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Abstrac t 

Thi s pape r  discusse s problem s o f  synthesizin g tu -
toria l  discours e i n a n intelligen t  tutorin g system , 
Circsim-Tutor ,  designe d t o hel p first  yea r  medica l 
student s solv e problem s i n cardiovascula r  physiol -
ogy involvin g th e negativ e feedbac k syste m tha t 
control s bloo d pressure .  I n orde r  t o find  ou t 
ho w h u m a n tutor s handl e discours e problem s w e 
hav e capture d bot h face-to-fac e an d keyboard-to -
keyboar d tutorin g session s i n whic h tw o o f  th e au -
thor s ( J A M an d A A R )  tuto r  thei r  o w n students . 
Thi s pape r  focusse s o n th e way s i n whic h tutor s 
tel l  student s tha t  the y hav e mad e a n error .  W e 
describ e a  classificatio n schem e fo r  negativ e ac -
knowledgment s an d examin e th e frequenc y wit h 
whic h differen t  type s o f  acknowledgment s occu r 
i n face-to-fac e an d keyboard-to-keyboar d sessions . 
Our  tutor s see m t o mak e mor e explici t  negativ e 
acknowledgment s tha n d o th e tutor s studie d b y 
Fox ,  bu t  thei r  acknowledgment s ofte n lea d int o 
hint s tha t  hel p th e studen t  continu e forwar d i n th e 
problem-solvin g process .  W e hav e collecte d initia l 
dat a abou t  th e way s i n whic h ou r  tutor s combin e 
hint s an d negativ e acknowledgments . 

Introduction 

We ar e buildin g a n intelligen t  tutorin g syste m tha t 
carrie s ou t  a  tutoria l  dialogu e wit h first  yea r  med -
ica l  students ,  helpin g the m t o understan d th e neg -
ativ e feedbac k syste m tha t  control s bloo d pres -
sure ,  guidin g the m i n buildin g a  qualitative ,  causa l 

'Thi s wor k wa s supporte d b y th e Cognitiv e Sci -
enc e Program ,  Offic e o f  Nava l  Researc h unde r  Gran t 
No.  N00014-89-J-1952 ,  Gran t  Authorit y Identificatio n 
Number  NR4422554 ,  t o Illinoi s Institut e o f  Technol -
ogy .  Th e conten t  doe s no t  reflec t  th e positio n o r  polic y 
of  th e governmen t  an d n o officia l  endorsemen t  shoul d 
be inferred . 

menta l  mode l  o f  th e system .  Wi t h th e goa l  o f 
understandin g ho w h u m a n tutor s generat e tuto -
ria l  dialogue s i n thi s situation ,  w e hav e capture d 
bot h face-to-fac e an d keyboard-to-keyboar d tutor -
in g sessions ,  eac h lastin g a n hou r  o r  more .  T h e 
tutor s ar e professor s o f  physiolog y a t  Rus h Med -
ica l  College ;  th e student s ar e first  yea r  medica l 
student s fro m thei r  classes .  Analysi s o f  th e tran -
script s o f  thes e session s i s th e basi s o f  ou r  attempt s 
t o generat e tutoria l  discourse ,  bu t  w e find  a  n u m -
ber  o f  seriou s problem s a s w e attemp t  t o produc e 
natura l  dialogue . 

T h e tutoria l  repai r  processe s describe d b y Fo x 
(1988 )  see m extremel y complex .  Therefore ,  w e ar e 
attemptin g t o avoi d repai r  b y studyin g th e source s 
of  repai r  situation s an d avoidin g them .  I n ou r 
transcript s th e mos t  c o m m o n sourc e o f  conversa -
tiona l  misunderstandin g i s vagu e "how "  question s 
fro m th e tutor .  W e ar e tryin g t o generat e mor e 
specifi c  questions . 

Recognizin g studen t  initiative s an d figuring  ou t 
ho w t o respon d t o the m ca n b e ver y difficult .  A t 
thi s poin t  w e ca n respon d t o request s fo r  basi c in -
formatio n ("Wha t  i s cardia c contractility? "  o r  " I 
don' t  understan d cardia c contractility.") ,  bu t  mor e 
complicate d initiative s ar e me t  wit h confusio n o n 
th e par t  o f  th e syste m ( "  I' m sorry ,  I  don' t  under -
stan d you .  Pleas e rephrase." )  Investigatin g tuto r 
response s t o studen t  initiatives ,  w e foun d tha t  tu -
tor s alway s respon d t o thes e initiative s t o som e 
exten t  (Sander s e t  al. ,  1992) .  A n initiativ e fro m 
th e studen t  tha t  i s  relevan t  t o th e tutor' s curren t 
agend a result s i n a  modificatio n o f  th e pla n t o in -
corporat e th e issu e raise d b y th e student .  Othe r 
studen t  initiative s evok e onl y a  brie f  response ,  fol -
lowe d b y a  retur n t o th e tutor' s agenda .  Revela -
tion s o f  seriou s misconception s chang e th e tutor' s 
agend a t o eliminatio n o f  th e misconception . 
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One o f  th e first  problem s tha t  becam e clea r  a s 
student s actuall y use d ou r  syste m i s tha t  th e neg -
ativ e acknowledgment s i t  deliver s ar e crud e an d 

heavy-handed .  A  stud y o f  negativ e feedbac k i n 
our  huma n tutoria l  dialogue s showe d tha t  ou r  tu -
tor s us e a  wid e variet y o f  tactics .  W e describ e 
te n categorie s o f  negativ e acknowledgment s belo w 
ain d giv e th e frequencie s wit h whic h the y appea r 
i n fou r  face-to-fac e an d fou r  keyboard-to-keyboar d 
sessions .  Ou r  tutor s ar e muc h mor e likel y t o de -
live r  explici t  negativ e informatio n t o thei r  student s 
tha n thos e studie d b y Fo x (1988) .  The y us e a  di -
rec t  negativ e (suc h a s "No "  o r  "Wrong" )  abou t 
2 5 % o f  th e tim e a s wel l  a s direc t  contradiction s o f 
what  th e studen t  ha s jus t  sai d anothe r  10 % o f  th e 
time .  Recen t  wor k o n hint s (Hum e e t  al. ,  1993 ) 
has reveale d tha t  ou r  tutor s ofte n combin e neg -
ativ e acknowledgment s wit h hints .  W e describ e 
thes e combine d structure s briefly . 

Negative Acknowledgments 

The goa l  o f  thi s projec t  wa s t o loo k a t  human-to -
human tutorin g session s an d determin e ho w neg -
ativ e acknowledgment s ar e made .  Whateve r  th e 
findings,  w e wante d t o desig n th e natura l  languag e 
interfac e fo r  Circsim-Tuto r  t o reflec t  the m a s muc h 
as possible . 

Methodology 

We bega n b y selectin g fou r  face-to-fac e an d 
fou r  keyboard-to-keyboar d session s tha t  wer e con -
ducte d usin g th e protoco l  use d i n Circsim-Tuto r 
t o enabl e consisten t  analysi s an d comparison .  Th e 
fax;e-to-fac e session s wer e audio-tape d an d tran -
scribe d b y a  secretary .  Th e keyboard-to-keyboar d 
session s wer e capture d usin g ou r  ow n Compute r 
Dialogu e Syste m (L i  e t  al. ,  1992) .  Th e tuto r  an d 
th e studen t  wer e seate d a t  PC' s i n differen t  rooms ; 
th e PC' s wer e connecte d vi a a  telephon e lin e usin g 
th e Haye s Smartco m II I  package .  Th e student s 
wer e currentl y takin g th e cours e tha t  th e syste m 
i s designe d t o support ;  the y wer e full y awar e tha t 
th e tuto r  wa s on e o f  th e professor s teachin g th e 
course .  Usin g th e tw o type s o f  sessions ,  face-to -
fac e an d keyboard-to-keyboard ,  base d o n th e sam e 
protoco l  enable d u s t o compar e ho w tutor s an d 
student s handl e negativ e acknowledgment s i n th e 
tw o type s o f  sessions . 

We bega n b y identifyin g al l  negativ e acknowl -
edgment s i n th e eigh t  session s (F4-F 7 an d K25 -
K28) .  Afte r  a  lo t  o f  discussio n w e se t  u p th e te n 
categorie s o f  negativ e acknowledgment s show n be -
low .  Th e nex t  ste p wa s t o cljissif y th e acknowledg -
ment s usin g thes e categorie s (Spitkovsk y &  Evens , 
1993) . 

Categorie s ar e ranke d accordin g t o severit y 
startin g wit h erro r  respons e categor y 1 ,  th e mos t 
sever e negativ e acknowledgment ,  an d endin g wit h 

categor y 10 ,  th e leas t  severe .  I n cas e o f  doubt , 
th e classifie r  wa s instructe d t o choos e th e mor e 
negativ e o f  tw o adjacen t  categories .  Some o f  th e 
difficultie s i n classificatio n aris e becaus e negativ e 
response s ca n b e i n respons e t o al l  o r  par t  o f  a 
student' s question/answer/statement .  Ther e ma y 
als o b e multipl e erro r  respons e categorie s con -
taine d i n on e "continuous "  respons e b y th e tutor . 
Thi s i s certainl y no t  a  tru e one-dimensiona l  scale , 
however .  W e ar e particularl y intereste d i n Cate -
gor y 4 ,  whic h contain s comment s b y th e tuto r  o n 
th e languag e use d b y th e student . 

Negative Acknowledgment Categories 

1.  Direc t  Negativ e Respons e 
The tuto r  respond s wit h a  direc t  negativ e re -

mark containin g a n obviou s negativ e keyword , 
suc h a s Wrong ,  No ,  Nope ,  Incorrect .  Thi s cat -
egor y tell s  student s the y ar e wron g i n th e mos t 
sever e way .  Th e negativ e keywor d i s on e o f  th e 
first  word s i n th e response ,  ofte n th e ver y first.  I t 
i s  ofte n followe d b y a  questio n o r  a n explanation . 
For  example : 

Tutor :  D o yo u kno w a  formul a tha t  give s yo u a 
deterministi c statemen t  abou t  mea n arteria l  pres -
sure ? 

Student :  Diastoli c volum e minu s en d systoli c 
volume ? 

Tutor :  No ,  tha t  woul d tel l  yo u strok e volume . 
2.  "Indirect "  Direc t  Negativ e Respons e 

Thi s i s th e sam e a s th e direc t  negativ e re -
sponse ,  bu t  withou t  th e negativ e keyword .  Fo r 
example : 

Student :  becaus e you r  bod y alway s need s th e 
same amoun t  o f  bloo d wit h oxygen . 

Tutor :  Well ,  first  o f  all ,  wha t  yo u sai d isn' t 
reall y correct . 
3.  Procedura l  Correctio n 

The studen t  i s goin g abou t  somethin g wrong . 
Any procedura l  erro r  shoul d b e place d her e regard -
les s o f  severity .  Fo r  example : 

Tutor :  (Ask s wha t  paramete r  studen t  wil l  pre -
dic t  next. ) 

Student :  S V 
Tutor :  I n orde r  t o predic t  a  parameter ,  yo u 

hav e t o hav e t o predicte d it s determinants . 
4.  Confusio n Condemnatio n 

The studen t  seem s confuse d an d i s give n a  dis -
tinctl y negativ e respons e b y th e tutor .  Negativ e 
remark s abou t  a  proble m wit h language ,  o r  a  lac k 
of  distinctio n o f  differen t  term s ar e classifie d here . 
For  example : 

Student :  I t  seem s t o m e wit h sympatheti c yo u 
want  mor e bloo d flow. 

Tutor :  Wit h sympatheti c yo u wan t  mor e bloo d 
flow?  I  don' t  kno w wher e th e wan t  come s from ! 
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5.  Repea t  Studen t  A n s w e r  -  Usuall y Fol -
lowe d b y a  Statemen t  o r  Explanatio n 

Thi s categor y carrie s a  stron g negativ e impli -
catio n whil e als o providin g a n opportunit y t o con -
tinu e th e sessio n v?ithou t  th e abrup t  chang e i n th e 
cours e o f  conversatio n characterize d b y th e abov e 
categories .  Fo r  example : 

Tutor :  W h a t  doe s cardia c outpu t  d o t o th e vol -
ume o f  bloo d i n th e centr d venou s compartment ? 

Student :  It' s  increasin g it . 
TXitor :  It' s  increasin g it ? I t  seem s t o m e tha t 

ever y tim e th e hear t  beats ,  it' s  pullin g a  strok e 
volum e o f  bloo d ou t  o f  th e centra l  venou s com -
partment . 
6.  A s k a  Questio n o r  M a k e a  Statemen t 
Givin g a  Negativ e Implicatio n 

Thi s categor y lead s student s t o th e answe r  i n 
a wa y tha t  encourage s studen t  discovery .  I t  ca n 
be difficul t  t o tel l  i f  th e acknowledgmen t  i s reall y 
negative ,  sinc e a n instanc e o f  thi s ca n b e disguise d 
as a n answe r  clarification .  Thi s i s th e categor y i n 
whic h t o classif y "repairs, "  wher e on e perso n doe s 
not  understan d th e othe r  an d a n attemp t  i s bein g 
made t o reac h a n understanding . 

Tutor :  Well ,  wha t  i s th e refle x attemptin g t o 
do? 

Student :  It' s  attemptin g t o lowe r  th e hear t 
rate ,  I  woul d imagin e bac k t o normal . 

Tutor :  I s i t  th e hear t  rat e that' s unde r  control ? 
Student :  No ,  obviousl y not . 

7.  Repea t  Curren t  o r  Previou s Studen t  A n -
swer  a n d A s k Questio n Base d o n i t 

Thi s i s th e first  categor y wher e i t  ma y no t  b e 
immediatel y clea r  t o th e studen t  whe n h e o r  sh e 
i s wrong ,  sinc e th e tuto r  coul d jus t  b e testin g th e 
student' s confidenc e i n hi s o r  he r  answers . 

Tutor :  (Afte r  a n extende d discussion )  Yo u pre -
dicte d tha t  cardia c outpu t  woul d sta y th e same . 
You predicte d T P R woul d g o up .  Yo u predicte d 
M AP woul d b e zero .  I s tha t  possible ? 
8.  Tuto r  Steer s Studen t  t o Discove r  H e o r 
She i s W r o n g 

Th e tuto r  doesn' t  immediatel y tel l  th e studen t 
he o r  sh e i s wrong .  Th e tuto r  ma y jus t  wan t  th e 
studen t  t o justif y a n answer .  Fo r  example : 

Tutor :  W h a t  di d yo u predic t  cardia c outpu t 
woul d do ? 

Student :  I  woul d sa y i t  wouldn' t  change . 
Tutor :  W h y d o yo u sa y that ? 

9.  P r o m p t  fo r  Additions d Informatio n 
The studen t  ha s no t  mad e a  complet e answe r 

and i s prompte d fo r  more ,  whe n th e studen t  i s o n 
or  clos e t o bein g o n th e righ t  track . 

Tutor :  W h a t  determine s th e pressur e i n th e 
centra l  venou s compartment ? 

Student :  Th e amoun t  o f  bloo d that' s i n there . 
Tutor :  And ? 
Student :  1  gues s th e periphera l  resistance . 

10 .  M i n o r  Clarificatio n b y Tuto r 

I n thi s categor y th e answe r  i s mostl y correc t 
or  jus t  unclea r  an d i s clarifie d wit h a  statemen t  b y 
th e tutor .  Th e sessio n usuall y continue s a s i f  th e 
answer  wer e correct . 

Tutor :  D o reflexe s full y compensat e fo r  a  dis -
turbance ? 

Student :  I  don' t  know .  That' s wha t  I  wa s pre -
dicting ,  bu t  mayb e not . 

Tutor :  The y d o not .  (Th e tuto r  the n move d 
on t o th e nex t  topic. ) 

Results 

Ther e ar e 10 3 negativ e acknowledgment s i n th e 
face-to-fac e session s an d 3 6 i n th e keyboard-t o key -
boar d sessions ,  fo r  a  tota l  o f  139 .  I f  yo u loo k onl y 
at  th e numbe r  o f  negativ e acknowledgment s pe r 
hour,  the n yo u ma y conclud e tha t  negativ e ac -
knowledgment s occu r  mor e ofte n i n th e face-to -
fac e sessions .  Thi s i s th e wron g wa y t o loo k a t 
th e data ,  w e think .  I t  seem s mor e reasonabl e t o 
loo k a t  th e numbe r  o f  negativ e acknowledgment s 
per  turn .  Ther e ar e thre e t o fou r  time s a s man y 
turn s i n a n hou r  lon g face-to-fac e sessio n a s i n a n 
hour  lon g keyboard-to -  keyboar d session .  (Thes e 
session s behav e lik e thos e w e reporte d i n Se u e t 
al. ,  1991) .  I f  w e loo k a t  th e numbe r  o f  acknowl -
edgment s pe r  turn ,  w e se e tha t  explici t  verba l  ac -
knowledgment s occu r  mor e ofte n i n th e keyboar d 
sessions . 

Discussion 

I t  i s  no t  clea r  whethe r  thes e categorie s ar e sta -
bl e o r  not .  W e nee d t o examin e mor e transcript s 
t o se e whethe r  al l  th e negativ e acknowledgment s 
tha t  w e find fit  int o thes e categories .  Clearly , 
we nee d t o perfor m a  seriou s inter-rate r  reliabil -
it y  stud y a s well .  S o far ,  anothe r  member  o f  th e 
tea m ha s gon e throug h th e tutorin g session s an d 
use d th e abov e categorie s t o classif y th e negativ e 
acknowledgments .  Th e resul t  showe d 6 7 % agree -
ment .  Thi s leave s disagreemen t  abou t  3 3 % o f  th e 
responses ,  almos t  al l  involvin g adjacen t  categories . 
We hop e tha t  thi s mean s tha t  w e ca n collaps e som e 
categories . 

Hinting 

Our  tutor s ( J A M an d A A R )  fee l  tha t  hint s ar e a n 
essentia l  par t  o f  tutoring ,  an d the y mak e frequen t 
use o f  thi s strategy .  W e se t  ou t  t o understan d th e 
hintin g proces s bette r  s o tha t  th e Circsim-Tuto r 
migh t  simulat e hinting .  W e bega n b y analyzin g 
th e transcript s o f  nin e tw o hou r  lon g keyboar d ses -
sions . 

Analyzin g th e transcript s o f  nin e tutorin g ses -
sion s resulte d i n tw o broa d hin t  categories .  Hint s 
eithe r  directl y conve y informatio n t o th e studen t 
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C AT 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
TOT 

Tabl e 1 :  Negativ e Acknowledgment s i n Face-to-Fac e an d Keyboar d Session s 

Face-toFac e Session s 

F4 
7 
0 
1 
1 
0 
7 
1 
8 
0 
5 

30 

F5 
7 
2 
1 
1 
2 

12 
1 
4 
1 
3 

34 

F6 
2 
2 
1 
0 
0 
3 
0 
2 
0 
2 

12 

F7 
11 
3 
1 
4 
0 
4 
2 
1 
0 
1 

27 

FTOT 
27 
7 
4 
6 
2 

26 
4 

15 
1 

11 
103 

Keyboar d Session s 
FPER 

26 % 
7 % 
4 % 
6% 
2 % 

25 % 
4 % 

14 % 
1% 

11 % 

K25 
2 
1 
4 
0 
0 
1 
1 
0 
0 
2 

11 

K26 
2 
0 
2 
0 
0 
4 
1 
0 
0 
1 

10 

K27 
0 
0 
2 
0 
0 
1 
2 
1 
0 
1 
7 

K28 
3 
0 
0 
0 
0 
2 
2 
0 
0 
1 
8 

KTOT 
7 
1 
8 
0 
0 
8 

6 
1 
0 
5 

36 

KPER 
19 % 
3 % 

22 % 
0 % 
0 % 

22 % 
16% 
3% 
0 % 

13 % 

TPER 
24 % 
6% 
9% 
4 % 
1% 

24 % 
7 % 

12 % 
1% 

12 % 

(ci-hints )  o r  poin t  t o informatio n (pt-hints) .  Thes e 
tw o hin t  categorie s ma y b e furthe r  broke n down . 

CI-Hinting Categories 

Al Summary and Question 

Thi s kin d o f  hin t  i s  a  revie w o f  previou s mate -
ria l  i n th e tutorin g sessio n followe d b y a n explici t 
question . 

A2 -  Summar y an d Implie d Questio n 

Same a s A l  excep t  tha t  ther e i s a n implici t 
questio n i n th e hint . 

Bl  -  Explanatio n an d Questio n 
Thi s kin d ofhin t  i s  a n explanatio n o f  informa -

tio n i n th e knowled g bas e followe d b y a n explici t 
question . 

B2 -  Explanatio n an d Implie d Questio n 

Same ei s B l  excep t  tha t  ther e i s a n imphci t 
questio n i n th e hint . 

Cl  Explanation/Summar y an d Questio n 

Thi s kin d o f  hin t  contain s a  summar y o f  previ -
ous dialogu e alon g wit h a n explanatio n o f  informa -
tio n i n th e knowled g bas e followe d b y a n explici t 
question . 

C2 -  Explanation/Summar y an d Implie d Ques -
tio n 

Same a s B l  excep t  tha t  ther e i s a n imphci t 
questio n i n th e hint . 

PT-Hinting Categories 

D - Question, Explicit or Implied 

I n thi s hintin g style ,  th e tuto r  ask s a  questio n 
i n hope s tha t  th e studen t  ca n discove r  th e solutio n 
t o th e proble m usin g know n information . 

E -  Repl y t o Studen t  Questio n wit h a  Questio n 

I n thi s category ,  th e tuto r  trie s t o ge t  th e stu -
dent  t o answe r  hi s o r  he r  ow n question . 

F Partia l  Acknowledgmen t  (positiv e o r  nega -
tive ) 

The studen t  ha s partiall y  answere d th e ques -
tion ,  bu t  ha s eithe r  forgotte n somethin g o r  incor -
rectl y state d par t  o f  th e answer . 

G -  Summar y o f  Implication s o f  Incorrec t  Stu -
dent  Respons e 

Thi s kin d o f  hin t  use s th e student' s response s 
t o sho w tha t  followin g thi s logi c contradict s som e 
previousl y establishe d rul e o r  fact . 

Combining Hinting with Negative 

Acknow ledgmen t s 

Hume and others (1993) studying hints in our 
transcript s becam e convince d tha t  ou r  tutor s of -
te n combin e negativ e acknowledgment s an d hints . 
To discove r  ho w thes e processe s interact ,  w e be -
gan b y identifyin g th e negativ e acknowledgment s 
i n th e nin e keyboar d session s use d i n ou r  initia l 
researc h o n hints . 

Tabl e 2  show s th e frequenc y count s fo r  turn s 
i n whic h negativ e acknowledgment s an d hint s co -
occur .  A n extr a colum n calle d N o N A (N o Neg -
ativ e Acknowledgment )  ha s bee n adde d t o recor d 
th e numbe r  o f  hint s tha t  occurre d withou t  neg -
ativ e acknowledgments .  Thi s categor y include s 
hint s tha t  appea r  i n respons e t o a  studen t  ques -
tion .  Th e ColTota l  ro w give s colum n totals .  Fo r 
al l  bu t  th e las t  colum n thi s numbe r  ca n b e though t 
of  a s "tota l  combine d hint s an d negativ e acknowl -
edgments. "  A n extr a ro w calle d N o Hint s ha s 
been adde d t o recor d th e numbe r  o f  negativ e ac -
knowledgment s tha t  di d no t  lea d t o a  hint .  Thi s 
categor y include s thos e negativ e acknowledgment s 
wher e th e studen t  wa s s o of f  th e mar k th e tuto r  de -
cide d a n explanatio n wa s i n orde r  o r  th e studen t 
was almos t  righ t  an d onl y a  sligh t  clarificatio n i s 
needed .  Ther e ar e als o occasion s whe n th e tuto r 
stop s hintin g becaus e th e studen t  seem s t o fin d 
hint s confusing . 
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Tabl e 2 :  Combinin g Negativ e Acknowledgment s an d Hint s 

Hin t  Ca t 

Al 
A2 
Bl 
B2 
CI 
C2 
D 
E 
F 
G 
ColTota l 
No Hint s 

1 
0 
0 

14 
2 
0 
0 
3 
0 
0 
0 

19 
19 

Negativ e Acknowledgmen t  Categorie s 

2 
0 
0 
8 
4 
0 
0 
2 
0 
0 
0 

14 
6 

3 
1 
0 
3 
2 
0 
0 
5 
0 
0 
0 

11 
7 

4 
0 
0 
1 
2 
0 
0 
2 
0 
0 
0 
5 
0 

5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

6 
4 
0 
8 
0 
0 
0 

18 
0 
0 
3 

33 
22 

7 
3 
1 
0 
0 
2 
0 
0 
0 
0 
3 
9 
2 

8 
0 
0 
3 
3 
0 
0 
6 
0 
0 
0 

12 
5 

9 
0 
0 
4 
0 
0 
0 
8 
0 

10 
0 

22 
3 

10 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
8 

Row Tota l 

8 
1 

41 
13 
2 
0 

44 
0 

10 
6 

125 
72 

No N A 

7 
0 

14 
2 
1 
3 

39 
2 
0 
1 

69 

Result s 

As Tabl e 2  shows ,  ther e ar e 12 5 case s wher e hint s 
and negativ e acknowledgment s ar e combined .  I n 
th e eigh t  keyboard-to-keyboar d tutorin g session s 
analyze d her e (eac h tw o hour s i n length ,  ou r  num -
ber s K30-K38) ,  ther e ar e 19 7 negativ e acknowl -
edgment s an d 19 4 hints .  Thus ,  i f  w e loo k onl y a t 
negativ e acknowledgment s fo r  a  moment ,  ou t  o f 
th e tota l  o f  197 ,  12 5 (63% )  wer e combine d wit h 
hints . 

Hintin g i n a  tutorin g sessio n ca n occu r  afte r  a 
negativ e acknowledgmen t  o r  i n respons e t o obviou s 
studen t  confusio n o r  a n explici t  studen t  initiative . 
Therefore ,  man y hint s wer e no t  associate d wit h 
a negativ e acknowledgment .  Equally ,  negativ e ac -
knowledgment s d o no t  alway s lea d int o hints .  Thi s 
i s becaus e th e tuto r  ca n giv e a  negativ e respons e 
and follo w i t  u p wit h a n explanatio n o r  jus t  a  sim -
pl e statemen t  o f  fact . 

The tabl e als o make s clear ,  i n cas e i t  wa s no t 
obviou s a  priori ,  tha t  w e nee d t o analyz e muc h 
more data .  Th e dat a use d her e i s fro m onl y nin e 
two-hou r  tutorin g session s s o ther e ar e limite d oc -
currence s o f  man y o f  th e hin t  an d negativ e ac -
knowledgmen t  categories .  I n fact ,  i n th e tutorin g 
session s use d ther e wer e n o occurrence s o f  negativ e 
acknowledgmen t  typ e 5  (Repea t  Studen t  Answer) . 

Discussion of the Relationship 

betwe n Hint s an d Negativ e 

Acknowledgment s 

I n spit e o f  th e limite d rang e o f  thi s stud y ther e ar e 
a numbe r  o f  observation s tha t  ca n b e made . 

1.  Ther e i s a  lin k betwee n Negativ e Acknowl -
edgment  Categor y 9  (Promp t  fo r  Additiona l  Infor -
mation )  an d Hintin g Categor y F  (Partia l  Acknowl -
edgment) .  Al l  occurrence s o f  Partia l  Acknowledg -
ment  hint s wer e als o categorize d a s negativ e ac -

knowledgment s o f  typ e 9  (Promp t  fo r  Additiona l 
Information) .  Apparently ,  a  partia l  acknowledg -
ment  i s a  negativ e acknowledgmen t  askin g fo r  ad -
ditiona l  information .  Thi s analysi s seem s t o sug -
gest  tha t  th e machin e tuto r  shoul d conside r  givin g 
a partia l  acknowledgmen t  hin t  wheneve r  th e stu -
dent  modele r  detect s tha t  th e answe r  jus t  give n i s 
incomplete . 

2.  Negativ e Acknowledgmen t  Categor y 1 0 (Mi -
nor  Clarificatio n b y Tutor )  i s  no t  use d wit h hints . 

A mino r  clarificatio n b y th e tuto r  usuall y con -
sist s o f  th e tuto r  makin g a  brie f  explanatio n an d 
movin g t o th e nex t  topic .  W e initiall y  categorize d 
severa l  mino r  clarification s a s bein g linke d wit h a 
variet y o f  hin t  types ,  bu t  o n a  subsequen t  pas s 
throug h th e tutorin g session s i t  wa s determine d 
tha t  althoug h th e mino r  clarificatio n an d hin t  oc -
curre d i n th e sam e tuto r  turn ,  the y wer e actuall y 
tw o separat e responses .  Th e mino r  clarificatio n 
explain s a  mino r  proble m an d th e hin t  i s  th e first 
ste p i n a  mov e t o th e nex t  topi c o f  discussion . 

3.  Hintin g typ e D  (Question ,  Explici t  o r  Im -
plied )  seem s t o b e use d afte r  an y kin d o f  negativ e 
acknowledgmen t  (excep t  negativ e acknowledgmen t 
typ e 10) .  Onc e a n incorrec t  studen t  respons e ha s 
been recognized ,  i t  make s sens e tha t  n o matte r 
how sever e th e mistake ,  a  questio n attemptin g t o 
get  th e studen t  t o realiz e th e mistak e o n hi s o r  he r 
own ca n b e appropriate . 

4.  Hintin g typ e E  (Repl y t o a  Studen t  Ques -
tio n wit h a  Question )  i s no t  use d wit h negativ e ac -
knowledgments .  Thi s observatio n i s certainl y de -
batabl e du e t o th e ver y limite d amoun t  o f  dat a 
analyze d s o far .  Th e argumen t  fo r  i t  ca n b e sum -
marize d a s follows :  Hintin g typ e E ,  b y definition , 
i s  th e tuto r  replyin g t o a  studen t  questio n wit h a 
question .  I t  doe s no t  appea r  tha t  a  studen t  ques -
tio n woul d eve r  b e answere d wit h a  negativ e ac -
knowledgment ,  sinc e on e o f  th e tutor' s goal s i s t o 
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encourag e studen t  questions .  Therefore ,  w e sus -
pect  tha t  thi s observatio n wil l  hol d tru e whe n mor e 
dat a i s analyzed . 

5.  Hintin g typ e G  (Summar y o f  Implication s 
of  Incorrec t  Studen t  Response )  seem s t o b e linke d 
wit h negativ e acknowledgmen t  type s 6  an d 7 .  Neg -
ativ e acknowledgmen t  typ e 6  (as k questio n wit h 
negativ e implication )  o r  typ e 7  (repea t  curren t  o r 
previou s answe r  an d as k questio n base d o n it )  bot h 
appl y t o summarizin g o r  implyin g th e studen t  an -
swer  i s wrong ,  whic h i s exactl y wha t  hintin g typ e 
G does .  Therefore ,  hintin g typ e G  ca n onl y b e 
used afte r  a  negativ e acknowledgmen t  typ e 6  o r  7 . 
So thi s observatio n implie s tha t  hintin g typ e G  i s 
a subse t  o f  negativ e acknowledgment s typ e 6  an d 
7. 

6.  Negativ e Acknowledgmen t  typ e 7  onl y use s 
hintin g type s A l  an d A 2 (Summar y wit h ques -
tion) ,  C I  aui d C 2 (Summar y an d Explanatio n wit h 
Question) ,  o r  G  (Summar y o f  implication s o f  In -
correc t  Studen t  Response )  whe n a  hin t  i s  used . 
Negativ e acknowledgmen t  typ e 7  b y definitio n con -
tain s som e typ e o f  summary .  Therefore ,  onl y hint -
in g type s whic h includ e a  summar y ca n b e use d 
wit h thi s negativ e acknowledgment . 

7.  Negativ e Acknowledgmen t  typ e 6  ca n us e 
any hintin g type ,  excep t  typ e E  (Repl y t o a  Stu -
dent  Questio n wit h a  Question )  an d typ e F  Partia l 
Acknowledgment) . 

Thi s observatio n i s no t  surprisin g sinc e an y 
hintin g typ e whic h ask s a  questio n ca n b e use d af -
te r  negativ e acknowledgmen t  typ e 6  (as k questio n 
wit h negativ e implication) . 

Conclusion 

Whil e ou r  tutor s us e a  larg e variet y o f  negativ e 
acknowledgmen t  strategies ,  the y clearl y us e mor e 
explici t  negativ e acknowledgment s tha n th e tutor s 
studie d b y Fox .  Wher e coul d w e loo k fo r  a n ex -
planatio n o f  thes e differences ? Ther e i s certainl y a 
differenc e i n th e socia l  situation s underlyin g thes e 
studies .  I n th e cas e o f  th e Fo x stud y th e tutor s 
ar e graduat e student s hire d t o hel p undergradu -
ate s throug h a  physic s course .  Ou r  tutor s ar e pro -
fessor s tutorin g student s wh o ar e takin g a  cours e 
fro m the m tha t  cover s thi s sam e material .  Th e tu -
tor s ar e als o th e employer s i n ou r  situation .  Th e 
educationa l  situation s ar e als o ver y different .  Th e 
student s i n ou r  stud y ar e olde r  tha n thos e Fo x ob -
served ;  the y ar e learnin g materia l  tha t  i s  essentia l 
t o thei r  performanc e a s professionals .  Ou r  tutor s 
ar e als o mor e experience d tutors ,  an d w e conjec -
tur e tha t  experience d tutor s ar e mor e likel y t o giv e 
explici t  negativ e acknowledgments . 

A se t  o f  erro r  respons e categorie s ha s bee n es -
tablishe d alon g wit h som e distributio n informa -
tion .  Ou r  tutor s us e somewha t  mor e negativ e ac -
knowledgment s pe r  tur n i n keyboar d session s tha n 

the y d o i n face-to-fac e sessions .  Ou r  results ,  pre -
liminar y a s the y are ,  als o sugges t  a  stron g relation -
shi p betwee n negativ e acknowledgment s an d hints . 

What  doe s al l  thi s mea n fo r  natura l  languag e 
tutorin g systems ? W e hop e tha t  w e ca n us e 
thes e result s t o provid e a  mor e natura l  interface . 
Clearly ,  th e instructiona l  planne r  i n a  tutorin g 
syste m need s rule s fo r  negativ e acknowledgments , 
rule s fo r  makin g hints ,  an d rule s tha t  combin e 
thes e processes . 

The nex t  ste p i n thi s researc h i s t o t o ana -
lyz e mor e tutorin g transcripts .  W e hav e 2 5 mor e 
keyboard-to-keyboar d transcript s ful l  o f  negativ e 
acknowledgment s an d hint s tha t  ar e no t  ye t  ana -
lyzed .  We hav e alread y starte d t o tr y t o answe r  th e 
most  obviou s question :  whe n d o ou r  tutor s us e a 
particula r  kin d o f  negativ e acknowledgment ? Doe s 
th e severit y o f  th e negativ e acknowledgmen t  cor -
respon d t o th e seriousnes s o f  th e error ? I f  thi s i s 
so,  th e relationshi p i s no t  immediat e an d obvious . 
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