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ABSTRACT

We investigate characteristics and benefits of speech
advisories with the goal of enhancing human-machine
interaction through their use. Spontaneous speech data
was collected using a simple task. Characteristics of
advisory speech are (1) utterances usually include
redundant information, (2) when redundant information is
included, main information is emphasized by changing
F value, (3) when communication goes well, utterances
often include only necessary information. To confirm the
benefits of speech advisories, we designed an experiment
in which a computer monitors a human operator and
issues verbal advice when the operator makes a mistake.
Results are (1) operators were found to divide into two
groups; i.e., preferred silence and preferred audio output,
(2)they preferred synthetic speech to human speech;
human speech made them feel as if they were being
personally monitored.

1. INTRODUCTION

It is expected that speech input/output can greatly
enhance human-machine interaction. Thanks to recent
progress in speech processing technologies, it has
become easier to apply speech recognition systems or
text-to-speech systems. Now, it is time to seriously
consider applications that make the best use of speech
[1]. From this point of view we investigate the usage of
synthetic speech.

Extensive studies have been done on how to use
speech warnings in aircraft cockpits, and reports indicate
that in some conditions or circumstances, synthetic
speech is preferred to human speech or visual
display[2][3]. Cockpit applications are some of the most
successful examples. Based on past success, we have
used synthetic speech to generate advisory messages[4].
Applications include navigation messages for driving,
messages in TV games, error messages in
machine/computer operation, and so on. Using a simple
task that contains common requirements for the above
applications, we conducted experiments to determine the
following two points.

(1)What should be spoken and how ?

Output messages should be changed according to the
context or situation. For example, it is ineffective to
repeat the same error message when the user repeats
the same mistake. Therefore, we must know what
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kinds of information should be spoken and how to
synthesize such speech.

(2)What are the benefits of synthetic speech?

It is often said that synthetic speech is unnatural and
hard to comprehend. We must determine the benefits
of synthetic speech to minimize the disadvantages.

In section 2, we collect spontaneous speech data
and examine the characteristics of advisory speech.
Section 3 introduces the experiments made to show the
benefits of speech advisory.

2. CHARACTERISTICS OF ADVISORY
SPEECH

The essence of advisory speech is its spontaneity. To
collect spontaneous speech, we designed a task wherein a
person gives verbal advise to another person. Although
speech was collected under human-human interaction, we
believe that characteristics so obtained are applicable to
human-machine interaction.

2.1. Recording setting

Figure 1 shows the recording setting. The monitor and
operator are in different soundproof rooms. The monitor
watches the operator's actions using a video monitor.
The operator hears the monitor's speech through a
loudspeaker, and the speech is recorded on DAT.

2.2. The task

The operator is asked to move cards on a table. Figure 2
shows the table. On the left side of the table, cards of
different colors (red, green and purple) containing
different shapes (cross, circle, triangle and square) are
arranged in a 3 by 4 matrix. On the right side, there are
three empty boxes. The operator repeatedly grabs a card
from the 3 by 4 matrix, and puts it into an empty box
from left to right. When the three boxes are filled, the
three cards form a pattern. The operator is given target
patterns in advance, and asked to form the patterns.

2.3. Speech advisory

The monitor is also given another set of target patterns,
and the goal of the task is to have the operator reproduce
the monitor’s patterns. In some cases the monitor's
patterns differ from the operator's patterns. When
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disagreement occurs, the monitor directs the operator [0
change the appropriate cards.

2.4. Data collection

Humans usually change the message or prosodic
parameter according to situation. This diversity is
important to make speech advisories natural and highly
intelligible. Therefore, we need to collect spontaneous
speech under various situations. To imitate various
situations, we used the following trick in the
experiment. What the operator actually does is to move
the cards according to a prearranged scenario regardless of
what the monitor said. In other words, the operator may Fig.1 The recording setting

pretend to mishear the monitor's messages. The monitor
.

Soundproof room 2

VCR Operator
Camera
DAT

Loudspeaker

e
o

was told prior to the experiment that the operator may
not always hear correctly because of network conditions.
T+, puta card from left to right
under the same contexts from several monitors. >°d< §65< 7 S
The operator's actions are controlled by the 2\
define the operator's action. For example, state "o" ::
means that operator has a card of the wrong color but
monitor's speech, operator grabs a card correct bgth in red green purpld
color and shape. Table 1 shows operator's action in the

This trick allowed us to repeatedly collect speech data
diagram shown in Fig. 3 where the states and transitions
JANIVAN
correct shape, and action "A" means that after hearing
experiments, In action "F->B", the operator starts with a

card wrong in both color and shape, after hearing the Fig.2 The task
monitor's speech, the operator grabs a card correct in

color, then after hearing the monitor's next speech, he GiorO
grabs a card correct in both color and shape. shape Q)
2.5. Experiment conditions /

Six persons participated in the experiments as monitors,
there was only one operator. Every monitor was given
45 patterns where every action in Table 1 occurred 5
times.

2.6. Experiment results

2.6.1. Context dependency of utterance

As an example, we show the utterances made by
monitors to correct either card color or shape; i.e., the

Fig.3 Operator's states and (ransitions

information should refer to either color or shape. Table 2 Table 1 Operator's actions
shows the most and second most frequent patterns of e

o ! 1 2 3
monitors' utterances. The patterns were classified by utterances
content words; i.e., colors and shapes. For example, A C—B | g—C—3
"shape” was applied to messages such as "no, triangle!" ransitions g g:ﬁ F—D—A
or "that is circle” and so on, "color-shape" was used for F—B

messages such as "that is red triangle” or "green circle!!”
and so on. By referring Table 2, let's consider the context

dependency of the utterances. Table 2 Context dependency of utterances

As the first utterance, monitors frequently used Contexts Occur- Conteats of utterances
"color-shape" patterns (55% and 24%). That is, monitors rence state "o state "B"
did not always utter just the necessary information, but 1st | "color-shape” 55% | "shape” 30%
. . The first utterance

tended to utter redundant information. In terms of the 2nd | "color” 13% {"color-shape” 24%
second utterance, after the operator followed the  Thesecond utterance after | 1st | "color” 55%] "shape” 55%
monitor's directions, the monitors frequently used either _the operator complied 2nd | "color-shape” 31% | "color-shape” 24%
color or shape(55% and 55%). On the other hand, after  The second utterance afier | 1st | "color-shape” 46% | "color-shape” 30%
the operator ignored the monitor's directions, the _the operator did not comply| 2nd| “color” 33% | "shape” 2%
monitors frequently uttered both color and shape(46% The third utterrance Ist | "color” 52% | "shape” 2%
and 30%). As shown here, utterance content depends on 2nd| “"color-shape” 38% | "color-shape” 32%

what happen immediately before the utterance. When
communication goes well, the monitor uttered only
necessary information. This is often seen in daily life;
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we omit the words that can be clearly understood in the
context to achieve comfortable speech communication.
However, the contents of the 3rd utterance do not depend
on the operator's previous responses; i.¢., utterances do
not seem to depend on the previous two actions, only
the monitor's personality. The monitors exhibited two
strategies. One was to utter only necessary information
such as "color" or “shape”, the other type was to utter
redundant information such as "color-shape”.

2.6.2. Role of fundamental frequency

The maximum F( values of the content words were
extracted from the "color-shape” utterances that were
recorded as the first utterance in the previous section.
Figure 4 shows average values for every monitor. This
figure clearly indicates that F( height changes with the
situation. For example, when monitors point out color,
they decrease the F( height of shape to emphasis color.
When they point out shape, they increase the Fg height
of the shape utterance. As shown here, even if monitors
utter the same "color-shape” utterances, their F( patterns
are carefully controlled to match the situation.

2.7. Summary

The directions produced by the monitors changed with

context and/or situation. These above results provide the

following useful guidelines.

(1)Monitors tended to issue redundant information.

(2)When redundant information is used, the main
information is emphasized by increasing its Fg
value.

(3)When communication goes well, monitors often utter
only the necessary information.

3. AN EXPERIMENT TO CORRECT
HUMAN ERRORS BY AUDIO OUTPUT

To confirm the benefits of speech advisories, we
designed an experiment in which a computer monitors a
human operator and issues verbal advice when the
operator makes a mistake.

3.1. The task

The task is similar to the previous one. An operator
selects a card, and moves it. Figure 5 shows the
computer display window used in the experiments. The
left side holds cards of different colors and shapes in a 3
by 4 matrix. The right side displays one card with an
empty box beneath it. Using the computer’s mouse, the
operator was required to select the card from the 3 by 4
matrix, that matches the card shown above the box, and
drag it to the box. During mouse operation, card
positions in the 3 by 4 matrix were changed at random
over 100 ms intervals. Because of this random changing,
the operator sometimes selected a wrong card. In this
case, the computer provided audio output to indicate the
mistake. The operator then tried to select the correct card.
In the experiment, the operators were asked to finish this
operation as quickly as possible.
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3.2. Data collection

To fairly compare the performance of different kinds of
audio outputs, it is necessary to collect data under the
same contexts or situation. Therefore, according to a
predetermined scenario, we sometimes changed the card
immediately after the operator selected it. The operators
can not distinguish this from the mistakes caused by the
random changing of cards.

3.3. Experiment conditions

Each session consisted of 45 card selections. For 18
days, a session was performed every morning and
afternoon by 7 users. To investigate the benefits of
speech advisories, we controlled two factors; kinds of
audio output and mistake frequency. Audio outputs were
silence, buzzer, human speech, and synthetic speech.
Human speech consisted of speech segments recorded in
section 2. Prosodic parameters to synthesize speech were
extracted from the human speech. Mistakes were forced
either once in two selections or once in six selections.
During the experiments, click time and release time of
mouse bottom were recorded. After the experiments, we
gathered information by questionnaires and asked
operators to write their opinions on the operation in a
format-free style.

3.4. Experiment results

Operators were found to divide into two groups. Figure 6
shows the audio output preference scores for the two
groups. Figure 7 and Fig. 8 shows minimum and
maximum time for operators to become aware of their

color should be changed
shape should be changed
color and shape should be changed

color shape color  shape color shape color shape

operator]l operator2 operator3 operatord

Fig. 4 Context dependency of fundamental frequency
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Fig.5 The display window
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mistakes, and to select the correct cards, respectively.
The first group (operators 1, 2 and 3) preferred silence.
For them, audio output was just redundant information,
because they recognized their mistakes from the display.
They reported that audio output of any kind was so noisy
that they could not concentrate on the operation itself.
As shown in Fig. 7 and Fig. 8, in the case of operator 2,
synthetic speech lengthened the times taken. This
indicates operator 2 was disturbed by synthetic speech.
The second group (operators 4, 5, 6 and 7)
preferred audio output, they reported that it made them
notice their mistakes more quickly, and that they enjoyed
interacting with the machine; the feeling was game-like.
As shown in Fig. 7 and Fig. 8, operator 7 seemed to
effectively use audio output to decrease his response
time. The other interesting point is that 3 people
preferred synthetic speech to human speech; human
speech made them feel as if they were being personally
monitored.

3.5. Summary

The results are summarized as follows.

(1) The user should be able to freely select audio output.

(2)Advisories using speech or synthetic speech might
encourage users to continue boring works by
introducing a game-like feeling.

(3)The artificial impression of synthetic speech helps
users recognize it as a machine, which has the
advantage that they do not feel that they are being
personally monitored.

4. CONCLUSION

This paper has showed the context dependency of
utterances. Experimental results indicate that to
synthesize output speech, we have to change not only
the contents of messages, but also their fundamental
frequencies. Increasing the fundamental frequency makes
it possible to indicate the most important information,
and to generate different meanings without any change in
the content words. This might be one of the important
aspects of speech output. We also showed the benefits of
synthetic speech. An interesting point is that by hearing
human speech, some of participants felt as if they were
being personally monitored. This result suggests that the
artificial impression of synthetic speech may be an
advantage.
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