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Abstract

Thinking states are very important factors in the evaluation of and
interaction with virtual spaces. Physiological information is often
used to estimate thinking states objectively. However, it is difficult
to estimate complex feelings numerically from limited physiologi-
cal information. In this paper, we propose a method for the evalu-
ation of thinking states in cyberspace using multiple physiological
parameters. We developed a mapping matrix that converted phys-
iological data into a composite of thinking states. In experiments,
we found that with one mapping matrix the thinking states of dif-
ferent subjects for the same task could be derived. In addition, we
investigated the similarities and differences between six estimated
thinking states by using the mapping matrix.
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1 Introduction

Thinking states are subjective feelings that include information re-
garding a person’s mood, emotions, and thoughts. In this study, we
focus on describing feelings numerically in the context of virtual re-
ality, which will be applied to evaluations of and interactions with
cyberspace. In efforts to construct indexes of thinking states, physi-
ological information has received considerable attention. However,
many previous studies have estimated only a narrow range of feel-
ings, deriving feelings not as numerical values but rough vectors.
Therefore, we hypothesized that a precise estimation of a wide
range of feelings could be achieved by measuring multiple phys-
iological parameters and analyzing them compositely. For this pro-
posed method, we developed a mapping matrix that defines the
weighting coefficients of the physiological parameters for conver-
sion to thinking states.

2 Estimation of Thinking States

In this research, we define physiological information as the biolog-
ical response that occurs unconsciously in humans. Physiological
information is an index of autonomic nervous system activity and
is related to the states of the mind and body.
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Some research has been conducted that combines physiological in-
formation with thinking states. Wiederhold et al. analyzed reac-
tions of fear and rest in a virtual space via measurements of heart
rate, skin conductance and skin temperature [2002]. Meehan et
al. investigated an index for estimating presence [2002]. Based
on an evaluation of physiological information, they concluded that
the most effective method is the measurement of heart rate.
However, existing technologies have two problems.

The first problem is that the thinking states were estimated from an
isolated axis. However, people think and act in a complicated man-
ner and do not experience a single feeling or thought. It is possible
that many thinking states are related to each other in a more com-
plicated manner.

The second problem is that the accuracy of the existing methods is
not sufficiently high. Since physiological information has consid-
erable noise, thinking states are difficult to calculate accurately. It
is difficult to compute the strength of each thinking state by simple
analysis of physiological information.

3 Proposed Mapping of Thinking States

In this paper, we propose a method of estimating of thinking states
in cyberspace using multiple physiological parameters. In this
approach, multiple physiological parameters are measured syn-
chronously and feelings are estimated by matrix calculation using a
mapping matrix (MAP) that relates the measured data to the states
(Formula 1). The strength of the physiological parameters was ex-
pressed as five levels in the mapping matrix. The mapping matrix
defines the weighting coefficients of the physiological information
in the thinking states.
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In this study, we focused on four physiological parameters: Brain
Activity (BA), Breathing Rate (BR), Heart Rate (HR), and Skin
Conductance (SC). The brain activity was calculated from the 14-
27 Hz EEG frequency band. Additionally, we chose anxiety, con-
centration, drowsiness, relaxation, repugnance and amusement as
the thinking states to be estimated in this study. Therefore, MAP is
expressed as follows.
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Es is a 6-by-6 identity matrix. Apa to Fsc are importance fac-
tors of the physiological parameters for tasks (A to F) that elicit a
feeling. These factors were based on the significant differences in
physiological changes when subjects performed the tasks. Wap..



to Wam.. are adjustment weights to normalize the levels of the
thinking states. We set W, in experiment 1 such that all levels of
feelings for the standard six tasks became 5.0.

4 Experiments

4.1 Experimental Purpose and Method

Experiment 1 was performed to establish the mapping matrix. The
subjects were given six tasks: watching a horror movie (Anxiety),
taking a Kraepelin test (Concentration), performing simple click-
ing tasks (Drowsiness), viewing a calm VR beach (Relaxation), lis-
tening to the sounds of a scraped chalkboard (Repugnance), and
watching a comedy video (Amusement). We developed the map-
ping matrix by observing the physiological responses of subjects
during these tasks. This experiment involved five male participants
(mean age 23 years). Each task required about 5 min, and the sub-
jects performed the tasks in random order.

In experiment 2, we verified that the mapping matrix is usable for
other subjects. We obtained numerical values corresponding to
thinking states by using the mapping matrix made in experiment
1. This experiment involved five male participants (mean age 23
years) that did not participate in experiment 1. The tasks were the
same as those in experiment 1.

In experiment 3, we offered other tasks: playing a horror video
game (Anxiety), doing addition continuously (Concentration),
viewing a movie of a fireplace (Drowsiness), listening to classi-
cal music (Relaxation), listening to the sounds of mosquitoes (Re-
pugnance), and watching a different comedy video (Amusement).
These tasks were assumed to provide similar feelings for the sub-
jects. We examined the versatility of the mapping matrix by com-
paring the results with those of experiments 1 and 2.

4.2 Results

We set the weighting factors (Agpa — Fsc) to 3 or 2 or 1 in refer-
ence to the results of a Wilcoxon matched-pairs signed-ranks test
comparing each task and no task (Formula 3). However, weights
were set as minus values in cases in which the measured physiolog-
ical level was minus. In addition, we calculated W,, such that the
values of the thinking states in experiment 1 were 5.0.
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We produced radar charts of the six thinking states from three ex-
periments, as shown in Figure 1.

Compared with the shapes of all graphs, the results of experiments
1 and 2 are similar. We interpreted this result to mean that for the
same task, the mapping matrix can be used for different subjects.
However, the result of experiment 3 suggests that the mapping ma-
trix lacked versatility in this study.

Figure 1 indicates that the tasks for drowsiness and relaxation
evoked a parallel physiological response and that the physiologi-
cal indexes that were measured in this study did not isolate them.
In contrast, since the radar charts of tasks involving concentration
are different from the others, it is thought that mental concentration
is detected easily.

In addition, anxiety and relaxation were equally likely to be evoked
in the task for amusement. It was found that these feelings were not
a one-dimensional mental change.

Task for Task for
Anxiety Concentration ijety

Repugnance Concentration ~ Repugnance Concentration

Amusement Relaxation Amusement Relaxation

Drowsiness

Task for Task for

Drowsiness /l\xiety Relaxation

Repugnance Concentration  Repugnance Concentration

Amusement Amusement Relaxation

Drowsiness

Task for Task for

Repugnance f‘xlely Amuse ment

Repugnance Concentration  Repugnance Concentration

Amusement Relaxation Amusement Relaxation

Drowsiness Drowsiness

‘ ——Experiment 1 -#-Experiment 2 —&— Experiment 3 ‘

Figure 1: Estimated thinking states in experiments

5 Conclusion

Physiological information is related to the thinking states of hu-
mans and is widely used to derive information on thinking states
objectively. However, thinking states have been estimated previ-
ously only from an isolated axis.

In this paper, we proposed a method for evaluating thinking states in
cyberspace using multiple physiological parameters. This method
uses a mapping matrix based on the significant differences in the
changes of physiological information.

In our experiments, we developed the mapping matrix and com-
pared the strengths of the thinking states between different subjects
and tasks. As a result, we found that one mapping matrix was able
to derive the thinking states of different subjects for the same task.
In addition, we investigated the balance of estimated thinking states
that were evoked by various tasks.
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