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ABSTRACT 

Sherloc k i s a n intelligen t  tutorin g syste m designe d t o teac h peopl e t o buil d simplifie d 
knowledg e representation s (graphi c maps )  t o facilitat e learnin g o f  a  text .  Previou s attempt s 
t o automat e instructio n i n graphi c mappin g hav e ha d problem s becaus e the y attempte d t o 
diagnos e a  learner' s misunderstanding s b y lookin g a t  a  finishe d graphi c map .  Sherloc k 
uses a  knowledge-base d approac h t o diagnos e a  leamer' s misunderstanding s b y lookin g a t 
th e knowledg e an d processe s tha t  lea d t o a  learner' s graphi c map ,  rathe r  tha n th e complete d 
map. 

In  Sherlock's model a semantic network is used to represent the knowledge in the text. A 
productio n syste m model s th e strateg y fo r  constructin g a  gniphi c ma p b y initiatin g 
spreadin g activatio n o n th e semanti c network ,  an d interpretin g th e resultin g activatio n 
patterns .  I n a  limite d evaluatio n Sherloc k wa s abl e t o correcd y determin e i f  a  constructio n 
was appropriat e 9 6 % o f  th e time . 

INTRODUCTION 

In this paper I examine the problem of teaching people to 
use a  learnin g strateg y calle d graphi c mapping .  I n 
graphi c mappin g th e learne r  i s taugh t  a  simplifie d 
knowledg e representatio n scheme .  Th e learne r  the n use s 
thi s schem e t o pictoriall y  represen t  textua l  material . 
Figur e 1  contain s a  sampl e graphi c ma p construction . 

Researchers have shown that comprehension of text can be 
enhance d b y havin g th e learne r  construc t  a  graphi c ma p 
representin g th e tex t  (Dansereau ,  1978 ;  Dansereau , 
Collins ,  McDonald ,  Holley ,  Garland ,  Diekhof f  &  Evans , 
1979a,b ;  Anderson ,  1979 ;  Novak ,  Gowi n &  Johnson , 
1983) . 

Robi n 

Figur e 1 :  A  Graphi c Ma p 

The decision s tha t  a  learne r  make s i n constructin g a  ma p appea r  t o b e equall y dependen t  o n bot h 
th e learner' s strateg y fo r  buildin g a  graphi c ma p an d th e leamer' s understandin g o f  th e text . 
Intelligen t  tutorin g system s hav e bee n develope d whic h attemp t  t o mode l  a  learner' s strateg y 
knowledg e o r  a  leamer' s factua l  knowledge ,  bu t  no t  both .  Sherloc k model s th e acquisitio n o f  bot h 
strateg y an d fact s i n a n integrate d manne r  (Feifer ,  Dyer ,  &  Baker ;  1988) . 
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Even domain s whic h see m t o rel y predominantl y o n on e kin d o f  knowledg e involve ,  t o a t  leas t 
some extent ,  bot h kind s o f  knowledge .  Programming ,  fo r  example ,  require s a  knowledg e o f  th e 
synta x an d command s o f  a  compute r  languag e i n additio n t o knowledg e o f  ho w t o buil d program s 
i n tha t  language .  Thus ,  a  tutorin g syste m abl e t o mode l  th e acquisitio n o f  bot h kind s o f  knowledg e 
can mor e completel y mode l  th e acquisitio n o f  knowledg e i n an y domain . 

SHERLOCK 

The Sherlock tutoring environment provides the learner with three components: (a) a text to be rep-

resente d pictorially ,  (b )  a  scree n containin g icons ^  representin g concept s withi n th e text ,  an d (c )  a 

set  o f  gm-links 2 whic h th e learne r  ca n us e t o connec t  th e icons . 

Sherlock  has been programmed to facihtate learning of a text excerpted from an introductory busi-
ness la w tex t  boo k describin g consideratio n an d it s plac e i n a  contract .  Sherloc k offer s th e learne r 
si x gm-links :  PART,  IS-A ,  LEADS,  EQUIV ,  PROP an d NOT.  Learner s ar e instructe d t o fin d icon s 
tha t  the y believ e ar e relate d an d the n choos e th e gm-lin k tha t  bes t  represent s th e relationship .  Fo r 
example ,  i f  th e learne r  believe s tha t  on e ico n represent s a  concep t  tha t  i s  a  generalizatio n o f  a  con -
cep t  represente d b y a  secon d icon ,  h e shoul d mak e a n IS- A gm-lin k betwee n th e tw o icons . 

Sherlock's Input and Output 

Once the learner has specified a gm-link, Sherlock tries to evaluate it and provide meaningful 
feedback .  Wha t  follow s ar e excerpt s o f  a  transcrip t  (Feifer ,  1989 )  fro m actua l  interaction s betwee n 
Sherloc k an d a  learne r  name d Janey .  Th e tex t  i n parenthese s ar e description s o f  th e interaction s 
and th e figure s tha t  illustrat e th e conten t  o f  th e scree n a t  eac h poin t  i n th e interaction .  Al l  othe r  tex t 

ar e comment s m a d e b y th e learner . 

"I was first looking at these icons here (Figure 2); 

instea d I  a m goin g t o loo k a t  th e link s (th e lis t  o f 

lin k types )  t o tr y an d lin k somethin g togethe r  fro m 

thes e differen t  link s I  hav e t o choos e from. " 

" N o w the y ar e equivalen t  accordin g t o this .  S o I 

a m goin g t o us e a n equivalen t  Un k (Figur e 3). " 

"According to this paragraph a consideration act is 

a lawfu l  act .  S o a  lawfu l  ac t  i s  a  lega l  act .  S o I  a m 

goin g t o lin k the m a s equivalent s becaus e the y ar e 

bot h lega l  acts. " 

consideratio n 
act 

lega l 
act 

^ 

Figur e 2 :  Jane y -  1 

consideratio n 
act 

lega l 
act 

1 1  •  ' 

Figur e 3 :  Jane y -  2 

^I  us e th e ter m ico n t o refe r  t o a  bo x containin g tex t  tha t  th e learne r  ca n us e t o represen t  a  conceptua l  entity . 

^To avoid confusion between the graphic map that the learner constructs and Sherlock's internal knowledge 
representation ,  link s use d i n a  graphi c ma p ar e referre d t o a s gm-links . 
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(Sherloc k request s informatio n regardin g he r  reason s fo r  makin g th e lin k b y presentin g he r  wit h 

th e m e n u show n i n Figur e 4. ) 

W hy di d yo u d o that ? 

The likelihoo d o f  a  lega l  ac t  bein g a  consideratio n ac t  i s  equa l  t o th e revers e 

Ever y lega l  ac t  i s a  consideratio n ac t 

Ever y consideratio n ac t  i s a  lega l  ac t 

lega l  ac t  an d consideratio n ac t  refe r  t o th e sam e concep t 

The likelihoo d o f  a  lega l  ac t  bein g a  consideratio n ac t  i s  no t  equa l  t o th e revers e 

lega l  ac t  i s  anothe r  nam e fo r  consideratio n ac t 

It  i s  no t  a s likel y tha t  a  lega l  ac t  i s a  consideratio n ac t 

D O NE 

A B O RT 

Figur e 4 :  Jane y -  3 

"In general I wouldn't say that a 'consideration act' is a 'legal act'. In general. But this (the text) 

i s tellin g m e tha t  i t  is .  S o I  a m answerin g thes e questio n i n regard s t o th e materia l  here ? Yes. " 

(She chooses "Every consideration act is a legal act" and "It is not as likely that a legal act is a 

consideratio n act." ) 

(Sherloc k provide s he r  wit h th e pla n feedbac k 

show n i n Figur e 5 ) 

"Sounds like algebra, and I am just terrible at 

algebra. " 

"I guess that is what... I used, but it doesn't really 

make goo d sense .  Tha t  i s th e pla n I  used ,  bu t  i t 
doesn' t  see m lik e i t  i s  a  ver y goo d pla n o r  tha t  i t  i s 

goin g t o b e equivalent. " 

(Sherlock provides the comment shown in 

Figur e 6 ) 

"It means where I made the equivalent link? Huh. 

Let' s chec k tha t  out. " 

You use d th e plan : 
if 
ever y x  i s a  y 
it  i s  no t  a s likel y tha t  a  y  i s a  x 
the n 
m a ke a n E Q U I V lin k fro m x  t o y 
tha t  i s  no t  a  goo d pla n 

Figur e 5 :  Jane y -  4 

At  time s lik e thi s I  w/oul d m a k e a n IS- A link . 

Figur e 6 :  Jane y -  5 
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/" 

consideratio n 
act 

lega l 
act 

Figur e 7 :  Jane y -  6 

(Sherloc k ask s he r  i f  sh e woul d lik e t o remov e th e 

link .  Sh e answer s " Y E S " .  I n Figur e 7  th e lin k i s 

removed. ) 

"So, 'legal act' well... 'consideration act' would 

be.. .  woul d b e a  subse t  o f  a  'lega l  act, '  o r  vic e 

versa .  O r  d o I  hav e t o decid e that ? I  gues s I  hav e 

t o decid e that .  H u h ,  O K .  I  woul d sa y tha t  a... " 

"Well, according to this a 'consideration act' is 

a typ e o f  a  'lega l  act. '  S o I  a m goin g t o 

connec t  'consideratio n act.' "  (Figur e 8) . 

"Well according to this a 'consideration act' is a 

'lega l  act' .  I t  i s  on e type ,  i t  i s  a  typ e o f  a  'lega l 

act. '  S o it' s  go t  t o b e legal .  So.. .  it' s  som e 

type ,  o r  kin d o f  'lega l  act.' " 

(Sherlock provides the feedback shown in 

Figur e 9 ) 

In this sequence Sherlock determines that the 

learne r  seem s t o understan d th e relationshi p 

betwee n a  consideratio n ac t  an d a  lega l  act ,  bu t  ha s Figur e 9 :  Jane y -  8 

a ba d strateg y fo r  representin g tha t  relationship . 

Sherloc k decide s tha t  th e proble m i s no t  wit h th e 

fact s use d t o choos e th e gm-link ,  bu t  rathe r  wit h th e typ e o f  gm-lin k tha t  thos e fact s lea d to . 

[' 

consideratio n 
act 

lega l 
act 

J 

Figur e 8 :  Jane y -  7 

Ver y good ,  tha t  i s  wha t  I  woul d hav e done . 

Sherlock' s Architectur e 

Sherlock uses the eight components shown in Figure 10. 

learne r 
graphi c 

interlac e 

Sherlock' s 
representatio n 

of  strateg y 

rul e 

applicatio n 
mechanis m 

graphi c 
map 

/ 
Tutorin g 

strategie s 

y ^ / 
spreadin g 
activatio n 

mechanis m 

Sherlock' s 
representatio n 

of  tex t 

learne r 
model 

Figur e 10 :  Overvie w o f  Sherlock' s Component s 
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The functio n o f  eac h o f  thes e component s i s briefl y describe d below . 

1. The graphic interface interprets the learner's clicks on the mouse buttons to 

buil d th e graphi c map . 

2. The learner builds the graphic map using the icons provided by Sherlock. The 

icon s ar e linke d togethe r  usin g th e si x gm-link s describe d above . 

3. Sherlock's representation of text is a localist spreading activation network 

made u p o f  node s fo r  concept s an d link s fo r  th e relationshi p betwee n concepts . 

The semanti c networ k i s use d t o represen t  Sherlock' s understandin g o f  a  text' s 

conten t  an d background .  Th e representatio n o f  th e tex t  i s  hand-code d int o th e 

network . 

4. Sherlock's representation of strategy consists of rules or plans for building 

a graphi c map .  Eac h o f  th e rule s i s o f  th e form : 

IF the following things are true about the relationship between two 

icon s 

T H E N mak e thi s kin d o f  gm-lin k betwee n the m 

These rules are hand-coded into Sherlock and are based on strategies described by 

subject s durin g initia l  pilo t  studies . 

5.  Th e learne r  mode l  represent s wha t  Sherloc k currentl y believe s t o b e th e learner' s 

understandin g o f  th e text ,  graphi c elements ,  an d mappin g skills .  I t  i s  buil t  b y 

Sherloc k b y modifyin g element s i n th e hand-code d representation s o f  th e tex t 

conten t  an d graphi c mappin g strategy . 

The learne r  mode l  i s  no t  full y  implemente d a t  thi s time .  Th e onl y aspec t  o f  th e 

learne r  mode l  whic h Sherloc k currentl y represent s i s th e learner' s interpretatio n o f 

th e scree n icons . 

6.  Th e tutorin g strategie s ar e rule s o r  plan s i n a  for m simila r  t o tha t  o f  th e strate -

gie s fo r  buildin g a  graphi c map .  Th e rule s i n th e tutorin g strategie s ar e hand-code d 

t o represen t  Sherlock' s pedagogica l  knowledge . 

7.  Th e spreadin g activatio n mechan i s m operate s o n th e semanti c networ k t o 

generat e inferences .  I t  i s  base d o n a  mechanis m develope d b y Michae l  Gasse r 

(1988 )  fo r  classifyin g concepts . 

8.  Th e rul e applicatio n mechan i s m operate s o n th e rule s i n Sherlock' s represen -

tatio n o f  strateg y an d th e tutorin g strategie s t o determin e wha t  actio n Sherloc k 

shoul d tak e a t  an y give n time . 

Sherlock's Tutoring Strategy 

Sherlock determines the relationship between the two icons that the learner just linked by using 

spreadin g activatio n o n a  semanti c networ k representatio n o f  th e text .  Sherloc k the n use s a  pro -

ductio n syste m representatio n o f  graphi c mappin g strateg y t o determin e whethe r  th e learner' s lin k 

i s appropriate .  I f  ther e i s n o pla n tha t  woul d justif y th e gm-lin k tha t  th e learne r  jus t  made , 

Sherloc k ask s th e learne r  t o indicat e th e reason s fo r  makin g th e gm-link . 

Sherlock uses the learner's answer to separately evaluate the learner's plan and the facts that the 

learne r  believes .  Sherloc k classifie s th e learner' s pla n a s a n instanc e o f  on e it s graphi c mappin g 
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rules using the representations of these rules in the semantic network. If Sherlock cannot recog-

niz e th e pla n th e learne r  used ,  i t  wil l  infor m th e learne r  o f  this .  I f  Sherloc k doe s recogniz e th e 

plan ,  bu t  i t  i s  a  ba d plan ,  i t  wil l  infor m th e learne r  tha t  h e ha s use d a  ba d plan .  I f  Sherloc k recog -

nize s th e pla n an d i t  i s  a  goo d plan ,  i t  wil l  no t  giv e an y feedbac k o n th e plan . 

To evaluate the learner's factual beliefs, Sherlock compares the learner's answer to its own factual 

beliefs .  I f  ther e i s a  good ^  matc h betwee n th e learner' s fac t  belief s an d Sherlock's ,  n o furthe r  ac -

tio n i s take n o n facts .  I f  ther e i s no t  a  goo d match ,  Sherloc k wil l  conside r  th e possibiUt y tha t  th e 

learne r  i s usin g a n alternativ e interpretatio n fo r  th e icons .  I f  an y alternativ e interpretation s fo r  th e 

icon s exist ,  tha t  hav e no t  alread y bee n tried ,  Sherloc k wil l  us e on e o f  thes e interpretation s an d star t 

agai n fro m th e top . 

If all possible alternative interpretations have been tried, Sherlock will pick the interpretation that 

le d t o fac t  belief s whic h wer e closes t  t o th e learner' s fac t  beliefs .  Usin g thi s interpretatio n 

Sherloc k wil l  determin e tw o things : 
'to' ^ 

1.  Ar e ther e an y fals e fact s tha t  th e learne r  believe s t o b e true ,  tha t  le d t o th e ba d gm -

lin k tha t  th e learne r  made ? I f  so ,  Sherloc k wil l  brin g the m t o th e learner' s attention . 

2 .  Ar e ther e an y tru e fact s tha t  th e learne r  doe s no t  believe ,  whic h woul d hav e le d t o a 

bette r  gm-link ? I f  so ,  Sherloc k wil l  brin g the m t o th e learner' s attention . 

E V A L U A T I ON 

To evaluate the accuracy of Sherlock's diagnosis a study was conducted in the summer of 1988. 

Fou r  subject s wer e vide o tape d durin g a  two-hou r  sessio n usin g Sherlock .  Subject s wer e 

instructe d t o thin k alou d whil e buildin g thei r  map . 

As a first step, I inferred the subjects' beliefs looking at their actions and words. Inferences were 

m a de withou t  lookin g a t  Sherlock' s feedbac k o r  th e transcrip t  o f  Sherlock' s processing .  Ther e i s 

no clai m tha t  th e belief s inferre d actuall y reflec t  th e subjects '  beliefs ;  onl y tha t  the y represen t  on e 

h u m an tutor' s bes t  gues s a s t o wha t  th e subject s believe .  Sherlock' s diagnosi s i s referre d t o a s 

correc t  i f  i t  agree s wit h thes e inferre d beliefs . 

A total of 70 links were made by the subjects. Of these, 11 were aborted before Sherlock's final 

analysis .  Thes e 1 1 link s wer e aborte d becaus e th e subjec t  decide d tha t  h e o r  sh e wa s doin g some -

thin g wrong .  Include d i n th e analysi s ar e th e 5 9 link s tha t  th e subject s allowe d Sherloc k t o 

analyze . 

Of the 59 completed links, Sherlock determined that 33 (55.93%) were appropriate. There were 

actuall y 3 2 appropriat e links .  I  classifie d a  lin k a s appropriat e i f  i t  reflecte d a  correc t  understandin g 

of  th e tex t  an d th e graphi c mappin g strategy .  O f  th e 2 6 link s tha t  Sherloc k labelle d a s wrong ,  2 5 

wer e actuall y wrong .  Thu s Sherlock' s determinatio n o f  whethe r  a  lin k wa s righ t  o r  wron g wa s 

correc t  fo r  9 6 . 6 1 % o f  th e link s (Tabl e 1) . 

^"Good "  i s currentl y define d a s meanin g tha t  th e learne r  an d Sherloc k agre e o n 8 0 % o f  th e facts . 
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For  th e 2 5 link s whic h Sherloc k correctl y determine d wer e wrong ,  th e diagnosi s matche d onl y 

5 6 % o f  th e time .  Thi s percentag e o f  matc h mean s tha t  Sherloc k wa s abl e t o correctl y determin e 

tha t  a  lin k wa s righ t  o r  wron g an d provid e a  correc t  diagnosi s fo r  a  tota l  o f  7 7 . 9 7 % o f  th e links . 

goo d lin k correctl y identifie d 

goo d lin k incorrectl y see n a s ba d 

bad lin k correctl y identifie d 

reaso n foun d 

reaso n no t  foun d 

bad lin k incorrectl y see n a s goo d 

Tota l 

# o f  link s 

32 

1 

14 

11 

1 

59 

% o f  tota l 

54.2 4 

1.6 9 

23.7 3 

18.6 4 

1.6 9 

100 

Tabl e 1 :  Overal l  Accurac y o f  Link s 

CONCLUSION 

Accurac y i s importan t  i n a  tutorin g system ;  wron g feedbac k ca n hav e negativ e impac t  o n learning . 
Tellin g a  learne r  h e i s wron g whe n h e i s righ t  ca n lea d th e learne r  t o a  los s o f  sel f  confidence . 
Tellin g a  learne r  h e i s righ t  whe n h e i s wron g ca n reinforc e incorrec t  beliefs .  Sherloc k wa s abl e t o 
correctl y determin e i f  a  lin k wa s righ t  o r  wron g ove r  9 6 % o f  th e time .  Th e questio n is :  I s thi s ac -
curat e enough ? On e wa y t o answe r  thi s i s t o compar e Sherloc k t o othe r  form s o f  instruction . 

A human tutor will certainly be more accurate that any machine-based tutor. In terms of automated 
tutoring ,  th e highes t  accurac y ca n b e achieve d wit h multiple-choic e CAI .  I f  th e question s an d dis -
tracto r  choice s i n a  multiple-choic e forma t  ar e carefull y written ,  clos e t o 100 % accurac y ca n b e 
reached .  Th e proble m i s tha t  multiple-choic e response s ar e th e leas t  indicativ e o f  wha t  a  learne r 
understands .  Open-ende d response s ca n b e muc h mor e usefu l  fo r  ascertainin g wha t  a  learne r  un -
derstands .  Bu t  i f  eve n single-wor d response s ar e allowe d i n CA I  th e accurac y dramaticall y drop s 
becaus e i t  i s  difficul t  t o anticipat e ever y potentiall y  correc t  response . 

Sherlock offers a compromise in that there is a finite range of responses possible. That range, 

however ,  i s  quit e large .  Wit h 2 5 icon s ther e ar e 360 0 possibl e leame r  actions'* .  I t  woul d b e pos -

sible ,  bu t  ver y difficult ,  t o recor d i n advanc e whic h o f  th e 360 0 possibl e action s i s correct .  A d d 

th e qualifie r  tha t  certai n response s ar e onl y acceptabl e i f  th e learne r  i s usin g particula r  interpreta -

tions ,  an d i t  become s impossibl e t o completel y anticipat e correc t  responses .  Considerin g th e rang e 

of  response s allowed ,  Sherlock' s performanc e i s certainl y comparabl e t o an y automate d tutorin g 

approac h tha t  currentl y exists . 

'̂ Eac h leame r  actio n i s a  possibl e combinatio n o f  from-icon ,  gm-lin k type ,  an d to-icon .  Thu s ther e ar e 2 5 (numbe r 
of  possibl e from-icons )  *  6  (numbe r  o f  gm-lin k types )  *  2 4 (numbe r  o f  possibl e to-icons )  possibl e combinations . 
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Sherloc k wa s les s successfu l  a t  determinin g wh y a n actio n wa s wrong .  Comparin g thi s abilit y  t o 
othe r  form s o f  tutorin g i s mor e difficult .  I n automate d tutoring ,  onl y intelligen t  tutorin g system s 
make an y clai m fo r  diagnosin g th e caus e o f  a  misunderstanding .  An d i n intelUgen t  tutorin g 
system s research ,  evaluation s hav e onl y bee n don e o n a  system' s abilit y  t o identif y errors .  N o 
syste m ha s bee n evaluate d fo r  it s  accurac y i n identifyin g th e caus e o f  a n error . 

Sherlock has demonstrated that it is possible to understand unanticipated responses and diagnose 
th e caus e o f  misunderstandin g withou t  degradin g th e system' s abilit y  t o mak e a  bottom-lin e 
determinatio n o f  whethe r  a  learner' s respons e i s correct . 
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