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Abstrac t  : 

Thi s pape r  describe s a n implemente d tutorin g system ,  designe d 
t o sho w variou s way s o f  convertin g a  give n meanin g structur e 
int o it s correspondin g surfac e expression .  Th e syste m i s mean t 
t o b e a  teachin g too l  fo r  student s wh o lear n Frenc h a s a  foreig n 
language . 

Vihile showing various ways of converting a ijiven ineaning struc-
tur e int o it s correspondin g surfac e expression ,  th e syste m help s 
not  onl y t o discove r  WHAT dat a t o proces s bu t  als o MOW thi s infor -
matio n processin g shoul d tak e place .  I n othe r  words ,  w e ar e con -
cernei J wii' t  Hrficienc y i n verba l  plannin g (flexibilit y  an d econo -
my o f  performance) . 

Recognizing that the same result can be obtained by various me-
thods ,  th e studen t  shoul d fin d ou t  whic h on e i s bes t  suite d t o 
th e circumstance s (wha t  i s known ,  tas k demand s etc) .  Informatio -
nal  stato:5 ,  lieno e tli e processor' s needs ,  may var y t o a  grea t  ex -
tent ,  a s may hi s STRATEGIES o r  cognitiv e styles .  I n consequence , 
i n orde r  t o becom e a n efficien t  processor ,  th e studen t  ha s t o 
acquir e no t  onl y STRUCTURAL o r  RULE-KNOWLEDGE bu t  als o PROCEDURAL-
KNOWLEDGE (skill) . 

With this in mind we have designed three modules in order to 
foste r  a  reflective ,  experimenta l  attitud e i n th e learner ,  hel -
pin g hl n t o discove r  insightfull y th e mos t  efficien t  strategy . 

1 TH E PROBLEM : 

I t  i s  wel l  know n tha t  childre n o r  student s learnin g Frenc h a s a  foreig n 
languag e nee d a  grea t  dea l  o f  practic e befor ? the y nnsLe r  th e Frenc h pronou n 
:3yste m wel l  enoug h t o fluentl y produc e correc t  sentence s wit h 1  o r  2  pronou n 
complements ,  suc h as : 
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giv e 

Agent  Objec t  Benef , 

2 3 1 

a)  T u me l e donnes ? S-IO-DO- V 
Do yo u giv e i t  t o jn e ? 

b)Donne-l e mo i  ! 
Giv e i t  t o me ! 

c) Ne me le donnes pas! 
Dont '  giv e i t  t o me 

V-DO-I O 

neg-IO-DO-V-ne g 

The student' s proble m ca n b e state d i n th e followin g terms :  h e ha s t o lear n 
how t o determin e bot h for m an d positio n fo r  th e Frenc h pronouns .  Basicall y h e 
i s face d wit h th e followin g problem : 

- he has to LEARN two lists, one for morphology the other for syntax (frames) 
-  h e ha s t o DISCOVER unde r  wha t  condition s eac h o f  thes e element s applies . 

Lis t  o f  MORPHOLOGY lis t  o f  5YNT .  FRAMES 

SPEAKER:  je ,  me ,  moi ,  nou s 
LISTENER:  tu ,  te ,  toi ,  vou s 
3d PERSON:  le ,  la ,  les ,  lui ,  leur ,  eu x 

il ,  elle ,  ils ,  elles ,  on ,  s e so i 

S-DO-IO- V 
S-IO-DO- V 
S-DO-V-prep-I O 

etc . 

As w e wil l  see ,  th e student' s tas k i s no t  al l  tha t  easy .  Thes e ar e som e o f  th e 
reason s why : 

A) SYNTAX depends upon MORPHOLOGY: 

By modifying the form of a given element one may also alter its position. 
I n othe r  words ,  certai n feature s influenc e simultaneousl y morpholog y an d 
synta x (se e d-e) . 

presente r 

Benef Agent 

d)  I I  me pr^sent e h  ell e 
He present s me t o he r 

e)  I I  l e lu i  pr^sent e 
He present s hi m t o he r 

S-DO-V-prep-I O 

S-DO-IO-V 

B)  Th e determinatio n o f  FORM an d POSITIO N require s comple x FEATURE-CLUSTERS: 

Any form or sentence-frame depends upon a number of conditions or features 
(2) .  Eve n a  simpl e concep t  suc h a s SPEAKER require s quit e a  lo t  o f  proces -
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sing .  I t  ma y b e expresse d b y a  variet y o f  form s (je,me,moi) ;  eac h may af -
fec t  th e choic e o f  a  sentenc e frame . 

Furthermore, features such as PERSON, NUMBER, CASE and GENDER (3) which 
come readil y int o mind ,  ar e b y n o mean s sufficient .  A s th e example s "a-c " 
clearl y show ,  man y othe r  variable s lik e SENTENCE-MODE (a,b) ,  NEGATION (b,c) , 
etc .  com e int o play . 

C) Some MORPHEMES are MULTIPLE DEPENDANTS (4): 

The form of some morphemes depends not only upon features inherent in the 
coreferen t  (vertica l  dependency) ,  bu t  als o upo n feature s comin g fro m anothe r 
referen t  (horizonta l  dependancy) .  Thi s i s th e cas e o f  th e indirec t  object , 
whose for m depend s upo n th e valu e o f  th e direc t  objec t  (se e d,e) .  Thi s fac t 
i s  interestin g fo r  it s procedura l  implications ,  namel y i t  exclude s an y word -
to-wor d processing . 

In the light of these facts, one must admit, that what looked easy at first 
sigh t  turne d ou t  t o b e a  comple x enterprise . 

2 OBJECTIV E : 

The system described here (5) is an attempt to help the student to acquire 
th e necessar y structura l  an d procedura l  knowledg e i n orde r  t o economicall y ge -
nerat e pronoun-construction s i n Frenc h (6) . 

While converting a given meaning structure into its corresponding surface 
expression ,  th e studen t  shoul d no t  onl y lear n WHAT dat a t o process ,  bu t  als o 
HOW thi s informatio n processin g shoul d tak e place .  Recognizin g tha t  th e sam e 
resul t  ca n b e obtaine d b y variou s method s (strategies) ,  th e studen t  shoul d fin d 
out  whic h on e i s bes t  suite d t o th e circumstances . 

Particular emphasis is placed upon the discovery of operating principles (7) 
and th e buildin g o f  large r  block s (schematas) .  Thi s chunkin g metho d shoul d no t 
onl y hel p t o avoi d unnecessar y disruption s an d memor y loa d bu t  als o allo w evo -
lutio n fro m seria l  t o simultaneou s processing . 

3 DESCRIPTION OF THE SYSTEM : 

The heart of the system is a knowledge base which contains, in the form of 
productio n rules ,  th e structura l  informatio n necessar y t o incrementall y deter -
min e for m a s wel l  a s position .  Furthermor e th e syste m contain s a n inference-me -
chanism ,  i.e .  a  se t  o f  rules ,  whos e functio n i s t o deduc e ne w fact s fro m infor -
matio n give n t o th e system . 

The base can be accessed in various ways, thus allowing for varying usage of 
th e knowledg e accordin g t o th e objectives . 
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3. 1 TH E SOCRATIC METHOD : 

The system guides the student in the form of a dialogue, by showing him what 
and ho w t o proces s i n orde r  t o ge t  fro m a n inpu t  t o th e output .  Th e use r  start s 
by providin g th e inpu t  (verb-patter n compose d o f  a  verb ,  it s  complement s an d 
eventua l  prepositions) : 

donner (qn,qc,a qn) give (so, sth, to so) 

Then the system takes over, asking for more information about these basic 
elements .  B y askin g specifi c  question s (person ,  gender ,  number) ,  th e syste m 
shows whic h informatio n i s relevan t  whe n determinin g for m a s wel l  a s position . 
Whil e answerin g thes e question s th e studen t  incrementall y determine s th e fina l 
for m o f  th e sentence . 

3. 2 GUIDE D DISCOVERY : 

The system still controls the nature of the operations but no longer con-
trol s thei r  order .  Th e latte r  i s  controlled ,  vi a strategies ,  b y th e user .  H e 
decide s i n wha t  orde r  t o proces s th e data .  Havin g determine d th e subject ,  whos e 
positio n i s invariable ,  on e ca n choos e fro m thre e strategies : 

- a syntactical one (syntactic-driven processing) 
-  an d tw o morphologica l  one s (lexical-drive n processing) . 

If priority is given to syntax (strategy 1), no further reordering of syn-
tacti c constituent s i s mean t  t o tak e place ,  i.e .  al l  informatio n necessar y t o 
determin e wor d orde r  wil l  hav e bee n processed .  Th e resul t  i s  a n ordere d cate -
goria l  structur e o r  syntactica l  fram e (Tl )  whic h wil l  b e fille d i n b y th e mor -
phologica l  value s determine d late r  (T2) ,  fo r  example : 

donner 
(give ) 
y^  I  \  (Tl )  sentenc e fram e :Subjec t  -  Dir.Obj. -  Ind.Obj. -  Ver b 

^ ^  \  ^ ^  (T2 )  morpholog y :  i l  -  l e -  lu i  -  donn e 
Agent  Objec t  Benef . 

3 3 3 (he gives it to her) 

If priority is given to morphology (lexically driven generation), the form 
i s determine d befor e th e relativ e orde r  o f  th e constituen t  elements .  I n thi s 
cas e tw o strategie s ar e possible :  eithe r  on e processe s th e direc t  (strateg y 2 ) , 
or  th e indirec t  objec t  (strateg y 3 ) . 

This experimental method should make the student aware of the fact that 
ther e ar e severa l  way s o f  arrivin g a t  a  particula r  solutio n (sentence).I t  i s 
precisel y hi s tas k t o fin d ou t  whic h strateg y i s th e bes t  suited .  B y applyin g 
performanc e criteri a suc h as : 

- number of steps necessary to generate the sentence 

879 



M.ZOCK,  G.SABA H 

-  wha t  i s know n when ? (form/position ) 
-  congruenc e o f  input/outpu t  orde r  (ar e permutation s necessary ? LIFO/FIFO ) 
-  ar e ther e an y conceptua l  disruptions ? 

the student hopefully discovers the procedural knowledge necessary for economic 
productio n o f  pronou n constructions . 

3. 3 USER DRIVE N EXPERIMENTATION : 

This method, like the previous one, is empirical. By playing with the system 
th e studen t  ma y gai n certai n insight s abou t  processin g order . 

A matrix appears on the screen, whose blank spaces have to be filled in by 
th e student .  Th e horizonta l  lin e show s th e syntacti c informatio n give n wit h th e 
inpu t  (verb ,  subject ,  object ,  preposition) ,  -mor e informatio n i s neede d abou t 
thos e elements -  th e vertica l  lin e show s th e natur e o f  th e informatio n necessar y 
t o arriv e a t  th e output . 

Thus the processing once again consists of the specification of the values 
of  a  lis t  o f  attributes .  Howeve r  ther e i s a  fundamenta l  differenc e betwee n thi s 
approac h an d th e former ,  namel y tha t  th e syste m ha s a n inferenc e mechanism . 
Each ite m o f  informatio n give n t o th e syste m i s considere d fo r  it s meanin g po -
tential ,  i.e .  th e syste m trie s t o fin d ou t  whethe r  som e ne w fact s ca n b e de -
duce d fro m th e ol d fact . 

It should be noted that the inference power varies with the nature of the 
dat a a s wel l  a s wit h thei r  order .  Ther e ar e case s wher e a  singl e fac t  enable s 3 
othe r  fact s (reflexives )  t o b e deduced .  A  give n inferenc e may allo w furthe r  de -
duction s (inference-chain/knowledg e propagation) .  Thi s ha s o f  cours e a n effec t 
on th e process ,  namel y th e greate r  th e inferenc e power ,  th e greate r  th e econom y 
of  processing .  Thi s suggest s th e followin g operatin g principle : 

the greater the inference power of a given piece of 
information ,  th e earlie r  i t  shoul d b e processed . 

This method is interesting in that, by testing different items and different 
orders ,  i t  make s i t  possibl e t o se e o n th e scree n whic h item s allo w wha t  infe -
rences .  Sinc e thos e inference s depen d upo n th e natur e o f  th e inpu t  a s wel l  a s 
on th e moment  a t  whic h tha t  informatio n i s given ,  w e believ e tha t  thi s syste m 
i s particularl y usefu l  i n helpin g t o discove r  th e optima l  orde r  o f  processing . 

Furthermore we think that this method has another virtue, namely that it can 
simulat e literall y an y knowledg e state ,  thu s makin g i t  possible ,  b y experimen -
ta l  mean s t o discove r  th e shortes t  pat h betwee n a  give n informationa l  stat e 
(input )  an d th e solutin n (output) . 

4 CONCLUSIONS : 

We have stressed the need for teaching procedural knowledge (strategies) as 
wel l  a s structura l  knowledg e (linguisti c  rules) .  I n orde r  t o achiev e thi s goa l 
we hav e designe d thre e modules ,  on e demonstrative ,  th e othe r  tw o experimental . 

880 



M.ZOCK,  G.SABA H 

Each modul e i s intende d fo r  a  differen t  learnin g stag e o r  learne r  type ,  a s th e 
cognitiv e style s may var y bot h amon g individual s an d withi n th e sam e indivi -
dual .  B y progressivel y movin g th e contro l  fro m outsid e (system )  t o insid e 
(student) ,  i.e .  i n integratin g th e studen t  int o th e learning-proces s (8 )  w e 
hop e t o mak e him : 

- actively curious (testing of hypotheses - learning by discovery); 
-  consciou s o f  th e nee d fo r  plannin g (ho w fa r  shoul d on e pla n ahead?) , 
-  selectiv e abou t  th> ^  rnuan s h e shoul d us e (Whic h strateg y i s bes t  unde r 

what  circumstance s ? ) . 

The whole idea of having different strategies compete has been largely ig-
nore d b y curren t  wor k o n languag e generation .  Whil e thi s aspec t  may b e onl y o f 
secondar y interes t  fo r  automati c generatio n i n general ,  i t  certainl y i s no t  a n 
unimportan t  issu e i n cognitiv e modelling ,  whethe r  i t  b e languag e learnin g o r 
usage . 

NOTES : 

1° In memory of one of the Beatle's songs. 

2° The average number for a given pronoun is about three. 

3° We call these inherent features, as opposed to features like sentence-mode, 
negatio n etc .  whic h als o determin e for m bu t  whos e informatio n i s no t  expli -
cite d i n th e morpheme . 

Note that only PERSON and NUMBER are inherent and well marked in all pro-
nouns .  A  featur e lik e GENDER i s onl y presen t  i n som e form s (mostl y 3 d per -
son) ,  wherea s tli e featur e CASE i s ambiguou s fo r  man y direc t  an d indirec t  ob -
jec t  pronouns ,  i n particula r  fo r  1s t  an d 2n d person . 

4° The way we use the term dependency here is not to be confounded with Tes-
niere' s dependenc y theor y (1959) .  Tesnier e use s th e wor d dependac y t o signi -
f y "valency "  wherea s w e us e th e wor d i n it s litera l  meaning . 

5o The modules described are written in Simula and Prolog. They were implemen-
te d b y G.Saba h an d C.Alviset . 

6° By economy we mean: number of operations, necessary permutations and the 
number  o f  item s t o b e stored . 

7o Among those operating principles are the following: 

- avoid disruptions by grouping together what belongs conceptually together; 
-  star t  wit h th e mos t  informativ e item s 

(featur e hierarchy :  PERSON >  CASE >  NUMBER >  GENDER); 
-  avoi d unnecessar y storag e -  star t  wit h th e leftmos t  item . 

8o The system could be greatly improved if it contained a module, capable to 
analys e th e student s performance s (se e Wool f  &  McDonald) . 
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