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Abstract

When reading or listening to an explanation of a technical subject, we notice the presence of
conversational expressions like "however,” "as 1 have stated before,” "next,” “generally speaking,” etc.
Mmﬂmmmﬁ@h&ﬁmw&yfw%m,ﬂmwm
formation which the listener uses to speed up the comprehension process. In this paper we model the
meaning of these expressions in a representation that faclitates the generation of fluent and cogent
discourse. As a testbed for our ideas we have selected the domain of high-school algebra; spedifically, we
mhnplanmﬁngasystmnﬂedﬂmr,wﬁdlgmmmﬁumﬁnsdﬁmdﬂgm
1. Intrednction

When generating tutorial text in a technical subject, a teacher wishes to present the information in
a manner which is most accessible to the student. Clearly, a necessary precondition is that the teacher
transmit the appropriate information items. However, we also notice the presence of expressions like
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"however,” "as I have stated before,” "next,” "generally speaking,” etc., which are nor part of the subject
matter, These expressions, denoted Meta-Technical Utterances (MTUs), carry important information

Previous research on the semantics of a subset of these utterances (Farnes 1973, Winter 1968 and
1977, Reichman 1978 and 1984 and Hoey 1979) indicates that the presence of an MTU can signpost what
kind of information is to be presented in the forthcoming sentence or sentences. Furthermore, Farnes
claims that "the identification and use by readers of such cues, greatly aids comprehension,” and Hoey
points to the fact that problems of comprehension have been shown to arise due to “faulty” or missing sig-
naling.

The text generated by natural langusge generation systems designed by Davey (1979), Mann and
Moore (1980), McKeown (1982), Swartout (1982) and Kukich (1984) contain mostly MTUs liks "howev-
er,” "next,” "therefore,” "or,” etc., which directly reproduce the speaker’s organization of the subject
matter, i.e., they represent the relationship between two or more items of knowledge. For example, if
item B violates the expectations established by item A, this relationship is expressed by the utterance: "A,
however B.” This type of MTUs shall be denoted Knowledge-Organization MTU:s.

These, however, account only for a fraction of the MTU's found in natural discourse. Teachers of
technical subjects often use MTUs like "as I have stated before,” "let us try another approach,” "in other
words,” "this method is somewhat complicated,” etc, These utterances are more intimately conmected with
the listener’s learning process than with the organization of the subject matter. In the research reported in
this paper, we attempt to gain insight into this learning process, by building and implementing a generative
model of the meaning of these MTUs.

In the following section we shall present a functional classification of both types of MTUs. Then
we shall describe the system that generates them.






2. Functional Taxonomy of MTUs

The dassification of Meta-Technical Utterances presented in this section is based on their function,
as seen by the tutor, in transmitting the subject matter to the student. In our taxonomy we recognize three
main functions of MTUs: (1) Knowledge Organization, (2) Knowledge Acquisition and (3) Affect Modifi-
cation. In the following subsections we shall consider in detail the MTUs that perform these functions.

2.1 EKnowledge-Organization MTUs

At each point in time, the information residing in the student’s (or tutor’s) mind can be visualized
@ a network whose nodes contain the individual information items, and whose links contain the relations
between the nodes. For example: NODE1 contains the purpose of NODE2, or NODES3 is an alternative to
NODEL. These relations directly reflect the knowledge about equations and their solution (as opposed to
the state of the dialogue or the relationship between the teacher and the student), and they roughly
correspond to Hallyday and Hasan’s external category (in Hallyday and Hasan 1976) and Longacre’s basic
heading (in Longacre 1976). The Knowledge-Organization function consists of transmitting these relations,
and is performed by the following types of MTUs:

Additive - these MTUs signal additional events [and, also, nor]; realization of expectations [indeed] or avai-
lability of additional alternatives [alternatively, or, or else],

Adversative - these MTUs signal violation of expectations [however, nevertheless, although, but, despite
this}; dismissal, which is triggered when two different paths in a solution arrive at the same pattern
[in any case, either way, at any rate] or avowal, which is triggered when a well known pattern, im-
plicit in the equation, is recognized and made explicit [notice that, actually, as a matter of fact, in
fact],

Causal - these MTUs signal the reason for performing an operation {for this reason, on account of this, it
follows, therefore, s0, then, because of this); its puwrpose [for this purpose, with this in mind, to
this end]; hopes [hopefully, expecting to get]; result [as a result, in consequence]; means [this can
be accomplished by], or correctness [this works because], and

Temporal - these MTUs signal sequence [then, next, after that, first ... next, finally, previously] or partial






sequence [at the same time)].

Whereas the values of these relations would in general depend on the solution found for each par-
ticular equation, most of the relations in the Causal category do not vary from equation to equation, but
are inherent to the solution methods. For example, each method has a purpose, a pattern or reason for ap-
plying it, a correctness proof, etc. Thus, the knowledge required for commenting on the causal aspects of
the solution of equations should preferably reside in a module that conteains the expertise about strategies
for solving equations. We call this module a Problem-Solving Expert (see section 3).

2.2 Knowledge-Acquisition MTUs

The MTUs that perform the Knowledge-Acquisition function are related to the interaction
between the teacher and the student, rather than to the subject matter itself. They ease the assimilation of.
the subject matter by providing information about it. However, once the material has been mastered, most
of this information is not remembered by the student. In the context of tutoring algebra, the Knowledge-
Acquisition function is performed by the following types of MTUs:

Motivational - a teacher will often use this type of MTUs to motivate the student to listen to the forthcom-
ing technical utterance. For exampie, if a new method is to be taught, the tutor might say: "This
method is very expeditious,” and if the student has to practice the same type of equation many
times, the teacher might say: “Third degree equations are rather difficult and demand lots of prac-
tice.”

Focal - a student generally attempts to process a forthcoming technical utterance in the currently active
focus space (Grosz 1977). If the teacher wants the student to change the active focus space, or to
close an open focus space, he needs to present the student with an MTU to this effect. For exam-
ple, the Focal-MIU "Let us comsider the following equation:” will close the focus space
corresponding to the previous equation, and open and activate a new focus space for the next
emmﬁmtmuyfmsﬁfsmﬁmledbymﬁke"indmﬂy"m'byﬂnway."

Categorical - this type of MTUs is used by a teacher to darify the relationship between the forthcoming
technical utterance and a specific item in active focus. For example, a tutor might say: "Let’s take






the first term on the right hand side, samely x(x - 3), ..." In this example, the MTU "namely”
alerts the listener 1o the fact that the explicit term merely paraphrases the preceding positional
description and is not to be taken in addition to the first term on the right hand side. Categorical
meuMhmmmwmmmmm'swwm(m
Hallyday and Hasan 1976) and in Longacre’s elaborative heading (in Longacre 1976). MTUs which
belong to this subcass are: "in other words,” "generally speaking, "for example,” etc.

w-mmmhmwmawmmfmm

lating the techmical utterance that follows. We have identified two main types of activities: adding
an item to one's knowledge pool, and verifying the workings of existing knowledge (for possible
revision). For example, if the tutor wishes the student to use the forthcoming technical utterance
to verify existing knowledge, he should signal his intent by means of an MTU like "as I have stat-
ed before.” On the other hand, if the teacher wants the student to prepare for learning a new sub-
ject (i.e., transfer to addition mode) he might say: “We shall now introduce a new type of equa-

tion."”

Estimational - these MTUs inform the student that the forthcoming technical utterance is of unusual length

and/or complexity. Examples are: “This equation is rather straightforward,” or "The following
method is somewhat lengthy,”

In order to illustrate the importance of these Knowledge-Acquisition MTUs, let us examine the

following imperfect discourse:

"The method of completion to square for solving quadratic equations works as follows"
... descxiption of completion to square method ...
... exampies of spplication of this method ...
"In order to perform completion to square we have to executs the following steps”
... description of completion to square method ...

The dissonance in the preceding discourse stems from the repetition of preparatory directives in

lines 1 and 4. The first time the completion to square method is introduced, the MTU "The completion to
square ... works as follows” performs the dual role of establishing our expectations for receiving new






knowledge and of signaling that the forthcoming technical utterance is a description of a method aiready in
active focus (see Causal subclass in Knowledge-Organization, sbove). The second time (fourth line), the
MTU repeats the directives given in the previous MTU (even though their English representations differ).
Weagﬁnprepmeamdvswaddmemcdmdduuipﬁmmmhawledgepod.mmm
that this information is already in our knowledge pool, we experience the discomforting feeling that the
discourse generator has no recollection of previous activities. Notice, however, that had the fourth line
been replaced by: "Ler's go over the method of completion to square again,” the learning process would be
mmmmm;wmﬂdmemmthemmghfamaﬁmfmvuifyingmm
knowledge, instead of treating it as new information to be added on.

This example illustrates the claims made by Hoey, Farnes and others (see Introduction, above),
mmmﬁmdedmm&mMEMwma
commentary which includes Knowiedge-Acquisition MTUs, we need a module that represents how both
inspect the technical utterances about to be issued, determiine their effect on the listener, and generate ade-
quate Knowledge- Acquisition MTUs. We shall call this module a Cognitive-Processes Modu!= (see section
3).

2.3 Affect-Modification MIUs

One of the tutor’s goals is to teach the student which algebraic operations and results are con-
sidered favorahle and which are considered unfavorable. In addition, the tutor wishes the attitude of the
student to remain positive throughout the session. To achieve these goals, a tutor may be required to use
Affect-Modification MTUs, which we divide into two subclasses accarding to their goals:

Affect-transference - if the tutor is of the opinion that the forthcoming technical utterance should have an
affective impact on the student, he might precede it by an MTU like "Unfortunately™ or “For-
tunately” (according to the situstion). For example, if the teacher says: "Unfortunately, the only
mammquﬁmhwmmmmmm,'umwm-
stand that this method of solution is comsidered undesirable and should only be used as a last
resort. This point might be missed by the student, had the MTU "unfortunately” been ornitted.






Consalation - one of the teacher’s goals is to maintain a positive student attitude throughout & tutorial ses-
mmsgodmbeputanymphsbdbyumxmﬁedg&mumm as exempli-
fied in the scenario presented in section 2.2, There exist, however, smmzommwtnd:negauveaf-
femmnmbeprcvumdbymmofﬂ:mm.chample,umde{dlmundu
m.mmmmgaamﬁmwwmﬁmm.m
cases like this, a teacher should reassure and console the student, 0 that he will be able to contin-
mlemﬁns.mshthepmpmeofComohﬁmMTUSMu:mmavuycﬁfﬁwhum.
lzt’smw&ymedﬁngdse'or"mn'tmy,lwmuphinﬂisafewmeﬁmu."

Consalation MTUs are also required when a technical utterance carries upsetting informa-
ﬁm.thntm,ifapmﬁmlmmethodfaihmwhemequaﬁm,theanyuy:“Fomm
ly, however, there is another way of solving this equation.”

The reader will notice that some of the Affect-Modification MTUs are equivalent to or contain
Knowledge-Acquisition MTUs (in perticular Estimational-MTUs). The reason for this is that an MTU may
paformsevuali]]owﬂonn'ym(AwdtlQSZ),&g.,itmsipnltoﬂnstudﬂwﬁdlmmmlmm
to prepare and, simultaneously, dispel negative affects.

Tommumm:dnhﬁaﬂmmﬂummnmﬂm,aamnum
erator needs a module which recognizes the affective impact of both technical and meta-technical utter-
ances. This module will then neutralize anticipated negative affects by generating adequate Affect-
Modification MTUs.
3. Design of FIGMENT

lhesynemouﬂinedhﬂissedimisddpedmm:ﬂm:ndwganmmMym
Wm,bmdm&mmymdh&mmmsmaﬁMdﬂzm
mentary is performed in three stages:

i In the first stage, a technical message is decided upon. This task is performed by means of three
modules: (1} Problem-Solving Expert, (2) Student Model and (3) Tutoring Strategist. Since these
m@ﬂummﬂymdmmm(mmww,wm






stein, and others in Sleeman and Brown 1982), we shall discuss them anly briefly. The Problem-
Solving Expert solves the equation and outputs a graph in which each branch contains an attempt-
ed solution alternative. Next, the Tutoring Strategist modifies this graph by suppressing alterna-
tives and steps which are well known to the student and adding explanations where necessary
(e.g., purpose of an operation, its description, etc.). In arder to perform their task, both these
modules use infarmation about the state of the student’s knowledge; this information resides in the
Student Model. The modified graph produced by the Tutoring Strategist (see fig. 3.1) is used
directly for generating Knowledge-Organization MTUs, since it contains all the information neces-
sary for identifying the relationships mentioned in section 2.1.

i In the next stage, the discourse is complemented and revised by adding Knowledge- Acquisition
and Affect-Modification MTUs. The Knowledge-Acquisition MTUs are added by the Cognitive-
Processes Modulle, which simulates some of the problem-solving strategies and comprehension
Musedbymenudm.TheAﬁea-Modiﬁaﬁmmmgmmbyluﬁténadm
Affects Module, which models the tutor's handling of affects connected with the learning situation.

ii. mmcﬁnﬂmge,lmwwmﬂnmﬂmdmmwwm
tences, and a Gramumar translstes them into English.

mrmmmdmhﬁpammmmunmmum
3.1 Cogpitive-Processes Module

m@gﬁﬁwmmmmmmmmmﬁﬁmmmaw-
almmageprodmdbyﬂnmmswmsmmgemmwwmaﬁmmdm
implicit representation of Knowledge-Organization MIUs.

As stated befare, the role of Knowledge-Acquisition MTUs is to ease the assimilation of the sub-
mmwmmmmmmmmwmmmwmm
cessing the forthcoming technical utterance.






EQUATION:  (x-3)2-4(x-3)-12=0

(ALTERNATIVE 1)

PATTERN: { x-3 common factor }

PRECONDITION: substitute x=3 in equation YIELD -12=0
[ root of factar ] # [ root of equation ]

PRECONDITION NOT FULFILLED
STOP
(ALTERNATIVE 2)
ACTION: parentheses, collect terms
RESULT: -10x+9=0
CONTINUE
(ALTERNATIVE 3)

PATTERN: { x appears only in expression x-3 }
CAUSE ACTION
1. ACTION: substitute y=x-3
RESULT:y¢-4y-12=0

2. ACTION: factorization
RESULT: (y-6)(y+2) = 0

3. ACTION: solve for each factor
RESULT: y=6 or y=-2

4. ACTION: substitute back x-3 for y
" RESULT:x-3=6 or x-3 =-2

8. ACTION: solve for each factor

RESULT: x=9 or x=1
SOLVED

Fig. 3.1: Output of the Tutoring Strategist

In order to generate these MTUs, the Cognitive-Processes Module simulates several processes
Mmmemmmmmﬂthawmm
hmmmmfmﬂmwumbhmz.z.nmdm:mmhmpﬁwaf-
fm,ﬂnnaKmMedg&AqdﬂﬁmMIUhpmﬁxedmmeunthepmmmnnedm
mmediﬁmwpadxmwledg&mtﬁﬁﬁmmmwdhmza.mc&mﬁnﬁmd,fo
cal, categorical, implementational and estimational. Figure 3.2, for example, illustrates the process of es-
tablishing the implementation mode for the forthcoming technical utterance.






yes/ o yes no

{ disrespect } {s\m }
{puzz‘lm} ‘
Generate Generate

verification mode MTU addition mode MTU

Fig. 3.2: Process for establishing implementation mode

According to this model, if a student is in the addition mode and receives a known technical utter-
m,bﬂmdm@m@dmﬂhhmamiohncﬁmzl).}hwevu'.ifthetu-
tor puts him first in verification mode (by means of an MTU like "As I have said before” or "Let’s go over
this one more time"), no adverse affects will result, and the learning process can continue. Alternatively, if
the student is in verification mode and is presented with a new technical utterance, he will feel rather con-
fused. In this case the teacher has to transfer him first to addition mode by using an MTU like "Let's now
consider a new type of equation.”

For each of the different types of the Knowledge-Acquisition MTUs, there exists a discrimination
net similar to the one depicted above. A technical utterance traverses each of these nets in order 10 ascer-
tain which MTUs it requires. At first, the input to these nets consists of the entire technical message, and
FIGMENT determines whether it has to generate introductory MTUs related to the equation and its solu-
tion. AtypimlmoftﬁsﬁndwuﬂdbeﬂnFoml-Mleiammsidathefonowingequaﬁm'
Next, each of the major solution alternstives traverses these nets, causing the Cognitive-Processes Module
to generate MTUs like (Motivational) "The following alternative is more elegant than the previous ones.”
My,&hﬁﬁdﬂsmhe@whﬁmdmnﬁwm&dmmmmmum- :
mwmmm,n@gﬁmmmmmmmmmmmm
Affects Module.
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Tﬁsmmblaﬂwrmgmmm&npdmmemmgdﬁnﬁmcﬁm(e.g.,
spedfyhgimplmmmﬁmmde).mmwshmmﬁm&ﬁmdepmdngmmeqpedﬂn
technical utterance under consideration. For instance, the MTUs "As I have stated before” and "This equa-
tion is similar to ..." can both be used to put a student in verification mode; however, while the former
refers to explanations, the latter applies to equations. |

3.2 Affects Module

ThAﬂedsMo@bmplauﬂnamdedmugebyaddumhAﬁea-Mmﬁﬁaﬁmmu
necessary.

Naturally, affects are classified as being either positive (satisfaction, pride, etc.) or negative (ap-
prehension, confusion, etc.). There are two basic approaches for disposing of negative affects: they can ci-
ther be avoided (by means of Knowledge-Acquisition MTUs), ar, if they have aiready ocurred, they
should be dispelled and neutralized by positive affects. Sometimes this task can be accomplished by Con-
solation MTUs.

The Affects Module recognizes two types of situations in which a student might experience nega-
tive affects:

1. Failure to process a technical utterance - it is our contention that a student will fail to process a
technical utterance if its relative difficulty and/or length is too high. Therefore, the Affects Module
pmamﬁmdmwmmwmmmofﬂnmw
the difficulty and length of a technical utterance. If the result of this evaluation exceeds a certain
druhold,amdaﬁonMﬂJﬁb'Don&wmy,Pﬂgomﬂisuplmnﬁmafewmﬁma‘
ar "T know this equation was rather difficult” is generated.

2.  Disturbing information carried by a technical utterance - there are cases in which the techmical
utterance itself carries information which may frustrate the student, such as when a third order
equation is introduced for which no general solution shall be taught. At first, FIGMENT will test
whether the forthcoming technical utterance neutralizes the effects of the disturbing one. If the
result of the test is positive, the system will generate a Consolation MTU like "Fortunately, how-
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m,ﬁaehawdmmmﬁmm"ﬂmwm,mmﬁmme
erate an MTU of a more social nature, for example: "There is nothing we can do about this exer-
cise, s0 let's try another problem.”

An additional task performed by the Affects Module is the generstion of Affect-Transference
m&,wﬁdmmemecpﬁﬁmdmemmgndnghmhmh&dmﬂﬂdmm,m
Wmﬁmmmwhmﬂmwmwumﬁmmﬁmwmﬁaﬁ»
tive impact into positive, negative and neutral, and then generating sppropriate Affect Transfercace MTUs
like "Fortunately,” "Unfortunately,” etc.

m&mma-mmmmmm&mmaﬁno{
wmmmwmmwmmmfmmmdumams@-
mcmhmmmmm.mmmmmmmmm
ments,

4. Conclosions

The distinctive feature of the design outlined in this paper is the generation of Meta-Technical
Unmbywwﬂﬁnadmpﬁﬁedmoddsdmewgﬁﬁwprmxﬁvmbymeﬁsm.Wem
mm,thw,nmmmwmmmmem
torical features that support natural discourse. It is generally believed that any system which generates
continuous discourse must contain models representing both the process by which a listener absorbs infor-
maﬁonmﬂthehnp&oftﬁshfmﬁonmthelism'saﬂm"Iﬁlpapa’offmamdai;nof
the makeup of these models and their usage in text generation.
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