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Hhstract

Pravious work has emphasized the need
For paraphrasas as means of ensuring a
feadback with a system. In this paper, wa
dispuss now & paraphrasa may be usad as a
heuiristic device, viz. as a hint., We
describe &@r axperimantal instruction
gystem in mathematics incorporating this.
faatura. Tha system sccepts a restricted
class 1af algehraic story problems,
Formulatiad in mom~stylizad Bulgarian
language, and is capable of solving them
and providing ane or moara  “hinting”
paraphrases, that is, paraphraseas
allaviating their Formalisation
{=translation into equations).

1. INTRODUCTION

Prawvious work has emphasized the nesd
For parajphrasgs as megans of  ensuring a
feedback with the system. For axample,
nuastion-answaring systems, haf ore
raspanding, paraphrase the raguasts
formulated  in natural (Kaplan 1974,
McKeown 1983) or a Fformal language CGde
Roeck, lLuowden 1986) in order that the user
ascartain that his/her question has really
hean vorrectly understood. This step is
nacessary Lo avoid (possibly)d costly
sparches in  the data base for raguests
that have never besan made. An additional
reasnn is that sometimas the Format of the
ratriaved information also cannobt clear up
a potanitial misundaerstanding C(Thomas,
Gould 18975).

Hewmaver thers areg athar
applivations, different From Feedback, to
which Y paraphrastic Fanility may
profitably contribute,. In tha paper, wa

dispuss how a paraphrase may be used as a
heuristicz  device, wviz., as providing a
hint, in an instruction systam in
mathaematics.

The papsr is arganizead in the
following way. Sect. 2 is a brief ovarview
of thae instruction system incorporating
this fsature, Sects. 3 and 4 describe
raspactivaly somna ganaral raguicrements
to & hinting paraphrase and the measures
wer have taken to satisfy them in  the
systam. Hect. B discussaes an axampls, and
Sont. 6, some implementation details.

Bulgaria

2. SYSTEM OVERVIEW

Wes have daesignaed an  axperimental
instruction system in mathematics. Thae
system operates in a limited domain: it is
capabla of solving a restricted class of
stary praoblems  in algebra For  Sescondary
Schools in Bulgaria (the so zalled "number

proablems”). The systam accepts non-
stylized story problems in  Bulgarian as
thay can be Found in mathamatical

textbooks or are spontansously Formulated
by the user. It solves the problem, and is
capable of providing either pf the
following 3 options:

(al) Result (resultant number(sd are
displayed).

Chd) Equations (the sguationl(s? to
which problems translate are displaged).

[4=D) Paraphrases Conge or morea
"hinting” paraphrases arg displayed,
together with the text of the original
prohlam) .

All the thres options sarve as
(different degrees of) hinting needed in
case the users (Sscondary School pupils)
have problems with finding a solution.
Furtheron, we focus on prablaems concerned
with tha hinting paraphrastic facility of
the system.

3. GENERAL REGQUIREMENTS TO A
HINTING PARAPHRASE

Thae profit of uwusing a paraphrass, or
a "reformulation”, of a problesm as o a o
heuristic tool has bean  awmphasizad by
rasgarchears in heuristics, pedapgogy and
psuchology of pducation. Neverthelsss,
such a possibility is uwswally beyond the
scaope  of instruction systems (Sleaman,
Brown 1982, Weischedal st al 1878, Pulman
19643,

The question still remains as to
what can count as a hinting parachrass
CHP) (obviously , not gny paraphrase can
sarve this purpose sgqually well). Basing
pursslves on rasgarch in mathesmatical
pedagogy and psycholinguistics (since
concaptual and linguistic structuress in
this early age are known to be strangly
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interdependant), we derived the following
paneral regquirements to a HP:

1. Tha HP shauld simpnlify the
aoriginal problem (0P) as ragards the users
aof tha systam by this we mearn

simplification of OP in both conceptusal
and linguistic aspects with respect to the
task assigned, viz. to fomalise
(=translate into equations) the 0OP.

2. The HP should be different FfFrom
the 0P (this regquirement is self-evident).

3. The HP should keep closg to the 0P

From a canceptual and linguistic
viewpoints (this is to ensure that the
users conceivae the "sameness” of HP  and
OP3.

Since the most  important task of the
HP is to simplify the translation of
verbally formulated problems into
epgquations (solving these eguations being
as a  rule unproblematic For children), we
took the fFollowing genaeral solutiaon
ragarding an "appropriate” HP: An
"appropriate” HP to a probhlem is the one
that can be, somewhat metaphorically
expressed, literally translated into the
raspective egquations of this problaem.
Obviously, this would, to the greatsst
extent possible, simplify the 0OP (in the
sense in which in the translation from one
NL to another, the easiest to perform is
the literal translation)., This decision is
Ffurther supported by the fact that pupils
usually translate to themselvas thae 0P
into intermediary language which is mast
close to the equations derivable from this
problem.

4. CONSTRAINTS ON
"APPROPRIATE" HPs

From what is stated above, a numbher
of specific constraints on the content and
form of the HP can be derived. We briefly
mantion them below in connection with two
of the major decisions that have to be
made in a generation process: first,
making a decisions as to the discourse
structure of the HP (i.e. determining what
and whan to say, or an ordersd messags to
be conveysd), and, secondly, making a

dacision as to the yercbal fFormulstion of
the discourse structure of the HP (i.ae.
determining houw to BXPNress this

information in Bulgarian, what syntactic
structures to wuse, what lexemas, atc.).

At thes first stage, we should gain in
conceptual, and, at the second stags, in
linguistic simplification, thus
approximating the requirement as to the
literalness we have impaosed.

.1, Discourse structure

In the light of our aims, it is clear that
the discourse structure of the HPs shauld
be standardized, or canppnized., This means
that we need not be concerned (like most
scholars working an discourse
arganization, s.g. Mann 1884, Mckewon
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1985) with dgeggribing types of discoucss
structures of actual texts in the domain
of intarast, but rather with pregcribing a
discourse pattern that satisfies the
discourse goal .

Each of the texts in our domain, story
probhlems in algabra For Secondary Schools,
is known to be characterized by unkpown(s)
(i.s. what is looked for in the problem),
and condition(s) €(i.e. tha saguation(s),
relating the wnknouwn(s),; or variables, to

the given(s), or  constants, in the
problam)., Somea problems also invalve
auxiliapry wnknown(ss) (i.e. Further

unknaun(s), often ment ioned in  the
problem formulation somewhat misleadingly
(s.g. "...Another rnuwber is given..”),
which have to be manipulated, but are not
themselves part of the solution).

Tha discoursse structurs of the HPs,
therefore, will have to reflect the basic
conceptual congtituents of the problems:

1. the unknouwn(s)

e. the
<aoptionally>

auxiliary unknown (s

3. the condition(s),
in that particular order.

It may he noted that a lot of
problems, as they are Formulated in
mathematics. texthooks, do not actually
satisfy this discourse schama: the
unknowns are interspersed in tha text, the
unknown(s) and auxiliary unknown(s) are
not explicitly discriminated, the
conditions precede (auxiliary) unknown(s),
stc.

For instance, a typical problem to be
found in a textbook may begin as follows:
*The sum of two numbers is 8...” Ulearly,
starting the problem Fformulation by a
condition, instead of with declaring Ficrst
the unknown(s),  is misleading. Thus,
notice that this problem may have guits
diffarent continuations, among which

«..The First number is 2,
Which is the second?

in which we have Jjust gns unknown, or

«..Their product is 12.
What are these numbers?

a version in which there are fLwo unknowns,

Tha resolution af this local
ambhiguity requires additional intsllectual
effort on the part of thes pupil, re-
reading, setc., circumstances which our HPs
should svade.

In addition to describing the major
conceptual constituents of the problems,
in the canonical discourss structurs of

the HPs, the conditions of problems
themselves, usually compound propositions,
should be brgken down into parts. The

ordering of thaese ﬁrdpmsitians should



paf loct bhs  blececchlical structurs of Che
sterving with those at the

off the hlesracchiy, poocsdig
wt the oot higher lavsl, wd
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Yo, Yewhel Yorsuiation

The verhbasl formulstion off thae HPs
idesss  The choioe of asyntactic saod
sieutobunces

B, Byntactle structure

Gnlyy  vestrichbed clagses of syntaoctlo
ety should b used in the HP, As a
e L -anbadded | (278 ceoursive,
i Bhat appesy in actoal texts

el

3 G 15 tha Ui arid
LT, sllipsis and "confusing”
cinsbrustions should ba
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HoE.e). Lenieal wtracture

Lhes LIRS in the HP should
divactiy,  axplinitly TIamE oparations,
nribes 2y j bles. Ovly ons yelation
whioadd ey wde ikle ivi the HPs, viz. the
velation "agqusl”, bhut not  the confusing
o pupils Yls grester than/with”, ato.

bt syntactic aricd laxical
wherwver pogssible, She HPs shoold
the varbal  gxpresslons o Lhe

T, will he oleay Srom whoet s said
how ths JPs confocrm to the reguicemconts of
Smi . 3.

., AK ENAMPLY

Balow wa give an exanple, wocked by
[RITSEE1) am,  which lilustrates sowme of ths
FERRHTEN! satbtions of  the UP achisved in the
HF (For conwenilence, the OP and the HP arve
ranslated into English),

Thie OF is:

L the sum of ons  numbsrs with
Anatheg

(#) which is with Y% swmallec bhan Lt
CA) diw wultipliad by o,

¢ oyou will  Flod bhs product ol the
second vidinbsr with thes vumbeyr S,

(%Y Find the Vivst vnumbes .

s off the HPs of this 0F will Yook
sscmig gy Like:

C4) ¢ vesmber le looked For.
Ciy Auothey vumber s given.
{43 Add thae two numhears.

£y XE pou wulbiply the suw abtalosd
wiih £,

(53 you will  Find the producst of che

gwoond number with the numbe: 5.

(BY If From the First number youo
subrtract 4,

L7 oy will obtain tha second
vitikaeg .

i powperison with the 0P, tha HP
sxplicatas the two numbsrs of the pooblem
thait will be fucther manipulated: Fivst,
the  unknown, and, than, the auxiliarcy
wnkriown. In clausa (1) of ths 0P ths
operation of addition is iwplicitly givan
by its result ("the sun™), whereas in
slauss (3) of the HP the sama operation is
slaborated bl an sxplicit mentioning of
the particuloy  arithmetical operation  of
addition . The imbedded relative clauso
(e ot the UOP is expressed separately fronm
the main  sentencse in the HP ((6Y and (73
off i HP). This provides s possibility,
reading the ocondition of the problem from
left to vight, to write down, segquentially

and irdaepsndantly, tha differant
sguations.  In tha paraphrase of the
valativae oclause 2) of tha OF, ths

relation "is smaller than”, known to  be
confusing For small children, is replaced
By its corraspond ing nparation
"gsubtraction”, and the pronominal
referance (axpressed in the English test
with "it”) ig avoided. Notice alsao that
() From the OP and (5 from the HP are
phrasad in  the same way (thus presecving
partial samesness of the OP and the HP),

The ceorganissd text of the HP can he
geen  to significantly simplify the 0P
Cwhich will he particularly trus for
Secondary School childran).

6. IMPLEMENTATION

Balow we briefly describa SO
agpacts of the implamentation design.

Tha system comprises 3 modules:
Ci) Analyser

€ii) Solver

(iil) Paraphraser.

The fnalyser is a "traditional”
samantic gramma, using hierarchically
organised Lemplates Thae Solver solves tha
agquations obtained as a8 result of the
parsing phase (if the system is in &
"Result” moda) .

The pgeneration process goes through
JTUR ma jor phasss. The paraphrastic
Ffacllity of the system has two componants,
veasponsible For the tasks at these phasas:

the fangnizer, and the Gaunerator.

Ivn the First phasse, the Canonizer
congtructs the discourse structura, or the
wvanunical form, of the HP., The process
includes the raprasantation of thie

"discourss structure into a seguanca  of

mlementary propositions, instantiated by
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the rosult derivaed by the Arnalysis module.
This sequance begins with the praposition
dascribing the unknown(s), and,
optionally, propositions For auxiliary
unknopun(s) . In the segquence Follow the
prapasitions describing conditions
(=aguations).

For axampla, as a vesult of the
aralysis of the OP, mentionaed in Ssct. &,
tha Following sequence is obtained:

grual (*C+(X,¥YJ,8,%CY,5))
agual (~C(X,%),Y)
unknown(X)

The Canonizec shifty the last
proposition unknown(X) at tha begining of
the sequence of propositions and adds yotb
another proposition auxiliary unkrown(yYl.
Ag & rasult

unknown(X)

auxliary unknownlY)

Bual (¥C+CX,Y),2), %(Y,5))
sgual (~(X,4),Y)

is obtained.

Each compound propasition of tha
lattar type is substituted with an
aguivalent gxpression. In
order to achieve this, all constituent
propusitions are substituted by variasbles,
after which the simple proposition
phtained is wnified with the compound
propositiaon,

In the ahova case, From the
unification of thea two conpound
propositions “equal” with the simple
proposition equal(«, ), wae obtain:

Baual (¥ (+(X,¥),2),%(Y,5) )=
=agqual (o, B (¥, 2d /70, %Y, 5)/R3 . {+CX,Y2/1)
sgual (-, %), Y)=aqual (o, B) . {~CX, 43 /0, Y/BY,

where the expressions in braces are
substitutions.,

Tha propositional esxpression thus
describes the progess of obtaining the
compound proposition in qguestion from
simple propositions.

After the substitution of sach
compound proposition of the squivalent
propositional wsxpression, the Following
canonical reprasentation ohtains:

unknouwn(X)

auxiliarcy, unknown(Y)

sgualCe, B, U¥CL,2) 70, *#CY ,5)/83 . £+CX, Y

3Ty .
equal (-(X, 47, YI=agqual (x,B2. (-

(X, 42/0,Y/B}

The canonical reprasentation used is
gasily seen to have certain advantages. Un
the onea hand, it axplicates all
computations necessary For construction of
the system of squations, and, on the other
hand, it defines a v .
to bs used by the Ganarator, in which,
First of all, the simple propositions ara
varbalirxad, then their verbalizations. ace
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Lemplates  Cthe

usad in the verbalization of the compound
proposlitions at the nsxt higher level of
higrarchy, and so on. The text to be
obtained Following such a plan of
varhallzation can be literally translated
into a system of aguations by virtus of
tha fact that tha text itself is generated
in inverse ocrder - From simple to compound
propositions.,

In the secound phase of the process of
ganaration of the HPs, the canonical focm
of the HPs is translated inte Bulgarian
text by the Gemerator. Tha Senarator
itself is a unifigation.  grammar. . of
tamplates used for
genasration).

Each template describes a syntactic
construction by nYans of particular
wordforms, lexical classes and variables.
Song  of tha templates are - usad ta
propagate anaphorical ralations (dafinite
NPs, or pronominal refsrences).

As already memtioned, the Generator
fullows the plan For verbalization defined
by tha canonical representation. A set of
selection rules pgoverns the choice of
particular templates, hefore wnification
hegins. In case of alternatives as to tha
choice of a tamplate, the Generator
consults the derivational history of the
analysis, which is kept in a spscial
register, and selscts the templats, and
the concrete verbal Formulatiorn, used in
the OP (Lhis ensuring pactial "sameness”
of HPs and OPs).

The system is implementsd in PROLOG-2
and runs on IBM ATs and compatibles.

7. CONCLUSION

In the paper, we trisd to show how a
paraphrase can be used as a hinting tool
in an instruction system in mathematics,
and described a system incorporating this
feature. In the current implesmentation,
the system may give reasonably good
paraphrases of the ariginal problem, but
still there is a lot to be desired, sven
ahstracting From any real application For
aducational purposes. it is a rather
difficult thing to  make the “right”
compromise betwean the simplification
naaded in such tasks and a8 nice verbal
phrasing of the. problems. Wer shall
continue the work on the refinesment of the
system and on developing an explanation
facility.
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