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A b s t r a c t In t roduc t io n 

Understiindin g arithmeti c wor d problem s involve s a 

comple x interactio n o f  tex t  comprehensio n jm d 

mathematicj d processes .  Thi s wor k present s a  com -

pute r  mode l  o f  th e hypothesize d processe s tha t  ar e 

require d o f  a  youn g studen t  solvin g arithmeti c wor d 

problems ,  includin g th e processe s o f  sentence-leve l 

readin g an d tex t  integration .  Unlik e previou s com -

pute r  simuLition s o f  wor d proble m solving ,  whic h 

neglec t  th e earl y stage s o f  tex t  processing ,  thi s mode l 

force s a  detaile d consideratio n o f  th e linguisti c  pro -

cess ,  whic h i s bein g increasingl y recognize d a s a  pri -

mary sourc e o f  difficulty .  Experiment s wer e con -

ducte d t o isolat e critica l  tex t  comprehensio n processes . 

Children' s probabilit y o f  solutio n wa s jinalyze d i n 

regressio n jinalyse s a s a  functio n o f  th e model' s tex t 

comprehensio n processes .  A  variabl e measurin g th e 

combine d effect s o f  th e loa d o n workin g memor y an d 

tex t  integratio n inference s accounte d fo r  a  significan t 

runoun t  o f  varianc e acros s fou r  grad e level s (K-3) . 

The result s sugges t  ne w process-oriente d measure s o f 

determinin g wh y a  particula r  wor d proble m m a y b e 

difficult ,  especiall y fo r  youn g students .  A n implica -

tio n fo r  educatio n i s th e potentia l  fo r  a  difficulty -

differentiate d networ k o f  problem s tha t  include s a 

multipl e numbe r  o f  rewording s fo r  eac h "traditionjU " 

proble m wordin g a s a n iii d fo r  classroo m assessmen t 

and futur e computer-base d learnin g environments . 

Researcher s i n cognitiv e scienc e an d mathematic s edu -

catio n hav e recenti y emphasize d tha t  i t  i s  no t  onl y 

mathematica l  proble m solvin g abilitie s tha t  ar e a t  th e 

roo t  o f  children' s difficultie s wit h mathematica l  wor d 

problems ,  bu t  als o linguisti c difficulties .  Tha t  is , 

many difficultie s occu r  a t  th e stag e o f  comjjrehensio n 

of  th e natura l  languag e statemen t  o f  th e problem . 

Most  o f  thes e researchers ,  however ,  sto p shor t  o f 

definin g h o w natura l  languag e i s  s o m e h o w 

"translated "  int o correc t  mathematica l  relationship s o r 

int o a  solution . 

As researcher s lear n mor e abou t  di e processe s o f 

readin g an d th e difficultie s childre n hav e wit h 

mathematics ,  detaile d analyse s o f  th e requirement s o f 

wor d proble m solvin g ar e providin g c o m m o n groun d 

fo r  interdisciplinar y results ,  includin g result s o n 

semanti c type s o f  problem s an d children' s logico -

mathematica l  competencie s (Rile y &  Greeno ,  1988) , 

th e locu s o f  low-achievin g students '  eye-fixation s 

(Hegarty ,  Maye r  an d Green ,  1992 )  an d th e develop -

menta l  sequenc e o f  centra l  numerica l  structure s (Case , 

1985 ;  Okamoto ,  1992) .  Lackin g i n th e abov e work , 

however ,  i s a n accoun t  o f  h o w th e student' s abilit y t o 

arriv e a t  mathematica l  connection s migh t  depen d o n 

identifiabl e way s i n whic h natuni l  languag e expresse s 

or  facilitate s suc h connections .  Recen t  result s 
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concernin g ih e effect s o f  smal l  chjinge s i n proble m 

wordin g (Cummins ,  1991 ;  Davis-Dorsey ,  Ros s & 

Morrison .  1991 ;  DeCorte ,  Verschaffe l  &  DeWin , 

1985) .  th e rol e o f  integrate d proposition s i n memor y 

(Tnibass o &  Sperry ,  198 5 jm d others )  .'in d th e impor -

t;uic e o f  short-ten n meitior y a s a  bottlenec k i n th e 

comprehensio n proces s (Fletcher ,  198 6 <'ui d others ) 

provid e ne w evidenc e tha t  proble m difficult y i s deter -

mine d b y tex t  comprehensio n lactor s a s wel l  a s b y 

semanti c structur e ;in d th e developmen t  o f  centra l 

numerica l  structures . 

Th e infonnatio n processin g an d learnin g 

assumption s i n thi s researc h reflec t  th e ide a tha t  dif -

feren t  kind s o f  natura l  languag e use d t o conve y a 

proble m situatio n hav e differen t  effect s o n th e abilit y 

t o conceptualiz e th e proble m i n tenn s o f  correc t 

mathematica l  relationships .  Specifi c  proble m wordin g 

ca n (i )  highligh t  certai n mathematica l  relationship s 

(e.g. ,  direc t  reference s t o previou s set s facilitat e th e 

proces s o f  tex t  integration) ,  and/o r  (ii )  lea d t o sinia -

tiona l  interpretation s o f  event s o r  quantitie s whic h ar e 

easie r  t o retai n i n memory .  Children' s abilit y t o 

foUow-u p o n explici t  se t  reference s (o r  infe r  suc h 

references )  i s  a  crucia l  ste p toward s recognizin g th e 

condition s tha t  mak e a n arithmeti c operatio n appropri -

at e fo r  a  give n situation . 

Ther e i s a s ye t  n o detaile d hypothesi s o f  h o w a 

studen t  migh t  procee d fro m linguisti c 

(mis)understandin g t o mathematica l 

(mis)understanding .  A  precis e mode l  o f  thi s comple x 

process ,  i.e. ,  a  compute r  model ,  startin g wit h th e ini -

tia l  presentiitio n o f  th e proble m woul d b e consisten t 

wit h Goldin' s (1992 )  ad l  fo r  a  comprehensiv e mode l 

of  mathematica l  proble m understanding .  I n particular , 

a mode l  whic h focuse s o n earl y stage s o f  processin g 

woul d forc e a  considenttio n o f  critica l  feature s o f  th e 

proble m solvin g proces s tha t  ar e ofte n overlooke d an d 

coul d sugges t  n e w way s o f  isolatin g wor d proble m 

solvin g competencies . 

Thi s pape r  describe s ou r  recent  implementatio n 

of  a  compute r  mode l  whic h simuLite s tex t  integratio n 

processe s involve d i n wor d proble m understanding . 

Th e empirica l  result s presen t  ne w measure s o f  tex t 

comprehensio n whic h determin e w h y a  particula r  wor d 

proble m m a y b e difficult ,  especiall y fo r  youn g 

"bottom-up "  readers .  I n thi s sense ,  th e compute r 

model  propose s a  ne w fine-grained  classificatio n o f 

problem s whic h var y accordin g t o bot h logical -

mathematica l  proble m solvin g processe s an d th e ofte n 

overlooke d bu t  critica l  processe s involve d i n tex t 

comprehension . 

E D U CE an d S E L A H 

The current computer model comprehends ruithmetic 

wor d problem s writte n i n Englis h i n a  word-by-word , 

sentence-by-sentenc e fashion .  Th e mode l  i s compose d 

of  tw o components :  E D U C E ;in d S E L A H .  E D U C E i s 

<'u i  expectation-drive n conceptua l  analyze r  adiipte d 

fro m th e wor k o f  Sch.-m k lui d Riesbec k (1981 )  an d 

develope d accordin g t o principle s foun d t o b e distinc t 

fo r  wor d proble m solvin g (LeBljui c Jin d Russell , 

1989) .  S E L A H i s a  tex t  integratio n componen t  whic h 

accept s E D U C E ' s canonicf d represenLition s o f  indivi -

dual  sentence s an d instantiate s arithmeti c action s 

base d o n explici t  conceptuji l  action s o r  direc t  o r  impli -

ci t  reference s betwee n set s (LeBlanc ,  1991) .  I n partic -

ular ,  th e compute r  mode l  keep s trac k o f  (i )  th e numbe r 

of  tex t  integratio n inference s tha t  ar e require d an d (ii ) 

th e loa d o n workin g memor y whil e performin g tex t 

integratio n acros s sentences .  I t  shoul d b e recognize d 

tha t  lookin g a t  th e linguisti c stag e o f  wor d proble m 

understandin g i s no t  jus t  a  matte r  o f  tackin g o n 

linguisti c comprehensio n prio r  t o mathematicji l  con -

siderations .  W e .'ir e .'tssumin g no t  tha t  languag e an d 

maUiematic s ar e sepiirat e components ,  bu t  rathe r  tha t 

the y ar e intertwined ,  o r  tha t  th e mathematic s i s 

"embedded "  i n th e natura l  languag e statement . 

E x p e r i m e n t s 

Children's  probabifity of solution as obtained in previ-

ous studie s (Rile y an d Greeno ,  1988 )  wa s analyze d i n 

explorator y regression  jinalyse s a s a  functio n o f  4 

predicto r  variables ,  wher e th e predicto r  variable s wer e 

measure s o f  tex t  comprehensio n processe s a s simu -

late d b y th e tex t  integratio n component ,  S E L A H .  Th e 

wor d problem s solve d b y th e compute r  mode l  ar e a 

classi c benchmar k se t  o f  1 8 type s o f  additio n an d sub -

tractio n problems .  A  sampl e proble m i s show n below : 

Kathy and Jacob have 8 soda cans altogether. 

Kath y ha s 5  sod a cans .  H o w man y sod a can s 

doe s Jaco b have ? 

Procedur e 

The 18 problems were input to the model one at a 

time .  Fo r  eac h problem ,  th e mode l  rea d an d solve d th e 

proble m whil e printin g ou t  a  recor d o f  it s tex t  integra -

tio n processes .  Th e model' s outpu t  fo r  eac h proble m 

was the n analyze d t o obtai n score s fo r  th e 4  predicto r 

vjuiable s t o b e use d i n th e regression  analysis .  A 
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summary o f  th e 4  variable s i s  describe d nex t  i n th e 

contex t  o f  th e model' s comprehensio n o f  th e wor d 

proble m show n above . 

(1 )  A V C i M E M.  Th e averag e numbe r  o f  conceptuji l 

unit s i n memory .  Thi s i s th e runnin g su m o f  th e 

number  o f  conceptua l  unit s whic h appejt f  i n th e 

model' s workin g memor y a l  ih e en d o f  e;ic h sentenc e 

divide d b y th e numbe r  o f  sentence s i n th e problem .  A 

conceptua l  uni t  i s  define d a s eithe r  (i )  a  singl e concep -

tu; U se t  (e.g. ,  [Kath y &  Jacob' s 8]) ;  (ii )  a n arithmeti c 

actio n (e.g. ,  JOI N o r  S E P A R A T E _ F R O M );  o r  (iii )  a n 

actio n an d conceptuj d set(s )  tha t  hav e bee n 

"chunked "  together .  Fo r  example ,  i n Tabl e 1 ,  th e 

number  o f  concept s i n workin g memor y a t  th e en d o f 

th e first  sentenc e i s two :  ([K&J' s 8 ]  an d JOIN) .  I n th e 

secon d sentence ,  th e presenc e o f  th e arithmeti c actio n 

S E P A R A T E _ F R OM i n conjunctio n wid i  tw o concep -

tua l  set s wit h know n quantitie s result s i n a  chunkin g 

(o r  merge )  o f  thre e concept s int o tw o concepts . 

Specifically ,  th e thre e concepts ,  "[Kathy' s 5 ] 

[ S E P A R A T E D _ F R O M]  [K&J' s  8], "  ar e chunke d int o 

tw o concepts :  " [SEPARAT E Kathy' s 5 ]  [ F R O M 

K&J' s  8]. "  T w o conceptua l  set s an d Ji n assocLite d 

actio n ar e chunke d onl y i f  bot h set s hav e know n quan -

tities .  I n th e othe r  cjtse ,  wher e on e o f  th e set s ha s a n 

unknow n quantity ,  th e thre e concept s [Kathy' s some ] 

[ S E P A R A T E D _ F R O M]  [K&J' s 8 ]  ar e counte d a s 
thre e concepts ,  reflectin g th e model' s sensitivit y t o a 

differenc e betwee n rememberin g concret e vs .  abstrac t 

qufintities .  Performin g suc h chunkin g whe n bot h 

qujuititie s ar e know n reflect s th e fac t  tha t  al l  tiie  infor -

matio n neede d t o solv e th e proble m (i.e. ,  quantity -

action-quantity )  i s  know n a t  thi s point .  I t  ma y wel l  b e 

th e ca.s e tha t  thes e thre e concept s ar e actuall y chunke d 

int o on e concept ,  howeve r  th e mor e conservativ e 

chunkin g hypothesi s (o f  thre e concept s int o tw o con -

cepts )  i s  currentl y use d throughout .  I n Tabl e 1 ,  th e 

number  o f  conceptuj d unit s i n workin g memor y a t  th e 

end o f  eac h o f  th e thre e sentence s i s 2 ,  2 ,  and  3 

respectively ,  fo r  a  tota l  o f  7 .  Th e averag e numbe r  o f 

concept s i n memor y Jicros s th e thre e sentence s i s thu s 

(2+2+3)/ 3 =  2.3 3 

(2 )  AV(iINF .  Th e averag e numbe r  o f  inference s 

made.  Thi s i s th e runnin g su m o f  th e numbe r  o f  infer -

ence s whic h ar e mad e divide d b y th e numbe r  o f  sen -

tence s i n th e problem .  A n inferenc e i s  define d her e 

as:  (i )  esLiblishin g a  relationshi p betwee n tw o set s 

when tha t  relationshi p i s no t  describe d i n th e tex t  o r 

(ii )  instantiatin g a n arithmeti c actio n (e.g. ,  JOIN )  whe n 

th e tex t  doe s no t  mentio n a  significan t  action .  Tex t 

integratio n an d arithmeti c actio n inference s ht & mad e 

when th e conceptua l  representatio n o f  a  ne w sentenc e 

(a s produce d b y E D U C E)  lack s th e explici t  informa -

tio n neede d t o establis h tex t  connection s betwee n con -

ceptua l  set s o r  instantiat e a n appropriat e arithmeti c 

action .  A s show n i n Tabl e 1  i n th e first  sentence , 

S E L AH infer s th e JOI N actio n b y notin g (i )  tha t  th e 

curren t  se t  i s  partitione d b y ownershi p an d (ii )  tha t  th e 

wor d "altogether "  implie s tha t  thi s curren t  se t  i s th e 

resul t  o f  JOINin g tw o (currenU y unknown )  sets .  I n 

th e secon d sentence ,  S E L A H infer s dia t  th e 5  can s tha t 

Kath y ha s ar e '"par t  o f  th e previousl y establishe d se t 

Tabl e 1  Compute r  model' s processin g summar y fo r  on e o f  th e eightee n problems . 

Kath y an d Jaco b hav e 8  sod a can s altogether .  Kath y ha s 5  sod a cans . 

H ow man y sod a can s doe s Jaco b have ? 

Processin g 

Summary 

Concept s i n 
Memory 

# o f  concept s 

# o f  inference s 

Sentenc e | 

1 

make set ; 

infe r  JOI N 

[K&J' s 8 ] 
JOI N 

2 

1 

2 

make set ; 

infe r  5  part-o f  8 ; 
infe r  SEP-FROM; 

REACT 

[SEP K' s 5 ] 
[F R K&J' s 8 ] 

2 

2 

3 

make set ; 
infe r  ?  part-o f  8 ; 

infe r  ?  i s resul t 

of  S E P - F R O M 

[SE P K' s 5 ] 

[F R K&J' s 8 ] 

[REJ's? ] 

3 

2 

Averag e 

2.3 3 

1.6 7 
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of  8. "  (A n exiuiipl e sentenc e whic h woul d no i  hav e 

require d thi s inferenc e is :  "Kath y h;ii i  5  o f  than. " 

Her e th e phras e " 5 o f  them "  woul d creat e a  direc t 

lin k t o th e previou s "'se t  o f  8, "  s o a  tex t  integratio n 

inferenc e woul d no t  b e required) .  S E L A H mjike s 

anothe r  inferenc e i n th e secon d sentenc e i n orde r  t o 

buil d th e se t  o f  [Kathy' s  5] ;  sinc e th e five  ;u- e no w 

esuiblishe d a s bein g pa n o f  th e eight ,  th e iirithineti c 

actio n o f  S E P A R A T I N G - F R OM i s needed .  Th e pre -

viousl y insuuitiate d JOI N actio n i s no w suppresse d i n 

favo r  o f  S E P A R A T I N G - F R O M.  (Thi s "reactivaUon " 

of  ;u i  ;irithineti c actio n i s note d i n Tabl e 1  ;l s R E A C T; 

see vjuiahl e # 4 below) .  Th e averag e numbe r  o f  infer -

ence s acros s th e thre e sentence s i s (l+2+2)/ 3 =  1.6 7 

(3 )  M E M + I N F .  Th e su m o f  th e variable s A V G M EM 

and A V G I N F ,  tha t  is .  th e combinatio n o f  th e averag e 

number  o f  concept s i n workin g memor y an d th e aver -

age numbe r  o f  inference s tha t  ar e made .  Thi s vjuiabl e 

reflect s th e theor y tha t  children' s tota l  processin g 

capacit y i s mad e u p o f  (i )  wha t  the y mus t  remembe r  a s 

wel l  a s (ii )  wha t  mus t  b e devote d t o executin g biisi c 

operations ,  suc h a s makin g inference s (Cfise ,  1982) . 

I n th e contex t  o f  arithmeti c wor d problems ,  th e fac t 

tha t  som e problem s requir e inference s ma y no t  b e <» s 

critica l  a s th e numbe r  o f  concept s the y mus t  remembe r 

whil e the y mak e thos e inferences . 

(4 )  R E A C T .  Thi s varLibl e indicate s th e situatio n 

wher e a  previousl y instantiate d arithmeti c actio n mus t 

be suppresse d i n favo r  o f  a  ne w action .  A  REACTiva -

tio n (fro m JOI N t o S E P A R A T E _ F R O M)  i s  note d i n 

sentenc e 2  o f  th e exampl e i n Tabl e 1 . 

Results 

The four predictor variables were entered into a 

regressio n equjitio n wit h th e probabilit y  o f  solutio n fo r 

a specifi c  grad e leve l  a s th e dependen t  vjuiable .  Fo r 

eac h gnid e level ,  a  stepwis e regressio n wa s conducted . 

Tabl e 2  summ.'irize s th e result s o f  th e fou r 

regressio n juiiilyse s (grade s K-3) .  Fo r  eac h gnide ,  th e 

v.'uiable s liste d i n Colum n 2  .'ir e thos e tha t  me t  a 

libera l  .1 5 probabiUty-lo-ente r  criterio n i n th e stepwis e 

regression ;  the y appeju "  i n th e orde r  tha t  the y wer e 

.selected .  Colum n 3  present s th e proportio n o f  totii l 

vitfianc e Jiccounte d fo r  b y th e subse t  o f  vjaiable s i n 

tha t  ro w jin d al l  precedin g row s fo r  eac h urade .  (Th e 

doubl e lin e indicate s a  ne w grade-leve l  Jtn d thu s a n 

independen t  regressio n Jinalysis) .  Fo r  exsunple ,  i n 

grad e K ,  M E M + I N F account s fo r  .53 7 o f  th e varuuic e 

.'in d M E M + I N F an d R E A C T togethe r  accoun t  fo r  .69 0 

of  th e v;u"i.'mce .  Column s 4  ;m d 5  presen t  th e regres -

sio n coefficient s Jin d sUindar d error s fo r  th e selecte d 

vjuiables .  Th e las t  colum n present s th e p  value s 

(two-uiiled )  Jissociate d wit h ejic h o f  th e regressio n 

coefficients .  Fo r  example ,  i n grad e K ,  M E M + I N F wa s 

significsm t  a t  th e .0(X )  leve l  ;in d R E A C T wa s 

significan t  a t  th e .01 6 level . 

Discussio n 

An important result from this exploratory analysis is 

tha t  M E M + I N F i s significan t  acros s al l  fou r  grad e lev -

el s (K-3) .  Becaus e M E M + I N F i s  alway s entere d first 

i n th e stepwis e analyses ,  th e combinatio n o f  "concept s 

t o remember "  an d "inference s made "  ( M E M + I N F ) 

account s fo r  large r  amount s o f  th e varianc e i n solutio n 

probabilit y  tha n eithe r  A V G M EM (th e averag e 

number  o f  concept s tha t  mus t  b e hel d i n workin g 

memory)  an d A V G I N F (th e averag e numbe r  o f  infer -

ence s tha t  mus t  b e mad e i n orde r  t o establis h a n 

integrate d text) . 

Tabl e 2  Result s o f  regressio n analyse s acros s fou r  grad e level s (K-3 ) 

Grad e 

K 

1 

2 

3 

Variabl e 

MEM+INF 
REACT 

MEM+INF 
REACT 

MEM+INF 

MEM+INF 
REACT 

Vjuianc e 
Accounte d Fo r  (R^ ) 

.53 7 

.69 0 

.64 6 

.76 4 

.72 1 

.57 7 

.66 4 

Regressio n 

Coefficien t 

-0.3 7 

0.3 2 

-0.4 7 

0.3 6 

-0.2 9 

-0.0 8 

-0.1 2 

Standar d 

Erro r 

0.0 7 

0.1 2 

0.0 7 

0.1 3 

0.0 5 

0.0 3 

0.0 6 

p Valu e 

.00 0 

.01 6 

.00 0 

.01 5 

.00 0 

.01 9 

.06 6 
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O ne explanatio n i s tha t  a  sligh t  increas e i n eithe r  th e 

number  o f  concept s tha t  mus t  b e remembere d o r  th e 

number  o f  inference s require d i s no t  enough ,  i n an d o f 

itself ,  t o caus e a  workin g memor y overload . 

I n addition ,  i t  i s  noteworth y tha i  R E A C T 

appec'tf s a s a  significan t  predicto r  (j )  <  .05 )  fo r  onl y th e 

younges t  children :  kindergarte n lui d firs t  grade .  Thi s 

confinn s previou s result s whic h sho w tha t  student s 

ofte n mak e wron g operatio n error s i n lin e wit h a n ini -

tia l  (idthoug h erroneous )  activatio n o f  £u i  arithmeti c 

actio n (Cummins ,  Kintsch ,  Reusse r  an d Weimer , 

1988 ;  DeCort e e t  al. ,  1985) .  Fo r  example ,  i n th e wor d 

proble m show n above ,  th e mos t  likel y incorrec t 

answe r  i s thirtee n (13) ,  tha t  is ,  student s wil l  ad d (i.e. , 

JOIN )  th e tw o number s i n th e proble m rathe r  tha n 

subtrac t  5  fro m 8 .  O n e explanatio n i s tha t  ver y youn g 

childre n d o no t  hav e th e abilit y  t o suppres s previousl y 

activate d information ,  i n thi s case ,  a  previousl y instan -

tiate d iuithmeti c action .  I n th e curren t  "bottoiti-up " 

implementatio n o f  th e model ,  arithmeti c action s ca n b e 

(prematurely )  instantiate d b y th e presenc e o f 

mathematica l  "keywords "  (e.g. ,  altogethe r  mean s 

JOIN) . 

Imp l ica t ion s fo r  T e a c h i n g 

a n d L e a r n i n g M a t h e m a t i c s 

On the basis of the results from the regression experi-

ment s describe d above ,  predicto r  equation s cji n b e 

use d t o confir m previou s resefur h o n th e effect s o f 

proble m wordin g an d t o exten d th e traditiona l  mejis -

ure s o f  w h y on e proble m i s easie r  o r  harde r  tha n 

another .  Th e educationa l  objective s ar e t o increas e 

teache r  awarenes s o f  th e multipl e source s o f  proble m 

difficult y an d t o sho w h o w sligh t  change s i n proble m 
wordin g m a y affec t  children' s solutio n success .  Th e 

result s o f  thi s analysi s i s a  difficulty-differentiate d net -

wor k o f  problem s tha t  include s a  multipl e numbe r  o f 

Table 3 Predicted and observed 1st grade solution 

probabilitie s fo r  static ,  non-relationa l  proble m wording s 

Proble m 

Wordin g 

Traditiona l 

altogethe r  & 

of  the m 

of  the m onl y 

Model' s 

Predictio n 

0.4 7 

0.9 4 

0.8 2 

DeCort e 

Dat a 

0.4 3 

0.5 7 

-

C u m m i ns 

Dati i 

0.3 0 

-

0.8 5 

rewording s fo r  eac h proble m typ e i n orde r  t o hel p 

teacher s o r  a  futur e computer-base d learnin g environ -

ment  detennin e a  "nex t  best "  proble m t o present . 

For  example ,  th e mode l  confirm s previou s 

empirica l  result s concernin g children' s succes s o n th e 

wor d proble m discusse d above ,  a s wel l  a s o n reworde d 

version s o f  tha t  s,'un e problem .  Thi s stati c  (i.e. ,  con -

tiiinin g n o significan t  actions) ,  non-relationa l  proble m 

has receive d considerabl e attentio n i n th e literature , 

mostl y du e t o it s hig h leve l  o f  difficulty .  A s discusse d 

above ,  sligh t  change s i n wordin g (e.g. ,  introducin g th e 

phras e "o f  them" )  m a y faciliuit e th e processe s o f  tex t 

integratio n .ui d mak e thi s proble m easier ,  a s confirme d 

i n studie s wit h childre n (Cummins ,  1991 ;  DeCort e e t 

al. ,  1985 )  an d highlighte d b y th e compute r  model .  A 

summary o f  probabilit y  o f  solutio n result s ar e show n 

i n Tabl e 3 .  I n lin e wid i  th e empirica l  studies ,  th e 

model  predict s tha t  includin g th e phras e "o f  them " 

wil l  hel p mos t  childre n (i.e. ,  solutio n probabilit y 

increases )  an d tha t  removin g th e ter m "altogether "  i n 

th e first  sentenc e whil e als o includin g th e phras e "o f 

them "  ca n hel p considerably .  Th e similaritie s an d 

difference s betwee n th e model' s prediction s an d othe r 

empirica l  findings  ar e beyon d th e scop e o f  thi s paper . 

Our  inten t  her e i s t o sho w h o w th e model' s sensitivit y 

t o sUgh t  change s i n wordin g i s bein g use d t o exten d 

th e traditiona l  classificatio n o f  wor d problems .  I n 

additio n t o th e rewording s discusse d above ,  th e mode l 

i s sensitiv e t o othe r  sligh t  change s i n proble m word -

ing ,  includin g chjuige s i n th e sequenc e o f  event s an d 

th e us e o f  significjin t  actio n U'lnguag e t o describ e rela -

tiona l  situation s (LeBlanc ,  1993) . 

F u t u r e D i rec t ion s 

The ability to exphun problem difficulty rankings in 

lenn s o f  th e processin g o f  particula r  wording s bring s 

us close r  t o a  mor e comprehensiv e o r  globa l  mode l  o f 

arithmeti c wor d proble m solvin g processes .  Th e wor k 

presente d abov e focuse s o n tex t  integratio n processe s 

c'ln d suggest s that ,  eve n withi n thi s specifi c  domain ,  th e 

interactio n o f  tw o task s (e.g. ,  concept s t o remembe r 

jm d inference s made )  m a y caus e difficulty ,  wher e eac h 

individua l  tas k m a y not .  Similarly ,  a t  a  highe r  level ,  i t 

seems clea r  tha t  languag e comprehensio n processe s 

and thei r  relatio n t o mathematica l  processe s shoul d b e 

include d i n an y mode l  o f  arithmeti c wor d proble m 

solving ,  sinc e consideratio n o f  mathematica l  o r 

linguisti c processe s alone  d o no t  reflec t  al l  tha t  i s 
goin g o n i n th e proces s o f  wor d proble m solution . 

64S 



A relate d reaso n fo r  studyin g linguisti c an d tex t 

integratio n processe s ;don g wit h inathcmatic d 

processe s i s th e determinatio n o f  possibl e relationship s 

or  distinction s betwee n th e variou s developnientall y 

detennine d competence s whic h underli e eac h process . 

Fro m th e perspectiv e o f  th e developmen t  o f  numbe r 

concepts ,  fo r  ex.unple ,  C;is e (1985 )  ha s postulate d suc -

cessiv e conceptua l  structurings ,  buil t  u p recursivel y 

fro m precedin g structures ,  whic h ar e necessar y fo r  a 

chil d t o understan d th e mathematic s o f  .'irithmeti c 

wor d problem s wit h differin g semanti c structures . 

S o me linguisti c competence s coul d appjireniJ y b e 

relate d t o som e o f  thes e structurings .  A n undersUind -

in g o f  nonquantitativ e verb; d comparisons ,  fo r  ex;un -

ple ,  ma y b e a  prerequisit e fo r  a n understiindin g o f 

quantitativ e compariso n jm d ma y therefor e refe r  t o th e 

same conceptua l  structure .  I n th e cas e o f  mathemati -

call y significan t  natura l  language ,  th e determinatio n o f 

mathematica l  connection s i n E D U C E / S E L A H i n effec t 

presuppose s th e mediatio n o f  elementar y competence s 

or  structuring s c o m m o n t o bot h linguisti c an d 

mathematio d expression .  Othe r  aspect s o f  natura l 

languag e processing ,  (e.g. ,  th e additiona l  memor y loa d 

impose d b y a n unnatural "  o r  inconsisten t  orderin g o f 

sentence s o r  sentenc e components )  ar e presentation -

rathe r  tha n mathematics-relate d an d ma y therefor e 

requir e differen t  competences ,  i n additio n t o th e abilit y 

t o handl e bot h textua l  an d mathematica l  processin g a t 

th e sam e time ,  a s discusse d above .  Th e describe d 

researc h provide s th e futur e possibilit y  t o integrat e 

competence s fo r  bot h task s int o a  developmenta l 

theor y whic h relate s stage s o f  mathematic d under -

standin g wit h stage s o f  natura l  languag e understand -

ing . 
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