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Cognitive Modeling of Unusual Association with Declarative
Knowledge by Positive Affect

Sung-Jin Park - Ro-Hae Myung*
Department of Industrial Management Engineering, Korea University

The aim of this study was to model unusual association with declarative knowledge by positive affect using
ACT-R cognitive architecture. Existing research related with cognitive modeling tends to pay a lot of attention
to strong and negative cognitive moderator. Mild positive affect, however, has far-reaching effects on problem
solving and decision making. Typically, subjects with positive affect were more likely to respond to unusual
associates in a word association task than subjects with neutral affect. In this study, a cognitive model using
ACT-R cognitive architecture was developed to show the effect of positive affect on the cognitive organization
related with memory. First, we organized the memory structure of stimulus word ‘palm’ based on published
results in a word association task. Then, we decreased an ACT-R parameter that reflects the amount of weighting
given to the dissimilarity between the stimulus word and the associate word to represent reorganized memory
structure of the model by positive affect. As a result, no significant associate probability difference between
model prediction and existing empirical data was found. The ACT-R cognitive architecture could be used to
model the effect of positive affect on the unusual association by decreasing (manipulating) the weight of the
dissimilarity. This study is useful in conducting model-based evaluation of the effects of positive affect in
complex tasks involving memory, such as creative problem solving.
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ACT-R(Adaptive Control of Thought-Rational; Anderson et al.,
2004; Anderson, 2007)% 22 5 &4 1A 7 Z(integrated cog-
nitive architecture)E o] 9“3}01 KA ‘:(alertness) THEZ(sleep

T O
s D%]aﬂ °1:rL€ T 9/1‘3} Cochran etal. (2001)—8— 7t
O AAHA e £ B AGF ZHYYAE Xﬂ-‘—ﬁ]-7 9

A= AAH AT F LI LAEA I 1=
AR ACT-RE 0] &3t A &7} 719 /=9 U]ilv‘f
&S ndYsath 183 Gunzelmannd 19 FEES A
JA 37 9] 2+ (Gunzelmann ef al., 2007; Gunzelmann et al.,
2009)% olyel +HH 2 e A< (Gunzelmann et al.,
20110l A 1 FFol 3 AA A A2 5E9 AetE AF
Aoz ndysig.
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% =

l-fO

d

oF

= NEE & A
7t AL FAA A (positive affect)ol] ek FA 9 A=
Zasith 384 AL 2 7|80 BHE ACE, YA
ojm & = o] YUnbAel FejE ofulstE 2 o] th(County,
1987). o183 A AAL 7|hstA ¥ AES wHAY
(Isen and Geva, 1987; Isen et al., 1992), A7 A= F4-& RAY

(Carnevale and Isen, 1986), 2 A24& & Z(Isen, 1970; Isen
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1976), B0t P58 o] @ T4 4 0= 3 53t Th(Carnevale and
Isen, 1986). AA A QA SHAM FAH A 742 AR A A (cogni-
tive organization) S A 743t A7) 719 ] ZF A Ko Eﬂa Xxj
=2 12 80]3HA ITHClark et al., 1994). BHY Z3}H,
2 AL A A A 9 A (Isen er al., 1985)3 % «l& J 7
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7t 2, AL AR AFEE Y2 74 (neutral af-
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JYEE B AFgMe A AR o] JAAHA ol v A&
2 Aol i) ’éU:]EJ- = Eg
AL A& tistel ACT-R UAEHE
3 LMHoE 72 AFE vgo
A AAA A oALA FEFE v A=
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obR 117} g},

Hn\‘

JN

44
il

:.
[SRelta|
479
37 o
O 2] O

ook

O X of
r
jg_?_w

NooF
e Jz B

3

11 387 233 1447 ol a4

G AFAEC], FAA BAL AAAA ) f24E 2
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S} e ojulolt. AAAAY fARol A%4F AT 5
& And ol AZaAY 719 ) Be ue daNdE
A AAAAZ Aol i HAH, BEA oA

= 2 0| T(Isen, 2008).

ol A A A Y KAl TAHY LA 71 A= A
Zto gk o] 84 7|wto z & A S #okd] Euil 7}

“d(dopamine hypothesis)= € & 1T Zo71 7FAof 93},
TA8H DAL EAd oI E AFolMe HY AHAAIY
(frontal cortical area)olA] FAH ZAF}E t2A =34
(dopamine)©| gt AR AE =AY ERI7F &35 o] 14
of Aba #A, Ay 719 B A AA, 7o A8 AA
9 A4EE st 99 715 S ZUA U TH(Ashby et al.,
1999). o] E g 7} ol = o ZA 7} 24 ¢t} Mirenowicz and
Schultz(1994)°l oJ8t®, A3t ARSI S5 & 71t 8HA
xE B BAAS HekS wf, EupNle] EH|7F 243
o stk =3, S fAG AES g e B
s o, 344 74 o] YERLIL(Beatty, 1995), =39 £H &
JAANI & Fes FADE W, 387 7H40] 43= Atk
(Hyman and Nestler, 1993). 238 0.2 AA| A A 9ot WA s &
dol = MY 54 d90 =9 #u7t A4S EE o
o] ZZ1Hth(Lange et al., 1992; Williams and Goldman-Rakic,
1995). o] =347l Eul7F F3E &4 &2 9 oA 2H 3
e T3 oA A A Ao B BEo] YFE

vepdt,

0.6

Neutral condition
0.5 \
04 \
0.3 : \
02 N \
01 \\\ ------ Y

- - - - Positive condition

Proportions

Figure 1. Empirical data for the word association task for a stimulus
word ‘palm’ in Isen et al.(1985)
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Isen et al.(1985)%] A8 A7} vlwste] 248 ACT-R A=
do] 3AHH 7 g uHF A AdHE s & BEASEL Q
A AE E 1A g

AR 94 A A E QA 2 45

22 ACT-R A 728 &A3) o]

AAF2E QAR A} A7 g S50l gt o] 27 A
7 FHE APS T3 d2 gderEE AL gloH, o
£ ol A7 5oy 3-S o &3 TH(Fleetwood and Byrne,
2006). ACT-RE A=7kA /e o8 QA F2 Fol A 17t
o 5 L JAARAY S AT A 71 A FA 07 A 53
BAE 7 e JAFRE QAT ot whkA £ ATl
A ACT-RE o] &3 384 A o] AAAA o v]A= Y&
& Bdgstar g,

H WA ACT-R 6.0 S1zte] AA] ¥} 5Ug 9
FYte 879 RERE FAHO JloH, o] REEL T
(chunk)o] 2t E8l& A& A4, [F-THEN e A2kt
(production rule)o] 2t E2]= H2}3 22 3}e] A5 A
af Qzte] AR A 9 AA A E BAE 53], ACT-RY
A A B (declarative module)2 A4 9 HE ] k5 3} (en-
coding), A (storage), 1 & (retrieval)ol] 3 A A& 3
at7] Wioll B Ao A Fa8tA thFo) A of LE}.

o m] h(semantic network)® T4 ACT-RY A4 =&
2 &4 8} < (activation function)dl] 23] ol EHTFF H2
/\5]0] 71_;‘1,_75]Qq— /K-]O-]}H LH7]——',LJ](:]‘/] Z¢1]-/H§"L71—_Qi}7—]
o gt FEH A HEE EYE i £ &4

oft N XN mlo

o

(utility) & 24 o}—t— ﬁgi, 7193 AdH 7124 dAH
AW ol g%, & 1‘81173 %—ﬂr Z2e B33 AAHA 9
RN x}OIUW A QA 2HE 5 Aot &4
L e *‘OM =T % | 4744 842 FA 5 o
et
A, =B,+S5—P +e (1
P=3 WM, 2)
l

A AR 849 7]1F 24 SHbase-level activation; B)) Ak
TR 7F drpg H 2ol AHESt A, Gkt A AR

Table 1. ACT-R parameter estimation based on the word association experiment of Isen et al.(1985)

Word (@) B+5 (b) W (c) M; (d) 7, = Wi, (e) 4
(1 Neutral Positive Neutral Positive Neutral Positive Neutral Positive Neutral Positive
hand 1 1 1 0.5 0.01 0.01 0.01 0.005 0.99 0.995
finger 1 1 1 0.5 0.085 0.085 0.085 0.0425 0.915 0.9575
sweaty 1 1 1 0.5 0.22 0.22 0.22 0.11 0.78 0.89
tree 1 1 1 0.5 0.35 0.35 0.35 0.175 0.65 0.825
Hawaii 1 1 1 0.5 0.39 0.39 0.39 0.195 0.61 0.805
reader 1 1 1 0.5 0.39 0.39 0.39 0.195 0.61 0.805
steal 1 1 1 0.5 0.46 0.46 0.46 0.23 0.54 0.77
lift 1 1 1 0.5 0.46 0.46 0.46 0.23 0.54 0.77
basketball 1 1 1 0.5 0.46 0.46 0.46 0.23 0.54 0.77
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SECEERE
A At doAAN A Aol th3) Isen et al(1985)
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olt}. meHH B4 o} palno] T v e Y AshE
EOh2 FASHIL A B B3 ol mA s Y EE
AR AAFA gEre WAse 2974 244 AEe) A3

2t A AU(EEA 24, 544 44) o i ACT-R &
42 A 9 2o} Tﬁhﬂﬁ* A3 Zé_x}% FASHA A=
g B /\-IOJ;H E—Eoﬂ Z-]X]—EJO] M\_ 0431 %012 = 7 }
ol A(BAE ol 71 ) Bol & A E38hE ofef 9

Akt of) whek 3 AT

(1) Search-displayed-word : A=} & BAY,
IF The goal is to find a displayed word.
THEN Search an displayed-word.

(2) Attend-displayed-word : B8 92| & 3l T E ©] 5.
IF The goal is to attend the displayed word, and there
is the visual-location of the displayed-word.
THEN Move visual attention to the location.
(3) Encode-displayed-word : =8 & &7 A5 o1& <3t
of A%
IF The goal is to encode the displayed word, and
there is visual object in the current location.
THEN  Save the value of the displayed word in the goal
buffer.

(4) Retrieval-associate-word : 18 REZFEH A4EE
gof g=
IF The goal is to retrieval an associate word, and
there is the value of the displayed word in the goal
buffer.
THEN  Retrieval the most activated associate word.

4.4 3

AA HPAE FAOZ & sen et al (1985) ATl A 9] 2=
o] ‘palm>el] e HZ= A Do 9] vl & <Figure 1>3} £
AT A LR AR ol o T H 2 AYH Tolo vl &2
H 2 3F ST <Table 2>+ ZF 2+ A el ol A 9] Isen er al.(1985)
o Ao} QA RE o] toldd A4S vEhd Zlojt 1A
2o o3 Hx AAH dol 9 vl &L 7 1A el met
S0HA ZF 100 o] AlEdlo] A& 2 g Aol

D@zt o Ao} JAA RIS ArE AFH O v
3t7] Slal "B A 7 AR W oy FIHH O FHE

A& 43319tk Campbell and Bolton(2005)0] 239, <14
93 fgzete] dig FAHCE Blwsty] 9 1%
A 7Hd AA RO e AR A4S 58 AT ¢
A(trend consistency) -2 ¥ 2 E(exact match)E AHEE= A
o] a#Holgta FA43 T oo B AFelA = FAEN S
ot AR B i A= FRATE FUHE L
AArst A

Table 2. Proportions of associated words by neutral and posi-
tive condition

Neutral Positive
Word
Human Model Human Model
hand 55(%) 55(%) 28(%) 32(%)
finger 30 30 20 20
sweaty 10 8 13 14
tree 3 5 14 12
hawaii 2 1 9 6
reader 2 1 9 8
steal 1 0 5 2
lift 1 0 5 6
basketball 0 0 3 0

60

 neutral-empirical

50 A = neutral-model

Proportions (%)

Figure 2. Proportions of associated words by a stimulus word ‘palm’
in the neutral condition

<Figure 2>9] T Y4 747 Aejol| Ao 275 A4HHH, [sen
et al(1985)8 HZx 2 AGH dolo vl &3 AAmH ] Hx
o:]}\]-g qq_g] H]-%O]] q]a]. t7']7% ol }\]-jq.H /HQ /é/\]—gl_sag
o}, p-value = 0.202, R = 0.998¢] 2+ Fho] £25 o] Y7 7t
A e oA AT palm’ ol IS Y-S AA AE A
of A ARSI E L+ Y

B AFNA F8& FAH 7.&%% efol Tk #£4 Adt=
<Figure 3>3 20, ¢4, 34 A3} p-value = 04282 43
A e 9@ Atel s Hx A4E T vg A
2o 93 Hx A% SAHOE fofdt
Aol 7t fle&

A % Ald A3} R =
0.9862H= &01 A== 4) 2 el o) AT
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40 1

Proportions (%)

Figure 3. Proportions of associated words by a stimulus word ‘palm’
in the positive condition
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o 53k

TEAHOE B AT = ACT-R
frAHd o] 43t gholl miAls 9= 2Ashs
SAH Al 3 oo AT 3 AHol e Altst
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Aok A AFHAEol THH 2o @ A A4}
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o 7 2000 e 245 e W] Sla) 2ol ¢he A
Aake 712 e AT olE NHRA tojds
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