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Summary

In psychology, many kinds of data are collected, and most of them are roughly categorized
as questionnaire data, and so-called nonverbal data such as changes in facial expressions. The
questionnaire data belong to verbal data expressed in audio-visual symbols such as characters
and languages. As a result, personal differences among researchers are rarely reflected in the
data itself. On the other hand, nonverbal data essentially varies according to where the
emphasis of observation is placed, since each expert pays attention to a different part of the
target face in the process of data collecting. Nonverbal data, therefore, is eventually assessed
at a discussion by several experts. Since questionnaire data is easily quantified, statistical
methods such as correlation analysis have so far served as formulas for analysis. On the other
hand, nonverbal data, such as changes in facial expressions are usually assessed at a
discussion by several experts who have gone amassed considerable experience after hard
training in data extraction and evaluation.

This thesis mainly introduces the discrete wavelets transformation, a new method of
orthogonal linear transformation which appeared at the end of the 20th century, into the
analysis of psychological data such as questionnaire data, and proposes a technique that will
be assessed minutely and objectively. The thesis also proposes a technique using the Fourier
transformation in combination with the wavelets transformation to analyze nonverbal data
such as image data on facial expressions, and organizes a series of studies on an essential
technology that will provide objectivity and a computer-aided assessment system for the
evaluation of nonverbal data.

More specifically, in view of the current situation, with the explosive and extensive spread
of personal computers in recent years, not only in the academic field but also in every
industrial field in society, makes it is possible to streamline human-oriented types of work.
This thesis proposes an essential technology for a computer-aided system of psychological
data processing, and discrete wavelets transformation, a relatively new mathematical
technique, is applied as a main mathematical method for the processing of a human-oriented
type of psychological data, in which the stochastic theory of statistics is mainly used as a
mathematical method.

This thesis consists of five chapters in all: the first chapter is an introduction, including
outlines of conventional methods for psychological data processing and the purposes of this
thesis.

The second chapter describes a theoretical basis for analysis and its applications. This thesis
is a fusion type of research in literature and science that covers the psychological field, which
belongs to the humanities, and the fields of applied mathematics and image processing, which
belong to science and engineering. Therefore, this chapter first describes wavelet
tarnsformation that takes into account the viewpoint of the psychological field. More
specifically, questionnaire data, which have been obtained as psychological data, are regarded
as vectors in a linear space and are then analyzed by the discrete wavelets transformation. The
discrete wavelets transformation is a kind of linear transformation that sorts data into
mutually orthogonal data, and linearly independent data at each level, which has been sorted,
i1s inversely wavelet-transformed one by one. Questionnaire data are sorted into linearly
independent data, which are mutually orthogonal. In other words, this is the application of
wavelet multi-resolution analysis to questionnaire data. The thesis proposes a new method of
assessment focusing on the rate of change of linearly independent, orthogonal questionnaire



data is thus obtained. The results obtained by this new method of assessment are compared
with conventional statistical techniques.

Consequently, the thesis first demonstrates that, in addition to conventional statistical
techniques, the use of the wavelets transform makes it possible more closely to capture the
reaction of respondents between questionnaire entries, and more minutely to clarify the
similarity of respondents. Incidentally, the Daubechies function with an order of 2 has been
adopted as a wavelets basis function in this thesis because its mathematical interpretation is
clear. Second, while it is difficult to express accurately the relativity to non-linear data and
non-linear terms (those functions higher than second powers are usually called non-linear
terms in psychology because they are not proportional terms) using only correlation analysis,
the use of wavelets multi-resolution analysis makes it possible to analyze minutely the
correlation between non-linear terms. Furthermore, an index of similarity has been developed
herein by calculating an inner product between vectors with a standardized norm of one.

The third chapter proposes a computer-aided technique for the analysis of nonverbal data
on changes in facial expressions. Concerning the analysis of nonverbal data, Ekman &
Friesen and others mainly focused on the analysis of babies’ expressions in 1975. Essentialy
they describe describe emotions such as desire, satisfaction, pleasure and sorrow, and how
these appear in comparison with normal expressions. From the viewpoint of image
processing, it is possible to extract such emotions through differences between visual data on
normal expressions and visual data on other expressions. However, it is impossible to prevent
the moments of the entire face when the subject is a baby. Therefore, highly trained experts
have so far extracted changes in expressions in their discussions. In other words, the
processing of nonverbal data is a difficulty process in which highly skilled experts make
unique assessments.

This thesis is aimed at developing an essential technology for a computer-aided system
featuring image processing, which will eliminate as many human-oriented factors as possible
in the processing of nonverbal data. Taking into account the viewpoint of a conventional
expert on psychological data, the discrete wavelet transformation, which is used as basic
image processing, is first described. Then the Fourier-wavelets transformation, in which
changes in the face moving on the screen are extracted by combining the Fourier
transformation and the wavelets transform, is described using a simple example. In the
Fourier-wavelets transformation, the Fourier transformation is used to eliminate a
spatial-phase difference between object images, while the wavelets transformation is used to
extract differences in object images. The basis function for the wavelets transformation
adopted herein is Coifman’s basis function with an order of 30, a basis function of the highest
order. The reason why a basis function with the highest order has been chosen is that a
higher-order basis, even if it is a lower-order wavelets spectrum, contains components with
high spatial frequency, and small changes can be extracted by a level-zero one wavelets
spectrum alone. The chapter states that the burden on experts is dramatically reduced by
applying the technique to specific data (babies’ and adults’ expressions). Furthermore, the
thesis adds that more objective results can be obtained compared with conventional
human-skill-oriented methods.

The last chapter states that the technique proposed in this thesis is applied to human assistance
systems, mainly the development of human assitance robots and methods of assessing images
with a healing 1/f fluctuation. Finally, the method proposed in thesis is applied to the
field of clinical psychological data processing. As practical case study, this makes
it possible to facilitate the analysis of drawings produced by patients, and carry



out the clinical evaluation interpretation of them according to 1/ fluctuation.
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