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Abstract

One of the most imp ortan t questions in applied NLG is what b ene�ts (or `v alue-

added', in business-sp eak) NLG tec hnology o�ers o v er template-based approac hes.

Despite the imp ortance of this question to the applied NLG comm unit y , ho w ev er,

it has not b een discussed m uc h in the researc h NLG comm unit y , whic h I think is

a pit y . In this pap er, I try to summarize the issues in v olv ed and recap curren t

thinking on this topic. My goal is not to answ er this question (I don't think w e

kno w enough to b e able to do so), but rather to increase the visibili t y of this issue

in the researc h comm unit y , in the hop e of getting some input and ideas on this v ery

imp ortan t question. I conclude with a list of sp eci�c researc h areas I w ould lik e to

see more w ork in, b ecause I think they w ould increase the `v alue-added' of NLG

o v er templates.

1 In tro duction

There are thousands, if not millions, of application programs in ev eryda y use that auto-

matically generate texts; but probably few er than ten of these programs use the linguistic

and kno wledge-based tec hniques that ha v e b een studied b y the Natural-Language Genera-

tion (NLG) comm unit y . The other 99.9% of systems use programs that simply manipulate

c haracter strings, in a w a y that uses little, if an y , linguistic kno wledge. F or lac k of a b etter

name, I will call this the `template' approac h.

In order for NLG tec hnology to mak e it out of the lab and in to ev eryda y �elded appli-

cation systems, the NLG comm unit y will need to pro v e that there are at least some nic hes

where using linguistic/AI approac hes in a text-generation system pro vides real commer-

cial adv an tages, suc h as reducing the e�ort required to build (or main tain) the system,

or impro ving the e�ectiv eness of the generated texts. Determining under what conditions

and in what asp ects NLG tec hniques are `b etter' than c haracter-string manipulation is

of utmost imp ortance to the applied NLG comm unit y , and should also b e of in terest to
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the researc h comm uni t y; if nothing else, researc h funding for NLG is lik ely to increase if

there are a large n um b er of successful �elded systems that use NLG tec hnology .

In this pap er, I will use the term automatic text gener ation (A TG) to refer to an y

computer program that automatically pro duces texts from some input data, regardless

of whether NLG or template tec hnology is used in ternally . The topic of this pap er is

th us when is NLG `appropriate tec hnology' for building A TG systems, and when should

simpler approac hes b e used. My goal is not to pro vide a de�nitiv e answ er to this question,

b ecause I don't think w e (curren tly) kno w enough to b e able to do this, but rather to

presen t the issues, summarize commen ts made b y other p eople, and presen t some opinions

of m y o wn. Hop efully this will help start a discussion within the comm unit y ab out this

v ery imp ortan t but (so far) somewhat ignored issue.

2 T emplate systems

All A TG systems are, of course, simply computer programs that run on some input

data and pro duce an output (the text) from this data. Non-linguistic (`template') text-

generation is done via manipulating c haracter strings; the user writes a program whic h

includes statemen ts suc h as `include XXXXX if condition Y is true, and YYYYY oth-

erwise.' This program can b e written directly in a programming language suc h as Lisp

or C++, or it can b e sp eci�ed via a `mail-m erge' system whic h allo ws conditional texts

(eg, Microsoft W ord). The k ey di�erence b et w een this approac h and NLG is that all

manipulation is done at the c haracter string lev el; there is no attempt to represen t the

text in an y deep er w a y , at either the syn tactic or `text-planning' lev el.

T o the b est of m y kno wledge, most programming languages and mail-me rge en viron-

men ts pro vide v ery little, if an y , supp ort for manipulating texts in ev en the simplest

`linguistic' manner. F or programming languages, the most sophisticated feature that I

am a w are of is the ~P construct in the Lisp format function, whic h will do some sim-

ple pluralizations (eg, win vs. wins , or try vs. tries ) dep ending on whether a n umeric

parameter is one or not.

Mail-merge systems can ha v e sligh tly more sophisticated capabilities, suc h as auto-

matically capitalizing an inserted w ord if it is the �rst w ord of a sen tence. Ho w ev er, ev en

something as simple as c hanging pronouns according to gender needs to b e explicitly pro-

grammed. Some mail-merge systems are in tegrated with grammar c hec k ers that migh t in

theory b e able to handle some lo w-lev el syn tactic problems suc h as v erb agreemen t, a vs.

an , and elimination of m ultiple commas; ho w ev er, curren t grammar c hec k ers ma y not b e

robust enough to b e able to do this in a reliable fashion.

2.1 Example: Apple Ballo on Help

A simple example of template-based generation is the Apple Macin tosh Ballo on Help

system. It can pro duce texts suc h as

This is the kind of item displa y ed at left. This sho ws that test data is a(n)

Microsoft W ord do cumen t.

and

This is a folder | a place to store related �les. F olders can con tain �les and

other folders.

The icon is dimmed b ecause the folder is op en.



In the �rst text, test data and Micr osoft Wor d w ere inserted in to template slots for `�le-

name' and `application program.' Note the use of a(n) ; ev en this simple t yp e of agreemen t

is not done in the Ballo on Help system. In the second text, the last sen tence ( The ic on

is dimme d b e c ause the folder is op en ) only app ears when the mouse is p ositioned o v er

an op en folder; just the �rst t w o sen tences will app ear if the mouse is p ositioned o v er a

closed folder. This is an example of conditional text.

2.2 Example: Emplo y ee Appraiser and P erformance No w

Tw o more sophisticated `non-linguistic' automatic text-generation systems are Austin-

Ha ynes Employe e Appr aiser and Kno wledgeP oin t's Performanc e Now . Both of these

systems help managers write appraisals of emplo y ee s (eg, for justifying salary increases).

Eac h system pro vides a set of general ev aluation topics, suc h as Communic ation , whic h are

brok en up in to more sp eci�c subtopics, suc h as Communic ates ide as verb al ly . Managers

giv e emplo y ee s rankings on eac h of these subtopics, and the system then comp oses a

complete appraisal, whic h the manager can edit in a w ord pro cessor.

In Emplo y ee Appraiser, when the manager c ho oses a subtopic rating, the system

retriev es an appropriate paragraph from a library and do es some simple linguistic pro-

cessing. In particular, the manager can sp ecify whether the emplo y ee is male or female,

and whether the rep ort should b e written in second or third p erson. This a�ects the

pronouns used in the text (eg, he , she , or you ), and also v erb conjugation (eg, you do

vs. he do es ). This is the most sophisticated syn tactic pro cessing that I am a w are of in a

`template' system.

P erformance No w do es less syn tactic pro cessing (it do es not allo w the manager to

c ho ose b et w een second and third p erson; only third-p erson is p ossible), but it do es do some

simple sen tence planning. In particular, P erformance No w com bines all the information

ab out a particular high-lev el topic (suc h as Communic ation ) in to a single paragraph, and

this requires the system to use conjunctions and pronouns, and to add initial conjuncts

(eg, F urthermor e ) to sen tences.

An example output of P erformance No w is

Bert do es not displa y the v erbal comm uni cation skills required, and his writ-

ten comm unic ations fall short of the qualit y needed. Additionally , he do es

not exhibit the listening and comprehension skills necessary for satisfactory

p erformance of his job.

The system has comp osed this from three separate phrases retriev ed from its library . The

�rst t w o phrases are com bined with and to pro duce the �rst sen tence ab o v e. The third

phrase is left as a separate sen tence, but the conjunct A dditional ly is added to it, and the

sub ject is pronominalized. The system also orders phrases b y putting the most p ositiv e

ones �rst, and most negativ e ones last (this is not sho wn in the ab o v e example).

P erformance No w p erforms the most sophisticated sen tence-planning of an y `template'

system that I am a w are of; indeed, one migh t argue that P erformance No w is doing

enough linguistic pro cessing that it really should b e regarded as a (simple) NLG system.

Kno wledgeP oin t's mark eting literature in fact stresses their `In telliT ext

T M

' tec hnology ,

whic h \generates clear, logical sen tences and mo di�es them to w ork together as if y ou

wrote them y ourself ". This is the only mass-mark et system I am a w are of whic h adv ertises

NLG-lik e abilities as part of its comp etitiv e adv an tage.



3 Adv an tages of NLG

Man y adv an tages of NLG o v er templates ha v e b een describ ed in the literature. In this

section, I try to summarize these argumen ts, pa ying sp ecial atten tion to those argumen ts

that seem imp ortan t to the success of curren t applied NLG systems.

3.1 Main tainabili t y

One reason for using NLG is maintainability ; template-based generators can b e di�cult

to mo dify according to c hanging user needs. This has b een a real factor in the success of

the F oG w eather-rep ort generation system, for example. T o quote

[

Goldb erg et al. , 1994,

page 53

]

Exp erience has sho wn that [template-based w eather rep ort generators are]

di�cult to main tain. This has hamp ered the testing and implem e n tation of

the soft w are and has made it di�cult to up date the program for c hanging

user requiremen ts. This is a critical factor. Although the Canadian textual

forecast pro ducts fall in to sev eral common broad categories (marine forecasts,

public forecasts, and so on), eac h category con tains man y regional v ariations.

Also, con ten t, structure, and terminology tend to v ary with time, alb eit slo wly .

T o succeed, a system m ust address v ariations b et w een forecast t yp es, v aria-

tions b et w een geographical regions in a forecast t yp e, and gradually c hanging

requiremen ts.

Making ev en a sligh t-c hange to the output of a template-based generator ma y require a

large amoun t of reco ding (of programs) and rewriting (of templates); in con trast, suc h

a c hange ma y b e straigh tforw ard to mak e in linguistically-based system. T o tak e one

simple example, if a user wishes to c hange a text-generation system so that dates are

alw a ys at the b eginning of sen tences (eg, In 1995, a sever e winter is exp e cte d instead of A

sever e winter is exp e cte d in 1995 ), this can easily b e done with almost an y linguistically-

based NLG system. With a template system, in con trast, making this c hange ma y require

rewriting a large n um b er of template fragmen ts.

1

There is an in teresting analogy with exp ert systems here. Early exp ert systems, suc h

as the R1/X CON system used to con�gure computers at Digital Equipmen t Corp ora-

tion

[

McDermott, 1982

]

, w ere partially justi�ed on the grounds that they w ere easier

to main tain and mo dify than `con v en tional' programs that p erformed the same task. It

subsequen tly b ecame clear, ho w ev er (eg,

[

Solo w a y et al. , 1987

]

), that main taining exp ert

systems, although still p erhaps easier than main taining con v en tional programs that p er-

formed similar tasks, w as not as simple as the initial en th usiasts had though t it w ould

b e. W e as y et ha v e little data on ho w easy/di�cult it really is to main tain �elded NLG

systems;

[

Kittredge et al. , 1994

]

is the only pap er I am a w are of that discusses the main-

tenance of �elded NLG systems.

3.2 Impro v ed T ext Qualit y

Another adv an tage of NLG-based systems is that they can pro duce higher-quality output .

It is useful when discussing output qualit y to distinguish b et w een asp ects of qualit y that

arise from the three di�eren t pro cessing stages used in most applied NLG systems

[

Reiter,

1994

]

: con ten t/text planning, sen tence planning, and syn tactic realization.

1

This assumes that the system uses a large n um b er of templates. If only a small set of templates is

needed to generate the system's texts, main taining them is unlik ely to b e a problem.



3.2.1 Con ten t Planning

The abilit y to v ary the information c ontent of a text in a �ne-grained and 
exible w a y

ma y b e the most imp ortan t `qualit y' enhancemen t of all; it allo ws NLG-based systems

to include whatev er information is deemed imp ortan t in a text, and lea v e out unimp or-

tan t information. This has b een esp ecially imp ortan t in letter-generation systems (eg,

[

Springer et al. , 1991; Co c h and Da vid, 1994

]

) whic h ha v e b een one of the most p opular

NLG applications to date. T o quote

[

Springer et al. , 1991, page 68

]

An automated form-letter system originally formed the core of this organi-

zation's corresp ondence facilit y . Because its letters m ust sp eci�cally discuss

di�eren t kinds of �nancial transactions, the system has gro wn to include close

to 1,000 di�eren t form letters to address the simplest divisions of common

problems. Ho w ev er, in practice most of these letters are nev er used: Cus-

tomer service represen tativ es, w orking under pressure to handle as man y cases

as quic kly as p ossible, tend to use 10 to 20 letters that are close enough to

describing the clien t's situation rather than tak e the time to discriminate b e-

t w een sligh t v ariations within the form library . When a clien t's situation ev en

sligh tly v aries from these forms or encompasses a com bination of topics ad-

dressed in separate form letters, a new letter m ust b e comp osed b y hand if the

clien t is to b e con vinced that s/he has receiv ed individual atten tion. F orm-

letter systems migh t come c heap, but they don't alw a ys sta y that w a y , and

the qualit y of output for an y particular situation can nev er b e v ery high.

In other w ords, if a text-generation system has to b e able to generate texts that are

appropriate for man y di�eren t kinds of situations, it ma y b e di�cult to use as w ell as

build; and there ma y b e a strong argumen t for building a system whic h uses kno wledge-

based tec hniques to represen t the desired con ten t of the output, and then generates an

appropriate textual presen tation of this con text.

3.2.2 Sen tence Planning

Most applied NLG systems ha v e a sen tence planning mo dule that handles aggregation,

referring-expression generation, sen tence formation, and lexicalization

[

Reiter, 1994

]

. P er-

forming these tasks w ell can greatly enhance the readabilit y of a text. Consider, for

example, the di�erence b et w een

The house is white. The house is large. The house is o wned b y John. The

house is on Sulliv an Street. The house is next to the elemen tary sc ho ol

and

John o wns a large white house on Sulliv an Street. It is next to the sc ho ol.

This is an example of aggregation

[

Dalianis and Ho vy , 1993

]

. Aggregation is men tioned

as one of the most imp ortan t b ene�ts pro vided b y the PLANDOC system

[

McKeo wn et

al. , 1994

]

. PLANDOC summarizes the history of an engineer using a sim ulation pac k age,

and generates text suc h as

This re�nemen t activ ated DLC for CSA 2111 in 1995 Q3, for CSAs 2112 and

2113 in 1995 Q4, and for CSAs 2114, 2115, and 2116 in 1996 Q1.

If eac h of the activ ations w as expressed b y a separate sen tence, the ab o v e message w ould

require six separate sen tences, and w ould b e m uc h longer.



An in teresting op en question is ho w m uc h sen tence planning can b e done without ha v-

ing a `prop er' syn tactic represen tation of the text. The P erformance No w (Section 2.2)

system demonstrates that some simple aggregation can b e done ev en if phrases are repre-

sen ted as c haracter strings, but it seems doubtful whether more sophisticated aggregation

(eg, ellipsis or relativ e-clause in tro duction) is p ossible without a syn tactic represen tation

of phrases.

3.2.3 Syn tactic Realization

T exts that are comprehensible but ungrammatical can b e anno ying to readers, and it ma y

b e exp ensiv e (in terms of programming e�ort) to set up a template system to correctly

handle agreemen t, morphology , punctuation reduction, and other `lo w-lev el' phenomena.

It is straigh tforw ard, in con trast, for an NLG system to handle suc h phenomena.

In terestingly enough, ho w ev er, I am not a w are of an y applied NLG system whose

success is primarily based on b etter syn tactic (or morphological) pro cessing. Systems

suc h as F oG

[

Goldb erg et al. , 1994

]

and PLANDOC

[

McKeo wn et al. , 1994

]

do p ossess

sophisticated syn tactic realization systems, but I do not b eliev e that their success deriv es

from the fact that they can get agreemen t or morphology righ t. T emplate systems suc h

as Emplo y ee Appraiser are, after all, able to handle some agreemen t phenomena. P ar-

ticularly if a dev elop er is only concerned with relativ ely straigh tforw ard phenomena (eg,

noun pluralization, or noun-v erb agreemen t), it ma y b e easier for him or her to `hac k'

something together that appropriately manipulates c haracter strings, instead of trying to

build explicit syn tactic structures that can b e pro cessed b y an NLG system.

Also, in man y cases texts can b e phrased in a manner whic h minim ize s the need for

syn tactic adjustmen t. F or example, problems will o ccur with the template N iter ations

wer e run when N is 1; these problems can b e a v oided, ho w ev er, b y c hanging the text to

Numb er of iter ations run: N .

A go o d syn tactic mo dule ma y of course b e needed to supp ort a sophisticated con ten t

determination or sen tence planning mo dule. F or example, as men tioned in the previous

section, prop er syn tactic represen tation is probably needed for man y kinds of aggrega-

tion. By itself, ho w ev er, go o d syn tactic pro cessing ma y not pro vide m uc h `comp etitiv e

adv an tage' to an NLG system.

3.3 Other adv an tages

Tw o other adv an tages of NLG that ma y b e imp ortan t in some cases are multilingual

output and guar ante e d c onformanc e to standar ds . Multilingual output can of course b e

ac hiev ed with templates; man y error-message systems, for example, are lo calized to other

languages simply b y inserting a new set of format strings. The qualit y of texts generated

b y this approac h is not high, but this ma y b e acceptable in some circumstances.

A t the other extreme, m ultilingual output could also b e ac hiev ed b y building sev eral

separate systems, one for eac h target language. Suc h a system w ould b e exp ensiv e to

construct and migh t pro v e di�cult to main tain, ho w ev er.

The F oG w eather-rep ort generation system

[

Goldb erg et al. , 1994

]

probably o w es some

of its success to the fact that it can pro duce texts in b oth F renc h and English. W eather

rep orts in Canada m ust b e pro duced in b oth F renc h and English, and if rep orts are �rst

written in one language and than translated in to the other, there ma y b e a signi�can t

dela y b efore the translated rep orts are a v ailable (ev en a one-hour dela y can b e signi�can t

for a 24-hour w eather forecast). The F oG system enables the forecaster to sim ultaneously

pro duce b oth English and F renc h v ersions of the forecast, th us eliminating this dela y .

2

2

Also, a forecaster who uses F oG is not dep enden t on a third-part y to translate his or her forecasts;



The �nal adv an tage of NLG I'd lik e to men tion is guaran teed conformance to do cumen t

standards, including writing standards suc h as AECMA Simpli�ed English

[

AECMA,

1986

]

, and con ten t standards suc h as DoD-2167A

[

DoD88, 1988

]

. In man y domains it is

essen tial that do cumen ts conform to suc h standards, and rules suc h as `sen tences should

not b e longer than 20 w ords' or `sen tences should not con tain more than three sequen tial

nouns' (from AECMA Simpli�ed English) ma y b e easier to enforce in an NLG system,

whic h can paraphrase or rew ord texts to meet suc h constrain ts. An NLG system could,

for example, tak e sen tence-length constrain ts in to accoun t when making aggregation deci-

sions. I do not kno w of an y curren t applied NLG system for whic h standards conformance

is an issue, but this ma y b ecome imp ortan t in future applications.

4 Adv an tages of T emplates

T emplates, of course, also ha v e adv an tages o v er NLG. The most basic of these is probably

that NLG systems cannot generate text unless they ha v e a represen tation of the infor-

mation that the text is supp osed to comm unic ate; and in the great ma jorit y of to da y's

application systems, suc h represen tations do not exist.

F or instance, supp ose a scien ti�c program wishes to inform the user that N iterations

of an algorithm w ere p erformed. In principle, NLG tec hniques could b e used to impro v e

the handling of sp ecial cases suc h as N=0 and N=1, so that the system could pro duce

No iterations w ere p erformed

1 iteration w as p erformed

2 iterations w ere p erformed

Ho w ev er, doing this with NLG tec hniques w ould require the system to ha v e either a

declarativ e represen tation of concepts suc h as algorithms and iterations; or a syn tactic

represen tation of the sen tence N iter ations wer e p erforme d . Neither of these is lik ely to

exist in a scien ti�c program, and few scien ti�c programmers w ould b other putting them

in. Instead, suc h programmers w ould either accept lo w-lev el syn tactic problems (eg, the

output 1 iter ation wer e p erforme d ); use an alternate form ulation that did not su�er from

this problem (eg, numb er of iter ations p erforme d: 1 ); or write sp ecial co de to pro duce the

appropriate output when N is 0 or 1.

This is p erhaps an extreme case, but it illustrates the p oin t that switc hing to NLG

will b e exp ensiv e if the application do es not already ha v e a declarativ e domain kno wledge

base and/or syn tactic represen tations of output text, and no one is going to pa y this cost

if the resultan t impro v em en t in text qualit y (or system main tainabilit y) is not p erceiv ed

as signi�can tly enhancing the usefulness of the application. Since kno wledge-based ap-

plication systems are still rare, and ev en the ones that do exist often do not ha v e all the

information that an NLG system w ould need, it ma y b e the case that NLG is not the

most appropriate tec hnology for man y curren t text-generation applications.

Besides the ab o v e problem, NLG also su�ers from generic problems that are common

to all new tec hnologies. There are v ery few p eople who can build NLG systems, com-

pared to the millions of programmers who can build template systems; there is also v ery

little a w areness of what NLG can (and cannot) do among most dev elop ers of application

systems. Additionally , there is v ery little in the w a y of reusable NLG resources (soft w are,

grammars, lexicons, etc), whic h means that most NLG dev elop ers still ha v e to more or less

start from scratc h. Finally , the fact that NLG is an exp erimen tal tec hnology means that

conserv ativ e dev elop ers ma y w an t to a v oid using it. As men tioned ab o v e, these problems

are common to all new tec hnologies, and will ev ap orate with time if NLG pro v es to b e a

truly useful and v aluable tec hnology .

this feeling of `more con trol' ma y b e a signi�can t plus to some users.



5 Hybrid Systems

It is of course p ossible to build A TG systems that use b oth NLG and template tec hniques.

T o date, t w o v arian ts of this ha v e b een particularly common:

� Systems that em b ed NLG-generated fragmen ts in to a template slot, or that insert

canned phrases in to an NLG-generated matrix sen tence. The ID AS system

[

Reiter et

al. , 1995

]

, for example, could insert generated referring expressions in to templates

suc h as Car eful ly r emove the wr apping material fr om X , and also could insert canned

phrasal mo di�ers suc h as using b oth hands in to an otherwise generated sen tence.

� Systems that use NLG tec hniques for `high-lev el' op erations suc h as con ten t plan-

ning, but templates for lo w-lev el realization (eg,

[

Buc hanan et al. , 1994

]

).

The basic goal of suc h systems is to use NLG where it really `adds v alue', and to use

simpler approac hes where NLG is not needed or w ould b e to o exp ensiv e. The decision

on where NLG should b e used can b e based on cost-b ene�t analysis

[

Reiter and Mellish,

1993

]

.

Real-w orld decisions ab out where NLG should b e used in a h ybrid system are lik ely

to b e based on practical criteria as w ell as theoretical ones. NLG mo dules that are slo w,

error-prone, written in un usual programming languages, and/or di�cult to main tain will

of course not get used m uc h in real applications. But also, ev en a w ell-engineered mo dule

is unlik ely to get used if it do es not �t in to the w a y the dev elop er wishes to build his or

her system, or giv e the dev elop er su�cien t con trol o v er the system's output. F or example,

a system that reserv es the righ t to reorder sen tences based on some rhetorical mo del ma y

b e unacceptable to a dev elop er who insists that the sen tences m ust app ear in a sp eci�c

order that he or she thinks is b est.

Another w a y of sa ying this is that NLG shouldn't `get in the w a y'. Dev elop ers will

use NLG mo dules and tec hniques if NLG helps them pro duce the kind of texts they w an t

to pro duce; if an NLG system is seen not as a helpful to ol but as something that needs

to b e w ork ed around, it will not b e used. NLG should also only b e used when it clearly

increases main tainabilit y , text readabilit y , or some other imp ortan t attribute of the target

application system. If a certain p ortion of the output text nev er v aries, for example, it

w ould b e silly to generate it with NLG, and m uc h more sensible to simply use canned

text for this p ortion of the do cumen t.

I b eliev e, b y the w a y , that most curren t h ybrid systems use `real NLG' in con ten t-

determination and p erhaps sen tence-planning, and use template tec hniques mainly in

syn tactic realization. This ma y simply b e a coincidence, but it ma y also suggest that

m uc h of the real `v alue-added' of man y NLG systems ma y b e in the high-lev el pro cessing,

not in ensuring correct syn tax.

6 Making NLG More Useful

There are sev eral areas where I think more academic researc h could help impro v e the

adv an tages of NLG-based text generators o v er template-based systems.

3

Aggregation: As men tioned in Section 3.2.2, aggregation (eg, clause com bining, ellipsis,

conjunction reduction) is something that seems to signi�can tly add to text qualit y

in man y circumstances. Y et, there has b een surprisingly little researc h on this v ery

imp ortan t and in teresting topic.

3

This list has b een hea vily in
uenced b y discussions with Chris Mellish.



Standards Conformance: Being able to generate text that is guaran teed to conform to

a writing or con ten t standard could b e a big selling p oin t of NLG in some circum-

stances (Section 3.3). Curren tly , ho w ev er, it is only p ossible to enforce `lo w-lev el'

syn tactic and lexical standards; I think it w ould b e v ery in teresting to examine ho w

higher lev el standards, suc h as `only one topic p er paragraph', migh t b e enforced.

Multilingualit y: Multilingual output is another feature that could b e a strong selling

p oin t for NLG in man y circumstances (Section 3.3). But although man y m ultili ngual

NLG systems ha v e b een built, surprisingly little researc h has b een done on the

principles underlying m ultilingualit y . F or example, where can language indep enden t

mo dules b e used in a m ultili ngual system, and where is this imp ossible?

Multimo dalit y: Real-w orld do cumen ts include diagrams, tables, and other graphics as

w ell as text; and real-w orld do cumen ts also use visual formatting , suc h as fon t

c hanges and bulletized lists, within texts. Additionally , on-line do cumen ts often

include h yp ertext links. A system that generates do cumen ts is going to b e m uc h

more useful if it can com bine text and graphics, use appropriate visual formatting,

and insert h yp ertext links in to online do cumen ts.

Hybrid Systems: It seems safe to predict that man y �elded NLG systems, at least in

the near term, will use a h ybrid approac h, ie, they will use b oth template and NLG

tec hnology . But little is kno wn ab out ho w this should b est b e done; if w e w an t

to insert a generated referring expression in to a template slot, for example, what

constrain ts do es the template need to satisfy in order for this to pro duce correct

output? And ho w should `templates' used b y an NLG system b e authored; can w e

dev elop a nice authoring en vironmen t whic h enforces an y necessary constrain ts in

an in tuitiv e manner?

Mo difying Generated T ext: All real-w orld NLG systems that I am a w are of allo w the

h uman user to mo dify the generated texts. But there are man y w a ys of doing this,

and it is unclear whic h is b est. Should the generated text simply b e dump ed in to a

con v en tional w ord-pro cessor, as done in ICG

[

Springer et al. , 1991

]

? Or should users

mak e c hanges with a structured editor, p erhaps using the `linguistic spreadsheet'

idea prop osed b y

[

Kemp en et al. , 1986

]

? Or is it b est to ask the user to edit a

conceptual represen tation, as done in F oG

[

Goldb erg et al. , 1994

]

?

Examples: In man y cases, adding examples to a text can greatly increase its usefulness.

But this is another researc h topic that has b een barely scratc hed; Mittal's thesis

[

Mittal, 1993

]

and subsequen t w ork is the only researc h in this area that I am a w are

of. What principles go v ern the creation of go o d examples, and ho w can a system

generate examples that not only comm uni cate the target information, but also are

consisten t with the user's general w orld kno wledge?

Kno wledge acquisition: This is not really an `NLG' topic, but it is v ery imp ortan t to

the success of NLG systems, whic h usually are kno wledge in tensiv e. An ything that

mak es it easier to build kno wledge bases will probably mak e it easier to build NLG

systems.



7 Conclusion

As NLG tec hnology b egins to mo v e out of the lab and in to real applications, the NLG

comm unit y needs to b egin thinking not just ab out ho w to generally impro v e our under-

standing of this researc h area, but also ab out questions suc h as (a) what adv an tages NLG

o�ers o v er simpler approac hes; (b) under what circumstances using NLG `adds v alue' to

real-w orld systems; and (c) where further adv ances in NLG could really increase the use-

fulness of applied NLG systems. It will probably b e man y y ears b efore w e can con�den tly

pro vide answ ers to these questions, but an imp ortan t step on this path w ould b e to start

more explicitly discussing and exploring these issues within the comm unit y; I can only

hop e that the presen tation in this pap er will at least in a small w a y encourage p eople to

start thinking more ab out these issues.
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