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Effects of Similarity in Action-Effect Configuration on Mode Awareness

Yukio HORIGUCHI*, Ryuichi FUKUJU* and Tetsuo SAWARAGI*

Automated systems are often structured into modes for providing enhanced capabilities to perform complex
tasks, but they also increase the need for and difficulty of maintaining mode awareness, which may induce mode
errors and eventually lead to automation surprises. Salient feedback on the mode status is necessary for the
user to maintain mode awareness, and it should be carefully designed not to interfere in the user’s primary task
to be achieved in collaboration with the systems. For the purpose of developing a practical theory for effective
and robust supports for maintaining mode awareness, this study focuses on action-effect relations as an intuitive
human-machine communication channel. An action-effect relation is defined as an association of a user action
with some observable effects on the system behavior, and it is expected to provide additional valuable information
on the internal state of the system with no focal visual attention required. From this perspective, one hypothesis
is made that different modes with a same or similar configuration of action-effect relations should be easily mixed
up with one another. This paper tests this hypothesis through a driving simulator experiment where subject
drivers were examined on their awareness of the operating mode status of ACC (Adaptive Cruise Control) during
driving with the mode-rich automated system. Another experiment examines the contribution of differentiated
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configuration of action-effect relations to enhancing mode awareness.

Key Words: mode awareness, mode error, action-effect relations, human-machine systems

1. ODo0oOOo

ooo0O0000oooO0O00000bo0O00000n
0o0000oo00ooooooooooooooooooon
00000000000 Y000000000000000
o0o0000ooooOo0o0oOooooooooooooo
0o0o000o0ooooOo0o0ooooooooooooooo
o0o00oO00oooooOooOooooooOooOoooooo
O0o000o0ooooOo0o0ooooooooooooooo
000000000000000000002000000
OO0O00DDODOOO automation surprisesDS)[IDDDD[ID
ooooooooooOoOoOo0ooooooOoOOOoOoOoboooo
ooo00o0o0ooooOoO0o00o0oooooO0O00oOoboooon
oobo0o0o0oooooOoOo0oooooooboOoOoOoOooboon
0000000000000000000000 %0

ooobO0oo0ooooooOo0O0O0O00ooooO0O0000n
00000000000000000000000000O0
00obooo0o00ooooooooooooo00ooooooon

*JO00ODoOooooooooooooooooooo

* Graduate School of Engineering, Kyoto University, Yoshida
Honmachi, Sakyo-ku, Kyoto
0 Received January 19, 20090
O Revised June 16, 20090

gooooooooOooooooooOoooooDooboooo
goboooooooooooooboooooooobooOon
goooooooOoOoooooooooobObOOoOoOo0ooao
0000000000000000000Y0000000
0doodoooooooooooooooooooooogoa
gooooooooooooooobocooooooboobooo
ooooooooooo
obobO0oooooboobbooOoooooOoboOoOoobobOOooOon
goooobooooooooooobooooooooboooo
goooooooooooooobooooooobooboOon
gooooboooooooooooooooooooboooo
0 mode annunciator0 0 0000000000000 0OCOO
gooooooooooooooooooooooboooo
gooooooooOooooooooooooDboboOoo
gooooooooooooooooooooooboooo
gooooooo0oOooooooooOooooDoobOoOoo
gobooooboooooooooocooooooobooOoa
goboooooooooooooboooooooobooOon
goooobooooooooooobooOoboooooboOoo
gooooooooooooobOOobOOOb0OOOOoO0O0oOoOo
gooooooooooooooboooooooobooo
goooooooooooooooboooooooboobooo
gooooooooooooooocoooooooboooo

TR 0011/09/4511-0546 © 2009 SICE



oooooooooogo 0450 0110

coooooooboooooooooboboOooooooon
ooooooooooooooobocoooooOoDbobo
goooooobooooooooooooooooooboo
ooooooooooooooooooboboooooooDoon
gbooboobooobooboboobobooboobo
gbooobooboooboobobooboboobooobo
gboooboobooobooboboobobobooboobo
gooobooboooboooobooboboooboobo
goooboooboobooboboooboobobooobo
gooobooobooboobobooboboooboobo
goooboooboobooooboobooooboobo
oooooooooobood
oboob0oooooooboooobooz20000000000
coooooooboooooooooboOoOoooooooo
cob0O0ooooooosoooobooooooboooboOoboOoon
cobo0ooooboobooooooOoOooooooboOooOoobooOon
cooooooobooooooooOooboOoOoooooooboo
000000000 4000000000000000C0O0O
ooooooooooooooooobooOooooooDon
0000O0O0ooooog ACC (Adaptive Cruise Control)
goboobooboobboobobooobooobbboobo
goooboooooboobobooobooboboobo
ooboOobobo s00b000oooooboooooooboobooo
gooobooobooboooobooboboooboobo
ooo0db0oebUODOODOODOODOODOODODOO
gooobooobooboobooooboboooboobo
oooO00ooOr0O000O00ODO0ODOOODOODODOOD

2, JObO0obOobOoboooooooobooo

2.1 00000000

Norman®®00000000000000000000
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
00000000000000000mMslip00000000
000000000000000000000000000
000000000000000000000000000
oooooooooooooof? toooooooooon
0000000000000000000000000 90
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
0000000000000000000000000000

000000000000000000000000000

gb010000000o0b0c00oboo0oooobooooboOoooon
—000000000000000—0000000 %0

20090 11 0 547

0000000000000000000000000000
00000000000 0000000000000000
00000000000 00000000000000000
0000000000000 00000000000000
000000000000 00000D0OOOOoO ™ ®0g
0000000000000 00000000000000
0000000000000 00000000000000
04Y0000000000000000000000000
0000000000000 0000 000000000
0000000000000 000000D00000000
00D000000000D0000000000000000
oo 6),10) 0

2.2 0000000O0OO0OO0OO0

Norman 0000000000000 OO00OOOO0OO
oooooooooooo®®W ooooooonooo
0000000000000 00000000000000
0000000000000 000000D00000000
00000000000 Monk'® 00DDOODOODOODOOO
00000000000 D0000000000000000
J0000000000D00D00DO0OO0 “keying-contingent
sound’000000000000000000D0O0O0O00O00
OO0OSellen 0 '¥00000000000000O00O0O0
00000000000 user-maintained mode statesd 0 0
00000000000 0000000000000000
0000000000000000000000000000
0000000000000 00000000000000
O kinesthetic feedback D D 0000000000 OOCOOO
0000000000000 00000000000000
0000000000000000000000000000

O00DSarter 0 Woods®DODOODOOOODODOO
0000000000000 00000000000000
0000000000000 00000000000000
00D0000000D00D0000000000000000
00000000000 0000000000000000
0000000000000 00000000000000
00000000000 0000000000000000
0000000 formal methodd 000000000000
000000000000000000000000000
0oooooooogn V9101992050000 Degani
Oo%41% 0gooo00000000000000000
00000000000 0000000000000000
Ofan 0D OD0DODO0DDOOOOODOODOOOOfan O
0000000000000000000000000000
00000vUID00000000000000000000
0000000000000 00000000000000
0000000000000 00000000000000
0000000000000 00000000000000
00000000000 0000000000000000
0D0o0DO00O0D0o



548 T.SICE Vol.45 No.11

OOMLeveson 0 'Y 000000000000 O00O00O
000000000000 SpecTRM O Specification Tools
and Requirements MethodologyO O 00O OO0 10),16)
SpecTRM O O OSpecTRM-RLO SpecTRM Requirements
Language0O OO O0O0O0OOOO0O0OOOOOOOODODODO
goouloooooooooooooooooooooon
Ooooooobobobobooooobobboooooooo
0oooooobobobboooooobobooooooooo
000000oooooOoooooooboooooooo
oooooooooooog

0o0odoooooooooooooboooooooo
oooo0o0ooU0ooooOoOoOoUoUOOoooooooOoOoo
00o00o0o0o0oU00ooooOo0oO0ooOoOooooOOoOooOOo
gooo0o0o0oU0UoOoooOoOoOoUUUOooooDoOoOoOO
00000000o0oO0ooO0o0o0oU0ooooOOOoOoOoOoOo
0000000000000000 22000000000
00o0o0000oU00ooo0O0o0o0ooooooooOoo
goo0o0o0o0oU0UooooOooOooUoUoooooooog
0000000000000000000000000 90

3. 00000000000000000

gbooobooboobooooboobooboooo
gobooobooooooooobooooboooobooooooooo
goboooooooooooobooooboooooboOon
3.1 0O0000O0OO0OCOO0O0OOOO0OO0O
Norman® 0000000000000000OOOOO
gooooooooooooooobooooooobooboono
gbooboooobooooooboooboooboobooooon
gboobooooboooboobooboboooooobobooon
gbooboobooooooobooboooboobooooo
gbooboooboooooooobooobooooboooooo
goboobooooooooooboooooboobooooo
gobooooooooboooooboooobboooboboooo
gbooboooooooooooooobooobooooo
goooooooooooooobooooooooboOoa
gooooooooOoOoOobooooooooobOOoOo0o0oOogo
gooooooooOoOooooooobooOobObOOOOoOoOo
goooooooooooooobooOooooOoobooboOono
goooooooooooooobobooooooobooboOoo
goooooooooooooocoooooOoooOoobooo
ooo0000000O0000000000000Fig.10
goooooooooooooooooo
gboooboobooobooobobooboobooboooa
gbooboooooooobooooooboobooooon
gboooboooooooobooobooboobooooo
gbooboooooooobooobooboobooooo
0000000000000000*0000000000
gooobooooooooboooobooboooooOobobogon
0000 ®0000000000000000000000

November 2009

Fig.1 Three aspects of mental models

00000000000000000000000000
0000000000000 00000000000000
00000000000 0000000000000000
oDoooooo
Monk?” 000O0OO00OO0O0OOOOOOODOOOOOO
000000000000000000000000actiond
000000000000 000000000000O0system
effect00000000DOO0O “action-effect rules” 0O 0O O
0000000000000 000000D00000000
0000000000000 00000000000000
0000000000000 000000D00000000
00000000000 D0000000000000000
00000000000 D0000000000000000
00D000000000D0000000000000000
0000000000000 000000D00000000
000000000000000000000000000
00000000000 0000000000000000
0000000000000 00000000000000
000000000000000000
3.2 000000000000000000
0000000000000 0000000000OO00O
0000000000000D00000000000000
00000000000 0000000000000000
0000000000000 00000000000000
0000000000000 00000000000000
00000000000 D0000000000000000
0000000000000000
000000000000000
010 00000000000000000000000
0000000000000 R; i=1,2,...,M)000
000000000000000000000000000
00000000000000000000000000
00000000000000000000000000
0000000000000 0000000000000
0000000000000 0000000000000
00000000000000000000000000
0000000000000 0000000000000
0000000000000000000000000 Ry



ooooooooooo 0450 0110 20090 110 549

Fig.2 Driving simulator equipped with ACC
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