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Abstract

This paper describes a systematic way of enabling of developers and designers to build
information-communication systems successfully with speech technologies, such as speech
synthesis and speech recognition. As the results of this work, application systems of speech
technologies can be used easily for everyone. This work also describes four research projects
including the development of speech applications and the evaluations of speech interfaces,
which are performed based on the proposed methodology.

This paper consists of following chapters.

The first chapter proposes “the principles of interfaces,” consists of (1) basic principles,
(2) organization principles, and (3) adoption principles, which are based on the fundamental
theories of human-machine interactions. The most important hypothesis of this work is that
these principles are indispensable for accomplishing the projects to investigate on various
human interface systems with speech technologies.

The following four chapters show the effectiveness of proposed principles, which comes
along with the effectiveness of speech technologies and importance of designs and evaluations
of speech interfaces.

One of the application systems proposed here is the S-tgif multimodal drawing system,
which uses isolated speech command recognition, mouse and keyboard. Using speech recog-
nition with the application, average operation time or the number of command inputs can
be reduced.

Another proposed system is the AVM asynchronous voice messaging system. The system
displays the voice message as the threaded written words. The user can manipulate voice
messages just as if they are text messages. If the participant wants to quote or annotate
to a message, the user has only to play the sound and barge into the message while it is
playing. Such user interface increases the usefulness of the voice-mail system.

Other two projects are related to the evaluations of speech interface systems.

One of the projects proposed an improvement of the dual-task method to measure the



workload of spoken dialog tasks. In this method, subjects play a game using visual display
and keyboard input. We evaluated the effectiveness of our method with a word shadowing
task and a spoken dialog application. Our method can measure relatively small workload
differences, such as in word shadowing tasks, which are difficult to measure with the previous
works. Also, our method can identify positions in the dialogs which cause some users
significant difficulty.

Another project was related to the ultra fast speech for the computer application of
persons with visual disability. For the evaluation of such speech, consideration of learning
effect of the listener is important. In this research, the learning effects of listening to ultra
fast speech with the control of word familiarity were investigated with the considerations
of (1) the changes of the familiarity condition during the experiments, and (2) existence or
nonexistence of instructions of the familiarity. The experiments to observe the intelligibility
and mental workload were performed, using the speech with the speed of approximately
21 mora per second. The results supported the hypothesis that the intelligibility increases
and mental workload decreases if the listener is aware of high word familiarity because the
access to mental lexicon is promoted.

The chapter 6 describes the various research projects related to the interface principles,
which give the perspectives of human-machine interactions and applications of speech tech-
nology.

The most important contribution of this work is discussed in last chapter, which is the
separation of general human interface principles and utilization of speech technologies. The
well-organized principles naturally give the guidelines for designing and evaluating interface
systems with various applications, modalities and devices. Speech technology is one of the

applications of the principles.
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d) Color change
15t
2nd
3rd
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*2 Extensible Markup Language, http://www.w3.org/XML/
*3 Hypertext Transfer Protocol HTTP /1.1, RFC2068.



48

<?xml version="1.0" 7>
<avml>
<segment mesid="1" sender="nishi" playtime="0"
mestime="0" length="1.5" indent="0">
<text mesid="1" begin="0.0" end="1.01">
Good morning!
</text>
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overlap="1">

Yes.
</text>
</message>

</avml>

<?7xml version="1.0" 7>
<avml sender="canny">

<message parent="2" reltime="0.4" length="0.3"

<text begin="0" end="0.3">

032 00000000000 AVMLOOOOO

032 0000ODOO0OODOOO0OOOOOODO

oooooo | oo

mesid ooooo ID

length oo0oooooooog

parent oooooo ID

offset oooooood
oooooooooogo

memberid oog ID

wavefile oooooon

overlap oooooood

date oooooooog

ddddddUdsegment OO0 0OD0DDODO0O0O0O0O0O0O0O0O0O0OOOOOOOOOOODO
gooboobobobobodoooooobobobbtboooooob bbb bboboooo
dddooooooooobobobobbbbobbbbbboooooooooooooo
oboboooboobobbooboobobobobooboobobooobo s200b00

345 BISPOD

00000000000000000 (33)]00000000000000000000O0O
doddoooooooooobbobbbbbbbbooooodooooooooooooo
godoooooooobobobbbobbobbobbbbbbbooooooooooooo



50

ddddooooooooooooobobobobbbbboooo0oooooooooooo
gobobooooobobodoooboboooboboooooobobooobobboooobbbooooono
gdodoooooooobbbbbtbbooooddoooogoooooo
gooboooobbbooobobboooobobbboooobbboooobLbboooono
ddoddooooooooobobobbbboobbooooooooooooboboobobobobon
dodooooooooobbbbboooododdodooooooooobooobooo
dddoooooooobobobobbbtbbboooddidooooooooobo
gobobooooboobbooobboooobboboooobobboooobooboa
gdodooooooooobobobbbobbbboooooooououooouooobobobobbbn
gooboobobbotbodooooobobbbbtbooodoub bbb bbobooo
gooobooogoboooobboooooboboooobboooobDboooobbooono
gbobooooooboboogobbooobobobooooboboooobboooobobboooono
goboboooobobuoooobobuoooobobboooobbbooobboo

1. 00000 IbO00OO0O0OO0OOO0O0OO0OOO0ODOOOOO0OOODbDObOOObOODOobOoOobOO
gobobobooooooboobod

2.00000000O0000DDDODUO0O0O0ODDOO0ODDDOUO0O0ODUODDbODOOOO
ggbbodoooboouobbooobbbooobboobobo™bouoobobobboo
segment U O ODOOOOOO

3. 00000000 b0000bDbOb0o0ooooDbbo0oooobbOOoobDbbOOo0oOon
gooboooobbuoooobbuoooobbooobbbooobobbooobbobo
Uoboboooobbodddbsegment 000 nooooooobooon

gobooobdooobobbooobbboooobbooooobbooobDobDbbooOoo
gdddooooooooboobobobobbtbbbobooddooooooooboobo
ddodouoooouooooobobbobbbooddoooooooouoooboooboboooon
cooboooboooOoboOoOo ioo0o0o0obOoOobDOobOO0o0obDO0oOobDOoOobDOoOobDOoOoDO
O000000000000000D000000D0D00000000OOd BISPO Barge-in to Stop
PlayingDOOOQOOOOODOOOOODOOOOOOOODOOOOODODOOOOOOOODOOO
gogoboobobobooooooobobbotdooooooobobbooooooooboboobobooog
OO0oo00o0obooboboooboobobooobo 330000b

346 OOOOODO

1000000000 boobobboooooobbboooobobobbooooooobboo
gdodooooooobobbbobbbobbbbbooodddoddooooooooooo



51

| | : :state
Play Record+Pla y
Start || Start End of Voice Input]

Detected

A 4 A f
Stopped | | Playing Re%%rglngr Recording Only

Playing (Play is Paused)
N
\ Voice Input is .
[ Stop [ Stop ] Recognized [Etop
/ as Non-Aizuchi —

033 000O0OOoOooooooon

OOoDO0d0o0o IbODOobOOoO0OOO0ODOO0OOo0OOO0ODOO0ObDOoO0OO0ODObOOoODbDOoDOobOoOoboo
goood

35 oooooooo

goboboooooboooooobuoooooboooooboo

351 0O0OO

AVM OO0 Voxer 000000000 Perl 000 COOO0O00DO0DO0O00OOOOOOHTTP
gdddooooooooobbbbbbbobobbbboooooooooooogoooooo
0000000000 DbO0b0obO000O0bO0bO0bO0oDO0D0DOLInux ODO00000ODO0ODO
00000000 Windows 000000000 ODOOOOOODOODOOOOODOOOOO
gooboood

352 O0OOOODO

AVM 000000 Voyager O Microsoft Visual C++ 000000000000 00O0OO
000000 Windows98 00 D0ODO0OOOOOHTTPOOODOOOODOODOOOOOO
BISPOOOOOODOODOOOOOODOOODODOOOODODOOODOODOODOODOOOO
goboooboobobooboboobuoobob bbb oobboobboobo
O0000000OOVoyager0OODODOODO 34000000000000D000DOODOO
000000000000 0000000000D00D00text0O00D0OD0D4.30000000



52

T o|
FrAIEr setr-iMy FEA

Z|d| olr|nu| Bl4|alv|

[http://localhost:B081/1/7index=1,50,61
-0 1761 @ JOEF e T Iaa 1, 000, j AAT > @ TOEFZEEHN CdRa1, 00

-0 SHED @ REIERTINENI00LT | o0& (C—F AL AR —VERST HEE
O GHED @ MIKTINEABI2B0E | (EIESHRIATT 70, FUHZT A
(D) 3EAEE> £ 1000023 EEOELTRoTs R ERIFTESE T EAAES THTL
(O I6AEE> @ SAECERALAL THEEES A, —EEhA Loz, oEEHEE
5O BBLE @ EUBECEMIGOCE 2 e e see T 0 )

L S1AD @ BRI M. SEENEL RS, Uvirdd ST
-0 QEED @ FIEEETD g 2w V-G moU T, B, Co
5O wiEE> A--adaranssorstt:.| BT IOBREFN 1 00 0B C—FALBO
O BED CNEMBEA-bLAT  EETAL. BRTHTIES L,
= 53 el LB == . .

T O i vy NBAE > @ [ECEREEBIHALLE B
(O BT 2R o TESMAl| TEEFHRIIALER D FERRTLILERD

< | 3

|Play=0]Rec=0

034 00O0O0O0OOOOODOO

gobobooobbtbooobbuoodobbooobbbooobb oo ooboo
goboboodbobobuoooobobuoooboboboooboboboo

3.6 OO
361 0OOOO

O00000o0O0o0obO00obOo0ob0oobOobDoOobDOo0o 10000 Oo0obDOoOobDOoOoDbO
OobO00obOO0ooOOoboOOobOoOOobOoO0o0ooO0ooOobODooobD Jiooooobooooobov
000000000000 M0O0DDO00000000AVMODODOODOOOODODOOOOOBBSO
gobobooogoboo

gogobobobbtbodoooobbbbododoobbbbbooouobobbbobooo
dodooooooooooboobobobbbbboooddd00oououoooooooooo
ddooooouooooooboboobobbobbbbbbbbooooooooooooooooon
gdddooooooooobobbbobbbbbbbbooooooooooooonoobo
goboboodobobuoooobbuoooobboooobobbooooonoo

OoboooboboOooobooooboooobiooboboooboboOoooDbOoOon
doboboodoboboooboboooooo

AVMOO0O0O0OO0O0000000000000 100 Windows980O O PCOODODOODOO
BBSOOOODOODOOOODOoOwwwioOOoOOOoOOoOoDooooooooooooooo



53

033 AVMUOOO BBSOOOOOOOOOOOOOOO

AVM | BBS
ugoooooaooon 20 24
gooogoo 71 24
OoOooooooopooool 2303 | 5657
gogoooooaooon 32.4 | 235.7
goboboodn 501.3 -
goobooooon 7.1 -
gogooooodan 12 -
goobooooon 99 -

WebForum™0O 0000
0000000000000 00000 20000000000000000000000
00l100000000000000000000000000 1000 50002000000
OO0OAVMO BBSOO 100000000000000000000OO0O0O 100000
0000000000000000000000000000000000000000000
D0000000 10000000000000000000000000
AVMOO0O0O0O00O0O00000000000000000000000000000000
0000000000000 00000000000000000000000000000
0 ViaVoice98O OO IBMOOO0ODDD0OO0O0OODOODD0OO0ODOOD0OO0ODOOOODOOO AVM
DO0000o0oooooooo

0000000000000 0000000000000000000000000000
0D000000000o00000000000oooo

362 0000

00000000000 0000000D000D0DO00D0D00D0ODODO00OD0 AVMOOO
o000 mbooooobobobbo 3300bboboooooobobooooonD 350000
AvMOOO0O000000000000000O000000000000D0DODODO0O0O0O0O0O0
0000000000 0BBSOODODODOOODOODODDODDODOODOOOOOOOOOOO

ViaVoice98 0000000 DOO0OO0OOOOODOOO 8.2%00000 82.5% 00000

Ob0o0obO0ooboooobolbosb0 sUb0bobUloobooboobobobDmLsUuOobO

*4 http:/ /www.kent-web.com
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055 0020000000000 (%) 0000000000

Group Trial 1 Trial 2 Trial 3
G1: L-L-LL | 54.7 (6.8) | 62.1 (6.9) | 62.2 (8.2)
G2: H-H-L | 79.2 (5.6) | 80.2 (3.9) | 64.1 (6.0)
G3: L-L-H | 55.1 (6.3) | 62.4 (5.7) | 83.8 (6.4)
G4: H-H-H | 71.5 (8.1) | 74.6 (10.3) | 84.8 (4.6)
G5: L-L-L | 53.6 (6.8) | 61.4 (7.5) | 62.9 (6.8)
G6: H-H-L | 77.6 (5.4) | 79.1 (7.7) | 64.6 (5.8)
GT7: L-L-H | 51.6 (6.8) | 58.5 (6.3) | 83.3 (6.5)
G8: H-H-H | 71.5 (6.6) | 74.9 (6.9) | 78.1 (12.4)

056 0020000N-WWLOOOOOODOOOM

Group Trial 1 Trial 2 Trial 3
G1: L-L-L | 49.2 (10.8) | 51.0 (9.6) | 49.8 (9.4)
G2: H-H-L | 485 (8.6) | 43.0 (7.1) | 58.6 (7.1)
G3: L-L-H | 50.5 (6.7) | 55.2 (9.2) | 44.3 (10.6)
G4: H-H-H | 58.3 (9.0) | 49.4 (7.9) | 42.4 (5.4)
G5: L-L-L | 46.8 (10.4) | 54.9 (4.1) | 48.4 (11.8)
G6: H-H-L | 46.8 (9.4) | 50.8 (7.0) | 52.5 (12.1)
GT7: L-L-H | 55.0 (8.2) | 54.7 (5.9) | 40.3 (7.4)
G8: H-H-H | 49.8 (10.2) | 54.0 (8.3) | 46.2 (9.9)

057 0020000000000000000000**0 p<0.01,*0 p < 0.050ns
obooogooo

Group FO T1-T2 | T1-T3 | T2-T3

G1 (L-L-L) | F =30.45 ** < X < K

G2 (H-H-L) | F =75.88 ** > * > *
G3 (L-L-H) | F =260.55 ** | < * < * < *
G4 (H-H-H) | F =23.06 ** < * < *
G5 (L-L-L) | F=3826%* | <* < *

G6 (H-H-L) | F = 25.05 ** > * > *
G7 (L-L-H) | F =150.81 ** | < * < K < *
G8 (H-H-H) | F =2.11 ns
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0.0)0+0 p< 0.100nsOO0O0O0O0OO
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Group FO T1-T2 | T1-T3 | T2-T3
G1 (L-L-L) | F =0.08 ns
G2 (H-H-L) | F =9.96 ** < X < K
G3 (L-L-H) | F =3.28 + >
G4 (H-H-H) | F =9.53 ** > % > *
G5 (L-L-L) | FF =0.97 ns
G6 (H-H-L) | F =0.42 ns
G7 (L-L-H) | F=543* > * > X
G8 (H-H-H) | F = 0.66 ns
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