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Abstract 
 

This paper provides an overview of the design 
processes and principles followed in the 
development of the dialogue management 
component for a hotel booking tele-service 
application forming part of the African Speech 
Technology project.   

The current South African English dialogue 
as implemented in a working prototype using 
the Nuance Communications software 
developer’s toolkit will be demonstrated. 

 
1.  Introduction 

 
Two distinct approaches to the development of 
interactive dialogue for tele-services based on 
speech technology, are to be found in industry 
and academia. Dialogue development in 
industry is usually focused on the delivery of a 
working system, requiring a set sequence of 
information items that have to be fill ed, hence 
the predominance of structured finite state 
dialogues where the initiative in the dialogue is 
kept solely by the system and the user is 
prompted to respond to questions in a specific 
order and expected to use a set of pre-
determined limited responses [1,2,3]. Research 
systems, on the other hand, tend to explore 
more complex co-operative discourse structures 
based on plan-based models [4,5] or joint action 
theories of dialogue in an attempt to emulate 
real co-operative human-human dialogue 
interaction [6]. 

The approach followed in the development 
of the dialogue for a particular speech 
application is ultimately determined by the 
overall system specification, i.e. what the 
system is eventually supposed to do. 

The paper is organized as follows: In Section 
2 we give the system specifications, including 
the implementation. Section 3 describes the 
initial dialogue and prompt design, while 
Section 4 deals with the refinement of the 
dialogue. We end with a conclusion in Section 
5. 

 
2.  Specifications 

 
2.1 AST system specification 
 

The aim in the African Speech Technology 
(AST) project is to develop a fully automated 
telephone-based multili ngual query and booking 
system in five languages (South African 
English, isiZulu, isiXhosa, Sesotho and 
Afrikaans) for a hypothetical hotel group 
operating in South Africa [7]. The system 
should provide telephonic information on 
amenities, services and accommodation. A 
working prototype is to be delivered within a 
period of three years. 

The assessment and adaptation of current 
state of the art speech recognition and synthesis 
technologies are integral project objectives. The 
applicabilit y of commercially available software 
and its customisation to South African 
languages will be part of this assessment and 
adaptation. 



These objectives indicate an industry-based 
approach to system development, including 
dialogue development. 

 
2.2 Dialogue specification 
 

In the light of the above, the following dialogue 
management specification resulted: 

 
1. Dialogue facilit ating bookings, in addition 

to enquiries. 
2. Realistic, but simple interactions, e.g. no 

complex group bookings catered for. 
3. Finite-state approach to dialogue 

management, where the nodes of the state 
transition network represent system prompts 
and the transitions between nodes determine 
all paths through the network, i.e. all l egal 
dialogues. 

4. System-led, directed dialogue, with 
anticipated responses provided for in the 
natural language understanding grammars 
reflected by the transitions in the network of 
states. 

5. For information retrieval, incorporation of a 
database modeled on that of a major hotel 
group, with various room types, rates etc. 

 
The above specification eliminates complex 

natural language processing and simpli fies 
dialogue history and management. Current state 
of the art finite-state technology can be used to 
implement this type of dialogue in the AST 
prototype. 

 
2.3  Implementation 

 
Currently the system (including the finite state 
dialogue control) is implemented using Nuance 
Communications’ application developers’ 
toolkit1 for development of telephone speech 
interfaces. This software toolkit has a C API  
and consists of a speech recognition engine, a 
speech generation engine (including text-to-

                                                 
1 www.nuance.com  

speech) and several tools that enable and 
facilit ate speech application development.  

The platform is an MS Windows 2000 
computer with 256MB RAM and a Dialogic 
analogue line telephone interface card. During 
development the audio is provided by a sound 
card, before switching to the telephone interface 
at deployment.  

South African English versions of the 
language dependent components such as the 
acoustic models and lexicon (provided by 
Nuance) were used. 

Although the Nuance toolkit provides a 
graphical tool for rapid dialog development, 
appropriately named “Dialog Builder” , it was 
not used, as this tool assumes the availabilit y of 
JAVA  “SpeechObjects” , which are not 
available in SA English. Our application was 
coded in C++ and we used MySQL2 for 
implementation of the hotel database. 

The development path of the AST project is 
to replace all the Nuance engines, interfaces and 
tools with our own in a modular fashion as they 
are developed. 

 
3.  Dialogue and prompt design 

 
3.1  Dialogue version one 
 

An initial English dialogue was produced, 
focusing strongly on the identification of 
information elements to be obtained from the 
user and optimised dialogue flow based on the 
technical restrictions of f inite-state technology 
[8]. A local hotel was visited to obtain real-
world examples of dialogues in the hotel-
booking environment. In addition, a variety of 
online internet booking services provided by a 
selection of South African hotel groups were 
investigated and evaluated to identify the core 
information elements required in a hotel 
booking transaction, e.g. city name, hotel name, 
arrival date, departure date, guest name, room 
type, etc. 

                                                 
2 www.mysql.com  



The resulting dialogue unfortunately 
reflected a number of typical dialogue design 
errors: stilted, formal prompts reminiscent of 
written instead of spoken text, technical jargon 
and a lack of sensitivity towards characteristics 
of discourse [cf. 8]. Such errors are frequently 
encountered in engineered dialogs where the 
only design elements considered were 
recognition accuracy and ease of f low in the 
state transition network. In real-world, user-
friendly applications, however, there is more to 
consider. 

 
4.  Refinement 

 
"Speech applications are all about using 
language to find things out and to get things 
done"  [9], and many speech applications in the 
real world, especially those based on finite-
state-technology, fail to recognise that humans 
have specific ways of using language in a 
structured, coherent manner governed by the 
context of a dialogue. Further fine-tuning of the 
original dialogue was therefore required to 
render a more supple and natural-sounding 
dialogue, based on linguistic design principles, 
with which users would feel comfortable.  

 
4.1  Application of linguistic design 
principles 

 
Human conversations are not haphazard. They 
follow certain rules and strategies for opening 
and closing conversations, changing topics, 
taking turns, the length and relevance of 
speaking turns [9], the placement of important 
information and register [10]. These rules differ 
greatly from the rules in written language 
(discourse). A selection of these principles as 
discussed in [10] will be covered, with 
examples of their application in the 
development of our dialogue. 
 
4.1.1 Cohesion devices 
 
Cohesion devices [9] link sentences and 
utterances together and provide underlying 

clues to the relationship between content-
bearing words.  
 
 Anaphora are pronouns referring back to 
previously mentioned referents, often nouns or 
noun phrases. Including anaphoras in dialogue 
eliminates stilted repetition of nouns, and 
connects a current utterance to what was said 
before, as in the examples below. 
 
Initial prompts: 

(1) The date you have selected is not valid. 
(2) I'm sorry. No accommodation is 

available for the dates you have 
requested. 

 
became: 

(3) Sorry, that date is invalid. 
(4) Sorry, we don't have any rooms for 

those dates. 
 
 In both instances, the user is given exactly 
the same information. The rewritten prompts, 
however, refer back to the actions previously 
taken by the user in a much more natural spoken 
manner, rather than repeating the whole noun 
phrase. 
 
 Spoken discourse markers create cohesion 
by giving participants in a conversation cues 
that indicate how the interaction is progressing. 
In a spoken dialogue system, where a series of 
information items are collected one after the 
other, using discourse markers to indicate the 
progress to the user could serve to minimise 
incomplete transactions as a result of 
impatience or boredom. Prompts (5)-(8) contain 
no discourse markers whatsoever:  
 

(5) In which city would you like to make a 
reservation? 

(6) In which hotel do you wish to stay?  
(7) On which date will you be arriving? 
(8) When will you be departing? 

 
These have been rewritten as (9)-(12): 
 



(9) First tell me in which city you'd like to 
stay.  

(10) Now tell me in which hotel you'd like 
to stay. 

(11) Next I need you to tell me on what date 
you'll be arriving? 

(12) And on what date will you be leaving? 
 
Not only have discourse markers been 

included in the rewritten versions that indicate a 
progression in time, but a more informal spoken 
tone – similar to what one would expect from a 
human hotel receptionist - has also been 
adopted.  
 

Special pointer words li ke sorry, oh, and 
otherwise have very specific meanings in 
discourse and can be used effectively. In many 
contexts sorry, for example, denotes that 
whatever is to follow will disappoint the hearer 
or not meet the hearer's expectations, if it's 
pronounced correctly by the voice artist. This 
pointer is used extensively in timeout and retry 
prompts in our dialogue: 
 

(13) Sorry, I couldn't quite hear that. 
(14) Sorry, I still couldn't hear your answer. 

 
4.1.2  Information structure 
 
Discourse studies in English have shown that 
the preferred position for new information in a 
sentence is at the end [9]. This is called the end-
focus principle. This preference most likely 
relates to the short-term memory phenomenon 
known as the recency effect, i.e. the last 
elements in an utterance are easier to remember 
purely because they are the last thing heard. 
 

Another principle, the end-weight principle 
[9], states that grammatically complex or 
"heavy" constituents should also be placed at 
the end of an utterance, or at least somewhere in 
the verb phrase, rather than in the noun phrase 
forming the subject. Violations of these 
principles in dialogue lead to poor information 

transfer and unnatural sentences. The following 
prompt ill ustrates the issue: 
 

(15) You can interrupt me at any time by 
saying “help” to hear an explanation or 
“consultant” to speak to a service 
consultant. 

 
 This prompt is too compact. Two sentences 
are lumped together and the important 
information, the commands "help" and 
"consultant", are imbedded too deeply in the 
sentence. Rewritten, the prompt looks like this: 
 

(16) Here are some tips and shortcuts you 
can use at any time: 

If you're not sure what to do, simply say 
“help.”  

If you'd to talk to one of my human 
colleagues say “consultant” . 

 
 The introductory phrase starting with 
"here", furthermore focuses the user's attention 
on the fact that a li st is to follow, while the 
information about the two commands are now 
split i nto two different sentences, with the most 
important information items at the end of each 
sentence. This prompt may be longer than the 
initial prompt, but it is undoubtedly clearer and 
will be remembered better.  
 
4.1.3  Spoken vs written discourse 
 
Written language generally tends to be more 
formal because of the permanent nature of the 
medium, while speech is characterised by a 
more informal tone. This is very noticeable in 
the different vocabularies used in written and 
spoken language. Written language tends to 
prefer words of Roman (Latin) origin, while the 
more "common" Anglo-Saxon words are found 
in speech. Many examples of such written 
forms are to be found in the first version of the 
dialogue: 
 



(17) In which city would you like to make a 
reservation?  

(18)  We have hotels in the following cities: 
(19) I'm sorry. No accommodation is 

available for the dates you have 
requested. 

 
were all rewritten as follows: 

 
(20) First tell me in which city you would 

like to stay.  
(21) We have hotels in these cities: 
(22) I'm sorry, we don't have any rooms for 

those dates. 
 

Contractions (such as I'm, you’ re, we'll ) are 
also commonly found in natural human speech, 
but students are urged to avoid them in writing. 
The AST dialogue now contains a good many 
contractions: 
 

(23) Here you only need to tell me in which 
hotel you'd li ke to stay. If you're not 
sure, say “ li st” . I will t hen play you a 
list of our hotels in <city name>. After 
that you can tell me in which one 
you'd li ke to stay 

(24) Next, I need you to tell me on what 
date you'll be arriving. 

(25) Sorry, we don't have any rooms for 
those dates. 

(26) If I have the details right, say only 
"yes". If they're wrong, simply say 
"no". 

 
The full forms "you would", "you are", "you 

will ", "do not" and "they are", have a distinctly 
more formal and distant flavour. 
 
4.1.4  Jargon 
 
Jargon can be defined as the specialised or 
technical language used by members of a trade, 
profession or other similar group [9]. The 
vocabulary used by such a group is understood 
only by them and tends to alienate people who 
don't know it. The engineers, linguists and 

computer scientists of the speech recognition 
community have developed such a common 
vocabulary that often finds its way into dialogue 
prompts. Unfortunately, such jargon words only 
confuse the non-technical users of our systems. 
If you want your user to understand what they're 
being asked or told, it should be in a language 
that they understand. The following prompt 
ill ustrates it nicely: 
 

(27) Welcome to the African Speech 
Technology Hotel Reservation system. 
You can make a reservation by 
answering some questions. 

 
The use of "speech technology hotel 

reservation system" throws a lot of technical 
knowledge at the user relating to the nature of 
the application, knowledge that is irrelevant to 
the user's need, i.e. to enquire about 
accommodation and make a reservation. The 
redesigned prompt focuses directly on the need 
of the user by omitting the jargon entirely: 
 

(28) La Costa Lotta Central Reservations, 
good morning | afternoon | evening. 
Would you like me to give you some 
tips on making your reservation before 
we start? 

 
4.1.5 Register and consistency 
 
Finally, whether a dialogue is designed to be 
formal or informal in nature, it is important that 
the level of formality be maintained consistently 
throughout the application. If a more informal 
persona is created for the system, it should be 
maintained consistently throughout the 
dialogue. Inconsistent register is not only an 
indication of careless dialogue design, but 
confuses the user's expectations regarding the 
"personality" of the system. The initial prompts 
designed to elicit the city and hotel name, are an 
example of mixed register: 
 

(29) In which city would you like to make a 
reservation? 



(30) In which hotel do you wish to stay? 
 

There is an obvious difference in formality 
between "would you like to" and "do you wish 
to" that should be avoided for the sake of 
consistency. 
 

4.2  Translation and cultural adaptation 
 
A final comment has to be made about the 
adaptation of the South African English 
dialogue to the other languages of the project. 
Although many principles of discourse are 
universal, i.e. hold for all l anguages, some differ 
between languages. Adapting the current South 
African English dialogue into Afrikaans, 
Sesotho, isiZulu and isiXhosa will t herefore 
involve much more than direct translation. 
Language specialists in each of these languages 
will have to look at aspects of spoken discourse 
typical of their particular language and 
incorporate those into the dialogue framework 
provided.  
 

5.  Conclusion 
 
This paper has shown how the application of 
particular linguistic and discourse principles to 
a finite-state dialogue modelli ng approach, 
which essentially limits spontaneous interaction 
between system and user, renders a more 
natural and user-friendly dialogue interface. 
This effectively masks the restrictions of 
traditionally very structured system-directed 
dialogues.  
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