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Chapter 7

Beyond Text Generation

So far in this book we have considered the generation of natural language as
if this was concerned with the production of text abstracted away from em-
bodiment in any particular medium. This does not reflect reality, of course:
when we are confronted with language, it is always embodied, whether in a
speech stream, on a computer screen, on the page of a book, or on the back of
a breakfast cereal packet. In this chapter, we look beyond text generation and
examine some of the issues that arise when we consider the generation of text
in context.

7.1 Introduction

Real documents do not consist simply of text. Real documents use typograph-
ical elements, such as font, face and size changes, to represent headings and
to indicate the different functions of particular words and phrases. They use
space and layout to indicate the role of textual elements via, for example, inden-
tation and the use of list structures. Real documents also often include pictures,
diagrams, and other graphical elements. The situation is more complex still
in on-line documents, where the text may contain embedded hypertext links,
forms, attached query engines and dynamically changing graphical elements
such as animated gifs.

In many cases it may be appropriate for a natural language generation sys-
tem to consider these aspects of real documents when it creates its output. The
PEBA system, for example, produces Web pages for display in a browser; this
means it has to, if only by default, address some of the above considerations.
Figure 7.1 shows a description of the alligator produced by PEBA, demonstrat-
ing several of the phenomena we have just alluded to.

Typography: The text lists the different kinds of alligator that are present in the
system’s knowledge base; these are presented typographically by means
of a bulleted list. This information could have been presented without
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Figure 7.1: An example output from PEBA
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such a typographic device, using a sentence like the following in the run-
ning text:

(7.1) The Alligator has two subtypes: the American Alligator and the
Chinese Alligator.

However, as the number of items to be listed increases, expressing the
information in this way becomes unwieldy.

Graphics: A picture of an alligator is included in the document: an image like
this often conveys much information that would be difficult or impossi-
ble to convey in words. In the general case, knowing what information
is conveyed by a graphical element can impact on the system’s decisions
about what information should be communicated via text.

Hypertext: All underlined words and phrases in the document are hypertext
links that correspond to new discourse goals that the user can provide to
the system. If the user clicks, for example, on American Alligator, this is
considered by PEBA as a request to generate a description of that entity.

So far we have mentioned aspects of language in use that are a consequence
of the need for the printed form to appear in some containing medium. There
are also issues that arise in the provision of information via speech. The linear
nature of the spoken form means that speech does not have counterparts to
some of the more complex phenomena possible in visible language; but it is
still the case that speech is not simply spoken text. Words and phrases are em-
phasised in various ways to indicate their informational status or importance,
and appropriate pauses help guide the hearer’s processing of the information.

A natural language generation system cannot ignore these presentational
phenomena for two reasons:

� Although there may be cases where an NLG system can create text with-
out regard for its means of presentation, this generally requires that the
system effectively be used in the ‘computer as authoring aid’ mode, as
discussed in Section 1.2.1. A human will then have to intervene to place
the generated text in its context. If we want to construct a generation
system which generates texts that can be delivered to readers without
human intervention, then the system must also embed that text in an ap-
propriate presentational medium. This capability can also be useful, of
course, even when the system is required to produce texts that are subse-
quently augmented or edited by a human.

� The containing medium can make a difference to the text that is gener-
ated. For example, there may be a physical space restriction that has to
be met by the generated text; or there may need to be cross-references in
the text between the textual and graphical content. In a spoken language
system, the need to produce output that can be spoken may, for example,
have an impact on the lengths of sentences that are generated.
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The English language does not offer an appropriate term which conveniently
covers instances of output in both the spoken and written forms. We will refer
to the output of systems that attend to the concerns under discussion here as
DOCUMENTS, whether that output is spoken or written. The production of
documents rather than just the text they contain has the potential to vastly
increase the utility of an NLG system.

In this chapter we look at the issues involved in producing documents. We
begin by sketching some relevant background in Section 7.2. We then go on to
consider different aspects of embodying text within a medium: we look first
at the use of typography in Section 7.3; we extend the discussion to consider
the integration of text and graphics in Section 7.4, and the generation of hyper-
textual documents in Section 7.5; and we end by looking at the generation of
speech in Section 7.6. In each case we provide some discussion of the use of
these resources, we look at how they have been used in NLG systems to date,
and we show how their use impacts on our NLG tasks of document planning,
microplanning, and surface realisation.

7.2 Embodied Text

As natural language generation systems become more sophisticated, it is im-
portant that they begin to take account of the medium in which the text they
create is situated, whether this be on paper, on a computer screen, or in a speech
stream. They must generate EMBODIED TEXT. All text that we experience is em-
bodied, although research in linguistics often carries out analysis of language
abstracted away from its embodiment.

Terminology in this area is problematic, because what might seem to be the
most appropriate terms for many of the elements we have to distinguish have
already been appropriated for other things. Because of this, we can only stipu-
late our own definitions for already overloaded terms. Figure 7.2 expresses
diagrammatically the relationships we will take to hold between TEXT and
DOCUMENT, with VISIBLE LANGUAGE and SPOKEN LANGUAGE being the two
possible embodiments of text. It is important to note that, in our meaning of
the terms, text is something we never see: it is linguistic material which, by the
time we perceive it, has been embodied in some medium or CHANNEL.

The study of spoken language is an accepted academic discipline; within
linguistics, the fields of phonetics and phonology are well-respected areas of
study. Most of what we have to say in this chapter will be concerned, how-
ever, with visible language. As we have already suggested, the fact that written
language always appears in some medium imposes constraints on the ways
in which the language can be used; as we will see below, it also offers oppor-
tunities that are only apparent in the context of the physical manifestation of
the text. In recent years, a not insubstantial amount of work in computational
linguistics and natural language processing has concerned itself with the inte-
gration of linguistic and graphical expressions of information; however, a great
deal of theoretical work remains to be done here. We have only scratched the
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Figure 7.2: The embodiment of text

surface in terms of understanding how the chosen medium plays an impor-
tant role in communicating a message; this role has long been recognised by
professional document designers, but unlike the spoken form, visible aspects
of language tend to be ignored in work in theoretical linguistics. Ultimately,
a coherent theory of linguistic and graphical communication will not be com-
plete without sufficient attention being paid to the means of embodiment of
the elements.

Another way to approach these issues is by considering the notion of MUL-
TIMODALITY. Generally speaking, multimodality is concerned with commu-
nication through different MODALITIES such as voice, gesture, animation and
written text. Each modality is a communication channel used to convey or ac-
quire information. Within work in natural language processing, the modalities
usually considered are speech, text and graphics; as we will see in Section 7.4,
there is now a significant body of work concerned with the computer gener-
ation of documents that include both text and graphics. Strictly speaking, a
system which generates only spoken output is not multimodal; however, a
system which makes use of typographic resources is arguably a multimodal
system, since it is using both verbal and visual properties to communicate its
meaning. All documents, in the sense we are using that term, are therefore
MODAL; and some documents are MULTIMODAL.
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7.3 Typography

7.3.1 The Uses of Typography

As a discipline, typography is concerned with the appearance and effectiveness
of documents. This concern covers a wide variety of phenomena at different
levels, including the shapes and sizes of individual letterforms; the spaces be-
tween letters, words and lines; the lengths of lines and sizes of margins; and the
spatial configuration of larger elements of text. Poor typographic choices, or a
neglect of the typographic properties of a document, can have quite a serious
impact on the effectiveness of that document.

Typographic choices are motivated by a variety of considerations:

Typographic conventions: Sometimes typographic properties are dictated by
conventions that apply to the kind of text under consideration. For ex-
ample, a widespread convention adopted in many publications is that if
a document contains words from languages other than the principal lan-
guage of the document, then these foreign words should be presented
in italic face. In the publishing world, conventions such as these are
often collected together and referred to as a HOUSE STYLE, this being a
catalog of rules for the particular ways in which typographic variations
should be used. So, as another example, a common house style rule is
that references to literary works should be in italic face, as in Gone with
the Wind. It is important to note that these prescriptions are only conven-
tions, and so there is no one right way of doing things; a different house
style, for example, might require that the titles of literary works be pre-
sented wrapped in quotes, as in ‘Gone with the Wind’. What matters is
consistency within a document or collection of documents; this makes it
easier for the reader to develop expectations as to what particular typo-
graphic variations signify. At the beginning of this book, for example, we
have provided a table that indicates the typographic conventions used
throughout the book; this is intended as a guide to help the reader deter-
mine whether something we are talking about is, for example, a technical
term rather or a knowledge base element.

Indicating emphasis: Typography can be used to mark a particular piece of
text as being especially important. Figure 7.3 shows a fragment from a
conference announcement, where bold face has been used to draw the
reader’s attention to important dates associated with the conference. Of
course, this use of bold face is itself something of a convention, but the
visual salience of this device makes it distinct from many other conven-
tions adopted in written documents, where the function of the conven-
tion is primarily to mark distinctions by indicating logical difference via
typography. Other typographic devices can be used to draw the reader’s
attention; for example, text can be underlined, different colours can be
used, boxes can be drawn around important elements, and so on.1

1It is interesting to note that the notion of underlining as emphasis has achieved the status of a
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Important Dates

Paper and electronic submissions must be received by Friday 29th November
1996. Notification of receipt will be mailed to the first author (or designated
author) soon after receipt. Authors will be notified of acceptance by Monday
16th December 1996. Camera-ready copies of final eight-page papers must be
received by Monday 27th January 1997.

Figure 7.3: Using typeface variation for emphasis

Meeting size constraints: Typography also offers opportunities to deal with
problems of limited space. Quite different typographic devices can present
the same basic information but with different costs in terms of space; we
will see an example of this below. Typographic manipulation can also be
used to meet space constraints without more radical changes in the de-
vices used. For example, even within the bounds of constraints laid down
for the camera-ready copy for a conference proceedings, it is not unusual
for an author to succeed in squeezing additional text into the number of
pages available by reducing the spaces before and after headings, or even
in extreme cases by adjusting font sizes and page margins. It is perhaps
a sign of a heightening in end-user awareness of typographic issues that
camera-ready instructions, even for relatively informal publications, are
becoming increasingly prescriptive; this is at least in part an attempt to
prevent the inconsistencies that result from authors adopting such tactics.

Indicating structure: A key use of typography, especially in technical domains
but also more generally, is to indicate the logical structure of a document.
The use of headings is one part of this: these provide visual cues to the
intended segmentation of the textual material, and the use of different
sizes or styles in headings is often used to provide an indication of the
hierarchical relationships in the document. Particular typographic de-
vices, such as itemized or enumerated lists, can also be used to indicate
the structure of information. For example, it is not uncommon for a se-
quence of instructions to be presented in list form, so that the scope of
each distinct step is made clear visually; various levels of indentation can
also be used to indicate the hierarchical relationships between elements
of the list.

Enabling information access: Just as typographic devices can be used to indi-
cate that which is important, a related use is to help users quickly iden-
tify specific pieces of information. For example, presenting information
in any regularised form such as a table makes it easier for the reader to
access specific elements without having to read the whole text. Figure 7.4
shows the information in our conference announcement expressed in a

metaphor, as in Let me just underline what I’m saying here.
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Important Dates

Deadline for receipt of paper and electronic submissions: All submissions
must be received by Friday 29th November 1996. Notification of receipt
will be mailed to the first author (or designated author) soon after
receipt.

Notification of reviewing results: Notifications of acceptance or rejection will
be provided to authors by Monday 16th December 1996.

Camera-ready due date: Camera-ready copies of final eight-page papers must
be received by us by Monday 27th January 1997.

Figure 7.4: Using a labelled list structure to aid information access

different way: here, the significant events that make up the conference
reviewing process are used as labels, and the particular spatial configu-
ration used makes it easy for the reader to jump straight to the relevant
information. Back-of-book indexes are another example of the same de-
vice. As the degree of regularity in the information to be presented in-
creases, it becomes more appropriate to provide this information in an
explicit table with labelled rows and columns.

As a larger example of how typography can be used to achieve different ef-
fects, consider the following text that might be produced by a space-age travel
agency:2

(7.2) When time is limited, travel by Rocket, unless cost is also limited,
in which case go by Space Ship. When only cost is limited an As-
trobus should be used for journeys of less than 10 orbs, and a Satellite
for longer journeys. Cosmocars are recommended when there are no
constraints on time or cost, unless the distance to be travelled exceeds
10 orbs. For journeys longer than 10 orbs, when time and cost are not
important, journeys should be made by Super Star.

The information expressed in this text can be presented typographically in var-
ious ways, as demonstrated in Figures 7.5, 7.6 and 7.7. Each presentation is ap-
propriate in different circumstances. So, for example, the logical tree structure
in Figure 7.5 might be helpful on a reader’s first exposure to the information,
since it makes it easy to distinguish those factors the reader considers impor-
tant. The form in Figure 7.6 is perhaps better suited to experienced users; and
the form in Figure 7.7 offers the most compact solution. Note that in each case,
the appropriate use of typography has resulted in a presentation of the infor-
mation that is easier to navigate than the purely textual version shown above.

2This example is from Crystal [1997] and is based on Wright [1977].
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Figure 7.5: Information expressed typographically as a decision tree

If journey less If journey more
than 10 orbs than 10 orbs

travel by travel by
Where only time is limited Rocket Rocket

travel by travel by
Where only cost is limited Astrobus Satellite

travel by travel by
Where time and cost are not limited Cosmocar Super Star

travel by travel by
Where both time and cost are limited Space Ship Space Ship

Figure 7.6: Information expressed typographically via a table
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Where only time is limited
travel by Rocket

Where only cost is limited
travel by Satellite if journey more than 10 orbs
travel by Astrobus if journey less than 10 orbs

Where both time and cost are limited
travel by Space Ship

Where time and cost are not limited
travel by Super Star if journey more than 10 orbs
travel by Cosmocar if journey less than 10 orbs

Figure 7.7: Information expressed compactly

7.3.2 Typography in Natural Language Generation Systems

For an NLG system to make use of typographic resources, it must in some sense
be TYPOGRAPHICALLY-AWARE: it must be able to indicate typographic distinc-
tions in its output, whether directly by specifying font and face changes and
spacing instructions to some typesetting device, or by marking up its output
text in such a way that an external rendering device can produce the appro-
priate visible results. As discussed in Section 6.2, the latter option is to be
preferred, since this absolves the NLG system from having to concern itself
with the idiosyncracies of physical typesetting. So, to make use of typographic
resources, we might expect our NLG system to output LATEX source or HTML
markup. Note that each of these systems provides both LOGICAL and PHYSI-
CAL annotations: Figure 7.8 shows how a number of typographic requirements
can be expressed in terms of their logical status, so that the rendering device
hides from the source of the specifications the detail of how the particular ty-
pographic element will be rendered; Figure 7.9 shows how these annotation
schemes also permit more direct physical markup.

Until recently, work in NLG tended to ignore typographic issues; most sys-
tems typically rely on the default renderings provided by standard teletype
devices, so that the output produced is presented in a uniform face, font and
size. This is not so much a reflection of deficiencies within the systems; rather,
it is a consequence of the fact that, by and large, researchers in the field tend to
see their goal as the generation of texts rather than of documents. Increasingly,
however, NLG systems are becoming typographically-aware, and we are likely
to see this tendency accelerate as the Web gains in popularity as a delivery
medium for NLG system output.

As we indicated above, some uses of typography are determined by con-
vention, whereas others may be the result of conscious decisions made during
the design of a document in order to acheive particular effects. For those as-
pects of typography based on conventions, the issues that arise when building
a natural language generation system are quite simple, provided of course that
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Element LATEX HTML

Major heading \section{...} <h1>...</h1>
Minor heading \subsection{...} <h2>...</h2>
Itemised list \begin{itemize}\item ... <ul><li>...
Numbered list \begin{enumerate}\item ... <ol><li>...

Figure 7.8: Declarative markup annotations

Element LATEX HTML

Emboldening {\bf ...} <b>...</b>
Italicisation {\it ...} <i>...</i>
Teletype font {\tt ...} <tt>...</tt>

Figure 7.9: Physical markup annotations

the system is typographically-aware: if the system is capable of indicating ty-
pographic variation in its output then all that is required is that the appropri-
ate conventions be hard-wired into the system’s behaviour. So, for example,
whenever the NLG system refers to a literary work or uses a technical term for
the first time, it is relatively straightforward for these to be rendered using the
predetermined typographic cues.

Typographic issues are more complicated where the meaning–to–form map-
ping is one to many: that is, when there are different typographical devices
available for expressing a given meaning, and the system must somehow choose
between these at run-time. One such case would be the choice between a long
and complex sentence and a more typographically structured presentation of
the same information, as we have seen in a number of the examples above.
Formulation of the reasoning required in order to make such choices is a rela-
tively unexplored area of NLG research. The appropriate choice of typographic
devices from the wide range available is clearly a knowledge-rich decision pro-
cess, and to our knowledge there are no systems which attempt to emulate the
complex reasoning processes pursued by a typographer or information design
specialist.

7.3.3 Implementing Typographic Awareness

Making an NLG system typographically aware impacts on a number of aspects
of the generation process. We can review what is involved here in terms of the
architecture used in this book:
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The meeting was attended by the following:

Company Representatives
IBM Tom Jones
Digital Cecile Smith, Nancy Robinson
Microsoft Mike Williams
Sun Richard Adams, Joe Blackford, Sally Su

Figure 7.10: A tabular presentation of aggregated information

Document Planning

Recall that our view of document planning is concerned primarily with deci-
sions of document content and overall structure, where that structure is de-
rived from the information source itself. Typographic choices are unlikely to
impact on these decision-making processes; however, typographic constraints
can play a role here. So, for example, if the genre of the text to be generated re-
quires that certain kinds of information be presented in tabular form, this may
provide a constraint on the content elements that can be selected for expres-
sion. Similarly, if there is a real size limitation on the text to be generated, this
imposes a constraint on the content selection task in terms of the quantity of
material it chooses for expression.

Microplanning

It is at the level of microplanning that any real typographic decisions to be
made by the system will lie. Thus, for example, decisions about aggregation
of information may cause selection of an itemized list as the best means of
expression. Consider the following two variants:

(7.3) The meeting was attended by Tom Jones from IBM; Cecile Smith and
Nancy Robinson from Digital; Mike Williams from Microsoft; and
Richard Adams, Joe Blackford, and Sally Su from Sun.

(7.4) The meeting was attended by:

� Tom Jones from IBM;

� Cecile Smith and Nancy Robinson from Digital;

� Mike Williams from Microsoft; and

� Richard Adams, Joe Blackford, and Sally Su from Sun.

The second of these arguably makes the grouping of persons described clearer.
As an alternative to these, the microplanner might choose to use the tabular
form shown in Figure 7.10.
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A number of researchers have noted that typographic resources can be used
instead of, or as a supplement to, cue words when expressing some discourse
relations. For example, a SEQUENCE might be expressed by including the se-
quence elements in a numbered list, instead of (or in addition to) inserting cue
words such as first, then, and finally. Thus, where a lexicalisation process might
have chosen from amongst different cue words that realise some relation, we
now have to countenance the possibility that a non-lexical realisation might be
appropriate. Again, this kind of decision is best placed within the microplan-
ner.

Realisation

For each typographic convention, the NLG system needs to be able to make the
appropriate underlying semantic and logical distinctions; implementing a con-
vention then corresponds to defining the appropriate mapping from semantic
type to typographic realisation. This mapping fits very naturally within the
surface realisation component.

The most appropriate conventions to use can be derived from a number of
sources, often quite specific to the domain or genre of the texts to be generated.
For example, the Chicago Manual of Style [?] is a good source for general conven-
tions widely used in English; the AECMA guide to writing aircraft maintenance
manuals [?] provides specific stylistic advice for documents in that domain,
Microsoft’s Help Authoring Guide provides suggestions for the use of typogra-
phy in on-line help messages, and there are a wide selection of business writing
guides such as Gartside’s Modern Business Correspondence [?] that provide use-
ful suggestions in the context of producing business letters.

In summary: as a rough rule of thumb, mechanisms for adherence to ty-
pographic constraints are best placed within the document planner; decisions
about which typographical resource is the best one to use for realising a part
of the document’s content are best placed within the microplanner; and the
application of typographic conventions can be left to the surface realisation
component.

7.4 Integrating Text and Graphics

In the previous section we saw how typographic resources can be utilised in
an NLG system. Incorporating the use of typography represents a first step
towards the generation of documents rather than texts; with this hurdle over-
come, a whole new range of possibilities arise for NLG systems.3 In this section,
we build on the preceding material to consider what is involved in having a
system generate documents that include both text and graphics.

3Indeed, the different means of presentation of information shown in Figures 7.5, 7.6 and 7.7
demonstrate that there is no hard line between relatively straightforward typographic solutions
and the use of graphical elements.
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7.4.1 The Benefits of Using Graphical Elements

‘A picture is is worth a thousand words’, states the oft-cited adage. This is
often true; in other cases, however, words can communicate information more
effectively than graphics. We do not know all the answers as to when graphics
are better than words or vice versa, but it is clear that the following questions
are important in determining which form of presentation is most appropriate:

� What kind of information is being communicated?

� How much expertise does the user have?

� Does the delivery medium or user population impose any constraints?

Informationb type

In general, it seems that phsyical information (such as location) is often best
communicated graphically, while abstract information (such as causality) is
best communicated via text. Text may also be better at communicating very di-
verse information (such as the type of information found in a secondary-school
yearbook), while graphics may be better at communicating a large number of
related and structurally similar facts (such as the interdependencies between
subtasks). A general point made by Oberlander and Stenning [?] is that graph-
ical representations do not make clear what information is essential and what
is not. For example, if we use a set of pictures or an animation to show a user
how to fix a flat tire, he or she might not realise that it is not necessary to stand
exactly where the person in the picture is standing.

7.4.2 Degree of user expertise

Another factor in determining whether text or graphics should be used is the
ability of the user to decipher the conventions of the form of expression being
used. Speakers of a natural language possess a tremendous amount of knowl-
edge of their language, including a vocabulary of tens of thousands of words,
plus a very rich set of syntactic, semantic, and pragmatic rules for producing
and interpreting sentences made up of these words. This knowledge repre-
sents an immense base of shared conventions that make communication pos-
sible. The language of graphics, on the other hand, is not so conventionalised.
There are, of course, some graphical conventions that are widely shared: the
layperson may know the meaning of a few hundred traffic signs, and be aware
of a few rules of interpretation that are broadly applicable in reading graphi-
cal representations (for example, if two objects are linked with an edge, they
are related in some fashion). However, graphical conventions are often specific
to the needs of particular user groups, and this may make graphical repre-
sentations more appropriate for experts. In specialised or restricted domains,
graphical conventions can offer a more concise or efficient representation of
information than would be possible with words, but the knowledge required
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to interpret these conventions is often acquired by virtue of being an expert
in the domain in question. This means of expression may not be appropriate
if the intended audience is not expert in the domain. Many graphical genres
have conventions which novices may not be aware of even if they have learned
the formal structure of the graphical system [?]. These conventions allow ex-
perts to rapidly interpret chunks of a graphical representation, without having
to resort to first-principles reasoning. For example, in electronic circuit dia-
grams, bistable flip-flops are usually drawn as two vertically aligned NAND
gates. Any time an expert sees two vertically aligned NAND gates, he or she
is likely to assume that they form a flip-flop, without checking the wiring to
verify this. However, a novice who is not aware of this convention may find it
much more difficult to interpret the diagram. The general point here is simply
that because the conventions for interpretation of linguistic material are widely
shared, they do not need to be spelled out; in the case of graphics, however, the
rules of interpretation may have to be specified explicitly.

Petre [ref??], Kim [ref??], Shneiderman [ref??], and others have pointed out
that people often believe graphical representations to be more effective than is
in fact the case. Many graphical notations that intuitively seem appealing have
been shown to not be particularly effective when evaluated in controlled psy-
chological experiments. Petre discusses several advantages claimed for graph-
ical representations (that they are informationally rich, that they make it easier
to get the big picture, and that they are more understandable) and shows that
at least in the domains she studied, these advantages did not exist; indeed, ex-
perimental evaluation often showed that graphical representations were more
difficult to understand than text.

The delivery medium

Finally, an important real-world influence on the choice of text or graphics
in many applications is the limitations of the delivery mechanism or partic-
ular characteristics of the user population. For example, it is not possible to
use graphical representations if the document is being delivered aurally or via
telex; and it may not be desirable to use graphical elements if the document is
being delivered on a slow network link. On the other hand, text may not be
practical if the user population is a world-wide group which has no language
in common, or consists of small children with a limited knowledge of written
language.

From a practical perspective, perhaps one of the best (and simplest) ways
of determining what information to communicate textually and what to com-
municate graphically is to study documents produced by human experts. If a
certain piece of information is traditionally presented using one mode rather
than the other, then this may constitute an argument for having a computer
document generation system do the same. Of course, the traditional wisdom
has to be balanced against the benefits of the opportunities afforded by new
technology: in some cases, human-authored documents may not use graphical
elements simply because of the expense of creating them by hand.
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7.4.3 The Automatic Generation of Graphical Objects

Considerable research has been carried out in the computer graphics commu-
nity on systems which automatically create information-conveying graphics:
given a chunk of information that needs to be communicated to the user, or
a communicative goal that needs to be satisfied, such systems automatically
create appropriate pictures, diagrams, maps, and so on to convey this informa-
tion. Some results here are as follows:

Data graphics: One of the most common uses of graphics is to display a set
of data values. Commonly used techniques for doing this include X–Y
plots, bar charts, and scatter plots. Designing an appropriate graphic—
i.e., choosing the general type of graphic, then determining the most ap-
propriate scale, assignment of axes, and so on—for a particular data set
can be a difficult task. Ultimately the choices here should be driven by
properties of the human visual system, since at the end of the day this
is what will determine what works best. In the interim, a substitute in
those areas where there is a lack of strong psychological findings are de-
sign guidelines proposed by human experts, such as Tufte [?] and Bertin
[?]. APT and SAGE [?] are examples of computer systems which automat-
ically create appropriate data graphics.

Node-link diagrams: Another common type of graphic is a series of shapes
(most often boxes or circles) connected by arrows; examples include entity–
relationship diagrams and PERT charts. Creating a good node-link dia-
gram can again be a difficult task, and the research community does not
completely understand what make such diagrams effective and useful.
The best studied aspect of this task is ensuring that diagrams satisfy gen-
eral aesthetic criteria, such as having as few edge crossings as possible;
but it is also important to ensure that diagrams conform to the conven-
tions of the target genre (see [?]).

Perhaps the single most widely used algorithm for creating node-link di-
agrams is the Sugiyama algorithm [?]. A good source of research papers
on this topic is the Proceedings of the Annual Graph Drawing Conference
[?].

Maps: One of the hardest problems in automatically creating maps is label
placement. If many labels need to appear in a relatively small area, it
is hard to find a placement which minimises overlaps and also does not
obscure underlying features of the map. Marks [?] discusses possible
solutions to this problem for computer systems.

Pictures: Producing an image of what an object looks like from a digitally-
represented model of the object is a well-studied problem; see any stan-
dard graphics textbook, such as [?]. Some research systems have inves-
tigated ways of automatically enhancing images with arrows, highlight-
ing, cut-out views, and all the other techniques that human graphics de-
signers routinely use [].



7.4. INTEGRATING TEXT AND GRAPHICS 201

hThe WIP diagram with “Use cold tapwater” label: to be obtainedi

Figure 7.11: Multimodal output from the WIP system

There is, then, a body of work which can help us automatically create a graphi-
cal object to express a given set of data. Within the context of natural language
generation, the real questions focus on how we choose between graphical and
linguistic representations of information, and how the two forms can best be
integrated.

7.4.4 Text and Graphics Integration in NLG Systems

The inclusion in a document of graphical elements such as diagrams, graphs,
charts, and pictures opens up considerably more scope for having an NLG sys-
tem reason about the available resources; at the time of writing, this constitutes
one of the most exciting areas of research in NLG. Research here focuses on is-
sues such as the following:

� Which types of information are best communicated textually, and which
are best communicated graphically?

� What are the underlying similarities and differences between text and
graphics as communication media?

� How can we combine the two in a way which produces truly integrated
documents?

In NLG systems, choosing how to express a given collection of information
is known as the MEDIA ALLOCATION PROBLEM: given a set of data to be ex-
pressed, how should the elements and properties of that data be represented
using the available media?

Media Allocation

The selection of media is influenced by a variety of factors:

� the characteristics of the information to be conveyed;

� the properties of the available media;

� the goals of the system in presenting the information;

� known or assumed characteristics of the user; and

� the nature of the task that the user is faced with.
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An example of how different information can be presented using different me-
dia is demonstrated in Figure 7.11, which shows a part of a multimodal docu-
ment produced by the WIP system [?]. This is part of a sequence of instructions
for using a coffee machine; the example shown instructs the user to pour water
into the device. In this example, the WIP system has used graphics to indicate
where the water should be poured, but it has used text to indicate the proper-
ties of the water to be used. This is because, at least in this context, physical
location is best communicated graphically, while information about the nature
of objects is best communicated via text.

Systems such as WIP and COMET make these decisions on the basis of ME-
DIA ALLOCATION RULES; some examples of such rules are the following:

� Prefer graphics for concrete information (such as shape, colour and tex-
ture).

� Prefer graphics over text for spatial information (for example, location,
orientation, and composition) unless accuracy is more important than
speed, in which case text is preferred.

� Use text for quantitative information (such as that expressed by the quan-
tifiers most, some, any and exactly.

� Present objects that are contrasted with each other in the same medium.

Commonalities between Text and Graphics

An interesting theoretical issue is how similar automatic text generation is to
automatic graphics generation. Are these fundamentally different processes, or
there common underlying principles that apply to all attempts to communicate
information to people, regardless of the media used?

Many kinds of similarities have been proposed in the research literature.
For example, it has been suggested that text and graphics generation systems
could use similar content determination systems [?, ?, ?]. The heart of con-
tent determination is determining what information is appropriate and rele-
vant and should therefore be communicated; this is true regardless of whether
the information is being communicated by text, speech, a formal language,
graphics, animation, or any other means.

Although this hypothesis seems plausible, there is currently insufficient ev-
idence to evaluate it. A few research systems which produce documents that
contain both text and graphics have used similar content planning techniques
for both the textual and graphical components of the document [?, ?]. If we
compare systems which only generate graphics with those which only gen-
erate text, however, it can be difficult to find similarities other than in very
general terms (for example, good advice in both media is to study documents
produced by human experts). However, this may partially be due to the fact
that NLG systems and systems which generate graphics are usually used to
communicated different kinds of information.
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Researchers have also pointed out that some phenomena which have been
studied in linguistics seem to have analogues in graphics.

Conversational Implicature: People make inferences from the way in which
a piece of information is communicated, as well as the actual content
[?]. For example, if someone says Mrs Jones made a series of sounds ap-
proximating the score of Home Sweet Home, most hearers will assume what
Mrs Jones did could not truthfully be described as singing. If this was
the case, then the speaker would have simply said Mrs Jones sang Home
Sweet Home. This phenomena is called CONVERSATIONAL IMPLICATURE,
and has been extensively discussed in the linguistics literature. Recently,
some researchers [?, ?] have suggested that similar inferences occur with
graphics. For example, if someone draws a diagram of a computer net-
work with all servers except one vertically aligned, most viewers will as-
sume that there must be something different about the unaligned server.

Sublanguages: Texts frequently must conform to the rules of a particular genre.
As discussed above, conventions are very strong in diagram genres as
well [?, ?]. There is nothing in principle wrong with drawing a flip-flop
with horizontally aligned gates instead of vertically aligned gates, but a
diagram drawn in this way will be more difficult for people (especially
experts who have already internalised the interpretation conventions) to
understand [?].

Structuring: Texts are hierarchically structured into sentences, paragraphs, sec-
tions, chapters, and so on. A textual document consisting of a single
paragraph with several hundred sentences would not be easy to compre-
hend. Similarly, complex diagrams with several hundred elements can be
difficult to understand, and many experts recommend producing a hier-
archically structured set of small diagrams instead of one large diagram
[?].

Discourse Relations: Andre and Rist [?] argue that RST-like discourse rela-
tions can also be applied to graphics. For instance, in Figure 7.11, the
general depiction of the coffee machine serves as a BACKGROUND for the
parts of the picture that specifically describe the pouring action.

Many people in the design community have tried to use GRAPH GRAMMARS
or SHAPE GRAMMARS to understand and generate diagrams [?]. These gram-
mars are often loosely modelled on linguistic grammars. Similarly to linguistic
grammars, they state how legal diagrams can be assembled from individual
icons or symbols, and they often associate semantic interpretation rules with
the various assembly operations. To the best of our knowledge, graph gram-
mars have mainly been used in the design community, and have not been much
used in the automatic creation of information-conveying graphics.

In summary, researchers have investigated applying a wide variety of ideas
developed within linguistics to the domain of of graphics. Less work has been
done, however, on the application of ideas from graphics generation to NLG.
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hDocument plan for above WIP diagram: to be obtainedi

Figure 7.12: Document plan for Figure 7.11

7.4.5 Implementing Text and Graphics Integration

Ideally, a computerised document generation system should be able to gener-
ate documents which contain both text and graphics, using each medium to its
best advantage; this is the media allocation problem described above. There are
different ways in which the textual and graphical components of such systems
can be combined, and these different architectures offer different opportunities
for media allocation:

Minimal Integration: In a system where there is minimal integration of the
textual and graphical generation processes, the overall communicative
goal is divided by a (human) analyst into textual and graphical compo-
nents, and generators are built for each. There is no operational integra-
tion between the text generator and the graphics generator. For example,
an analyst might design a multimodal version of SUMGEN-W by com-
bining the existing text generator (without changing it in any way) with
a graphics generator that produces a graph of temperature and rainfall
over the month in question; to all intents and purposes we then simply
have two different modalities being used quite independently.

Integrated Content Planning: In a system where content planning is integrated,
a common content planner will decide what information needs to be
communicated, and then call text and graphics generators to convey the
relevant parts of this information. The media allocation is typically car-
ried out using rules such as those discussed above. Once the information
has been dispatched to either generator, the text and graphics generators
do not interact with each other. For example, a multimodal version of
IDAS might use graphics to convey all location information (by generat-
ing a picture of the machine with appropriate labelled arrows), and text
to communicate the actual actions the user was supposed to do.

Integrated Text and Graphics: A system of this kind integrates the textual and
graphical representations of information at a very fine-grained level. For
example, the text might include referring expressions that refer to prop-
erties of the graphical presentation; Figure 7.13 shows an example from
the WIP system that demonstrates a range of such phenomena.

Systems which only involve minimal integration of text and graphics are of
course the simplest kind to construct. The other types of integration require
changes to the underlying algorithms that might otherwise have been used by
the separate components. The WIP system, for example, uses an integrated



7.5. HYPERTEXT 205

hWIP figure showing multimedia reference: to be obtainedi

Figure 7.13: Varieties of reference in integrated text and graphics

RST-based discourse planner which produces, in our terms, a document plan
whose leaf nodes can be either clauses or graphical primitives. Media alloca-
tion in WIP is not fixed, but rather partially depends on a user-specified media
preference. Figure 7.12 shows the document plan behind Figure 7.11.

7.5 Hypertext

So far our discussion has focussed on characteristics of document generation
that do not explicitly take account of whether the document will be presented
on-line or on paper. When we look specifically at on-line document genera-
tion, a number of other opportunities open up: the on-line environment makes
it possible to increase the kinds of media used in a document, so that, for ex-
ample, we can incorporate audio, video, and other kinds of animation. Explo-
rations of what is possible here have only barely begun; here, we will focus
only on one aspect of on-line documents, this being the scope for creating hy-
pertextual documents rather than simple linear documents.

7.5.1 Hypertext and Its Uses

What Hypertext Is

A hypertext document is an on-line document that can be read in a non-linear
fashion by virtue of links within the document which allow the reader to jump
from one place to another at the click of a mouse. Although the basic idea of
hypertext has been around for some time, it is only in recent years with the
explosion of interest in the World Wide Web that hypertext has become a part
of everyday life for many people. There are other, more complex, forms of
hypertext beyond what is found on the World Wide Web; however, we will
focus here on hypertext in the World Wide Web context since this is where we
expect to see most visible applications of NLG technology in the next decade.

A typical hypertext contains mouse-sensitive regions—either linguistic units
such as words or phrases, or graphical elements—which the user can click on.
The result of clicking on one of these ANCHORS is that the user is transported,
in a Star Trek-like fashion, to somewhere else: either to another document or
to somewhere else in the current document. Crucially, the new document may
not exist prior to the user’s mouse click: the result of clicking can be the in-
vocation of a program whose results are returned for the user to view. It is
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this capability that Web-based NLG systems capitalise upon. A good general
introduction to the ideas behind hypertext is [ref??].

One of the most straightforward uses of hypertext is to allow ease of ac-
cess to related documents; we will call these REFERENCE LINKS. On the World
Wide Web, most hypertext links are probably of this kind; it is precisely this
characteristic the gives the World Wide Web its name. Reference links may
appear interwoven into the text on a page or may be collected together at a
specific location on the page, perhaps along the top or bottom of the displayed
material.

A variant of the reference link which is popular in on-line help systems is
the GLOSSARY LINK, which pops-up a definition of a term or a short explana-
tory note when clicked. The information viewed as a result of clicking on a
glossary link typically does not contain further links.

Hypertext links may also be used to assist in navigating the structure of a
complex document: for example, if a document contains more than one screen-
ful of information, it may be useful to initially show the user an outline that
lists the document’s sections, and let the user request which sections to read
by clicking on the appropriate section heading. The requested section may ex-
ist as a separate document, or it may be exist at a specific location within the
current document. In some hypertext systems, the outline can be expanded to
incorporate the requested section in-line.

Hypertext as Dialogue

If an NLG system produces output which is read on-line, it is usually fairly
straightforward to add some hypertext links to this output. Such links can sig-
nificantly increase the usefulness of the generated text, making it much easier
for the user to quickly access related documents. Indeed, in the late 1990s many
users expect that on-line documents will contain hypertext links, and may be
disappointed in on-line texts which do not contain links.

As noted above, clicking on a link may not cause display of a pre-existing
document; instead, it may cause invocation of a program whose results are
then displayed on the screen. It is this capability that is used in Web-based
NLG systems. For example, all of the hypertext links shown in Figure 7.1 cause
new invocations of the NLG system which then generate the requested docu-
ments: clicking on Crocodile will cause the generation and display of a docu-
ment about crocodiles, and clicking on Chinese Alligator will cause the gener-
ation and display of a document about Chinese alligators.

Sometimes the term DYNAMIC HYPERTEXT is used for NLG systems where
the output consists of hypertext nodes that are created dynamically, and hence
can be customised according to a user model, the discourse history, and other
contextual factors. Dynamic hypertext is a fairly recent development, and our
understanding of the best way to use this medium is still evolving.

Within work on NLG, hypertext can be used to support a dialogue between
the user and the computer: under this view, hypertext links are seen not as
links to documents, but rather as questions or requests that the user can make,
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and to which the system will respond. Hypertext allows more limited inter-
action than the alternative of allowing users to issue natural language queries
and requests. However, a reliable hypertextual interface is easier to implement
than a natural language query interface; and more importantly, it makes clear
to the user what questions can be dealt with by the system at any given point.

The notion of hypertext as dialogue is present in both IDAS and PEBA. IDAS
views every hypertext click as a user request or question. Of all hypertextual
NLG systems constructed to date, Moore’s PEA system [?] supports the most
complex dialogue-like interactions: for example, the system allows users to ask
why a particular piece of information has been communicated, or to request
further explanation of a point not understood.

Whether this view of hypertext will gain widespread acceptance remains an
open question. Most current forms of hypertext adopt a metaphor of brows-
ing through an information space populated by documents; this has some-
what different connotations from a view of hypertext as a conversation with
an information-providing entity. For example, there is the subtle question of
what should happen when a user clicks a second time on a link that has been
clicked on before. In the conception of hypertext as a device for exploring an
information space, clicking on a link should bring up the linked document,
and exactly the same document should appear every time the link is clicked.
In the conception of hypertext as a conversational medium, clicking on a link
twice could be construed as asking a question twice, and there is no reason why
the response should be the same on both occasions. Indeed, a helpful system
should probably make the second response more detailed, since one reason for
asking a question again is because the original response was not understood.
The ability to offer a different answer the second time around comes naturally
to an NLG system, since typically answers will be generated in a context that
includes a dynamically-updated discourse model; however, this may not be
what the user expects. This and related issues are discussed in [?].

7.5.2 Deciding Where to Add Links

Generally speaking, hypertext systems probably function best when users have
a good mental model of what links are present and why. The presence of links
which do not fit this pattern may confuse or distract users, even if the links are,
from a more abstract perspective, useful. It is often better to have a simple and
predictable set of links than a complex and unpredictable set, even if the former
requires the user to perform more mouse clicks; and it is important to be wary
of adding too many links just because the technology makes it possible.

There are many guidelines for manually creating effective hypertexts, in-
cluding [ref...]. One useful set of guidelines which is freely available on the
Internet is Microsoft’s Help Authoring Guide. This is based on Microsoft’s expe-
rience gained in creating on-line hypertext help systems for its many software
products, and includes guidelines derived from extensive user evaluation tri-
als. Some of these guidelines are shown in Figure 7.14. Although they may not
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� Glossary links should only be added to the first occurrence of a term in a
text, unless the text is very long.

� Reference links should appear at the end of a text, not in its body.

� Users can only remember ‘seven plus or minus two’ chunks of informa-
tion; don’t give them too many options to explore.

� Each individual hypertext node should if possible fit on one screen, and
never be longer than two screens.

Figure 7.14: Example rules from Microsoft’s Help Authoring Guide (rephrased
from the original)

be appropriate in all circumstances, they provide some useful initial guidance
which can be taken into account when designing a hypertextual NLG system.

Another issue concerns the content of anchors. For instance, consider the
anchor that appears as Crocodylidae Family in the PEBA output shown in Fig-
ure 7.1. This is only one possible anchor of a number that could have been cho-
sen: other alternatives are Crocodylidae and the Crocodylidea Family. There
is no straightforward answer as to what the best thing to do is here, although
different solutions may carry different semantic connotations.

7.5.3 Implementing Hypertext-based NLG Systems

Adding hypertextual properties to the documents created by an NLG system
impacts on a number of aspects of our architecture.

Document Planning

Hypertext links are essentially about the inclusion of content into a document,
even if that content is a mouse-click away from the generated document it-
self. Given this, the document planner should be responsible for specifying
the inclusion of hypertext links. There may be some exceptions to this, as we
will discuss below: for some links, the document planner may not know that
a link is required, since its inclusion may depend on linguistic content only
determined at a later stage in the generation process.

To build an NLG system which generates hypertexts, we need, then, to ex-
tend the basic document planning mechanism. For example, a rule-based con-
tent planner could have rules for adding hypertext links as well as specifying
document content; this is what is done in the IDAS system. A plan-based sys-
tem can reason about what hypertext links might be useful to the user, as is
done in [?]. A schema-based system can have basic operations for adding links
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as well as adding clauses; this is what happens in PEBA. In each case, the pro-
cess of adding a link is treated analogously to that of adding a clause, and sim-
ilar design decisions need to be made about whether the reasoning involved
should be shallow or deep, whether user models should be taken into account,
and so on.

As noted above, links should be added in a way which makes the hypertext
network as a whole comprehensible to the user, so that he or she can develop
a good mental model of what information is present in the network, and how
the network can be navigated. One suggestion made by Reiter et al [?] is to
regard the network as a QUESTION SPACE which users can traverse: in the IDAS
system, each node answers a specific question about a specific entity, and users
can move from a node to other questions about the same object, or to questions
about related objects (such as subcomponents of the current object). This is a
fairly simple navigation model, but it is one that seems quite comprehensible
to users.

Another approach to links is to treat them as ways of presenting optional
information. If the document planner is unsure about whether or not a piece
of information should be included, it can include a link to a node giving this
information, and only include directly in the current node that information
which is known to be important. This approach may have the disadvantage
of making the network as a whole less understandable and predictable, but is
well suited to a view of hypertext as dialogue, as discussed above; under that
view, links to optional information can be seen as natural elaboration questions
which a user might want to ask. This model also lessens the burden of choice
making on the NLG system; the user can decide what information is relevant
and important, instead of the system having to make these decisions [?].

Microplanning

The presence of some links may depend on specific lexical content in the gen-
erated text. Since, in our architecture, the lexical content is not determined
until we reach the microplanning stage, these links can only be added at that
point. This is most obvious in the case of glossary links: if a technical term is
used, then the microplanner may have the responsibility for adding a link to a
glossary item that explains that term. The microplanner may also take respon-
sibility for adding links to descriptions of entities referred to in the text if the
content of the link depends on the content of the description.

One important design choice in microplanning in a hypertextual environ-
ment is the question of how to model discourses for the purpose of generating
referring expressions. The generation of referring expressions requires a dis-
course model which lists those objects that have already been mentioned in the
text. In a hypertext system, it is unclear whether the discourse model should
include objects mentioned in previously visited nodes. On the one hand, if
the user has read the previous nodes, then presumably objects mentioned in
these nodes are salient for the user, and hence should appear in the discourse
model. However, intuition suggests that users frequently only partially read
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or skim information presented on-screen, and so it may not be appropriate to
automatically add mentioned entities to the discourse model. Of course, in the
absence of eye-tracking devices being built into terminals, there is no easy way
to determine which parts of a displayed screen a user has read. Given this, it
may be best to adopt a cautious strategy, and assume that the previous nodes
have not been read; this then has the consequence, of course, that subsequent
texts may be more redundant than they need to be.

To take a concrete example of this issue, a fairly plausible strategy for refer-
ring expression generation would refer to a well-known former Prime Minister
of the UK by means of the expression Prime Minister Margaret Thatcher for the
initial reference, and by means of the form Thatcher in subsequent references.
In a hypertextual system, we have to decide whether this means that the ex-
pression Prime Minister Margaret Thatcher should be used for the first reference
to this person in every node which refers to her, or whether it means that Prime
Minister Margaret Thatcher should only be used in the first node visited which
refers to her? In principle the ‘right’ answer to this question may depend on
how thoroughly the user has read the first node which mentioned Thatcher,
but this is information that the NLG system does not have.

Surface Realisation

The realiser’s job is a simple one here. If the phrase specification language be-
ing used supports hypertextual annotations, then the realiser’s job is to map
these into the appropriate markup for the hypertext delivery system being
used. For the World Wide Web, of course, this will be HTML.

7.6 Speech Output

So far in this chapter we have considered some of the questions that arise when
we look at the generation of what we have called visible language. We should
not forget, of course, that in many contexts the most appropriate means of
delivery may be speech; and so, in this final section, we turn to the generation
of spoken language.

7.6.1 The Benefits of Speech Output

There are a number of situations where the delivery of information via speech
is to be preferred over delivery via text. Spoken output is especially useful in
cases where users are unable or unwilling to read written text on a computer
monitor or other display device. This is the case, for example, in telephone-
based information systems, such as the special information numbers that peo-
ple can call to obtain weather forecasts, sports results or airline scheduling
updates. It is also useful in ‘eyes-busy’ situations where the user cannot look
at a display screen because they have to look elsewhere, as might be the case
when a doctor is examining a patient or a driver is being provided with route
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Figure 7.15: The architecture of a text-to-speech system

information via a GPS device. Last but not least, spoken output is essential for
users who are unable to read because of some disability.

Some users may also prefer spoken output, even if they are able to look
at a monitor. For example, people who are not experienced computer users
may in some cases feel more comfortable hearing information presented orally,
because that is what they are used to. Also, speech may be a natural mode
of communication in some computer games, in part because speech can be
inflected to indicate emotional states such as excitement.

Software for generating spoken output from text, called SPEECH SYNTHE-
SIS software, has improved significantly in recent years, and there now are a
number of packages available both on the market and as free downloadable
software from a number of research institutions. Generally speaking, the qual-
ity of synthesized speech is such that it is most intelligible in short segments:
a single synthesized sentence is usually much easier to understand than a seg-
ment of spoken text several paragraphs in length. As synthesis technology
improves, however, the intelligibility of longer speech segments is improving.

Most applications which use speech synthesis to generate spoken output
do not currently use NLG techniques. However, as well as improving the ap-
propriateness of what is said, NLG techniques also hold promise for improving
the quality of synthesised speech, as we will discuss below; accordingly, there
is growing interest in the research community in combining NLG with speech
synthesis technology.

7.6.2 Text-to-Speech Systems

To understand the issues here, we first require a basic understanding of how
existing text-to-speech (TTS) systems work. Figure 7.15 shows a simple dia-
gram of the component functionality of most TTS systems. The important point
to note here is that, before synthesizing speech from an input text stream, a TTS
system first typically carries out an analysis of the input text. This analysis is
required in order to determine some important aspects of the text that have
a bearing on how the text should be spoken. The most obvious of these is
that different sentence forms have different INTONATION PATTERNS, as is eas-



212 CHAPTER 7. BEYOND TEXT GENERATION

ily demonstrated by comparing how the following two sentences sound when
spoken naturally:

(7.5) a. John can open the door.

b. Can John open the door?

Here, the second sentence is typically spoken with a rising intonation at the
end; this is generally true of question forms. Declarative sentence forms, ex-
emplified by the first sentence above, are typically spoken with a falling in-
tonation at the end—although as we will see below, in reality the situation is
more complex than this. In order to speak a sentence appropriately, then, a
TTS system must first work out what kind of sentence it is. This is relatively
straightforward in the above case, since all it requires is identification of the
final punctuation mark; however, there are more complex aspects of linguistic
analysis that a TTS system needs to perform.

Text normalisation

Speaking a text is not just a matter of sending the words in that text to be spo-
ken, one at a time: some textual elements need to be converted into something
speakable. So, for example, any expressions involving numbers or special char-
acters are spoken in ways that are not apparent from the linguistic form itself.
Such forms have to be NORMALISED, so that, for example, 28/3/98 may be spo-
ken as the twenty-eighth of March nineteen ninety eight, and 80kph may be spoken
as eighty kilometers an hour. In a TTS system, these phenomena are generally
dealt with by means of special-case pronunciation rules.

Homograph disambiguation

Natural languages contain HOMOGRAPHS: words which are spelled the same
but are spoken differently, depending upon their part-of-speech or their mean-
ing. Compare, for example, the spoken form of the word lives in the following
two sentences:

(7.6) a. John lives in Edinburgh.

b. A cat has nine lives.

A text-to-speech system has to work out which form of the word is intended.
This is generally done by carrying out some analysis of the input string in or-
der to assign part-of-speech tags, since in many cases homographs are distin-
guished by part-of-speech: typically the noun and verb instances of a homo-
graph will be pronounced differently. There are cases, however, where the
part-of-speech is the same for both instances, as in the case of words like bow
in the following pair of sentences:

(7.7) a. At the end of the performance, John took a bow.

b. John shot the target with a bow and arrow.
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Homograph disambiguation is not entirely distinct from text normalisation:
for example, the abbreviation St. is ambiguous as to whether it should be pro-
nounced Street or Saint.

Prosody assignment

This is the most complicated aspect of generating synthesised speech. Prosody
is the term used to cover the pitch, speed, and volume with which syllables,
words, phrases, and sentences are spoken. Our example of the two sentence
types above is one case where prosody plays a role, but the assignment of
prosody is made more complex by the fact that real utterances tend to break
down into a number of INTONATION UNITS, each requiring appropriate prosody
to be applied. Consider how the following sentences sound when spoken nat-
urally:

(7.8) a. When I came in from the cold, the spy I saw on the floor was not
the person I had spoken to on the phone.

b. John, not a good archer at the best of times, only managed to hit
the target once—not with every shot, which is what he claimed
he could do.

Each sentence breaks down into a number of INTONATION UNITS or INTO-
NATIONAL PHRASES, with the overall pronunciation of the sentence taking on
a rhythmic structure. These intonation units can sometimes be identified by
looking for punctuation marks such as commas; but in the general case there
may be no such surface clues, and the intonation may be related to syntactic
structure in subtle ways which are still the subject of ongoing research. This
means that, for a TTS system to produce good prosody, it has to carry out quite
sophisticated analysis of the text.

The basic point, then, is that TTS systems need some knowledge of the struc-
ture and content of the text to be spoken if they are to do a good job of speaking
the text. Most TTS systems provide some mechanism for augmenting the bare
text stream with additional information that can be used to improve the out-
put quality, either by overriding the results of analysis the TTS system might
perform or by giving the system information that it would not be able to work
out for itself. Figure 7.16 shows some of the annotations provided by SABLE, a
recent attempt to provide a standard language for speech synthesis markup.4

Each tag here is interpreted appropriately by the TTS system.

Concept-to-Speech

As we have seen, text-to-speech systems effectively reverse engineer their in-
put in order to determine information they need to produce appropriate out-

4All examples here are drawn from the SABLE version 0.1 speci-
fication; information about the SABLE specification can be found at
http://www.cstr.ed.ac.uk/projects/sable spec.html.
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Phenomenon Example
Emphasis The leaders of <EMPH>Denmark</EMPH> and

<EMPH>India</EMPH>meet on Friday.
Breaks Without style, <BREAK LEVEL=”large”>Grace and

I are in trouble.
Pitch change Without his penguin, <PITCH BASE=”-20%”>

which he left at home, </PITCH> he could not en-
ter the restaurant.

Pronunciation <PRON SUB=”tomahto”>tomato</PRON>
Special processing At <SAYAS MODE=”time”> 2pm </SAYAS> on

<SAYAS MODE=”date” MODETYPE=”YM”>
98/3 </SAYAS> Mike will send <SAYAS
MODE=”currency”> $4000 </SAYAS> to <SAYAS
MODE=”net” MODETYPE=”email”> me acme.com
</SAYAS>.

Figure 7.16: SABLE markup for controlling speech synthesis

put. The key problem here is that, given the current state of the art in natu-
ral language analysis, this process provides insufficient knowledge about the
sources of constraints on intonation, with the result that it is difficult to deter-
mine the appropriate assignment of intonation. Ultimately, syntactic analysis—
which itself is at the bounds of current NL analysis capabilities where unre-
stricted text is concerned—is not sufficient. Intonation is more than a reflection
of the surface syntactic structure of the text, and in the final analysis depends
on communicative goals underlying the utterance.

Of course, this is information that we can reasonably expect an NLG system
to already be capable of providing: an NLG system will know which particular
word sense is intended when a homograph is used, it will know what the type
and the structure of a sentence is, and, most importantly, it will know why it is
using a particular utterance. It makes sense, then, to consider linking an NLG
system to a TTS system in such a way that the need for analysis of the input
stream by the TTS system is removed. By doing this, we provide an input to
the speech synthesis process that is richer than that normally assumed by TTS
systems; accordingly, this approach is sometimes referred to as CONCEPT-TO-
SPEECH.

To see the benefits of having access to this rich information source, consider
the utterance John washed the dog. This can be uttered as a response to each of
the following questions, but the intonation used in uttering this response will
vary depending on the question:

(7.9) a. What did John wash?

b. Who washed the dog?
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Although the one sentence serves as a response to each of the two questions, in
each case the sentence will carry a different stress pattern in order to mark the
information that is NEW: in the case of the first question, the noun phrase the
dog carries this new information whereas in the case of the second question it
is the noun phrase John that carries the new information. An NLG system, since
it has deliberately constructed the sentence in order to satisfy the request for
information, will know what is given and what is new, and can assign appro-
priate intonation in line with this. Similarly, provided we have an appropriate
theory that correlates syntactic structure with prosodic structure, an NLG sys-
tem will know where the appropriate intonation boundaries should fall in a
longer utterance.

7.6.3 Implementing Concept-to-Speech

If we want to speech-enable an NLG system in a richer way than simply apply-
ing a TTS system to the NLG system’s output, there are two general issues we
need to address:

� How can the appropriate prosodic and intonational annotations described
above be produced?

� How should the content, structure, and style of the text be modified to
reflect that fact that it will be spoken instead of read?

We can review how these questions impact on each of the components of our
NLG architecture as follows.

Document Planning

First of all, it seems reasonable to suppose that a document generated to be
presented via spoken language may vary in terms of its linguistic content and
structure from a document generated for visual presentation. Speech and writ-
ing are very different forms of language, and indeed the kinds of uses to which
each are put vary considerably: there are linguistic acts which would make lit-
tle sense, or seem very odd, if transplanted from one medium to the other. The
document planner may therefore need to adopt rather different strategies for
both content determination and text structuring, depending upon the intended
output modality. For any given domain of application, what is required here
is best determined by a careful empirical analysis of information provision in
that domain.

As a simple example, the document planner may need to apply different
considerations with regard to the length of the generated output: because
speech takes time to utter and cannot be skimmed by the recipient in the way
that text can, the document planner may have to limit the size of spoken docu-
ments; in contrast, length considerations are probably less of an issue in written
text. More speculatively, it may be appropriate to repeat information more of-
ten in spoken documents than in written text, because there is no correlate in
the spoken form of the scope for rereading provided by the written form.
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Overall characteristics of the spoken output, such as speed of talking and
the emotional attitude expressed in the speech, are probably best determined
within the document planning component, since these are likely to be based
on the system’s communicative goals and known characteristics of the user.

One possible impact of length limitations and the difficulty of revisiting
already uttered text is that a dialogic mode of interaction may be more impor-
tant in spoken systems than in text-based systems: dialogue provides a natural
way for users to ‘home in’ on the information they need, or to request that a
previous utterance be repeated or clarified.

Microplanning

Since the microplanner is responsible for lexicalisation, it is the appropriate
place to include information that will allow the later stages of the process to
ensure that words are pronounced properly. In the context of an NLG system,
there would seem to be little need for a text normalisation stage: instead, the
microplanner should build lexicogrammatical constructions that are already
in a form suitable for speaking. Since the microplanner also determines the
overall sentential structures to be used, it should ensure that the phrase spec-
ifications constructed clearly indicate the information structural properties of
the utterance, so that these can be mapped into appropriate prosodic contours
by the realisation process.

From a stylistic perspective, spoken text is clearly different from written text
[?]. In the context of NLG systems, McKeown (1997) suggests that, among other
things, spoken output should be short, syntactically simple, and relatively in-
formal. Further research is needed to better understand how to interpret these
criteria, especially as they may conflict: for example, as McKeown points out,
brevity may conflict with syntactic simplicity.

Realisation

The function of the realiser is to map distinctions at the level of meaning—here
including aspects of information structuring—into prosodic distinctions. The
relevant information will almost all have been determined by earlier stages
of processing, although where the realiser has some latitude with respect to
the choice of syntactic constructions, it also then needs to know enough about
prosody to be able to annotate these structures appropriately. For our pur-
poses, it is reasonable to assume that the role of the realiser is to take the infor-
mation specifed in the input phrase specification and to build an output stream
that includes markup along the lines of that shown in Figure 7.16; some of the
information provided here replaces the punctuation symbols that the realiser
would insert in the case of written output.
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7.7 Further Reading

In this chapter we have covered a very broad range of research issues in a
relatively small space, and so we have only been able to scratch the surface of
many of the issues involved. We provide here some pointers to the relevant
literature for the interested reader who wants to pursue these topics further.

While many papers have been published on the individual topics of typog-
raphy, hypertext generation, the integration of text and graphics, and speech
genneration, very little has been published on integrating all these aspects
into a general architecture for document generation. Probably the most ad-
vanced work on generating rich multimodal documents has been carried out
at Saarbrü cken and Columbia; see [?] and [?] for examples of multimodal sys-
tems built at these laboratories.

Relatively little has been published on typographic issues in NLG, with ??
and [?] being two exceptions. There is, however, a rich literature aimed at
human writers and document designers on the best use of fonts, list structures,
boxes, and so forth; this literature may suggest rules which can be incorporated
into NLG system. See, for example, [?] and [?].

There is a large general literature on hypertext. One introductory textbook
on hypertext is [?]; a good up-to-date source of recent research papers on hy-
pertext is the annual ACM Hypertext Conference. There is also a growing lit-
erature on dynamic hypertext, and on how NLG systems can produce it; [?] is
a good review article with pointers to other work. [?] and [?] describe how
hypertext is used in the PEBA and IDAS systems, respectively.

There is a very large general literature on computer graphics; [?] is a stan-
dard introductory textbook to this area. Two of the best known systems which
generate documents which contained both text and graphics are WIP [] and
COMET []. Maybury [] is a useful collection which contains many papers which
discuss the integration of text and graphics. Petre [] points out some of the
problems with graphics, and emphasises that graphics is often less effective
than people believe it to be. Roth and Hefley [] provide some discussion on
media choice, including examples of rules used by different systems. Many of
the other chapters in Maybury [] also touch on this issue.

Systems which combine text and graphics have been constructed for a wide
range of tasks and text types, including the generation of instructions for op-
erating technical devices ([?], [?], [?], and [?]; mission planning and situation
monitoring ([?], [?]); project management ([?]); business forms ([?]); and com-
puter network configuration ([?]).

There is a general literature on speech synthesis; one textbook which cov-
ers this topic is [?]. There are many companies which sell commercial speech-
synthesis systems. Microsoft Research currently makes available for free its
speech synthesis package; see http://www.research.microsoft.com for
details. Halliday [?] argues convincingly for speech and writing being viewed
as quite distinct forms of language use. There is relatively little work on com-
bining NLG with speech, since this is a very new area, but two complete sys-
tems which do this are DYD [] and MAGIC []. Prevost’s work [?] on integrating
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intonation with categorial grammar shows how existing linguistic theories can
be extended to allow the incorporate of prosody.
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