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Dia logu e Pattern s a n d F e e d b a c k M e c h a n i s m s dur in g Naturalisti c Tutori r 

Arthu r  C .  Graesse r 

Departmen t  o f  Psycholog y 
Institut e fo r  Intelligen t  System s 

Memphi s Stat e Universit y 

Memphis .  T N 3815 2 

graesserac<a )  ms u v x 1  .bitne t 

A b s t r a c t 

Althoug h i t  i s  wel l  documente d tha t  one-to-on e 

tutorin g i s  mor e effectiv e tha n alternativ e trainin g 

methods ,  ther e hav e bee n fe w attempt s t o examin e th e 

proces s o f  naturalisti c tutoring .  Thi s projec t  explore d 

dialogu e pattern s i n 4 4 tutorin g session s i n whic h 

graduat e student s tutore d undergraduat e student s o n 

troublesom e topic s i n researc h methods .  W e analyze d 

pedagogica l  strategies ,  feedbac k mechanisms ,  questio n 

asking ,  questio n answering ,  an d pragmr.ti c 

assumption s durin g th e tutorin g process . 

Introduction 

It is well documented that one-to-one tutoring is a 

bette r  metho d o f  trainin g student s tha n th e norma l 

pedagogica l  strategie s i n classroo m settings .  Th e 

effec t  siz e o f  th e advantag e o f  tutorin g ove r  classroo m 

has range d fro m . 4 t o 1. 0 standar d deviatio n unit s 

(Bloom ,  1984 ;  Cohen ,  Kulik ,  &  Kulik ,  1982) . 

However ,  i t  i s  difficul t  t o determin e th e caus e o f  thi s 

advantag e unti l  ther e i s a  bette r  understandin g o f  th e 

tutorin g proces s (Fox ,  1992 ;  Graesser ,  1993 ; 

M c A n h u r ,  Slasz ,  &  Zmuidzinas ,  1990 ;  Miyak e & 

Norman .  1979 ;  Putnam ,  1987 ;  va n Lehn ,  1990) . 

Idea l  tutorin g processe s hav e bee n propose d b y 

researcher s investigatin g th e cognitiv e foundation s o f 

comple x learnin g an d b y developer s o f  intelligen t 

tuto r  n g system s (Bransford .  Goldman ,  &  Vye ,  1991 ; 

Lesgold ,  1992 ;  Ohlsson ,  1986 ;  Sleema n &  Brown , 

1982) .  Thes e researcher s hav e identifie d severa l 

pedagogica l  method s tha t  th e tuto r  ca n implemen t 

durin g tutoring ,  suc h a s th e Socrati c metho d (Collins . 

1985) ,  inquir y teachin g (Collins ,  1988).diagnosis -

remediatio n (Anderso n &  Reiser ,  1985 ; 

This research was funded by Office of Naval Research 

grant s N00014-90-J-149 2 an d N00014-92-J-1826 . 

Van Lehn ,  1990) ,  th e reciproca l  trainin g metho d 

(Palinsca r  &  Brown ,  1984) ,  modeling-scaffolding -

fadin g (Collins ,  Brown ,  &  N e w m a n ,  1989 ;  Rogoff , 

1990) .  an d curriculu m script s (Putnam ,  1987) . 

However ,  th e exten t  t o whic h thes e method s ar e use d 

i n naturalisti c tutorin g ha s no t  bee n documented . 

Give n tha t  th e vas t  majorit y o f  tutor s i n schoo l 

system s hav e receive d littl e o r  n o trainin g i n tutorin g 

(Fitz-Gibbon .  1977) .  th e sophisticate d pedagogica l 

method s presumabl y ar e infrequen t  i n naturalisti c 

tutoring . 

Thi s projec t  explore d dialogu e pattern s i n 4 4 

tutorin g session s i n whic h graduat e student s tutore d 

undergraduat e student s o n troublesom e topic s i n a 

researc h method s course .  Analyse s focuse d o n 

pedagogica l  strategies ,  feedbac k mechanisms ,  questio n 

asking ,  questio n answering ,  an d pragmati c ground -

rule s durin g th e tutorin g process .  Th e desig n o f 

effectiv e dialogu e facilitie s an d pedagogica l  method s 

i n intelligen t  tutorin g system s presumabl y require s a 

satisfactor y understandin g o f  thes e dialogu e pattern s 

i n naturalisti c tutoring . 

S a m p l e o f  T u t o r i n g Sess ion s 

Graduate students in the psychology department at 

Memph i s Stat e Universit y tutore d undergraduat e 

student s o n troublesom e topic s i n a  researc h method s 

course .  Al l  2 5 student s i n th e cours e wer e tutore d a s 

par t  o f  a  cours e requiremen t  s o ther e wa s a  ful l  range 

of  studen t  achievemen t  (i.e. ,  no t  jus t  underachievin g 

students) .  Th e thre e tutor s ha d receive d A' s i n a 

graduate-leve l  researc h method s course .  Therefore , 

thi s sampl e involve d "cross-aged "  tutoring ,  whic h i s 

th e mos t  c o m m o n typ e o f  tutorin g i n schoo l 

systems . 

Ther e wer e 4 4 one-hou r  tutorin g session s 

altogether .  Thes e session s wer e videotape d an d 

transcribed .  Th e session s covere d si x  troublesom e 
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topics :  operationa l  definition s o f  variables ,  graphs , 

inferentia l  statistics ,  factoria l  designs ,  interactions , 

and th e evolutio n o f  hypothesi s t o design .  Ther e wa s 

an inde x car d associate d wit h eac h topic ,  whic h 

containe d 3- S subtopics .  Th e undergraduat e student s 

wer e require d t o atten d a  lectur e o n eac h topi c an d t o 

rea d specifi c  page s i n a  tex t  prio r  t o th e tutorin g 

session .  Therefore ,  th e student s alread y ha d multipl e 

chance s t o acquir e th e domai n knowledge . 

Althoug h th e conclusion s reporte d i n thi s stud y 

ar e base d o n th e abov e sample ,  mos t  o f  th e result s 

wer e teste d an d confirme d i n a  sampl e o f  2 2 tutorin g 

session s involvin g 7t h grader s learnin g basi c algebra . 

I n thi s secon d sample ,  ther e wer e 1 0 hig h schoo l 

tutor s an d 1 3 7t h grader s w h o wer e havin g problem s 

wit h particula r  mathematica l  concepts . 

Pedagogical Strategies 

As a conservative estimate, 70% of the tutors' speech 

act s wa s guide d b y curriculu m scripts .  Th e tuto r 

aske d question s an d presente d exampl e problem s tha t 

addresse d a  lis t  o f  curriculu m subtopics .  Thes e 

subtopic s wer e typicall y selecte d fro m th e inde x car d 

or  fro m excerpt s i n th e textbook .  Onl y 8 % o f  th e 

tutoria l  interactio n wa s devote d t o th e correctio n o f 

studen t  bug s an d misconceptions .  Th e fac t  tha t  th e 

curriculu m scrip t  metho d wa s foun d t o b e mor e 

prevalen t  i n naturalisti c tutorin g tha n th e diagnostic -

remediatio n metho d i s compatibl e wit h analyse s o f 

Putna m (1987) .  Ther e wer e virtuall y n o occurrence s 

of  sophisticate d tutorin g strategies ,  suc h a s th e 

Socrati c method ,  inquir y learning ,  an d th e reciproca l 

trainin g method .  Ther e occasionall y wer e vestige s o f 

modeling-scaffolding-fading . 

Thes e analyse s o f  tutorin g strategie s a t  th e 

macro-leve l  suppor t  th e clai m tha t  th e effectivenes s o f 

tutorin g canno t  b e attribute d t o th e implementatio n o f 

sophisticate d pedagogy .  Th e tuto r  typicall y grill s  th e 

studen t  wit h preconceive d question s an d example s 

rathe r  tha n tailorin g th e interactio n t o th e student' s 

knowledg e an d misconceptions .  Thi s findin g 
underscore s th e potentia l  valu e o f  intelligenc e 
tutorin g system s tha t  implemen t  idea l  tutorin g 

strategie s an d studen t  modeling :  Thes e sophisticate d 

mechanism s ar e rarel y operatin g durin g norma l 

tutorin g betwee n humans . 

Most  o f  th e tutoria l  interaction s wer e embedde d 

i n exampl e problems .  Tuto r  question s wer e examine d 

i n orde r  t o estimat e th e incidenc e o f  tutor s usin g 

examples .  Th e result s reveale d tha t  3 8 % o f  th e tuto r 

question s wer e embedde d i n concret e example s an d 

2 9 % i n abstrac t  examples ;  3 3 % o f  th e tuto r  question s 

addresse d generi c knowledg e tha t  wa s no t  embedde d i n 

examples .  Thi s findin g i s compatibl e wit h tutorin g 

system s tha t  emphasiz e th e us e o f  example s an d case -

base d reasoning .  However ,  idea l  tutorin g system s 

presumabl y selec t  bette r  example s tha n thos e i n 

naturalisti c tutoring . 

A F ive -S te p D i a l o g u e F r a m e 

An extremely pervasive dialogue pattern consisted of 

a five-ste p dialogu e fram e i n whic h a  questio n wa s 

initiate d b y th e tutor . 

1. Tutor asks question 

2.  Studen t  answer s questio n 

3.  Tuto r  give s feedbac k o n answe r 

4.  Tuto r  improve s qualit y o f  answe r 

5.  Tuto r  assesse s student' s understandin g o f 

answer 

An example of this frame is provided below: 

1. TUTOR: Now what is a factorial design? 

2.  S T U D E N T:  Th e desig n ha s tw o variables . 

3.  T U T O R:  Uh-huh . 

4.  T U T O R:  S o ther e ar e tw o o r  mor e independen t 

variable s an d on e dependen t  variable . 

5.  T U T O R:  D o yo u se e that ? 

The tutors normally pumped the students for 

informatio n (iteratin g step s 2  an d 3 )  befor e improvin g 

on th e qualit y o f  th e answe r  (ste p 4) .  Th e tutor s 

implemente d severa l  tactic s whil e completin g ste p 4 , 

suc h a s addin g information ,  succinctl y summarizin g a 

complet e answer ,  introducin g a n example ,  providin g a 

hint ,  o r  askin g th e studen t  a n embedde d questio n t o 

promp t  th e studen t  fo r  mor e information .  Th e tutor s 

wer e la x i n thei r  diagnosi s o f  studen t  understandin g i n 

ste p 5 ;  the y simpl y aske d whethe r  th e studen t 

understoo d a  subiopi c (whic h ende d u p bein g incorrec t 

feedback )  rathe r  tha n askin g a  discriminatin g follow -

up question . 

I n classroo m settings ,  step s 1 ,  2 ,  3 ,  an d 5  ar e 
ver y pervasiv e (Dillon ,  1988 ;  Mehan ,  1979) .  I n 

contrast ,  ste p 4  i s eithe r  skippe d o r  minimall y 

elaborated .  Perhap s on e advantag e o f  tutorin g i s tha t 

th e tuto r  ca n spen d som e tim e improvin g th e qualit y 

of  a n answe r  b y elaboratin g th e reasonin g an d 

procedure s i n a n explanator y answe r  (Chi ,  Bassok , 

Lewis ,  Reimann ,  &  Glaser ,  1989) . 
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H o w Doe s Th e Tuto r  Gaug e th e 
Student' s Knowledge ? 

Designers of most intelligent tutoring systems 
assume tha t  ther e ar e payoff s i n inferrin g th e student' s 

knowledge ,  misconceptions,  an d reasonin g strategies . 

W h at  source s o f  informatio n permi t  th e syste m t o 

accuratel y comput e th e knowledg e o f  th e student ? 

Thre e source s o f  informatio n wer e examined :  th e 

student' s questions ,  th e student' s answer s t o 

comprehension-gaugin g question s (i.e. .  ste p S  i n th e 

flve-stq)  frame) ,  an d studen t  answer s t o questions . 

Studen t  question s di d no t  appea r  t o b e a  reliabl e 

sourc e o f  informatio n fo r  inferrin g studen t  knowledge . 

Th e incidenc e o f  studen t  question s wa s rathe r  lo w 

compare d t o tuto r  questions .  2 1 versu s 9 6 question s 

per  hour ,  respectively .  Th e rat e o f  studen t  question s 

i n tutorin g wa s approximatel y 10 0 time s th e rat e o f 

studen t  question s i n classroom s (. 2 questio n pe r 

studen t  pe r  hour ,  Dillon ,  1988) ,  bu t  mos t  o f  th e 

studen t  question s wer e shallo w rathe r  tha n deep .  W e 

foun d tha t  th e numbe r  o f  studen t  question s wa s onl y 

weakl y relate d t o studen t  achievemen t  (a s measure d b y 

examinatio n scores) ,  r  =  -.22 .  Ther e wa s a  significan t 

positiv e correlatio n ( r  =  .44 )  betwee n achievement  an d 

th e proportio n o f  studen t  question s tha t  wer e 

classifie d a s "dee p reasonin g questions "  (i.e. ,  why , 

how,  what-if )  i n th e questio n taxonom y develope d b y 

Graesser .  Person ,  an d Hube r  (1992) .  Studen t 

question s ar e a  poo r  informatio n sourc e fo r  gaugin g 

studen t  knowledg e becaus e (a )  thi s correlatio n i s 

modest ,  (b )  a  smal l  proportio n o f  studen t  question s 

ar e dee p reasonin g question s (.22) ,  an d (c )  th e rat e o f 

studen t  question s i s lo w o r  moderate . 

Anothe r  unreliabl e sourc e o f  informatio n wa s th e 

students '  answer s t o th e comprehension-gaugin g 

question s aske d b y th e tutor s (e.g. ,  "D o yo u 

understand?") .  Ther e wa s a  positiv e correlatio n ( r  = 

.42 )  betwee n suiden t  achievemen t  an d th e likelihoo d 

of  a  studen t  answerin g "No "  ( I  don' t  understand) ;  thi s 

somewhat  counterintuitiv e resul t  i s  compatibl e wit h 

th e findings  o f  Ch i  e t  ai .  (1989) .  Th e likelihoo d tha t 

th e studen t  answere d " Y E S "  ( I  d o understand )  ha d a 

curvilinea r  relationshi p wit h achievemen t  level ;  th e 

poo r  studen t  an d goo d studen t  sai d Y E S les s ofte n 

tha n th e intermediat e suiden L Therefore ,  th e students ' 

answer s t o thes e comprehension-gaugin g question s 

wer e ver y misleading .  Tutor s nee d t o b e mor e 

discriminatin g whil e probin g student s durin g ste p 5 

of  th e five-step  dialogu e frame . 

T h e mos t  reliabl e informatio n sourc e fo r 

inferrin g studen t  knowledg e wa s th e students '  answer s 

t o questions .  Ther e wa s a  negativ e correlatio n 

betwee n achievemen t  leve l  an d th e proportio n o f 

studen t  answer s tha t  wer e vagu e o r  error-ridde n ( r  = 

-.52) .  Tuto r  question s wer e frequen t  an d thi s 

correlatio n wa s high ,  s o studen t  answer s constitut e 

th e bes t  informatio n sourc e fo r  computation s o f 

studen t  modeling .  Perhap s thes e dat a provid e on e 

explanatio n o f  th e earlie r  finding  tha t  curriculu m 

script s ar e prevalen t  durin g tutoring .  Th e question s 

generate d b y thes e script s uncove r  muc h o f  th e 

studen t  knowledg e fo r  evaluatio n an d remediation .  I n 

contrast ,  i t  i s  no t  feasibl e t o wai t  fo r  th e studen t  t o 

ask question s an d t o expec t  th e studen t  t o accuratel y 

calibrat e hi s o r  he r  o w n understanding . 

T u t o r  F e e d b a c k t o S t u d e n t  A n s w e r s 

A good tutor presumably adjusts the feedback in steps 

3 an d 4  t o th e qualit y o f  students '  answers .  W e 

segregate d studen t  answe r  contribution s int o fou r 

qualit y levels :  error-ridden ,  vagu e (o r  none) ,  partiall y 

correct ,  an d completel y correct .  Th e likelihoo d o f  a 

tuto r  givin g positiv e feedbac k increase d wit h answe r 

quality ,  .31 ,  .45 ,  .51 ,  an d .62 ,  respectively .  Th e 

likelihoo d o f  givin g negativ e feedbac k wa s extremel y 

low ,  bu t  sensitiv e t o answe r  quality ,  .15 ,  .04 ,  .02 , 

and .01 ,  respectively .  Th e tutors '  us e o f  hesitation s 

or  pause s i n thei r  feedbac k wa s no t  relate d t o th e 

qualit y o f  studen t  answers ,  .08 ,  .13 ,  .15 ,  an d .13 . 

respectively . 

I t  shoul d b e note d tha t  tutor s wer e mor e likel y t o 

giv e positiv e feedbac k tha n negativ e feedbac k t o a 

students '  error-ridde n answer s an d vagu e answers . 

Tutor s apparentl y ar e reluctan t  t o giv e negativ e 

feedback ,  perhap s becaus e the y ar e followin g th e 

politenes s convention s o f  norma l  conversatio n 

(Brow n &  Levinson ,  1987 )  o r  becaus e the y fea r  i t 

wil l  reduc e th e willingnes s o f  student s t o suppl y 
information . 

Tutor s normall y "splice d in "  correc t  informatio n 

when a  studen t  erro r  wa s detected .  Tutor s rarel y 

acknowledge d th e erro r  a s a n error ,  o r  pursue d th e 

implication s o f  a n error-ridde n statement .  I t  i s  quit e 

possibl e tha t  student s wer e unawar e tha t  thes e 

contribution s wer e error-ridden .  Thes e findings  i n ou r 

tutorin g sampl e ar e compatibl e wit h th e conclusion s 

of  McArthu r  e t  al .  (1990 )  w h o analyze d a  sampl e o f 

tutorin g session s tha t  wer e explicid y devote d t o erro r 

remediation . 
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A n s w e r s A r e Collaborativ e 

E x c h a n g e s 

When a tutor asked a question, there was a 

collaborativ e exchang e betwee n th e tuto r  an d th e 

studen t  tha t  converge d o n a n answer .  Th e 

collaboratio n too k a  media n o f  8  conversationa l  turn s 

fo r  dee p reasonin g question s (i.e. ,  why .  how ,  what-i O 

and 6  turn s fo r  short-answe r  question s (e.g. ,  concep t 

completion ,  featur e specification) .  Th e tuto r  ende d u p 

supplyin g mos t  o f  th e informatio n tha t  contribute d t o 

th e answers . 

Analyse s wer e performe d o n th e evolutio n o f  a n 

answer  t o a  question .  W e examine d th e qualit y o f 

contributio n N+1 ,  give n tha t  th e tuto r  an d tute c ha d 

togethe r  achieve d a  particula r  leve l  o f  qualit y vi a 

contribution s 1  t o N .  Th e result s o f  th e analyse s ca n 

be capture d b y th e followin g thre e productio n rules : 

1. IF [mutual cumulative contribution is vague or 

nothing ] 

T H EN [tuto r  pump s studen t  fo r  mor e information ] 

2. IF [mutual cumulative contribution is error-ridden] 

T H EN [tuto r  supplie s completel y correc t  answer ] 

3. IF [mutual cumulative contribution is a 

completel y correc t  answer ] 
T H EN [tuto r  supplie s a  summar y recap ] 

According to production rule 1, the tutors did 

encourag e th e student s t o suppl y informatio n b y 

pumpin g the m ("uh-huh" ,  "wha t  else?" )  rathe r  tha n 

th e tutor s engagin g i n monologues .  Productio n rul e 

2 capture s th e finding  discusse d earlie r  tha t  tutor s 

splic e i n correc t  informatio n whe n student s produc e 

errors ;  ther e wa s n o attemp t  t o b e a  Socrati c tuto r  b y 

askin g question s tha t  lea d student s t o discove r  thei r 

own misconceptions .  Accordin g t o rul e 3 ,  th e tuto r 

typicall y supplie d a  succinct ,  complete ,  summar y o f 

th e answe r  t o th e questio n rathe r  tha n shiftin g th e 

burde n t o th e studen t  t o construc t  a n organize d 

articulat e answer . 

Conversational Pragmatics as a 
Barrie r  t o Effectiv e Pedagog y 

The pragmatic constraints of normal polite 

conversatio n hav e bee n identifie d b y Gric e (1975 )  an d 
by Brow n an d Levinso n (1987) .  Thes e pervasive , 

automatized ,  conversationa l  strategie s presen t  a  barrie r 

t o effectiv e pedagogy .  A  goo d tuto r  need s t o lear n 

how t o violat e conversationa l  maxim s i n servic e o f 

pedagogica l  goals .  Fo r  example ,  rathe r  tha n 

followin g th e Gricea n maxi m o f  quantity ,  tutor s ma y 

need t o b e redundan t  an d repetitiou s t o ensur e 

understandin g b y th e student .  Instea d o f  bein g polit e 

and "fac e saving "  whe n a  studen t  make s a n error ,  th e 

tuto r  ma y nee d t o directl y acknowledg e tha t  th e 

studen t  ha s mad e a n error .  W e ar e currentl y 

examinin g th e pedagogica l  consequence s o f  th e 

conversationa l  postulate s an d maxim s o f  polit e 

conversation ,  a s wel l  a s violation s o f  thes e pragmati c 

constraints . 
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