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1. INTRODUCTION

Small vocabulary. speaker-independent speech recognition over the telephone network has now
reached a level of performance which allows it to be considered for data transfer applications such as
banking and catalogue shopping. A key consideration in the development of these applications will
be the design or' the speech interface since speech is the sole communication mode between the user
and the service.

The research reported in this paper is wtrently addressing speech interface design issues through a
series of large-scale field experiments using a new real-time Wizard of 02 (W02) experimental
methodology designed to permit the investigation of users' attitudes towards simulated telephone
services and the evaluation of the perceived usability of such services. During the experiments.
specific features of the speech interface are manipulated and the dependent variables of user attitude
and perceived usability are measured using telephone and postal questionnaires.

Among the features of me interface which can be independently modifiedrin the WOZ experiments
are a simulated speech reoog'niser and a dialogue scheme. One of the major new features of the work
carried out to date is that it is based on the parametric simulation of an existing speech recognition
technology. This allow experiments to be carried out with bothcurrent recognition performance
levels and recognition performance level extrapolated beyond those cunently achievable. In this
way. it is possible to address. among other key issues. the shape of the usability function for
automated telephone interfaces for different levels of recognition performance.

Modifying the speech interface can also involve changing the dialogue scheme used in the automated
telephone service. This allows ‘unponant user interface and human factors issues to be addressed in
the experiments such as the impact of voice quality. the degree to which conventional 'beep' prompts
(used in addition to Spoken prompts) influence the progress of the dialogue. and the impact of
dialogue su'ucrure and prompting Strategies on users' responses to the service.

Results from the project on the effects on usability of changing the acnrnrcy level of the simulated
speech recogniser in the telephone interface have been reported elsewhere [1.2]; the present paper is
concemed mainly with dialogue issues.
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1. A NEW WIZARD OF OZ SCHEME

WOZ experiments involve the use of a hidden operator who. unknown to the experimental subject.
simulates some aspect of the performance of a computer [3L ltt the case of the experimental work
reported in the present paper. contact between mbject and computer is over the telephone line.
Consequently, it is a relatively easy matter to ensure that subjects are not aware that a human being
plays any part in the running of the automated telephone service.

The WOZ experimental configuration Which includes the user/subjeCt. the W02 operator and the
speech interface software is shown in Figure l.
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thure 1: The W02 Experimental Configuration

In experimens. the Software Control Module handles the initiation of contact at the subject's home
or workplace. the delivery of the dialogue prompts to the subject. the registering of keystrokes by the
experimental operator made in response to the spoken input from the subject. the urn-Line generation
of recognition errors when these are required and the recording of all statistical data on keystrokes
and timings. ‘
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The W02 software nuts on an lBM-compatible PC with a plug-in circuit card providing connection
to the telephone line. In addition to simulating the speech tecogniser. the software conuols the
archival recording of all interactions between the subject and the operator.

This partinrlar WOZ setup has a number of impoth advantages over previous WOZ investigations
into speech interfaces. These include the extensive control it gives over the experimental conditions:
the constraints imposed on the operators Who key in the subjecLs' spoken responses: and the fact that
all other experimental conditions. such as the introduction of speech recognition enors are eno'rely
under software conu’ol.

When entering subjects' spoken responses to the dialogue prompts. the WOZ operators follow certain
rules or keystroke protocols. Different pretocols cause the experiment to follow very different paths
through the space of possible dialogues. in the experiments carried out to date involving the
simulation of an isolated word recognition system. the protocol is defined such that if the expected
anSWer is spoken by the subject in response to a dialogue prompt. even in the context of extraneous
linguistic or paralinguistic expression. that expected answer is keyed in by the operator. For
example. if a subject in response to the prompt "Please say the next digit" says "it's three" or
"Um...Er..,three" instead of simply "three" as expected. the operator keys in the digit "3". This
protocol implies a generous view of the capabilities of an isolated word recognition system in the
speech interface. including aspects relevant to wordspotting methods. it does mean. however. that
fewer dialogues fail in experiments. an important consideration in the early stages of the research
work A stricter keystroke protocol would require that only distinct input be accepted by the WOZ
operators. Later experiments in the programme will compare the effects of these and other protocols
and will develop protocols for connected word recognition and more realistic word spotting
techniques.

When the W02 software returns control from the automated telephone service to the experirnentai
operator. it is important to decide exacrly what to tell subjects about the success or failure of the
interaction and about he purpose of the experiment Experience has shown that the wording at this
point in the experiment has a major impact upon users' responses to the usability of the service. For
example. in experiments to date subjecrs have been told that when such serVioes became generally
available. their credit card account would be automatically debited 'Ihis gives them a wider
appreciation of the implications of using this service. a fact reflected in their responses to the
telephone questionnaire which is delivered by the operators immediately following subjects' use of
the service and to the postal questionnaire which subjecu complete as soon as possible after
completion of the telephone call.

3. THE SPEECH INTERFACE

The speech interface used in the telephone experiments reported in this paper consists of a simulated
speaker-independent. isolated word recogniser coupled to a dialogue scheme which controls the
delivery of all prompts to users. The simulated speech recogniser at the heart of the WOZ software is
modelled on a detailcd parametric characterisation of a current speaker independent speech

Proc.l.O.A. Vol 14 Pen 3 (1992) 631



 

[—

Proceedings of the Institute of Acoustics \

DIAl.OGUES FOR TELEPHONE SERVICES

recognition system The performance data for tltis recogniser have been analysed in terms of a
speaker-specific variable g(s). an utterance-specific variable p,(u). and a word/lea! pair qw(u).

These parametric distributions ate shown schematically in Figure 2
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Figure 2: The Simulated Recogniser

 

Access to the speaker-specific variable 3(5) allows experiments to be designed on a "worst case"
basis. using speakerswith a low value of "goodness" representing the "goats" in a population who
find difficulty in speaking to automated systems. Access to the utterance dependent variable p,(u).

allows experiments with acoustic variations produced over time with a given set of input words.
Access to the word/lexical pair parameter terms Wu) and qw(u) allows investigation of the effects
of acoustically and phonitically confusable words.

in operation within the WOZ system. the recogniser simulation acts as an 'error generator. assuming
the input to the simulator is a correct input word (keystrokes) and calculating a probability score
y(s,w,u.r) for correct recognition. query or rejection as a function of the three parameters:

y(s.W.u.r) = g(s) + p..(u) + h(vI.r) 4- q._,(u) [r #w]
= o [.- = w]

User interactions with the simulated speech recognise: are mediated via adialogue consisting of a
linked network of prompts and opportunities for input from the user. One sudt dialogue for which
results are reported beltiw involves the user entering a lfi-digil credit card number in four blocks.
each of four digits. This generic dialogue could form a component in a banking or catalogue
ordering automated telephone service application.

A typical sesn'ort with this dialogue starts with the message from the service welcoming the user and
continues with brief irtsn'uctions on how to enter the credit card number. one digit at a time.
following the 'beeps'. Each of the possible end states of the simulated recogniser (following user
input) directs the dialogue along a defined dialogue path. For example. if an input is accepted and
the user is itt the middle of reading a block of digits. a single 'beep‘ prompts the user for the next digit
in the blcclt. If. on the other hand. the last digit of the block is accepted and there are blocks of digits
remaining. the service thanks the user for reading the number so far and prompts for the next block of
digits. Queries by the recogniser activate subdialogues in which the first and (if necessary) the second ‘
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hypotheses are offered to the user for confirmation Rejection of input by the simulated recognise.- is
followed by a request for repetition.

1n the cm of no input from the user (and therefore no keystroke from the WOZ operator). the
"recognition wind0w" times out after a predetermined period and the dialogue responds with a
suitable prompt.

The current dialogue allows a maximum of three attempts by the user to enter each digit in the credit
card number before the automated service signals failure and returns the user back to the WOZ
experimental operator.

4. EVALUATION OF A'l'l'ITL'DES AND USABILITY

The two principal instruments used in this work to measure users' attitudes towards the automated
telephone service are a telephone questionnaire and a postal questionnaire. The telephone
questionnaire consists of a number of questions asked by the human operator immediately after
completion of the experiment with the automated service Among other questions. subjects are asked
how many mistakes they thought they made and how many they thought the service made: how long
they thought it took them to read their credit card number. and how they evaluate the service overall.
For most of these questions. the actual data (such as the number of mistakes and the duration or the
call) are already kn0wn.from die transcription made automatically by the WOZ software during the
experimenL Discrepancies between the data and subjects' perceptions are valuable in evaluating
subjecrs' perceptions of the effectiveness and efficiency of the service. both of which contribute to
measurement of the usability of the service [4.5].

The postal questionnaire consists of several sections eliciting subjecns' attitudes and general
comments on the service. The attitudes are measured with 22 responses on 7-point Liker't scales each
with a mid neutral point. These data are used to derive detailed statistical profiles of users' attitudes
and the perceived usability of the automated telephone service. The questionnaire items have been
designed on the basis of extensive user interviews to identify the key salient attributes of such
automated telephone services and the stability and sensitivity of the questionnaire has been proven
over a total of seven separate experiments with different subjects.

5. DIALOGUE DESIGN AND EVALUATION

Effective dialogues are the key to the development of usable automated telephone services. The
experiments carried out to date on me generic dialogue described above have highlighted the range of
difficulties users can experience with such services and have suggested a variety of possible solutions
which are being actively investigated.
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5.1 Unexpected Responses
Users do not always respond with a word or words from the active vocabulary. Part of the lean-ring
process involved in using an automated service is to know what can be said at each request for input
by the service. This is. of course. a general problem in tlte design of interfaces of all types.

In one large experiment (56 subjects). there were 49 examples of unexpected responses to the
service. The variety of responses included. very commonly. answering with a digit as well as 'yes' or
'no' in reply to confirmation prompts. For example. in reply to 'Did you say six?'. the user might say
'No. five' or 'Six. yes‘ rather than simply 'yes' or 'no‘ as prescribed.

One strategy used in the experiments to avoid this problem is to remind users whenever possible of
the aetive vocabulary by including reference to it in the prompts. For example. in recovery or
confirmation prompts. where the active vocabulary is (yes. no). phrasing such as 'Answen‘ng 'yes' or
'no'. did you say was used. interestingly. when at the end of the dialogue the number was read
back to subjeCts without this reminder. 11% of subjects gave an inappropriate response. Suggesting
that learning how to use services of this type is something that needs continual reinforcement

.2 Inappropriate Timing of Responses
Inappropriater timed responses are those spoken outside the time window in which the speech
recogniseris active. One common type of inappropriately timed resporse is speaking during a pause
in a syntactically complex prompt consisting of either a sequence of independent sentences or a
single sentence having amain Claus: - subordinate clause strucnrte. In both time cases. there tends
to be a short pause between the relevant pm of the prompt and it the first part is semantically
interrogarive or is understood. pragmatically. as requiring a response. many users supply the response
before completion of the prompt Again. this is a major issue for automated telephone service
interface design. requiring ‘intelligem' strategis for either avoiding the situation or for curtailing the
delivery of the prompt it‘ the met is recognised to have supplied an appropriate input.

In one experiment. 18% of subjects gave inappropriately timed responses at some point in the
dialogue. This is a high figure pointing to a problem that needs to be addressed in dialogue design.
However. it is overshadowed by the problem of subjects speaking on or before 'beep' prompts. In
experiments carried out to date. most spoken prompts were followed by a fixed-duration. constant
frequency. system generated tone. referred to as m: 'beep'. In the case of the best dialogues (those
where there were few or no queries or_ rejecrs because the simulated recognition accuracy was high). ~
users heard a 'beep'. input their digit heard anather ’beep' and so fonh to the last digit of the number.
In the case of queried or rejected input. subjects heard. in addition. a spoken prompt follrJWed by a
'beep'.

In one large experiment. 56% of subjects spoke on or before the 'beep': 8.6% of subjects spoke on or
before the 'beep' four or more times. Evidence from this and other experiments suggests that while
many users are able to adjust their response behaviour as their understanding of the service improves
during a single dialogue transaction. some users do not leam to respond in the way the service
requires.    
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53 Hesitation and Silence
Silence by the userin response to a request for input is generally a n‘gn of serious dialogue failure. In
a few cases it may be due simply to the user being distracted but in the great majority of cases it is
due to the fact that the subject does not know how to respond Careful study of the contexts in which
silences occumed in experiments has identified a specific structural configuration responsible for
causing silence: the unexpected shift following a series of verbal prompts each followed by 'beep' to a
simple 'beep‘ prompt uScd without the support of a verbal prompt. The latter are often used for rapid-
entry dialogues. The confusion arises becauSe subjects are unable to interpret the meaning of the
isolated 'beep'. In one large experiment. 14.5% of subjecu were silent at least once during the
session. most due to this cause. Consistency in prompting suategy is an essential element in
maintaining user confidence during intem’ons'with automated services.

6. CONCLUSIONS

A New Wizard of 02 experimental scheme has been described which permiLs large-scale field
experiments into telephone-based speech interfaces for specific applications. Imponant dialogue
features have been described for one application and general lessons about dialogue design discussed.
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