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ABSTRACT catalogues), ticket ordering systems, book clubs, and
transaction systems in general. Common to these services

Evaluation of human-computer spoken dialogues is often are that a certain degree of structure can be imposed upon
based on analyses of objective metrics such as task com-the discourse model without compromising the natural-
pletion rate, turn-taking, time consumption, etc. While ness of the dialogue. As a consequence, the task structure
these data are easily obtained and processed from logand the linguistic phenomena exhibited by the users tend
files, they offer or very little information about the actual not to become too complicated.
usability of the given service as perceived by the test sub-
jects. 1.2 The Present Task

This study combines the evaluation based on objective The overall goal of the OVID project was to measure user
data obtained from log files with subjective data, where acceptance of voice controlled home banking systems
the test subjects express their attitudes to a number issueg1]. This is achieved by setting up trial applications and

directly related to the usability of the service. It is shown carrying out usability tests in field tests with bank cus-
how the joint analysis can be used to support, but also {gmers.

uestion findings from either source.
a g Among other things, the OVID banking partners

1. INTRODUCTION required, that the customer must be in control of the inter-

action [2]. However, this may not always lead to the most

The study is based on a field trial of a home banking natural or efficient mode of communication, as humans

service. The trial was carried out within the Esprit OVID ~ often expect the counterpart to hold or take the initiative
project and involved a total of 320 users (see [1],[2],[3]). in conversations.

The analysis reported here is based on the test SUbjeCtS’Therefore, a mixed-initiative strategy is implemented.

response questionnaires and the corresponding tran- consequently, the purposes of the dialogue experiments
scribed dialogues. Each user was instructed to make two reported here can be formulated as:
calls to the service from a time and place of their choice.

Immediately after the calls they were required to express ¢ To develop and test a dialogue management strat-

their attitudes towards different aspects of the interaction egy in accordance with the specifications.
by responding to a number of statements. The responses « To measure the degree to which this has been
were quantified and analysed together with logging infor- achieved

mation of task and sub task completion rates, time per
task, turn-taking, speech recognition accuracy and user-
initiatives.

1.1 Background 2. METHODOLOGY

Two distinct sets of information were collected within the

The experiments reported here were carried out within oy neriment. These were then merged for a joint analysis.
the Danish part of the OVID project and addresses the

domain of phone based home banking. This task is well 2 1 Objective Measurements

defined and as such represents a broad class of well-

structured tasks, which are suitable for voice controlled Objective measurements were collected from the logdfiles
automation. Examples of these are: credit card informa- of each dialogue. These include time stamped informa-
tion services, telephone ordering services (of e.g. travel tion of all events during the dialogue, combined with
transcriptions of the user utterances. From this, the fol-

The ovID Esprit 20717 Project consortium comprises The Royal Iowmg parameters were derived:

Bank of Scotland and Barclays Bank in the U.K., Lan & Spar Bank in « Number of turns within each subtask
Denmark, CCIR Edinburgh University, U.K, CPK, Aalborg University, . .

Denmark, Brite Voice Technology U.K., and AGORA Consult, France * Time spentin e?Ch,SLfbtaSk
as coordinating partner. The work presented here is partly funded by the * Number of user initiatives

ESPRIT programme, and partly by CPK e Number of speech misrecognitions

¢ To measure the user attitudes in general towards
the service.




2.2 Subjective Measurements

possible to subdivide the test subjects according to e.g.
the number of speech recognition errors they experienced

Subjective information was obtained by asking each test gnq analyse their attitude towards the service as a func-

subject to fill out a questionnaire immediately after per-
forming the two scenarios. The questionnaire had the
form of a set of Likert statements [4], [5] to which the

tion of this parameter.

3. RESULTS

subject expressed her degree of agreement/disagreement.
This methodology was developed at CCIR at Edinburgh This section presents the results of the field trial. As men-
University. The statements covered four general usability tioned in section 1, one of the goals is to evaluate whether

factors:

¢ Quality of interface/performance,

« Cognitive effort/stress,

¢ The conversational model,
» Fluency and transparency of service.

These comprised core selof 22 statements, to which 4
application specific statements were added. The factors
were identified and ranked in [5]. Figure 1 below illus-

the dialogue model is acceptable to the users. In order to
verify this, the turn-taking was analysed in detail. The
other goal was to evaluate the users attitudes towards dif-
ferent usability aspects.

3.1 Subjective measurements

As described in the previous section, the questionnaires

trates this.
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2.3 Combined Analysis

The objective and subjective information can now be
combined, as each test subject were issued unique Id and

Figure 2 User Questionnaire responses

PIN codes for identification, which were used to link the were quantified for statistical analysis. Figure 2 shows
logging information to the questionnaires. This makes it the overall averages for the 25 statements (and the com-



bined average). The statements are ordered according tothen A. In Table 1 A1/B1 denotes scenario A/B as the
the categories discussed above. Taken as a whole, theysers’ first task, and A2/B2 the second.

results show that the users generally have a positive atti-
tude towards the service. The overall average is 5.6. Note

that some of the statements are negated, e.g. “confusing”. Scenario: Al |A2|B1|B2
Thus, a high value for a negative statement indicates dis- _
agreement, and consequently a high value in the chart||Nominal number of turns 7 o

will always be interpreted to indicate a positive attitude

towards the service, making the reading of the figure eas-
ier. Negative statements are necessary in order to balance| average number of turns gal7sl75]71
the questionnaire.

Minimall number of turns 5 4

Avg. duration of dialogues (seconds) 94 | 86 | 92 | 84

The users were invited to express their comments to the
service, and almost all did so. The most common impres- ||[Nominal number of user initiativas 1 2
sion was that an account mini statement was quoted to
fast to note down. This is also evident from Figure 2,
where attitudes towards the statements about concentra-
tion and speed are below average.

Average number of user initiatives | 0.8|1.0(1.3| 1.6

This includes the user taking the dialogue initiative
whenever possible, and hanging up immediately

Users were not informed about an optional DTMF input after the desired information has been obtained,

modality. Only in case of repeated recognition errors did which very few of the users did. This can be

the system suggest that they use the telephone keypad. expected of more experienced users, though.

This decision was made in order not to bias users towards » User hang-up is not counted as a user initiative

a specific input modality, and because DTMF was purely g-up

intended as a backup option. Consequently, many users

expressed concern that their Id and Access numbers Table 1 Key figures for turn taking and user initiatives

might be overheard. This concern has also influenced the 1y conclusions can be drawn from the results. A ten-

attitude towards confidentiality, as shown in Figure 2. dency towards shorter (smoother) dialogues for experi-
enced users can be deduced, as the average number of
turns and task duration drop for both scenarios. This is
taken as a sign of the user becoming familiar with the

* Age groups (18-29, 30-39, 40-49, 50-59, service.
above 60) The proportion of the user initiated turns are increasing

. Region (three major regions in Denmark + Copen- for both scenarios. This is interpreted as the user, when
hagen) fully familiarised with the service, can be expected to be
) able to gain the initiative whenever he feels it natural or
* Male / Female convenient to do so.

This is reflected in Figure 2 where the statement referring
to the degree of control scores averages at 5.7.

The user population was broken down into even-sized
subgroups with respect to:

The users were not asked whether they had any prior
experiences with ASR systems, as no such services

existed in Denmark at the time. However, all subjects had 3 3 Analysis of the Speech Recogniser Per-
long-standing experiences with automated homebanking. formance

T-tests were employed to uncover any significant differ-
ences, but at a confidence level of 5% none were found.
This indicates that no difficulties or diverging attitudes
towards the service could be ascribed a specific subgoup
(e.g. age) of the users.

One of the crucial factors for the success of a spoken dia-
logue system is the performance of the speech recogni-
tion engine. Therefore much effort goes into ensuring a
high level of performance.

However, it might be very costly or time-consuming to

3.2 Analysis of the Dialogue Model aim at a perfect level of performance without taking into
) account the actual influence on the overall usability of the

In order to determine whether the users experienced a SETVice. lgnoring this might lead to efforts better spent on
degree of “being in control” in the dialogue, the turn-tak- MProving other parts of the system.

ing was analysed. In particular, the number of user initia- This is illustrated in Figure 3 below, where the average
tives, i.e. points in the dialogue, where control passed to user attitude is shown as a function of the experienced
the user, was investigated. The results are shown in Table speech recognition accuracy during the experiment. Note
1 below. As mentioned above, each user was asked to that very few users (less than 25) experienced a recogni-
complete two different scenarios, denoted A and B. In tion performance below 70%. 90% accuracy roughly cor-
order to avoid bias, one half of the users were asked to responds to the user experiencing a total of one error in
carry out scenario A as the initial call and then proceed- the two dialogue scenarios. It can be observed that there
ing with scenario B. The other half completed B first, seems to be no significant decrease in user attitude from



perfect recognition down to a level of approximately
70%. However, other studies [6] report from an WOZ
experiment that a decrease in user attitude was found at
90%.
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Figure 3 Average user attitude as a function of the
experienced speech recognition accuracy.
The band denotes the 5% significance level

This suggests that the impact of the speech recognition
performance is dependent on the actual application. One
plausible explanation is that other factors, such as the
(re)formulating of prompts, error detection and -recovery

strategies might in fact be as important for the overall

usability as the “raw” speech recognition performance.

The present dialogue was designed using implicit confir-

mation, which made errors immediately obvious to the

users. Thereby, an error typically only had a “cost” of one

additional dialogue turn. As mentioned, this seemed to be
acceptable to most users, although the application
domain (homebanking) could be expected to be particu-
larly sensitive to errors.

The average speech recognition accuracy was 89%, but
this figure covers a large diversity between individual
users. 30% experienced 0 or 1 error (in two dialogues),
50% from 2 to 5 errors, 16% from 6 to 9, and 3% more
than 10 errors. Even though the service in general per-
formed at an acceptable level, improvements are cer-
tainly needed for the small percentage of users for which
it didn't work at all. Inspections showed that many of

these users had strong accents (e.g. Norwegian or Swed-

ish), or spoke with a very soft voice. However, for other
users no obvious reason could be detected.

4. CONCLUSIONS

As stated in the introduction, the overall aim of the exper-
iments was to investigate to what extent customers are
prepared to accept voice controlled access to their bank
accounts. The results presented here indicate that this will
be the case. The tested dialogue was very small, contain-
ing only a few sub tasks, so the next step will evidently
be to expand the dialogue to cover a larger number of
tasks, and a more complex task structure.

The key requirements for the service were formulated by
the OVID banks and stated that:

“The user must feel in control” and
“The user must be able to speak naturally”

This was achieved by using multiple keyword spotting

within the speech recogniser, thus allowing the user to
speak naturally, while keeping the linguistic complexity

low. The dialogue model supported this, and the mixed-
initiative dialogue model proved to successfully antici-

pate the user behaviour, allowing the user to control the
interaction, while retaining guidance for novice users. A

tendency towards a greater proportion of user control for
experienced users were found.

Regarding the combination of the information obtained
from logging of the dialogues with the subjective user
attitude questionnaire. A number of interesting conclu-
sions emerged, in particular with respect to the influence
of the speech recogniser performance. It was seen that
there seems to be little influence on the overall attitude
towards the service. However, users for whom the recog-
niser performed extremely poorly, it is hard to put credi-
bility into their responses. Consequently, the quantitative
data can also be used to validate the user responses.
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