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A Cognitive and Computational Model of Brain Activity

during Emotional Stress

Objective: Stress and emotion play significant roles in the quality of
human life; therefore, the presentation of a suitable model of them is
useful in understanding these mental states. Method: Behavioral and
Emotional activities are associated with the limbic system. Therefore, we
will first describe parts of the brain which are important in emotional
reactions, including the cortex, thalamus, amygdala, prefrontal cortex,
orbitofrontal cortex, locus coeruleus, hippocampus and hypothalamus.
Thereafter, we will describe a general cognitive map for this brain state.
This cognitive map exhibits the basic role of neuronal and hormonal
systems in processing emotional stress. Results: By describing the
necessary relations and characteristics, a computational model was
executed in simulink Matlab toolbox, and different experiments were
carried out in order to determine the validity of the model. Conclusion:
Results showed that during emotional stress, the orbitofrontal cortex
reduces the stress and prevents it from continuing. Also, the computational
model could describe brain function in emotional stress; therefore, it can be
used in larger models as a subsystem.
Keywords: emotional stress, limbic model,
computational model, cognitive map.

system, descriptive
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1- Sagar 2- Rao

3- Prasanna 4- Dandapat
5- Kleinginna 6- Horlings

7- Healey 8- Seger

9- Picard 10- Phelps
11- LeDoux 12- cognitive processes
13- behavioral reactions 14- reward
15- punishment 16- Thorndike
17- Bronzino 18- Darwinian
19- Jamesian 20- activation
21- arousal 22- valence

23- dominance

53

Ao\R0

a5 3,50 5L 23 Sl Odn pde o Fedny Olgea Ghe
ST Cdlab ol glaaie 5 b 8 )l 3 Oliies 51 (65l
S LS (gladin p Folr 1Ol 5 ol dhosr
ol ald Calibes (SLalomdgo 53 jhe 3 Shas 4 05 5 4
Ll Olsl (S5 oS 55 gor 45 Ot 5 o 2l o
Ly ol (Y+09) "Ll 5 Ll sl L s
(a5 Y (s mem b (VAN LS 5 ol &6 gosmea
et Gl fy Jamms 03 Jalse ol ool 1 Ol
dacr 5 AYAF (S01,3) o 157 (5 pan O 53 (G305 5
PRV I TRV A8 PRI JEE U RTEF S DS
STl ekl ¢l a1 5 6ok s Ol
WIS e il e g Al (6,8 0l (LI 6, s
KCTRY- YA SRS PR CFT L AN E S MPARTS
Jeos ST 48 ol iz 5 oy 5315 Dbt
3 il 55 (i 0y 55 Ot ST 0 5l
5 5 Slalat T sl gladsl 31, 0T ol 5!
JSs sy sl ST 5 (S5 i DI e o
U Toias 2l 4y oS 4l Slaa sl . dias
Coly oo Olomet &y pd Hlte kialondl o oliS e 515 &
LS A5l 1 OT 487 5 s gLl s 5,55 08 o0
Sl stin Oloman a2 5 ey 3,8 Olas Lol c(odas 31sL)
A e Ol 053 O sdme jg el 48T oLyl
1y oLy S Sy 5 oS Ol ¢ K05 Ol 4 (oS 43)
o dma 5 OYAF (STl 67 sl 5 81 0 4L3) 5 ls
(0,8 5 sLT !
ot S5 maze Jobw Jlad o 3l e &S ol o
03,31 jre an Lasl 510157 Cluas! dlw sas Sledb! .ol
Lacacus 4 Ol mly olaael G b 3l Sl sws 5555

ZgL_w‘Ls_w)JfJ_j\éelf@‘:jbj‘}A.J};@a:ﬁQJthh

Advances in Cognitive Science, Vol. 12, No. 2, 2010

1=V YA LY ojlad Yl il psle slaost



S el 53 a3 Kot 5| Glonlons dua G ld 425 &)

S (o gl 93 F0 Fh0 S s

S e Dl Gl i (Gl il 1808 55
oK U bias Slown 5 5L, (slaclas .S o L
o gl jRe oy o oS oKas ol isls Ll oS
N3 S e it g3 Wleddl 5 eaa oS e sl
T e Ao g a8 S a1 w8 S
Sl sl St Tt b i n T e ST
Sl bl iy (ol odd 1S5 anlS pon 5 YIIET
w2 WS o355 5305 Olows 5 5 SN s
13 3 adible s (lodels diun 5 e ST dien 350 oo
3G oS ESE s it s 0T (K585 Js
b 2l s ol (omm (5 DTl pally S
o ) LT e 5 Sl ys e 5 5l (o0l bl )
S o Jie alS s

Py Jw
L e 280515 o gates Slar o 2 Re S5 50
565503 adkie a5 Oglize slas Shee WL slale
315 gl 5335 ol dilate Sia )15 o puabes s &
S L b el byl el 55 ol (s &
led slajlae olss aabte o (2be sl ol dabe
S L sls Sglize g 5 5 (53959 Lo 4 tASL 4l
L a8 iy sl b 4 D5 om s e 35 (ST (ko
3 e 3, See 48 e St sl L e ey 5 s
e,y jhe i 2,5 ol 02,13 0dge 515 (STa

1- valence/arousal 2- Papez

3- Pfeifer 4- Armony

5- Servan-Schreiber 6- Cohen

7- Hudlicka 8- Fellous

9- virtual agent 10- He

11- Liu 12- Xiong

13- Doya 14- Kimura

15- Kawato 16- emotional learning

17- Mor’en
19- limbic system
21- septal area

18- Balkenius
20- cingulate gyrus
22- nucleus accumbens
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25- amygdale 26- hippocampus

27- frontal
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1- sensory projection system 2- thalamus

3- brain stem 4- Steimer

5- temporal 6- basolateral nucleus group

7- central nucleus 8- cortico medial nucleus group
9- Davis 10- Whalen

11- feedforward 12- prefrontal cortex

13- olfactory bulb 14- lateral

15- accessory 16- central

17- locus coeruleus 18- periaqueductal gray

19- parabrachial nucleus 20- reticular formation

21- dorsal motor nucleus of the vagus

22- autonomic nervous system  23- lateral hypothalamus

24- inhibitory 25- ventromedial hypothalamus
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1- functional Magnetic Resonance Imaging

2- bed nucleus of the stria terminalis

3- dorso-lateral 4- orbital

5- Positron Emission Tomography

6- Carlyle Jacobsen 7- neocortex
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10- Palkovits
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1- Aston-Jones 2- Shipley

3- Grzanna 4- Harley

5- Walling 6- Klukowski
7- Markevich 8- Zosimovski
9- Korshunov 10- Murzina
11- dentate gyrus 12- Kiernan

13- entorhinal 14- perforant

15- subiculum 16- explicit memory
17- Shier 18- Butler
19- Lewis 20- Carey

21- paraventricular nucleus
22- corticotrophin releasing factor
23- adreno corticotropic hormone

24- mineralocorticoids 25- glucocorticoids
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1- conditioning 2- sensitization

3- plasticity

Advances in Cognitive Science, Vol. 12, No. 2, 2010

OLKed 5 (fomm Lils s

S o il 33 50 5l Slgidy Juko
b (N5 58 s Sl p bt glaats
Sl LaplS sl 5 S Wleslg by o 5 I oy OT
Ol oS B LY pol s oyl Comlrody by S ys i
LB ) JS s o8 slaie s el il e
aS odd slginy Sl o el Sl s 5ae Sl pmel ol
ol (Y00 ¥) OLLSn 5 s s VLA 10T g sl
S N) s 5 s (Yo o) o suiSIL 5050 (Yo Y)

sl ok 4 S S (Y 0 0) Gga)T
5SS Ol e oSl s coolging Jde 5
ol Bl Jobe 5570 5 (Glmer Sl 2S5 50 pge L0 SI
Clsr (Slrmd ol Sl 3 G Sl sl Joke &S5 o
Soas b ¢ Sl b i glaaainia 5 ealis Ll
e 1 6 ok 5 bl ¢ Sa,p sl alanl (OAs sl
503y |yl Slewboue Jis &S 0145 e oS 0T S

25 b))

0520 90O g jRe Cakisee gla Eow Hly (oolgiiy Jue
OL LS o (o 55 1) Ssmsh 3 (o oliud 93 0s Jlab
ooy Jol 5o 5l (lae sz b Slomad (Gla il 4 o 0L
1 odaTalg gl S5 o Ll (sla 5 o 23 n Gl
La 5 o LMl .87 o jho & Sl 5 3505, 6l
Sl 55,0y e a0 & cadsl ¢S 55 6l (ol oy j>a)
e YU S e g s s 93l (s P
P 3 ot s L5 g o g 25 5 WABAT 515
et 59 el 3 gdmee Sl L L L (o sl STy
DL L sl b6 ISl 4 SeMbl s 3l ey it 2
L in S03 4 QIR ey Sl 5 58 SN
S e Jl
5 ol s e 93 1 OleMbl ¢ Sl sla iS5
) e 005 VI AT il (slasin 3515 s Dlosl 28

Lg)_fjaju_{“fjéla.x_o@t;uwg&ud@u:@

Y=VF AYAQY A)La.:: AY JL\.« stw:: rj.l& LSUM)L-



Sl gl 53 e s Sles 1 glale Je g s5ld 238 &,

OLKed 5 (g Lils s

(Y2 9) Ll 5 S = 5 b oS (B3 (YY)
S dn] e

als bl oS (g eyl 6ab o 00 el Aol Joke
S n e 1 e 85k £ 3005 Slren &S o
(VU ks il sla i 15 e 0L S
Jie ol s s 00, Lt (glodels slaodis 5 o poVU pon
Y S Goles (ReW) suas 315Uy (635,55 S5 5 T ples
Sedd oylsl |8 sla isw 55 a5 sboles . Lileds oM
s gn 35l YT 4y @i 5 podiis s 33 o 5oV
3 Hn |3 el 0t Jibe s i e s bl 3
23S IS5 e | s ($3955 ol Kl & e sa Yl
U e 45 Sl — ladu 538 idw (6l 50 S
VST 4t Jos el s gl SEST5 ke 5 5,8 sl
Sl Gl 23 slal Lly) stalin ;s‘;: dy L 4
5 Sbd s (Y V) bls o 5 5 glidg,y oY+ Y) el SVl
S x| e (Y00 8) 0,

asl

sl i oSS L lawls Jue (g 5luesly (6l 5

A sl 5 VST i s i ¥ S
LT Gl s B8 s e g 255 5o VE
s S D) s Lagsiluans 1 (s1as goma ¢ Sllons Juks
563k 4 Gl - gl 25 5 VST 5 Shee o 1T
g 35 g0 SLoe 8 (6 p Ty Ollanl ol b e e
Sl P Ol /F 5 /Y O S P palhe (ol
(Pl st e S 655k Ol 53 s et
sl Cwsts b Gl /DL /Y a0l gl
48 db odalin gl 53 SV KB /0 o sl s

i LS 3 Olael o ¢Sl idu 5l
3 B G5 l3T kit | IS 558 5us oS
a5 S e 6 o 0 O B 4 B s
0333, Shoe A0S o Loi 1y KKl S 5o b
b e IS, 58— dU,sT oaws (giludlab ¢ v 50VG 4on
J—le i Lo sVl g (a5 slaaa
s 5 S o 1y (AN e s 5 S S
= s ot 55 55558 5551 05y 58 g5l T
L s ooy JU 0T 88 as c0 55 0L o b 5105050
JoLs) Lol gy 3o 5l (o2 8 cadS Gy 5ue 85 & o
OT bee S bty 58555575878 5 bty 5S35 5575l e
SalS 6l U355 58 S e ST 1 (sl 55,58
o3l 5 sV g s 5SS D gnsn M5
G113 5B 1 ms 5 5SS 5S 5031 Osessn M5 palS
G B 58 e 3 ST o Ll e ST Dl S
s S sl aS 55 b e L b g 5l (65wl 3T o

RESLIW-Y u}> Sl

Slealome Joe 3 L
e 5 S g Lo 53 Y S lalons Jks

NaKaT Lol sla o Jols codd (5 jluans MATLAB
S Ll e (e 2 s Gl gl 23
2 a5 n b bl 51 (80 WAKT
55 53 WK ke ol 3 sl adsl 5087 oy 435 Ll
ST (63555 Oyt So5 Siom cpir 5 43,5 13 ke
S (o Joe OT (5
3 Aas e OLES aS (YooY aal) 5505 545 5 (gal s
oty b ol S VST s 5 ¢ Gl SV 5 0
S U (Js 03,8003 1 Olr b Jee s LS 0 s
Yl.k_i.a'\—):s}_?yého)f)aéﬁf:\i el 3 ,m sl 5, 0T
Sy 58 e DN 1 (B6 S oS 2 5 S e

.E_IUJZJAL.ZaLgbl.J;@QJ}.,&‘&L...«\U:.;U))U&:JLUJA

1- Simulink 2- reinforcement _ o

3- Lucas Uls 2 5 ol o(Yr oY) ezl OYe & VIWST (glaly
8 Advances in Cognitive Science, Vol. 12, No. 2, 2010
A

1V YA LY eyl Yl bt psle slassl



o il 3 3 Shas ) Sl Jube 5 Bl AEE &y
OLKer 5 o Lile Ao

JLs gl 23

Advances in Cognitive Science, Vol. 12, No. 2, 2010

Y=VF AYAQ Y AJLw.f: AY JL..» nd"a-l.»fa C}.LC 6[.5:;)\.7



‘}J\:ﬁ.aw,:ml);}h;M}ldb@d#}?uwf\.ﬂjl

OLer 5 o dile s

Sl — lddas a3

£ _th

.
»>1 Sl - gl 25

Sl S out

»E 01 > “

™A i s 5

| [ e

L Ykl
o1

o A_th—
. » R e
* O]
Sensony > Al ;;Jha
:jl 5_1_7-_ Th »Th
E} g YIaEl e s
ok ;Y Graphd
——
;Y Graph1

X GraphZ

Slea ol Sl s oS o&aws odzosly sllss Jia =V Ko

w;fu&_,zﬁ‘yu_ig,@uﬁ-émb T

P WL T R Wey L Lo Y W=V IS PR V-

VST 5 Slig - gl 25 s 5 Sl —F o

1- sensory input
3- model output

2- emotional signal

10

5(S1) 63555 s K s Jtola3T 5 iteay

5> (MO) "dute s 5 5 Jlos) Jos & (ES) | Slomr IR
e I Lals (83 50 s ymmn b o3ls Jioles ¥ S8
Olaj ol smmn 5 odaT 3,05 Ol s Sl 5 (53405

! (& 503)

Jde s 7 salie 5 Slond 9 e 63955 Jles! =T IO

Advances in Cognitive Science, Vol. 12, No. 2, 2010

Y=VF AYAQY A)L&«; AY JL\.« H_;:—LWZ rj.l& L;’LAA)U



Slra il 3 e s Shes 5 Sleslow e 5 LS L0 &

U5 (Gl &5 o &G L Glejer Clow (5 &S s
.:)ij Cmwdd |y u—;Ts’L":‘ ¢S s tj_;) e ey
S o il b 53 VAT o7 Wilesls Ol Sliios
o Me Ollans 2)ls (Gl ik clal oy o dibl 055
O e LLII 5l s 5 5ba S (63 m s L VKT T
SLagealy sl AET(UCS) " b a8 5(CS)" b s
el 4 Bl Ol (oS8 a3 O ) (o5 (b 2
Jsbas lg c\?Jfl chLa LgY\Ai_.aT Sl 5 o0lS sen
L oL ‘519)_.,, bl cas olas |, CS-UCSs u.;ujr.a (o=
OFAY (s o) dias god S 3l 5515 o

O ko, Jolad ¢ S Glodb ity 3 g iles 51 (S
225 A Cjson LI 5 s s Oy ol Ll
u.bl_x:)l_:.éjd_i\Q,:’-l;.ﬁ:,&}:hwg..uj&&lu'jra)tf
5 oSl s L el e 1§ o (ki BB Y e
= 9 oz sl |y e 5L Al e Sl e
(o3 Lt (§5ladibe 53 ol ST glulis LB 2
A_‘g-,a.ul{u\;b(ﬂ)@\)wg;.ﬁl{wdu
S Coo 1S (B 53 el (s Jda 055 Sodony
SIS OT (6l zelyly e 5 demloes Sy cdas 0LEi 1 0T
ol ol ol en Slowlbe (sl 21530 L Lo gos 50
S e 3 it (5 S 113 Loy ok slads
Lyl 1y 5 Lol slaay a

53 b8 a8 s Coadly o late ol 5en Ladis
(L gt e s 25 63955 5 Il of e 4 45T ool B3 gulos
4S5 g3 Sl 31 ol ke oS &1 Lalil 15 Lze
ol GOLS S o 5 1) o VL 5 Ll 5 plas
dLadass ol (glas )8 5ol Olo b b o> 5 l5ds
S el oot le3T plandl 5 5 sy 50 Sy i C s
Ol O 5 e (88l s (695 LT iions ploil (Y5
3 3,8 68 g ol 53 Al e B L B LOG

1- adaptation
3- Conditioned Stimulus

2- classical conditioning
4- Unconditioned Stimulus

OLHer 5 o dile s

ijk}duéé})} ‘@L&ﬁ._&‘ébﬂgk))‘ (5‘]’
Jls.éj:.'p@l..':.:.;—L;\AB.A:-J‘M&L:SQ)LE&:H{‘:}&@JL@&‘
cw‘,v_ Lﬁd‘-’%’a ui.:j‘jé\_!agﬁ_wé Lul}- Q'l‘Jb ] 0l
[RUFNELY ng:f‘,_b- Oloes sl 51 Sl g —ad T g cdas s
el s pLAIVL o oSG 530 JS 55 e (5 5

MO 05

0 \ \ \ \ \
0 10 il 0 0 a0 60

Sl sl 2505 Jb b 36 e -0 KD

e (s 20T s

Rew Jti_.u L P O R (5 s ol s

A B adl 5,515 5

& 5 A

Shnd 93 sl (Sloma o 2l gladds 51 (S
3ot e 0SS o4 & ol S SV adlr
35 (58 e 33 ¢ Somd o el o8 55345 0 Ol e
Lol oo i 45 G SBpdSa b i gm0
35 oml @S st asl b o e sl sl s .S
LS LB ol 534S s boles el ol Lo 5 s
5 S e (535 i Oty YLEAT 032 e ol
i) T s Hlacdias Slows gla 28Ty 5o oo sl
3 s s 53 31 DL 3l 3 L 5 (Y00
ol ) (G558 5 (oS g 95 Clad (s 8
e
' o s ¢ SL SLapi 53 o il 51 (S
Ll o abbl L g8 b aied S D) gl 4 0Dl aSd
S ot clie 150k Ll 0 b st 5 95b 95 52
3l TS (3l b 51 01 o S g Ol st 4 S
Wl (Stoen 5 p I U Uanl lows dbil> oy &S 5 S

S5 0T 53 457 Sl (umd o il 5 cpl ¢ Foslo S jlews

Advances in Cognitive Science, Vol. 12, No. 2, 2010 11
VY AYALLY o5les OY Jl il psle slasst )




S il 53 she s Shes G Gloloe ey ol L8 &)

OLHer 5 o dile s

355 Glamb O JS8) s 5 Il &S0 o5 o 831 02
il (5 o b) o Sl I 0T 53 S 515
S Sl &S5 e ESG HLST y s S S5 S e
5 0050) 3515 alie la 2S5 4 Ll 5 0 5,8 o0
Ol U oo ol o lid 228 Ao lie (Yoo v SL
OIS 5 ol (Y000 ¢ sy T VA Grls) LS alie
S S U (Yo v 0 (a1 meoli ¢ v v v siSIL 5 Oy g €Y 00 ¥
jjiaqbuéuui&qQJ;duujbcd-ud\S@‘bT
S F—iy Sl Sl Glomen ol Sl s DLl 0y
il N Oly S50 (L LB ) Sl )5
03,5 5,150 4l opl Gilwand 5 gilwesly bopl by das
) 03 e S s Ol e Ol s alas O 3T
W8l Sy Oldas (o) e
(Sllbs Jio Lo U 558 oo lgidey Guiins dalsl gl 5
o sladias Sl g sls Golas 2h 150k Ll 5 L 1) Jua
Losdiyhs by 80T 5 o ok, bl oUls «
cr) o Lal s S oslial 55,8 5l (5 Sl Coals
ks..*;;‘jLsuw;)bjb}ﬁf&b)&blgbﬁb};”&
g@&ﬁ%@@\ﬂé@\:;.&w&@\@%;}a

LS s slde

VPAYIIYY idllio il SVPANS/PY idllio 5L

1- chaotic

gl el Gleel g Como mdls b b ay) Ladus ol
Al LSty Wil g

e ed Sy gdme by (s 5 Sla i (s5lwd e
) 2L el 0 (ST 18 nats 53 51 LS
Sslaul gm (6 paS I da G, 5l el (g5ludde 5o
o=l as ecul ol oslinal o 2 5 Jdow (g 5led e I 24
w;M;);M;tQ\SQuNL\‘SatV;,ysm
55 e (i lzel Gl .Sl ol ol (g5ludie (I 5 00455
g Aalgd g 4 25

S5 Ol o 2aleST (55 b Gt ol ol
sdalive 4S5 boLan ¥ 5 ¥ la Ko oo U ales 130
odl Jos 3,05 Sl — gld> iS5 Oloes rli;.ajz (395
,o,}_,:)u%_ﬁﬂl_fbﬂ};,on\_?.__ﬁm;lc'u,
B Bl s 5B el )15 Olamas ag (Yo (S
A 9358 o0 359 Oloed 2ol 53 sa¥le Jliy — (gladus
S8 Glas Sl L i (s 2 (8 5 Slrr S
2L ol (T8 (505 rpeels) LS a iy 23
plosl Glig O Aol T 4 Sl 3131 3 68T Gl leT
3 oSl VLIS Slidos 53 ol pl s> Chillae ok
i s e L LT o 5 oo etalitia 55 11 K
muucjube;gﬁu@uﬁ—L;u_;.\,.ﬁz;j\j,ﬁ
3950 e Ve a3 0 Glall (65l 8 o s S
oo 50 ¥ SCa 53 (sl 5 ol a5 OFAF ‘rut,@
B 1 Ol VAT Il ¢ Sloed K o 1 dmy 457 555 o
I Sl — Bl 55 s 313 0dS5 555 45 Sika
Aas Al Oloes LS o a9 0l

&b

35T o ils (S0 S g Sy omalign )| ol ) AbOLL . sy e el b il shitess (5 ke SR (6l 55T (\WAN) o s

g d-l g el

ol S s 5L .J,-_w/fo;@ﬁ colSpn Ll s CAL o s e clod sl 5, (il 5 (5 locls (\FAY) o ealid g e

12

gt Ol Sy g

Advances in Cognitive Science, Vol. 12, No. 2, 2010

\Y

1=V OYAL Y ol Y Jlo (il ple glassl



Sl gl 53 e s Sles j glalene Jue g s5ls 238 &),

OLKep 5 (gomm Lils s

eeps s il wf"_.«/(a@,v;/;_i» Cdles il Fllons 5 o 57 Sl SO 41,1 (\YAR) ,(, (53T s oo tpled g e cosly s g L S

.o\jgiéi};(-}be@d\zcolﬂté&};wwwlﬁf

N O ot o ole (sloa il dolidai yl 5 5 oLt Ot LIVAY) 3 elumy 5

S35 o DT S g (ga)lo Vg 5l g aer ) S Sl i Ol OYAR) o cplal S

el DS (Sl (s dezr ) Ol 5 ST OVAY) - 55Ul

5 D01 (g tlel o5 (83 g0men f LT ot o ) Sloeos s 2K (VAY) Ly oS35

Armony, J. (2005). Computational models of emotion.
Neural Network, 3, 1598-1602.

Armony, J. L., Servan-Schreiber, D. S., Cohen J. D., &
LeDoux, J. E. (1997). Computational modeling of
emotion: Explorations through the anatomy and
physiology of fear conditioning. Trends in Cognitive
Sciences, 1(1), 23-34.

Aston-Jones, G., Shipley, M. T., & Grzanna, R. (1995).
The locus coeruleus, A5 and A7 noradrenergic cell
group. In G. Paxinos (Eds.), The rat nervous system (pp.
183-213). New York: Academic Press.

Bronzino, J. D. (2000). The biomedical engineering
handbook. Boca Raton: CRC Press.

Carey, J. (2006). Brain facts: A primer on the brain and
nervous system. Washington, DC: Society for
Neuroscience.

Davis, M., & Whalen, P. J. (2001). The amygdala: Vigilance
and emotion. Molecular Psychiatry, 6(1), 13-34.

Doya, K., Kimura, H., & Kawato, M. (2001). Neural
mechanisms of learning and control. IEEE Control
Systems Magazine, 21(4), 42-54.

Fellous, J. M., Armony, J. L., & LeDoux, J. E. (2002).
Emotional circuits and computational neuroscience.
The handbook of brain theory and neural networks.
Cambridge, MA: The MIT Press.

Hafez, B., & Hafez, E. S. E. (2004). Stress/aging:
Endocrine profiles/reproductive dysfunction in men.
Systems Biology in Reproductive Medicine, 50(4), 207-
238.

Harley, C. (1991). Noradrenergic and locus coeruleus
modulation of the perforant path-evoked potential in rat
dentate gyrus supports a role for the locus coeruleus in
attentional and memorial processes. Progress in Brain
Research, 88, 307-321.

He, S., Liu, Z., & Xiong, W. (2008). An emotion model
for virtual agent. International Symposium on
Computational Intelligence and Design.

Advances in Cognitive Science, Vol. 12, No. 2, 2010

Healey, J., Seger, J., & Picard, R. W. (1999).
Quantifying driver stress: Developing a system for
collecting and processing biometric signal in natural
situation. Proceedings of the Rocky Mountion
Bioengineering Symposium, Copper Mountain, Co,
USA.

Horlings, R. (2008). Emotion recognition using brain
activity. Man-Machine Interaction Group, Delft
University of Technology.

Hudlicka, E. (2005). A Computational model of emotion
and personality: Applications to psychotherapy
research and practice. In Proceedings of the 10"
Annual CyberTherapy Conference: A Decade of Virtual
Reality, Basel, Switzerland.

Kiernan, J. A. (1998). Barr’s the human nervous
system: An anatomical viewpoint. Philadelphia:
Lippincott-Raven.

Klukowski, G., & Harley, C. W. (1994). Locus
coeruleus activation induces perforant path-evoked
population spike potentiation in the dentate gyrus of
awake rat. Experimental Brain Research, 102(1), 165-
170.

Markevich, V. A., Zosimovskii, V. A., Korshunov, V.
A., Murzina, G. B., & Ezrokhi, V. L. (1994).
Identification of a latent state arising in the
hippocampus following the cessation of long Term
potentiation. Neuroscience and Behavioral Physiology,
24(5), 394-399.

Mor’en, J., & Balkenius, C. (2000). A computational
model of emotional learning in the amygdala. In J-A.
Meyer, A. Berthoz, D. Floreano, H. L. Roitblat & S. W.
Wilson (Eds.), From animals to animats 6: Proceedings
of the sixth international conference on simulation of
adaptive behavior (pp. 383-392). Cambridge: The MIT
Press.

Nader, K., & LeDoux, J. (2001). The neural circuits that
underlie fear. In L. A. Schmidt, J. Schulkin & A. Louis (Eds.),
Fear, shyness, and social phobia: Origins, biological
mechanisms and clinical outcomes (pp. 119-139). New York:
Oxford University Press.

13

Y=Y AYAQY 5)LA¢; AY JL.« sJ&-LWZ 6}15» LSL!M)U

'Y



S il 53 she s Shes 5 Gloloe ey ol L8 &)

OLHer 5 o dile s

Pacak, K., & Palkovits, M. (2001). Stressor specificity of
central neuroendocrine responses: Implications for stress-
related disorders. Endocrine Reviews, 22(4), 502-548.

Papez, J. W. (1995). A proposed mechanism of
emotion. 1937. Journal of Neuropsychiatry and Clinical
Neurosciences, 7(1), 103-112.

Pfeifer, R. (1988). Artificial intelligence models of
emotion. In V. Hamilton, G. H. Bower & N. Frijda
(Eds.), Cognitive perspectives on emotion and
motivation (pp. 287-320), Netherlamds: Kluwer.

Phelps, E. A., & LeDoux J. E. (2005). Contributions of the
amygdala to emotion processing: From animal models to
human behavior. Neuron, 48(2), 175-187.

Roshanaei, M., & Faraji-Dana, R. (2007). Coupling effects on
adaptive smart array pattern synthesis by brain emotional
learning based intelligent controller. International Conference
on Intelligent and Advanced Systems.

Sagar, T. V., Rao, K. S., Prasanna, S. R. M., & Dandapat, S.
(2006). Characterization and incorporation of emotions in
speech. Annual India Conference of the IEEE.

Shahmirzadi, D. (2005). Computatonal modeling of the brain
limbic system and its application in control engineering.

14

Thesis submitted to the office of graduate studies of Texas A
& M University.

Sharbafi, M. A., Lucas, C., Toroghi-Haghighat, A.,
Ghiasvand, O. A., & Aghazade, O. (2006). Using emotional
learning in rescue simulation environment. Proceedings of
World Academy of Science, Engineering and Technology, 13,
333-337.

Shier, D., Butler, J., & Lewis, R. (2000). Hole's
essentials of human anatomy and physiology. Boston:
McGraw-Hill.

Steimer, T. (2002). The biology of fear- and anxiety-
related behaviors. Dialogues in Clinical Neurosciences,
4(3), 225-249.

Walling, S. G., & Harley, C. W. (2004). Locus coeruleus
activation initiates delayed synaptic potentiation of perforant
path input to the dentate gyrus in awake rats: A novel Beta-
adernergic and protein synthesis-dependent mammalian
plasticity mechanism. Journal of Neuroscience, 24(3), 598-
604.

Advances in Cognitive Science, Vol. 12, No. 2, 2010

\f

Y=VF AYAQY A)Lwi AY JL.« LJ}LWZ rjl& 6ue)u





