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C a s e A g e : 

Selectin g th e Bes t  E x e m p l a r s fo r  Plausibl e Reason in g 

Us in g Distanc e i n T i m e o r  S p a c e 

Mark H .  Burstei n 
Bol l  Berane k an d Newman Inc . 

10 Moulto n St . 

Cambridge ,  M A 0213 8 

EMAIL:  bursteinObbn .  co m 

A b s t r a c t 
The ag e o f  a  cas e (i n th e C B R sense )  i s th e amoun t  o f  tim e 
tha t  ha s elapse d betwee n th e tim e tha t  th e cas e originall y 
occurre d an d th e tim e o f  th e curren t  reasonin g activity . 
Peopl e engage d i n plausibl e reasonin g task s will ,  unde r 
appropriat e circumstances ,  us e th e ag e o f  retrieve d prio r 
case s t o filte r  an d discar d them ,  o r  t o selec t  amon g 
alternative s b y thei r  recency .  Thi s pape r  examine s ho w th e 
age o f  a  cas e (an d it s spatia l  analog )  ar e use d b y peopl e i n 
plausibl e an d case-base d reasonin g tasks .  I  wil l  argu e tha t 
(1 )  Th e ag e o f  a  retrieve d cas e i s a n importan t  facto r  i n cas e 
relevanc e judgment s fo r  certai n kind s o f  inferences .  (2 ) 
When cas e ag e i s relevant ,  mor e recen t  case s ar e usually , 
but  no t  always ,  preferre d t o olde r  one s (th e al l  othe r 
thing s bein g equal "  caveat) .  Finally ,  I  wil l  argu e that , 
somewhat  surprisingly ,  (3 )  cas e ag e canno t  b e use d a s a n 
inde x int o memor y give n som e commonl y hel d 
assumption s abou t  th e natur e o f  th e retrieva l  proces s 
becaus e i t  varie s wit h th e tim e o f  retrieval .  Thi s limit s it s 
use t o post-retrieva l  processes ,  suc h a s th e filtering  o f 
alread y retrieve d cases . 

Introduction 

Case ag e i s th e amoun t  o f  tim e tha t  ha s elapse d betwee n 
th e tim e tha t  a  cas e occurre d an d th e curren t  reasonin g 
activity .  Thi s pape r  examine s h o w th e ag e o f  a  cas e i s use d 
i n case-base d reasonin g tasks .  I  wil l  us e anecdota l  evidenc e 
t o argu e that : 

•  Th e ag e o f  a  cas e i s a n importan t  featur e i n similarit y 
comparison s an d judgin g th e appropriatenes s o f  a  cas e 
as a  mode l  i n case-base d reasonin g task s i n man y 
domains . 

•  W h e n th e recenc y o f  a  cas e i s a n importan t  guid e t o 
predictiv e power ,  peopl e explicitl y  trad e of f  ag e an d 
othe r  measure s o f  similarit y i n choosin g th e mos t 
relevan t  cas e t o use .  I n short ,  mos t  recen t  i s  no t 
alway s best . 

•  I n mos t  model s o f  memor y retrieval ,  cas e ag e (a s 
oppose d t o a  date ,  time ,  o r  epoc h associate d wit h th e 
case )  canno t  b e use d a s a n inde x int o cas e memor y 
becaus e th e ag e o f  eac h cas e i n memor y i s constantl y 
changing .  I t  i s  no t  a  declarativ e featur e availabl e fo r 
creatin g indice s a t  storag e time .  Thi s restrict s it s us e 
i n plausibl e an d Case-base d reasonin g tasks ,  a s 
compare d t o mos t  othe r  features . 

I  wil l  motivat e th e discussio n wit h example s fro m thre e 
domain s tha t  I  hav e examine d directl y o r  indirectly ,  plausibl e 
reasonin g abou t  recurrin g event s lik e buse s stoppin g a t  bu s 
stops ,  an d "expert "  huma n case-base d reasonin g i n th e 
domain s o f  rea l  estat e appraisa l  an d labo r  contrac t 
negotiation s 

The Notion of Extent 

Th e issu e examine d i n thi s pape r  surface d i n ou r 
investigatio n o f  th e rol e o f  proximit y i n tim e an d spac e o n 
human plausibl e reasonin g (Burstei n e t  al ,  1992 ;  Collin s 
and Michalski ,  1989 ;  Collins ,  1978) .  Collin s (1978 ) 
identifie d a  paramete r  h e calle d "extent "  whic h wa s 
particularl y prevalen t  i n tempora l  an d spatia l  inferences .  I t 
i s  necessar y becaus e peopl e hav e a  notio n o f  approximatel y 
h o w fa r  thing s lik e rainstorms ,  parades ,  an d larg e 
geographica l  feature s (e.g. ,  plains ,  rivers )  exten d i n space , 
and (wher e applicable )  h o w lon g the y exten d i n time .  B y 
maintainin g thes e type s o f  estimates ,  peopl e ca n mak e 
judgment s relate d t o th e so-calle d "frame-problem " 
(McCarth y an d Hayes ,  1981 )  o r  th e "extende d persistenc e 
problem "  (Shoham ,  1987) . 

Conside r  th e followin g question ,  aske d o f  a  colleague : 

Q: If you were away from BBN for a year, would you 
stil l  expec t  you r  bu s t o com e a t  5:15 ? 

A: Well, I don't know.. It comes fairly frequently 
aroun d then ,  s o I  woul d expec t  i t  t o com e nea r  tha t 
time .  I t  migh t  com e the n -  the y don' t  chang e al l  o f 
th e schedule d buse s tha t  often . 

At top level, the question goes to the extent of time that a 
predictio n abou t  thi s bus '  arriva l  ca n b e mad e directl y base d 
on it s know n pas t  behavior .  Th e answe r  show s thre e kind s 
of  reasonin g wit h uncertai n information .  On e inferenc e use s 
th e ag e o f  las t  know n cas e wher e th e behavio r  occurre d (e.g. , 
whethe r  h e sa w i t  com e a t  5:1 5 yesterday ,  o r  las t  week ,  o r 
las t  year) .  Th e ag e o f  tha t  informatio n affect s th e certaint y o f 
hi s conclusion .  Ou r  mode l  i s  tha t  thi s ag e i s compare d t o a n 
interna l  expectatio n abou t  th e lengt h o f  tim e tha t  th e patter n 
of  th e bu s arrivin g a t  5:1 5 ca n b e expecte d t o hold .  A 
secon d lin e o f  reasonin g i s base d directl y o n knowledg e o f 
th e frequenc y o f  th e phenomen a nea r  r/iarrim e o f  day .  Thi s 
i s a  for m o f  exten t  information ,  no t  unlik e tha t  use d t o 
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predic t  h o w lon g a  rainstor m wil l  last .  Finally ,  ther e i s 
knowledg e o f  approximatel y h o w lon g a n interva l  exist s 
betwee n change s t o th e bu s schedule s i n general .  Thi s to o 
i s a  piec e o f  exten t  knowledge ,  relate d t o a  particula r  causa l 
facto r  affectin g th e issu e i n question . 

The case-base d reasonin g process ,  muc h lik e ou r  mode l  o f 
human plausibl e reasonin g (Collin s an d Michalski ,  1989 ; 
Burstei n e t  al .  1992 )  ca n b e characterize d a s havin g th e 

followin g steps :  1 

1.  Retriev e som e (finit e numbe r  o O case s wit h simila r 
feature s t o th e curren t  situation . 

2.  Fro m these ,  selec t  th e mos t  appropriat e one(s )  b y 
furthe r  comparison s wit h th e curren t  situatio n an d wit h 
eac h other . 

3.  Us e difference s betwee n th e selecte d prio r  case s an d th e 
curren t  situatio n o n factor s affectin g th e conclusio n t o 
be reache d t o adjus t  eac h mappe d conclusion . 

4.  Combin e (o r  selec t  among )  th e conclusion s reache d 
wit h eac h case-drive n inference . 

I n th e remainde r  o f  thi s paper ,  I  examin e h o w th e ag e o f  a 
cas e i s  use d i n reasonin g b y expert s abou t  pas t  cases . 
Thoug h I  wil l  no t  presen t  specifi c  evidenc e o f  it ,  mos t  o f 
th e conclusion s reache d shoul d appl y equall y t o inference s 
tha t  us e th e spatia l  distanc e betwee n prio r  case s an d th e 
curren t  one ,  whe n tha t  measur e i s a  predicto r  o f  similarit y 
fo r  a n inferenc e abou t  th e target . 

The Various Forms of Age in Past Cases 

Ther e ar e severa l  form s o f  "age" '  tha t  ca n b e associate d 
wit h cases ,  o r  aspect s o f  cases .  Thes e differen t  form s behav e 
differentl y wit h respec t  t o thei r  us e i n reasonin g fro m prio r 
case s t o ne w ones .  T o clarif y th e discussion ,  I  briefl y 
distinguis h al l  o f  th e following : 

•  A g e o f  th e objec t  o f  th e case : 
(e.g. .  For d Mustang s star t  t o hav e transmissio n problem s 

when the y ar e 4  yr s old. ) 

•  Vintag e o f  th e objec t  i n th e case :  (e.g. ,  ' 8 7 
Chevy s ofte n hav e fiie l  p u m p problems. ) 

•  A g e o f  th e case :  (e.g. ,  I  replace d th e fue l  p u m p i n 

my '8 7 Chev y las t  year. ) 

Each o f  thes e fact s ca n b e use d i n differen t  kind s o f  case -
base d o r  plausibl e reasoning .  I n mos t  plausibl e inferences , 
th e similarit y o r  relevanc e o f  a  cas e i s determine d partiall y 

by knowledg e o f  dependencies ^  (causa l  and/o r  statistica l 

'See ,  e.g. ,  Kolodne r  e t  al .  (1985) .  A  discussio n o f  th e 
retrieve-then-filte r  mode l  ca n b e foun d i n Centne r  an d Forbu s 
(1991) .  I n th e domain s tha t  I  examin e here ,  th e retrieva l 
proces s nee d no t  eve n b e a  memory-base d process ,  a s case s ma y 
be store d i n pape r  o r  electroni c form .  Th e argumen t  doe s no t 
appl y full y t o technique s use d fo r  retrieva l  o f  case s store d i n 
externa l  media . 

2 Dependencie s (Collin s an d Michalski ,  1989) ,  als o calle d 
determination s b y Russel l  (1986) ,  ar e relationship s betwee n 
term s o r  attribute s whos e value s ar e believe d t o b e correlate d i n 
general .  T o us e a  dependenc y i n a  predictiv e inference ,  a n 
exampl e tha t  i s simila r  t o th e cas e i n questio n mus t  b e foun d 
tha t  provide s a  valu e o n th e correlate d attribute .  Thi s valu e i s 
the n use d a s a  predicto r  i n th e curren t  case ,  unde r  th e assumptio n 

correlation s betwee n features) .  I n domain s lik e machin e 
repair ,  th e ag e o f  th e objec t  i s  potentiall y a n importan t 
feature ,  becaus e machin e part s ar e sometime s know n t o wea r 
out  a t  predictabl e rates ,  a s i n th e mea n tim e t o failure "  o f 
th e object .  Similarly ,  severa l  kind s o f  informatio n abou t 
th e dat e o f  manufactur e (vintage )  ar e common l y use d a s 
predictor s o f  failur e i n automobile s an d othe r  machines . 
Model  yea r  i s th e mos t  obviou s one ,  bu t  ther e ar e als o th e 
ol d storie s abou t  America n car s produce d o n Monday s an d 
Friday s wher e constructio n error s wer e abov e average . 

Thes e tw o time-relate d feature s ar e differen t  tha n th e ag e o f 
th e case ,  whic h i s th e primar y focu s here .  Bot h th e ag e an d 
vintag e o f  th e artifac t  i n th e cas e ca n b e use d directl y i n 

retrievin g relevan t  pas t  case s becaus e the y ca n b e compute d 
and store d wit h th e case .  Th e ag e o f  th e cas e itsel f  i s th e 
amount  o f  tim e elapse d sinc e th e even t  occurre d til l  th e 
present .  .  Not e tha t  i f  th e reasone r  ha s onl y secondar y 
informatio n abou t  th e event ,  the n thi s wil l  b e differen t  tha n 
memory storag e time .  I t  i s  mos t  relevan t  i n reasonin g task s 
wher e th e thin g bein g predicte d o r  plausibl y estimate d i s 
itsel f  k n o w n t o chang e ove r  time .  Fo r  example ,  i n 
estimatin g th e pric e o f  a n ite m tha t  i s i n man y way s unique , 
th e mos t  recen t  cas e o f  a  sal e o f  a  simila r  ite m i s generall y 
th e mos t  desirabl e prio r  cas e t o bas e you r  conclusion s on . 
Our  example s fro m domai n expert s indicat e tha t  the y for m 
heuristi c rule s tha t  explicitl y  dea l  wit h thes e tradeoffs . 

The CBR Method in Real Estate 

Appraisa l 

The approac h tha t  rea l  estat e agent s an d professiona l 
appraiser s us e t o estimat e th e sal e valu e o f  a  piec e o f 
propert y i s a  classi c exampl e o f  case-base d reasoning .  Th e 
followin g quot e i s fro m a  textboo k o n th e subjec t  (Ventol o 
and Williams ,  1987) :  (italic s adde d b y thi s author ) 

"Th e direc t  marke t  compariso n o r  sale s compariso n 
approac h t o appraisin g use s th e principl e o f 
substitution .  Th e appraise r  find s thre e t o fiv e (o r 
more )  propertie s tha t  hav e bee n sol d recentl y an d ar e 
simila r  t o th e propert y tha t  i s  th e subjec t  o f  th e 
appraisal .  Th e appraise r  note s an y dissimila r  features , 
and make s a n adjustmen t  fo r  eac h usin g th e formula : 

Sal e pric e o f  comparabl e propert y 
+/ -  Adjustment s 
= Indicate d valu e o f  subjec t 

Majo r  type s o f  adjustment s includ e thos e mad e fo r  physica l 
(on-site )  features ,  locationa l  (off-site )  influences , 
condition s o f  sal e (e.g. ,  financia l  terms )  an d tim e fro m dat e 
of  sale . 
Afte r  goin g throug h thi s proces s fo r  eac h o f  th e comparabl e 
properties ,  th e appraise r  select s a  valu e fo r  th e subjec t 
propert y tha t  i s th e adjuste d valu e o f  th e comparable(s )  mos t 
lik e th e subject. " 

tha t  "al l  els e bein g equal ,  th e attribut e value s shoul d b e th e 
same. "  Dependencie s ca n als o b e annotate d i n a  numbe r  o f 
ways ,  suc h a s whethe r  the y ar e directl y o r  inversel y correlated . 
An exampl e woul d b e "Averag e annua l  temperatur e i s inversel y 
correlate d wit h latitude. "  Thi s allow s fo r  a  wide r  variet y o f 
inferenc e patterns . 
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Th e textboo k talk s abou t  al l  o f  th e feature s tha t  mus t  b e 
take n int o accoun t  i n comparin g properties .  Thes e includ e 
suc h thing s a s th e location ,  (location ,  location ,  ...) ;  th e dat e 
of  sale ;  th e siz e o f  th e lot ;  th e landscaping ;  typ e o f 
construction ;  th e ag e o f  th e hous e (i.e. ,  th e vintage] ;  th e 
kind s o f  improvement s made ;  th e styl e o f  h o m e (e.g. ,  th e 
number  o f  floors) ;  number s o f  rooms ,  bedroom s an d baths ; 
squar e fee t  o f  livin g an d othe r  space ;  exterio r  an d interio r 
condition ,  presenc e an d siz e o f  a  garage ;  an d typ e o f 
financing. 

I n selectin g comparabl e properties ,  th e boo k suggest s tha t 
th e locatio n o f  th e comparable s shoul d withi n th e sam e 
neighborhoo d a s th e subjec t  property ,  i f  a t  al l  possibl e (Thi s 
i s th e analo g o f  cas e ag e -  th e spatia l  distanc e t o th e (objec t 
of )  th e prio r  case ) 

T h e dat e o f  sal e o f  a  propert y i s ver y importan t  i n 
choosin g whethe r  o r  no t  t o us e i t  a s comparabl e i n a n 
appraisal .  Th e ag e o f  th e hous e (th e objec t  o f  th e case )  i s 

les s importan t  sinc e mos t  house s withi n a  neighborhoo d 
wil l  b e buil t  a t  approximatel y th e sam e time ,  an d a n ag e 
differenc e o f  5  year s i s no t  significan t  i n mos t  cases .  W h e n 
th e dat e o f  sal e o f  th e comparabl e propert y occurre d mor e 
tha n si x month s prio r  t o th e appraisal ,  adjustment s mus t  b e 
made t o th e valu e o f  th e comparabl e whe n estirriatin g th e 
valu e o f  th e subject .  I n a n intervie w wit h a n experience d 
rea l  estat e agen t  w h o ha s don e hundred s o f  appraisals ,  h e sai d 
th e following : 

Q:  W o u l d yo u eve r  us e a  comparabl e tha t  sol d mor e 
tha n a  yea r  ago ? 

A: If it was an unusual property. The most recent ones 
ar e best .  Bu t  i n a  situatio n wher e ther e weren' t  to o 
many comparabl e propertie s tha t  ha d sol d recentl y . . 
a multi-famil y i n a n are a o f  mostl y singl e famil y 
homes fo r  example. ,  yes .  I' d hav e t o d o a  lo t  o f 
adjustment ,  though ,  fo r  change s i n th e market . 

... I would use a similar home that sold six months ago 
as a  bette r  c o m p tha n a  no t  s o simila r  on e tha t  sol d 
las t  week . 

I n othe r  words ,  a n explici t  trade-of f  i s  mad e betwee n th e 
degre e o f  similarit y determine d usin g feature s o f  individua l 
propertie s tha t  affec t  thei r  value ,  an d similarit y o f  valu e 

based  o n th e ag e o f  th e othe r  case s (tim e o f  determinatio n o f 
sal e price s o f  comparabl e properties) .  Th e latte r  i s  treate d 
separatel y becaus e i t  indicate s th e leve l  o f  uncertaint y i n th e 
appraiser' s knowledg e o f  th e curren t  valu e o f  th e comparabl e 
property ,  whic h i s ideall y wha t  h e woul d us e t o estimat e th e 
subject' s  value .  Th e genera l  rul e her e i s t o us e comparable s 
whos e valu e wa s fixed  b y a  sal e withi n th e las t  si x months , 
becaus e the y hav e a  reasonabl y accuratel y know n curren t 
value ,  an d s o n o adjustmen t  fo r  th e ag e o f  th e cas e i s 
necessary .  Fortunately ,  n o appraisa l  i s  eve r  base d o n onl y 
on e comparabl e property .  Unfortunately ,  sinc e n o tw o 
propertie s ar e quit e identical ,  th e appraise r  mus t  decid e i f  th e 
similarit y o f  eac h comparabl e propert y outweigh s th e 
uncertaint y o f  it s  curren t  value ,  o r  i f  h e o r  sh e ca n 
compensat e fo r  it .  Thi s i n tur n m a y depen d o n th e overal l 
volatilit y  o f  th e market .  I n a  stabl e market ,  olde r  sale s ma y 
be mor e acceptabl e a s comparable s tha n i n a  volatil e one . 

Th e rea l  estat e agen t  I  interviewe d highlighte d thi s poin t 
furthe r  i n discussin g exactl y wha t  th e notio n o f  th e dat e o f 
sal e means : 

"In a rapidly changing market, you have to be careful 
estimatin g h o w ol d th e sal e was .  A  coupl e o f  year s 
ago ,  whe n th e marke t  wa s changin g fast ,  I  di d a n 
appraisa l  wher e I  didn' t  adjus t  fo r  th e ag e o f  a  com p 
fro m si x month s before .  Th e proble m wa s tha t  th e 
purchas e an d sal e agreemen t  wa s signe d 9 0 day s befor e 
that .  I  value d i t  to o high ,  an d i t  didn' t  sell. " 

Thus, the real issue is the time at which a purchaser 
an d a  selle r  agre e o n a  price ,  an d henc e determin e it s 
value .  Th e definitio n o f  ag e o f  cas e i n thi s specifi c 
reasonin g tas k i s th e tim e elapse d sinc e th e las t  dat e whe n 
th e sal e pric e wa s fixed ,  whic h i s th e dat e o f  th e purchase -
and-sal e agreement ,  no t  th e dat e a t  whic h th e sal e wa s 
finalized,  th e recorde d dat e o f  sale .  Th e agent' s erro r  wa s i n 
not  understandin g tha t  th e dat e o f  th e settin g o f  th e pric e wa s 
th e mos t  accurat e dat e t o us e i n hi s measur e o f  cas e age . 
Sinc e th e ag e o f  th e comparabl e sal e pric e wa s nin e months , 

not  six ,  th e heuristi c tha t  a n adjustmen t  fo r  "ag e o f  sale " 
shoul d b e use d afte r  si x month s wa s no t  applie d whe n i t 
shoul d hav e been . 

Case Age in the Adaptation of 

C o m p a r a b l e V a l u e s fo r  E s t i m a t e s 

As th e formul a fo r  adaptatio n o f  propert y value s show n 
abov e suggests ,  cas e adaptatio n i n rea l  estat e i s a  proces s b y 
whic h adjustment s ar e mad e t o th e sal e pric e o f  a  comparabl e 
propert y t o compensat e fo r  difference s fro m th e subject . 
Thes e adjustment s ar e determine d fo r  mos t  features , 
especiall y physica l  ones ,  essentiall y  b y a n applicatio n o f  th e 
principle s o f  case-base d reasonin g t o for m adaptatio n rule s 
by makin g plausibl e generalization s (Burstei n e t  al ,  1992 ) 
fo r  loca l  region s i n tim e an d space .  I  quot e agai n fro m 
Ventol o an d William s (1987) : 

"Ideally ,  i f  propertie s coul d b e foun d tha t  wer e exactl y 
alik e excep t  fo r  on e category ,  th e adjustmen t  valu e o f 
tha t  categor y woul d b e th e differenc e i n sellin g price s 
of  th e tw o properties .  .. . 

Th e appraise r  ca n develo p a  Sale s Pric e Adjustmen t 
Char t  an d us e i t  t o substantiat e dolla r  amount s fo r 
adjuste d values .  Example : 

Hous e A  i s ver y simila r  t o hous e B ,  excep t  tha t  i t  ha s 
a tw o ca r  attache d garag e an d hous e B  doe s not .  Sinc e 
th e garag e i s th e onl y significan t  differenc e betwee n th e 
tw o properties ,  it s  valu e i s th e differenc e betwee n th e 
sellin g pric e o f  $134,00 0 fo r  A  an d th e sellin g pric e o f 
$125,50 0 fo r  B .  S o th e valu e o f  th e garag e i s $8,500 . 

An appraiser will ordinarily need two or more instances 
of  eac h variabl e a s a  chec k o n th e accurac y o f  a n 
adjustment. " 

This method is used with adjustments for the age of cases 
as wel l  a s wit h othe r  properties : 
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" T i m e adjustment .  Propert y H  i s identica l  i n 
feature s t o propertie s A ,  E ,  an d J ,  excep t  fo r  th e lengt h 
of  tim e sinc e th e dat e o f  sale .  Propert y H  wa s sol d on e 
yea r  ago ;  propertie s A ,  E ,  an d H  wer e al l  sol d withi n 
th e pas t  thre e month s Th e adjustmen t  valu e t o b e mad e 
i n th e cas e o f  a  year-ol d sal e is ,  therefore :  $  121,00 0 -
$111,00 0 =  $10,00 0 Th e $10,00 0 adjustmen t  valu e 
coul d b e expresse d a s a  percentag e o f  th e tota l  cos t  o f 
th e property ,  i n thi s cas e 9 % pe r  year. " 

In my interview with a real estate agent, I asked about this 
method : 

Q:  D o yo u mak e pric e adjustment s fo r  ag e usin g dolla r 
amount s o r  percentages ? 

A: Percentages, generally. 

Q: Do you maintain a table of these percentages for all 
appraisal s don e aroun d th e sam e time ,  o r  b y lookin g 
at  change s i n th e value s o f  simila r  propertie s eac h 
tim e yo u d o a n appraisal ? 

A: It depends. Similar kinds of properties in the same 
region ,  yes .  Y o u ge t  a  fee l  fo r  h o w th e marke t  i s 
goin g i n a n area .  20-2 0 hindsigh t  i s great ,  th e 
proble m i s tha t  yo u don' t  alway s kno w whic h wa y 
th e marke t  i s goin g a t  th e time . 

Fro m thi s an d othe r  thing s h e said ,  i t  i s  clea r  tha t  th e 
case s h e woul d conside r  makin g a s comparable s h e coul d 
adjus t  fo r  cas e ag e wer e als o thos e fro m th e sam e loca l 
regio n i n space .  Th e rat e o f  inflatio n i n propert y value s wa s 
know n t o var y fro m tow n t o tow n an d neighborhoo d t o 
neighborhood ,  an d fo r  differen t  type s o f  properties .  H e 
distruste d usin g comparable s fro m differen t  region s becaus e 
of  th e uncertaint y involve d i n mappin g a  sal e pric e throug h 
to o grea t  a  distanc e i n bot h tim e an d spac e a t  once ,  give n 
knowledg e o f  th e dependencie s relatin g pric e t o thos e factors . 

Case Age in Labor Contract Negotiations 

To ge t  a  sens e o f  th e generalit y o f  th e principle s w e 
observed ,  w e examine d a  secon d domai n tha t  ha s bee n 
studie d i n dept h usin g a  case-base d reasonin g approach . 
Sycar a (1987 ,  1988 ,  1991 )  develope d a  compute r  mode l  o f 
th e rol e o f  a n exper t  labo r  contrac t  mediator .  He r  stud y wa s 
base d o n extensiv e interview s wit h on e mediator ,  an d th e 
heuristi c rule s tha t  sh e acquire d fro m thos e interview s wer e 

reviewe d an d validate d b y tw o mediators.- ^  Thes e rule s ar e 
summarize d below : 

• The most useful prior cases are ones negotiated 
withi n th e sam e year .  Th e bes t  o f  thos e ar e case s 

wer e fro m negotiation s fo r  a  competito r  o f  th e 
curren t  company . 

•'Th e tw o federa l  mediator s wh o reviewe d thi s wor k wer e o f 
quit e differen t  backgrounds .  On e wa s a  professo r  o f  economic s 
at  Georgi a Tech .  Th e othe r  wa s a  mediato r  tha t  ha d prio r 
experienc e wit h th e Machinist' s  Union .  Bot h concurre d tha t  th e 
heuristic s wer e accurate . 

•  Case s tha t  wer e on e t o tw o year s ol d an d wer e fo r 
contract s o f  competitor s t o th e curren t  compan y ar e 
preferre d t o mor e recen t  case s fo r  non-competitor s 

• Cases up to three years old can be used as precedents 
assumin g tha t  othe r  similarit y criteri a ar e th e same , 
and adjustment s ar e mad e fo r  time-sensitiv e features . 

• Cases three to five years old can be used, but 
additiona l  adjustment s m a y b e m a d e base d o n a 
subsequen t  chang e i n positio n o f  th e compan y (i n 
th e case )  i n it s industry .  I f  th e compan y ha s sinc e 
improve d it s standing ,  the n unio n economi c demand s 
i n th e ne w situatio n ar e adjuste d upwards .  I f  it s 
positio n ha s declined ,  unio n demand s ar e adjuste d 
downward .  I f  i t  ha s remaine d th e same ,  n o 
adjustmen t  i s needed . 

• Cases five years old and older have no utility for 
economi c concessio n negotiations ,  bu t  m a y stil l  b e 
use d fo r  non-economi c concessions ,  suc h a s 
seniorit y provisions ,  wor k rules ,  an d subcontractin g 
provisions . 

I n thi s domain ,  th e similarit y o f  tw o case s i s base d firs t 
on whethe r  th e companie s involve d ar e direc t  competitor s o r 
not ,  an d the n o n whethe r  the y ar e i n th e sam e industry . 
T wo bu s companie s tha t  serv e som e o f  th e sam e area s ar e 
competitors .  'Tw o bu s companie s tha t  don' t  compet e ar e 
considere d mor e simila r  t o eac h othe r  tha n t o truc k 
companies ,  thoug h bot h ar e considere d t o b e i n th e sam e 
"groun d transport "  industry .  Thes e ar e differen t  agai n fro m 

sea transpor t  businesses .  A  hierarch y o f  busines s type s wa s 
use d b y Sycar a t o captur e thes e distinctions ,  an d t o 
determin e th e relativ e similarit y o f  variou s businesses . 
Anothe r  dimensio n o f  similarit y i s th e se t  o f  jo b 
classification s tha t  ar e bein g negotiated .  Driver s o f  busse s 
and truck s ar e considere d simila r  i n thi s dimension .  I f  th e 
industrie s ar e different ,  th e similarit y o f  thei r  produc t  line s 
and th e economi c condition s o f  th e industrie s a s a  whol e 
(boom ,  slump ,  o r  steady )  ar e als o considered . 

Conclusions from Two Domains 

The heuristi c rule s describe d abov e fo r  rea l  estat e an d labo r 
mediatio n sugges t  severa l  genera l  principle s ar e a t  work . 
First ,  becaus e economi c value s (salar y figures ,  rea l  estat e 
prices )  ar e example s o f  tim e dependen t  features ,  plausibl e 
estimate s o f  valu e develope d b y reasonin g fro m historica l 
case s wher e valu e wa s determine d fo r  simila r  object s ca n b e 
made base d on : 

1.  Th e mos t  recen t  case s tha t  ar e amon g th e mos t  simila r 
on al l  othe r  grounds .  Estimate s base d o n severa l  prio r  case s 
ar e best . 

2.  Adjustment s o f  eac h estimat e (fro m a  singl e othe r  case ) 
fo r  th e uncertaint y i n valu e o f  th e objec t  o f  th e prio r  cas e i n 
th e tim e betwee n th e occurrenc e o f  th e prio r  cas e an d th e 
present .  Suc h adjustment s ad d som e additiona l  uncertaint y 
t o th e conclusio n reached ,  sinc e th e chang e i n valu e o f  th e 
objec t  i n th e prio r  cas e an d th e curren t  on e m a y no t  b e th e 
same. 
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Eac h domai n exper t  use d a  coars e mode l  o f  th e rat e o f 
chang e o f  thes e time-dependen t  values ,  tha t  partitione d tim e 
int o region s withi n whic h n o adjustmen t  fo r  cas e ag e wa s 
required .  Thes e interval s represen t  a  quantizatio n o f  tim e fo r 
th e dependenc y betwee n cas e ag e an d a  dependen t  variabl e 
(e.g. ,  salar y rat e o r  propert y value) .  A  simila r  quantizatio n 
of  propertie s i n spac e wa s als o use d (neighborhoods ,  towns ) 
t o rul e case s ou t  o r  ran k the m fo r  similarity .  Withi n a 
quantum ,  ag e i s no t  a  consideration .  I n real-estate ,  thi s i s 
appcu-entl y si x month s unde r  norma l  conditions .  Fo r  labo r 
contract s i t  i s  on e year .  Clearl y thes e heuristi c value s fo r 
tim e period s ar e subjec t  t o chang e i f  genera l  indicator s lik e 
th e rat e o f  inflatio n fluctuat e rapidly . 

Finally ,  whe n prio r  case s ar e no t  equall y simila r  t o th e 
curren t  situation ,  th e decisio n abou t  whic h i s th e bette r 
model  wil l  hav e t o trade-of f  th e level s o f  similarit y o f  eac h 
cas e t o th e target ,  an d it s recency .  Explici t  heuristic s wer e 
develope d b y thes e experience d reasoner s i n thei r  domain s t o 
handl e th e mos t  c o m m o n example s o f  thi s kin d o f  trade-of f 
reasoning .  Thes e heuristic s explicitl y  ran k case s meetin g 
specifi c  level s o f  similarit y (e.g. ,  competito r  vs .  non -
competitor).abov e les s simila r  bu t  mor e recen t  cases ,  whe n 
measure d i n th e tim e quant a establishe d t o approximat e tha t 
domain' s relevan t  ag e dependencies . 

Case Age Cannot be a Memory Index 

A final  interestin g poin t  abou t  th e rol e o f  cas e ag e i n case -
base d an d plausibl e reasonin g i s that ,  unlik e othe r  feature s 
tha t  ca n b e associate d wit h cases ,  th e ag e o f  a  cas e i s no t 
fixe d a t  an y particula r  time .  Rather ,  th e ag e o f  a  cas e 
depend s o n th e t im e a t  wh ic h th e cas e i s 
retrieved ,  whic h change s fro m m o m e nt  t o moment . 
Similarly ,  i n situation s wher e similarit y ma y b e correlate d 
wit h spatia l  proximity ,  th e relevanc e o f  a  cas e depend s o n 
th e proximit y o f  it s  objec t  t o th e objec t  o f  th e ne w situatio n 
tha t  i s  th e retrieva l  key .  Thi s is ,  i n part ,  wh y w e mode l  al l 
of  th e inference s describe d i n thi s pape r  a s happenin g afte r 
case s ar e retrieved .  Whil e i t  i s  quit e c o m m o n t o stor e th e 
dat e o f  occurrenc e o f  a  case ,  i n som e form ,  a s par t  o f  th e 
case ,  thi s i s no t  th e sam e a s th e cas e ag e featur e use d i n th e 
reasonin g describe d above ,  thoug h i t  ca n b e use d t o 
determin e ag e afte r  retrieval .  Thi s i s consisten t  wit h th e 
multi-stag e mode l  o f  retrieva l  propose d b y Gentne r  an d 
Forbu s (1991) . 

Therefore ,  I  woul d argu e tha t  ag e i s no t  directl y availabl e 
as a  mean s t o selec t  o r  filter  whic h case s ar e actuall y 
retrieved .  Thi s violate s a  c o m m o n assumptio n o f  man y 
cognitiv e scienc e researcher s tha t  th e mos t  simila r  case s ca n 
be retrieve d i n on e ste p fro m memory .  Fo r  tha t  t o b e true , 
th e memor y syste m woul d hav e t o comput e th e distanc e i n 
tim e betwee n th e tim e o f  occurrenc e store d wit h th e cas e 
and th e present ,  an d compar e tha t  valu e t o th e correspondin g 
compute d value s fo r  othe r  potentia l  case s i n memory .  Thi s 
woul d plac e a  heav y computationa l  burde n o n th e indexin g 
and retrieva l  mechanism ,  an d requir e tha t  th e tim e o f 
occurrenc e o f  a n even t  b e treate d muc h differentl y tha n othe r 
directl y observe d feature s i n similarit y comparisons . 

I t  ha s bee n argue d tha t  connectionis t  model s can ,  i n fact , 
exhibi t  thi s behavior ,  i f  ther e i s deca y o f  cas e memorie s ove r 
time .  Ther e ar e tw o potentia l  problem s wit h thi s 

suggestion :  First ,  i t  onl y work s fo r  direc t  experiences .  I f 
th e cas e i n memor y wa s acquire d secon d hand ,  the n ther e i s 
no correlatio n betwee n th e origina l  tim e o f  occurrenc e an d 
th e tim e o f  memor y encoding .  Thus ,  th e amoun t  o f  "decay " 
woul d hav e t o b e relate d t o th e reporte d ag e o f  th e case ,  no t 
th e tim e o f  it s  acquisition .  Second ,  th e degre e o f  similarit y 
of  tw o case s du e t o thei r  ag e i s ver y domai n dependent .  Thi s 
i s clea r  fro m th e differin g cutof f  heuristic s peopl e us e fo r 
ho w simila r  age s mus t  b e i n orde r  t o ignor e ag e a s a  factor . 
Thi s to o woul d hav e t o b e factore d int o an y connectionis t 
model  tha t  attempte d t o directl y compar e case s b y ag e durin g 
retrieval . 

Thes e argument s d o no t  rul e ou t  th e us e o f  a  numbe r  o f 
memory retrieva l  strategie s t o restric t  th e se t  o f  case s 

considered ,  suc h a s b y retrievin g onl y case s identifie d a s 
havin g occurre d i n specifi c  era s (Kolodner ,  1983 )  (e.g. , 
"an y relevan t  case s i n th e las t  year ? th e previou s year?...") . 
Such strategie s appl y equall y whe n th e case s ar e no t  actuall y 
store d i n memory ,  a s i s generall y th e cas e i n field s wher e 
precedent s ar e important .  Indeed ,  th e expert s interviewe d 
sugges t  tha t  the y though t  i t  importan t  t o se e case s tha t 
weren' t  th e mos t  recen t  ones ,  i n orde r  t o mak e explici t  trade -
off s i n thei r  choic e o f  analogs . 
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