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Introduction

Increasing participation of the community of computer users with special needs in computer
entertainment brings about the need for understanding the benefits and drawbacks of
different assistive input techniques and devices that can be used for controlling the
entertainment experience. Especially challenging is the support of the control of the arcade
games, such as Tetris [7] or Breakout [2], where while only a limited number of game
commands is required, the users must issue these in a rapid response to the evolving
gameplay — and many assistive devices are unable to cope with this problem. A promising set
of techniques is provided by employing the voice as an input device.

Generally speaking, the vocal input is based on engaging the user’s voice into the input
pipeline of a system. Typically, the voice is registered by a microphone, digitized, and
converted intfo a discrete signal. The signal is being analyzed in an application-dependent
way. A traditional instance of vocal input is the automatic speech recognition, where the
voice signal is analyzed for words contained in it. The recently infroduced non-speech input is
based on analysis of the user-produced sounds like humming or whistling [6]. The non-speech
input has been reported for example also in [1], [4], and [5].

One particular type of the non-speech input is the input by pitch of tone. It is based on the
analysis of the development of the pitch of a fone produced by the user, regardless on the
type of the sound the user chooses to use, i.e. whistling, or humming. The input by pitch offers
various benefits, including language independence and a very low computational cost.

The Study

In our previous study [11] we have demonstrated how the user’s voice can be used to control
the game of Tefris.

In the present study we compare the usability of the speech recognition and the non-speech
sound input for a direct control of a simple model of a car. It is another instance of a system in
which the real-time control of the input is needed. The performance of both methods was
compared on a series of three simple steering tasks. The caris a simple radio-controlled model
with a BlueTooth interface and a dedicated API, shown in Fig. 1. Two user interfaces have
been created: One with the speech recognition, and one using the non-speech sound input.

Procedure

Participants. 7 people (6 M, 1 F; 26 years old, SD = 1.61) took part in the study. They all were
students of the CTU in Prague. Five of them had a previous experience using both speech
recognition technology and the non-speech sound input, gained during the Tetris study [11].

Aparatus. The BlueCar [3] was used in this experiment. The BlueCar is a mobile robot with
BlueTooth interface. The architecture of the experiment set-up is shown in the figure 2.
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Depending on which method is being used at the moment, the input audio signal is routed
either to the non-speech sound input or speech recognition interface. The speech recognition
interface has been based on one of the industry standards, the Microsoft Speech API. The
pitch detection has been based on a simple autocorrelation technique. Both interfaces are
supposed to recognize commands in the user's input. The commands are then directed to the
BlueCar device via BlueTooth connection. The authors of BlueCar also provide a simulator tool
which is supposed to demonstrate the function of BlueCar. In our set-up we decided to ask our
partficipants to use the simulator tool as a training platform.

Fig. 1: BlueCar; from [12]
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Fig. 2: Voice Control of BlueCar -- Prototype Architecture.
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The commands supported by the speech recognition were ,forward", ,,backward”, ,stop”,
Hleft, and ,right”. The non-speech sound input gestures are displayed in Fig. 3, and cover the
equal range of functions. To enable simultaneous control of the direction of movement
(forwards or backwards) and the steering, we decided to use a similar approach to the mouse
cursor control, as described in [12]. For BlueCar control, the initial pitch of the fone determined
whether the car would move forward or backward, depending whether the pitch was above
or below a user-specified threshold respectively.
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Fig. 3: Non-speech gestures for the BlueCar control: a ... forward left;
b ... forward right; c ... backward left; d ... backward right.
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Procedure. Since the performance of using the acoustic input increases with the user's
experience, we decided to train the users further before commencing any measurement.
According to the results of our previous experiment described in [8] we decided to ask the
participants to train using the interface for 5 days, which was therein reported length of the
training period. The structure of individual participant's involvement was as follows:

e Day I:Initial training in the laboratory. The experimenters have demonstrated the function
of the user interface and gave instructions on how to download and install the training
software.

e Days 2—4: Individual unsupervised training at home. The participants were only asked to
report how long they trained each day.

e Day 5: The main measurement in the laboratory, filling out a questionnaire. On the fifth day,
the participants were invited to the laboratory again to perform the steering tasks using
both methods and fill out a simple post-test evaluation questionnaire. The actual steering
tasks were to drive the car through tracks built out of small wooden slabs. Their layout is
shown in Fig. 4.

e Task 1 ... Go 2m forward, then back off to the starting point.
e Task2... Go 2m forward, take a turn, then return to the starting point.

e Task 3 ... Drive a curved route.

Scale: Tm O
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Fig. 4: Steering Tasks

Two values were measured on each performed task: Time needed to complete the task, and
the number of penalty points. One penalty point would be awarded for each wooden slab
that the car would have pushed over during the course of the task. Due to the failure of the
BlueCar's battery, we were not able to record the performance of U7 using the speech
recognition.
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Discussion and Conclusion

Table 1 shows the performance of individual users U1 through U7 in each task with both
methods. Due to the time constraints, the tasks were not repeated. Table 2 shows the
aggregate values and their standard deviations.

Table 1: Performance Data.

Task 1 Task 2 Task 3
Speech NS Speech NS Speech NS

User | PP |Time| PP |Time| PP [Time| PP [Time| PP |Time| PP |Time
Ul 21 50 0 20 5 80 0 25 29 (132 O 17
u2 0 22 15 | 49 18 | 70 0 23 26 | 95 2 18
U3 8 25 0 20 15 | 60 4 72 22 | 78 5 40
U4 7 50 0 18 23 | 72 8 90 16 | 45 1 20
us 0 20 0 22 17 | 63 0 52 22 | 44 0 37
ué 11 88 0 14 15 | 89 0 102 | 29 | 130 1 57
U7 [ nf/a|n/a| O 21 [ n/a|n/a| 2 53 [ n/fa|n/a| O 68

Legend: PP ... penalty points. Time is in seconds.
Table 2: Aggregate values for each user and all users.
Total Time [s]

Ul uz2 U3 u4 us ué Average| SD
Speech| 262 187 163 167 127 307 202.2 68.1

NS 62 90 132 128 111 173 116 38.12

Total Penalty points [-]

ul u2 U3 u4 us ué Average| SD
Speech 55 44 45 46 39 55 47.3 6.4
NS 0 17 2 9 0 1 6 6.9

Figure 5 shows the average users' responses reported in the questionnaire. The questionnaires
used the 1...5 scale where 1 corresponded to ,,absolutely false” and 5 to ,,absolutely tfrue* on
each particular aspect of the system.

The two-tailed f-test (p = .05) proved significant differences within the following pair of values:
,Difficult to use" (the speech control was considered more difficult), ,,Fast response” (the non-
speech sound input was considered providing faster responses than the speech control) and

»Frustration* (the level of frustration when using the non-speech sound input was lower).

The overall grade assigned by the participants on the 1...10 scale (1 worst, 10 best) and their
overall comments are reported in Table 3. The ratings of non-speech sound input were
significantly better than those of the speech control.
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Overall, the non-speech sound input proved a better solution than the control by speech
recognition for the real-tfime control of a model car.

Table 3: Overall Evaluation (1—10 scale) and user comments

User SR NS Comment

ul 2 8 “I like the NS method better than speech.”

u2 5 8 “The NS method is easier to use.”

u3 6 9 “The speech recognition does not work well.”

U4 6 9 “The reaction time of NS is much better.”

ud 2 8 “No need for the stop command.”

Ué 1 9 “NS: fastest reaction -- SR: poor recognition.”

uz 7 9 “Worked better, was more convenient, and more interesting.”
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Fig. 5: Subjective evaluation results. The error bars show the standard deviation.
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