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Abstrac t 

Face-to-face and keyboard-to-keyboard tutoring 
session s wer e recorde d an d analyze d a s a  first  ste p 
i n buildin g a  machin e tuto r  tha t  ca n understan d 
and generat e natura l  languag e dialogue .  Ther e 
wer e strikin g difference s betwee n thes e mode s o f 
interaction .  Th e numbe r  o f  turn s i n a n hour-lon g 
sessio n droppe d an d s o di d th e lengt h o f  th e sen -
tences ,  althoug h th e numbe r  o f  sentence s pe r  tur n 
staye d roughl y th e same .  Student s contribute d 
3 7 % o f  th e word s i n th e face-to-fac e sessions ;  thei r 
shar e droppe d t o 2 5 % i n th e keyboar d sessions . 
Sentenc e structur e i s simple r  i n th e keyboar d ses -
sions .  Th e tutor s as k mor e question s i n th e key -
boar d sessions ;  the y explai n thi s a s a  deliberat e 
strateg y t o kee p th e dialogu e going .  Th e tutor s 
als o us e a  muc h wide r  rang e o f  expression s o f  ac -
knowledgemen t  i n th e keyboar d session s i n a  de -
liberat e attemp t  t o communicat e verball y th e kin d 
of  encouragemen t  tha t  i s  ofte n expresse d nonver -
ball y i n a  face-to-fac e situation . 

Introduction 

Thi s pape r  compare s aspect s o f  th e languag e use d 
i n face-to-fac e an d keyboard-to-keyboar d tutorin g ses -
sions .  Thes e session s wer e recorde d a s par t  o f  a  projec t 
t o desig n an d develo p a  machin e tuto r  tha t  ca n gener -
at e tutoria l  dialogues .  Th e tuto r  i s intende d t o hel p 
first-year  medica l  student s understan d th e comple x 
negativ e feedbac k syste m tha t  regulate s bloo d pressur e 
(Ki m e t  al .  1989) . 

The first  ste p i n ou r  researc h wa s th e recordin g o f 
human tutorin g session s an d th e analysi s o f  th e tran -
script s o f  thos e session s wit h regar d t o bot h languag e 

'Thi s wor k wa s supporte d b y th e Cognitiv e Scienc 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  Technology .  Th e conten t 
does no t  reflec t  th e positio n o r  polic y o f  th e governmen t  an d 
no officia l  endorsemen t  shoul d b e inferred . 

and content .  Th e languag e analysi s involve s th e stud y 
of  vocabulary ,  syntax ,  an d discours e fo r  us e i n th e un -
derstandin g o f  ill-forme d inpu t  (Le e e t  al .  1990 ;  Se u 
et  al .  1991 )  an d th e generatio n o f  response s (Zhan g e t 
al .  1990) .  Th e wor k describe d her e forme d par t  o f  th e 
first  phas e i n th e languag e analysis . 

Studie s o f  keyboard-to-keyboar d session s i n th e lit -
eratur e ha d le d u s t o expec t  tha t  th e languag e i n 
keyboar d session s woul d b e terse r  an d mor e elliptica l 
(Thompso n 1980 ;  Gros z 1978) .  I t  was .  Man y o f  ou r 
idea s abou t  wha t  phenomen a t o loo k fo r  com e fro m 
Gros z o r  fro m Grishma n &  Kittredg e (1986) .  Fro m 
Gros z (1978 )  w e expecte d frequen t  us e o f  "OK "  wit h 
multipl e meanings .  I n fact ,  i t  wa s ou r  mos t  frequen t 
singl e wor d sentenc e an d i t  seem s t o mea n " I  under -
stand, "  "Yo u ar e o n th e righ t  track, "  an d "Ge t  o n 
wit h it "  i n abou t  equa l  proportions .  Th e us e o f  "you " 
als o parallel s tha t  describe d b y Grosz ,  bu t  "I "  i s  use d 
more ofte n a s a n abbreviatio n fo r  "increase "  tha n a s a 
persona l  pronoun .  Whe n i t  appear s a s a  persona l  pro -
noun ,  i t  i s  ofte n use d i n pseudo-question s b y students , 
suc h a s " I  don' t  understan d abou t  contractility. " 

Our  tutor s responde d t o Fox '  (1988b )  descriptio n o f 
repai r  situation s i n tutorin g b y tryin g ver y har d t o 
avoi d ambiguity ,  eve n thoug h the y d o no t  see m t o b e 
as verbos e a s th e tutor s describe d i n (Fo x 1990) . 

Capturing the Tutoring Sessions 

The dat a use d i n thi s stud y come s fro m tw o face-to -
fac e session s an d eigh t  keyboard-to-keyboar d sessions . 
Each sessio n laste d approximatel y on e hour .  Th e tuto r 
i n ever y cas e wa s eithe r  Joe l  Michae l  o r  Alle n Rovick , 
facult y member s i n th e Departmen t  o f  Physiolog y a t 
Rush Medica l  College .  Th e student s wer e first-year 
medica l  student s a t  Rush ,  wh o wer e learnin g thi s ma -
teria l  a s par t  o f  thei r  first-year  curriculum .  Th e stu -
dent s volunteere d t o tak e par t  i n ou r  researc h an d wer e 
awar e tha t  w e wer e recordin g thes e sessions . 

Each tutorin g sessio n begin s wit h a  descriptio n o f  a 
procedur e tha t  perturb s th e system ;  the n th e studen t  i s 
aske d t o predic t  ho w certai n importan t  parameter s wil l 
change .  Th e procedure s use d i n thes e example s wer e 
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haemorrhag e (los s o f  0. 5 o r  mor e liter s o f  blood )  an d 
a malfunctionin g pacemaker .  Th e studen t  i s aske d t o 
predic t  wha t  wil l  happe n t o thes e parameter s a t  thre e 

differen t  stages :  a t  th e direc t  respons e stag e inimedi -
atel y afte r  th e perturbatio n take s effect ,  a t  th e refle x 
respons e stag e whe n th e barorecepto r  refle x provide s 
negativ e feedback ,  an d i n th e stead y state . 

The dat a o n face-to-fac e tutorin g session s come s 
fro m tw o hour-lon g session s bot h conducte d b y Joe l 
Michae l  wit h tw o differen t  first-yea r  medica l  student s 
at  th e tim e whe n the y wer e studyin g thi s materia l  i n 
class . 

The keyboard-to-keyboar d session s wer e capture d 
by a  progra m w e wrot e fo r  th e purpose .  T o ru n thi s 
progra m (calle d STS )  require s tw o PC' s o r  compati -
ble s an d a  Haye s smar t  mode m o r  a n equivalen t  an d a 
telephon e lin e fro m on e sit e t o another .  Wit h thi s pro -
gra m w e ar e abl e t o captur e 60-9 0 turn s a n hour ;  th e 
limitatio n seem s t o b e th e typin g abilitie s o f  th e stu -
dent  an d th e tuto r  an d no t  th e equipment .  W e woul d 
be happ y t o giv e th e ST S progra m an d th e dat a t o 
anyon e wh o woul d lik e t o us e it . 

I n th e firs t  versio n o f  th e progra m w e ha d a  for -
mal  turn-releas e mechanism ,  bu t  i t  wa s possibl e fo r 
bot h tuto r  an d studen t  t o typ e a t  th e sam e time .  Thi s 
resulte d i n severa l  unintelligibl e passage s o f  intermin -
gle d characters .  I n th e session s (K1-K8 )  wher e thi s 
occurre d w e edite d thes e passages ,  wher e w e coul d re -
construc t  th e words ,  int o sequentia l  turns .  Th e inter -
ruptio n i s marke d T I  o r  SI ,  dependin g o n whethe r  th e 
tuto r  o r  th e studen t  performe d th e interruption . 

I n th e secon d versio n o f  th e progra m w e mad e i t  im -
possibl e fo r  th e tuto r  an d th e studen t  t o typ e a t  th e 
same time .  Barbar a Fox '  wor k suggest s tha t  thes e in -
terruption s pla y a n importan t  par t  i n face-to-fac e ses -
sions ,  s o i n th e thir d versio n o f  th e progra m w e buffe r 
what  th e interrupte r  type s an d displa y i t  o n th e re -
cipient' s screen .  I t  appear s i n th e transcrip t  afte r  th e 
tur n tha t  i t  interrupted .  W e hav e no w capture d 2 4 
keyboard-to-keyboar d tutorin g sessions ,  eac h on e hou r 
i n length . 

An importan t  first  ste p i n ou r  researc h wa s identi -
fyin g eac h ite m i n th e data .  Ja i  Se u wrot e a  progra m 
tha t  number s eac h sentenc e o r  fragmen t  i n a  wa y tha t 
identifie s th e session ,  wh o i s typing ,  th e turn ,  an d th e 
sentenc e withi n th e turn .  Fo r  example ,  th e numbe r 
K24-ST-057-0 1 indicate s tha t  thi s sentenc e come s fro m 
Keyboar d sessio n 24 ,  tha t  th e studen t  i s typing ,  tha t 
thi s i s  tur n 57 ,  an d tha t  i t  i s  th e first  sentenc e i n tha t 
turn .  Th e secon d componen t  ma y b e T U (tutor) ,  T I 
(tuto r  interruptin g th e student) ,  S T (student) ,  o r  S I 
(studen t  interruptin g th e tutor) .  Th e dat a describe d 
her e come s fro m th e first  eigh t  keyboar d sessions . 

Differences in Session Length and 

Sentenc e Lengt h 

Bot h th e face-to-fac e an d keyboard-to-keyboar d ses -
sion s wer e roughl y a n hou r  long ,  bu t  man y mor e word s 

were exchange d i n a n hou r  o f  face-to-fac e tutorin g tha n 
i n a  keyboar d session .  Thi s i s consisten t  wit h result s 
reporte d b y Gamora n (1991 )  usin g somewha t  differ -
ent  experimenta l  conditions .  Sh e foun d thre e time s 
as muc h tutorin g i n face-to-fac e session s a s i n remot e 
sessions . 

The tw o face-to-fac e session s containe d a  tota l 
of  6,41 0 word s divide d int o 48 9 turns .  Th e eigh t 
keyboard-to-keyboar d session s ha d a  tota l  o f  7,30 3 
word s divide d int o 69 9 turns .  Thus ,  th e numbe r  o f 
word s pe r  tur n droppe d fro m a n averag e o f  13. 1 i n 
th e face-to-fac e session s t o 10. 1 i n th e keyboard-to -
keyboar d sessions . 

The student s wer e affecte d b y thi s dro p muc h mor e 
strongl y tha n th e tutors ,  wit h th e resul t  tha t  th e tu -
tor s controlle d th e floor  muc h mor e i n th e keyboar d 
session s tha n i n th e face-to-fac e sessions .  I n th e face -
to-fac e session s th e tuto r  spok e 4,09 4 (62.8% )  o f  th e 
6,41 0 word s an d th e studen t  spok e 2,38 6 (37.2%) .  I n 
th e keyboar d session s th e tuto r  type d 5,45 2 (74.7% ) 
of  th e 7,30 3 word s whil e th e studen t  type d onl y 1,85 1 
(25.3%) . 

The sentenc e lengt h droppe d fo r  bot h th e tuto r  an d 
th e student .  Th e averag e sentenc e lengt h i n th e face -
to -  fac e session s wa s si x an d a  hal f  words ;  thi s averag e 
droppe d t o five  word s i n th e keyboar d sessions .  Th e 
distributio n i n sentenc e length s i s show n i n mor e detai l 
i n Table s 1 ,  2 ,  an d 3 .  Th e numbe r  o f  sentence s pe r 
tur n staye d roughl y constant ,  however .  Ther e wer e 
1.8 6 sentence s pe r  tur n i n th e face-to-fac e session s an d 
1.7 4 sentence s pe r  tur n i n th e keyboar d sessions . 

Table 1. Average Sentence Length 

Face-to-Face 
Tuto r 
Studen t 
Combine d 

5 
6. 5 

Keyboard-to-Keyboar d 
6 
4 
5 

Tabl e 2 .  Distributio n o f  Sentenc e Length s 

Tuto r 
1 t o 3  word s 
4 t o 1 0 word s 
abov e 1 0 word s 
tota l 

Studen t 
1 t o 3  word s 
4 t o 1 0 word s 
abov e 1 0 word s 
tota l 

Combine d 
1 t o 3  word s 
4 t o 1 0 word s 
abov e 1 0 word s 
tota l 

Face-to-Fac e 
N 

187 
155 
155 
497 

186 
155 
71 

412 

373 
310 
226 
909 

Per c 

37.6 % 
31.1 % 
31.1 % 

45.1 % 
37.6 % 
17.2 % 

41.0 % 
34.1 % 
24.9 % 

Keyboard-to-Keyboar d 
N 

266 
355 
193 
814 

273 
69 
61 

403 

539 
424 
254 

1217 

Per c 

32.7 % 
43.6 % 
23.7 % 

67.7 % 
17.1 % 
15.1 % 

44.2 % 
34.8 % 
20.9 % 
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Tabl e 3 .  Averag e N u m b e r  o f  Sentence s i n a 
Give n Lengt h Categor y pe r  Sessio n 

Face-to-Face Key board-to-Keyboard 

Tutor 
1 t o 3  word s 93. 5 33. 2 
4 t o 1 0 word s 77. 5 44. 3 
abov e 1 0 word s 77. 5 24. 1 
tota l  244. 5 102. 0 

Studen t 
1 t o 3  word s 93. 0 34. 1 
4 t o 1 0 word s 77. 5 8. 6 
abov e 1 0 word s 35. 5 7. 6 
tota l  206. 0 50. 0 

C o m b i n e d 

1 t o 3  word s 186. 5 67. 3 
4 t o 1 0 word s 155. 0 53. 0 
abov e 1 0 word s 113. 0 31. 8 

tota l  455. 0 602. 0 

Di f ference s i n S e n t e n c e C o m p l e x i t y 

Wit h th e differenc e i n sentenc e lengt h cam e a  marke d 
dro p i n sentenc e complexity .  W e counte d th e number s 
of  subordinat e clauses .  Th e frequenc y o f  sententia l 
complement s an d relativ e clause s wa s cu t  i n half .  Th e 
frequenc y o f  adverbia l  clause s (mostl y "i f  an d "when " 
clauses )  als o decrease d bu t  no t  a s markedly .  W e as -
sume tha t  thi s happene d becaus e adverbia l  clause s ar e 
used t o expres s th e underlyin g causa l  relationship s tha t 
ar e th e focu s o f  th e tutorin g effort .  Th e number s o f 
subordinat e clause s an d th e percentage s obtaine d b y 
dividin g thes e number s b y th e numbe r  o f  sentence s ar e 
shown i n Tabl e 4 . 

Tabl e 4 .  Subordinat e Clause s 

Face-to-Fac e Keyboard-to-Keyboar d 
Claus e Typ e #(C1 )  Per c #(C1 )  Per c 

Sent.Comp . 
Adverbia l 
Relativ e 
#(Sent ) 

96 
81 
48 

909 

10.6 % 
8.9 % 
5.3 % 

57 4.7 % 
86 7.1 % 
32 2.6 % 

1217 

Althoug h th e tuto r  us e o f  subordinat e clause s staye d 
roughl y th e sam e ove r  th e differen t  keyboar d sessions , 
th e student s varie d a  grea t  deal ,  s o w e hav e give n th e 
dat a fo r  individua l  student s i n Tabl e 5 . 

Tabl e 5 .  Studen t  Us e o f  Subordinat e Clause s 
i n th e Keyboar d Session s 

(S1-S 8 ar e th e eigh t  differen t  student s involved . 
Claus e Type s (CT )  ar e Sententia l  Complemen t  (SC ) 

Adverbia l  (Ad) ,  an d Relativ e (Rl). ) 

St u Tu t 
CT S I  S 2 S 3 S 4 S 5 S 6 S 7 S 8 To t  To t 

SC 1 4 0 3 3 0 0 0 11 46 
Ad 0  3  1  1 2 8  0  0  0  2 4 7 2 
Rl  0 0 0 2 0 0 0 0 2  3 0 

Dif ference s i n V o c a b u l a r y 

We expecte d t o fin d a  wide r  rang e o f  vocabular y item s 
i n th e face-to-fac e sessions .  W e wer e wrong .  Ther e ar e 
740 type s (differen t  individua l  words )  i n th e face-to -
fac e session s an d 91 5 type s i n th e keyboar d sessions . 
Ther e wer e 641 0 token s (tota l  words )  i n th e face-to -
fac e sessions ,  s o th e type-to-toke n rati o i s 740/641 0 = 
0.115 .  Ther e wer e 730 3 token s i n th e keyboar d ses -
sions ;  th e keyboar d type-to-toke n rati o i s 915/730 3 = 
0.125 .  Detail s o f  th e typ e distributio n ar e show n i n 
Tabl e 6 . 

Table 6. Distribution of Word Types 

Face-to-Fac e Keyboard-to-Keyboar d 

Tota l  Use d 
Used Onc e 

More Ofte n 
Tuto r 
Studen t 
Bot h 

740 
432 
308 
611 
368 
239 

58.4 % 

41.6 % 
62.4 % 
37.6 % 

915 
573 
342 
770 
386 
241 

62.6 % 
37.4 % 
66.6 % 
33.4 % 

Our  readin g an d conversation s wit h Bozen a Thomp -
son ha d le d th e compute r  scientist s amon g u s t o expec t 
phatic s (particularl y expression s o f  rag e an d frustra -
tion) .  Ou r  colleague s a t  Rus h predicte d tha t  n o phat -
ic s woul d appea r  an d the y wer e largel y right .  Th e onl y 
phatic s tha t  w e foun d wer e "Well "  an d "Oh. "  The y 

predic t  tha t  Rus h student s wil l  no t  expres s rag e an d 
frustratio n whe n communicatin g wit h ou r  machin e tu -
to r  either .  W e ar e eage r  t o fin d out .  Th e distributiio n 
of  "Well "  an d "Oh "  i s show n i n Tabl e 7 .  I t  doe s no t 
see m surprisin g tha t  thes e expression s appea r  mor e of -
te n i n spoke n languag e tha n i n type d language .  W e 
canno t  explai n wh y th e tutor s di d no t  sto p usin g the m 
as completel y a s th e student s did . 

Table 7. Distribution of Phatics 

Face-to-Fac e Keyboard-to-Keyboar d 
Well  O h Wel l  O h 

Tuto r 
Studen t 

18 
49 

2 
22 

14 
3 

2 
0 
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Difference s i n D i scou rs e St ra teg y 

We hav e onl y begu n t o explor e thi s dinienHioi i  bu t 
ther e ar e certai n fairl y  obviou s difference s betwee n th e 
tw o medi a here .  Th e tutor s aske d mor e question s i n 
th e keyboar d session s (217 )  tha n i n th e face-to-fac e ses -
sion s (129) .  The y explai n thi s a s a  consciou s attemp t 
t o ge t  student s t o respond . 

The tutor s activel y sough t  verba l  mean s t o expres s 
approva l  an d enthusias m i n th e keyboard-to-keyboar d 
sessions ,  informatio n tha t  the y expres s nonverball y i n 
face-to-fac e seessions .  Thus ,  th e word s "absolutely, " 
"super, "  an d "excellent "  appea r  fou r  o r  mor e time s i n 
th e keyboar d session s an d no t  a t  al l  i n th e face-to-fac e 
sessions .  The y als o softene d disconfirmation s (cf .  Fo x 
1988a )  wit h "no t  exactly, "  o r  "no t  quite. " 

Our  tutor s responde d t o th e descriptio n o f  repai r  sit -
uation s i n (Fo x 1988b )  wit h a  determinatio n t o avoi d 
suc h situations .  Examinatio n o f  repai r  situation s aris -
in g i n thre e talk-alou d session s no t  include d i n thi s 
stud y suggeste d tha t  th e mos t  common sourc e o f  re -
pai r  problem s wa s "How "  questions .  The y hav e mad e 
a deliberat e effor t  t o replac e thes e question s wit h mor e 
specifi c  question s beginnin g "B y wha t  mechanism  ... " 
or  "I n whic h directio n .. .  "  Fo r  whateve r  reaso n w e 
have to o fe w repai r  situation s i n ou r  curren t  session s 
t o mak e an y interestin g generalization s abou t  them . 

The tutor s expresse d a  feelin g o f  los s o f  contro l  af -
te r  th e keyboar d sessions .  W e suspec t  tha t  thi s feelin g 
may explai n wh y th e tutor s uttere d onl y te n imperativ e 
sentence s ou t  o f  th e 90 9 sentence s i n th e face-to-fac e 
session s ( 3 i n on e an d 7  i n th e other) ,  bu t  type d i n 9 0 
imperativ e sentence s (ou t  o f  1217 )  i n th e keyboard-to -
keyboar d sessions .  Th e student s produce d n o impera -
tiv e sentence s i n eithe r  medium . 

i n finding  ou t  whethe r  i t  become s mor e lik e tha t  use d 
by th e tutor .  W e nee d t o recor d a  serie s o f  session s 
wit h th e sam e studen t  carryin g ou t  a  numbe r  o f  differ -
ent  procedures .  Thi s projec t  shoul d als o contribut e t o 
th e desig n o f  th e studen t  modeler . 

Our  tutor s reacte d t o (Fo x 1988 b an d 1990 )  wit h 
a deliberat e an d largel y successfu l  attemp t  t o avoi d 
repai r  situation s i n th e keyboard-to-keyboar d sessions . 
We ar e stil l  tryin g t o figure  ou t  ho w the y accomplishe d 
this ,  becaus e w e d o no t  kno w ho w t o mak e th e machin e 
tuto r  recogniz e th e nee d fo r  repai r  o r  perfor m it . 

Summary 

We have recorded human tutoring sessions carried out 
bot h face-to-fac e an d keyboard-to-ke y boar d i n th e pro -
cess o f  gatherin g informatio n abou t  language ,  tutorin g 
strategie s an d modelin g technique s fo r  a  machin e tu -
tor .  I n carryin g ou t  th e languag e analysi s w e discov -
ere d som e majo r  difference s i n languag e use . 

Predictably ,  th e numbe r  o f  turn s an d th e sentenc e 
lengt h dropped ,  bu t  th e student s wer e affecte d muc h 
more tha n th e tutors ,  s o tha t  th e percentag e o f  word s 
contribute d b y th e studen t  droppe d fro m 3 7 % t o 25% . 
As sentence s gre w shorte r  ther e wer e fewe r  subordi -
nat e clause s o f  al l  kinds ,  bu t  ther e wer e stil l  a  fairl y 
larg e numbe r  o f  adverbia l  clause s tha t  expres s th e ba -
si c causa l  relationship s i n th e underlyin g domain . 

The languag e use d b y th e tutor s show s evidenc e o f 
severa l  strategie s fo r  overcomin g th e lac k o f  nonverba l 
communication .  Th e tutor s as k mor e question s an d 
use mor e imperative s i n a n apparen t  effor t  t o promp t 
studen t  response .  The y als o provid e mor e verba l  en -
couragement . 

F u t u r e R e s e a r c h 

Clearl y w e nee d t o collec t  an d analyz e mor e data . 
We hav e alread y recorde d si x mor e face-to-fac e tutor -
in g sessions ,  bu t  the y hav e no t  ye t  bee n transcribed . 
We ar e makin g plan s t o recor d eigh t  more .  W e actu -
all y hav e twenty-fou r  keyboard-to-keyboar d session s i n 
thre e group s o f  eight ;  w e use d th e first  eigh t  i n thes e 
analyse s becaus e th e protocol s involve d ar e close r  t o 
thos e use d i n th e face-to-fac e sessions . 

The number s o f  subordinat e clause s o f  differen t 
type s wer e recorde d b y hand .  Thes e number s ar e prob -
abl y no t  quit e accurate .  W e ar e constantl y expandin g 
our  parse r  t o handl e ill-forme d inpu t  an d w e hop e i n a 
fe w month s t o b e abl e t o pars e al l  th e sentence s pro -
duce d b y bot h student s an d tutors .  A t  tha t  poin t  w e 
wil l  b e abl e t o undertak e a  mor e sophisticate d analysi s 
of  syntacti c difference s an d carr y i t  ou t  mor e accu -
rately . 

We hav e alread y writte n softwar e t o coun t  differ -
ence s i n vocabular y betwee n th e studen t  an d th e tu -
tor .  W e wan t  t o examin e othe r  difference s i n languag e 
usage .  W e ar e particularl y intereste d i n studyin g ho w 
studen t  languag e change s ove r  a  serie s o f  session s an d 
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