
UC Merced
Proceedings of the Annual Meeting of the Cognitive Science 
Society

Title
From Children's Arithmetic To Medical Problem Solving An Extension of the Kintch-Greeno 
Model

Permalink
https://escholarship.org/uc/item/44k6s84p

Journal
Proceedings of the Annual Meeting of the Cognitive Science Society, 9(0)

Authors
Groen, Guy J.
Jerney, Janos P.

Publication Date
1987
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/44k6s84p
https://escholarship.org
http://www.cdlib.org/


F R OM C H I L D R E N ' S A R I T H M E T I C T O M E D I C A L P R O B L E M S O L V I N G : 

A N E X T E N S I O N O F T H E K D S f T S C H - G R E E NO M O D EL 

Guy J. Groen & Janos P. Jerney 

M c G i l l  Universi t y 

ABSTRACT 

It has been found that expert physicians use forward reasoning in 

diagnosti c explanation s o f  clinica l  cases .  Thi s pape r  show s tha t  th e 

Kintsch-Green o m o d e l  fo r  solvin g arithmeti c w o r d problems ,  whic h 

assume s a  forwar d chainin g process ,  ca n b e extende d t o explai n thi s 

p h e n o m e n a .  T h e basi c approac h i s t o modif y th e lexico n an d th e 

s c h e m a structur e o f  th e existin g simulatio n progra m whil e retainin g 

th e basi c contro l  structure .  T h e principl e modification s ar e i n th e 

structur e o f  th e schemat a whic h m a k e us e o f  thre e slots :  indicator , 

abnormalit y an d consequence .  A s wit h th e Kintsch-Green o theory , 

th e m o d e l  proceed s b y usin g thes e schemat a t o buil d super-schemat a 

f ro m th e propositiona l  representatio n o f  th e proble m text . 
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F r o m Children' s Arithmeti c t o Medica l  P r o b l e m Solv ing : 

A n Ex tens io n o f  th e K in tsch -Green o M o d e l 

Guy J. Groen & Janos P. Jerney 

McGil l  Universit y 

Recently, two approaches have evolved that specifically combine the methodologies 
of  propositiona l  analysi s an d protoco l  analysis .  Th e first  i s  th e theor y b y Kintsc h an d 
Green o (1985 )  o f  th e processe s use d i n solvin g algebrai c an d arithmeti c wor d problem s 
and th e serie s o f  compute r  simulatio n program s tha t  ar e base d upo n i t  (Dellarosa ,  1986) . 
Such problem s pos e a  simpl e arithmeti c proble m a s a  story .  Th e simulatio n begin s wit h a 
propositiona l  representatio n o f  th e stor y whic h i t  transform s int o a  se t  o f  fram e structure s 
calle d propositio n frames .  O n thi s basis ,  i t  build s "se t  frames "  tha t  represen t  eac h numbe r 
specifie d i n th e stor y a s a  se t  o f  objects .  I t  the n build s a  "superschema "  tha t  specifie s th e 
relationa l  structur e betweee n thes e sets .  Th e presenc e o f  a  satisfactor y superschem a 
trigger s a n appropriat e algorith m tha t  generate s th e answer .  I f  a n incomplet e superschem a 
has bee n created ,  the n th e progra m produce s "intelligen t  guesses "  abou t  th e answer . 
Crucia l  t o thi s theor y i s th e distinctio n (va n Dij k &  Kintsch ,  1983 )  betwee n a  textbas e an d a 
situatio n model .  Th e textbas e i s th e semanti c representatio n o f  th e inpu t  text .  Th e situatio n 
model  i s th e representatio n o f  th e knowledg e require d t o solv e th e problem .  I n th e 
simulatio n program ,  th e textbas e i s th e propositio n frames .  Th e situatio n mode l  i s  th e final 
superschema . 

The second is an approach developed by Patel and Groen (1986) to study clinical 
reasonin g i n medicine .  Thi s involve s transformin g a  propositiona l  representatio n o f  a 
reasonin g protoco l  int o a  semanti c network ,  an d derivin g fro m thi s a  se t  o f  productio n 
rule s tha t  ar e adequat e t o simulat e di e reasonin g task .  Thi s wa s applie d t o stud y reasonin g 
i n a  tas k involvin g th e diagnosi s o f  a  cas e o f  acut e bacteria l  endocarditis .  Th e subject s 
wer e seve n specialist s i n cardiology .  I t  wa s show n tha t  th e diagnosti c explanation s o f 
subject s makin g a n accurat e diagnosi s coul d b e accounte d fo r  i n term s o f  a  mode l 
consistin g o f  pur e forwar d reasonin g (i.e .  fro m dat a t o diagnosis )  throug h a  networ k o f 
causal-conditiona l  rules ,  actuate d b y relevan t  proposition s i n th e stimulu s text .  I n contrast , 
subject s wit h inaccurat e diagnose s tende d t o mak e us e o f  a  mixtur e o f  forwar d an d 
backwar d reasoning ,  beginnin g wit h a  hig h leve l  hypothesi s an d proceedin g i n a  top-dow n 
fashio n t o th e proposition s embedde d i n th e stimulu s tex t  o r  t o th e generatio n o f  irrelevan t 
rules . 

It may seem that childrens' arithmetic word problems are a world apart from clinical 
case s i n medicine .  However ,  bot h involv e situation s i n whic h th e tas k i s t o mak e 
inference s fro m narrativ e discourse .  Th e simulatio n program ,  wit h appropriat e parameters , 
perform s lik e a n exper t  i n it s  domai n an d ha s on e featur e tha t  i s  extremel y impomn t  fo r  ou r 
purposes .  I t  build s th e superschem a fro m th e initia l  frame s b y mean s o f  a  simple ,  well -
known forwar d chainin g procedur e (Winsto n &  Horn ,  1981 )  o n th e basi s o f  a  se t  o f 
productio n rules .  Sinc e th e stronges t  finding  b y Pate l  an d Groe n wa s th e us e o f  forwar d 
reasonin g b y expert s wit h accurat e diagnoses ,  i t  seem s reasonabl e t o explor e a t  a  mor e 
precis e leve l  ho w th e tw o approache s ar e related . 

Groen and Patel (in press) have proposed that the van Dijk-Kintsch (1983) theory of 
comprehensio n ca n b e combine d wit h a  generalizatio n o f  th e Kintsch-Green o mode l  an d 
Dellarosa' s progra m t o yiel d a  simulatio n mode l  o f  exper t  diagnosti c reasonin g i n medicine . 
It s importan t  aspect s woul d b e a s follows : 
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.  Th e readin g o f  a  tex t  result s i n th e creatio n o f  a  prepositiona l  textbas e an d a  frame  base d 
situatio n model . 

.  Reasonin g task s resul t  i n a n elaboratio n o f  th e situatio n model . 

.  Expertis e reside s i n th e rule s tha t  develo p th e situatio n model .  Mor e satisfactor y rule s 
resul t  i n a  mor e satisfactor y situatio n model . 

.  A n individua l  wil l  appl y thes e rule s b y a  proces s o f  forwar d chainin g unti l  h e o r  sh e i s 
awar e o f  a n inaccurat e o r  incomplet e situatio n model .  Thi s account s fo r  th e 
phenomeno n o f  forwar d chainin g b y experts ,  bu t  doe s no t  preclud e forwar d chainin g b y 
th e les s tha n expert . 

.  A n individual' s awarenes s o f  a n inaccurat e o r  incomplet e situatio n mode l  wil l  resul t  i n 
some for m o f  backwar d chaining . 

.  Th e situatio n mode l  (i n a  preliminar y form )  wil l  als o affec t  th e structur e o f  th e textbas e 
by mean s o f  variou s strategie s specifie d b y va n Dij k an d Kintsch ,  whic h woul d als o 
affec t  th e natur e o f  th e macropropositions .  A n exper t  situatio n mode l  woul d resul t  i n 
highe r  leve l  macropropositions . 

The purpose of the research reported in this paper was to use these notions to develop 
a progra m tha t  i s capabl e o f  accountin g fo r  th e result s concernin g forwar d reasonin g 
obtaine d b y Pate l  an d Groe n (1986) .  Th e basi c strateg y wa s t o us e A R I T H P R O, 
Dellarosa' s instantiatio n o f  th e Kintsc h an d Green o mode l  a s a  shel l  wit h whic h t o develo p 
it .  Thi s simulatio n run s o n a  X E R O X 1108/118 6 computer .  Th e progra m include s a  rul e 
bas e writte n i n Interlis p an d a  lexico n writte n i n L O O P S.  Withi n th e rul e base ,  seperat e 
rule s exis t  fo r  1 )  buildin g th e propositio n frames  o f  th e textbase ,  2 )  buildin g th e se t  frames 
and superschemat a o f  th e situatio n model ,  3 )  encodin g th e procedura l  knowledg e fo r 
solvin g arithmeti c problems ,  4 )  encodin g th e procedura l  knowledg e fo r  convertin g on e typ e 
of  proble m t o anothe r  an d 5 )  encodin g th e procedura l  knowledg e fo r  defaul t  solutio n 
strategie s enablin g "good "  guesse s (consisten t  wit h guesse s youn g childre n woul d make ) 
give n incomplet e information .  Th e lexicon ,  o n th e othe r  hand ,  relie s o n L O O P S' 
inheritanc e syste m t o creat e a  taxonom y o f  th e word s likel y t o b e encountere d i n th e 
proble m text . 

Since ARITHPRO is currently the most complete and accurate instantiation of the 
Kintsch-Green o model ,  ever y attemp t  wa s mad e t o wor k withi n th e existin g framewor k o f 
th e program .  A s such ,  nearl y al l  o f  th e simulation' s contro l  structur e wa s take n directi y 
from  it .  I n a  simila r  fashion ,  mos t  o f  th e rule s fo r  constructin g th e propositio n frames  o f 
th e textbas e wer e retaine d thoug h slightl y modified .  Th e similarit y end s here ,  however ,  a s 
non e o f  th e se t  buildin g o r  arithmeti c countin g procedure s presen t  i n th e Kintsch-Green o 
model  ar e applicabl e t o th e domai n o f  medica l  proble m solving .  Therefore ,  a  completel y 
ne w se t  o f  rule s ha d t o b e constructe d t o buil d th e schemat a necessar y fo r  diagnosin g case s 
of  acut e bacteria l  endocarditis .  I n additio n t o this ,  th e lexico n wa s modifie d t o incorporat e 
th e ne w word s appropriat e fo r  thi s domain . 

In constructing the situation model, the simulation relies on a single general data 
structur e calle d a n Abnormalit y schem a whic h contain s thre e slots :  1 )  th e abnormalit y slo t 
whic h i s usuall y a  physiologica l  disorde r  (suc h a s a n emboli )  o r  diseas e category ,  2 )  th e 
indicato r  slo t  whic h i s generall y a  primar y clinica l  indicato r  o f  th e abnormalit y (suc h a s 
transien t  blindness )  an d 3 )  th e consequenc e slo t  whic h ca n eithe r  b e a  clinica l  o r 
physiologica l  consequenc e o f  th e abnormality .  I n th e curren t  implementation ,  thes e slot s 
appea r  t o b e adequat e fo r  encapsulatin g th e informatio n th e progra m need s t o us e i n orde r 
t o arriv e a t  a n acceptabl e solution .  However ,  consideration s ar e bein g mad e t o expan d th e 
schema structur e i n futur e implementation s t o allo w fo r  th e explici t  storag e o f  additiona l 
information .  Thi s i s facilitate d b y th e existin g rul e structur e whic h allow s fo r  a  gracefu l 
incrementation .  Th e structur e o f  a n Abnormalit y schem a alon g wit h a n exampl e i s give n i n 
Tabl e 1 . 
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Table 1. 
Structur e o f  Abnormalit y Schem a wit h exampl e 

(<schema name> (INDICATOR (: <indicator list>)) 
(CONSEQUENCE ( :  <consequenc e list>) ) 
(ABNORMALITY ( :  <abnormality>)) ) 

(EMBOLI (INDICATOR (: BLINDNESS)) 
(CONSEQUENCE ( :  HEMORRHAGE)) 
(ABNORMALITY ( :  EMBOLI)) ) 

Our simulation, like ARITHPRO, does not have a natural language parser. Instead, a 
prepositiona l  representatio n o f  th e inpu t  tex t  i s  presente d t o th e program .  A n exampl e o f  a 
(simplified )  proble m cas e i s presente d i n Tabl e 2 a alon g wit h a  correspondin g propositiona l 
representatio n i n Tabl e 2 b whic h woul d b e inpu t  t o th e simulation .  I n orde r  t o us e 
ARITHPRO's existin g rule s t o buil d th e propositio n frames ,  th e genera l  for m o f  th e inpu t 
propositiona l  representatio n ha d t o b e retained .  I n particular ,  th e proposition s wit h th e 
head elemen t  D U R A T I O N ar e modelle d afte r  th e quantit y proposition s i n A R I T H P R O. 
Thi s propositio n cause s th e goa l  MakeAbnormSchem a t o b e place d o n th e goa l  lis t  i n muc h 
th e sam e wa y tha t  a  quantit y propositio n create s a  MakeSe t  goa l  i n A R I T H P R O . 
Subsequen t  rule s the n loo k int o S T M t o find  th e abnormality .  I f  th e othe r  element s o f  th e 
premis e ar e presen t  i n eithe r  shor t  ter m o r  lon g ter m memory ,  th e appropriat e abnormalit y 
schema buildin g rul e i s fired .  A n exampl e o f  a n abnormalit y schem a rul e (paraphrase d i n 
English )  i s  give n i n Tabl e 3 . 

The simulation proceeds by attempting to build an abnormality schema for each cue in 
th e proble m text .  Onl y on e schem a i s buil d fo r  eac h abnormalit y an d subsequen t  cue s 
leadin g t o a n existin g abnormalit y schem a ar e appende d t o th e indicato r  slot .  W h e n on e o r 
more o f  th e indicator s o f  a n abnormalit y ar e themselve s schemas ,  a  superschem a i s created . 
The BACTERIAL - INFECTIO N superschem a rul e i s show n i n Tabl e 4 a whil e th e actua l 
superschem a tha t  i t  build s i s illustrate d i n Tabl e 4b .  I n thi s example ,  on e o f  th e indicator s 
i s a  cu e fro m th e text ,  P U N C T U R E - W O U N D S,  whil e th e othe r  i s th e I N F E C T I O N 
schema.  Thes e superschemat a ar e simila r  i n functio n t o th e one s use d b y Kintsc h an d 
Green o i n tha t  a  logica l  relationshi p i s establishe d betwee n th e indicator s th e superschem a 
subsumes .  A s wit h Dellarosa' s program ,  ke y informatio n suc h a s th e content s o f  S T M 
(th e textbas e an d th e situatio n model) ,  th e goa l  lis t  an d th e nex t  rul e t o fire  i s constantl y 
update d an d displaye d o n th e screen .  Th e proces s continue s unti l  th e en d o f  th e inpu t  tex t 
has bee n reache d an d n o mor e schem a buildin g rule s ca n fire.  W h e n thi s happens ,  th e top -
leve l  superschem a i s returne d a s th e mos t  likel y diagnosi s an d th e simulatio n ends .  Th e 
final  result ,  fo r  th e cas e discusse d i n thi s paper ,  i s  a  superschem a fo r  acut e bacteria l 
endocarditis . 

The role of the consequence slots have not been completely defined or implemented 
yet .  I n th e mos t  genera l  case ,  th e consequence s wil l  b e use d t o direc t  th e focu s o f  th e 
schema buildin g rule s b y placin g variou s goal s o n th e goa l  list .  Thi s proces s ma y b e us e t o 
aler t  th e simulatio n t o follo w u p o n certai n cue s an d wil l  probabl y b e use d extensivel y i n a 
futur e implementatio n tha t  include s backwar d chaining .  Thi s wil l  enabl e a  mor e complet e 
accoun t  o f  th e empirica l  phenomen a foun d b y Pate l  an d Groe n (1986 )  an d Patel ,  Aroch a 
and Groe n (1986) . 
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Table 2a. 
Englis h Text :  Acut e Bacteria l  Endocarditi s 

This unemployed young male was admitted to the emergency room complaining of a fever of 
fou r  day s duration .  Functiona l  inquir y reveale d a  transien t  los s o f  visio n i n hi s righ t  ey e whic h 
laste d approximatel y 4 5 s  o n th e da y befor e admissio n t o th e emergenc y ward .  Funduscopi c 
examinatio n reveale d a  flam e shape d hemorrhage .  Examinatio n o f  hi s limb s showe d punctur e 
wounds o n hi s arm .  Auscultatio n o f  hi s hear t  reveale d a  2/ 6 earl y diastoli c murmu r  i n th e 
aorti c area .  Ther e wa s n o splenomegaly .  Urinalysi s showe d numerou s re d cells . 

Tabl e 2b . 
Proposltlona l  Representatio n o f  Tex t 

(((P1 (EQUAL X t^LE)) 
(P 2 (AT T X  P3) ) 
(P3 (DURATIO N UNEMPLOYED-YOUNG UNKNOWN))) 
((P 4 (COMPLAI N X  P5) ) 
(P5 (DURATIO N FEVE R 4-DAYS)) ) 

((P 6 (COMPLAI N X  P7) ) 
(P 7 (DURATIO N BLINDNES S 45-SEC)) ) 

((P 8 (HAV E X  P9) ) 
(P9 (DURATIO N HEMORRHAGE UNKNOWN))) 
((P1 0 (HAV E X  P11) ) 
(P11 (DURATIO N PUNCTURE-WOUNDS UNKNOWN))) 
((P1 2 (HAV E X  P I  3) ) 
(P1 3 (DURATIO N EARLY-DIASTOLIC-MURMUR UNKNOWN))) 
((PI 4 (HAV E X  P15) ) 
(P1 5 (DURATIO N RED-BLOOD-CELLS-IN-URIN E UNKNOWN))) 
((PI 6 (HAV E X  P17) ) 
(P1 7 (DURATIO N NORMAL-SPLEEN UNKNOWN)))) 

Tabl e 3 . 
Emboli  Schem a rul e 

Rul e Make-Emboli-Schem a 

IF :  1 )  MakeAbnormSchem a i s o n th e goa l  list ,  an d 
2)  Th e indicato r  BLINDNES S i s presen t  I n ST M 

THEN: 1) Create and add the schema EMBOLI to STM, and 
2)  Bin d BLINDNES S t o th e indicato r  slo t  o f  th e EMBOLI  schema ,  an d 
3)  Bin d HEMORRHAGE t o th e consequenc e slo t  o f  th e EMBOLI  schema ,  an d 
4)  Bin d EMBOLI  t o th e abnormalit y slo t  o f  th e EMBOLI  schema ,  an d 
5)  Remov e th e MakeAbnormSchem a goa l  fro m th e goa l  list . 
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Tabl e 4a . 
Bacteria l  Infectio n superschem a rul e 

Rule Make-Bacterial-Infection-Schema 

IF: 1) MakeAbnormSchema is on the goal list, and 
2)  Th e indicato r  PUNCTURE-WOUNDS i s presen t  i n STM.  an d 
3)  Th e INFECTIO N schem a i s presen t  eithe r  i n ST M o r  LT M 

THEN: 1) Bring the INFECTION schema into STM from LTM if necessary, and 
2)  Creat e an d ad d th e superschem a BACTERIAL-INFECTIO N t o ST M 
3)  Bin d PUNCTURE-WOUNDS an d th e INFECTIO N schem a t o th e indicato r  slo t  o f  th e 

BACTERIAL-INFECTIO N superschema ,  an d 
4)  Bin d BACTERIAL-INFECTIO N t o th e abnormalit y slo t  o f  th e BACTERIAL-INFECTIO N 

superschema ,  an d 
5)  Remov e th e MakeAbnormSchem a goa l  fro m th e goa l  list . 

Tabl e 4b . 
Bacteria l  Infectio n Superschem a 

[BACTERIAL-INFECTION 
(INDICATO R 

(INDICATOR1 :  (PUNCTURE-WOUNDS)) 
(INDICATOR2 :  ((INFECTIO N 

(INDICATO R ( :  (FEVER)) ) 
(ABNORMALITY ( :  (INFECTION)))))) ) 

(ABNORMALITY ( :  BACTERIAL-INFECTION)) ] 

It is important to note that this program is not designed to provide a direct simulation 
of  subjects '  behavio r  i n th e diagnosti c explanatio n tas k examine d b y Pate l  an d Groe n 
(1986) .  Rather ,  i t  i s  designe d t o provid e a  detaile d mode l  o f  th e diagnosti c proces s i n 
whic h th e detaile d rules ,  frame s an d schemat a ca n b e mappe d ont o proposition s i n 
diagnosti c expanatio n protocols .  Thi s ma y enabl e a  detaile d examinatio n o f  th e hypothesi s 
tha t  th e diagnosti c explanatio n tas k reflect s element s o f  th e diagnosti c process ,  whic h 
underlie s muc h o f  ou r  previou s research .  I t  ma y als o enabl e th e us e mor e comple x 
diagnosti c problems ,  sinc e i t  wil l  remov e th e necessit y o f  selectin g clinica l  case s fo r  whic h 
th e logica l  validit y o f  model s o f  diagnosti c reasonin g ca n b e verifie d b y han d simulation . 

It also begins to throw light on a far more general issue. There is currently a 
widesprea d belie f  bot h i n Anificia l  Intelligenc e an d Cognitiv e Psycholog y tha t  proble m 
solvin g i s highl y domai n specific .  Ou r  attemp t  t o generaliz e th e Kintsch-Green o mode l  i s  a 
thrus t  i n th e opposit e direction .  A s th e progra m develops ,  i t  shoul d becom e possibl e t o 
make a  fa r  mor e precis e differentiatio n betwee n thos e aspect s o f  proble m solvin g tha t  ar e 
domai n specifi c  an d thos e tha t  ar e c o m m o n t o man y domains ,  regardles s o f  thei r 
complexity . 
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