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Abstract :

This paper describes an implemented tutoring system, designed

to show various ways of converting a given meaning structure
into its corresponding surface expression. The system is meant
to be a teaching tool for students who learn French as a foreign
lanquage.

WWhile showing various ways of converting a jiven iaeaning struc-
ture into its corresponding surface expression, the system helps
not only to discover WHAT data to process but also lI0%W this infor-
mation processing should take place. In other words, we are con-
cerned wil'y »fficiency in verbal planning (flexibility and econo-
my of performance).

Recognizing that the same result can be obtained by various me-
thods, the student should find out which one is best suited to

the circumstances (what is known, task demands etc). Informatio-
nal states, hence the processor's needs, may vary to a great ex-
tent, as may his STRATEGIES or cognitive styles. In consequence,
in order tn become an efficient processor, the student has to
acquire not only STRUCTURAL or RULE-KNOWLEDGE but also PROCEDURAL-
KNOWLEDGE (skill).

With this in mind we have designed three modules in order to
fnster a reflective, experimental attitude in the learner, hel-
ping him to discover insightfully the most efficient strategy.

1 THE PROBLEM :

It is well known that children or students learning French as a foreign
lanquage need a great deal of practice beforz they maslter the French pronoun
system well enough to Fluently produce correct sentences with 1 or 2 pronoun
complements, such as:
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give a) Tu me le donnes? S-10-D0-V
Do you give it to me ?
b)Donne-le moi ! V-D0-10
Agent Object Benef. Give it to me !
2 3 1 c) Ne me le donnes pas! neg-I10-D0-V-neg

Dont' give it to me

The student's problem can be stated in the following terms: he has to learn

how to determine both form and position for the French pronouns. Basically he
is faced with the following problem:

- he has to LEARN two lists, one for morphology the other for syntax (frames)
- he has to DISCOVER under what conditions each of these elements applies.

List of MORPHOLOGY list of SYNT. FRAMLS
SPEAKER: je, me, moi, nous S-D0-10-V
LISTENER: tu, te, toi, vous S-I10-DO-V
3d PERSON: le, la, les, lui, leur, eux S-D0-V-prep-10

il, elle, ils, elles, on, se soi etc.

As we will see, the student's task is not all that easy. These are some of the
reasons why:

A) SYNTAX depends upon MORPHOLOGY :

By modifying the form of a given element one may also alter its position.

In other words, certain features influence simultaneously morphology and
syntax (see d-e).

présenter

LN

Agent Objet Benef .

3 | 3 d) I1 me présente & elle S-D0-V-prep-10
He presents me to her
3 3 3 e) I1 le lui présente S-D0-I10-V

He presents him to her

B) The determination of FORM and POSITION requires complex FEATURC-CLUSTERS:

Any form or sentence-frame depends upon a number of conditions or features
(2). Even a simple concept such as SPEAKER requires quite a lot of proces-
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sing. It may be expressed by a variety of forms (je,me,moi); each may af-
fect the choice of a sentence frame.

Furthermore, features such as PERSON, NUMBER, CASE and GENDER (3) which
come readily into mind, are by no means sufficient. As the examples "a-c"
clearly show, many other variables like SENTENCE-MODE (a,b), NEGATION (b,c),
etc. come into play.

C) Some MORPHEMES are MULTIPLE DEPENDANTS (4):

The form of some morphemes depends not only upon features inherent in the
coreferent (vertical dependancy), but also upon features coming from another
referent (horizontal dependancy). This is the case of the indirect object,
whose form depends upon the value of the direct object (see d,e). This fact
is interesting for its procedural implications, namely it excludes any word-
to-word processing.

In the light of these facts, one must admit, that what looked easy at first
sight turned out to be a complex enterprise.

2 OBJECTIVE :

The system described here (5) is an attempt to help the student to acquire
the necessary structural and procedural knowledge in order to economically ge-
nerate pronoun-constructions in French (6).

While converting a given meaning structure into its corresponding surface
expression, the student should not only learn WHAT data to process, but also
HOW this information processing should take place. Recognizing that the same
result can be obtained by various methods (strategies), the student should find
out which one is best suited to the circumstances.

Particular emphasis is placed upon the discovery of operating principles (7)
and the building of larger blocks (schematas). This chunking method should not
only help to avoid unnecessary disruptions and memory load but also allow evo-
lution from serial to simultaneous processing.

3 DESCRIPTION OF THE SYSTEM

The heart of the system is a knowledge base which contains, in the form of
production rules, the structural information necessary to incrementally deter-
mine form as well as position. Furthermore the system contains an inference-me-
chanism, i.e. a set of rules, whose function is to deduce new facts from infor-
mation given to the system.

The base can be accessed in various ways, thus allowing for varying usage of
the knowledge according to the objectives.
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3.1 THE SOCRATIC METHOD :

The system guides the student in the form of a dialogue, by showing him what
and how to process in order to get from an input to the output. The user starts
by providing the input (verb-pattern composed of a verb, its complements and
eventual prepositions):

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

Then the system takes over, asking for more information about these basic
elements. By asking specific questions (person, gender, number), the system
shows which information is relevant when determining form as well as position.
While answering these guestions the student incrementally determines the final
form of the sentence.

3.2 GUIDED DISCOVERY :

The system still controls the nature of the operations but no longer con-
trols their order. The latter is controlled, via strategies, by the user. He
decides in what order to process the data. Having determined the subject, whose
position is invariable, one can choose from three strategies:

- a syntactical one (syntactic-driven processing)
- and two morphological ones (lexical-driven processing).

If priority is given to syntax (strategy 1), no further reordering of syn-
tactic constituents is meant to take place, i.e. all information necessary to
determine word order will have been processed. The result is an ordered cate-
gorial structure or syntactical frame (T1l) which will be filled in by the mor-
phological values determined later (T2), for example:

donner
(give)
(T1) sentence frame :Subject - Dir.0Obj.- Ind.Obj.- Verb
,/l\ (T2) morphology : il - le - 1lui = donne

Agent Object Benef.

3 3 3 (he gives it to her)

If priority is given to morphology (lexically driven generation), the form
is determined before the relative order of the constituent elements. In this
case two strategies are possible: either one processes the direct (strategy 2),
or the indirect object (strategy 3).

This experimental method should make the student aware of the fact that
there are several ways of arriving at a particular solution (sentence).It is
precisely his task to find out which strategy is the best suited. By applying
performance criteria such as:

- number of steps necessary to generate the sentence
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- what is known when? (form/position)
- congruence of input/output order (are permutations necessary? LIFO/FIFQ)
- are there any conceptual disruptions?

the student hopefully discovers the procedural knowledge necessary for economic
production of pronoun constructions.

3.3 USER DRIVEN EXPERIMENTATION :

This method, like the previous one, is empirical. By playing with the system
the student may gain certain insights about processing order.

A matrix appears on the screen, whose blank spaces have to be filled in by
the student. The haorizontal line shows the syntactic information given with the
input (verb, subject, object, preposition), -more information is needed about
those elements- the vertical line shows the nature of the information necessary
to arrive at the output.

Thus the processing once again consists of the specification of the values
of a list of attributes. However there is a fundamental difference between this
approach and the former, namely that the system has an inference mechanism.
Each item of information given to the system is considered for its meaning po-
tential, i.e. the system tries to find out whether some new facts can be de-
duced from the old fact.

It should be noted that the inference power varies with the nature of the
data as well as with their order. There are cases where a single fact enables 3
other facts (reflexives) to be deduced. A given inference may allow further de-
ductions (inference-chain/knowledge propagation). This has of course an effect
on the process, namely the greater the inference power, the greater the economy
of processing. This suggests the following operating principle:

the greater the inference power of a given piece of
information, the earlier it should be processed.

This method is interesting in that, by testing different items and different
orders, it makes it possible to see on the screen which items allow what infe-
rences. Since those inferences depend upon the nature of the input as well as
on the moment at which that information is given, we believe that this system
is particularly useful in helping to discover the optimal order of processing.

Furthermore we think that this method has another virtue, namely that it can
simulate literally any knowledge state, thus making it possible, by experimen-
tal means to discover the shortest path between a given informational state
(input) and the solution (output).

4 CONCLUSIONS :
We have stressed the need for teaching procedural knowledge (strategies) as

well as structural knowledge (linguistic rules). In order to achieve this goal
we have designed three modules, one demonstrative, the other two experimental.
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Each module is intended for a different learning stage or learner type, as the
cognitive styles may vary both among individuals and within the same indivi-
dual. By progressively moving the control from outside (system) to inside
(student), i.e. in integrating the student into the learning-process (8) we
hope to make him:

- actively curious (testing of hypotheses - learning by discovery);

- conscious of the need for planning (how far should one plan ahead?),

- selective about th= means he should use (Which strategy is best under
what circumstances 7).

The whole idea of having different strategies compete has been largely ig-
nored by current work on language generation. While this aspect may be only of
secondary interest for automatic generation in general, it certainly is not an
unimportant issue in cognitive modelling, whether it be language learning or
usage.

NOTES :

1° In memory of one of the Beatle's songs.
29 The average number for a given pronoun is about three.

39 We call these inherent features, as opposed to features like sentence-mode,
negation etc. which also deterinine form but whose information is not expli-
cited in the morpheme.

Note that only PERSON and NUMBER are inherent and well marked in all pro-
nouns. A feature like GENDER is only present in some forms (mostly 3d per-
son), whereas the feature CASE is ambiguous for many direct and indirect ob-
Jject pronouns, in particular for 1lst and 2nd person.

4° The way we use the term dependancy here is not to be confounded with Tes-
niere's dependancy theory (1959). Tesnitre uses the word dependacy to signi-
fy "valency" whereas we use the word in its literal meaning.

59 The modules described are written in Simula and Prolog. They were implemen-
ted by G.Sabah and C.Alviset,

50 By economy we mean: number of operations, necessary permutations and the
number of items to be stored.

70 Among those operating principles are the following:
- avoid disruptions by grouping together what belongs conceptually together;
- start with the most informative items
(feature hierarchy: PERSON > CASE > NUMBER > GENDER);

- avoid unnecessary storage - start with the leftmost item.

8o The system could be greatly improved if it contained a module, capable to
analyse the students performances (see Woolf & McDonald).
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