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Discours e Processin g i n Situate d Cognition :  Learnin g throug h Tutoria l  Dialogu e i n 
C o m p l e x D o m a i n s 

Carl H. Frederiksen, Marguerite Roy, and Denis Bedard' 
Laborator y o f  Applie d Cognitiv e Scienc e 

McGil l  Universit y 
Montreal ,  Quebec .  Canad a H 3 A 1 Y 2 

e d 7 6 @ m u s i c a . m c g i l l . c a 

Abstrac t 

This study set out to apply a model of situated discourse to 
analyz e tutoria l  dialogu e i n a  comple x well-define d domai n 
of  proble m solvin g i n engineering .  On e tuto r  me t  individu -
all y wit h thre e student s t o teac h the m t o solv e shea r  forc e 
and bendin g moment s problems .  Th e participants '  discours e 
and action s wer e analyze d accordin g t o a  situate d discours e 
model .  Quantitativ e analyse s o f  th e tutoria l  dialogu e af -
firmed  tha t  th e constraint s o n situate d discours e processin g 
identifie d i n th e mode l  predicte d th e propositiona l  conten t 
and conversationa l  function s o f  utterance s produce d b y bot h 
th e tuto r  an d th e students .  Qualitativ e analysi s o f  th e concep -
tua l  conten t  o f  th e tutor' s dialogu e fo r  Proble m 1  reveale d 
severa l  distinc t  type s o f  situatio n model s tha t  constitute d th e 
meanin g associate d wit h th e situate d discours e an d action . 
The student s initiall y  (Proble m 1 )  receive d thi s information , 
thei r  participatio n consistin g mostl y o f  observing ,  an d par -
ticipatin g i n low-leve l  algebrai c procedure s wit h tutoria l 
guidance .  Students '  proble m solvin g an d dialogu e o n subse -
quen t  problem s ( 2 an d 3 )  displaye d thei r  abilit y t o solv e 
problem s wit h som e tutoria l  assistance .  Thes e result s dem -
onstrat e tha t  analysi s o f  tutoria l  dialogu e fro m th e standpoin t 
of  cognitiv e model s o f  discours e processin g ca n provid e de -
taile d informatio n abou t  th e conceptua l  situatio n model s in -
volved ,  an d th e cognitiv e processe s use d b y th e participants . 

Introduction 

Ther e ha s bee n growin g acceptanc e o f  a  constructivis t  vie w 
of  learnin g (i.e. ,  learnin g a s situate d cognition )  i n whic h 
contextua l  an d socia l  processe s suppor t  share d cognitio n 
an d learnin g i n natura l  situation s o r  domain s o f  knowledg e 
an d activit y (Resnick ,  Levine ,  &  Teasley ,  1991) .  Thi s vie w 
has bee n use d t o advocat e particula r  model s o f  instructio n 
suc h a s cognitiv e apprenticeshi p (Brown ,  Collin s & 
Duguid ,  1989) ,  an d ha s prompte d theoretica l  debat e ove r 
th e relationshi p o f  conceptua l  knowledge ,  symboli c infor -
matio n processing ,  an d learning ,  t o th e socia l  an d situa -
tiona l  context s i n whic h the y occu r  (Ver a &  Simon ,  1993) . 
However ,  despit e th e recognitio n tha t  situation s pla y a n 
importan t  rol e i n shapin g cognition ,  w e lac k studie s tha t 
explicitl y  lin k characteristic s o f  situation s t o th e cognitiv e 
processe s an d learnin g outcome s o f  participant s withi n 
thes e situations .  Sociolinguisti c studie s o f  languag e us e 
withi n natura l  socia l  context s o f  learnin g an d instructio n 
hav e establishe d tha t  conversationa l  discours e play s a  cen -

tra l  rol e i n facilitatin g cooperativ e activit y an d learnin g 
withi n natura l  learnin g situations .  I n additio n t o it s socia l 
function s a s a  m e d i u m fo r  interaction ,  communication ,  an d 
cooperation ,  conversationa l  discours e i s  als o a  principa l 
m e d i u m throug h whic h students '  acquir e ne w knowledg e 
and lear n t o appl y thei r  knowledg e i n practica l  situation s o f 
cognitiv e activit y (Lemke ,  1990) .  I n addition ,  recen t  studie s 
hav e investigate d h o w discours e interactio n i n instructiona l 
situation s support s students '  knowledg e constructio n an d 
developmen t  o f  competenc e i n particular ,  well-define d 
subject-matte r  domain s i n mathematic s an d scienc e (Fox , 
1993 ;  Greeno ,  1991 ;  Leinhardt ,  1993 ;  Schoenfeld ,  Smith , 
& Arcavi ,  1993) .  However ,  despit e th e recognitio n tha t 
situation s an d languag e pla y ke y role s i n shapin g knowl -
edge ,  cognition ,  an d learning ,  fe w studie s hav e attempte d 
t o systematicall y examin e th e cognitiv e processe s an d rep -
resentation s tha t  underli e discours e interactio n an d learn -
in g fro m natural-languag e discours e i n authenti c instruc -
tiona l  situations .  Studie s o f  th e cognitiv e processe s in -
volve d i n learnin g throug h conversationa l  discourse , 
therefore ,  ough t  t o lea d t o mor e precis e model s o f  th e proc -
esse s involve d i n situate d learnin g an d cognition . 

I n th e presen t  study ,  existin g model s o f  th e cognitiv e rep -
resentatio n an d processin g o f  tex t  an d discours e wer e ap -
plie d t o stud y th e cognitiv e processe s an d representation s 
involve d i n discours e interactio n withi n a  comple x instruc -
tiona l  situatio n an d domai n (Frederiksen ,  1986 ;  Frederik -
sen &  Breuleux ,  1990 ;  Frederikse n &  Donin ,  1991 ;  va n 
Dij k &  Kintsch ,  1983) .  A  "situate d discours e model "  wa s 
develope d t o exten d curren t  discours e processin g theor y t o 
model  discours e interactio n (i.e. ,  tutoria l  dialogue )  withi n a 
specifi c  tutoria l  situatio n i n a  well-defined ,  knowledge-ric h 
domai n o f  proble m solvin g i n engineering .  Thi s mode l 
identifie d specifi c  classe s o f  constraint s o n tutoria l  dialogu e 
whic h wer e teste d i n th e presen t  study .  Th e mode l  als o 
provide d a  theoretica l  framewor k fo r  analyzin g th e concep -
tua l  an d semanti c (propositional )  conten t  an d conversa -
tiona l  structur e o f  th e tutor' s an d th e students '  discours e 
interactio n an d thei r  relationshi p t o concurren t  problem -
solvin g behavior .  Usin g cognitiv e model s o f  discours e 
analysis ,  w e studie d th e conceptua l  "situatio n models "  (i.e. , 
proposifiona l  structures ,  conceptua l  networks ,  an d proce -
dur e fram e representations )  tha t  th e tuto r  an d student s dis -
playe d throug h thei r  conversationa l  discours e ove r  th e 
cours e o f  a  tutorin g session .  B y analyzin g th e characteris -
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tic s o f  thes e representa -
tions ,  w e wer e abl e t o in -
vestigat e h o w situatio n 
model s defin e an d m a k e 
publi c th e knowledg e tha t 
student s nee d t o becom e 
proficien t  i n th e domain , 
ho w situatio n model s dis -
playe d throug h tutoria l 
dialogu e withi n a  problem -
solvin g contex t  suppor t 
students '  comprehensio n 
and learning ,  an d h o w th e 
tuto r  use d th e conversa -
tiona l  interactio n t o sup -
por t  students '  problem -
solvin g an d reasoning . 

The Situated Discourse 
M o d el 

Our  analysi s o f  discours e processin g withi n tutoria l  situa -
tion s wa s guide d b y th e situate d discours e mode l  (Figur e 
1) .  Consisten t  wit h sociolinguisti c researc h o n tutoria l  dia -
logue ,  participant s ar e see n a s interactin g throug h discours e 
whic h the y co-construc t  throug h thei r  conversationa l  inter -
action .  Thi s interactio n occur s i n a  "transactio n space "  tha t 
include s th e participants '  concurren t  action s (e.g. ,  i n solv -
in g th e problem )  an d an y externa l  knowledg e representa -
tion s (e.g. ,  diagrams ,  equations ,  o r  graph s writte n o n a 
"blackboard "  workspace) .  A t  an y time ,  th e tutoria l  dialogu e 
reflect s thes e action s an d externa l  representations ,  a s wel l 
as th e tutor' s an d th e student' s knowledge ,  thei r  cognitiv e 
processe s i n applyin g thei r  knowledg e t o understan d an d 
solv e problems ,  an d thei r  pedagogica l  o r  learnin g strate -
gies .  Thi s entir e proces s i s embedde d withi n a  socia l  con -
tex t  whic h structure s th e tutoria l  interaction .  Thi s include s 
a participatio n structur e (tha t  reflect s eac h participant' s 
perceptio n o f  hi s o r  he r  rol e o r  identit y a s a  studen t  o r  tuto r 
and h o w thes e perception s gover n participants '  relation -
ship s t o one-anothe r  an d th e natur e o f  thei r  participatio n i n 
th e learnin g situation) ;  an d th e socia l  organizatio n o f  th e 
tutorin g situatio n itself ,  tha t  is ,  th e norm s o r  expectation s 
participant s hav e abou t  thei r  pattern s o f  socia l  interactio n 
and participatio n withi n a  tutorin g situation .  Althoug h w e 
recogniz e tha t  th e socia l  contex t  i s  a n importan t  aspec t  o f 
any learnin g situation ,  th e primar y focu s o f  th e presen t 
stud y wa s o n th e questio n o f  h o w situate d discours e sup -
port s students '  learnin g i n a  particula r  subject-matte r  do -
mai n withi n a  tutoria l  learnin g situatio n tha t  i s relativel y 
typica l  o f  thos e tha t  occu r  i n scienc e an d engineerin g a t  th e 
Universit y level . 

Our  mode l  view s th e structur e o f  a  tutoria l  dialogu e 
(includin g it s sequentia l  an d topica l  organizatio n an d th e 
form ,  propositiona l  content ,  an d conversationa l  function s 
of  individua l  utterances )  a s a  reflectio n o f  processe s o f 
shuated_conversationa l  inferenc e tha t  enabl e th e partici -
pant s t o construc t  an d updat e conversationa l  frame s 
(Gumperz ,  1992 ;  Tannen ,  1993) ,  tha t  is ,  conceptua l  situa -
tio n model s (va n Dij k &  Kintsch ,  1983) ,  o n a  moment-to -
moment  basis .  Participants '  situatio n model s a t  an y poin t 
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Figur e 1 :  Th e situate d discours e model . 

i n th e tutoria l  interactio n reflec t  cognitive ,  situational ,  an d 
macrostructur e constraints .  Cognitiv e constraint s includ e 
th e participants '  curren t  domai n knowledge ,  thei r  cognitiv e 
activitie s i n usin g thei r  knowledg e t o perfor m task s withi n 
th e learnin g situatio n (e.g. ,  reaso n o r  solv e problems) ,  an d 
thei r  preferre d strategie s fo r  learnin g o r  tutoring .  Situa -
tiona l  constraint s includ e th e loca l  discours e context ,  an d 
any externa l  representation s o r  over t  action s tha t  occu r 
withi n th e learnin g situation .  Th e situatio n model s tha t  a 
tuto r  construct s fo r  a  studen t  an d display s throug h hi s o r 
her  discours e an d action s defin e a  meaningfu l  contex t 
withi n whic h th e studen t  ca n construc t  hi s o r  he r  o w n 
situatio n models ,  an d thes e provid e th e basi s fo r  learnin g 
an d transfe r  t o ne w problem-solvin g situations .  Finally ,  th e 
conversationa l  discours e reflect s macrostructur e con -
straint s governin g th e participants '  communicatio n an d 
activit y withi n th e situation ,  includin g script s o r  expecta -
tion s concernin g th e socia l  organizatio n o f  th e tutorin g 
session ,  an d plan s fo r  organizin g problem-solvin g activit y 
an d us e o f  subject-matte r  knowledg e topicall y o r  sequen -
tiall y  withi n th e interactiv e learnin g situation . 

Thi s mode l  predict s tha t  th e structur e o f  interac -
tiv e situate d discours e wil l  reflec t  th e followin g constraints : 
(a )  th e declarativ e an d procedura l  knowledg e o f  th e tuto r 
an d student ;  (b )  concurren t  cognitiv e activit y o f  th e tuto r 
an d student ;  (c )  pedagogica l  strategie s use d b y th e tutor , 
an d learnin g strategie s use d b y th e student ;  (d )  externa l 
representation s produce d o r  manipulate d i n th e workspace ; 
macrostructur e constraint s suc h a s (e )  th e tutor' s scrip t  fo r 
th e sessio n an d (f )  th e tutor' s instructiona l  pla n ;  th e dis -
cours e microstructur e includin g (g )  loca l  pattern s o f  con -
versationa l  speec h act s an d (h )  loca l  propositiona l  infer -
ence s tha t  ar e base d o n th e conten t  o f  speakers '  prio r  utter -
ances ;  an d (i )  high-leve l  tutorin g strategie s (e.g. ,  "modelin g 
an d explanation" ,  o r  "coachin g an d evaluation" )  tha t  ar e 
reflecte d i n particula r  pattern s o f  loca l  pedagogica l  strate -
gies .  Thes e prediction s wer e teste d i n th e presen t  study . 
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M e t h o d 

Subjects 

One experience d tuto r  an d thre e student s participate d i n 
thi s study .  Th e tuto r  wa s a  post-doctora l  fello w fro m a  de -
partmen t  o f  civi l  engineerin g wher e sh e tutor s under -
graduat e student s i n ho w t o solv e shea r  forc e an d bendin g 
moments problems .  Studen t  1  (novice )  wa s abou t  t o ente r 
an undergraduat e engineerin g program .  Sh e ha d n o prio r 
experienc e wit h thi s clas s o f  problems ,  although ,  sh e di d 
posse s th e prerequisit e physic s background .  Studen t  2 
(experienced )  ha d jus t  complete d hi s firs t  yea r  i n a n engi -
neerin g undergraduat e progra m tha t  include d a  cours e in -
whic h shea r  forc e an d bendin g moment s problem s wer e 
taught .  Studen t  3  (intermediate )  wa s als o a n undergraduat e 
studen t  wh o ha d complete d hi s firs t  yea r  i n a  relate d field , 
but  ha d n o prio r  experienc e wit h thes e problems . 

Procedure 

The experimenta l  sessio n consiste d o f  a n apprenticeshi p 
learnin g situatio n i n whic h eac h studen t  me t  individuall y 
wit h th e tuto r  fo r  th e purpos e o f  learnin g t o solv e an d rea -
so n abou t  shea r  forc e an d bendin g moment s problems . 
Each studen t  wa s taugh t  usin g a n identica l  sequenc e o f 
thre e problem s whic h increase d i n complexity .  Thes e 
problem s wer e selecte d b y th e tutor .  Whil e th e traditiona l 
approac h t o teachin g shea r  forc e an d bendin g moment s 
problem s focuse s o n a  purel y algebrai c solutio n method ,  th e 
tutor' s objectiv e fo r  thi s stud y wa s t o teac h student s a  mor e 
qualitativ e approach .  Solvin g thes e problem s require d con -
structin g a  serie s o f  externa l  representation s (o n th e black -
board) :  (1 )  drawin g a  bea m wit h al l  o f  it s  support s an d 
loads ,  (2 )  drawin g a  mor e abstrac t  "fre e bod y diagram " 
depictin g al l  force s actin g o n th e beam ,  (3 )  determinin g th e 
value s o f  reaction s t o load s o n th e beam ,  an d (4 )  determin -
in g an d graphin g th e shea r  force s an d bendin g moment s 
tha t  maintai n equilibriu m a t  eac h poin t  o n th e beam .  Thes e 
areconstructe d b y applyin g a  genera l  procedur e (whic h i s t o 
be learned )  an d b y reasonin g fro m knowledg e o f  relevan t 
principle s o f  physic s (statics) .  Al l  session s wer e videotape d 
and a  recor d o f  al l  notation s generate d o n th e "blackboard " 
(actuall y a  larg e pa d o n a n easel )  wa s kept .  I n addition ,  a 
cop y o f  th e tutor' s lesso n pla n wa s obtaine d befor e th e tutor -
in g session . 

Deve lopmen t  o f  a 
Procedur e F r a m e 

A procedur e fram e 
describin g th e vari -
ous step s use d t o 
solv e shea r  forc e an d 
bendin g moment s 
problem s wa s devel -
ope d an d evaluate d 
i n a  previou s study . 
Thi s fram e repre -
sent s a  declarativ e 
model  o f  th e proce -
dur e (calle d th e 

"procedur e frame" )  i n whic h node s represen t  procedure s 
and link s relat e procedure s i n term s o f  decompositio n int o 
and disjunctiv e choic e o f  subprocedures ,  an d conditiona l 
and tempora l  orde r  constraint s o n thei r  executio n (Figur e 

2) . 

Transcription and Coding of Data 

Al l  discours e tha t  occurre d i n th e tutoria l  session s wa s 
transcribe d an d divide d int o conversationa l  turn s an d mai n 
claus e segments .  Successiv e representation s generate d o n 
th e black-boar d wer e transcribe d int o graphic s o n card s i n a 
HyperCar d stack ,  an d eac h car d wa s cross-reference d t o 
discours e segment s tha t  accompanie d it s blackboar d repre -
sentation . 

Segment s wer e code d i n term s o f  respons e categorie s 
tha t  correspon d t o th e mai n constraint s o n th e productio n o f 
discours e identifie d i n th e situate d discours e mode l  (Figur e 
1) .  First ,  t o analyz e th e conversationa l  structure ,  a  modifie d 
versio n o f  Dore' s (1980 )  codin g syste m wa s use d t o classif y 
eac h discours e segmen t  int o a  typ e o f  conversationa l  ac t  (C -
act )  {assertions ,  requests ,  performatives ,  an d organiza -
tiona l  devices) .  Percent s o f  segment s initiate d b y th e tuto r 
w e r e obtained .  Second ,  t o stud y th e participants '  us e o f 
procedura l  k n o w l e d g e t o contro l  th e conten t  o f  thei r  dis -
course ,  th e tutor' s a n d th e student' s discours e segment s 
(togethe r  wit h concurren t  action s o n th e blackboard )  wer e 
m a t c h e d t o node s (i.e. ,  subprocedures )  i n th e procedur e 
f rame .  T h e s e w e r e als o classifie d by :  (a )  th e leve l  o f  th e 
subprocedur e i n th e decomposi t io n hierarchy ,  (b )  th e se -
mant i c field s tha t  w e r e use d t o describ e eac h subprocedur e 
{act ,  goal ,  initia l  state ,  situation ,  conditions ,  instrument , 
result ,  o r  evaluatio n o f  results) ,  a n d (c )  concurren t  prob -
lem-solvin g activitie s tha t  a c c o m p a n i e d th e discours e seg -
m e nt  (planning ,  testing ,  evaluating ,  interpreting ,  execut -
ing ,  o r  explaining) .  Third ,  th e tutor s discours e segment s 
w e r e code d accordin g t o typ e o f  pedagogica l  strateg y e m -
ploye d {instruction ,  demonstrat ion ,  explanation ,  c o m p r e -
hensio n check ,  hint ,  evaluation ,  question) .  Finally ,  th e tu -
tor' s instructiona l  pla n w a s studie d b y analyzin g th e se -
q u e n c e o f  subprocdure s identifie d i n he r  pla n an d use d i n 
th e session . 

Discours e "fields "  consistin g o f  sequence s o f  themati -
cally-relate d discours e segmen t s w e r e identified .  Proposi -
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Figur e 2 :  T o p leve l  structur e o f  th e procedur e f ram e mode l . 
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tiona l  analysi s an d conceptua l  grap h modelin g technique s 
wer e applie d t o thes e fields  t o stud y th e type s o f  situatio n 
models ,  tha t  is ,  th e type s o f  conceptua l  an d procedura l 
knowledg e tha t  wer e displaye d b y th e tutor .  Tutoria l  dis -
cours e fo r  Proble m 1  wa s als o analyze d b y matchin g seg -
ment s an d action s t o node s an d semanti c fields  i n th e pro -
cedur e fram e t o examin e h o w th e tuto r  describe d th e proce -
dure .  Th e tutoria l  dialogu e fo r  Problem s 2  an d 3  wa s ana -
lyze d i n th e sam e manne r  t o evaluate :  (a )  th e procedure s 
applie d b y individua l  student s t o solv e Problem s 2  an d 3 
(procedure s learne d fro m Proble m 1  an d applie d t o th e ne w 
problems) ,  an d (b )  th e type s o f  tutoria l  assistanc e provide d 
by th e tuto r  t o th e student . 

Results 

Quantitative Analysis of Tutorial Interaction 

Lo g linea r  model s wer e use d t o quantitativel y investigat e 
th e prediction s o f  th e model .  I n Ion-linea r  analysis ,  th e in -
dividua l  utteranc e (discours e segment )  i s  take n a s th e 
samplin g uni t  (response )  an d th e mode l  predict s th e cate -
gorie s o f  individua l  discours e segment s (responses) .  Thi s 
statistica l  metho d allowe d th e estimatio n an d testin g o f 
interaction s o f  Student s (1-3 )  an d Problem s (1-3 )  wit h eac h 
respons e codin g (i.e. ,  se t  o f  Respons e Categories )  i n pre -
dictin g cross-tabulate d frequencie s o f  discours e segment s i n 
eac h categor y o f  response .  A  significan t  interactio n o f 
Problem s wit h a  particula r  Respons e Categor y woul d indi -
cat e tha t  frequencie s o f  eac h respons e categor y depende d o n 
th e particula r  proble m bein g studied ;  a  significan t  interac -
tio n o f  Student s wit h a  particula r  Respons e Categor y woul d 
indicat e tha t  frequence s o f  th e respons e categorie s wer e 
differen t  fo r  (i.e. ,  adapte d to )  particula r  students ;  an d a 
significan t  tripl e interactio n woul d indicat e tha t  studen t 
difference s depende d o n whic h proble m wa s bein g studie d 
i n th e sequence .  Significan t  mai n effect s o f  Respons e Cate -
gorie s woul d indicat e consisten t  effect s o f  th e respons e 
categor y o n respons e frequencie s acros s problem s an d stu -
dents .  A n alph a leve l  o f  .0 1 wa s adopte d t o determin e sta -
tistica l  significance . 

The stucture of conversational interaction. Analysis 
of  frequencie s o f  tutor-initiate d vs .  student-initiate d dis -
cours e reveale d a  dramati c shif t  fro m tuto r  initiate d dia -
logu e (fo r  Proble m 1) ,  t o student-initiate d dialogu e (fo r 
Problem s 2  an d 3) .  Analysi s o f  type s o f  C-act s use d b y th e 
tuto r  als o reveale d a  significan t  shif t  fro m Proble m 1  t o 
Problem s 2  an d 3 :  th e tutor' s C-act s fo r  Proble m 1  wer e 
consisten t  acros s student s an d emphasize d assertions ;  i n 
contrast ,  he r  us e o f  C-act s fo r  Problem s 2  an d 3  involve d 
fewe r  assertion s an d pattern s o f  conversationa l  interactio n 
tha t  varie d acros s student s an d problems . 

Use of pedagogical strategies to control conversa-
tiona l  interaction .  O n e explanatio n o f  thi s shif t  i n th e con -
versationa l  contro l  fro m teacher -  t o student-initiate d i s tha t 
thes e pattern s reflec t  differen t  high-leve l  tutorin g strategie s 
fo r  Proble m I  a s compare d t o Problem s 2  an d 3 .  Suc h a 
shif t  shoul d b e reflecte d i n differen t  pattern s o f  loca l  peda -

gogica l  strategies .  Analysi s o f  proble m difference s i n peda -
gogica l  strategie s fo r  th e thre e problem s di d indee d revea l  a 
significan t  interaction .  Fo r  Proble m 1  th e tuto r  consistentl y 
emphasize d strategie s o f  instruction ,  demonstrations ,  ex -
planations ,  an d comprehensio n checking ,  acros s students ; 
however ,  fo r  Problem s 2  an d 3  ther e wa s a  shif t  t o evalua -
tio n an d hints ,  wit h differen t  pattern s acros s student s an d 
problems .  Thes e dramati c shift s i n pedagogica l  strategie s 
wer e consisten t  wit h th e us e o f  a  globa l  tutoria l  strateg y o f 
tutor-initiate d "modelin g an d explanation "  fo r  al l  student s 
on Proble m 1 ,  followe d b y a  strateg y o f  "coachin g an d 
evaluation "  i n a  contex t  o f  student-initiate d problem -
solvin g o n Problem s 2  an d 3 .  Furthe r  analyse s demon -
strate d tha t  th e variou s pedagogica l  strategie s wer e relate d 
t o specifi c  pattern s o f  us e o f  differen t  type s o f  C-acts . 

Plan-based control of tutoring. Given evidence that 
th e teache r  adopte d a  modelin g an d explanatio n strateg y fo r 
Proble m 1 ,  w e investigate d plan-base d contro l  o f  th e tu -
tor' s discours e b y matchin g he r  discours e segment s fo r 
Proble m 1  t o subprocedure s i n th e procedur e frame .  I f  a 
subprocedur e nod e wa s include d explicitl y  i n th e tutor' s 
plan ,  i t  wa s code d a s planned ;  i f  a  matche d subprocedur e 
was no t  i n th e plan ,  i t  wa s code d a s unplanned .  A  log -
linea r  analysi s reveale d tha t  th e tuto r  favore d planne d pro -
cedure s i n he r  discours e an d di d s o consistentl y acros s 
subjects .  Furthermore ,  sh e tende d t o introduc e an d teac h 
procedure s i n th e sequenc e tha t  wa s establishe d b y he r 
plan .  A  qualitativ e analysi s showe d tha t  departure s fro m 
th e planne d sequenc e consiste d principall y o f  backtrackin g 
an d referenc e t o procedure s no t  include d i n th e origina l 
plan . 

Explaining and modeling problem-solving proce-
dure s an d reasoning .  O n e o f  th e mos t  importan t  predic -
tion s o f  th e situate d discours e mode l  i s tha t  th e conten t  o f 
tutoria l  dialogu e wil l  reflec t  th e structur e o f  th e tutor' s 
knowledg e o f  th e procedure ,  he r  declarativ e (physics ) 
knowledge ,  an d th e integratio n (linking )  o f  physic s knowl -
edg e throug h explanation s o f  th e physica l  principle s tha t 
defin e th e situatio n i n whic h a  particula r  subprocedur e i s 
applied .  Severa l  quantitativ e analyse s investigate d th e ex -
ten t  t o whic h th e tutor' s procedura l  knowledg e predicte d 
th e conten t  o f  he r  dialogu e fo r  Proble m 1 .  First ,  th e tuto r 
focuse d differentiall y  o n th e thre e mai n subprocedure s fo r 
th e experienced ,  intermediate ,  an d novic e students .  Second , 
th e tuto r  emphasize d description s o f  hig h leve l  subproce -
dure s fo r  Proble m 1 ,  an d procedure s nea r  th e "bottom "  o f 
th e fram e hierarch y (i.e. ,  mor e specifi c  subprocedures )  i n 
her  dialogu e acros s students .  Third ,  fo r  Proble m 1 ,  th e 
tuto r  emphasize d particula r  semanti c fields,  including :  re -
sults ,  goals ,  evaluations ,  an d situatio n informatio n (i n tha t 
order )  i n he r  description s an d explanation s o f  procedure s t o 
Student s 1  an d 2 ;  fo r  Studen t  3 ,  sh e shifte d he r  emphasi s t o 
goals ,  wit h les s attentio n t o results ,  situation ,  an d evalua -
tion .  Ther e wa s evidenc e fro m th e students '  dialogu e fo r 
Proble m 1  tha t  thi s differenc e reflecte d a n adaptatio n t o a 
consisten t  preferenc e o n th e par t  o f  Student s 1  an d 2  fo r 
resul t  descriptions ,  an d a  preferenc e fo r  goa l  informatio n 
by Studen t  3  i n learnin g th e procedure s (i.e. ,  differen t  stu -
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den t  learnin g strategies) .  Finally ,  w e analyze d th e proble m 
solvin g activitie s o f  th e tuto r  i n he r  actua l  problem-solvin g 
behavio r  (whic h accompanie d he r  dialogue) .  Th e tuto r 
consistentl y emphasize d executio n o f  procedures ,  an d the n 
interpretatio n o f  proble m feature s an d results ;  sh e demon -
strate d les s explanation ,  evaluation ,  planning ,  an d testin g 
of  results .  Furthermore ,  th e semanti c field s sh e use d i n de -
scribin g th e procedure s wer e strongl y relate d t o th e particu -
la r  cognitiv e activit y bein g carrie d ou t  i n solvin g th e prob -
le m an d t o th e leve l  o f  th e procedur e i n th e goa l  decompo -
sitio n hierarchy . 

Tutorial support for students' problem-solving. The tu-
toria l  dialogue s fo r  Problem s 2  an d 3  consiste d principall y 
of  dialogu e accompanyin g students '  problem-solving  epi -
sodes .  Thei r  problem-solvin g action s an d accompanyin g 
dicilogu e wer e matche d t o node s i n th e procedur e fram e an d 
count s wer e m a d e o f  percen t  o f  node s referre d t o b y stu -
dent s wit h n o hel p fro m th e tutor ,  an d thos e wit h hel p fro m 
th e tutor .  Al l  student s wer e abl e t o solv e thes e problem s 
(whic h require d transfe r  o f  learne d procedure s an d knowl -
edg e t o ne w problem s i n th e domai n tha t  increase d i n 
complexity )  wit h help ,  an d th e novic e require d mor e hel p 
tha n th e othe r  tw o students .  T h e exten t  o f  hel p fro m th e 
tuto r  varie d wit h studen t  an d fro m th e simple r  (Proble m 2 ) 

to the more complex problem (Problem 3). Analyses of 
theconten t  o f  th e tutor' s dialogu e wer e carrie d ou t  t o exam -
in e th e type s o f  coachin g an d assistanc e sh e provide d t o th e 
students .  Thes e analyse s reveale d that :  (a )  sh e focuse d o n 
differen t  subprocedure s wit h differen t  students ,  (b )  he r  em -
phasi s o n describin g low-leve l  an d high-leve l  procedure s 
was differen t  fo r  differen t  student s an d differen t  problems ; 
an d (c )  sh e shifte d fro m results-base d t o evaluation-base d 
description s o f  th e procedures . 

Qualitative Analysis of Discourse Content 

O ne exampl e wil l  b e give n t o illustrat e th e type s o f  concep -
tua l  situatio n model s tha t  th e tuto r  represente d i n he r  situ -
ate d discours e an d action .  I n thi s exampl e (Figur e 3) ,  th e 
tuto r  explaine d th e meanin g o f  a  particula r  representatio n 
tha t  ha d jus t  bee n writte n o n th e blackboard .  T h e diagra m 
i s a  "fre e bod y diagram "  o f  a  bea m wit h 
tw o supports ,  tw o load s (on e concentrate d 
an d on e uniforml y distributed) ,  an d tw o 
reaction s (th e arrow s pointin g upwards) . 
Th e bea m ha s bee n cu t  a t  poin t  x ,  an d th e 
tuto r  i s explainin g th e force s (shea r  forc e 
an d bendin g m o m e n t )  actin g a t  th e cut . 
Th e conceptua l  grap h represent s th e con -
ten t  o f  th e tutor' s explanation ,  an d th e 
unlabelle d arrow s fro m node s i n th e grap h 
poin t  t o component s o f  th e fre e bod y dia -
gra m tha t  wer e referre d t o i n th e tutor' s 
description .  T h e tutor' s situatio n model , 
thus ,  make s th e externa l  representatio n 
meaningfu l  b y linkin g i t  t o conceptua l 
informatio n i n th e situatio n mode l  fo r  th e 
physica l  syste m bein g represente d (force s 
actin g o n th e bea m a t  th e cut) . 

Othe r  type s o f  situatio n model s wer e als o characteristi c 
of  th e tutor' s discourse ,  particularly ;  (a )  explanation s o f  th e 
physic s o f  stati c system s i n equilibriu m an d th e principle s 
governin g them ;  (b )  modelin g o f  reasonin g use d t o deriv e 
equations ,  plot s o f  shea r  force s an d bendin g moments ,  o r 
explai n results ;  an d (c )  description s an d explanation s o f 
procedures .  Situatio n model s describin g stati c physica l 
system s (a )  typicall y consiste d o f  proposition s representin g 
suc h informatio n a s classification s o f  type s o f  forces ,  th e 
structur e o f  beams ,  principle s o f  equilibrium ,  definition s o f 
comple x concepts ,  an d mathematica l  propertie s o f  stati c 
system s i n equilibrium .  Causal ,  conditional ,  an d logica l 
implication s wer e a  salien t  characteristi c o f  thes e models , 
as wer e algebrai c description s o f  thei r  quantitativ e proper -
ties .  Model s o f  reasonin g (b )  typicall y consiste d o f  chaine d 
conditiona l  relation s proceedin g fro m abstrac t  physica l 
principle s t o statement s abou t  th e propertie s o f  th e specifi c 
syste m bein g described .  Explanation s o f  procedure s (c ) 
consiste d of ,  first,  a  sequenc e i n whic h specifi c  procedure s 
wer e applie d an d explained ,  an d second ,  conceptua l  infor -
matio n relate d t o th e variou s semanti c fields  fo r  procedure s 
previousl y described .  Ther e wa s smoot h integratio n o f  de -
clarativ e an d procedura l  knowledg e i n thes e dialogues ,  an d 
some o f  th e procedure s acte d merel y a s a  guid e t o a  reason -
in g process .  Thus ,  th e comple x natur e o f  cognitiv e activit y 
an d integrate d knowledg e i n thi s domai n wa s strongl y re -
flected  i n th e conten t  o f  th e tutoria l  dialogues . 

Conclusions 

Thi s stud y se t  ou t  t o appl y a  mode l  o f  situate d discours e t o 
analyz e tutoria l  dialogu e i n a  comple x thoug h well-define d 
domai n o f  proble m solvin g i n engineering .  Quantitativ e 
analyse s o f  th e tutoria l  dialogu e affirme d tha t  th e con -
straint s o n situate d discours e processin g identifie d i n th e 
model  wer e stron g predictor s o f  th e propositiona l  conten t 
and conversationa l  function s o f  utterance s produce d b y bot h 
th e tuto r  an d th e students .  Qualitativ e analysi s o f  th e con -
ceptua l  conten t  o f  th e tutor' s dialogu e fo r  Proble m 1  re -
veale d severa l  recurrin g an d distinc t  type s o f  situatio n 
model s tha t  constitute d th e meanin g associate d wit h th e 
situate d discours e an d action .  Trac e analysi s o f  th e dialogu e 
accompanyin g proble m solvin g action s enable d u s t o ana -
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Figur e 3 :  Exampl e o f  th e tutor' s explanatio n o f  a  representatio n 
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lyz e ho w th e tuto r  describe d th e procedure ,  i n wha t  se -
quence ,  an d ho w procedure s wer e explaine d b y linkin g 
the m wit h declarativ e domai n knowledg e an d semanti c 
description s o f  externa l  representations .  Thus ,  th e situatio n 
model s "presented "  t o th e studen t  integrate d declarativ e 
and procedura l  knowledge ,  an d tie d i t  t o action s o f  apply -
in g procedure s an d reasoning .  Th e student s initiall y 
(Proble m 1 )  "received "  thi s information ,  thei r  participatio n 
consistin g mostl y o f  observing ,  askin g question s an d par -
ticipatin g i n carryin g ou t  low-leve l  algebrai c procedure s 
wit h tutoria l  guidance .  Students '  proble m solvin g an d dia -
logu e o n subsequen t  problem s ( 2 an d 3 )  displaye d tha t  the y 
had acquire d sufficien t  declarativ e an d procedura l  domai n 
knowledg e an d practic e i n it s us e t o enabl e them ,  wit h 
varyin g degree s o f  assistance ,  t o solv e ne w problems .  Thes e 
result s demonstrat e tha t  cognitiv e model s o f  discours e 
processin g ca n b e extende d t o th e analysi s o f  tutoria l  dia -
logu e t o provid e detaile d informatio n abou t  th e conceptua l 
situatio n model s involved ,  an d th e processe s use d b y th e 
tuto r  an d students .  Tutoria l  dialogu e i s simila r  t o protoco l 
dat a i n studie s o f  proble m solving :  i t  i s  a  rich  natura l 
sourc e o f  informatio n abou t  th e processe s an d knowledg e 
involve d i n situate d learning .  Suc h stud y o f  situate d tutoria l 
dialogu e ca n uncove r  th e characteristic s o f  situation s an d 
ho w the y constrai n th e cognitiv e processe s involve d i n 
situate d learning . 
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