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Johann a D .  Moore * 
Departmen t  o f  Compute r  Science ,  an d 

Learnin g Researc h an d Developmen t  Cente r 

Universit y o f  Pittsburg h 
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A b s t r a c t 

If computer-based instructional systems are to reap 

th e benefit s o f  natura l  languag e interaction ,  the y 

must  b e endowe d wit h th e propertie s tha t  mak e hu -

m an natura l  languag e interactio n s o effective .  T o 
identif y thes e properties ,  w e replace d th e natura l 

languag e componen t  o f  a n existin g Intelligen t  Tu -

torin g Syste m (ITS )  wit h a  h u m a n tutor ,  an d gath -

ere d protocol s o f  student s interactin g wit h th e hu -

m an tutor .  W e the n compare d th e h u m a n tutor' s 

response s t o thos e tha t  woul d hav e bee n produce d 
by th e ITS .  I n thi s paper ,  I  describ e tw o critica l  fea -

ture s tha t  distinguis h h u m a n tutoria l  explanation s 

from  thos e o f  thei r  computationa l  counterparts . 

Introduction 

There is growing interest in teaching real world 

problem-solvin g task s usin g computer-base d intel -

ligen t  apprenticeshi p environment s i n whic h stu -

dent s lear n b y doin g (Gott ,  1989) .  Suc h skill s 
typicall y involv e comple x chain s o f  hidde n reason -

in g an d on e goa l  o f  a n apprenticeshi p environ -

ment  i s t o hel p externaliz e th e cognitiv e processe s 

tha t  usuall y tak e plac e onl y mentally .  Collin s 

an d Brow n (1988 )  argu e tha t  reflectio n o n th e dif -
ference s betwee n novic e an d exper t  performanc e 

provide s on e me£ms o f  externalizin g comple x cog -
nitiv e processes .  Moreover ,  psychologica l  experi -

mentation ,  e.g. ,  (Owe n an d Sweller ,  1985 ;  Sweller , 

1988 )  indicate s tha t  learnin g fro m tas k situation s 

require s significan t  cognitiv e effort ,  an d therefor e 

some argu e tha t  m u c h o f  th e instructio n shoul d ac -
tuall y tak e plac e i n post-proble m reflectiv e follow -

up (rpu )  session s i n whic h student s revie w thei r 

own action s an d compar e the m t o exper t  behavio r 

(Lesgold ,  i n press) .  Collin s an d Brow n (1988 )  fur -

*The research described in this paper was sup-
porte d b y th e Offic e o f  Nava l  Research ,  Cognitiv e 

and Neura l  Science s Division ,  an d a  Nationa l  Sci -

enc e Foundatio n Researc h Initiatio n Award . 

the r  propos e tha t  computer s ca n b e a  powerfu l  too l 

fo r  learnin g throug h reflectio n becaus e the y m a k e 

i t  possibl e t o represen t  an d recor d th e processe s b y 

whic h a  novic e o r  exper t  carrie s ou t  a  comple x task . 

The y argu e tha t  suc h a  proces s trace ,  "properl y ab -

stracte d an d structured" ,  ca n hel p student s improv e 
thei r  performanc e o n comple x cognitiv e task s b y 

allowin g the m t o systematicall y examin e an d com -

par e thei r  performanc e t o tha t  o f  mor e exper t  per -

formers . 

Althoug h m a n y hav e argue d tha t  reflectiv e in -

teraction s ca n b e a n importan t  par t  o f  th e learn -
in g process ,  ther e ha s bee n n o systemati c attemp t 

t o develo p a  mode l  o f  th e typ e o f  dialogu e tha t 

wil l  facilitat e learnin g throug h reflection .  Experi -

enc e wit h th e Sher loc k syste m (Lesgol d e t  al. , 

1992) ,  a n intelligen t  apprenticeshi p envirormien t 
tha t  train s avionic s technician s t o troubleshoo t 

comple x electroni c devices ,  ha s show n tha t  build -

in g a  syste m t o participat e i n reflectiv e dialogue s 

i n a  comple x domai n pose s a  difEcul t  challenge .  A 

rudimentar y RF U facilit y ha s bee n implemente d i n 
Sher lock .  Usin g thi s facility ,  student s repla y thei r 

solutio n on e ste p a t  a  time ,  an d ca n as k th e syste m 

t o commen t  o n thei r  actions ,  justif y it s conclusion s 

abou t  th e statu s o f  components ,  o r  explai n wha t 

ste p a n exper t  woul d hav e performed .  She r l oc k 
produce s response s t o thes e querie s b y fillin g i n an d 
printin g template s selecte d o n th e basi s o f  th e ques -

tio n typ e an d th e particular s o f  th e student' s actio n 

and th e proble m situation .  Du e t o th e complexit y 

of  th e domain ,  ther e i s  frequently  a  larg e amoun t 
of  informatio n tha t  i s  potentiall y  relevan t  t o th e 
student' s question .  Experienc e wit h th e syste m ha s 

shown tha t  explanation s ofte n becom e lon g an d dif -

ficul t  t o understand .  Thi s i s no t  surprisin g sinc e th e 

curren t  explanatio n facilit y  simpl y patche s togethe r 

al l  o f  th e appropriat e messag e templates . 
Clearly ,  i f  computer s ar e t o realiz e thei r  potentia l 

as a  powerfu l  too l  fo r  facilitatin g learnin g throug h 

reflection ,  w e mus t  identif y model s fo r  effectiv e re -
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flective  interactions .  Ou r  researc h i s aime d a t  iden -

tifyin g strategie s fo r  choosin g wha t  informatio n t o 

includ e i n i n response s t o students '  question s durin g 

RFU an d fo r  organisin g an d presentin g tha t  infor -

matio n i n a  manne r  tha t  i s  intelligibl e t o students . 

I n orde r  t o develo p suc h strategies ,  w e studie d 

human-huma n reflectiv e interaction s i n th e SHER-

LOCK domain ,  an d compare d thes e t o th e human -

compute r  interactions .  Reflectin g o n th e diff"erence s 

betwee n thes e interaction s enable d u s t o identif y 

feature s o f  th e humein-huma n interactio n tha t  w e 

believ e eir e critica l  fo r  effectiv e tutorin g i n comple x 

domains . 

The Protocol Study 

Tb identify the strategies that human tutors use 

when participatin g i n reflectiv e dialogues ,  w e col -

lecte d protocol s o f  tutor s interactin g wit h student s 

i n post-proble m RF U sessions .  Fo r  eac h protocol , 

th e studen t  solve d a  troubleshootin g proble m us -

in g Sherlock ,  an d engage d i n a n rf u sessio n t o 

revie w hi s o r  he r  problem-solving .  T o collec t  th e 

protocols ,  th e syste m wa s use d t o repla y eac h ste p 

of  th e student' s solution .  Afte r  a  ste p i s replayed , 

th e huma n tuto r  critique s i t  b y markin g th e actio n 

as "good "  (<-!-> )  o r  a s "coul d b e improved "  (< -

>)) .  Durin g ou r  experiments ,  student s wer e no t 

allowe d t o vie w an y o f  th e template-base d explana -

tion s tha t  Sherloc k coul d provide .  Instejid ,  the y 

wer e instructe d t o addres s al l  o f  thei r  question s t o 

th e huma n tutor .  Th e studen t  an d tuto r  commu-

nicate d b y writin g message s wit h pa d an d pencil . 

They wer e physicall y arrange d s o tha t  the y coul d 

each vie w a  scree n imag e o f  th e SHERLOCK simula -

tion ,  bu t  the y wer e prevente d fro m communicatin g 

i n an y wa y othe r  tha n writin g message s o n th e pad . 

Becaus e SHERLOCK keep s a  record s o f  al l  studen t 

action s fo r  eac h proble m session ,  th e studen t  trace s 

can b e replaye d a t  an y time .  Afte r  eac h RF U pro -
toco l  wa s gathered ,  w e replaye d th e trac e o f  th e 

student' s action s an d collecte d th e message s tha t 

Sherloc k woul d hav e produced . 

To date ,  w e hav e collecte d dat a fro m 2 4 student -

tuto r  interaction s wit h 1 4 differen t  student s an d 

3 differen t  tutors .  Thi s corpu s contain s approxi -

matel y 172 5 sentence s i n approximatel y 23 2 ques -

tion/answe r  pairs .  W e hav e analyze d th e protoco l 

data ,  an d hav e identifle d severa l  feature s o f  huma n 

exper t  explanatio n tha t  ar e lackin g i n th e template -

base d approac h currentl y employe d i n Sherlock . 

Critical Features of Human Discourse 

We found two striking differences between the ex-

planation s produce d b y th e huma n tuto r  an d thos e 

produce d b y Sherlock .  First ,  huma n tutor s freel y 

refe r  t o th e previou s dialogu e i n thei r  subsequen t 

explanations .  Thi s facilitate s understandin g an d 

learnin g b y relatin g ne w informatio n t o recentl y 

conveye d material ,  an d avoidin g repetitio n o f  ol d 

materia l  tha t  woul d distrac t  th e studen t  fro m wha t 

i s new . 

Second ,  huma n tutor s mak e extensiv e us e o f  dis -

cours e markers .  Thes e marker s expres s relation -

ship s amon g individua l  unit s o f  information ,  thu s 

addin g structur e t o comple x explanation s an d mak -

in g the m easie r  t o understand .  Suc h rhetorica l  de -

vice s affec t  tex t  cohesion ,  an d researc h i n read -

in g comprehensio n show s tha t  thes e device s in -

creas e th e learner' s abilit y  t o construc t  a  coheren t 

menta l  representatio n o f  th e incomin g information , 

e.g. ,  (Brewer ,  1980 ;  Goldma n an d Duran ,  1988 ; 

Meyer ,  Brand t  an d Bluth ,  1980) . 

Referring to Previous Discourse 

In the protocol study, we found that the human ex-

planation s wer e affecte d b y th e contex t  create d b y 

prio r  discourse .  Fo r  example ,  whe n student s aske d 

follow-u p questions ,  huma n tutor s interprete d an d 

answere d thes e question s i n th e contex t  o f  thei r 

previou s explanations .  Clarifyin g an d elaboratin g 

on prio r  explanation s require s explainer s t o under -

stan d wha t  the y hav e sai d previousl y i n orde r  t o 

provid e additional ,  correctiv e information ,  an d t o 

avoi d repeatin g informatio n tha t  ha s alread y bee n 

conveyed .  Furthermore ,  eve n whe n answerin g ques -

tion s tha t  wer e no t  follow-u p questions ,  huma n tu -

tor s frequentl y referre d t o a  previou s explanation , 

e.g. ,  i n orde r  t o poin t  ou t  similaritie s (o r  differ -

ences )  betwee n th e materia l  currentl y bein g ex -

plaine d an d materia l  presente d i n earlie r  explana ^ 

tion(s) . 

The computer-generate d utterances ,  whic h d o 

not  dra w o n previou s discourse ,  see m awkwar d an d 

unnatural .  A  mor e seriou s proble m i s tha t  i n case s 

wher e student s performe d tw o o r  mor e action s tha t 

indicate d som e o f  th e sam e misconceptions ,  SHER-

LOCK simpl y generate d th e sam e comment s ove r 

and ove r  again .  I n additio n t o bein g frustrating , 

th e syste m misse d ou t  o n opportunitie s t o hel p stu -

dent s for m usefu l  abstraction s b y pointin g ou t  th e 

reason s wh y severa l  specifi c  action s wer e al l  symp -

tomati c o f  th e sam e genera l  typ e o f  error . 

As a n example ,  conside r  th e dialogu e wit h Sher -

loc k show n i n Figur e 1 .  Thi s figure  show s th e tu -

tor' s critiqu e o f  th e actio n o f  testin g pi n 38 ,  fol -

lowe d b y th e actio n o f  testin g pi n 28 .  Not e severa l 

thing s fro m thi s example .  First ,  althoug h thes e tw o 

action s ar e suboptima l  fo r  on e o f  th e sam e reasons , 
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ACTION:  Yo u mad e a  non-infbrinativ e tes t  o n th e RAG' i  A1A3A15 . 
V DC tea t  hor n pi n 3 8 t o gioun d wit h a  metei .  Th e readin g wa s 2S.000 0 VDC. 

SHERLOCK'S C O M M E N TS 
Studen t  teste d of f  th e activ e ciicui t  path . 
Studen t  di d no t  completel y tes t  mai n dat a $ignal *  t o th e activ e relay .  I t  i s  generall y 
mor e efficien t  t o completel y tes t  th e mai n dat a signal s t o th e activ e relay . 

You teste d th e dat a floui  inpu t  lo w side ,  hu t  no t  th e hig h side . 

ACTION: You attempted to verify the secondary data signals affecting the signal 
pat h fo r  th e RAG' s A1A3A1S .  Yo u mad e th e followin g measurement : 

V DC tes t  &o m pi n 2 8 t o groun d wit h a  meter .  Th e readin g wa s 28.000 0 VDC. 

SHERLOCK'S C O M M E N TS 
Studen t  di d no t  completel y tes t  mai n dat a signal s t o th e activ e relay .  I t  i s  generall y 
mor e efficien t  t o completel y tes t  th e mai n dat a signal s t o th e activ e relay . 

You teste d th e dat a flow  inpu t  lo w side ,  bu t  no t  th e hig h side . 

Figure 1: Sherlock's Comments on Student Actions 

TUTOR <->You tested pin 38 of the A1A3A15. [1] 

S T U D E NT W h y i s testin g pi n 3 8 no t  considere d a  goo d step ? [2 ] 

T U T OR Fo r  tw o reasons .  First ,  becaus e yo u di d no t  completel y tes t  th e input s neede d t o se t  rela y B 2 4 [3 ] 
(yo u teste d th e lo w inpu t  bu t  no t  th e hig h input) .  Thes e tw o input s ar e critica l  fo r  th e T O 
tes t  ste p an d ar e highl y suspec t  whe n a  rela y appear s t o b e reset .  Secondly ,  th e dat a inpu t 
at  pi n 3 8 ha s n o effec t  o n th e pat h tha t  i s  bein g create d betwee n pin s 5 7 k  5 8 an d th e outpu t 
at  1 1 &  12 .  Rela y B2 6 coul d b e se t  o r  rese t  -  i t  jus t  doesn' t  matter . 

T U T OR < - > Y o u teste d pi n 2 8 o f  th e A 1 A 3 A 1 5 . 

S T U D E NT W h y i s testin g pi n 2 8 no t  a  goo d step ? 

T U T OR A s explaine d before ,  th e mai n dat a input s t o rela y B 2 4 ar e highl y suspec t  a t  thi s time .  Y o u 
hav e teste d th e lo w inpu t  t o B2 4 bu t  no t  th e hig h one .  Sinc e i t  i s  mor e likel y tha t  ther e m a y 
be a  proble m wit h th e mai n dat a signal s t o rela y B 2 4 tha n wit h th e secondar y dat a signal s t o 
relay s B25-B30 ,  th e mai n dat a signa l  shoul d b e teste d first .  Testin g pi n 2 8 i s no t  a  ba d step , 
i t  i s  jus t  mor e likel y (o n th e average )  tha t  th e mai n dat a signal s ar e causin g th e problem . 

[5 ] 

[6 ] 

T U T OR < - > Y o u teste d pi n 3 6 o f  th e A 1 A 3 A 1 5 .  [7 ] 

S T U D E NT Don' t  I  nee d t o tes t  pi n 36 ? [8 ] 

T U T OR Yo u migh t  hav e to ,  bu t  fo r  th e sam e reason s give n whe n yo u teste d pi n £8 ,  i t  i s  generall y [9 ] 
mor e efficien t  t o tes t  th e mai n contro l  dat a signal s first,  an d the n tes t  th e secondar y contro l 
dat a signal s i f  necessary . 

Figure 2: Human Tutor's Comments on Student Actions 

thi s i s no t  explicitl y  state d i n th e texts .  (Fo r  expos -

itor y purposes ,  italic s ar e use d t o highligh t  th e sim -

Uar  portion s o f  th e explanation s i n Figur e 1. )  T h e 
studen t  m u s t  perfor m a  detaile d compariso n o f  th e 

tw o text s t o determin e whethe r  a n d i n wha t  way s 

th e t w o situation s ar e simila r  a n d i n w h a t  way s the y 

differ . 

Contras t  S h e r l o c k ' s explanation s wit h thos e 

produce d b y a  h u m a n tuto r  i n Figur e 2 .  Thi s figur e 

show s th e h u m a n tutor' s explanation s fo r  3  actions , 

th e firs t  tw o o f  whic h ar e th e s a m e a s thos e cri -

tique d i n th e SHBRLOCK-generate d examp l e above . 

T h e h u m a n tutor' s explanation s m a k e i t  clea r  tha t 

testin g pi n 2 8 i s ba d fo r  on e o f  th e s a m e reason s 

as testin g pi n 38 ,  an d testin g pi n 3 6 i s b a d fo r  pre -

cisel y th e s a m e reaso n a s testin g pi n 28 .  I n Fig -

ur e 2 ,  italic s ar e use d t o highligh t  w h a t  w e catego -

riz e a s contextua l  effect s o n th e explanation s given . 

For  example ,  w h e n explainin g w h y testin g pi n 2 8 

i s ba d (tur n 6 ) ,  th e tuto r  refer s bac k t o on e o f  th e 
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reason s give n i n th e explanatio n i n tur n 3 ,  an d reit -

erate s th e fac t  tha t  th e mai n dat a input s ar e highl y 

suspec t  an d hav e no t  bee n completel y teste d (sig -

nalle d b y "A s explaine d before") .  Th e tuto r  the n 

introduce s th e notion s o f  mai n an d secondar y dat a 

contro l  signal s an d justifie s wh y th e mai n dat a sig -

nal  shoul d b e teste d first .  Later ,  whe n explainin g 

why testin g pi n 3 6 i s ba d i n tur n 9 ,  th e tuto r  refer s 

bac k t o th e explanatio n give n whe n assessin g th e 

tes t  o f  pi n 2 8 an d state s a  generalisatio n explainin g 

why thes e tw o action s ar e considere d suboptimal , 

i.e. ,  tha t  th e mai n dat a signal s shoul d alway s b e 

teste d befor e secondar y dat a signals .  Th e tuto r  ex -

pect s th e studen t  t o b e abl e t o mak e us e o f  th e 

explanatio n give n i n tur n 6  (an d therefor e tur n 3 ) 

by indicatin g tha t  i t  i s  relevan t  t o th e curren t  sit -

uatio n C^o r  th e sam e reason s give n ... "  serve s thi s 

purpose) .  Accordingly ,  th e tuto r  doe s no t  repea t 

th e detaile d explanatio n o f  wh y th e mai n contro l 

dat a signal s ar e suspect ,  no r  wh y the y shoul d b e 

teste d first .  B y generatin g th e explanatio n i n tur n 

9 i n suc h a  wa y tha t  i t  meshe s wit h th e previou s 

two ,  no t  onl y doe s th e tuto r  correc t  th e student' s 

error ,  bu t  force s th e studen t  t o conside r  ho w th e 

thre e situation s ar e similar .  Pointin g ou t  thi s simi -

larit y m a y facilitat e th e studen t  i n formin g th e do -

mai n generalisatio n an d recognisin g ho w th e thre e 

instance s fit  thi s generalisation . 

Base d o n ou r  stud y o f  human-huma n reflectiv e 

dialogues ,  w e ar e developin g a  taxonom y tha t  classi -

fies  th e type s o f  contextua l  effect s tha t  occu r  i n ou r 

dat a accordin g t o th e explanator y function s the y 

serve .  Thu s far ,  w e hav e identifie d fou r  mai n cate -

gories : 

•  explici t  referenc e t o a  previou s explanatio n (o r 

portio n thereof )  i n orde r  t o poin t  ou t  simi -

laritie s (differences )  betwee n th e materia l  cur -

rentl y bein g explaine d an d materia l  presente d 
i n earlie r  explanation(s) , 

•  omissio n o f  previousl y explaine d materia l  t o 

avoi d distractin g th e studen t  fro m wha t  i s new , 

•  explici t  markin g o f  repeate d materia l  t o dis -

tinguis h i t  fro m ne w materia l  (e.g. ,  "A s I  sai d 

before ,  ..." ) 

•  elaboratio n o f  previou s materia l  i n th e for m o f 

generalisations ,  mor e detail ,  o r  justifications. ^ 

We ar e ids o performin g a  mor e detaile d stud y 

of  th e corpu s i n orde r  t o determin e th e condition s 

imde r  whic h h u m a n tutor s refe r  t o previou s expla -

nations .  I n RF U interaction s th e mos t  commonl y 

^Thi s categor y break s u p int o a  numbe r  o f  sub -

categorie s i n ou r  taxonomy . 

aske d questio n i s a  reques t  t o justif y th e tutor' s 

assessmen t  o f  a  studen t  actio n ( 4 2 % o f  al l  ques -

tion s aske d durin g RPU) .  W e foun d tha t  2 7 % o f 

th e answer s t o suc h question s involve d reference s 

t o previou s justification s o f  assessment s i n orde r  t o 

poin t  ou t  similaritie s o r  differences .  However ,  i t  i s 

importtui t  t o not e tha t  no t  al l  justification s o f  as -

sessmen t  provid e opportunitie s fo r  referrin g t o pre -

viou s explanations .  I n orde r  t o estimat e th e per -

centag e o f  case s i n whic h h u m a n explainer s referre d 

t o previou s justification s whe n a n appropriat e op -

portunit y arose ,  w e devise d a  case-base d reasonin g 

(cbr )  algorithm ^  t o find  relevan t  prio r  justifica -

tions .  Th e algorith m compute s similarit y o f  studen t 

action s base d o n a  se t  o f  feature s tha t  wer e derive d 

fro m a  cognitiv e tas k analysi s aime d a t  identifyin g 

th e factor s tha t  exper t  avionic s tutor s us e i n assess -

in g student' s troubleshootin g action s (Pokorn y an d 

Gott ,  1990) .  W e foun d tha t  h u m a n tutor s explicitl y 

referre d t o a  prio r  justificatio n (a s i n Figur e 2 )  i n 

7 3 % o f  th e case s identifie d b y th e c b r  algorithm . 

Therefore ,  h u m a n explainer s refe r  t o previou s ex -

planation s i n th e vas t  majorit y o f  th e case s wher e 

i t  make s sens e t o d o so ,  a t  leas t  whe n answerin g 

thi s typ e o f  question . 

Use of Discourse Markers 

The second distinguishing feature of human tuto^ 
ria l  explanation s i s th e extensiv e us e o f  discours e 

markers .  A s a n illustration ,  conside r  th e tw o ex -

planation s appearin g i n Figure s 3  an d 4 .  Th e ex -

planatio n appearin g i n Figur e 3  wa s produce d b y 

Sher lock ,  wherea s th e on e appearin g i n Figur e 4 

was produce d b y a  h u m a n tutor .  Not e tha t  Sher -

lock' s explanatio n i s difficul t  t o understan d becaus e 

i t  doe s no t  indicat e ho w th e part s o f  th e tex t  ar e 

relate d t o on e another .  Fo r  example ,  Sherlock' s 

explanatio n doe s no t  mak e i t  clea r  tha t  th e materia l 

i n 3  elaborate s 2  b y citin g a  genera l  principl e abou t 

troubleshooting ,  no r  tha t  2  an d 3  togethe r  provid e 

evidenc e fo r  th e tutor' s assessmen t  o f  th e student' s 

ste p a s bad .  I n addition ,  4  provide s a n additional , 

independen t  piec e o f  evidenc e fo r  wh y th e student' s 

actio n i s considere d bad .  Next ,  5  elaborate s t o ex -

plai n ho w th e studen t  ca n find  ou t  mor e abou t  th e 

statu s o f  components .  Finally ,  6  i s a  concessio n in -

dicatin g tha t  th e student' s actio n wa s correc t  i n on e 

way ( a voltag e tes t  wa s appropriat e a t  thi s locatio n 

i n th e circuit. )  I t  i s  difficul t  t o understan d 6  whe n 

i t  appears ,  becaus e th e concessio n relationshi p be -

twee n i t  an d th e tex t  i n 2- 5 (th e tutor' s evidenc e 

supportin g th e clai m tha t  th e student' s actio n i s 

'Se e (Rosenblu m an d Moore ,  1993 )  fo r  details . 
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A(;:;TI0N :  <- > V D C tei t  &o m pi n 3 3 t o groun d o n A1A3A8 . 

SHERLOCK'S COMMENTS ON YOUR SYSTEM UNDERSTANDING: 
[1 ]  Studen t  space-spli t  betwee n th e UUT ,  th e stimulu s an d th e measuremen t  area s 

(o r  betwee n th e U U T an d th e measuremen t  area ,  i f  ther e i s n o stimulus )  befor e 
testin g th e measuremen t  signa l  path . 

SHERLOCK'S C O M M E N TS O N Y O UR STRATEGI C SKILL : 
[2 ]  Studen t  test s dat a befor e input/outpu t  signals . 

[3 ]  A n efficien t  testin g strateg y i s t o verif y tha t  ther e i s a  proble m o n a  component' s 
signa l  pat h befor e investigatin g th e component' s contro l  dat a signals .  I f  th e signa l 
goin g throug h th e componen t  i s  good ,  the n th e contro l  dat a signal s ar e als o good . 

[4 ]  Studen t  test s pin s o f  unverifie d componen t  whic h hav e bee n 
verifie d b y prio r  T O test . 

[5 ]  B y clickin g o n a  componen t  o n th e circui t  diagram ,  Sherloc k wil l  tel l 
yo u wha t  part s o f  a  componen t  ar e no t  verifie d fo r  eac h troubleshootin g step . 

[6 ]  Studen t  perform s a  correc t  typ e o f  test . 

Figure 3: Sherlock's comments on student action 

TUTOR 

STUDENT 

TUTOR 

<- > VD C tes t  fro m pi n 3 3 t o groun d o n A1A3A8 . 

W hy i s testin g pi n 3 3 considere d a  ba d move ? 

For  severa l  reasons .  First ,  althoug h yo u kno w tha t  th e U U T i s good ,  yo u shoul d eliminat e 
th e tes t  packag e befor e troubleshootin g insid e th e tes t  station .  Thi s i s  becaus e th e tes t 
packag e i s move d frequently  an d i s thu s mor e susceptibl e t o damag e tha n th e tes t  station . 
Also ,  i t  i s  mor e wor k t o ope n u p th e tes t  statio n fo r  testin g an d th e proces s o f  openin g drawer s 
and extendin g card s ma y induc e problem s whic h di d no t  alread y exist .  Second ,  i t  i s usuall y a 
bette r  strateg y t o locat e a  proble m alon g th e signa l  flow  pat h befor e suspectin g tha t  th e dat a 
signal s ar e causin g th e fail .  Yo u reall y shoul d tes t  th e signa l  flow  inpu t  an d outpu t  signal s 
first  an d the n decid e i f  testin g th e dat a flow  signal s i s necessary .  Finally ,  sinc e T O tes t  2 
passed ,  yo u shoul d alread y kno w tha t  th e inpu t  o n pi n 3 3 i s probabl y goo d ( T O tes t  2  use d 
T P A 63 whic h need s th e sam e inpu t  o n 33) .  Therefore ,  testin g pi n 3 3 i s reall y a  redundan t 

move. 

Figur e 4 :  H u m a n tutor' s critiqu e o f  studen t  actio n 

[1 ] 

[2 ] 

[3 ] 

bad )  i s no t  signalled . 

Contras t  thi s wit h th e h u m a n tutor' s explana -
tion ,  whic h clearl y state s tha t  ther e ar e severa l  rea -

son s w h y th e student' s actio n w a s assesse d nega ^ 

tively .  I n explainin g eac h o f  th e reasons ,  th e hu -

m an tuto r  supplie s justificatio n fo r  th e clai m tha t 

th e student' s actio n ca n b e considere d bad .  Not e 
tha t  th e h u m a n tutor' s explanatio n include s m a n y 

discours e marker s tha t  conve y importan t  relation -

ship s betwee n th e informatio n tha t  appear s i n th e 

text .  (Thes e appea r  i n bol d typ e i n Figur e 4. )  Fo r 

example ,  th e tuto r  signal s evidenc e fo r  a  clai m wit h 

marker s suc h a s "because "  a n d "since" .  W h e n h e 
argue s f ro m evidenc e t o claim ,  a s i n "th e tes t  pack -

ag e i s m o v e d frequentl y an d i s thu s m o r e suscepti -

bl e t o d a m a g e ..." ,  h e use s marker s suc h a s "thus " 

an d "therefore "  t o indicat e th e claim .  Finally ,  h e 

indicate s wher e th e a rgumen t  fo r  eac h reaso n start s 
an d end s wit h th e marker s "First, "  "Second, "  a n d 

"Finally. "  T h e marke r  "also "  i s use d t o indicat e ad -

ditiona l  justificatio n withi n a  reason .  Thes e m a r k -

er s m a k e explici t  th e intentiona l  a n d information2i l 

(semantic )  relationship s betwee n th e part s o f  thi s 
comple x text ,  a n d thu s m a k e i t  easie r  t o under -

stand . 

T h e proble m o f  determinin g w h e n discours e 

marker s shoul d b e used ,  an d whic h marker s wou l d 

b e mos t  effectiv e i n increasin g th e student' s c o m -

prehensio n o f  th e explanatio n i s a n ope n researc h 

problem .  T o tackl e thi s problem ,  w e hav e b e g u n 

a detaile d linguisti c analysi s o f  th e explanation s i n 

ou r  corpus .  F r o m a  pilo t  study ,  w e hav e reaso n t o 
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hypothesii e tha t  marke r  selectio n i s influence d b y 

th e intentiona l  sin d informationa l  relation s (Moor e 

an d Pollack ,  1992 )  betwee n tex t  segments ,  th e topi c 

structur e o f  th e text ,  th e sis e o f  th e segment s bein g 

related ,  an d th e embeddin g o f  relation s i n th e hier -

archica l  structur e o f  th e text .  Fro m thi s study ,  w e 

expec t  t o develo p a  catalogu e o f  th e discours e mark -

er s use d i n explanation s i n th e Sher loc k domai n 

an d th e feature s tha t  predic t  usag e o f  eac h marker . 

Thi s informatio n wil l  the n b e use d t o construc t  a 

computationa l  mode l  tha t  wil l  enabl e ou r  explana -

tio n generato r  t o selec t  appropriat e discours e mark -

ers . 

Conclusions 

Compiirison of humein explanations with those pro-

duce d b y a  compute r  syste m usin g a  template -

base d explanatio n proces s ha s enable d u s t o iden -

tif y tw o propertie s o f  h u m a n discours e tha t  see m 

crucia l  fo r  producin g effectiv e explanation s i n re -

flective  interactions .  Th e nex t  ste p i s t o buil d com -

putationa l  system s tha t  ar e capabl e o f  producin g 

explanation s tha t  hav e thes e properties .  W e hav e 

alread y m a d e progres s towar d buildin g a  syste m 

tha t  take s prio r  utterance s int o accoun t  whe n plan -

nin g explanations .  I n (Carenin i  an d Moore ,  1993 ; 

Rosenblu m an d Moore ,  1993) ,  w e describ e th e 

strategie s w e hav e implemente d fo r  identifyin g rel -

evan t  prio r  expljtnations ,  an d th e mechanism s tha t 

enabl e ou r  explanatio n planne r  t o exploi t  th e in -

formatio n store d i n it s discours e histor y i n or -

der  t o omi t  informatio n tha t  ha s previousl y bee n 

communicated ,  t o poin t  ou t  similaritie s an d differ -

ence s betwee n entitie s an d situations ,  an d t o mar k 

re-explanation s i n circumstance s wher e the y ar e 

deemed appropriate .  I n futur e work ,  w e wil l  im -

plemen t  strategie s fo r  selectin g discours e marker s 

t o conve y th e relationship s betwee n unit s o f  infor -

matio n i n comple x texts . 

I n orde r  t o evaluat e th e effectivenes s o f  th e prop -

ertie s w e hav e identified ,  w e ar e designin g ou r  expla -

natio n facilit y  s o tha t  th e abilitie s t o integrat e pre -

viou s explanation s int o curren t  explanations ,  an d 

t o emplo y dbcours e markers ,  ar e optiona l  facilitie s 
tha t  ca n b e enable d o r  disabled .  Thu s w e wil l  b e 

abl e t o systematicall y evaluat e th e effec t  o f  thes e 

tw o capabilitie s o n students '  satisfactio n wit h th e 

system ,  thei r  comprehensio n o f  explanations ,  an d 

thei r  learnin g o f  comple x problem-solvin g strate -

gies . 

References 

Brewer, W. F., 1980. Literacy theory, rhetoric, 

an d stylistics :  Implication s fo r  psychology .  I n 

Shapiro ,  R .  J .  e < al .  (Eds.) ,  Theoretica l  Issue s 

i n Readin g Comprehension ,  221-239 .  Hillsdale , 

NJ:  Lawrenc e Erlbaum . 
Carenini ,  G .  an d Moore ,  J .  D. ,  1993 .  Generat -

in g explanation s i n context .  I n Gray ,  W .  D . 

et  al .  (Eds.) ,  Proceeding s o f  th e Internationa l 

Worksho p o n Intelligen t  Use r  Interfaces ,  175 -

182 .  Orlando ,  Florida :  A C M Press . 
Collins ,  A .  an d Brown ,  J .  S. ,  1988 .  Th e compute r  a s 

a too l  fo r  learnin g throug h reflection .  I n Mandl , 

H.  e t  al .  (Eds.) ,  Learnin g Issue s fo r  Intelligen t 

Tutorin g Systems ,  1-18 .  N Y :  Springer-Verlag . 
Goldman ,  S .  an d Duran ,  R .  P. ,  1988 .  Answer -

in g question s fro m oceanograph y texts :  Learner , 

task ,  an d tex t  characteristics .  Discours e Pro -

cesse s 1:373-412 . 
Gott ,  S .  P. ,  1989 .  Apprenticeshi p instructio n fo r 

rea l  worl d tasks :  Th e coordinatio n o f  pro -
cedures ,  menta l  models ,  an d strategies .  I n 

Rothkopf ,  E .  Z .  (Ed.) ,  Revie w o f  Researc h i n 

Education ,  volum e X V ,  97-169 . 
Lesgold ,  A. ,  Lajoie ,  S. ,  Bunzo ,  M. ,  an d Eggan ,  G. , 

1992 .  Sherlock :  A  coache d practic e environ -

ment  fo r  a n electronic s troubleshootin g job .  I n 

Compute r  Assiste d Instructio n an d Intelligen t 

Tutorin g Systems :  Share d Goal s an d Comple -

mentar y Approaches ,  201-238 .  Hillsdale ,  N e w 

Jersey :  Lawrenc e Erlbaum . 
Lesgold ,  A. ,  i n press .  Assessmen t  o f  intelligen t 

trainin g technology .  I n Baker ,  E .  L .  an d O'Neil , 

H.  F. ,  (Eds.) ,  Technolog y Assessment .  Hillsdale , 

NJ:  Lawrenc e Erlbaum . 
Meyer ,  B .  J .  F. ,  Brandt ,  D .  M. ,  an d Bluth ,  G .  J. , 

1980 .  Us e o f  top-leve l  structur e i n texts :  Ke y fo r 

readin g comprehensio n i n ninth-grad e students . 

Readin g Researc h Quarterl y 16:72-102 . 
Moore ,  J .  D .  an d Pollack ,  M .  E. ,  1992 .  A  prob -

le m fo r  R S T :  Th e nee d fo r  multi-leve l  discours e 

analysis .  Computationa l  Linguistic s 18(4) . 
Owen,  E .  an d Sweller ,  J. ,  1985 .  W h a t  d o stu -

dent s lear n whil e solvin g mathematic s prob -

lems ? Journa l  o f  Educationa l  Psycholog y 

77:272-284 . 
Pokorny ,  R .  an d Gott ,  S. ,  1990 .  Th e evaluatio n o f  a 

real-worl d instructiona l  system :  Usin g technica l 

expert s a s raters .  Technica l  report ,  Armstron g 

Laboratories ,  Brook s Ai r  Forc e Base . 
Rosenblum ,  J .  A .  an d Moore ,  J .  D. ,  1993 .  Partic -

ipatin g i n instructiona l  dialogues :  Findin g an d 

exploitin g relevan t  prio r  explanations .  I n Pro -

ceeding s o f  th e Worl d Conferenc e o n Artificia l 

Intelligenc e i n Education . 
Sweller ,  J. ,  1988 .  Cognitiv e loa d durin g proble m 

solving :  Effect s o n learning .  Cognitiv e Scienc e 

12:257-285 . 

136 


	cogsci_1993_131-136



