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Prediction of Driver’s Cognitive Workload using Cognitive
Architecture : ACT-R
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The driver model based on the ACT-R cognitive architecture was developed in order to predict the
performance and cognitive workload of a driver operating HVI devices. In the 10 HVT tasks, the predicted

performance time and cognitive workload by the ACT-R driver model was well matched and highly

correlated with the mean of performance times and subjective workload ratings from 15 participants,

respectively. It is strongly proposed that the ACT-R driver model in this study can be applied to evaluate

the usability of a new HVI design with less cost in the early stage of system development.
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Figure 1. ACT-R 6.0 Architecture
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Figure 2. ACT-R Production System for Driving



ACT-R 1A ob7| A4 & o] §8 2474

A 2o Ao QaE A2 3 A A of(lateral control)2}
2 A of(longitudinal contro)E FF}7] Y3l A4 A&

2k $H9 S A 58 AHeke) 97 Aojst 4 A
o s 9aiA F e Ae AAH R Agdta o] & Ml
ste] AS EA 3}, ‘control attend near’ -’H—f“ o =k Awt
10mSl 4 A H(near point) ©. 2 A| 2+ )& o] 53t <A
2otk AN 4= E Fehsi control process car near at-
tend far’ 772 & A|Z}A FE DA 8] A A (far point) O 2 0] F
gt AAE AR ol e A A =E B ojn) A
A Ad 229 A5ole FB8A HASA Hu 2
Al 4 Aol EAY A 1 Y Al A3 5
o, 34 E2o A HA Bl A AR o] A €
o} AR “control process car” T2 24 A ¥ AL AH 7H
NAZES Aol g ASe LAY S BAAY &AL
WA GomA 34, 24 Al ABHT 1 e ol
done stable’ T2 7} “control done not stable’ T+2]-& A| X ZFE 9]
H3tE TS vhekete] abgko] PF A e 1A Flska, ¢F
2 Q1 2 o] A “control wait” 7f 2] 0] A 0] ZFA] o} A
of FFE YoUA == t7IsHA HH, 1 ¢HA o)A
o ez $0R e A A9 A8 e
31913} “control process car near attend far’ T2 0] ThA] A 3] 5
A A o] 8F A7 98 Wel 4AMEA 7, 34

o ofN

>~J

=
)=

E3
=

|

Aolo] oS Ataty FF o7 &)= FA L AFo| ¢
A o2 B Afole o 02%0 & WA WHEHA w2}
Fo] PFA RN FE A Foll= 025% A Fxoll AA & W

HHEE

T3 4 F AF UE 7I7E 2% e T 24 AAE F
Pate ¢4 B A 2 <Figure 3>l A B npe} 2
on AR} 12 AAR]D &4 7 23 AAE S b
AR & dtke 7HY sholl, 718 & RE g 2~F E Q1A

0] E(threaded cognition theory)(Salvucci and Taatgen, 2008)= ©] &
sho] 712 £ 2ol e o) 2 Eubgoad 9} 27} 714
o Agere o9l BEE A AL 4+ Ak 24 A
s £4 299 $4 FHe A4Y 07 £4 219 ¢
EEER I e e

4 29 AL A8 4 9
A& A Aot ol Ago] Al &4
AR A2 As RHPT o] A Y A Ao S LA AT
£ F9ko| = “control done stable’ T2 0] A H 1 22} A
Ty olk ofnf 4 E‘é & 22k AA S é Tt

r_E‘;
o}'L

>
=
Ol
ol
ia)
N
e

(o3
r_>.i
4
g R
>
re

>

oL

offt

r2 o
2
ot of o2t
oy flo ok

N
N ol

>
=2

a

Nor(eou 2 Rk1orlr oéﬂ_r—l

9 & WA} "J’bﬂ FYo] FAHH EW 2 A A
A A 08 o5 HBkate] 23t A ] AL 112 & APt
A Bk 2 2R 23 A F8) £7 2D 23} A 423
STEHE N7 AR A Aol w2} SR A 9 23 FA)
o] A Frd 4 A

lo
r (<3
2
4o
o
N\
o

189

2nd Task Temporal Storage

Control-Attend-Near

Control-Process-Near-Attend-Far

I 2nd Task Execution

Control-Process-Car 2nd Task Start

(Streering, Acceleration)

Control-Done-
Not-Stable

Control-Done-Stable

Control-Wait

Figure 3. ACT-R Production System for Driving including Secondary
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Table 1. Comparison between Model and Empirical Data on

Performance Time (sec)

Task Model Prediction | Empirical Data
S Static Menu 8.421 7.44
’I{ Dynamic Menu 4.231 5.72
% Searching Destination 16.971 19.23
CI} Searching Gas Station 8.208 10.51
EFI MP3 Selection 10.468 11.15
Static Menu 9.054 10.34
C Dynamic Menu 6.749 10.01
II{ Searching Destination 23.237 23.24
}27 Searching Gas Station 10.115 11.76
MP3 Selection 12.395 14.29
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Figure 5. Comparison between Model and Empirical Data on

Performance Time(sec)

2o} o2 5t ARG 20 AN B}k BT
<Table 2>, <Figure 6>3} 7t}

SN R 2 24 e QA Re o2 ol 7
B4 QAR B R A WAHT ASE =
RMSE = 6.837)& &8 = ot 4, 3] £33 9] dol=

w0 WA AE A U} AR ek 24 AR
Al 718 % ) 2 (Salvucci and Taatgen, 2010) 21X &
LD X0 £ A A L
o)A S5 R IA YEPEE & 5 Ak ©]
So] AX 23 AFHT} M 238 A3 A O
71go] FREE FFA T 1A 817 vl 1
o2 AN AFurt 2H 4ol A YA
# F1AY F 94 AY¥e B} e Tak o B
o) 27k olo] ¥ AN B3 51489 A7 %3
Mg $A3H $90] $old A4 BY3} LA 5ol
o o8& 34 87 & Felste] 474 374 & AAs A
SEEPEEEREE EER

I 4 JAee & 5 AT 10 = 0952, 20 = 0.982).

o>

o]
H

- [ A O
o g S o2 ﬂl‘r
b

Koo X

iy IR gob H:l

h
>

d



ACT-R Q7] o}7| 9 A £ o] &

Table 2. Comparison between Model and Empirical Data on

Workload
Task Model Prediction | Empirical Data
S Static Menu 20.1 20.2
E Dynamic Menu 11.4 13.3
1% Searching Destination 45.0 38.0
é Searching Gas Station 20.2 21.9
I:f{ MP3 Selection 23.3 26.8
Static Menu 35.8 429
ICJ Dynamic Menu 19.4 37.6
R | Searching Destination 71.2 71.6
g Searching Gas Station 29.5 39.2
MP3 Selection 36.0 43.5
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Figure 6. Comparison between Model and Empirical Data on
Workload
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