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INCENTIV E A^^ )  COGNITIV E PROCESSING 

Michae l  W,  Eysenc k 
B l m b e c k College ,  Londo n 

It has been found that performance 

on a  larg e variet y o f  task s i s enhance d 

when incentive s (monetar y o r  otherwise ) 

ar e offere d fo r  hig h performanc e 

efficiency .  Severa l  possibl e 

theoretica l  explanation s hav e bee n 

propose d t o accoun t  fo r  thi s effect . 

Edwi n Lock e ha s argue d tha t  incentive s 

improv e performanc e t o th e exten t  tha t 

the y affec t  th e individual' s  goal -

setting ;  i n contrast ,  Easterbroo k 
claime d tha t  incentive s produce d 

increase d attentiona l  selectivit y wit h 

enhance d performanc e o n th e primar y tas k 

bein g accompanie d b y reduce d performanc e 

on a  conciirren t  secondar y o r  subsidiar y 

task . 

An influential theoretical position 

derivin g fro m tha t  o f  Easterbroo k wa s 

pu t  forwar d 1 0 year s a.g o b y Donal d 

Broadbent .  H e pointe d ou t  tha t  incentiv e 

ofte n interact s wit h know n arouser s ('e.g. , 

whit e noise )  i n suc h a  wa y a s t o sugges t 

tha t  incentiv e i s itsel f  a n arouser . 
The implicatio n i s tha t  variou s arousers , 

includin g incentive ,  ar e affectin g th e 

same arousa l  mechanis m i n ver y muc h th e 
same way .  I n thi s connection ,  ther e i s 

some evidenc e inclicatin g tha t 

incentivize d subject s ar c mor e 
p'r.ysiolo.pcall y aro^.se d tha n contro l 

subjects . 

One of the major limitations of the 
researc h i n thi s are a ha s bee n th e 
failur e t o asses s th e effect s o f 

incentiv e o n performanc e efficienc y i n a 
satisfactor y manner .  I f  incentiv e 
improve s performanc e o n a  cognitiv e task , 

i t  doe s no t  necessaril y  follo w tha t 
incentiv e ha s enhance d th e efficienc y 

wit h whic h al l  o f  th e componen t 
processe s involve d i n th e performanc e o f 

tha t  tas k hav e bee n carrie d out . 

Indeed ,  i t  i s  eve n possibl e fo r  a n 
overal l  beneficia l  effec t  o f  incentiv e o n 

th e performanc e o f  a  cognitiv e t o mas k a n 
advers e effec t  o f  incentiv e o n on e o r 

more o f  th e componen t  processes . 

The cognitive task used in our 

ongoin g researc h progra m wa s selecte d i n 

par t  becaus e i t  permit s identificatio n an d 

measuremen t  o f  it s  salien t  componen t 

processes .  I t  v;a s als o selecte d 

becaus e th e effect s o f  on e arouse r  (v;hit e 

noise )  o n it s performanc e hav e alread y 

bee n establishe d b y Hamilto n an d Hockey , 

thu s permittin g som e evaluatio n o f 

Broadbent' s arousal-base d interpretatio n 

of  incentiv e effects .  Th e tas k involve s 

lette r  transformation ;  mor e 

specifically ,  th e subjec t  i s  give n one , 

two ,  three ,  o r  fou r  letters ,  an d i s aske d 

t o ad d eithe r  2  o r  4  letter s t o eac h o f 

th e origina l  letters .  Thu s a n exampl e 

of  a  simpl e proble m i s ' C +  2' ,  fo r  whic h 

th e correc t  answe r  i s 'E ' ,  an d a n exampl e 

of  a  relativel y difficul t  proble m i s 
'JEPG' ,  fo r  whic h th e correc t  ansvfe r  i s 
'NITK' .  Fo r  eac h problem ,  th e subjec t 

must  wor k ou t  th e entir e answe r  befor e 
responding , 

V.Tiat are the component processes 
involve d i n thi s letter-transformatio n 

task ? \/he n a  lette r  i s  presented ,  th e 
firs t  proces s involve s accessin g long -

ter m memory ,  locatin g th e alphabet ,  an d 
the n findin g th e appropriat e startin g 

poin t  withi n th e alphabet .  Th e secon d 
stag e o f  processin g involve s th e carryin g 
ou t  o f  th e transformatio n itself ,  an d th e 

thir d stag e o f  processin g involve s th e 

storag e an d organizatio n o f  th e part -
answer .  I n th e cas e o f  a  four-lette r 

problem ,  thes e thre e processin g stage s 
ar e repeate d fo r  eac h lette r  i n turn . 

Thus ,  a t  leas t  conceptually ,  w e ca n 

sub-divid e th e tota l  tim e take n t o solv e 

a four-lette r  proble m int o 1 2 

componen t  stages . 

A fxH-ther advantage of this 
cognitiv e tas k i s wort h mentionin g a t 

thi s point .  Whil e i t  i s  ofte n 

extremel y difficul t  (o r  eve n impossible ) 
t o decid e whethe r  differen t  task -
processin g activitie s occu r  seriall y  o r 

i n parallel ,  i t  i s  virtuall y certai n tha t 
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th e componen t  processe s involve d i n th e 

letter-transformatio n tas k ar e carrie d 

out  seriatim .  I t  i s  har d t o se e ho w 

th e transformatio n stag e coul d begi n 

befor e th e alphabe t  ha s bee n locate d i n 

long-ter m memory ,  an d i t  i s  equall y 

difficul t  t o believ e tha t  th e answe r  t o 

a lette r  coul d b e store d whil e i t  i s 

stil l  bein g transformed . 

In the initial study in the current 

series ,  subject s r,rA_ix, t  ̂ ,  minute s solvin-̂ ' 

eac h o f  3  differen t  version s o f  th e tas k 

(l ,  2 ,  3 » o r  4  letters ,  addin g 2  o r  4 ) . 
Incentiv e wa s a  between-subjects '  factor , 

v/it h incentivize d subject s bein g offere d 
£5 (approximatel y 1 2 dollars )  fo r 
obtainin g a n overal l  leve l  o f  performanc e 

among th e to p 2'̂"/ ^  o f  particiisatin g 
subjects ,  Non-incentivize d subject s 

wer e offere d n o extr a monetar y paymen t 
ove r  an d abov e thei r  norma l  paymen t  fo r 
experimenta l  participation . 

The results of this initial 

experimen t  wer e reasonabl y unequivocal , 
Thp incentivize d subject s outperforme d 
th e non-incentivize d subject s i n eac h o f 
th e 8  tas k conditions ,  takin g betwee n 
Q̂f/ o an d 40^ ^  les s tim e t o solv e eac h 

proble m (th e erro r  rat e wa s les s tha n 5/ ' 
i n al l  conditions'^ .  Th e onl y significan t 
interactio n wa s betwee n incentiv e 
condition s an d th e numbe r  o f  letter s i n 
eac h problem ;  thi s interactio n involve d 
a systemati c increas e i n th e beneficia l 
effec t  o f  incentiv e a s th e numbe r  o f 
lette-r s requirin g processin g increased . 

What do these results mean? In 
orde r  t o interpre t  th e interactio n 
betwee n incentiv e condition s an d numbe r 
of  letter s pe r  problem ,  w e obviousl y nee d 
t o hav e som e understandin g o f  th e effect s 
on th e processin g syste m o f  varyin g th e 
number  o f  letters .  "erhap s th e r:ajo r 
effGc t  o f  i::creg.sin,̂ -  th e iiumbe r  o f 
letter s i n tn e tas k i' 3 t o imrr-iHr,; :  th e 

uenand s o n com e short-t'lTT i  r-tor-;,,: ^ 
nyste m v.'liicr -  i s  involve d i n th e storag e 

and organizatio n o f  th e accmnulatin g 
part-answer .  I f  so ,  the n i t  ma y 
tentativel y b e conclude d tha t  monetar y 

incentiv e increase s th e efficienc y o f 
a short-ter m storag e system . 

Of  course ,  thi s canno t  b e th e whol e 

answer .  Presumabl y one-lette r  problem s 

make minima l  demand s o n short-ter m 

storage ,  an d ye t  incentiv e increase d 
performanc e spee d considerabl y o n suc h 

problems .  Th e implicatio n i s tha t 
incentiv e als o affect s tim e t o acces s 

long-ter m memor y o r  transformatio n spee d 
(o r  both) . 

The second experinent in the series 

was ciesij3ne d t o clarif y th e precis e 

effect s o f  incentiv e o n th e letter -
transformatio n task .  Onl y four-lette r 

rrcllem s w^r e use i  (addin j  2  o r  ^ ) ,  an d 
th e presentatio n v/a s o n a  letter-ty-lette : 

basis .  Th e followin g sequenc e o f  event s 

occ-jrre d o n eac h trial :  th e subjec t 
presse d a  ke y i n orde r  t o presen t  th e 
firs t  letter ;  h e o r  z]' e '-.L.e. n dî ^ .  th e 
tranirformalio' i  aloud ;  trier. ,  th e subjec t 

nr̂ -:-,se d a  >,.n v i  i  orde r  t o pres'̂ u t  th e 
coccr; '  letter ;  -n d s o on .  jJac h nubjec t 
3;j£n t  4 0 .r.i.:û '3 s jcirr- -  th e tas k (2 0 
niif.jit' G o n e-i.C'- !  v^ersion) .  Incen -̂i-' e 
•-•. -  ;'.Kr:ipulat''-' i  ?. s  a  b e cween-subjects ' 
factor ,  it h incentivize d subject c bein; ; 

offere d ^ 3 (^bou t  1 2 dollars )  fo r 
obtai/an;-; ;  a n overal l  leve l  o f 
perforT ^  r:c e a.'̂ on g th e to p 2'̂ ] '  o f  t}i e 
c^ihjpcts .  Non-incentivize d subject s 

onl y receive !  tl>ii r  norma l  paymen t  ro r 
attendin g th e experiment . 

The firs- step in th-^ analysis of 
th e dat^ .  v/a s t o calculat e 1 2 intra-tas k 
times .  Thi s wa s den e b y measurin g th e 
tim e betwee n th e firs t  ke y pres s an d th e 
star t  o f  th e transformatio n (assume d t o 
reflec t  acces s tim e t o long-ter m storage) , 
th e tim e t o perfor m th e transformatio n 
out  lou d (transformatio n speed) ,  an d th e 
tim e betwee n th e en d o f  th e 
transformatio n an d th e nex t  ke y pres s 
(assume d t o refled t  storag e an d 
organization) .  Thes e thre e time s wer e 
obtaine d fo r  eac h o f  th e fou r  letters . 
The erro r  rat e wa s agai n belo w 5  P^ r  cent . 

The major findings were quite 
straightforward .  Incentiv e di d no t 
affec t  th e tim e take n t o acces s long -
ter m storage ,  bu t  di d lea d t o increase d 
transformatio n speed ,  especiall y whe n th e 
add facto r  wa s 4  rathe r  tha n 2 ,  I n 
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addit ion ,  incentiv e speede d u p th e tim e 

take n t o perfor m storag e an d organizatio n 

operations .  Thi s mai n effec t  wa s 

qualifie d b y a  significan t  interactio n 

betwee n incentiv e an d lette r  position . 

I n thi s interaction ,  th e beneficia l 

effect s o f  monetar y incentiv e wer e 

greates t  darin g storag e an d organizatio n 

followin g transformatio n o f  th e thir d 

letter .  I n genera l  terms ,  th e demand s 

on short-ter m storag e capacit y ar e likel y 

t o increas e systematicall y wit h eac h 

additiona l  letter .  However ,  ther e i s a 

reduce d requiremen t  fo r  storag e an d 

organizatio n followin g transformatio n o f 

th e fourt h letter ,  sinc e a t  tha t  poin t 

th e subjec t  i s  i n a  positio n t o outpu t 

hi s o r  he r  answe r  t o th e problem . 

Accordingly ,  th e interactio n betwee n 

incentiv e an d lette r  positio n ma y b e 

interprete d a s reflectin g th e greate r 

efficienc y o f  som e short-ter m storag e 

syste m unde r  incentiv e conditions . 

It is interesting to compare the 

effect s o f  monetar y incentiv e an d whit e 

nois e o n thi s task .  Hajnilto n an d 

Hocke y foun d tha t  nois e increase d th e 
spee d o f  transformatio n bu t  decrease d 

th e spee d o f  storag e an d organization , 
V/hil e mor e level s o f  nois e an d incentiv e 

must  b e sample d befor e an y definit e 
conclusion s ar e possible ,  i t  i s 

nevertheles s interestin g t o not e th e 

rathe r  differen t  patternin g o f  th e 
effect s o f  incentiv e an d noise .  I n 

particular ,  incentiv e increase s th e 
spee d o f  storag e an d organization , 

wherea s nois e decrease s it .  I t  i s  thu s 
possibl e tha t  nois e an d incentiv e shoul d 

no t  b e considere d merel y a s equivalen t 

arousin g agents . 

In the third experiment in the 
serie s -.v e looke d a t  th e effect s o f 

distractio n o n th e performanc e o f  th e 

4-letter ,  add- 4 versio n o f  th e letter -

transformatio n task .  Th e tas k wa s 
carrie d ou t  i n th e presenc e o f  auditoril y 
presente d distractin g stimul i  (letters , 
numbers ,  o r  meaningles s blips )  whic h 

wer e presente d o n averag e on e «ver y 5 

seconds ,  o r  i n th e absenc e o f  distraction , 
Ther e wer e thre e within-subjects ' 
incentiv e conditions :  n o incentive ; 

£9 (abou t  2 0 dollars )  distribute d amon g 

th e to p Iff o o f  subject s o n low-incentiv e 

trials ;  an d ^7 0 (abou t  16 0 dollars ) 

distribute d amon g th e to p 2'i ^  o f  subject s 

on high-incentiv e trials .  Th e sessio n 

laste d approximatel y on e hour . 

One of the reasons for investigating 

th e effect s o f  distractio n wa s tha t 

Easterbroo k argue d tha t  incentiv e lead s 

t o increase d concentratio n o n task -

relevan t  stimuli ,  v/hic h seem s t o impl y 

tha t  incentiv e shoul d reduc e 

distractibility .  A n alternativ e 

possibilit y  i s  tha t  mor e o f  th e availabl e 
processin g resource s ar e investe d i n th e 

tas k unde r  incentiv e conditions .  I f  th e 

activ e rejectio n o f  intermitten t 

distractin g stimul i  require s processin g 

resources ,  the n incentivize d subject s 

migh t  b e mor e rathe r  tha n les s 
distractible .  A  furthe r  possibilit y  i s 

tha t  incentiv e interact s v;it h typ e o f 

distraction ,  s o tha t  incentiv e ca n eithe r 

increas e o r  decreas e distractibilit y 
dependin g o n th e natvir e o f  th e distractin g 

stimuli .  Th e dat a fro m th e thir d 

experiment ,  whic h ar e currentl y bein g 
analyzed ,  wil l  provid e answer s t o som e o f 

thes e issues . 

In sum, it is erroneous to assume 

tha t  incentiv e produce s a n across-the -
boar d improvemen t  i n al l  o f  th e processin g 

operation s involve d i n th e letter -

transformatio n task .  V/ha t  actuall y 
happen s i s tha t  simpl e menta l  operation s 
suc h a s thos e involve d i n transformatio n 

ar e speede d u p b y incentive ,  an d th e 

efficienc y o f  som e short-ter m stor e i s 
improved .  However ,  anothe r  processin g 

operatio n (accessin g long-ter m memory )  i s 
unaffecte d b y incentive ,  perhap s becaus e 

i t  i s  a  relativel y automati c skill .  I t 

i s  onl y b y doin g fine-i^rai n analyse s tha t 

one ca n obtai n importan t  informatio n abou t 
th e precis e pattern s o f  effect s produce d 

y incentive .  Th e abov e finding s hav e 
een obtaine d wit h th e us e o f  relativel y 

odes t  incentives ,  o f  course .  "ĵ' e ha,v e 
reliminar y dat a su,̂ -gestin g tVia t  large r 

ncentive s ma y produc e eithe r  somewha t 
ifferen t  o r  ver y differen t  result s (a s 

> oul d obviousl y occu r  i f  on e hundre d 
housan d dollar s wer e offere d fo r  goo d 
erformance) , 
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The Rol e o f  TAU » i n Narrative s 

Michael G. Dyer 
Compute r  Scienc e Departmen t 

Yal e University ,  Ne w Have n Ct ' 

1.  Introductio n 

People often rely upon common sayings, or adages, 
when aske d t o characteriz e storie s (eithe r  b y wa y o f 
summarization ,  o r  titl e selection) .  What  ar e peopl e 
doin g i n suc h cases ? Why d o adage s ofte n serv e a s a n 
effectiv e wa y o f  characterizin g a  story ,  an d ho w ar e 
peopl e abl e t o accomplis h this ? 
For instance, when asked to characterize the 
followin g story : 
MINISTER'S COMPlJiINT 

In a lengthy interview, Reverend X severely 
criticize d Presiden t  Carte r  fo r  havin g 
"denigrate d th e offic e o f  president "  an d 
"legitimize d pornography "  b y agreein g t o b e 
interviewe d i n Playbo y magazine .  Th e 
intervie w wit h Reveren d X  appeare d i n 
Penthous e magazine . 

readers often responded with adages such as: 
ADG-1: The pot calling the kettle black. 

ADG-2:  Throwin g stone s whe n yo u liv e i n 
a glas s house . 

Clearly, these adages are an effective 
characterizatio n o f  MINISTER' S COMPUINT.  Bu t  ho w d o 
we recogniz e thi s fact ? B y wha t  proces s doe s a n 
'appropriate '  adag e com e t o mind ,  an d t o wha t  purpose ? 

Furthermore, when supplied with an adage and a 
context ,  som e individual s experienc e reminding s fro m 
episode s i n thei r  lives .  Fo r  instance ,  on e individua l 
was firs t  presente d wit h th e following : 
context: EDUCATION 

ADC-3: Closin g th e bar n doo r  afte r 
th e hors e ha s escaped . 

and the n aske d t o recal l  som e episod e fro m hi s life . 
He experience d thi s reminding : 

ACADEMIA 

Years ago, I was at University U-1, where I 
coul d neve r  ge t  th e facilitie s I  neede d fo r 
th e researc h I  wante d t o do .  S o I  decided  t o 
appl y t o Universit y U-2 ,  whic h offere d a  muc h 
bette r  researc h environment .  When th e 
chairma n learne d I  ha d bee n accepte d t o U- 2 
and wa s actuall y leavin g U-1 ,  h e offered  t o 
acquir e th e facilitie s I  ha d wanted .  B y then , 
however ,  my min d wa s alread y mad e up . 

Several observations are worth making here: First, 
fo r  adag e ADG- 3 t o hav e initiale d thi s reminding ,  th e 
ACADEMIA episod e mus t  hav e someho w bee n indexe d i n 
long-ter m memor y i n term s o f  som e abstrac t  situatio n 
charncterize d b y tha t  adage .  Furthermore ,  thi s 
indexin g coul d no t  hav e ha d anythin g t o d o wit h th e 
specifi c  semanti c conten t  o f  th e adage ,  sinc e ADG- 3 
ostensibl y concern s a  farmer ,  a  hors e an d a  bar n door . 
I n contrast ,  ACADEMIA involve s a  chairman ,  a 
researcher ,  an d universit y facilities . 

'Thi s wor k supporte d i n par t  b y th e Advance d 
Researc h Project s Agenc y unde r  contrac t  N0014-75-C-l1 1 
and i n par t  b y th e Nationa l  Scienc e Foundatio n unde r 
lontrac t  IST7918463 . 

To accoun t  fo r  suc h phenomena ,  I  wil l  presen t  a 
clas s o f  knowledg e constructs ,  calle d TAD s (Themati c 
Affec t  Units) ,  whic h shar e similaritie s wit h othe r 
representationa l  system s unde r  developmen t  a t  Yale , 
suc h a s Schank' s TOPs 18 ]  an d Lchnert' s  Plo t  Unit s 

1̂ 1 151 . 
2. Thematic Affect Units 

TAUs were first developed in the context of BORIS 
(3 )  [2l ,  a  compute r  progra m designe d t o rea d an d 

answer  question s abou t  narrative s tha t  requir e th e 
applicatio n an d interactio n o f  man y differen t  type s o f 
knowledge .  I n BORIS ,  TAU s serv e a  numbe r  o f  purposes : 
First ,  the y allo w BORI S t o represen t  situation s whic h 
ar e mor e abstrac t  tha n thos e capture d b y scripts , 
plans ,  an d goal s a s discusse d i n 17) .  Second ,  TAU s 
contai n processin g knowledg e usefu l  i n dealin g wit h 
th e kind s o f  plannin g an d expectatio n failure s tha t 
character s ofte n experienc e i n narratives .  Finally , 
TAUs als o serv e a s episodic  memor y structures ,  sinc e 
the y organiz e event s whic h involv e simila r  kind s o f 
plannin g failures .  Fo r  mor e detai l  o n th e us e o f  TAU s 
i n narra t  ivc s ,  se e 111 . 
In general, TAUs arise when expectation failures 
occu r  du e t o error s i n planning .  A s such ,  the y 
contai n a n abstracte d plannin g structure ,  whic h 
represent s situation-outcom e pattern s i n term s of : 
(i )  th e pla n used ,  (2 )  it s  intende d effect ,  (3 )  wh y i t 
failed ,  an d (A )  ho w t o avoi d (o r  recover )  fro m tha t 
typ e o f  failur e i n th e future .  I f  w e abstrac t  ou t 
tlii s  plannin g structur e fro m bot h th e BARN-DOOR an d 
ACADEMIA episodes ,  w e ge t  th e followin g TAU : 

TAU-POST-HOC 
(1) X has preservation goal G [7] active 

sinc e enablemen t  conditio n C  unsatisfie d 
(2 )  X  know s a  pla n P  tha t  wil l  kee p G 

fro m failin g b y satisfyin g C . 
(3 )  X  doe s no t  execut e P  an d G  fails . 

X attempt s t o recove r  fro m th e failur e 
of  G  b y executin g P . 

P fail s  sinc e P  i s effectiv e fo r  C , 
but  no t  i n recoverin g fro m G' s failure . 

(4 )  I n th e future ,  x  mus t  execut e P  whe n G 
i s activ e an d C  i s no t  satisfied . 

TAU-POST-HOC captures the kind of planning failure 
tha t  occurre d fo r  bot h th e farme r  wh o los t  hi s horse , 
and th e chairma n wh o los t  a  graduat e student .  I f  th e 
ACADEMIA stor y wer e tol d t o a n actua l  farme r  wh o ha d 
los t  hi s hors e unde r  th e sam e plannin g circumstances , 
tha t  farme r  migh t  wel l  b e reminde d o f  hi s ow n 
experience .  Whethe r  thi s occur s o r  not ,  however , 
depend s upo n wha t  othe r  episode s ar e i n long-ter m 
memory an d wha t  feature s ar e share d betwee n them . 
Notice ,  fo r  instance ,  tha t  bot h BARN-DOOR an d ACADEMIA 
shar e goal s a t  som e level .  Tha t  is ,  bot h th e farme r 
and th e chairma n ha d a  goa l  requirin g proximit y o n th e 
par t  o f  anothe r  entity .  Sinc e thes e feature s ar e 
shared ,  on e experienc e ha s a  bette r  chanc e o f  causin g 
a remindin g o f  th e othe r  t o occur .  Fo r  instance ,  th e 
farme r  woul d hav e recalle d th e HIRE D HAND episod e 
belo w befor e recallin g th e BARN-DOOR episod e becaus e 
of  thei r  share d features : 

HIRED HAND 
The hired hand always wanted a raise, but 

th e farme r  woul d no t  gran t  it .  Finally ,  th e 
hire d han d go t  a n offe r  t o wor k a t  a 
neighbor' s farm .  When th e farme r  foun d out , 
he offered  th e hire d han d a  nic e raise ,  bu t  i t 
was to o late . 

Thank s g o t o To m Wol f  an d Mart y Korsi n fo r  helpin g 
wit h som e o f  th e idea s presente d here ,  an d fo r  bein g 
source s o f  remindings . 
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Althoug h thes e episode s (i.e .  HIRE D HAND,  ACADEHIA, 
BARN-DOOR)  shar e th e sam e TAD ,  HIRE D HAND an d ACADEHIA 
hav e mor e indice s i n common.  On e possibl e 
organizatio n fo r  the m appear s below : 
TAU-POST-HOC 

(misusin g avoidenc e pla n 
as recover y plan ) 

/  \ 
/  \ 

.  .  .  Proximit y failur e 
/  \ 

/  \ 
Contractua l  Failur e BARN-DOOR 

/  \ 
/  \ 

ACADEHIA HIRE D HAND 
In this way TAUs can account for cross-contextual 
reminding s (a s i n th e cas e o f  BARN-DOOR an d ACADEHIA) . 
Episode s ar e ofte n relate d i n memor y becaus e the y 
shar e th e sam e abstrac t  plannin g erro r  eve n thoug h 
the y diffe r  i n content .  However ,  cross-contextua l 
reminding s ca n occu r  onl y wher e episode s ar e organize d 
unde r  th e sam e TAU ,  ye t  d o no t  shar e conten t  features . 
Where conten t  i s shared ,  th e "closer "  episod e wil l  b e 
recalled. ^  Conside r  th e followin g episode : 

IRANIA N EHBASSY 
Whil e holdin g 5 2 U S hostage s i n Iran ,  th e 

Irania n governmen t  condemne d th e take-over ,  b y 
terrorists ,  o f  it s  embass y i n Grea t  Britain . 
"Thi s i s a  violatio n o f  internationa l  law" , 
proteste d Iran . 

A reader was spontaneously reminded of this episode 
whil e readin g HINISTER' S COHPLAINT (o n pag e 1 ) . 
Again ,  ther e i s littl e i n common betwee n thes e storie s 
at  th e conten t  level .  IRANIA N EHBASSY i s abou t 
politics ,  whil e MINISTER' S COHPAINT i s abou t 
pornography .  However ,  a t  th e abstrac t  plannin g level , 
the y bot h shar e th e followin g TAU : 

TAU-HYPOCRISY 
X is counter-planning against y 

X i s tryin g t o ge t  a  highe r  authorit y z  t o 
eithe r  bloc k y' s us e o f  a  pla n P- 1 
(o r  t o punis h y  fo r  havin g use d P-1 ) 
by claimin g tha t  P- 1 i s a n unethica l  pla n 

y claim s tha t  x  ha s use d a n unethica l  pla n P- 2 
simila r  t o P- 1 

therefore ,  x' s strateg y fail s 
In the case of MINISTER'S COHPLAINT, x is Reverend 
R,  y  i s Presiden t  Carter ,  an d th e thir d part y i s 
'publi c opinion' .  I n th e cas e o f  IRANIA N EHBASSY,  x 
i s th e Irania n militants ,  y  i s th e Britis h terrorists , 
and th e thir d part y i s 'worl d opinion' ,  suc h a s th e 
Unite d Nations . 

As argue d i n [81 ,  th e remindin g proces s i s usefu l 
fo r  thi s reason :  Onc e a  situatio n ha s cause d on e t o b e 
reminde d o f  a n episode ,  al l  o f  th e expectation s 
associate d wit h tha t  episod e becom e availabl e fo r  us e 
i n makin g prediction s abou t  wha t  wil l  occu r  next .  I n 
th e cas e o f  TAUs ,  thei r  associate d expectation s 
includ e advic e o n eithe r  ho w t o avoi d makin g th e erro r 
predicte d b y th e TAU ,  o r  o n wha t  alternativ e pla n ca n 
be use d t o recove r  fro m th e erro r  onc e i t  ha s bee n 
made.  Th e abilit y  t o stor e cross-contextua l  episode s 
make TAU s ver y genera l  an d powerfu l  mechanisms .  Onc e 

^Thi f  doe s no t  impl y tha t  BARN-DOOR can' t  remin d on e 
of  episode s unrelate d t o TAU-POST-HOC.  Clearly ,  othe r 
indexin g method s may b e operatin g a t  th e sam e time . 
The farme r  may recal l  BARN-DOOR simpl y i n term s o f 
"experience s I'v e ha d wit h horses" .  Of  course ,  thi s 
kin d o f  indexin g ca n no t  lea d t o cross-contextua l 
reminding s . 

an episod e ha s bee n indexe d gnde r  a  TAD ,  it s 
recovery/avoidanc e heuristic s becom e availabl e fo r  us e 
i n completel y differen t  situations .  Thus ,  plannin g 
advic e learne d i n on e contex t  ca n hel p processin g i n 
othe r  contexts ,  i f  th e experienc e wa s recognize d i n 
term s o f  a n appropriat e TA D i n th e firs t  place . 

3. Bad Planning la Widespread 

An examinatio n o f  adage s reveal s tha t  man y ar e 
concerne d wit h plannin g failures .  Tha t  is ,  adage s 
advic e u s eithe r  ho w t o recove r  fro m a  failure ,  o r  ho w 
t o recogniz e an d thu s avoi d futur e failures .  Often , 
thi s advic e i s give n implicitly ,  simpl y b y describin g 
situation s i n whic h certai n plannin g error s lea d t o 
goa l  failures .  I n mos t  cases ,  adage s captur e wha t  ha s 
been calle d meta-plannin g [10 ]  — i.e .  plannin g 
advic e o n ho w t o selec t  o r  us e plan s i n general .  Fo r 
example ,  som e adage s dea l  wit h th e nee d fo r  checkin g 
enablemen t  condition s befor e pla n execution : 

ADG-4 Don't count your chickens 
befor e they'r e hatched . 

Other adages stress choosing less costly avoidance 
plan s ove r  mor e costl y recover y plans : 

ADG-5 A stitch in time saves nine. 

or weighing the risks involved with the goal to be 
achieved : 

ADC-6 If it ain't broke, don't fix it. 
ADG-7 Th e cur e ca n b e wors e tha n th e disease . 

Many plans require cooperation or coordination with 
others .  Thi s ca n simplif y plannin g bu t  complicat e 
pla n execution : 

ADG-8 Two heads are better than one. 
ADG-9 Tw o man y cook s spoi l  th e broth . 

Some plans involve selecting an appropriate agent: 

ADG-10 The blind leading the blind. 
ADG-11 Who pay s th e pipe r  call s th e tune . 

Timing, enablement conditions, cost, plan 
coordinations ,  an d agent s ar e jus t  a  fe w o f  th e area s 
i n whic h plan s ca n g o wrong .  Othe r  areas ,  fo r 
example ,  includ e counter-plannin g agains t  a  foe , 

ADG-12 Cut off your nose to spite your face. 

anticipating planning failures when using high risk 
p1an s  , 

ADG-13 Don't burn bridges behind you. 

the timing of plans, 

ADG-14 The early bird catches the worm. 

and tradeoffs between short-term and long-term 
plannin g strategies : 

ADG-15 I f  yo u can' t  lic k 'e m joi n 'em . 
ADG-16 Don' t  bit e th e han d tha t  feed s you . 
ADG-17 Honest y i s th e bes t  policy . 
ADG-18 Liv e b y th e sword ,  di e b y th e sword . 

Any story that involves these kinds of planning 
failure s wil l  en d u p bein g indexe d unde r  a  TA U whic h 
contain s abstrac t  plannin g advic e (an d ca n b e 
expresse d i n natura l  languag e b y a n adage. )  When a 
relate d stor y i s rea d an d indexe d unde r  tha t  TAU ,  it s 
associate d adag e may com e t o mind .  Fo r  instance ,  a 
stor y abou t  ho w a  ghett o rio t  protestin g ba d economi c 
condition s resulte d i n blac k businesse s bein g burned , 
woul d b e indexe d unde r  TAU-GREATER-HARH,  wit h a n adag e 
suc h a s ADG-1 2 possibl y comin g t o mind . 

Plan s an d pla n failure s cu t  acros s al l  knowledg e 
domains .  Thi s i s becaus e w e ar e alway s choosin g 
plans ,  adjustin g ol d plan s t o ne w situations , 
recoverin g fro m error s i n planning ,  findin g 
explanation s fo r  wh y a  pla n failed ,  etc .  Furthermore , 
we hav e a  larg e storehous e o f  heuristi c  plans ,  an d 
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ther e ar e man y way s a  pla n ca n g o wrong ;  Yo u can' t 
execut e on e pla n unti l  yo u hav e th e righ t  enablement s 
satisfied ;  pla n component s mus t  b e execute d i n th e 
righ t  order ;  plan s requir e agents ,  etc .  Thi s larg e an d 
comple x domai n serve s a s a  perfec t  terrai n i n whic h t o 
inde x man y episodes . 

Many of these adages give what may appear to be 
superficia l  advice .  I t  may see m strang e tha t  memorie s 
shoul d b e organize d aroun d suc h 'obvious '  rule s fo r 
planning ,  bu t  the n again ,  ho w ofte n d o w e fai l  i n ou r 
plan s becaus e w e hav e violate d som e adage ? Ho w often , 
fo r  instance ,  hav e w e faile d becaus e w e acte d befor e 
we planned ? ("Loo k befor e yo u leap." )  Ho w man y time s 
hav e w e gotte n int o troubl e fo r  bein g late ? When have 
we initiate d a  plan ,  onl y t o discove r  w e ha d 
miscalculate d th e amoun t  o f  effor t  (o r  th e 
side-effects )  involved ? ("Easie r  sai d tha n done." ) 
How ofte n hav e w e delaye d executin g a  simpl e plan , 
onl y late r  havin g t o execut e a  mor e costl y plan ? Th e 
answer  is :  "ver y often" .  Thes e adage s ar e common 
becaus e the y poin t  ou t  th e kind s o f  plannin g error s 
peopl e ar e alway s naking .  B y definition ,  plan s whic h 
faile d wer e "bad "  plans .  Goo d planner s a t  th e ver y 
leas t  follo w th e genera l  plannin g advic e represente d 
i n th e adage s o f  thei r  culture . 
4. TAU Implementation 
The recognition of TAUs is complex. Clearly, goals 
and plan s mus t  b e tracked .  I n man y case s ther e i s 
als o a n affec t  component .  Fo r  instance ,  i n 
TAU-POST-HOC i t  i s  th e futilit y o f  th e recover y plan , 
combine d wit h th e sens e o f  "i f  onl y I  ha d don e thing s 
differently "  tha t  help s provid e a n acces s "key "  t o 
thi s TAO. 
So far the BORIS project has emphasized the use of 
TAUb i n narrativ e comprehension .  Muc h wor k remain s t o 
be don e i n modelin g reminding s durin g comprehension . 
Thi s i s  importan t  fo r  extractin g th e 'moral '  o r  poin t 
of  a  story .  A  compute r  progra m whic h ca n onl y answe r 
question s o f  fac t  abou t  IRANIA N EMBASSY,  suc h as : 
Q: How many Americans are being held in Iran? 

A:  Fifty-two . 
Q: Who seized the Iranian embassy in Britain? 

A:  Terrorists . 
Q: What did the Iranians do? 

A:  The y proteste d th e take-over . 
is missing the point of why the IRANIAN EMBASSY is of 
interest .  Th e poin t  o f  IRANIA N EMBASSY i s 
TAU-HYPOCRISY,  an d that' s wher e i t  shoul d b e 
remembere d i n long-ter m memor y (rathe r  tha n jus t  unde r 
"thing s I  kno w abou t  Iran" ,  o r  "embass y event s X  have 
read") . 

b. TAU Experiments 
What is the psychological validity of TAUs? Do 
peopl e hav e TAUs "i n thei r  heads "  and ,  i f  so ,  ho w d o 
the y us e them ? Some initia l  explorator y experiment s 
by Seifer t  |9 1 i n th e Yale  psycholog y departmen t 
indicat e tha t  peopl e us e TAUs t o organiz e narratives . 

I n on e experiment ,  subject s rea d group s o f  storie s 
each sharin g th e sam e TAU ,  bu t  differin g i n content . 
Subject s wer e abl e t o generat e ne w stories ,  usin g 
completel y differen t  contexts ,  ye t  capturin g th e sam e 
plannin g structur e specifie d b y eac h TAU .  I n a 
follow-u p experiment ,  differen t  subject s were  aske d t o 
sor t  th e resultin g storie s generate d fro m th e firs t 
experiment .  A  cluste r  analysi s [6 ]  reveale d a  stron g 
tendenc y fo r  subject s t o sor t  storie s togethe r  b y 
TAUs.  Wher e storie s share d th e sam e conten t  (bu t  no t 
th e sam e TAUs )  the y wer e stil l  groupe d b y TAUs . 

6.  CoDclusion s 

In this paper I have presented a class of knowledge 
constructs ,  calle d TAUs ,  whic h ar e relate d t o TOPs 

[8 1 an d PLOT UNlT s [51 .  I  have  argue d tha t  TAUs 
organiz e episode s aroun d failure s i n planning ,  an d a s 
such ,  TAUs accoun t  fo r  a t  leas t  on e for m o f 
cross-contextua l  remindin g phenomena .  Furthermore , 
TAUs hav e adage s associate d wit h them ,  whic h expres s 
avoidanc e and/o r  recover y advic e availabl e once  th e 
TAU ha s bee n accessed .  Sinc e storie s ar e indexe d i n 
term s o f  plannin g errors ,  thi s informatio n ofte n 
capture s th e mora l  o r  poin t  o f  a  story . 

[1 1 

[2] 

13) 

[4] 

15) 

[6) 

(7) 

(8) 

(9) 
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