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Usability Improvement for the Speech Interface of
Mobile Phones While Driving

Yun Hwan Kang1 - Seong Wook Jeong1

- Ga Hun Jungl

+ Jae Ho Choi’ + Eui S. Jung'

lDepartment of Industrial Engineering, Korea University, Seoul 136-792, Korea

2Department of Industrial and Systems Engineering, Daejin University, Kyoungki 487-711, Korea

While driving, the manual use of a mobile phone is heavily restricted due to the interference with the primary
driving task. An alternative would be the use of speech interface. The current study aims to provide a guideline
to implementation of a speech interface to the mobile phone. To do so, an expert evaluation was made and it
revealed that a speech interface requires less workload, less performance degradation of the driving task than
that of the keypad interface. To make speech interfaces more usable, new improvements are suggested.
Subjective workload can be reduced and user satisfaction can be improved without degrading the primary task
performance, for instance, by letting the user interrupt the speech of the phone, eliminating the repetitive words,
letting the user know clearly what makes an error, providing a way to go back to the previous state, reducing the
usage of keypad buttons and reducing the amount of the information on the screen.
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Table 1. Current mobile phone's speech interface analysis according to the Kamm(1995)’s speech interface considerations

Kamm(1995)’s speech interface considerations

Mobile phone's speech interface characteristics

Information elements

Word

Task requirements Task modalities

Voice, keypad input
Voice, display output

Cost of interaction failures

Information retrieval and non-recovered action mixed

Voice input

Speaker-independent
Word recognition

Technological capabilities and limitations | y;0:.0 output

Prerecorded speech and synthetic speech mixed

System capabilities

Do not allow to talk-over

User expectations and expertise

Conversational speech behavior

Continuous speech for number only

Do not allow to talk-over

Do not allow to conversational dynamics
Provide novice and expert mode
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Table 2. Speech interface types of the current mobile phones

Provide the menu name with voice
A-type | Provide the warning beep before user input

When no candidate is matched, exit the speech interface

Do not provide the menu name with voice

Bt Do not provide the warning sound before user input
-type . . .

» When no candidate is matched, provide the way to go to

the initial state of the speech interface
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Complex task

Figure 1. Simple and complex tasks used in the usability experi-
ment
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Table 3. Call task process according to the speech interface type
Step A-type B-type
1 user : press the keypad button to start speech interface user : press the keypad button to start speech interface

2 mobile phone : start speech interface

mobile phone : start speech interface

2.1 mobile phone : say ‘Call name or number’

2.2 mobile phone : say ‘Say command’

mobile phone : say ‘Say command’

2.3 mobile phone : sound warning beep

2.4 mobile phone : waiting for user’s input

mobile phone : waiting for user’s input

3 user : do ‘Call’ command user : do ‘Call’ command

3.1 user : say ‘Call Jane’ user : say ‘Call Jane’

39 mobile phone : recognize ‘Call’ command. When fail to mobile phone : recognize ‘Call’ command. When fail to recognize,
' recognize, go to step 2 2o to step 2

13 mobile phone : find the recipient’s name in the phonebook | mobile phone : find the recipient’s name in the phonebook

when fail to find candidate, go to step 3.9

when fail to find candidate, go to step 3.9

3.4 mobile phone : say ‘Did you say Jane?’

mobile phone : say ‘Did you say Jane?’

3.5 mobile phone : sound warning beep

3.6 mobile phone : waiting for user’s input

mobile phone : waiting for user’s input

user : say ‘Yes’
3.7 When the candidate is not what he/she wants, say ‘No’ and
go to step 3.3

user : say ‘Yes’
When the candidate is not what he/she wants, say ‘No’ and go to
step 3.3

3.8 mobile phone : recognize user’s input

mobile phone : recognize user’s input

3.9 mobile phone : no candidate is matched

mobile phone : no candidate is matched

3.91 |mobile phone : say ‘Command not recognized.’ mobile phone : say ‘Command not recognized.’

3.9.2 | mobile phone : Exit speech interface

393 mobile phone : say ‘Try again?’

394 mobile phone : waiting for user’s input

395 user : say ‘Yes’

306 mobile phone : recognize user’s input. when ‘No’, exit speech

interface

4 mobile phone : making a call to the matched recipient

mobile phone : making a call to the matched recipient

4.1 mobile phone : say ‘Now calling Jane’

mobile phone : say ‘Now calling Jane’

42 mobile phone : making a call to the matched recipient

mobile phone : making a call to the matched recipient

5 user : making a call

user : making a call

6 user : end a call

user : end a call

6.1 user : press ‘END’ keypad button

user : press ‘END’ keypad button
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Table 4. ANOVA result on difference between driving speed without secondary task(call) and driving speed with secondary

task(call)
Source SSE df MSE F p-value
Speech interface type 7.021 1 7.021 4.426 0.065
Input type 17.984 1 17.984 7.565 0.022"
Task difficulty 1.352 1 1.352 0.789 0.398
Speech interface type * Input type 3.616 1 3.616 3.839 0.082
Speech interface type * Task difficulty 0.360 1 0.360 0.298 0.598
Input type * Task difficulty 1.083 1 1.083 0.986 0.347
Speech interface type * Input type * Task difficulty 0.001 0.001 0.001 0.979
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Table 5. ANOVA result on the task completion time

kol AEH, FA A F o] 29] Z -l 2 AIZbe] T S0l
o 283 Qe B e dolk 3 nE gL o
) 2To|HA SAHH | AE AL AULE A7l H
Adt} 72+ 7 $-o 3k pairwise t-test 23} 7| = ALE A &
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Z 4 F A
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Source SSE df MSE F p-value
Speech interface type 6.613 1 6.613 0.233 0.641
Input type 1891.512 1 1891.512 139.124 0.000°
Task difficulty 2796.612 1 2796.612 617.467 0.000"
Speech interface type * Input type 4513 1 4513 0.358 0.564
Speech interface type * Task difficulty 56.113 1 56.113 3.295 0.103
Input type * Task difficulty 1029.612 1 1029.612 52.722 0.000"
Speech interface type * Input type * Task difficulty 117.612 1 117.612 5.380 0.046°
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Table 6. ANOVA result on subjective workload

n
D
=
l-o{n
ol
Lo
of¥

Source SSE df MSE F p-value
Speech interface type 911.250 1 911.250 4.609 0.060
Input type 6125.000 1 6125.000 21.190 0.001°
Task difficulty 1786.050 1 1786.050 24.599 0.001°
Speech interface type * Input type 911.250 1 911.250 13.494 0.005"
Speech interface type * Task difficulty 3.200 1 3.200 0.236 0.638
Input type * Task difficulty 61.250 1 61.250 0.895 0.369
Speech interface type*Input type*Task difficulty 20.000 1 20.000 0.399 0.543
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Figure 2. Interaction on subjective workload between input
type(voice and keypad) and speech interface type (A-
type and B-type)
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Figure 3. Interaction on user satisfaction between input type
(voice and keypad) and speech interface type(A-type
and B-type)

SAQAEH o) A7 A-BFY E Y B-EFY 24U E Ho| 27}, &
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Table 7. ANOVA result on user satisfaction
Source SSE df MSE F p-value
Speech interface type 3445.313 1.000 3445.313 6.200 0.034"
Input type 12127.813 1.000 12127.813 24.153 0.001"
Task difficulty 2702.812 1.000 2702.812 13.559 0.005"
Speech interface type * Input type 1575313 1 1575313 10.529 0.010°
Speech interface type * Task difficulty 2.813 1 2.813 0.018 0.896
Input type * Task difficulty 52.813 | 52.813 0.303 0.595
Speech interface type * Input type * Task difficulty 70.312 1 70.312 0.356 0.565
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Usability Improvement for the Speech Interface of mobile phones while driving

Table 8. Speech interface improvements summary compared to the original interface

Improvement items

Alternative

Original

Reduce the usage of keypad

When choosing the right candidate, ‘Cancel’
goes to the initial state

When choosing the right candidate, ‘Cancel’
terminates the speech interface and press the
keypad button to start the speech interface
again

Reduce the amount of information and
enlarge the screen information size

The candidate screen shows 2 candidates in
the screen and enlarge the selected candidate
line size

The candidate screen shows 7 candidates in
the screen and the selected candidate size is
same as others

Provide the detailed information of error

When no candidate is matched, provide the
message, ‘No name found. Try again?’

When no candidate is matched, provide the
message, ‘Command not recognized. Try
again?’

Provide the way to go back to the
previous state and the initial state

When the mobile phone is waiting for user
input, provide the command, ‘Cancel” and
‘Exit’

When the mobile phone is waiting for user
input, there is no command like ‘Cancel’
and ‘Exit’

Eliminate the repetitive words

When candidates are 2 or more, provide the
message, ‘Did you say XXX?’ first and
provide ‘Call XXX?’ from the second query

When candidates are 2 or more, provide the
message, ‘Did you say XXX?’ first and
afterwards

Talk-over

Allow the user to interrupt the mobile
phone’s speaking

Do not allow the user to interrupt the mobile
phone’s speaking

A AN EAH SN A dte 7123 stk

A28} <Table 8>3 2T},
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Table 9. Pairwise t-test summary

FAEE Aol [ Aol7b YehYA LkoH(p =
0.296), & 5ot 4 W= 7)AQto] 7| EtR T S8 4
o2 FMHGT FAEE A oA Fo@ 247t vheh
A %2 o] 20kmY] ALE FPo|q7] WEQd AR H
gt ol Ao A 71 E 24T A AE H o~
Hlwste] Aol & By, oW Ao IA Hol &

ZE 7H SAAHH o) & Zholl & =307 9l A
= 5 Utk AAAIEY A, tto g A" I F
I E A4S Hadele FEY o]H, 27|83 HOR o] F3}

o we
8
fr —H

Mean of the difference 95% confidence interval t df p-value

b ifferf::; :nfdsizefa:;tween 0.483 0502 1.468 1.108 9 0.296
Task completion time -9.6 -13.075 -6.125 -6.249 9 0.000°
Workload 9.998 5.621 14.374 5.167 9 0.001"

User satisfaction -14 -25.778 -2.221 -2.688 9 0.025"
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