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Abstrac t 

Questions asked during acquisition of a complex skill 
reflec t  th e type s o f  knowledg e tha t  learner s requir e a t 
differen t  stages .  Question s tha t  learner s as k themselve s 
may serv e t o generat e incomplet e conceptua l  frame s tha t  ca n 
be use d t o guid e explanatio n o f  futur e events .  Question -
askin g dat a collecte d fro m student s learnin g t o us e a 
spreadshee t  progra m sugges t  tha t  learner s initiall y  requir e 
knowledg e abou t  plan s an d th e structur e o f  th e skil l  domain . 
Next  the y requir e knowledg e abou t  th e structur e o f  task s 
tha t  the y wil l  b e performing .  Finall y the y concentrat e o n 
pla n refinement .  Model s o f  skil l  acquisitio n an d 
explanation-base d learnin g shoul d incorporat e mechanism s fo r 
monitorin g level s o f  knowledg e i n severa l  distinc t  domain s 
and dynamicall y alterin g strategie s fo r  knowledg e 
acquisitio n withi n thes e domains . 

Introduction 

The acquisition of new skills is difficult for both 
humans an d machines .  Traditiona l  psychologica l  learnin g 
theorie s stres s th e rol e o f  practic e an d reinforcemen t  i n 
learning .  Curren t  model s o f  learnin g an d skil l  acquisitio n 
stres s cognitiv e components .  Chang e i n th e structur e o f 
goa l  hierarchie s an d th e clusterin g o f  action s wit h practic e 
has bee n studie d extensivel y b y researcher s i n cognitiv e 
scienc e (Anderson ,  1982 ,  1983a ,  1983b ,  1*986 ;  Neve s & 
Anderson ,  1981 ;  Newel l  &  Rosenbloom ,  1981 ;  Robertso n & 
Black ,  1986 ;  Rosenbloo m &  Newell ,  1986 ;  Rumelhar t  &  Norman , 
1978) .  Recently ,  researcher s hav e begu n t o concentrat e o n 
th e abilit y  t o generaliz e an d reaso n fro m singl e instance s 
or  examples .  Researcher s i n thi s are a hav e emphasize d 
analog y (Burstein ,  1986 ;  Carbonell ,  1983 ;  Forbu s &  Centner , 

Thi s researc h i s supporte d b y th e Nationa l  Scienc e 
Foundatio n unde r  gran t  no .  IST-8696141 ,  "Errors , 
explanation ,  an d pla n modificatio n i n cognitiv e skil l 
learning, "  t o th e firs t  author . 
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1986 ;  Centner ,  1983) ,  schema-base d reasonin g (DeJong ,  1986 ; 
Schank ,  1982) ,  an d mor e forma l  rule s o f  inductio n an d 
generalizatio n (Hayes-Roth ,  1983 ;  Mitchell ,  Utgoff ,  & 
Banerj i ,  1983 ;  Sararau t  &  Banerj i ,  1986 ;  Step p &  Michalski , 
1986) . 

Reasonin g fro m examples ,  especiall y durin g learnin g o f 
comple x interactiv e behaviors ,  require s utilizatio n o f 
knowledg e fro m man y differen t  domains .  What  type s o f 
knowledg e ar e typicall y require d durin g acquisitio n o f  a  ne w 
skill ? Ho w i s domai n searc h constraine d durin g learning ? 
Her e thes e issue s ar e addresse d b y examinin g th e question s 
tha t  peopl e as k durin g comple x skil l  acquisit ion . 

Question Asking 

In contrast to question answering, question asking is 
no t  a  widel y studie d phenomenon .  I n on e o f  th e fe w A I 
implementation s o f  a  questio n askin g syste m (Sammu t  & 
Banerj i ,  1986) ,  question s t o a  teache r  ar e use d t o tes t 
hypothese s abou t  a  problem .  Miyak e an d Norma n (1979 ) 
conducte d on e o f  th e fe w studie s o f  questio n askin g i n th e 
psychologica l  literature -  The y foun d tha t  th e numbe r  o f 
question s aske d depende d o n a  combinatio n o f  th e learner' s 
leve l  o f  knowledg e an d th e difficult y o f  th e task .  Novice s 
aske d mor e question s whil e doin g eas y tasks ,  bu t  expert s 
aske d mor e question s whil e doin g har d tasks .  Miyak e an d 
Norman mad e th e poin t  tha t  mor e question s ar e aske d whe n th e 
tas k difficult y i s appropriat e fo r  th e leve l  o f  knowledg e 
becaus e questio n asker s mus t  hav e enoug h knowledg e t o 
formulat e questions .  Whil e thi s stud y suggest s ho w leve l  o f 
knowledg e migh t  affec t  questio n asking ,  i t  doe s no t  addres s 
how question s migh t  b e use d t o shap e th e learnin g process . 

A questio n present s a  concep t  o r  propositio n t o a 
listene r  alon g wit h informatio n abou t  unknow n informatio n 
relate d t o th e proposition .  Th e questio n "Ho w d o I  ge t  t o 
Newar k fro m here?" ,  fo r  example ,  present s th e fac t  tha t  th e 
questio n aske r  ha s a  goa l  bu t  n o pla n fo r  achievin g tha t 
goal .  A  cooperativ e answere r  wil l  provid e a  pla n fo r 
achievin g th e goa l  a s a n answe r  t o th e question .  Th e step s 
of  th e pla n wil l  becom e associate d wit h th e goa l  i f  the y 
succee d s o tha t  th e questio n aske r  ca n achiev e th e goa l  i n 
th e futur e withou t  askin g a  question .  We argu e tha t 
self-directe d question s ar e pose d i n orde r  t o generat e 
incomplet e knowledg e structure s (lik e a  plan-les s goal )  tha t 
ca n b e embellishe d b y informatio n gaine d fro m th e learnin g 
situation .  Thu s self-directe d questio n generatio n ca n b e 
viewe d a s a  strateg y fo r  acquirin g knowledg e b y generatin g 
incomplet e concept s an d usin g the m t o guid e exploratio n an d 
constrai n interpretatio n an d explanatio n o f  ne w information . 
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As a n example ,  conside r  a  learne r  tryin g t o lear n abou t 
a spreadshee t  progra m (thi s exampl e i s use d becaus e th e 
upcomin g dat a wa s collecte d fro m learner s i n thi s 
si tuat ion) .  A t  som e poin t  th e questio n "Ho w d o I  ge t  ri d o f 
dat a i n thi s cell? "  migh t  arise .  A  conceptua l 
representatio n o f  th e questio n show s a  se t  o f  relationship s 
among know n an d unknow n aspect s o f  th e concept : 

(CAUSE 
(?AC T 

(STATE-CHANGE 

(ACTOR learner ) 
(OBJECT ?system-obj) ) 

(ACTOR system) 
(INITIAL-STAT E (CONTAI N cell- x data-obj) ) 
(FINAL-STAT E (CONTAI N cell- x nil))) ) 

I n questio n a 
representati o 
search .  Whe 
the y kno w th a 
representati o 
reasonin g pr o 
th e problem , 
explanatio n d 
of  th e desi r 
STATE-CHANGE) 
desig n o r  b 
previousl y u n 
action s an d b 
syste m objec t 
proces s o f  e x 
actio n i s e 
understandin g 

nswerin g systems ,  th e specifie d part s o f  th e 
n woul d serv e a s template s fo r  simpl e memor y 
n learner s as k question s lik e this ,  however , 
t  th e answe r  i s no t  i n thei r  memor y an d s o th e 
n serve s anothe r  purpose .  I f  othe r  type s o f 
cesse s (e.g .  induction ,  analogy )  ca n no t  solv e 

th e questio n representatio n ca n serv e a s a n 
aemon whic h wil l  matc h an y subsequen t  occurenc e 
ed outcom e o f  th e unknow n actio n (i.e .  th e 

When th e desire d syste m actio n occurs ,  b y 
y accident ,  th e daemo n wil l  recogniz e a 
known relationshi p betwee n learne r  an d syste m 
e abl e t o fil l  i n th e unknow n actio n (?ACT )  an d 

(?system-obj )  slots .  Thi s constrain s th e 
planatio n require d whe n a n unexpecte d syste m 
ncountere d an d allow s earlie r  lapse s i n 

t o b e turne d int o opportunitie s fo r  learning . 

Some Dat a o n Questio n Askin g Durin g Skil l  Acquisitio n 

The previous diccussion suggests that questions can be 
use d stategicall y t o instantiat e incomplet e knowledg e 
structure s whic h wil l  b e usefu l  fo r  learning .  I f  thi s i s s o 
the n th e question s tha t  peopl e as k durin g learnin g shoul d 
fal l  int o categorie s tha t  reflec t  distinc t  an d usefu l 
knowledg e domains .  A s knowledg e i s acquire d i n certai n 
domains ,  question s i n tha t  domai n shoul d decreas e an d 
question s i n othe r  domain s shoul d increas e proportionately . 
I n thi s sectio n suc h dat a i s discussed . 

Si x student s wer e aske d t o lear n th e us e o f  a  subse t  o f 
commands fo r  a  popula r  spreadshee t  progra m an d ente r  fou r 
set s o f  data .  Th e student s wer e give n brie f  instruction s 
abou t  relevan t  keys ,  th e natur e o f  a  spreadshee t  an d th e 
spreadshee t  display .  Th e student s wer e instructe d t o tal k 
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T a b l e 1 .  E x a m p l e s o f  p l a n ,  sys te m o p e r a t i o n ,  t ask ,  an d ac t 
q u e s t i o n s aske d du r in g th e lea rn in g t r a i l s . 

Plan questions: 

"How do I erase it?" 
"Ca n I  g o bac k an d e ras e an d mov e i t  our'' " 
"D o I  h i t  'escape *  t o ge t  ou t  o f  th i s t h i n g ? " 

System operation questions: 

"Where did that go?" 
" I s the r e a  ce r ta i n amoun t  o f  space s i t  w i l l  l eave? " 
"Why di d i t  d o t h a t ? " 

Task questions: 

"Would I do those lines underneath there?" 
"No w I  us e th e add in g f o r m ? " 

Act questions: 

"What did I do wrong?" 
"What  wa s I  do in g b e f o r e ? " 
" I  don ' t  eve n kno w wha t  I  d i d . " 

a lou d a s the y corap l 
s t resse d tha t  ques t i o 
th e s tuden t s wer e to l 

Th e s t u d e n t s as k 
of  27 . 7 ques t i on s 
q u e s t i o n s a s t im e w e 
no t  ev iden t  fo r  a l l  t 

Q u e s t i o n s we r 
learn in g s i t ua t i o n t h 
wer e th e sys te m bein g 
an d th e sp readshee t  t 
we r e no t  use d fo r  ca t 
q u e s t i o n s "Ho w d o I  e 
w i t h th e D E L - k e y ? "  a r 
r e s p e c t i v e l y i n te rm s 
q u e s t i o n s re fe r  t o 
o p e r a t i o n ,  h o w e v e r , 
"p la n q u e s t i o n s . " 

Q u e s t i o n s abou t 
s p r e a d s h e e t  task s a 
q u e s t i o n s .  T a b l e 1  s 
F igu r e 1  show s chan g 
eac h o f  thes e ca tego r 

ete d th e fou r  da t 
n s wer e o f  g rea tes t 
d the y woul d no t  b e 
ed a  to ta l  o f  16 6 q 
pe r  s u b j e c t .  S t 
n t  o n ,  howeve r  th i 
ype s o f  q u e s t i o n s . 
e ca tego r i ze d b y 
a t  the y r e fe renced . 

l ea rned ,  huma n p i 
a s k s .  Th e su r fac e 
e g o r i z a t i o n purpos e 
ras e a  c e l l ? "  an d 
e p rocedura l  an d _v e 

o f  s t ruc tu r e (Le h 
human p lan s fo r  p 
s o the y woul d bot h 

a-ent r y t asks .  We 
i n t e r e s t ,  al thoug h 
a n s w e r e d . 

u e s t i o n s ,  a n averag e 
uden t s aske d fewe r 
s ove ra l l  tren d wa s 

th e f e 
Rel e 

an s ,  h 
fo rm s 

s .  F o 
"Ca n I 
r i f i c a 

a tur e o 
van t  f e 
uman a c 

of  qu e 
r  exarap l 

eras e a 
t io n qu e 

n e r t , 
e r fo r m 

b e c 

1 9 7 8 ) . 
in g a 
a tegor i z 

f  th e 
ature s 
t ions , 
stion s 
e ,  th e 

cel l 
stion s 

Bot h 
syste m 
ed a s 

p l a n s ,  a c t i o n s ,  sys te m ope ra t i on ,  an d 
ccoun te d fo r  7 9 % o f  a l l  observe d 
hows examp le s o f  eac h typ e o f  quest ion . 
e s i n th e p r o p o r t i o n s o f  ques t ion s i n 
ie s a s th e lea rn in g t r i a l s p rogressed . 
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Pla n q u e s t i o n s re f l ec te d lac k o f  k n 
p r o c e d u r e ,  a  s te p i n a  p l a n ,  o r  a  g o a l . 
o f t e n spec i f i e d a  goa l  o r  i nc lude d a  p ropos e 
F i g u r e 1  s h o w s ,  p la n q u e s t i o n s wer e a 
c o n s i s t e n t  an d impor tan t  o f  a l l  ques t i o n 
a c c o u n t e d fo r  fo r  3 0 % o f  a l l  q u e s t i o n s o n 
an d the i r  f r equenc y i nc rease d t o 4 5 % b y th e 

Sys te m ope ra t i o n q u e s t i o n s wer e t 
f r equen t  typ e o f  ques t i o n o v e r a l l .  Thes e 
abou t  s t a t e s o f  th e s y s t e m ,  reason s fo r  sys t 
causa l  l i nk s be twee n sys te m a c t i o n s .  S 
q u e s t i o n s wer e a s f requen t  a s p la n ques t i on s 
the i r  f r equenc y droppe d t o 2 4 % o f  a l l  ques t i 
t r i a l  (F igu r e 1 ) .  Eve n s o ,  i n th e las t 
sys te m o p e r a t i o n q u e s t i o n s comb ine d accoun t e 
q u e s t i o n s a s k e d . 

Tas k q u e s t i o n s wer e abou t  th e na tu r e o f 
o r  wha t  wa s requ i re d o f  th e l ea rne r .  Spec i f 
c h a r a c t e r i s t i c s o f  th e sys te m wer e no t  me n 
q u e s t i o n s .  R a t h e r ,  the y sough t  t o c la r i f y i 
e x p e r i m e n t e r  o r  demand s o f  th e task .  F ig u 
th e p ropo r t i o n o f  tas k q u e s t i o n s inc rease d 
t r i a l s bu t  rema ine d cons tan t  an d mode ra t e o t 

F i n a l l y ,  ac t  ques t i on s wer e abou t  t h 
a c t i o n s .  The y ind ica te d a  lac k o f  unde r s 
c o n s e q u e n c e s o f  a n ac t i o n o r  eve n a  fa i l u r e 
ac t i o n wa s jus t  pe r f o rmed .  The y genera l l y a 
t o a n unexpec te d sys te m b e h a v i o r .  Eve n tho u 
we r e rar e o v e r a l l ,  the y wer e ver y fre q 
a c c o u n t i n g fo r  2 0 % o f  a l l  ques t i on s i n t 
(F igur e 1 ) .  B y th e las t  tw o t r i a l s ,  ac t 
d i sappea re d c o m p l e t e l y . 

Q u e s t i o n s i n eac h o f  th e fou r  conc e 
e i the r  re fe r re d t o someth in g tha t  ha d ju s 
"What  di d I  p r e s s ? " ,  "Di d I  f i l l  i n th e ri g 
some th in g tha t  migh t  happe n (e=g .  "Wha t  s 
"Coul d I  p res s th e de le t e ke y t o remov e t h 
fo rme r  ar e " r e a c t i v e "  ques t i on s an d 
" p r e d i c t i v e "  q u e s t i o n s .  Nov ic e sub jec t s 
k n o w l e d g e o n wh ic h t o bas e p red ic t i o 
e x p l a n a t i o n s ,  s o fe w p red i c t i v e ques t i on s a 
q u e s t i o n s woul d b e expec te d i n i t i a l l y . 
d e v e l o p s ,  h o w e v e r ,  reac t i v e ques t i on s sh o 
p r e d i c t i v e ques t i on s shoul d becom e mor e c o 
show s tha t  bot h type s o f  ques t i on s decre a 
bu t  reac t i v e one s dec rease d mor e rap id l y . 
q u e s t i o n s wer e muc h mor e f requen t  i n th e 
p red i c t i v e o n e s ,  bu t  th i s t ren d ha d reve r 
t r i a l . 

ow ledg e abou t  a 
P la n quest ion s 

d p r o c e d u r e .  A s 
mong th e mos t 

t y p e s .  The y 
th e f i rs t  tria l 
las t  t r i a l . 
he secon d mos t 

ques t i on s wer e 
em behav io r ,  an d 
yste m operat io n 

i n i t i a l l y ,  bu t 
on s b y th e las t 
t r ia l  pla n an d 
d fo r  5 6 % o f  al l 

th e tas k 
i c proced u 
t ione d i n 
n ten t i on s 
r e 1  show s 

i n th e 
h e r w i s e . 
e learner s 
tand in g o 
t o rememb e 
ros e i n r e 
gh ac t  qu e 
uen t  ini t 
he f i rs t 

ques t io n 

itsel f 
re s o r 

thes e 
of  th e 

tha t 
secon d 

' own 
f  th e 
r  wha t 
spons e 
stion s 
ial ly , 

tria l 
s ha d 

p tua l 
t  happ e 
h t  ce l l 
houl d I 
a t  ent r 
th e l a 

hav e 
ns o r 
nd man y 

As 
ul d de c 
m m o n. 
se d ov e 

A l s o , 
f i rs t  t 
se d b y 

cate g 
ne d 
?" )  o 

pr e 

y ? " ) . 
t te r 
no 

ge n 
re a 

exp e 
reas e 

Fig u 
r  t r 

re a 
r ia l 

th e 

o n e s 
(e.g . 
r  t o 
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Figur e 2 .  Mea n numbe r  o f  p red ic t i v e an d reac t i v e ques t ion s 
over trials. 
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Summary an d Interpretatio n o f  th e Questio n Askin g Dat a 

Several different types of questions that are relevant 
t o distinc t  knowledg e domain s aros e durin g learning .  Th e 
distributio n o f  questio n type s change d dramaticall y a s 
learnin g progressed .  Th e mos t  frequen t  question s wer e abou t 
plan s an d th e operatio n o f  th e syste m bein g learned .  Thi s 
suggest s tha t  priorit y i s give n initiall y  t o buildin g a 
"use r  model "  (Norman ,  1986 )  o f  th e syste m an d it s operatio n 
and t o acquirin g rule s fo r  it s  use .  When basi c concept s an d 
rule s hav e bee n acquired ,  th e efficien t  achievemen t  o f 
specifi c  task s become s mor e importan t  an d a n increas e i n th e 
number  o f  tas k question s wa s observed .  Unlik e othe r 
questio n types ,  th e proportio n o f  pla n question s increase d 
i n late r  trial s suggestin g tha t  pla n refinemen t  begin s afte r 
basi c skill s  an d a n understandin g o f  th e task s hav e bee n 
acquired . 

The initia l  tendenc y fo r  reactiv e question s t o dominat e 
predictiv e question s suggest s tha t  learner s wer e tryin g t o 
explai n observe d phenomen a i n th e absenc e o f  wel l  understoo d 
goals ,  plans ,  o r  syste m knowledge .  Later ,  a s knowledg e 
develop s i t  ca n b e use d t o generat e hypothese s abou t  plan s 
and thei r  effects .  Thus ,  predictiv e question s becom e mor e 
prevalent . 

Implications for Models of Knowledge Acquisition 

The questions that people ask during learning 
demonstrat e tha t  differen t  learnin g strategie s aris e a t 
differen t  stage s o f  skil l  acquisit ion .  Novic e learner s mus t 
reaso n fro m ver y genera l  plans ,  ofte n fro m othe r  skil l 
domains ,  an d withou t  muc h understandin g o f  th e syste m the y 
ar e using .  A  novice' s strategy ,  therefore ,  i s  t o tes t 
alternativ e plans ,  fil l  i n procedure s fo r  achievin g goals , 
and notic e an y behavio r  o f  th e syste m tha t  wil l  contribut e 
t o proble m solving .  I n orde r  t o d o this ,  novice s construc t 
"questio n frames "  tha t  represen t  th e relationship s betwee n 
human action s an d syste m operations .  Thes e question s aris e 
i n reactio n t o unexpecte d syste m action s an d serv e t o guid e 
proble m solvin g an d constrai n explanatio n durin g early , 
failure-drive n learning . 

Novic e learner s restric t  themselve s t o elementar y 
operations .  Onl y whe n the y understan d basi c concept s abou t 
th e syste m an d acquir e procedure s fo r  performin g elementar y 
action s d o the y begi n t o worr y abou t  plan s fo r  achievin g 
comple x tasks .  A t  thi s stage ,  learner s begi n t o predic t 
syste m action s base d o n a  developin g mode l  o f  th e system . 
Question s becom e mor e abstrac t  an d relat e mor e t o task s an d 
refine d plans .  Thi s shif t  i n strateg y i s a n importan t 
consideratio n fo r  model s o f  skil l  acquisit ion . 
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Genera l  mechanism s fo r  learning ,  whethe r  the y ar e 
automati c lik e pla n compilatio n an d chunking ,  o r  mor e 
strategic ,  lik e structur e mappin g an d analogy ,  ma y onl y 
appl y a t  on e stag e o f  learning .  A n explorator y learne r  wil l 
us e differen t  strategie s tha t  ar e determine d b y th e 
learner' s leve l  o f  knowledg e i n severa l  distinc t  domains . 
I t  i s  importan t  i n futur e wor k t o understan d ho w learner s 
determin e wha t  the y nee d t o kno w an d ho w the y selec t 
exploratio n strategie s base d o n thei r  leve l  o f  knowledge . 
Viewin g self-generate d question s a s strategi c component s o f 
knowledg e constructio n durin g explorator y learnin g provide s 
a productiv e perspectiv e fo r  thi s effort . 
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