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A D y n a m i c N e u r a l  N e t w o r k M o d e l  o f  M u l t i p l e C h o i c e D e c i s i o n - M a k i n g 

Rober t  M .  Ro e (rmroe@indiana.edu ) 
Indian a University ,  Departmen t  o f  Psychology ,  110 1 E .  10t h Stree t 

Bloomington .  I N 4740 5 U S A 

Abstrac t 

A neural network instantiation of Decision Field Theory 
(Busemeye r  &  Townsend ,  1993 )  fo r  multipl e choic e decisio n 
task s i s presented .  Firs t  i t  i s  show n ho w unde r  certai n situa -
tion s thi s dynami c mode l  reduce s t o tw o well-know n stati c 
model s o f  choice .  Next ,  mode l  simulation s o f  tw o well -
know n findings  i n multipl e choic e decisio n literatur e ar e pre -
sented .  Th e first  i s  th e effec t  o f  similarit y (Tversky ,  1972) . 
Severa l  choic e model s als o predic t  thi s effect .  However ,  a 
mor e challengin g effect ,  whic h i s no t  predicte d b y numerou s 
stati c choic e model s i s th e deco y effec t  (Huber ,  Payne ,  & 
Puto ,  1982) .  Simulation s sho w tha t  th e curren t  mode l  predict s 
thi s finding  b y usin g th e concep t  o f  latera l  inhibition .  Finally , 
prediction s o f  th e mode l  ar e mad e abou t  th e dynami c natur e 
of  th e deliberatio n proces s i n th e deco y effect .  I f  empirica l 
result s ar e foun d t o b e i n agreemen t  wit h thi s prediction ,  i t 
woul d b e a  stron g tes t  o f  th e mode l 

Introduction 

Preferentia l  choic e i s a  ver y comple x topi c tha t  need s t o 
be studie d from  m a n y differen t  perspectives .  Tak e fo r  ex -
ample ,  th e relativel y simpl e tas k o f  buyin g a  use d car .  F ro m 
on e poin t  o f  view ,  thi s i s a  searc h proble m i n whic h a  ver y 
larg e se t  o f  option s i s w innowe d d o w n t o a  m u c h smalle r  se t 
of  satisfactor y option s (Simon ,  1955) .  F r o m anothe r  poin t  o f 
view ,  thi s i s  a n evaluatio n proble m requirin g tradeoff s 
a m o ng multipl e conflictin g attribute s suc h a s safety ,  quality , 
performance ,  an d cos t  (Keene y &  Raiffa ,  1976) .  F ro m a 
thir d poin t  o f  view ,  thi s i s a  choic e proble m whic h th e can -
didate s engag e i n a  competitio n fo r  th e purpos e o f  identify -
in g a  winnin g o r  bes t  alternativ e (Thurstone ,  1959) . 

Th e purpos e o f  thi s articl e i s t o presen t  a  genera l  deci -
sio n theor y tha t  encompasse s al l  o f  thes e point s o f  vie w 
withi n a  singl e processin g framework .  Th e presen t  theor y i s 
base d o n a n earlie r  theor y k n o w n a s decisio n fiel d theory . 
Decisio n fiel d theor y wa s originall y develope d t o explai n 
choic e behavio r  fo r  decisio n makin g unde r  uncertaint y b y 
Busemeye r  &  Townsen d (1993) .  Late r  i t  wa s extende d t o 
explai n th e relatio n betwee n choice ,  sellin g prices ,  an d cer -
taint y equivalent s b y Townsen d &  Busemeye r  (1996) .  M o r e 
recently ,  i t  wa s extende d t o accoun t  fo r  multi-attribut e deci -
sio n makin g b y Diederic h (1997) .  However ,  al l  o f  thes e pre -
viou s development s wer e limite d t o choic e situation s in -
volvin g onl y tw o choic e options .  Thi s simplificatio n wa s 
initiall y  necessar y t o focu s o n othe r  issue s i n mor e dept h 
suc h a s multi-attribut e outcome s an d multipl e uncertai n out -
comes .  T h e purpos e o f  thi s articl e i s t o rela x thi s restrictio n 
and presen t  a n extensio n o f  decisio n field  theor y t o multipl e 
(mor e tha n two )  preferentia l  choic e problems .  M a n y n e w 
and comple x issue s aris e wit h multipl e alternativ e choic e 

problem s tha t  d o no t  appea r  i n th e simple r  binar y choic e 
tas k -  fo r  example ,  a  winnowin g searc h proces s i s unneces -
sar y i n th e binar y choic e task . 

A ver y larg e literatur e alread y exist s o n th e topi c o f  pref -
erentia l  choic e wit h multipl e options .  W h a t  i s uniqu e abou t 
decisio n field  theor y i s tha t  i t  provide s a  detaile d descriptio n 
of  th e dynami c proces s tha t  ensue s betwee n th e onse t  o f  th e 
choic e tas k an d th e final  selection .  Thi s dynami c descriptio n 
permit s th e theor y t o explai n th e systemati c relation s be -
twee n choic e probabilit y an d decisio n time ,  an d th e impor -
tan t  effect s o f  tim e pressur e o n choic e probability . 

A secon d purpos e o f  thi s articl e i s t o buil d forma l  con -
nection s betwee n decisio n field  theor y an d othe r  neurall y 
inspire d model s o f  decisio n processe s (e.g .  Grossber g & 
Gutowski ,  1987 ,  Ushe r  &  Zakay ,  1993 ,  &  Levi n &  Levin , 
1996) .  M o r e specifically ,  decisio n field  theor y i s recas t  o r 
reinterprete d i n term s o f  a  neura l  networ k formulation .  On e 
ke y ide a borrowe d from  neura l  networ k theorist s (e.g. , 
Grossberg ,  1988 )  i s th e principl e o f  latera l  inhibitio n amon g 
competin g nodes .  Thi s ide a turn s ou t  t o pla y a  critica l  rol e i n 
explainin g paradoxica l  findings  tha t  hav e pose d seriou s 
challenge s t o a  larg e clas s o f  stati c choic e models . 

Th e remainde r  o f  thi s articl e i s  organized  a s follows . 
Firs t  w e introduc e th e basi c idea s o f  decisio n field  theory .  I n 
orde r  t o d o this ,  a  specificatio n o f  h o w thi s theor y operate s 
unde r  tw o differen t  type s o f  tas k constraints ,  on e calle d th e 
experimente r  controlle d choic e task ,  an d th e othe r  calle d th e 
subjec t  controlle d choic e tas k i s needed .  Second ,  i t  i s  show n 
h o w som e earlie r  stati c theorie s o f  choic e ca n b e viewe d a s 
specia l  case s o f  decisio n fiel d theory .  I n particular ,  i t  i s 
show n h o w decisio n field  theor y ca n b e use d t o deriv e a 
dynami c versio n o f  th e classi c Thurston e choic e mode l  fo r 
th e experimente r  controlle d task ,  an d i t  i s  show n th e wel l 
k n o w n eliminatio n b y aspect s mode l  ca n b e mimicke d fo r 
th e subjec t  controlle d task .  Nex t  som e basi c findings  ar e 
reviewe d fro m multipl e alternativ e choic e includin g th e 
effect s o f  similarit y o n choic e an d th e effect s o f  addin g 
asymmetricall y dominate d alternatives .  Th e latte r  resul t  i s 
particularl y importan t  becaus e i t  violate s a  principl e o f 
choic e calle d regularit y tha t  i s  satisfie d b y a  larg e clas s o f 
previou s choic e models .  The n i t  i s  show n h o w th e multipl e 
choic e versio n o f  decisio n fiel d theor y provide s a  simpl e 
an d natura l  explanatio n fo r  thes e paradoxica l  results .  Finall y 
n e w prediction s fro m th e theor y ar e derive d fo r  th e effect s 
of  deadlin e tim e pressur e o n multipl e alternativ e choice .  A t 
thi s poin t  i n time ,  thes e prediction s ar e uniqu e t o newl y 
develope d versio n o f  decisio n fiel d theor y an d provid e a 
stron g tes t  o f  th e theory . 
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Multipl e C u e Decisio n Fiel d Theor y 
I n orde r  t o mak e th e descriptio n o f  th e mode l  mor e con -

crete ,  a n exampl e o f  a  thre e optio n choic e tas k w e wil l  b e 
presente d an d referre d t o throughou t  th e paper .  Conside r  th e 
cas e o f  a  ne w ca r  purchas e wher e afte r  som e deliberatio n th e 
choic e se t  ha s bee n reduce d t o thre e cars .  Als o conside r  tha t 
th e numbe r  o f  dimension s use d t o deUberat e abou t  thes e 
choice s ha s bee n reduce d t o two ,  performanc e an d ga s mile -
age. 

Belo w i s presente d a  neura l  networ k interpretatio n o f 
Multipl e Choic e Decisio n Fiel d Theor y ( M C D F T )  fo r  thi s 
choic e task .  Th e mode l  i s expresse d wit h th e followin g lin -
ear  differenc e equation : 

P(t+l)=S*P(t)+V(t ) 
wher e P  i s a  3x 1 vecto r  representin g th e preference s fo r  th e 
thre e alternatives ,  V  i s a  3x 1 vecto r  o f  valence s whic h repre -
sent  th e momentar y anticipate d valu e o f  eac h option ,  an d S 
i s a  3x 3 constan t  matri x calle d th e stabilit y  matri x tha t  con -
trol s th e rat e o f  growt h o f  th e preferences . 

The curren t  mode l  i s expresse d withi n a  neura l  networ k 
framework  a s show n i n Figur e 1 .  Ther e ar e thre e node s i n 
th e system ,  labele d A ,  B ,  an d C  tha t  represen t  thre e options . 
The node s i n th e networ k ar e full y  connecte d an d hav e a 
self-feedbac k loop .  Th e weight s o f  th e connection s betwee n 
thes e node s ar e give n i n S  matrix .  B y choosin g th e appropri -
at e value s i n th e S  matrix ,  th e principl e o f  latera l  inhibitio n 
can b e implemented .  I t  turn s ou t  tha t  latera l  inhibitio n i s a 
key issu e i n predictin g know n findings  i n th e are a o f  multi -
pl e choic e decisio n tasks . 

The inpu t  tha t  drive s th e syste m ar e valences ,  repre -
sente d i n Figur e 1  b y V s .  Value s o f  th e valence s fo r  eac h 
optio n chang e moment  b y moment  a s attentio n i s randoml y 
shifte d from  dimensio n t o dimensio n i n th e deliberatio n pro -
cess .  Fo r  example ,  whil e deliberatin g o n a  ne w ca r  purchase , 
attentio n ma y b e shiftin g betwee n ga s mileag e an d perform -
ance .  Therefore ,  th e momentar y anticipate d valu e o f  eac h 
optio n wil l  chang e dependin g o n wha t  dimensio n i s bein g 
attende d to .  I t  ha s bee n show n tha t  subject s d o ten d t o us e a 
dimension-wis e proces s i n man y choic e task s (Russ o & 
Dosher ,  1983) .  Becaus e attentio n i s randoml y shiftin g an d 
th e valu e o f  th e V' s ar e fluctuation ,  the y ar e rando m vari -
able s an d ar e assume d t o b e independen t  an d identicall y 
distributed .  Th e outpu t  o f  th e syste m i s th e preference ,  P ,  o f 
each optio n a t  tim e t+1 .  Th e optio n selecte d i n a  particula r 
choic e tas k depend s o n th e value s o f  thes e preference s an d 
th e typ e o f  choic e task . 

Give n thi s brie f  explanatio n o f  th e mode l  i t  ca n n o w b e 
show n h o w i t  map s ont o tw o type s o f  choic e tasks ,  experi -
mente r  controlle d an d subjec t  controlled .  I n describin g thes e 
mappings ,  i t  wil l  show n h o w M C D F T ca n b e viewe d a s spe -
cia l  case s o f  tw o well-know n stati c theorie s o f  choice . 

Experimenter Controlled Choice Tasks 

Experimente r  controlle d choic e task s involv e placin g a 
deadlin e o n th e choic e deliberatio n time .  Fo r  example ,  whil e 
deliberatin g o n th e purchas e o f  a  n e w car ,  th e deale r  m a y 
interrup t  th e deliberatio n proces s b y forcin g a n immediat e 
decision .  Par t  o f  Figur e 2  represent s thi s typ e o f  choic e tas k 
fo r  th e ne w ca r  example .  Th e absciss a represent s tim e whil e 
th e ordinat e represent s th e leve l  o f  preferenc e o f  eac h op -
tion .  Th e thre e line s labele d A ,  B ,  an d C  represen t  th e pref -
erence s o f  eac h optio n a s the y evolv e ove r  time .  Th e vertica l 
lin e t o th e righ t  represent s th e choic e deadline .  Th e optio n 
wit h th e highes t  preferenc e a t  deadlin e i s th e on e chosen .  I n 
thi s case ,  optio n C  wa s chose n becaus e i t  ha d th e highes t 
preferenc e a t  deadlin e (th e meanin g o f  th e uppe r  boun d i s 
discusse d below) . 

Hig h 

Preferenc e 

Low 

1.  Uppe r  Boundar y 
Optio n B  win s 

2.  Tim e Deadlin e ^ 
Optio n C  win s 

Optio n A Optio n B Optio n C 

Figur e 1 :  A  neura l  networ k representatio n o f 
MCDFT 

Figur e 2 :  Experimente r  an d subjec t  controlle d task s 

The probability that a particular choice is made at time t, 
fo r  exampl e optio n C ,  is : 

/'(Choos e C ,  A B ,  a t  tim e t )  = 
P (P c >  P a a t  tim e t ,  Pc>P b a t  tim e t) . 

To find the mean and the variance of preferences, we 
loo k a t  th e expansio n o f  th e mode l  equatio n give n earlier : 
Wit h E(V )  =  \ i  an d Var(V )  =  O  an d th e fac t  tha t  th e V' s ar e 
i.i.d .  (Therefor e thei r  s u m become s multivariat e normal) , 
M C D FT reduce s t o a  Multivariat e Dynami c Thurston e 
choic e Mode l  with : 

P{t + \) = 'ts'V{t-i) + S'P{Qi) 

£[/'(r)] = (/-5)-'(/-S')M 

y[P{t) ]  =  Y.S'<i>{S' Y 
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As ca n b e see n i n th e abov e equations ,  mean s evolv e ove r 
tim e suc h tha t  a t  an y poin t  i n tim e t ,  th e mean s ca n chang e 
leadin g t o preferenc e reversals . 

By stoppin g th e deliberatio n proces s an d obtainin g a 
choic e respons e a t  variou s point s durin g deliberation ,  i t  i s 
possibl e t o stud y h o w th e deliberatio n proces s evolves .  A 
paradig m suc h a s this ,  know n a s th e respons e signa l  metho d 
(Reed ,  1973) ,  ha d bee n use d t o stud y man y cognitiv e proc -
esse s suc h a s recognitio n memor y an d lexica l  decision s 
(Hintzma n &  Curran ,  1997 )  an d discriminatin g semanti c 
from  episodi c association s (Dosher ,  1984) . 

FYesentl y ther e ar e n o know n decision-makin g studie s us -
in g experimenter-controlle d tasks .  However ,  a  mode l  pre -
dictio n base d o n thi s typ e o f  tas k make s a  stron g les t  o f  th e 
model  an d wil l  b e presente d below .  A  secon d an d mor e fre -
quentl y use d typ e o f  choic e tas k i s th e subjec t  controlle d 
choic e task . 

Subject Controlled Choice Task 

Subjec t  controlle d diffe r  from  experimente r  controlle d 
choic e task s i n tha t  n o deadlin e i s place d o n th e deliberatio n 
process .  Instead ,  a  choic e i s mad e whe n th e preferenc e fo r 
an optio n crosse s som e threshold .  Figur e 2  als o represent s 
thi s typ e o f  choic e tas k fo r  th e ne w ca r  example .  Th e ab -
sciss a represent s tim e whil e th e ordinat e represent s th e leve l 
of  preferenc e o f  eac h option .  Th e thre e line s labele d A ,  B , 
and C  represen t  th e preference s o f  eac h optio n a s the y 
evolv e ove r  time .  Th e horizonta l  lin e a t  th e to p represent s 
th e choic e threshold .  A  choic e i s mad e whe n th e leve l  o f 
preferenc e fo r  an y optio n crosse s th e threshold .  I n thi s case , 
optio n B  i s chosen . 

Withi n thi s typ e o f  choic e task ,  M C D FT mimic s a  well -
k n o w n mode l  o f  multipl e choic e decision .  Eliminatio n b y 
Aspect s (Tversky ,  1972) .  Accordin g t o thi s model ,  option s 
ar e eliminate d from  th e choic e se t  base d o n aspect s (o r  di -
mensions) .  However ,  unlik e th e subjec t  controlle d tas k pre -
sente d above ,  a  differen t  choic e boundar y i s needed ,  a  lowe r 
boundar y t o discar d options .  I n Figur e 3 ,  th e result s o f  a 
compute r  simulatio n o f  a  choic e tas k wit h five  option s alon g 
thre e aspect s (o r  dimensions )  ar e shown .  Th e absciss a repre -
sent s tim e an d th e ordinat e represent s preferences .  Th e line s 
labele d A  throug h E  represen t  eac h option .  Eac h vertica l 
lin e represent s a  shif t  o f  attentio n from  on e dimensio n t o 
anothe r  i n th e deliberatio n process .  A s ca n b e seen ,  whil e 
focusin g o n th e first  dimensio n tw o options ,  A  an d E ,  wer e 
eliminate d from  th e choic e process .  Afte r  th e shif t  t o th e 
secon d dimension ,  n o item s wer e eliminated ,  an d whil e fo -
cusin g o n th e thir d dimension ,  item s B  an d D  wer e elimi -
nate d leavin g optio n C  a s th e optio n selected . 

M C D FT mimic s wel l  th e Eliminatio n b y Aspect s mode l 
of  multipl e choic e decision .  I n th e section s tha t  follo w i t  sil l 
be show n h o w M C D F T ca n qualitativel y accoun t  fo r  tw o 
salien t  findings  i n th e literature ,  th e effec t  o f  similarit y an d 
violation s o f  regularity . 

Di m 3 Di m 2 Di m 1 

Boundar y t o 
discar d 

Tim e 

Figure 3: Results of EBA simulation 

Effects of Similarity 
The similarit y effec t  i s  a  well-know n phenomeno n i n th e 

are a multiple-choic e decision-making ,  (Tversky ,  1972) .  I t 
state s tha t  b y addin g a  ne w ite m t o a  choic e se t  tha t  i s  simi -
la r  t o on e alread y i n th e set ,  th e probabilit y  tha t  th e origina l 
simila r  ite m chose n i s lowere d relativ e t o th e othe r  item s i n 
th e choic e set .  I n othe r  words ,  th e simila r  alternativ e take s 
mor e o f  th e marke t  shar e fro m item s simila r  t o i t  tha n dis -
simila r  t o it .  Par t  o f  Figur e 4  show s a n exampl e o f  thi s 
situatio n fo r  thre e options .  Th e thre e option s ar e represente d 
i n a  tw o dimensiona l  spac e o f  performanc e an d ga s mileage . 
Option s A  an d B  ar e locate d suc h tha t  optio n A  ha s bette r 
performanc e bu t  poore r  ga s mileag e tha n B ,  an d optio n B 
has wors e performanc e bu t  bette r  ga s mileag e tha n A .  B y 
addin g th e thir d optio n S  whic h i s simila r  t o A ,  th e prob -
abilit y  tha t  B  i s chose n relativ e t o A  i s increased . 

P 
e 
r 
f 
o 
r 
nr 
a 
n 
c 
e 

S 

r] [a 

"f 

S 

Gas Mileag e 

Figure 4: Similarity and Decoy Effects 

The similarity effect leads to violations of strong sto-
chasti c transitivity .  M a n y stati c choic e model s ca n handl e 
thes e violation s includin g Eliminatio n b y Aspect s (Tversky , 
1972 )  an d th e Edgell-Geisle r  choic e mode l  (Edgel l 
&Geisler ,  1980) .  Th e dynami c mode l  propose d her e ca n 
als o handl e thes e violations .  Compute r  simulation s wer e ru n 
t o tes t  mode l  prediction s fo r  thi s finding.  Simulation s wer e 
first  ru n t o obtai n preference s fo r  tw o option s the n a  thir d 
simila r  optio n wa s added .  Figur e 5  show s th e predictio n o f 
th e model .  Th e absciss a show s th e tw o possibl e option s A 
and B  whil e th e ordinat e show s th e probabilit y  tha t  a n ite m 
i s chosen .  Th e lin e connecte d wit h th e diamond s reflect s th e 
probabilit y  o f  eac h choic e whe n onl y tw o option s ar e avail -
able .  I n thi s case ,  eac h optio n i s equall y likel y t o b e chosen . 
Th e lin e connecte d b y th e square s indicate s th e effec t  o f 
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addin g th e simila r  alternative .  A s yo u ca n see ,  th e probabil -
it y  tha t  A  i s chose n relativ e t o B  i s lowe r  whe n th e simila r 
ite m i s added . 

Thi s simulatio n show s tha t  M C D F T ca n qualitativel y re -
produc e th e similarit y effect .  However ,  a s mentione d above , 
severa l  stati c choic e model s d o also .  A n ofte n mor e difficul t 
findin g t o explai n i s violation s o f  regularity . 

1 • 

0.8' 

I  ..e n 

Q. 
0.4 . 

0.2-

0 

Optio n 

-Without Decoy — -Wit h Deco y 

Figur e 5 :  Result s o f  Similarit y Effec t  Simulatio n 

Violations of Regularity 

Violation s o f  regularity ,  calle d th e deco y effect ,  hav e 
been show n i n severa l  studie s (Huber ,  Payne ,  &  Puto ,  198 2 
& Ariel y AWallsten ,  1995) .  Regularit y implie s tha t  b y 
addin g a n ite m t o a  choic e set ,  th e probabilit y  o f  choosin g a n 
ite m alread y i n th e se t  canno t  b e increased .  Formally ,  fo r 
any optio n x  tha t  i s a n elemen t  o f  se t  A  whic h i s i n tur n a 
subse t  o f  se t  B ,  X  e  A c B ,  th e probabilit y  o f  choosin g x  fro m 
A mus t  b e greate r  tha n o r  equa l  t o choosin g x  fro m B 
Pr(x;A)>Pr(;c;B) . 

Thes e violation s occu r  w h e n a  n e w ite m i s adde d t o th e 
choic e se t  whic h i s asymmetricall y dominated .  A n ite m i s 
asymmetricall y dominate d i f  i t  i s  dominate d b y a t  leas t  on e 
alternativ e i n th e choic e se t  bu t  no t  dominate d b y a t  leas t 
one other .  Figur e 4  show s tw o type s o f  dominate d alterna -
tives ,  o r  decoys ,  th e rang e deco y an d th e frequenc y decoy . 
The rang e deco y R  i s dominate d b y A  becaus e i t  ha s th e 
same performanc e bu t  wors e ga s mileag e tha n A .  I t  i s  calle d 
a rang e deco y becaus e addin g i t  t o th e choic e se t  increase s 
th e rang e o n th e ga s mileag e dimension .  T h e frequenc y de -
coy F  i s dominate d b y A  i n tha t  i t  ha s th e sam e ga s mileag e 
as A  bu t  wors e performance .  I t  i s  calle d a  frequenc y deco y 
becaus e addin g i t  t o th e choic e se t  increase s th e frequenc y 
of  item s belo w A .  Usin g rang e an d frequenc y decoys , 
Huber ,  Payne ,  &  Put o (1983 )  foun d subject s violat e regu -
larit y an d the y d o mor e s o wit h rang e decoy s tha n wit h fre -
quenc y decoys . 

Compute r  simulation s wer e ru n t o tes t  mode l  prediction s 
fo r  thi s finding .  Simulation s wer e first  ru n t o obtai n prefer -
ence s wit h tw o option s an d the n a  thir d optio n (eithe r  a 
Range o r  Frequenc y decoy )  wa s adde d an d anothe r  simula -
tio n run .  Figur e 6  show s th e predictio n o f  th e model .  T h e 
absciss a give s th e probabilit y  tha t  th e dominatin g choic e i s 
picke d (choic e A )  i n th e binar y condition .  T h e ordinat e 
give s th e probabilit y  tha t  A  i s chose n fo r  bot h tw o an d thre e 
optio n conditions .  T h e lin e connecte d b y th e square s repre -

sent s th e prediction s fo r  th e probabilit y  tha t  A  wil l  b e cho -
se n withou t  th e decoy .  T h e lin e connecte d b y th e circle s 
represent s th e probabilit y  tha t  A  wil l  b e chose n w h e n th e 
frequenc y deco y i s present .  A s ca n b e seen ,  th e mode l  pre -
dict s tha t  addin g th e frequenc y deco y lead s t o highe r  prob -
abilitie s o f  choosin g A  acros s a  wid e inifia l  rang e probabili -
tie s o f  choosin g A  i n th e binar y case .  Als o noUc e tha t  th e 
effec t  i s  stronge r  fo r  th e rang e deco y tha n th e frequenc y 
deco y 
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Figur e 6 :  Result s o f  D e c o y Effec t  Simulation s 

A critical issue in producing this result was the use of 
latera l  inhibition .  I n th e mode l  describe d here ,  th e S  matri x 
reflect s latera l  inhibitio n i n whic h option s clos e togethe r  i n 
decisio n spac e inhibi t  eac h othe r  an d thi s inhibitio n lessen s 
as distanc e increases .  T h e S  matri x show n belo w wa s use d 
i n th e simulation s o f  th e deco y effec t  fo r  th e frequency  de -
coy : 

5 = 

A F  B 

.95  -.09  -.001 

-.0 9 .9 5 -.0 2 

-.00 1 -.0 2 .9 5 

A 

F 

B 

Referrin g t o Figur e 4 ,  an d thi s S  matrix ,  w e ca n se e tha t 
option s A  an d F  ar e close r  t o togethe r  relativ e t o B .  There -
for e option s A  an d F  inhibi t  eac h othe r  m o r e relativ e t o B 
an d F .  I n m u c h th e sam e w a y a s edg e enhancemen t  effect s 
ca n b e produce d wit h latera l  inhibition ,  th e closenes s o f  A  t o 
F enhance s th e probabilit y  tha t  A  i s chosen .  T o produc e th e 
large r  effec t  fo r  th e rang e decoy ,  th e matri x S  i s simpl y al -
tere d t o reduc e th e inhibitio n betwee n R  an d B  (becaus e R  i s 
farthe r  awa y from B  tha n F ) .  Thi s allow s a  greate r  effec t  o f 
th e inhibitio n betwee n A  an d R . 

Effects of Decision Deadline 

Becaus e o f  th e dynami c natur e o f  thi s model ,  prediction s 
ca n b e m a d e abou t  th e effect s o f  deadlin e tim e pressur e an d 
othe r  tim e relate d idea s o n th e choic e process .  O n e predic -
tio n o f  th e mode l  i s th e effec t  o f  a  tim e deadlin e o n viola -
tion s o f  regularity .  A s mentione d above ,  b y usin g th e ex -
perimente r  contro l  method ,  w e ca n loo k a t  th e deliberatio n 
proces s a t  specifi c  instance s ove r  time .  B y stoppin g th e pro -
ces s a t  variou s times ,  th e evolutio n o f  th e proces s ca n b e 
studied . 
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Model  simulation s o f  a n experinicnle i  controlle d choic e 
tas k wer e conducte d b y stoppin g th e choic e proces s a t  vari -
ous point s i n time .  Th e sam e simulatio n fo r  th e effec t  o f  th e 
frequenc y deco y presente d abov e wa s use d excep t  th e tim e 
dela y wa s varied. .  Figur e 7  give s th e prediction s o f  th e 
model .  Th e absciss a represent s th e tim e deadlin e wit h 
smalle r  number s meanin g shorte r  deadline .  Th e ordinat e 
represent s th e probabilit y  o f  choosin g A ,  th e dominatin g 
alternative .  Th e lin e connecte d wit h square s represent s th e 
probabilit y  tha t  A  i s chose n i n th e binar y choic e conditions . 
Here ,  n o matte r  wha t  th e tim e cutoff ,  ther e i s a n equa l  prob -
abilit y  tha t  A  o r  B  wil l  b e chosen .  Th e lin e connecte d b y 
diamond s reflect s th e probabilit y  tha t  A  i s chose n wit h th e 
deco y present .  Notic e tha t  wit h shor t  deadlines ,  th e mode l 
predict s tha t  regularit y wil l  b e satisfied .  Thi s ca n b e see n i n 
tha t  b y addin g th e deco y th e probabilit y  tha t  A  i s chose n 
decrease s instea d o f  increases .  However ,  a s th e a s th e dead -
lin e tim e increases ,  th e mode l  predict s regularit y wil l  b e 
violated .  Thi s ca n b e see n i n tha t  addin g th e deco y increase s 
th e probabilit y  tha t  A  i s chosen .  Recal l  tha t  mos t  stati c mod -
el s o f  choic e predic t  tha t  regularit y wil l  alway s b e satisfie d 
eve n thoug h empirica l  studie s sho w thi s i s no t  true .  I f  i t  i s 
foun d tha t  wit h shor t  deadline s regularit y i s satisfied ,  i t 
woul d b e a  ver y stron g tes t  o f  th e model . 
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Figur e 6 :  M C D F T prediction s fo r  th e effec t  o f  tim e pressur e 

Conclusion 

Under  certai n choic e task s thi s neura l  networ k instantia -
tio n o f  M C D F T ha s bee n show n t o reduc e t o specia l  case s o f 
some well-know n stati c model s o f  choic e (e.g. ,  Thurstone' s 
(1959 )  choic e model ,  an d Eliminatio n b y Aspect s (Tversky , 
1972)) .  Also ,  M C D F T ca n accoun t  fo r  bot h th e similarit y 
and deco y effect s foun d i n th e literatur e o n multipl e choic e 
decisio n making .  Further ,  th e dynami c natur e o f  thi s mode l 
allow s fo r  prediction s abou t  tim e deadline s o n th e choic e 
process .  Specificall y i t  predict s tha t  wit h ver y shor t  dead -
lines ,  subject s wil l  no t  violat e regularit y althoug h i t  ha s bee n 
foun d tha t  the y do .  D u e t o th e fac t  tha t  mos t  model s o f 
choic e ar e static ,  the y mak e n o predictio n abou t  this .  I f  thi s 
resul t  ca n b e foun d empirically ,  i t  woul d b e a  stron g tes t  o f 
th e model .  Thi s i s currentl y bein g teste d i n ou r  lab . 

Acknowledgements 
Thi s researc h wa s supporte d b y a n N I M H Post-Doctora l 

Trainin g Gran t  F321MH11988-02 .  Fo r  helpfu l  comment s o n 
a previou s versio n o f  thi s paper ,  I  woul d lik e t o than k 
Jerom e Busemeye r  an d Rache l  Barkan . 

References 

Ariely ,  D. ,  &  Wallsten ,  T .  S .  (1995) .  Seekin g subjectiv e 
dominanc e i n multidimensiona l  space :  A n exploratio n o f 
th e asymmetri c dominanc e effect .  Organizationa l  Be -
havio r  an d H u m a n Decisio n Processes ,  63(3) ,  223-232 . 

Bu.semeyer ,  J .  R. ,  &  Townsend ,  J .  T .  (1993) .  Decisio n Fiel d 
Theory :  A  dynami c cognitio n approac h t o decisio n 
making .  Psychologica l  Review ,  100 ,  432-459 . 

Dosher ,  B .  A .  (1984) .  Discriminatin g pre-experimenta l  (se -
mantic )  fro m learne d (episodic )  associations :  A  spee d 
accurac y study .  Cognitiv e Psychology ,  16(4) ,  519-555 . 

Diederich ,  A .  (1997) .  Dynami c stochasti c model s fo r  deci -
sio n makin g unde r  tim e constraints .  Journa l  o f  Mathe -
matica l  Psychology ,  41(3) ,  260-274 . 

Edgell ,  S .  E. ,  &  Geisle r  W .  S .  (1980) .  A  set-theoreti c ran -
d o m utilit y  mode l  o f  choic e behavior .  Journa l  o f 
Mathematica l  Psychology ,  21(3) ,  265-278 . 

Grossberg ,  S .  (1988) .  Neura l  Network s an d Natura l  Intel -
legence .  Cambridge ,  M.A.:Mi t  Press . 

Grossberg ,  S. ,  &  Gutowski ,  W .  E. ,  (1987) .  Neura l  dynamic s 
of  decisio n makin g unde r  risk :  Affectiv e balanc e an d 
cognitive-emotiona l  interactions .  Psychologica l  Review , 
94(3) ,  300-318 . 

Hintzma n D .  L. ,  &  Curran ,  T .  (1997) .  Comparin g retrieva l 
dynamic s i n recognitio n memor y an d lexica l  decision . 
Journa l  o f  Experimenta l  Psychology :  General ,  126(3) , 
228-247 . 

Huber ,  J. ,  Payne ,  J .  W. ,  &  Puto ,  C .  (1982) .  Addin g asym -
metricall y dominate d alternatives :  Violation s o f  regular -
it y an d th e similarit y hypothesis .  Journa l  o f  Consume r 
Research ,  9{l),90-9i . 

Keeney ,  R .  L ,  &  Raiffa ,  H .  (1976) .  Decision s wit h multipl e 
objectives :  Preferenc e an d valu e tradeoffs .  N e w York : 
Joh n Wile y &  Sons . 

Levin ,  S.J. ,  &  Levin ,  D.S .  (1980) .  Multiattribut e decisio n 
makin g i n context :  A  dynami c neura l  networ k methodol -
ogy .  Cognitiv e Science ,  20 ,  271-299 . 

Reed,  A .  V .  (1973) .  Speed-accurac y tradeof f  i n recognitio n 
memory.  Science(Washington ,  D.C.) ,  181 ,  574-576 . 

Russo ,  J .  E .  &  Dosher ,  B .  A .  (1983) .  Strategie s fo r  multiat -
tribut e binar y choice .  Journa l  o f  Experimenta l  Psychol -
ogy :  Learning ,  Memory ,  an d Cognition ,  9(4) ,  676-696 . 

Thurstone ,  L .  L .  (1959) .  Th e measuremen t  o f  values .  Chi -
cago :  Universit y o f  Chicag o Press . 

Townsend ,  J .  T. ,  &  Busemeyer ,  J .  R .  (1995) .  Dynami c rep -
resentatio n o f  decisio n making .  I n R .  F .  Por t  an d T .  va n 
Gelde r  (Eds. )  Min d a s Motion .  M I T press . 

Tversky ,  A .  (1972) .  Eliminatio n b y aspects :  A  theor y o f 
choice .  Psychologica l  Review ,  79(4) ,  281-299 . 

Simon ,  H .  A .  (1955) .  A  behaviora l  mode l  o f  rationa l  choice . 
Quarterl y Journa l  o f  Economics ,  69,99-118 . 

Usher ,  M. ,  &  Zakay ,  D .  (1993) .  A  neura l  networ k mode l  fo r 
attribute-base d decisio n processes .  Cognitiv e Science , 
17(3) ,  349-396 . 

618 


	cogsci_1999_614-618



