useful premises and a more useful theory.
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