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T E S T S O F S O M E M E C F I A N I S M S T H A T T R I G G E R Q U E S T I O N S 

Arthur C. Graesser, Cathy L. McMahen, and Brenda K. Johnson 

Department of Psychology 

Memphi s Stat e Universit y 

Memphis ,  T N 3915 2 

bitnei :  graesserac<2)memstvx l 

Abstrac t 

We have identified mechanisms that generate questions 

when individual s solv e problems ,  comprehen d text ,  an d 

engag e i n conversations .  Som e o f  thes e mechanism s hav e 

been discusse d i n previou s researc h i n cognitiv e scienc e 

and discours e processing ,  wherea s othe r  mechanism s wer e 

discovere d whe n w e analyze d videotape s o f  student-tuto r 

interactions .  Th e presen t  stud y teste d whethe r  anomalou s 

informatio n cause s a n increas e i n question s whe n 

individual s solv e mathematic s problem s an d comprehen d 

stories .  Colleg e student s wer e instructe d t o generat e 

question s whil e the y wer e solvin g problem s (i.e. ,  algebr a 

and statistics )  o r  whil e the y wer e comprehendin g storie s 

(e.g. ,  fable s an d parables) .  Ther e wer e severa l  differen t 

version s o f  eac h proble m o r  story :  (1 )  complet e original ,  (2 ) 

deletio n o f  critica l  information ,  (3 )  additio n o f 

contradictor y information ,  an d (4 )  additio n o f  irrelevan t 

information .  Th e deletio n version s elicite d th e mos t 

question s wherea s th e origina l  version s elicite d th e fewes t 

questions ;  th e additio n version s wer e in-between .  Th e 

validit y o f  som e o f  th e questio n generatio n mechanism s i s 

supporte d b y th e fac t  tha t  thes e transformation s o f  conten t 

cause d a n increas e i n questions . 

Question generation has had a controversial status in 

cognitiv e scienc e an d education .  A t  on e extreme , 

ther e ar e model s o f  cognitio n whic h postulat e tha t 

questio n generatio n play s a  critica l  rol e i n 

comprehension ,  curiosity ,  an d learnin g (Collins , 

1988 ;  Collins ,  Brown ,  &  Larkin ,  1980 ;  Olson ,  Duffy , 

& M a c k ,  1985 ;  Palinsca r  &  Brown ,  1984 ;  R a m , 

1990 ;  Schank ,  1986 ;  Sternberg ,  1987) .  Accordin g t o 

Schank' s S W A L E model ,  fo r  example ,  learnin g 

occur s whe n a n individua l  observe s a n anomalou s 

even t  an d generate s question s tha t  lea d t o a n 

explanatio n o f  th e even t  (Schank ,  1986) . 

Thi s researc h wa s funde d b y grant s awarde d t o th e 

firs t  autho r  b y th e Offic e o f  Nava l  Researc h 

(N00014-88-K-011 0 an d N00014-90-J-1492) . 

A critica l  par t  o f  learnin g consist s o f  generatin g 

illuminatin g question s an d o f  transformin g question s 

t o becom e mor e illuminating .  Collin s (1988 )  ha s 

discusse d h o w learnin g m a y b e enhance d b y havin g 

tutor s as k student s question s tha t  expos e th e students ' 

misconception s durin g th e cours e o f  answerin g th e 

questions .  T h e learnin g environmen t  shoul d als o 

encourag e student s t o as k question s an d t o mode l 

effectiv e questio n askin g (hopefull y displaye d b y 

teachers) .  I n th e bes t  o f  worlds ,  th e learne r  woul d b e 

an active ,  inquisitive ,  creativ e individua l  w h o 

energeticall y ask s question s an d insist s o n goo d 

answers . 

The other end of the continuum provides a more 

pessimisti c picture .  I t  i s  wel l  documente d tha t 

student-generate d question s ar e bot h infrequen t  an d 

unsophisticate d (Dillon ,  1988 ;  R a m m e r ,  1981 ;  Kerry , 

1987) .  O n th e average ,  onl y on e questio n i s aske d b y 

a studen t  pe r  hou r  i n a  classroo m setting .  Thes e 

question s ar e normall y shallo w question s tha t  addres s 

th e conten t  an d interpretatio n o f  explici t  materia l 

rathe r  tha n high-leve l  question s tha t  involv e 

inferences ,  application ,  synthesis ,  an d evaluation .  A 

learne r  need s t o maste r  a  significan t  amoun t  o f  th e 

materia l  befor e th e learne r  formulate s goo d question s 

(Miyak e &  Norman ,  1979) .  Ther e ar e cost s t o posin g 

question s i n a  classroo m setting .  Th e studen t  i s 

humiliate d fo r  revealin g hi s o r  he r  lac k o f  knowledge . 

Th e studen t  impose s o n th e teacher ,  w h o rarel y want s 

t o b e bothere d b y students '  questions .  Teacher s 

frequentl y hav e troubl e understandin g th e students ' 

question s whe n th e studen t  ha s lo w domain-specifi c 

knowledg e (Coomb s &  Alty ,  1980) ,  s o th e teache r 

end s u p dismissin g th e questio n o r  answerin g th e 

wron g question . 

Unfortunately, teachers are normally poor role 

model s fo r  generatin g goo d questions .  Les s tha n 4 % 

of  th e teacher-generate d question s ar e higher-leve l 

demandin g questions ,  i.e. ,  thos e tha t  involv e 
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inferences ,  th e applicatio n o f  a n ide a t o a  ne w domai n 

of  knowledge ,  o r  th e synthesi s o f  a  ne w ide a from 

multipl e informatio n source s (Kerry ,  1987) . 

Teacher s ar e rarel y sq)histicale d Socrati c tutor s w h o 

as k carefull y planne d sequence s o f  thought -

provokin g questions ,  thereb y exposin g th e students ' 

misconception s an d contradictions . 

The nature of question generation mechanisms in 

humans ha s profoun d implication s fcx -  exper t  systems , 

decisio n suppor t  systems ,  an d intelligen t  tutorin g 

system s (Buchana n &  Shortliffe ,  1984 ;  Sleema n & 

Brown ,  1982 ;  Wenger ,  1987) .  Th e user s o f  thes e 

sophisticate d compute r  system s ma y nee d t o radically 

alte r  thei r  style s o f  learnin g an d thinkin g t o th e exten t 

tha t  th e user s ar e expecte d t o b e active ,  creativ e 

questio n askers .  A n inep t  questio n askin g o r  questio n 

answerin g facilit y  o n a  compute r  wil l  rapidl y kil l  an y 

incentiv e fo r  a  use r  t o as k th e compute r  questions . 

Given the above theoretical and practical issues 

surroundin g questio n generation ,  cognitiv e scientist s 

nee d t o understan d th e mechanism s tha t  trigge r 

question s w h e n individual s genuinel y see k 

information .  T o th e exten t  tha t  w e understan d thes e 

questio n generatio n mechanisms ,  w e ca n desig n 

program s tha t  ta p int o thes e mechanism s an d 

maximiz e th e generatio n o f  goo d questions . 

Lxaming ,  creativity ,  an d proble m solvin g wil l  b e 

facilitate d t o th e exten t  tha t  goo d question s ar e aske d 

by student s an d compute r  users . 

Mechanisms that Generate Questions 

Graesser ,  Person ,  an d Hube r  (i n press )  identifie d fou r 

group s o f  mechanism s tha t  generat e questions .  Som e 

of  thes e mechanism s exis t  i n compute r  model s o f 

questio n generation ,  proble m solving ,  an d reasoning , 

suc h a s A Q U A (Ram ,  1990 ;  Reisbeck ,  1988) , 

S W A LE (Schank ,  1986) ,  S O A R (Laird ,  Rosenbloom , 

& Newell ,  1987) .  an d S D D S (Klah r  &  Dunbar , 

1988) .  Othe r  mechanism s exis t  i n theorie s o f 

conversatio n (Allen ,  1983 ;  Clar k &  Schaefer .  1989) , 

educatio n (Collins .  1988 ;  Sleema n &  Brown ,  1982) , 

and questio n generatio n pe r  s e (Graesser ,  Lang ,  & 

Horgan ,  1988 ;  va n de r  Meij ,  1987) .  I n additio n t o 

thes e theoretica l  contributions ,  Graesse r  e t  al .  (i n 

press )  discovere d questio n generatio n mechanism s 

when the y analyze d transcript s o f  tutc»in g session s o n 

a variet y o f  topic s (e.g. .  researc h methods . 

mathematics ,  compute r  systems ,  climate ,  agriculture) . 

Th e fou r  group s o f  questio n generatio n mechanism s 

ar e summarize d below . 

(1 )  Correctio n o f  knowledg e deficits .  W h e n 

individual s discove r  tha t  thei r  knowledg e bas e i s 

eithe r  incomplet e o r  i n error ,  the y attemp t  t o correc t 

suc h knowledg e deficit s b y askin g question s fro m 

informatio n source s that/wh o hav e useful ,  relevan t 

information .  Fiv e questio n generatio n mechanism s 

ar c associate d wit h thi s group : 

(a) An Qbstaclg in planning or probigm solving. The 

questio n elicit s informatio n tha t  remove s o r 

circumvent s th e obstacle . 
(b )  A  decisio n amon g alternative s tha t  ar e equall v 

attractive .  Th e questio n elicit s informatio n tha t 

break s th e tie . 
(c S GUtc h i n a n explanatio n o f  a n event .  Th e questio n 

elicit s informatio n tha t  explain s wh y a n anomalou s 

even t  occurre d i n a  situation . 
(d )  G a p i n knowledg e tha t  i s neede d fo r 

comprehension .  Th e questio n ehcit s informatio n tha t 

fills  a  ga p i n th e questioner' s knowledg e bas e whe n 

he o r  sh e attempt s t o comprehen d a  writte n message . 

event ,  o r  conversation . 
(e )  Contradiction .  Th e questio n elicit s informatio n 

tha t  resolve s th e contradiction . 

We were particularly interested in this first group of 

questio n generatio n mechanism s i n th e presen t  study . 

(2) Monitoring common ground. Successful 

communicatio n require s tha t  th e speec h participant s 

kee p trac k o f  wha t  informatio n i s i n th e "commo n 

ground" ,  i.e. .  knowledg e tha t  th e speec h participant s 

believ e the y share .  Speec h participant s frequentl y 

ask question s i n orde r  t o update ,  verify ,  an d monito r 

th e knowledg e i n th e c o m m o n ground .  Graesse r  e t  al . 

(i n press )  identifie d severa l  questio n generatio n 

mechanism s whic h perfor m thes e functions : 

estimatin g o r  establishin g c o m m o n groun d (e.g. .  "D o 

yo u kno w abou t  X?" ) .  confirmin g whethe r  som e 

belie f  i s  tru e ("I s X  reall y  true?") ,  an d gaugin g 

whethe r  th e questione r  o r  answere r  comprehend s 

somethin g ("D o yo u understan d wha t  I' m saying?" , 

" A m I  understandin g wha t  yo u ar e saying?") . 

(3) Social coordination of action. Questions are 

frequentl y generate d t o coordinat e action s o f  speec h 

participants ,  t o manipulat e people ,  o r  t o ge t 

permissio n t o d o something .  Graesse r  e t  al .  identifie d 

th e followin g mechanism s i n thi s group :  indirec t 

request s (e.g. ,  "Woul d yo u d o X?") ,  indirec t  advic e 

("Wh y don' t  yo u d o X?") ,  askin g permissio n ("Ca n I 

do X?") ,  offer s ("Woul d yo u lik e m e t o d o X  fo r 

you?") ,  an d negotiation s ("I f  I  d o X ,  woul d yo u d o 

Y?") . 
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(4 )  Contro l  o r  conversatio n an d attention . 

Question s ar e frequentl y aske d t o monito r  th e flo w o f 

conversatio n a m o n g speec h participants .  Thi s 

include s gettin g a  speaker' s attention ,  maintainin g 

attentio n o n a  speaker ,  an d changin g speakers . 

Graesse r  a t  al .  identifie d th e followin g mechanism s i n 

thi s group :  greetings ,  replie s t o summons ,  changin g 

speakers ,  maintainin g focu s o n a n agent' s actions , 

rhetorica l  questi(xis ,  an d gripes . 

The purpose of the present study was to test some of 

th e questio n generatio n mechanism s i n th e firs t 

group ,  i.e. ,  correctio n o f  knowledg e deficits .  I n tw o 

experiments ,  colleg e student s wer e instructe d t o 

generat e question s whil e the y solve d mathematic s 

problem s o r  whil e the y comprehende d stories .  Ther e 

wer e alternativ e version s o f  eac h proble m o r  story . 

O ne versio n wa s th e origina l  complet e proble m o r 

story .  Th e othe r  version s wer e transformation s o f  th e 

origina l  versio n tha t  wer e designe d t o elici t  additiona l 

questions .  A  critica l  piec e o f  informatio n wa s 

remove d i n deletio n versions .  Additio n version s 

containe d a n extr a piec e o f  informatio n tha t 

introduce d eithe r  a  contradictio n o r  a n irrelevancy .  I f 

th e questio n generatio n mechanism s ar e valid ,  the n 

th e transforme d version s shoul d yiel d mor e question s 

tha n th e origina l  versions .  Moreover ,  a  subse t  o f  th e 

question s shoul d addres s th e particula r 

transformations . 

Q u e s t i o n G e n e r a t i o n i n th e C o n t e x t  o f 

M a t h e m a t i c s P r o b l e m s . 

Methods .  Twelv e origina l  mathematic s problem s 

wer e selecte d fro m textbooks .  Si x o f  th e problem s 

wer e wor d problem s fro m a  basi c algebr a tex t  a t  th e 

sevent h grad e level ;  th e othe r  si x wer e statistic s 

problem s fro m a  college-leve l  statistic s textbook .  I n 
additio n t o th e origina l  versio n o f  eac h problem ,  w e 

prepare d a  deletio n versio n an d a n additio n versio n 

tha t  containe d irrelevan t  information .  A n exampl e o f 

thes e thre e version s i s presente d below . 

ORIGINAL. A botUe of Harvest Time Apple Juice 

contain s 6 4 ounce s an d cost s 9 9 cents .  Far m Fres h 

Juic e i s availabl e i n bottle s tha t  contai n 1  gallo n fo r 

$1.8 8 each .  Whic h i s th e bette r  buy ? 

DELETION. A bottle of Harvest Time Apple Juice 

cost s 9 9 cents .  Far m Fres h Juic e i s availabl e i n 

bottle s tha t  contai n 1  gallo n fo r  $1.8 8 each .  Whic h i s 

th e beue r  buy ? 

A D D I T I O N .  A  bottl e o f  Harves t  T im e Appl e Juic e 

contain s 6 4 ounce s an d cost s 9 9 cents .  Ther e ar e 

coupon s whic h giv e th e custome r  a  1 0 % saving s o n 

al l  items .  Far m Fres h Juic e i s availabl e i n bottle s tha t 

contai n 1  ga l  fo r  $1.8 8 each .  Wh ic h i s th e bette r 

buy ? 

The subjects were 28 college students who were 

enrolle d i n a  Researc h Method s cours e a t  Memph i s 

Stat e University .  Eac h subjec t  receive d 4  problem s 

i n eac h o f  th e 3  versions ,  yieldin g 1 2 problem s 

altogether .  Th e assignmen t  o f  proble m version s t o 

subject s wa s counterbalance d s o tha t  approximatel y 

th e sam e numbe r  o f  subject s receive d eac h versio n o f 

a particula r  problem .  Eac h subjec t  receive d a  12 -

pag e booklet ,  wit h on e proble m pe r  page . 

The subjects were instructed to work on each 

proble m i n thre e phases ,  whic h wer e time d b y th e 

experimenter .  Th e subject s rea d th e proble m durin g 

phas e 1  fo r  3 0 seconds .  Th e subject s wrot e dow n 

question s tha t  cam e t o min d abou t  th e proble m durin g 

phas e 2  (9 0 seconds) .  Th e subject s solve d th e 

proble m an d generate d additiona l  question s durin g 

phas e 3  (15 0 seconds) .  Th e subject s wer e give n 3 0 

second s o f  res t  befor e startin g o n th e subsequen t 

problem .  Therefore ,  5  minute s wa s allocate d t o eac h 

of  th e 1 2 problems . 

Results. We scored the number of questions that 

eac h subjec t  generate d fo r  eac h problem .  A n 

expressio n counte d a s a  questio n i f  i t  wa s i n a n 

interrogativ e form ,  a s oppose d t o a n assertio n o r  othe r 

typ e o f  speec h act .  Question s ca n b e identifie d b y 

traine d judge s wit h a  hig h degre e o f  reliabilit y 

(Graesse r  e t  al. ,  i n press) .  Th e mea n numbe r  o f 

question s pe r  proble m significantl y differe d amon g 

versions ,  wit h mean s o f  1.81 ,  2.49 ,  an d 2.0 9 i n th e 

original ,  deletion ,  an d additio n versions ,  respectively , 

F(2 ,  54) = 5.61 ,  p  <  .05 .  Planne d comparison s 

reveale d th e followin g differences :  deletio n > 

additio n =  original .  Therefore ,  th e deletio n 

transformation s ha d a  mor e robus t  impac t  o n questio n 

generatio n tha n di d th e additio n transformations . 

In a follow up analysis, we scored those questions 

tha t  addresse d th e transformation s i n th e deletio n an d 

additio n versions .  Fo r  example ,  a  questio n tha t 

woul d addres s th e deletio n versio n woul d b e " H o w 

bi g i s th e bottl e o f  th e Harves t  T im e appl e juice?" ;  a 

questio n tha t  woul d addres s th e additio n versio n 

woul d b e " W h y i s ther e thi s informatio n abou t 

coupon s whe n i t  make s n o differenc e a s t o th e tru e 

value? "  Th e mea n numbe r  o f  transformation-relevan t 
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question s pe r  proble m wa s significantl y highe r  i n th e 

deletio n version s tha n th e additio n versions ,  .8 1 

versu s .41 ,  respectively ,  t(27) = 4.32 ,  p  <  .05 .  Bot h 

th e .8 1 an d th e .4 1 significantl y differe d fro m 0  (i.e. , 

th e baselin e leve l  o f  th e origina l  version) .  Therefore , 

bot h type s o f  transformation s cause d a  significan t 

increas e i n th e numbe r  o f  transformation-relevan t 

questions . 

Question Generation in the Context of 

Stories . 

Methods .  Th e origina l  storie s wer e 5  parable s an d 5 

fable s selecte d fro m anthologie s o f  classica l  o r 

famou s writers .  Th e storie s ha d a  shor t  lengt h o f 

approximatel y 10 0 words .  A n exampl e stor y i s 

presente d below . 

A hunte r  caugh t  a  wil d rooste r  an d 

brough t  i t  t o th e cit y fo r  sale .  A  merchan t 

asked :  "Wha t  kin d o f  bir d i s this ? "  " A 

phoenix, "  cheate d th e hunter .  "Tha t  i s a 

luck y symbol ,  whic h I  se e fo r  th e firs t 

time .  D o yo u wan t  t o sel l  i t  t o me? " 

"Sure ,  i f  yo u pa y a  hig h price. "  Th e 

merchan t  gav e hi m 2 0 tae l  becaus e h e 

wante d t o brin g i t  t o th e king .  Bu t  o n th e 

way th e rooste r  died .  H e crie d loudly , 

becaus e h e coul d no t  brin g i t  t o th e king . 

Peopl e hear d o f  this .  Later ,  eve n th e kin g 

kne w o f  i t  Th e kin g the n gav e hi m 20 0 

gol d piece s fo r  hi s kindness ,  althoug h h e 

di d no t  kno w i t  ha d onl y bee n a  rooster . 

Ther e wer e 

below . 

five  version s o f  eac h stor y a s specifie d 

O R I G I N A L .  Thi s wa s th e original ,  complet e story . 

DELETION. A critical piece of information was 

deleted ;  th e poin t  o r  mora l  o f  th e stor y coul d no t  b e 

graspe d withou t  thi s information .  I n th e contex t  o f 

th e exampl e story ,  w e delete d thi s sentence :  "Bu t  o n 

th e wa y th e rooste r  died. " 

ADDITION-CONTRADICTION. Information was 

inserte d tha t  contradicte d a  majo r  ide a i n th e origina l 

story .  Fo r  example ,  w e adde d thi s sentence :  "Th e 

merchan t  ha d th e bir d shippe d t o hi s daughter. " 

ADDITION-SUBTLE-IRRELEVANCY. The 

additiona l  informatio n wa s a n episod e tha t  coul d 

occu r  i n th e story ,  bu t  wa s no t  relevan t  t o th e mai n 

plo t  an d poin t  o f  th e story .  Fo r  example ,  th e stor y i n 

thi s conditio n reads :  "Th e merchan t  locke d al l  th e 

door s properly .  Bu t  o n th e wa y th e rooster  died. " 

ADDITION-SALIENT-IRRELEVANCY. The 

additiona l  informatio n wa s a n episod e tha t  woul d 

probabl y no t  occu r  i n th e story ,  an d wa s no t  relevan t 

t o th e mai n plo t  an d poin t  o f  th e story .  Fo r  example , 

th e followin g statemen t  wa s adde d t o th e text :  "Th e 

teache r  showe d hi m ho w t o d o th e equations. " 

The subjects were 24 students enrolled in an 

Introductor y Psycholog y clas s a t  Memph i s Stat e 

University .  Eac h subjec t  complete d a  10-pag e 

booklet ,  wit h on e pag e assigne d t o eac h story .  Eac h 

subjec t  ha d on e fabl e assigne d t o eac h o f  th e 5 

version s an d on e parabl e assigne d t o eac h o f  th e 5 

versions .  Th e material s wer e counterbalance d s o tha t 

eac h stor y ha d approximatel y th e sam e numbe r  o f 

subject s assigne d t o eac h o f  th e 5  versions .  Th e 

subjects '  tas k wa s t o rea d eac h stor y an d t o generat e 

question s tha t  cam e t o min d whil e readin g th e stories . 

Results. The mean number of questions per story 

was 3.13 ,  3.63 ,  3.21 ,  3.65 ,  an d 3.5 4 i n th e original , 

deletion ,  addition-contradiction ,  addition-subtle -

irrelevancy ,  an d addition-salient-irrelevanc y 

conditions ,  respectively .  Th e mea n o f  th e fou r 

transformatio n condition s wa s significantl y highe r 

tha n th e mea n o f  th e CMigina l  condition ,  F(l ,  23) = 

4.67 ,  p  <  .05 ;  th e fou r  transformatio n condition s di d 

not  significantl y diffe r  fro m on e another . 

We computed the mean number of questions that 

wer e relevan t  t o th e transformation s o f  th e stor y 

content .  Th e fou r  transformatio n condition s 

significantl y differe d o n thi s measure ,  wit h mean s o f 

.77 ,  .47 ,  .38 ,  an d .6 7 i n th e deletion ,  addition -

contradiction ,  addition-subtle-irrelevancy ,  an d 

addition-salient-irrelevanc y conditions ,  respectively . 

Al l  o f  thes e score s significantl y differe d fro m a  zer o 

baselin e (whic h woul d correspon d t o th e origina l 

versio n tha t  ha d n o transformations) .  Therefore ,  th e 

transformation s i n conten t  cause d a n increas e i n 

generate d question s an d a  subse t  o f  th e question s 

addresse d th e U-ansformations .  Ou r  dat a sugges t  tha t 

th e deletion s an d addition s o f  salien t  irrelevancie s 

wer e mor e obviou s t o th e student s tha n wer e th e 

contradiction s an d addition s o f  subtl e irrelevancies . 

Conclusions 

We foun d tha t  th e transforme d version s o f  th e 

mathematic s problem s an d storie s elicite d mor e 

question s tha n di d th e origina l  versions .  Moreover , 

i n th e transforme d versions ,  a  subse t  o f  th e question s 

16 



addresse d th e transformations .  Thes e finding s ar e 

consisten t  wit h th e model s o f  questio n generatio n llia l 

wer e discusse d earlier .  Fo r  example ,  Schank' s 

S W A LE mode l  predict s tha t  anomalou s event s 

trigge r  question s (Schank ,  1986) .  Th e contradiction s 

and irrelevan t  statement s tha t  wer e adde d i n ou r 

transforme d version s woul d b e construe d a s 

anomalou s information .  Ou r  finding s suppor t  th e 

clai m tha t  som e o f  th e questio n generatio n 

mechanism s identifie d b y Graesse r  a t  al .  (i n press ) 

ar e causall y relate d t o th e volum e an d qualitativ e 

characteristic s o f  generate d questions .  I n particular , 

suppor t  wa s foun d fo r  thos e questio n generatio n 

mechanism s tha t  involv e "conection s o f  knowledg e 

deficits. " 

Graesser at al. (in press) identified five question 

generatio n mechanism s associate d wit h correction s o f 

knowledg e deficits .  Fou r  o f  thes e five  mechanism s 

wer e manipulate d b y th e transformation s i n thi s 

study .  Th e deletio n transformation s involve d bot h (a ) 

an obstacl e i n a  pla n o r  proble m solvin g an d (b )  a  ga p 

i n knowledg e tha t  i s neede d fo r  comprehension . 

Clearly ,  th e student s face d a n insurmountabl e 

obstacl e whe n a  proble m omitte d informatio n tha t  i s 

critica l  fo r  solvin g th e proble m (o r  alternatively , 

comprehendin g th e poin t  o f  a  story) .  Th e 

transformatio n tha t  adde d a  contradictio n obviousl y 

involve d Graesse r  e t  al.' s  contradictio n mechanism . 

The transformation s tha t  adde d irrelevancie s involve d 

eithe r  (a )  a  ga p i n knowledg e tha t  i s neede d fo r 

comprehensio n o r  (b )  a  glitc h i n a n explanatio n o f  a n 

event .  Ther e i s a  pragmati c assumptio n tha t  al l 

informatio n i s relevan t  an d importan t  whe n shor t 

storie s an d problem s ar e constructed .  Student s 

presumabl y woul d no t  believ e tha t  the y completel y 

comprehende d a  stor y o r  proble m unles s the y ha d 

some explanatio n o f  a n irrelevancy . 

According to the results of the present study, the 

abov e questio n generatio n mechanism s ar e causall y 

relate d t o th e volum e an d qualitativ e question s tha t 

student s generate .  Perso n (1990 )  ha s als o reporte d 

tha t  thes e questio n generatio n mechanism s naturall y 

occu r  whe n student s generat e question s i n a  tutorin g 

sessio n o n researc h method s (e.g. ,  statistics , 

measurin g variables ,  testin g hypotheses ,  factoria l 

designs) .  Nearl y hal f  o f  th e student-generate d 

question s i n Person' s videotape d tutorin g session s 

wer e i n th e majo r  categor y o f  "correction s i n 

knowledg e deficits. "  Therefore ,  ther e i s suppor t  fo r 

thes e questio n generatio n mechanism s bot h i n 

controlle d laborator y environment s an d i n naturalisti c 

environments . 
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