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Abstract The use of the concept of plausibility is proposed for the comparison of
psychological or physical images of an object with extremely complex structure. This
concept helps the process of developing new image of an object that is not captured
by the past observational data. It is argued that this process is the essential aspect
of statistical thinking developed by original thinkers in various fields of scientific
research with the aid of a model. The use of plausibility helps this process of thinking.
A practical example is given by the analysis of golf swing motion.
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1 What is statistical thinking?

When we make a decision without complete knowledge of the subject we make some
inference on the possible outcome of the decision. The decision in this case can-
not be reached by deductive handling of available information and contains inherent
uncertainty. There is a need of logic or methodology for the handling of this uncer-
tainty.

Pierce discussed three types of uncertainty, probability, verisimilitude or likeli-
hood, and plausibility (Buchler 1955, pp. 166-167). Pierce defined plausibility as the
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representation of very low level of certainty of a theory, as illustrated by his statement
“if it be highly plausible, justify us in seriously inclining toward belief in it.” The use
of probability and likelihood has been well developed in the conventional theory of
statistics but the concept of plausibility or reasonableness of a statement of an object is
left undeveloped. Pierce also discussed abduction, the act of developing a hypothesis
(Buchler 1955, pp. 151-156). The evaluation of plausibility is closely connected to
this activity of abduction. It is important to recognize the fact that a theory of very low
level of certainty is usually handled as a hypothesis.

A hypothesis is originally developed through a psychological representation of the
state of an object. A typical example of the use of psychical entities in mathemat-
ical investigations is given by the testimonial from Professor Einstein presented in
Hadamard (1996, pp. 142-143). There it is mentioned that in the case of Einstein
these entities are of visual and some of muscular type and the play with these ele-
ments is aimed to be analogous to certain logical connections one is searching for.
This example clearly shows the importance of modeling by physical or psychological
representation of an object as the starting point of a scientific investigation. How-
ever there is always some kind of uncertainty in the handling of this type of models
and this suggests the necessity of a methodology for the effective reduction of the
uncertainty.

Statistical thinking was originally developed to construct an image for the handling
of an object with extremely complex structure. Typical example is the case of han-
dling of a nation by the ruler. Without proper image of the collection of people it is
impossible to decide on the proper choice of governmental action. Obviously in this
case there is no unique choice of the image and some kind of subjective judgment is
necessary. In this connection it is known that Adolph Quetelet developed the concept
of Social Physics to handle the dynamics of a country. The subjective nature of the
image in these cases is quite clear.

Also the image of the distribution of molecular velocities adopted by Maxwell is
obviously a conceptual image. Boltzmann further developed the use of the distribu-
tion for the handling of entropy and this finally led to the introduction of the concept
of quantum by Max Plank. These are well-known historical events in physics. The
justification of the use of such an image is provided through the confirmation of the
predicted results. These examples clearly demonstrate the subjective nature of the
image developed for the handling of scientific problems.

With these facts in mind plausibility is defined here as the psychological measure
of acceptability or reasonableness of a model represented by an image of an object and
is intended to help the subjective process of comparison of such models. Statistical
thinking is effectively developed by successively improving the image through the
process of increasing the plausibility by proper use of available information.

The image may be psychological or physical and is eventually expressed by a
verbal representation to make it communicable to others. Although the model is orig-
inally defined subjectively it becomes useful for others through the accumulation of
successful examples of its predictive use. Eventually this provides an objectivity or
inter-subjectivity to the model. It must be emphasized here that there is no mathemat-
ical or mechanical representation of an object when an original investigation starts,
particularly for an object with extremely complicated structure.
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1.1 Critical review of the enigmatic basis of the theoretical statistics developed
by Fisher

It must be recognized that the monumental paper of Fisher (1922) of the foundations
of theoretical statistics is based on the assumption of the knowledge of the functional
form of the distribution. Fisher clearly recognized this basic aspect of the theory and
handled it as the problem of specification. It is mentioned that the problems of speci-
fication are entirely a matter for the practical statistician and that “Evidently these are
considerations the nature of which may change greatly during the work of a single
generation” (Fisher 1922, p. 314). The brilliant results due to the introduction of the
concept of likelihood are based on the assumption of the knowledge of true distribu-
tion that produced the present observations. However, the nature of the concept of true
distribution is left untouched. This shows the enigmatic character of the basis of his
theory of theoretical statistics.

The introduction of AIC (An Information Criterion) by Akaike (1973) that is often
called Akaike Information Criterion produced a solution of this enigma. The Infor-
mation Criterion /(g : f) that measures the deviation of a model specified by the
probability distribution f from the true distribution g is defined by the formula

I(g: f) = Elogg(X) — Elog f(X), e))

where E denotes the expectation with respect to the true distribution g of X. The cri-
terion is a measure of the deviation of the model f from the true model g, or the best
possible model for the handling of the present problem. Here the following relation
shows the significant characteristic of the log likelihood;

I(g: f1) —I(g: f2) = —E(log f1(X) —log f2(X)). 2

This formula clarifies the intersubjective nature of the log likelihood as a measure-
ment of the closeness to the truth that is useful even when the truth g is unknown.
This observation provides a basis for the use of likelihood f(x) as the measure of
plausibility of a probabilistic model f based on the observation x. In this connection
it should be noted that Boltzmann (1878) introduced a quantity equal to —7(g : f)
defined with g equal to uniform distribution and f the present molecular distribution
as a representation of the thermodynamic entropy of a gas.

2 Necessity of the reasoning for modeling

Although the introduction of the Information Criterion /(g : f) provided a reason-
able measure for the comparison of models it does not eliminate the role of statistician
as the provider of a new model. The modeling in this case starts by developing an
image of the object suitable for a particular application. To realize the approximation
to the best possible model successive refinement of the model or image is required.
This is actually the process of improvement of plausibility with the help of available
information.
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The plausibility of a model can be checked by the information supplied by the
Informational Data Set (IDS) defined in Akaike (1997) as the set of available objec-
tive and empirical knowledge and observational data to be used for the construction of
the model. The plausibility is then evaluated by confirming both the logical consistency
and predictive efficiency of the model with the information provided by the IDS. The
content of the IDS may be expanded with the development of modeling, for example,
by adding the result of practical application of the model. Systematic effort for the
increase of plausibility realizes the refinement of the model even without specification
of the model as a probability distribution. This is the common sense approach usually
adopted in the modeling of an object with significant complexity.

3 Actual process of statistical analysis

What is usually called statistical analysis is not an analysis of the meaning of a given
set of data but simply a representation by some coordinate system arbitrarily chosen
for the convenience of representation. Popular examples are the principal component
and factor analyses. Results of application of these methods cannot provide practical
meaning by themselves. It is the process of interpretation of the result by the user that
makes it practically useful.

The actual process of analysis of an object with unknown complex structure is
the process of trial and error of modeling by the use of available knowledge. In this
process the inference on the connections between the elements of IDS is necessary
to reach a practically useful model. The construction of such a model is realized by
the process of synthesis of the information supplied by the IDS. The synthesis aims at
reaching a model of the object that allows the use of the information for a particular
purpose. This process requires the recognition of the nature of the environment where
the application of the model is intended.

3.1 Verbal representation of a concept

Usually further synthesis of synthesized concepts is necessary to reach a practically
useful concept or a model. A concept obtained as the result of such synthesis usually
requires a complex representation. This causes difficulty for its application. This is
particularly so in the case of human use of a synthesized concept for the performance
of a skill.

Simplified representation of a concept by proper use of language is necessary to
solve this difficulty. The importance of this process can be seen by the example of the
analysis of bodily movement. The use of language in this situation can be character-
ized as the “use of language for action” and clearly shows the necessity of simplicity
of the representation to assure the performance in practical applications. To represent
an object with a complex structure by a simple image or notation is historically the
basic function of statistical thinking.

The conventional methods of statistics are restricted to the handling of a given set of
observations of some object. Typical example is the fitting of a probabilistic descrip-
tion to a set of observations. Other example is the use of an arbitrary mathematical
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structure for the representation of observations as used in the image processing and
data-mining. These methods are useful for the extraction of some characteristic fea-
tures of a given set of observations by the user but cannot provide the information
necessary for the possible modification of the structure of the object. In the case of
the golf swing analysis to be disused in the following section conventional methods
can provide mechanical representations of currently common styles of swing motion
but cannot suggest the possibility of a new style of motion.

4 Golf swing analysis

The characteristic feature of actual process of modeling can be seen by the example
of golf swing analysis. An example of statistical modeling of the golf swing motion is
given in Akaike (2001). However, the main part of the modeling in this paper takes the
form of a mechanical combination of two types of almost independent components
of motion obtained from the information supplied by the IDS. This type of modeling
eliminates the possibility of introduction of an entirely new type of motion. In this case
systematic application of plausibility for the evaluation of tentatively proposed models
or images by the use of available information allows the realization of an entirely new
type of swing motion. In this case clear definition of the objective of swing motion is
the prerequisite.

The final objective of the golf swing motion is to carry the ball to the desired target
position. However in the present paper attention is restricted to the basic problem, the
realization of powerful straight shot with sufficiently high trajectory. This demands
the modeling of the motion by effective use of the biomechanical knowledge of the
human body along with the use of empirical knowledge.

4.1 Dominant elements of the body and their connections

The main parts of the body related to the swing motion are arms, legs, shoulders,
pelvis and spine. There are several important connections within these parts of the
body and also the very important connection between the body and the earth. This last
connection is basic for the realization of powerful and reliable motion of the body.

4.2 Fight against preoccupation

The plausibility of a model generally increases with the reduction of ambiguity of
the model, though the plausibility of a model must finally be checked by the result of
its application. One particularly important reduction of ambiguity of the golf swing
motion was attained through a serendipitous experience. When the author tried to
check the swing motion of the arms, while lying upward on the bed, a curious
characteristic of the movement of the arms became suddenly clear. When the left
arm was swung to the extreme right and then pulled back to the extreme left, the right
arm connected to this horizontal movement of the left arm by the hands showed a
vertical movements of going up and coming down. This was a serendipitous moment
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(Metron and Barber 2004) that shattered the popular image of swing motion that is
composed of symmetric movements of swinging back and forward.

The next step of the modeling is realized by adopting the simple image of swinging
back by the left side of the body and swinging down by the right side. This image
leads to the swing motion realized by the back swing motion by the right turn of the
lumbar and the down swing motion realized by the left turn of the lumber.

This is extremely condensed description of the swing motion. However, the plau-
sibility of the image can be confirmed by actually swinging the club with this image.
For the reduction of the ambiguity of the image a firm connection of the arms to the
grip of the handle of the club is the prerequisite. This is established by the adoption
of the “magic grip”.

4.3 The “magic grip”

Holding the handle of the club by the palms of both hands, with the right hand in front
of the left hand, and then extending the elbows realizes a grip of hands that places the
index finger of the left hand over the little finger of the right hand. Common grip in the
golf swing is composed of the grip by the last three fingers of both hands. However,
this allows flexible motion of the wrists. By adding the action of pulling the middle
fingers of both hands back to the outside a very tight grip of the handle and a full
extension of the forearms of both side is established.

To characterize the grip thus obtained it is called the “magic grip”. With the estab-
lishment of this tight structure the extension of elbows also induces a tight connection
of legs to the earth. Trial with a full swing motion confirms the expected performance
of this “magic grip” and the plausibility of the model of the swing motion is increased.
The expected performance of the swing motion has been confirmed by hitting balls.

This simple description clarifies the structure of the swing motion that realizes the
“crux image” of the movement of club head generated by the back and down swing
motions. This swing is thus simply called the “crux swing”. Details of the actual pro-
cess of construction and performance of the “crux swing” are described in the author’s
weblog http://ameblo.jp/linear/ (in Japanese).

5 Boltzmann’s view of model

Boltzmann (1902) states “Models in the mathematical, physical and mechanical sci-
ence are of the great importance. Long ago philosophy perceived the essence of our
process of thought to lie in the fact that we attach to the various real object around us
particular physical attributes—our concepts—and by means of these try to represent
the objects to our minds”. He further notes that J. C. Maxwell and other scientists and
philosophers have brought such views into intimate relation with the whole body of
mathematical and physical theory. He further mentions that on this view our thoughts
stand to things in the same way as models to the objects they represent. He further
notes that the essence of the process is the attachment of our concept having a definite
content to each thing, but without implying complete similarity between thing and
thought. This is exactly the use of image as a model of an object. Taking into account
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the originality of the work of Boltzmann in thermodynamics this provides a strong
support of our view of modeling.

6 Concluding discussion

The discussion developed in this paper has shown the necessity and utility of statistical
analysis based on the use of plausibility for the evaluation of verbally defined models.
The systematic process of formation of necessary concepts through the analysis of
available knowledge with verification by experiments actually produced an efficient
new model of golf swing motion. Taking into account the extreme complexity of the
motion of the body this result demonstrates the potential of the systematic application
of the plausibility in the construction of a model. It is hoped that the extension of
statistical analysis obtained by the use of plausibility as defined in the present paper
will find wide application in various areas where the subjects of investigation do not
easily allow representation by mathematical formulas. Hopefully this will eventually
establish the status of statistical thinking as the science of creative thinking.
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