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ABSTRACT

In this paper, we examined the effects of the spoken di-
alogue interface in a dual task situation. Omne of the well
suited situations for the use of the spoken dialogue interface
is that including dual tasks, e.g. when several tasks are being
carried on at the same time. In order to develop a spoken
dialogue system, it is important to consider such a situation
and the effects of the spoken dialogue interface in it. It has
been said that the merit of spoken dialogue interface is that
it doesn’t make the user’s manual and visual modalities busy.
Therefore, it is expected that this interface is effective in a
dual task situation. We made experiments to prove this hy-
pothesis. As the result of these experiments, it became clear
that spoken dialogue interface was effective in a dual task
situation and that considering the situation is important for
the design and evaluation of the interface.

1. INTRODUCTION

The recent progress of speech recognition technology is re-
markable, and the application of the technology is expected
to improve man-machine interface. However, speech recogni-
tion is not a perfected technology yet; there is no speech rec-
ognizer that does not make recognition errors. Improvement
of the system interface is necessary to compensate such er-
rors. The multimodal interface is one of such improvements.
Another idea of improvement is to find the application to a
situation in which existing speech recognition technology is
still effective. A simple example of this is a situatiorn which
speech is the only usable input method. It is important to
consider such situations which existing input methods such
as the keyboard or the mouse are impossible to use.

The situation in which a spoken dialogue system is used is
important for the system to be used effectively. It is quite
obvious that the demand of the user will differ whether if
he/she can or cannot use input devices other than speech.
For example, demands for a car navigation system interface
should be different whether the user is driving or not.

Considering previously proposed merits of the spoken dia-
logue interface, input by speech can be effective when the
user’s hands are busy, and output by speech can be effective
when the user’s eyes are busy. This interface is expected to
be especially effective in a situation when the user is working

on several tasks concurrently. In this research, we considered
the effectiveness of the spoken dialogue interface in this “dual
task situation”. :

2. PROBLEMS OF SPOKEN
DIALOGUE SYSTEMS

Numbers of research on spoken dialogue systems have been
made in recent years. In many of such previous research, the
main idea was: “What system or what user is the spoken di-
alogue interface effective for?” However, few researches have
been made focusing on the situation which spoken dialogue
interface is effective for. This is an important problem, since
the user’s satisfaction towards a system will differ depending
on the situation he/she is using it. A realistic example of the
system and the situation surrounding it is shown in Figure 1,
where the user is using the system (a car navigation system)
while driving a car.

Figure 1 An example of the system and the surrounding sit-
uation

In this paper, we considered the situation surrounding the
spoken dialogue system as an essential element of the system
itself.

3. DUAL TASK SITUATION

One of the merits of the spoken dialogue interface is that it
does not make the user’s manual and visual modalities busy.
Therefore, the spoken dialogue interface is expected to be
effective in a dual task situation which manual and visual
modalities are busy in one task. However, few researches
have been made on the effectiveness of the spoken dialogue
interface in such situations.

A “task” is to work towards a goal. A dual task situation



is a situation in which there are several goals, and one is
proceeding on tasks towards those goals. Contrarily, the sit-
uation which one is proceeding on a single task towards a
single goal is called a single task situation.

In this paper, we took up the dual task situation as a situa-
tion in which the spoken dialogue interface is effective, and
examined its effectiveness in this situation. From the results,
we considered the importance of the situation in which the
spoken dialogue interface is used.

4. EXPERIMENT IN THE DUAL
TASK SITUATION

In this paper, we will limit the number of tasks and goals
in the dual task situation to two, and we will refer to the

two tasks in this situation as the “Main Task”, and the “Sub
Task.”

4.1. Method

Objects The object of this experiment is to prove the ef-
fectiveness of the spoken dialogue interface in a dual task
situation. In order to do this, we changed the combination
of modalities for the Main Task and the Dual Task.

Task As the task for this experiment, the subject inputs
his/her response to the system’s output, which is either a
number or a color, by mouse or speech. The dual task situa-
tion in this experiment is made by making the subject work
on two tasks as written concurrently.

We prepared two conditions for the pace of the system out-
put, “force-paced”, and “self-paced”. Force-paced means the
output is presented to the subject regardless of the pace of
his/her response. Self-paced means the output is presented
to the subject after his/her response.

Ezperiment

1. Single task (Main Task)
The output is shown to the subject 10 times at the sys-
tem’s pace (force-paced). The subject inputs the output
back to the system. This task was done 4 times, for all
the combinations of input/output methods. (See Table
1)

2. Single Task (Sub Task)
The output is shown to the subject 10 times at the sub-
ject’s pace (self-paced). The subject inputs the output
back to the system. This task was done 4 times, for all
the combinations of input/output methods. (See Table
1)

3. Dual Task

e Main Task
The output is shown to the subject at the system’s
pace (force-paced). The subject inputs the output
back to the system.

e Sub Task
The output is shown to the subject at the subject’s

Table 1 Combinations of input/output modalities for single
task

Combination | Input Output
MV manual visual
3% speech visual
MA manual | auditory
SA speech | auditory

pace (self-paced). The subject inputs the output

back to the system.

The task ends when the Sub Task is accomplished 10
times.

This task is done 16 times, for all the combinations of
input/output methods for the Main Task and the Sub
Task.

4.2. Results

We evaluated the task efficiency of single tasks by the re-
sponse time of the subject. There was no significant differ-
ence between the color output and the number ocutput in
force-paced conditions, but in self-paced conditions, the sub-
Jject’s response time was significantly shorter for the number
output (p <0.01).

We evaluated the efficiency of Dual Tasks for each combina-
tion of modalities by comparing the response time of each
task done under the Single Task or Dual Task conditions.
There was no significant difference between the response time
of Group A and B, since the time was compared to that of
the Single Task conditions.

- The result is represented on a single point in a performance

operating characteristic (POC) space (Figure 2)[1].
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Figure 2 Hypothetical representation of dual task perfor-
mance within the POC space

That point represents the performance in both tasks rela-
tive to their respective single-task performance levels. Shifts
along the positive diagonal towards the upper right represent
improvements in time-sharing efficiency.
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Figure 3 Change of response time(Main Task MV)
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Figure 4 Change of response time(Main Task SV)
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Figure 5 Change of response time(Main Task MA)
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Figure 6 Change of response time(Main Task SA)

Of the 4 combinations of input/output modalities, SA is at
the rightmost position, significantly different from MV and
SV. From this result, it can be presumed that the spoken
dialogue interface is the most efficient interface in a dual
task situation.

Moreover, the Sub Task SA is at the rightmost position of
all of the POC spaces. From this result, it can be presumed
that the performance in the dual task situation is the best
when using the spoken dialogue interface, regardless of the
modalities in the Main Task.

4.3. Discussion

From the results of this experiment, it is clear that when
visual and manual modalities are used in the Main Task, the
use of the spoken dialogue interface in the Sub Task improves

task performance. Therefore, in a dual task situation where
the visual and manual modalities are busy in the Main Task,
the spoken dialogue interface is the most effective interface
to apply.

Furthermore, the spoken dialogue interface was found to be
the most effective in all dual task sitnations, regardless of
the modalities used in the Main Task. This means that the
use of modalities which are not used in the other task of
the dual task situation does not always improve task per-
formance. The spoken dialogue interface proved to be an
effective interface in the dual task situation, considering the
fact that it did not decrease the performance much in the
experiment.

5. APPLICATION TO
CAR-NAVIGATION SYSTEM

In this section, we will explain the experiment made to
examine the effectiveness of a multi-modal car navigation
system{2] in the dual task situation.

5.1.

Object The object of this experiment is to evaluate the ef-
fectiveness of the multi-modal car-navigation system in a
dual task situation.

Evaluation experiment

Task The Main Task is driving while using a car-navigation
system as the Sub Task. Instead of actual driving, the Main
Task for this experiment is the same task as in the previous
experiment. A color output is shown to the subject at the
system’s pace (force-paced), and the subject inputs it back
to the system with the mouse (MV Task). The Sub Task is
the use of the car-navigation system.

The task using the car-navigation system was to find a given

“destination and display it on the map screen. The subject

first searches a point near the destination with the map
search function. Then the subject searches the given des-
tination with the map control function.

Subjects The subjects for this experiment were 12 students.
They were divided into 3 groups, depending on the input
method of the car-navigation system for each experiment.
As seen in Table 2, the subjects did two Single Task experi-
ments, and two Dual Task experiments.

Group A consists of 6 subjects. This group can use either
manual or vocal input methods for all 4 experiments. Group
B and C consists of 3 subjects each. Groups B and C are
capable of using both manual and vocal input methods for
the Single Task experiments, but can only use one of these
methods for the Dual Task experiments. These two groups
are divided by the order of the usable modality for the Dual
Task experiments.

Ezperiment

1. Single Task
The subject operates only the car-navigation system un-
der the conditions in Table 2, to achieve the task previ-



Table 2 Conditions of Experiment

Group Single Task(Exp1) Dual Task(Exp2)
1st 2nd 1st 2nd
A m-modal | m-modal | m-modal | m-modal
B m-modal | m-modal vocal manual
C m-modal | m-modal | manual vocal

(m-modal = multimodal)

ously written.

2. Dual Task
The subject does the same task as in the Single Task

experiment, under the conditions in Table 2, while doing
the Main Task MV.

5.2. Results

The ratios of manual(Ma) and vocal(Vo) input of the car-
navigation system under the Single Task situnation and the
Dual Task situation when the subject is able to use both
input methods are shown in Fig 7. It is clear from this
Figure that the manual input is more frequently used in the
Single Task situation(Vo: 11.5%, Ma:88.5%), and the vocal
input is more frequently used in the Dual Task situation(Vo:
60.7%, Ma:39.3%). The difference of the modality used by
the subject in these situations is undoubtful.
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Figure 7 Ratio of manual and vocal input

The task achievement time for the manual or vocal input
when the subject was restricted to use only one of the input
methods is shown in Fig 8. The number of the change of
glances from the Main Task to the Sub Task is shown in Fig
9. The error rate of the Main Task is shown in Fig 10.
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Figure 8 Task achievement time
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Figure 10 Error rate

The voice input showed better performance in the er-
ror rate(Vo:0.16%, Ma:0.20%) and the task achievement
time(Vo:160.4sec, Ma:183.2sec). The number of glance
changes was higher when using the manual input(Vo: 14.4,
Ma:25.2). A significant difference was recognized for this
result (p <0.05).

6. CONCLUSION

We considered the dual task situation as a situation in which
the spoken dialogue interface would be effectively used. We

_examined the effectiveness of the interface in this situation.

Based on this conclusion, we examined the operation of a
car-navigation system while driving as a realistic dual task
situation, and evaluated this system. The vocal input was
used more frequently in the dual task situation than the
single task situation in this experiment, meaning that the
spoken dialogue interface is effective in a realistic dual task
situation.

The results also show that the user’s way of using a sys-
tem changes by the surrounding situation. Therefore, when
designing or evaluating a spoken dialogue system, it is nec-
essary to consider not only the functions of the system, but
also the situation in which the user will use the system.
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