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Abstract 

This paper proposes that a fairly standard connectionist category mode can provide a 
mechanis m fo r  th e generatio n o f  counterfactual s ~  non-veridica l  version s o f  perceive d event s o r 
objects .  A  distinctio n i s mad e betwee n evolve d counterfactuals ,  whic h generat e menta l  space s (a s 
propose d b y Fauconnier) ,  an d fleetin g counterfactuals ,  whic h d o no t  TTii s pape r  explore s onl y th e 
latte r  i n detail .  A  connectio n i s mad e wit h th e recentl y propose d counterfactua l  theor y o f 
Kahneman an d Miller ,  specificall y ou r  mode l  share s wit h their s a  fundamenta l  rul e o f  counterfactua l 
productio n base d o n normality .  Th e relationshi p betwee n counterfactual s an d th e psychologica l 
construct s o f  "schem a wit h correction "  an d "goodness "  i s examined .  A  compute r  simulatio n i n 
suppor t  o f  ou r  mode l  i s  included . 

Introduction 

We believe that a picture is emerging in which counterfactuals play a significant role in 
human cognition ;  the y ar e no t  a  mer e curiosit y whic h ma y b e safel y ignored .  Human s Uv e i n a 
menta l  worl d wher e acmalitie s ar e surrounde d b y possibilities .  I n othe r  word s (a s Kahnema n an d 
Miller ,  1986 ,  hav e proposed) ,  whe n peopl e experienc e a n event ,  the y ma y als o experienc e 
plausibl e counterfacma l  altematives ,  an d thes e hav e a  profoun d effec t  o n thei r  reactio n t o th e actua l 
event -

A simpl e exampl e i s th e affectiv e differenc e betwee n missin g a n airplan e b y a n hou r  o r  b y a 
minute .  Th e outcome s ar e identical ,  bu t  th e latte r  cas e i s a n orde r  o f  magnitud e mor e frustrating . 
The explanatio n fo r  thi s center s o n th e clai m tha t  i n th e latte r  case ,  havin g mad e th e plan e i s a  highl y 
availabl e counterfactua l  alternative ,  whil e i n th e forme r  case ,  i t  i s  no t  Functionall y speaking ,  thi s 
affectiv e reactio n i s appropriate .  I t  "marks "  situation s that ,  i f  repeated ,  coul d easil y hav e thei r 
outcome s improve d th e nex t  time . 

I n keepin g wit h ou r  clai m tha t  counterfactual s ar e no t  "specia l  purpose "  phenomena ,  w e wil l 
als o propos e tha t  thei r  productio n require s n o a d hoc ,  specia l  purpos e machinery .  Instead ,  w e 
sugges t  tha t  a  fairl y  standar d connectionis t  categor y mode l  suffices .  Furthermore ,  w e propos e tha t 
th e proces s b y whic h counterfactual s ar e generate d i s closel y relate d t o th e cognitiv e mechanism s 
underlyin g "goodness "  o r  "schem a wit h correction" . 

Counterfactual Generation vs. Counterfactual Development 

The distinction between counterfactual generation and counterfactual development is not a 
c o m m on one ,  bu t  i s  nonetheles s crucia l  t o ou r  argument .  W e se e th e differenc e betwee n 
counterfactua l  generatio n an d counterfactua l  developmen t  a s bein g analogou s t o th e differenc e 
betwee n producin g a n aco m an d it s subsequen t  developmen t  int o a n oa k tree .  Fo r  example ,  Gille s 
Fauconnie r  i n Menta l  Space s (1986) ,  i s  conceme d wit h th e counterfacma l  worl d (o r  menta l  space ) 
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t o whic h a  counterfactua l  proposa l  give s rise.  ( A menta l  spac e i s a  counterfactua l  worl d se t  u p b y 
statement s lik e "I f  I  ha d a  millio n dollars... "  o r  "I f  I' d lef t  te n minute s earlier...." )  Similarly , 
Davi d Lewi s (1973 )  and ,  mor e recently ,  Matthe w Ginsber g (1986 )  examin e counterfactual s withi n 
th e framewor k o f  standar d an d non-standar d forma l  logic .  I n contrast ,  ou r  presen t  conce m begin s 
and end s wit h th e productio n o f  th e seed ,  a n initia l  counterfactua l  tiiat  ma y (bu t  firequentiy  doe s not ) 
develo p int o a  counterfactua l  "world "  o r  "space" .  W e wil l  cal l  thes e counterfactual s "fleetiin g 
counterfacmals" . 

A concret e exampl e ma y hel p t o mak e thi s clearer .  Suppos e yo u ar e standin g a t  a  come r  nea r 
a puddl e talkin g t o a  friend .  A  ca r  passe s an d swerve s slightl y t o avoi d splashin g you .  Yo u think : 
"Goo d thin g tha t  ca r  swerved ;  I  woul d hav e gotte n soake d otherwise "  an d yo u g o o n talkin g an d 
completel y forge t  th e incident .  I n thi s cas e a  fleeting  counterfactua l  i s  produce d bu t  the n disappear s 
withou t  engenderin g a  menta l  space .  However ,  thi s  fleeting  counterfacma l  woul d hav e serv« i  a s 
th e "seed "  fo r  th e developmen t  o f  a  menta l  spac e ha d yo u gon e o n t o reaso n abou t  th e 
consequence s o f  havin g bee n splashed :  " I  jus t  bough t  thes e pant s an d th e dirt y wate r  woul d hav e 
staine d thenL..o r  woul d it ? Anyway ,  I  woul d hav e bee n col d an d dirty...probabl y shoul d stan d 
bac k from  th e cur b a  littl e farther..." . 

The importan t  poin t  i s  th e minima l  natur e o f  fleeting  counterfactuals .  The y ar e th e resul t  o f  a 
low-leve l  process ,  a n automati c by-produc t  o f  activatin g a  category .  Thi s productio n i s no t  unde r 
consciou s contro l  (yo u coul d neve r  decid e t o sto p havin g th e possibilit y  o f  bein g splashe d occu r  t o 
yo u whe n a  passin g ca r  near s a  puddle) .  Furthermore ,  th e productio n o f  fleeting  counterfactual s 
does no t  diver t  alread y activ e menta l  processe s ~  i n th e example ,  th e ongoin g conversatio n nee d 
not  hav e bee n disrupted .  O n th e othe r  hand ,  th e developmen t  o f  a  counterfactua l  menta l  spac e doe s 
engag e highe r  leve l  menta l  processe s an d doe s s o i n direc t  proportio n t o th e degre e o f  developmen t 
of  a  menta d space .  I n th e precedin g example ,  i f  yo u ha d gon e o n t o develo p a  space ,  i t  i s  likel y tiiat 
yo u als o woul d hav e misse d som e o f  wha t  you r  companio n wa s saying :  "Sorry ,  I  wa s jus t  thinkin g 
abou t  wha t  woul d hav e happene d ha d tha t  ca r  hi t  th e puddl e an d soake d me .  Wha t  di d yo u jus t 
say? " 

We believ e ther e i s a  counterfactua l  continuu m runnin g from  fleeting  counterfactual s (i.e. ,  n o 
menta l  spac e create d a t  all )  throug h th e creatio n o f  a  ver y smal l  menta l  spac e (on e o r  tw o step s o f 
reasonin g withi n a  counterfactua l  world )  t o ful l  blown ,  long-duratio n counterfactua l  space s ("Wha t 
i f  I  ha d marrie d Lyn n instea d o f  Nancy?") . 

Normal and Abnormal Events 

Kahneman and Miller divide events into normal and abnormal ones. They define an 
abnorma l  even t  a s "on e tha t  ha s highl y availabl e [counterfactual ]  altematives ,  whethe r  retrieve d o r 
constructed "  whil e a  normal  even t  i s  on e tha t  "mainl y evoke s representation s tha t  resembl e it" . 
Normal  events ,  accordin g t o them ,  d o no t  evok e surprise ;  abnorma l  one s do . 

The perceptio n o f  th e abnorma l  featur e arise s a s th e resul t  o f  a  (consciou s o r  unconscious ) 
compariso n t o it s  normal ,  expecte d alternative .  Suppos e w e ente r  a n offic e i n whic h everythin g 
clearl y satisfie s ou r  expectation s excep t  tha t  th e des k i s upsid e down .  Th e inverte d des k i s clearl y 
th e "abnormal "  aspec t  o f  th e office ,  an d i t  generate s a  counterfactua l  alternative ,  specificall y th e 
"hormal "  office .  Kahnema n an d Mille r  clai m tha t  th e abnorma l  aspect s o f  a  norma l  even t  ar e th e 
ones tha t  chang e whe n w e counterfactualize .  W e clai m tha t  th e first  counterfacmalizatio n tha t 
occur s "slips "  di e abnorma l  featur e t o on e mor e commonl y associate d wit h th e prototypica l 
categor y correspondin g t o th e even t 

Representation of categories 

In what follows we represent categories as clusters of "feature nodes" with mutually 
excitator y interconnections .  I n additio n t o interconnections ,  featur e node s als o hav e connection s 
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Normal  Categor y 

N o de 1 :  pu g nos e 

N o de 2 :  ful l  Up s 

N o de 3 :  hig h forehea d 

N o de 4 :  glasse s 

N o de 5 :  etc . 

N o de 6 :  etc . 

N o de 7 :  shoulder-lengt h hai r 

N o de 8 :  cre w cu t 

Abnormal 
featur e 

Environmen t  i n whic h even t  i s perceive d 

Fjgw^ l 

throug h whic h the y receiv e environmenta l  inpu t  Thi s  i s no t  unlike ,  fo r  example ,  th e schem a 

model  o f  Rumelhart ,  Smolensky ,  McClelland ,  an d Hinto n (1986) .  W e represen t  thi s schematicall y 

i n Figur e 1  fo r  th e categor y "Joe" . 

T o explai n initia l  counterfactua l  production ,  w e begi n b y distinguishin g tw o differen t  source s 

of  activation :  on e extema l  (fro m th e environmen t  vi a featur e detectors )  an d th e othe r  interna l 

(spreadin g activatio n fro m othe r  node s i n th e category) .  Assum e tha t  yo u se e you r  frien d Joe , 

w h o m yo u hav e alway s k n o w n t o hav e shoulder-lengti i  hair ,  wit h a  cre w cut .  Node s 1  throug h 6 

represen t  feature s tha t  ar e presen t  an d sufficien t  t o allo w yo u t o recogniz e you r  friend .  N o d e 7 

correspond s t o th e featur e "shoulder-lengt h hair "  (alway s activ e i n th e pas t  w h e n yo u sa w you r 

friend )  whil e nod e 8  correspond s t o th e featur e "cre w cut "  (activate d i n th e presen t  circumstance) . 

Nodes 1  throug h 6  receiv e dua l  support ,  bot h fro m th e environmen t  an d fro m othe r  node s 

withi n th e category .  N o d e 8  receive s support  onl y fro m th e environment ,  whil e nod e 7  receive s 

n o extema l  suppor t  bu t  clearl y ha s interna l  support ,  sinc e you r  categor y fo r  "Joe "  ha s alway s 

include d th e featur e "shoulder-lengt h hair" .  Ou r  discussio n wil l  focu s o n thes e tw o nodes . 

Onl y i n th e situatio n wher e environmenta l  inpu t  violate s stton g expectation s wil l  a  stron g 

fleetin g counterfacma l  sli p b e produced .  T h e situatio n i s s u m m e d u p i n Figur e 2  below . 

The central role of inhibition 

We will focus only on nodes 7 and 8, i.e. the long-hair and crew cut nodes respectively. We 

m ay assum e tha t  thes e node s bot h receiv e stron g support ,  th e first  intemally ,  th e secon d externally . 

Sinc e peopl e generall y perceiv e th e worl d a s i t  actuall y i s an d no t  merel y accordin g t o thei r 

expectations ,  w e ca n assum e a n environmenta l  bia s and ,  consequently ,  tha t  nod e 8  receive s 

stronge r  inpu t  tha n nod e 7 .  (Wer e th e opposit e t o b e th e case ,  misperceptio n woul d occur ,  whic h 

doe s happe n occasionally. )  Sinc e cre w cut s an d lon g hai r  ar e mumal l y exclusiv e features ,  w e als o 

assum e tha t  th e correspondin g featur e node s ar e mutuall y inhibitory .  Initia l  counterfactua l 

productio n (i.e. ,  th e "slip "  t o th e norma l  category )  woul d onl y occu r  onc e th e inhibitor y effec t  o f 

th e "crew-cut "  nod e (8 )  o n th e "shoulder-length-hair "  nod e (7 )  ceased . 

The roles of habituation and short-term connection strength 

There are essentially two phenomena that would cause the inhibitory effect of node 8 to 

cease .  T h e mos t  obviou s i s  i f  th e suppor t  fro m th e environmen t  simpl y ceased .  T h e second ,  les s 

obvious ,  phenomeno n tha t  woul d caus e th e activatio n o f  N o d e 7  t o dominat e tha t  o f  nod e 8  i s 

habimation ,  als o calle d fatigue .  I n th e firs t  case ,  i f  environmenta l  inpu t  ceases ,  ou r  mode l  easil y 

demonstrate s th e sli p t o th e counterfactua l  altemative .  W e decide d t o answe r  a  harde r  question , 

namely :  Wil l  th e sli p occu r  eve n i f  environmenta l  support  continue s unabated ? O u r  mode l 

confirme d ou r  intuitio n tha t  th e answe r  i s yes . 
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Environmen t 

Figur e 2 , 

The notion of neural habituation has been invoked by certain authors to explain a wide range 

of  cognitiv e phenomen a includin g decrease d recal l  o f  mataia l  immediatel y followin g intensiv e 

attempt s a t  it s memorizatio n (Pomerantz ,  Kaplan ,  an d Kaplan ,  1969) ,  th e Necke r  cub e perceptua l 

fli p (Feldman,1981) ,  flexibilt y i n proble m solvin g (Levenick ,  1985) ,  etc .  W e clai m tha t 

habituatio n i s als o a n importan t  mechanis m i n th e productio n o f  counterfacmals . 

I n ou r  model ,  node s tha t  receiv e on-goin g dual  suppor t  fro m th e categor y an d th e 

environmen t  ar e les s susceptibl e t o th e effect s o f  fatigu e tiian  singly-supporte d nodes .  I n ou r 

example ,  nod e 8  initiall y  receive s suppor t  onl y fro m th e environment .  A s i t  fatigues' ,  it s inhibitin g 

influenc e o n nod e 7  decreases .  T h i s ^ o w s th e activit y i n th e latte r  t o rise .  N o d e 7 ,  increasingl y 

active ,  begin s t o inhibi t  th e alread y fatiguin g nod e 8 ,  furthe r  contributin g t o th e latter' s dro p i n 

activity .  Th e activit y i n nod e 8  fall s  eve n faster ,  furthe r  decreasin g it s inhibitio n o f  nod e 7 ,  an d s o 

on.  Nea r  th e pea k o f  activit y i n nod e 7  (neve r  hig h enoug h fo r  perception )  w e experienc e th e 

counterfacma l  alternativ e "Jo e witi i  lon g hair" .  (Th e result s o f  ou r  simulatio n ar e consisten t  wit h 

thi s prediction. ) 

As w e becom e (quit e rapidly )  accustome d t o "Jo e wit h a  cre w cut" ,  w e n o longe r  experience 

th e counterfactua l  alternative .  Th e mechanis m w e propos e t o accoun t  fo r  thi s i s a  short-ter m 

increas e i n th e connectio n strengt h betwee n th e categor y an d th e n e w featur e node .  Short-ter m 

potentiatio n i s a  well-know n phenomeno n i n neurophysiologica l  investigation s o f  synapti c 

plasticit y (Goddard ,  1980 )  an d i t  als o ha s bee n propose d a s a  mechanis m t o allo w activit y t o briefl y 

persis t  i n a  grou p o f  previousl y unassociate d neura l  units ,  thu s supportin g th e formatio n o f  n e w 

cel l  assemblie s (Kaplan ,  1970) .  Fo r  us ,  though ,  th e importanc e o f  short-ter m connectio n strengt h 

i s tha t  i t  serve s t o temporaril y  strengthe n th e connectio n betwee n th e categor y nod e an d th e 

abnorma l  featur e node . 

Counterfactuals, goodness, and normality 

One of the most significant results of Eleanor Rosch's extensive work with natural categories 

i s th e ide a o f  "goodness "  (Rosch ,  1977) .  Sh e showe d tha t  categorie s ha d n o definit e boundarie s 

and tha t  no t  al l  member s ar e equal .  Instance s close r  t o th e prototyp e (o r  mos t  norma l  instance )  ar e 

judge d a s bein g bette r  tha n thos e whic h ar e mos t  distant . 

We clai m tha t  ou r  categor y mode l  provide s a  simple ,  direc t  codin g o f  goodnes s b y th e overal l 

leve l  o f  activatio n o f  th e node s makin g u p th e category .  Wheneve r  a  norma l  featur e i s replace d b y 

an abnorma l  alternative ,  th e norma l  nod e act s a s a n activit y sink ;  i t  receive s activatio n fro m othe r 

featur e node s bu t  doe s no t  generat e an y i n return .  Thu s th e overal l  leve l  o f  activit y o f  th e categor y 

i s reduce d an d th e instanc e i s experience d a s poorer .  W h e n th e violatio n o f  expectation s i s stron g 

enough ,  counterfactualizatio n als o occurs . 
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Figure s Activit y trac e showin g productio n o f  a  fleeting  counterfactua l 

Counterfactualization and schema with correction 

A time-honored construct in psychology is schema with conection (Woodworth, 1958). The 
usua l  contex t  i s on e o f  askin g peopl e t o redra w nonsens e figure s fro m memory .  Wher e possible , 
peopl e remembe r  suc h figures  a s familia r  figures  plu s a n abnoraia l  featur e (eg. ,  a  squar e wit h a 
"funny "  comer) .  Bu t  thi s  i s actuall y a  cas e o f  counterfactualization .  Th e "square "  wit h a  "funn y 
comer "  is ,  i n fact ,  no t  a  squar e a t  all .  I t  woul d b e a  squar e onl y  i f  th e funn y come r  wer e normal . 
A prerequisit e fo r  schem a wit h correctio n i s counterfactualizatio n an d identificatio n o f  a n 
abnormality . 

Simulation of the production of a fleeting counterfactual 

The feature nodes in our category model do not represent single neural-level elements but 
rathe r  interconnecte d group s o r  assemblies .  So ,  a  standar d weighted-su m activit y functio n wa s 
inappropriat e fo r  th e simulation .  Accordingly ,  w e base d ou r  simulatio n o n o n a  slighti y 
modifie d mathematica l  mode l  develope d b y Stephe n Kapla n i n 1970 .  Hi s mode l  wa s originall y 
designe d t o describ e th e tim e cours e o f  activit y withi n a  singl e cel l  assembly .  I t  allow s persisten t 
nod e activit y (du e t o interna l  positiv e feedback )  and ,  significantiy ,  include s fatigu e an d shor t 
ter m potentiatio n mechanisms .  W e create d a  networ k o f  thre e node s eac h o f  whic h woul d behave , 
i n isolation ,  lik e Kaplan' s cel l  assembly .  W e create d link s betwee n th e tw o node s i n competition . 
Initially ,  w e di d no t  us e changin g short-ter m connectio n strengt h betwee n th e categor y an d th e 
competin g node s t o influenc e th e sprea d o f  activit y t o thes e nodes .  Thi s resulted  i n a  continua l 
alternatio n o f  activit y peak s betwee n th e norma l  an d counterfactua l  nodes .  W h e n w e realize d tha t 
activit y spreadin g betwee n node s wa s n o differen t  tha n withi n a  node ,  w e adde d a  short-ter m 
connectio n strengt h mechanis m t o ou r  links .  Thereafte r  th e mode l  behave d accordin g t o ou r 
prediction s (Figur e 3) . 

Conclusion 

In the world of human cognition, actualities are surrounded by a context of counterfactual 
possibilities .  Thi s contex t  ha s a  powerfu l  effec t  o n people' s reactions  t o object s an d events .  W e 
hav e chose n t o stud y wha t  see m t o b e t o u s th e simplest ,  mos t  easil y isolate d counterfacmal s whic h 
we hav e calle d fleeting  counterfactuals .  W e hav e show n tha t  a  slighti y extende d connectionis t 
categor y mode l  wil l  produc e thi s counterfactua l  behavio r  an d thu s provide s th e beginning s o f  a n 
explanator y mechanis m fo r  th e phenomeno n o f  counterfacmals . 
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Appendi x I 

Mathematical details of the simulation 

The following equations, originally developed by Stephen Kaplan in 1970, model the time course 

of  activit y i n a  neura l  net .  Onl y ver y minima l  modification s t o th e origina l  equation s wer e 

require d t o adap t  the m t o ou r  ow n model .  (Note :  F ^  denote s F(t) ,  S ^  denote s S(t) ,  etc. ) 

Sensitivity of connections: 

This equation says, in essence, that as fatigue builds, the sensitivity (i.e., the ability to pass 

activation )  o f  th e affecte d connectio n drop s rapidly .  Sensitivit y i s describe d by : 

(Z, .  + 5 . ) ( 1 - F , ) ' 

" • -  K l 

where : 

Lj  an d S ^  are ,  respectively ,  long-ter m an d short-ter m connectio n strength ; 

F^  i s fatigue ; 

K^  i s a  constan t  designe d t o ensur e tha t  a  doe s no t  excee d 1 . 

Change in short-term connection strength over time: 

where: 

Ŝ  i s  short-ter m connectio n strength ; 

Pj  i s  th e activit y o f  th e net ; 

K ,  an d K  ,  ar e constants . 
sseal e sdeca y 

Change in fatigue over time: 

AFe = K,„^, Pt (1 - F, )2 - Kf,,,ay Ft 

where : 

Fj  i s  fatigue ; 

P i s th e activit y o f  th e net ; 

K,  ,  an d K, .  ar e constants . 
fscal e fdeca y 

Input to the system: 

I^: Input to the nodes under examination was supplied by a square input function. Environmental 

inpu t  t o nod e 8  wa s weighte d somewha t  highe r  (10% )  tha n th e categor y inpu t  t o nod e 7 ,  ou r 

reaso n bein g tha t  environmenta l  suppor t  i s  give n mor e weigh t  tha n equivalen t  interna l  support ,  i n 

orde r  t o improv e th e probabilit y  tha t  misperceptio n o f  th e environmen t  doe s no t  occur . 

Change in activity over time: 

AP, = [Pe +{1-Pt )/e ](1 - Pt )at - [Pt'+ Pt (1 - Pt )"'](l " «t) 

where : 

[Pt  +  ( 1 -  P ,  )I t  ]( l  -  P t  )oi t  i s  th e ris e componen t  an d 
[Pt *  +  P ,  ( 1 -  P t  y°]{ l  -  a( )  i s  th e fal l  componen t  o f  activity . 

For a more detailed explanation of the derivations of these equations, see (Kaplan, 1970). 
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