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A b s t r a c t 

Educational software would benefit from question 
askin g facilitie s tha t  ar e theoreticall y grounde d i n 
psychology ,  education ,  an d artificia l  intelligence . 
Our  previou s researc h ha s investigate d th e 
psychologica l  mechanism s o f  questio n askin g an d ha s 
develope d a  computationall y tractabl e mode l  o f 
human questio n answering .  W e hav e recently 
develope d a  Poin t  an d Quer y ( P & Q )  human-compute r 
interfac e base d o n thi s research.  Wit h th e P & Q 
software ,  th e studen t  ask s a  questio n b y simpl y 
pointin g t o a  wor d o r  pictur e elemen t  an d the n t o a 
questio n chose n from  a  men u o f  "good "  quesdon s 
associate d wit h th e element .  Thi s stud y examine d 
students '  questio n askin g ove r  time ,  usin g th e P & Q 
software ,  whil e learnin g abou t  woodwin d 
instruments .  Whil e learning ,  th e student s wer e 
expecte d t o solv e task s tha t  required  eithe r  deep-leve l 
causa l  knowledg e o r  superficia l  knowledge .  Th e 
frequenc y o f  question s aske d wit h th e P & Q interfac e 
was approximatel y 80 0 lime s th e numbe r  o f 
question s aske d pe r  studen t  pe r  hou r  i n a  classroom . 
The learnin g goal s directl y affecte d th e orderin g o f 
question s ove r  time .  Fo r  example ,  student s di d no t 
ask deep-leve l  causa l  question s unles s tha t  knowledg e 
was necessar y t o achiev e th e learnin g goal . 

I n t r o d u c t i o n 

Question asking and answering play a crucial role in 
some learnin g processe s (Collins ,  1988 ;  Miyak i  & 
Norman.  1979 ;  Schank .  1986) .  Th e numbe r  an d 
qualit y  o f  studen t  question s depend s o n th e studen t 
initiativ e tha t  i s require d i n th e learnin g environmen t 
I n a  classroo m environment ,  learnin g i s no t  generall y 
unde r  th e contro l  o f  th e student ,  s o studen t 
questionin g approache s zer o (Dillon .  1988 ;  Kerry , 
1987) .  A  tutorin g environmen t  require s th e studen t 
( 0 lak e a  mor e activ e rol e i n th e learnin g process ,  an d 
thi s i s reflecte d i n substantiall y  mor e question s aske d 
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by th e student .  Fo r  example ,  approximatel y 0. 2 
question s ar e aske d b y a  studen t  pe r  hou r  i n a 
classroo m wherea s 2 0 question s pe r  hou r  ar e aske d i n 
a tutorin g sessio n (Person ,  1990) . 

Graesser ,  Person ,  an d Hube r  (1992 )  identifie d fou r 
classe s o f  cognitiv e mechanism s tha t  underli e huma n 
questio n asking :  (1 )  correctio n o f  knowledg e deficits , 
(2 )  monitorin g c o m m o n ground ,  (3 )  socia l 
coordinatio n o f  action ,  an d (4 )  contro l  o f  conversatio n 
and attention .  Th e numbe r  o f  studen t  question s i n th e 
knowledg e defici t  categor y i s a  goo d measur e o f 
studen t  initiative ;  tha t  is ,  student s w h o as k a  lo t  o f 
question s i n thi s categor y ar c active ,  inquisitiv e 
learner s capabl e o f  identifyin g an d repairin g thei r  o w n 
knowledg e deficit s (Brown ,  1988 ;  B row n eial. ,  1983 ; 
Palinsca r  &  Brown ,  1984 ;  Pressle y e t  al. .  1987) .  A s 
th e learnin g environmen t  shift s th e initiativ e from 
teache r  t o student ,  on e woul d expec t  tha t  th e numbe r 
of  knowledg e defici t  question s woul d increase .  Thi s 
i s eviden t  i n th e question s aske d b y student s durin g 
tutoring ,  wher e 3 0 % o f  studen t  question s addresse d 
knowledg e deficit s (Person .  1990) . 

As th e studen t  take s a  mor e activ e rol e i n th e 
learnin g process ,  th e environmen t  mus t  b e capabl e o f 
supportin g a  large ,  divers e numbe r  o f  studen t 
questions .  Therefore ,  ther e i s a  nee d fo r  questio n 
askin g facilitie s i n educationa l  software . 
Unfortunately ,  mos t  o f  th e existin g human-compute r 
interface s (Tennant ,  1987 ;  Williams ,  1984 ;  Zloof , 
1975 )  hav e no t  ha d idea l  questio n askin g facilities . 
Each o f  thes e interface s suffer s fro m on e o r  mor e o f 
th e followin g si x problems : 

(1) Questioning time. With current questioning 
interfaces ,  i t  take s th e studen t  a  lon g tim e t o as k a 
question ,  ofte n severa l  minutes . 

(2) Ease of use. Questioning interfaces are often 
quit e comple x an d requir e hour s fo r  th e user s t o lear n 
h o w t o as k a  question . 

(3) Question interpretation. The computer will 
sometime s misinterpre t  th e quer y pose d b y th e 
student ,  an d respon d wit h th e wron g information . 
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(4 )  Questio n answering .  Softwar e designe d t o 
answe r  question s shoul d b e grounde d i n a 
psychologica l  theor y o f  huma n questio n answering . 

(S) System ambiguity. It is not clear to the user 
what  question s th e syste m ca n answer . 

(6) System focus. The knowledge base is not 
organize d aroun d question s an d answer s t o questions . 

We have developed a Point and Query (P&Q) 
interfac e (Graesser ,  Langston ,  &  Lang ,  1992 )  tha t 
auempt s t o correc t  al l  thes e problems .  First ,  i t  i s 
ver y eas y fo r  th e studen t  t o as k a  questio n wit h th e 
P & Q interface .  Wit h tw o click s o f  a  mouse ,  th e 
suiden t  ca n easil y as k a  questio n an d receiv e a n 
answe r  withi n tw o seconds .  Second ,  i t  i s  ver y eas y 
fo r  th e suiden t  t o lea m t o us e th e P & Q interface .  I t 
take s approximatel y fiv e minute s t o lea m h o w t o us e 
th e system ,  i f  th e studen t  i s familia r  wit h th e us e o f 
a compute r  mouse .  Thos e student s unfamilia r  wit h 
th e mous e requir e a n extr a fe w minutes .  Third ,  th e 
P & Q syste m ca n quickl y an d correctl y answe r  a 
questio n accordin g t o a  psychologica l  mode l  o f 
human questio n answerin g calle d Q U E S T (Graesse r  & 
Franklin ,  1990) .  Th e P & Q syste m an d Schank' s 
A SK T O M syste m (Schan k c t  al. ,  1991 )  ar e th e onl y 
system s base d o n a n empiricall y teste d psychologica l 
theor y o f  questio n answerin g (althoug h A S K T O M 
has no t  ye t  bee n rigorousl y teste d usin g huma n 
subjects) .  Fourth ,  th e studen t  ha s direc t  feedbac k o n 
what  question s th e P & Q syste m ca n answe r  a t  an y 
poin t  i n tim e becaus e a  lis t  o f  relevan t  question s i s 
displaye d i n a  men u o n th e screen .  Thi s allow s th e 
studen t  t o lea m wha t  question s ar e goo d questions . 
The men u o f  relevan t  question s i s contingen t  o n th e 
typ e o f  knowledg e structur e th e studen t  i s curiou s 
about ,  e.g. ,  goal/pla n hierarchy ,  causa l  network , 
taxonomi c hierarchy ,  o r  spatia l  information .  Fifth , 
th e knowledg e bas e i n th e P & Q interfac e i s organize d 
aroun d question s an d answer s t o questions . 

Th e Q U E S T mode l  (Graesse r  &  Franklin ,  1990 ) 
greatl y influence d thos e question s an d answer s i n th e 
interface .  Th e Q U E S T mode l  specifie s wha t 
question s ar e appropriat e fo r  th e domai n throug h a n 
analysi s o f  th e knowledg e smicture s i n th e domai n t o 
be learned .  Q U E S T q)ecirie s whic h infomiatio n 
unit s fro m a n informatio n sourc e ar e lega l  answer s t o 
a particula r  question .  Wheneve r  a n answe r  t o a 
questio n provide d littl e o r  n o ne w infomiation ,  th e 
questio n wa s no t  include d i n th e men u o f  questions . 

Th e P & Q syste m i n thi s stud y containe d 
knowledg e abou t  woodwin d instruments .  Thi s 
domai n wa s chose n becaus e i t  i s  knowledge-ric h i n 
eac h o f  th e followin g type s o f  knowledge ,  o r 
"viewpoints "  (Graesse r  &  Clark ,  1985 ;  Southe r  e t  al. , 
1989 :  Stevens ,  Collins .  &  Goldin ,  1982) : 

(1 )  T a x o n o m i c knowledge ,  whic h include s 
taxonomi c hierarchie s an d concep t  deflnitions . 

(2) Spatial composition, incoiporating the 
spatia l  layou t  o f  objects ,  parts ,  an d features . 

(3) Sensory inrormation. including visual. 
auditory ,  kinesthetic ,  an d othe r  sensor y modalities . 

(4) Procedural knowledge, embodying the 
actions ,  plans ,  an d goa l  structure s o f  agents . 

(S) Causal knowledge, which captures causal 
network s an d slate s i n technological ,  biological ,  an d 
physica l  systems . 

These  viewpoints are closely interrelated, with mutual 
constraint s an d associativ e mapping s betwee n eac h o f 
th e differen t  type s o f  knowledge . 

Ther e ha s bee n ver y littl e empirica l  researc h o n 
pattern s o f  explorin g knowledg e b y askin g questions , 
particularl y i n th e contex t  o f  knowledge-ric h domains . 
Thi s lac k o f  researc h prompte d th e presen t  study .  W e 
examine d th e pattern s o f  smden t  question s whil e the y 
sample d dee p causa l  knowledg e versu s comparativel y 
superficia l  knowledg e (i.e. ,  laxonomic ,  sensory , 
spatial ,  an d procedura l  knowledge) .  W e manipulate d 
th e goal s o f  th e studen t  durin g th e learnin g process , 
suc h tha t  the y wer e t o focu s eithe r  o n dee p causa l  o r 
superficia l  level s o f  knowledge .  Th e purpos e o f  thi s 
stud y wa s no t  t o evaluat e ou r  softwar e a s i t  affect s 
learning .  Instead ,  w e wer e intereste d i n documentin g 
th e subjects '  cours e o f  explorin g knowledg e ove r 
time ,  ho w goal s affec t  thi s process ,  an d ho w th e 
subjects '  questionin g rat e compare s t o othe r  context s 
(i.e. ,  classroom s an d tutoring) . 

Method s 

Goal s o f  studen t 

Subjects were 32 undergraduate students at Memphis 
Stat e University .  Hal f  o f  th e subject s wer e expecte d 
t o acquir e dee p causa l  knowledg e o f  woodwin d 
insuiiment s (Desig n Instrumen t  condition) ,  wherea s 
th e othe r  hal f  coul d rel y o n superficia l  knowledg e 
(Assembl e Ban d condition) .  I n th e Desig n Instrumen t 
condition ,  th e subject s wer e tol d t o desig n a  ne w 
woodwin d instrumen t  tha t  ha d a  lo w pitc h an d tha t 
was pur e i n tone .  Th e solutio n t o thi s tas k require d 
th e suiden t  t o hav e a  dee p causa l  knowledg e o f 
woodwin d insuiiments ;  th e studen t  woul d hav e t o 
understan d causa l  relationships  betwee n th e physica l 
feature s o f  a  musica l  instrumen t  an d th e propertie s o f 
it s  sound .  Subject s i n th e Assembl e Ban d conditio n 
wer e insuiicte d t o assembl e a  ban d wit h si x type s o f 
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woodwin d inslnimcn u l o pla y a t  a  N e w Year' s Ev e 
party .  Th e solulio n t o thi s tas k doc s no t  requir e a 
deep causa l  understandin g o f  woodwin d insuumcnls ; 
th e tas k coul d b e complete d usin g onl y superficia l 
knowledg e abou t  wha t  th e instrument s loo k like , 
what  the y soun d like ,  an d wha t  thei r  name s are . 

Compute r  softwar e 

The computer software consisted of a knowledge base 
abou t  woodwin d instrument s i n a  hypertex t 
environmen t  wit h a  P«t Q interface .  Th e compute r 
was a  Macintos h microcomputer .  Th e knowledg e 
base consiste d o f  approximatel y 50 0 "cards "  (scree n 
displays )  i n th e hypertex t  system .  Th e card s include d 

tw o "seed "  cards :  a  taxonom y o f  woodwin d 
instrument s an d a  diagra m o f  ai r  flo w throug h eac h 
componen t  o f  a  prototypica l  instrumen t  Th e res t  o f 
th e card s wer e answer s t o possibl e question s tha t 
coul d b e aske d b y th e siudcn L 

Ther e wer e 1 0 generi c questio n categorie s tha t  a 
studen t  coul d choos e fro m whe n th e studen t  selecte d 
an elemen t  o f  informatio n t o queiy .  Th e type s o f 
knowledg e thes e question s addresse d were :  taxonomi c 
hierarch y ('Wha t  doe s X  mean?' .  'Wha t  ar e th e 
propertie s o f  X?' ,  'Wha t  ar e th e type s o f  X?') , 
deflnilion s ('Wha t  doe s X  mean?') ,  sensor y 
informaUo n ('Wha t  doe s X  loo k like?' ,  'Wha t  doc s X 
soun d like?') ,  spatia l  compositio n ('Wha t  doe s X 
loo k like?') ,  procedura l  knowledg e ('Ho w doc s a 
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perso n use/t)la y X?' )  an d causa l  knowledg e C H o w 
doc s X  affec i  sound?' .  'Ho w ca n a  perso n creat e X?' , 
•What  cause s X?', '  Wha i  ar e th e consequence s o f 
X?') .  Thes e 1 0 questio n categorie s addres s mos t 
relevan t  question s tha t  coul d b e aske d a t  an y give n 
tim e abou t  particula r  element s i n th e knowledg e base . 
Categorie s tha t  contai n instance s o f  th e sam e questio n 
typ e ar e collapse d an d considere d on e categor y (e.g. . 
Taxonomic-Deflnitional ,  Sensory-Spatial) .  W h e n th e 
studen t  wa s presente d wit h a  scree n o f  information . 
ther e wer e particula r  element s tha t  wer e highlighted . 
The student s pointe d t o on e o f  th e element s the y wer e 
curiou s about .  A  particula r  subse t  o f  th e 1 0 questio n 
categorie s wa s presente d accordin g t o (1 )  th e Q U E S T 
psychologica l  theor y o f  huma n questio n answerin g 
(Graesse r  &  Franklin .  1990) .  (2 )  th e knowledg e 
structure s associate d wit h th e querie d element ,  (3 )  th e 
goo d question s associate d wit h th e typ e o f  knowledg e 
structure ,  an d (4 )  whethe r  o r  no t  a  questio n ha s a n 
informativ e answer .  Afte r  pointin g t o a  scree n 
element ,  th e studen t  selecte d a  questio n an d receive d 
th e answer . 

For  example ,  i n Figur e 1 .  th e studen t  wa s 
presente d wit h a  pictur e representin g a  singl e ree d 
mouthpiece .  Th e studen t  wa s curiou s abou t  th e L A Y 
of  th e insuiimen i  an d pointe d t o tha t  element .  T w o 
question s relevan t  t o th e elemen t  wer e presente d an d 
th e studen t  aske d 'Wha t  doe s la y mean?' .  Withi n a 
secon d th e answe r  wa s displayed .  Thi s proces s coul d 
the n repea t  unti l  th e student s eithe r  exhauste d th e 
knowledg e base ,  ra n ou t  o f  time ,  o r  fel t  the y ha d 
acquire d enoug h informatio n t o satisf y thei r  learnin g 
goals . 

Procedur e 

The subjects were randomly assigned to either the 
Desig n Instrumen t  o r  th e Assembl e Ban d condition . 
The subject s rea d a  three-pag e packe t  tha t  describe d 
th e us e o f  th e interface .  Th e experimente r 
demonstrate d th e us e o f  th e interfac e t o th e subject , 
and allowe d th e subjec t  approximatel y on e minut e t o 
becovn c familia r  wit h th e system .  A t  th e en d o f  th e 
familiarizatio n phase ,  th e subject s wer e give n thei r 
proble m solvin g tas k an d wer e allowe d t o interac t 
wit h th e P & Q syste m fo r  3 0 minutes .  Th e compute r 
recorde d th e element s an d question s th e subject s 
pointe d to . 

R e s u l t s a n d D i s c u s s i o n 

As a preliminary analysis we computed the mean 
number  o f  question s aske d b y th e subject s durin g th e 

30-minut e interactio n period .  W e foun d tiia t  th e 
subject s aske d a  m e a n o f  75. 6 question s pe r  sessio n 
i n th e Desig n Instrumen t  conditio n an d 59. 9 

question s pe r  sessio n i n th e Assembl e Ban d 
condition .  Therefore ,  th e rat e o f  studen t  questionin g 
whil e usin g th e P & Q interfac e wa s 13 5 question s pe r 
hour .  Thi s i s abou t  7  time s th e rat e o f  suiden t 
questio n askin g durin g norma l  Uitorin g (Person , 
1990 )  an d 80 0 time s th e rat e o f  studen t  questionin g i n 
a classroo m environment .  Th e hig h frequenc y o f 
questio n askin g usin g thi s softwar e implie s tha t  th e 
P & Q interfac e ha s th e potentia l  t o radicall y encourag e 
activ e learnin g whe n combine d wit h educationa l 
software .  However ,  mor e research  i s neede d t o 
substantiat e thi s possibility . 

The 30-minut e interactio n perio d wa s segregate d 
int o thre e 10-minut e tim e blocks ,  yieldin g tim e bloc k 
1,2 .  versu s 3 .  W e clustere d th e 1 0 questio n 
categorie s int o fou r  categorie s tha t  addresse d fou r 
differen t  type s o f  knowledge :  taxonomic-deFuiitiona l 
,  sensor y ,  procedural ,  an d causal .  A n analysi s o f 
varianc e wa s performe d o n questio n askin g frequencie s 
usin g a  mixe d desig n wit h thre e independen t 
variables :  conditio n (Desig n Instrumen t  versu s 
Assembl e Band) ,  lim e bloc k (1,2 ,  versu s 3) ,  an d 
questio n typ e (taxonomic-dennitional ,  sensory , 
procedural ,  an d causal) . 

We first  analyze d th e mai n effect s i n th e A N O V A. 
The frequenc y o f  question s di d no t  significantl y var y 
as a  functio n o f  tim e blocks ,  wit h mean s o f  22.8 , 
23.4 ,  an d 21. 2 question s i n tim e block s 1, 2 an d 3 , 
respectively .  Therefore ,  th e volum e o f  question s wa s 
approximatel y constan t  acros s th e thre e 10-minut e 
segments ,  indicatin g a  constan t  leve l  o f  studen t 
curiosit y an d initiative .  Mor e question s wer e aske d i n 
th e Desig n Insuiimen t  conditio n tha n i n th e 
Assembl e Ban d condition ,  E  (1.28 )  =  5.00 .  c  <  .05 . 

Th e numbe r  o f  question s pe r  tim e bloc k significantl y 
differe d amon g th e fou r  questio n types ,  wit h mean s o f 
8.8 ,  5.3 .  1.1 .  an d 7. 3 fo r  laxonomic-definitional . 
sensory ,  procedural ,  an d causa l  knowledg e questions , 
respectively ,  E  (3 ,  84 )  =  27.62 ,  c  <  .05 .  Thi s resul t 

i s no t  surprising ,  however ,  becaus e th e baserai e 
frequenc y o f  availabl e question s wa s quit e differen t 
among th e fou r  questio n types . 

Ther e wa s a  significan t  three-wa y interactio n 
betwee n condition ,  tim e block ,  an d questio n type ,  £ 

(6,168 )  =  2.89 ,  c  <  .05 .  Figur e 2  plot s th e cel l 

means tha t  expos e thi s three-wa y interaction .  Th e 
followin g trend s explaine d th e interaction : 

Taxonomic-def ini t iona l 

The fiequency of these questions were about equal for 
th e tw o condition s i n lim e block .  I .  T\\ c frequenc y o i 
thi s questio n typ e decrease d ove r  lim e i n th e Desig n 
Instrumen t  condition ,  bu t  remaine d conslan l  i n th e 
Assembl e Ban d condiuon .  T̂ \i s  wou\ d \ndicaiu e \ha i 
th e learne r  mus t  acqiur e taxonomi c an d defuuuona i 
knowledg e o f  a  domai n durin g th e initia l  \eamin g 
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phase ,  regardles s o f  th e learner' s goals .  A s learning 
progresses ,  th e learne r  ask s question s tha t  ar e m o r e 
directl y relate d t o th e learnin g goal . 

Figure 2. Questioning frequencies for 
differen t  type s o f  knowledge . 
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The frequenc y o f  thi s typ e o f  questio n wa s extremel y 
hig h an d increase d ove r  lim e i n th e Desig n Instrumen t 
condition ,  wherea s th e frequenc y wa s exUemel y lo w 
and constan t  i n th e Assembl e Ban d condition .  I t 
appear s tha t  studen t  initiativ e i n askin g causa l 
question s i s directl y affecte d b y learne r  goals .  Dee p 
leve l  causa l  knowledg e wa s require d t o satisf y th e (as k 

i n th e Desig n Instrumen t  condition ,  an d th e studen t 
was force d t o as k man y causa l  questions .  Dee p leve l 
knowledg e wa s no t  require d i n th e Assembl e Ban d 
condition ,  s o th e subject s di d no t  tr y t o acquir e thi s 
knowledge . 

Senso r y 

The frequency of sensory questions was low and 
constan t  i n th e Desig n Instrumen t  condition .  T h e 
frequenc y wa s initiall y  hig h i n th e Assembl e Ban d 
conditio n bu t  decrease d robustl y ove r  lime .  Th e 
subject s i n th e Assembl e Ban d condilio n wante d l o 
Hnd ou t  wha t  th e instrument s looke d lik e an d 
sounde d lik e ver y earl y i n th e learnin g process .  Thi s 
superficia l  knowledg e wa s necessar y fo r  th e spatia l 
and aestheti c consideration s involve d i n assemblin g a 
band ,  wherea s causa l  knowledg e wa s unimportan t 

Procedura l 

There was a floor effect for this type of question so it 
was difficul t  t o deciphe r  trends .  Subject s i n tii c 
Assembl e Ban d condilio n aske d approximatel y twic e 
as man y question s i n thi s categor y a s di d subject s i n 
th e Desig n Instrumen t  condition . 

C o n c l u s i o n 

This study has documented how a P&Q computer 
learnin g environmen t  ca n stimulat e studen t  initiativ e 
and questioning .  Initiativ e wa s measure d b y th e 
frequenc y an d typ e o f  studen t  questions .  W e foun d 
tha i  i n a  compute r  environmen t  designe d aroun d 
questioning ,  student s wer e capabl e o f  takin g a  ver y 
activ e rol e i n th e learnin g process .  W e hav e als o 
presente d evidenc e tha t  som e studen t  questionin g 
pattern s ar e directl y affecle d b y th e sUident' s learning 
goals ,  wherea s othe r  pattern s ar e comparativel y 
imperviou s t o thei r  learnin g goals .  Suident s ar e 
capabl e o f  activel y monitorin g th e acquisitio n o f 
knowledg e i n a  domain ,  an d adjustin g thi s acquisitio n 
t o satisf y thei r  goals . 

T h e P & Q interfac e an d othe r  simila r  n e w 
interface s (Schan k e l  al. .  1991 ;  Sebrecht s &  S w a r u . 
1991 )  hav e m a d e i t  exu^emel y eas y fo r  th e use r  t o as k 
questions .  I t  i s  possibl e tha t  interface s lik e thes e 
coul d hav e a  substantia l  impac t  o n educatio n t o th e 
exten t  tha t  the y rekindl e curiosit y an d goo d questio n 
askin g skills .  Student s ca n an d wil l  tak e th e 
initiativ e i n th e learnin g process ,  i f  give n th e right 
environment . 

T h e P & Q interfac e represents  a  radica l  approac h t o 
educationa l  software .  T h e onl y actio n allowe d i s 
questio n asking ,  an d th e studen t  ha s ful l  initiativ e i n 
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ih e learnin g process .  A s researc h progresse s an d th e 
interfac e evolves ,  w e inten d t o shif t  th e initiative , 
allowin g fo r  a  mor e realisti c  mixed-initiativ e 
dialogue .  Additiona l  research  i s  required  t o uncove r 
th e system' s ful l  potentia l  a s a  learnin g tool . 
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