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Human-human and human-computer dialogues differ in such an important way that the data from human
interaction becomes an unreliable source of information for some important aspects of designing natural-
language dialogue systems. Therefore, we began the process of developing a natural-language, weather-
information-providing dialogue system by conducting the Wizard-of-Oz (WOZ) experiment. In WOZ
experiments subjects are told to interact with a computer system, though in fact they are not since the
system is partly simulated by a human, the wizard. During the development of the weather-information-
providing dialogue system this experiment was used twice. While the aim of the first WOZ experiment
was, first of all, to gather human-computer data, the aim of the second WOZ experiment was to evaluate the
newly-implemented dialogue-manager component. The evaluation was carried out using the PARADISE
evaluation framework, which maintains that the system’s primary objective is to maximize user satisfaction,
and it derives a combined performance metric for a dialogue system as a weighted linear combination of

task-success measures and dialogue costs.

Povzetek: Clanek opisuje WOZ poskus, tj. testiranje komunikacije ¢lovek—racunalnik.

1 Introduction

In a nutshell, a dialogue system or a voice interface en-
ables users to interact with some application using spoken
language. The application in question, for example, can
be a piece of hardware (command & control systems) or a
kind of database (interactive voice response, information-
providing dialogue systems, problem-solving dialogue sys-
tems). A detailed overview is given by Krahmer [1]. In this
article, we will focus on information-providing, natural-
language dialogue systems, which have already been devel-
oped for different domains, for instance, restaurant infor-
mation [2], theatre information [3], train travel information
[4, 5], air travel information [6, 7], and weather information
8].

It is generally acknowledged that developing a success-
ful computational model of natural-language dialogues re-
quires extensive analysis of sample dialogues, but the ques-
tion that arises is whether these sample dialogues should
be human dialogues. On the one hand, it has often been
argued that human dialogues should be regarded as a guid-
ance and a norm for the design of natural-language dia-
logue systems, i.e., that a natural dialogue between a per-
son and a computer should resemble a dialogue between
humans as much as possible. On the other hand, a computer
is not a person. Consequently, human-human and human-
computer dialogues differ in such an important way that the
data from human interaction becomes an unreliable source
of information for some important aspects of designing
natural-language dialogue systems, in particular the style

and complexity of interaction [9, 10]. This is because the
users of natural-language dialogue systems are influenced
by the system’s language [11], i.e., they often adapt their
behaviour to the expected language abilities of the counter-
part. Therefore, instead of gathering human-human data,
we started the process of designing the Slovenian and Croa-
tian spoken, weather-information-providing dialogue sys-
tem [12] by conducting the Wizard-of-Oz (WOZ) experi-
ment [10, 13], which is a more accurate predictor of actual
human-computer interaction [9]. This is because in WOZ
studies subjects are told to interact with a computer system,
though in fact they are not. The system is at least partly
simulated by a human, the wizard, with the consequence
that the subjects can be given more freedom of expression
or be constrained in more systematic ways than this is the
case in already existing dialogue systems.

During the development of the weather-information-
providing dialogue system the WOZ experiment was used
twice. While the aim of the first WOZ experiment (sec-
tion 2) was, first of all, to gather human-computer data,
the aim of the second WOZ experiment (section 3) was to
evaluate the newly-implemented dialogue-manager com-
ponent [14]. Consequently, while in the first WOZ ex-
periment dialogue management was still one of the tasks
of the wizard, in the second WOZ experiment it was per-
formed by the newly-implemented dialogue-manager com-
ponent. The differences in the data from both WOZ ex-
periments therefore reflect the dialogue manager’s perfor-
mance. However, this data was evaluated with the PAR-
ADISE evaluation framework [15], i.e., a potential gen-
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eral methodology for evaluating and comparing the per-
formance of spoken dialogue agents, which maintains that
the system’s primary objective is to maximize user satis-
faction, and it derives a combined performance metric for a
dialogue system as a weighted linear combination of task-
success measures and dialogue costs.

2 First WOZ Experiment

The aim of the first WOZ experiment [13] was to gather
data that would serve as the basis for the construction of
the dialogue manager and the speech-understanding com-
ponent within the developing Slovenian and Croatian spo-
ken dialogue system for weather-information retrieval [12].
However, the first WOZ system consisted of the following
components:

~+ ISDN telephony platform,
~» weather-information database,

~» wizard’s graphical interface [13], designed as an inter-
net application, which included facilities for the play-
back of predefined spoken responses as well as forms,
image fields and handle of some keyboard shortcuts,

~» natural-language generation module,

~» Slovenian text-to-speech synthesis [16].

Hence, the task of the wizard in the first WOZ ex-
periment was to simulate Slovenian speech understanding
(speech recognition and natural-language understanding)
and dialogue management. Croatian speech understand-
ing was not performed since only Slovene users were be-
ing involved into the experiment. During the experiment,
the wizard was sitting behind the graphical interface, lis-
tened to users’ queries and tried to mediate an appropriate
response, which was being successively followed by the
natural-language-generation process and the text-to-speech
process.

However, a total of 76 Slovene users (38 female, 38
male) were chosen to take part in the first WOZ experi-
ment. The statistical distributions of the users’ ages, ed-
ucations, dialects, the telephone units and the background
environments from where the telephone calls were made
were chosen to simulate the actual scenarios. The users
were given verbal instructions about the general functional-
ity of the system and a sheet of paper containing a descrip-
tion of the tasks they were supposed to complete. They had
two scenarios to enact. The first task was to obtain a par-
ticular piece of weather-forecast information, such as the
temperature in Ljubljana or the weather forecast for Slove-
nia tomorrow, and the second task was a given situation,
such as "You are planning a trip to... What are you inter-
ested in?", the aim of which was to stimulate the user to ask
context-specific questions. After these two scenarios, users
were given the freedom to ask additional questions.
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In order to evaluate user satisfaction, users were given
the user-satisfaction survey [17] used within the PAR-
ADISE framework (section 4), which asks to specify the
degree to which one agrees with several questions about the
behaviour or the performance of the system (TTS Perfor-
mance, ASR Performance, Task Ease, Interaction Pace,
User Expertise, System Response, Expected Behaviour,
Future Use). The answers to the questions were based on a
five-class ranking scale from 1, indicating strong disagree-
ment, to 5, indicating strong agreement. All the mean val-
ues are given in table 1. A comprehensive User Satisfac-
tion was then computed by summing each question’s score,
and thus ranged in value from a low of 8 to a high of 40.
In the first WOZ experiment, the mean User Satisfaction
value was 34.08, with a standard deviation of 5.07.

y [ WOZ1 [ WOZ2 |
TTS Performance 4.42 4.29
ASR Performance 451 4.29
Task Ease 4.27 3.74
Interaction Pace 3.94 3.76
User Expertise 4.40 4.28
System Response 4.23 3.76
Expected Behaviour 4.31 4.04
Future Use 3.99 3.78

| User Satisfaction | 34.08 | 31.96 |

Table 1: The mean user values in the first (WOZ1) and the
second (WOZ2) WOZ experiment.

The spontaneous speech data, named Slovenian Sponta-
neous Speech Queries (SSSQ), that was collected during
the first WOZ experiment, was transcribed with the Tran-
scriber tool [18]. The transcription was labelled for turns
and utterances, and special labels for dialectal words and
non-speech sounds were added. An example dialogue is
given in table 2.

3 Second WOZ Experiment

The second WOZ experiment was carried out in order to
evaluate the performance of the newly-implemented dia-
logue manager [14], build on the basis of the data collected
during the first WOZ experiment. Therefore, all the other
components of the system remained the same. Hence, in
comparison with the first WOZ experiment, the task of the
wizard in the second WOZ experiment was only to simu-
late Slovenian speech understanding. The wizard was sit-
ting behind the dialogue manager’s interface and entered
the meaning representation of what the user said.

A total of 68 Slovene users (29 female, 39 male)
were chosen to take part in the second WOZ experiment.
They were given the same instructions and the same user-
satisfaction survey as the users in the first experiment. All
the mean user values, which were slightly worse than the
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Hello. The dialogue system for weather-forecast information speaking. Can | help you?
Yes, | would like the visibility in Stajerska.
Wait a moment, please ... [the wizard is choosing her answer]

In Stajerska today - the visibility will be more than 10 km. Is there something else?

Will there be any snowfalls?
For which location are you asking for?
Stajerska.

wCcwc

Wait a moment, please ... [the wizard is choosing her answer]

No, in Stajerska today — the sky will clear up. Is there something else?

I have information for today.
So, how will it be in Poland today?

wCcwc

What about the weather in Poland in the next few days?

Wait a moment, please ... [the wizard is choosing her answer]

In Var8ava, Poland - it is cloudy, the air temperature is -6 degrees Celsius. Is there

something else?
Is there some snow in Poland?

No, thank you. Goodbye.

wCcwc

I do not offer this information. Do you have any other question?

Thank you for your cooperation. Goodbye.

Table 2: The Slovene-English translation of an example dialogue between a user (U) and the WOZ system (S), recorded

during the first WOZ experiment.

values from the first WOZ experiment, are given in table
1. The mean User Satisfaction value was this time 31.96,
with a standard deviation of 4.99. Note, the difference be-
tween the mean User Satisfaction values in both experi-
ments is expected since the wizard with her human-level
intelligence should had been able to manage the dialogue
better than the implemented dialogue-manager component.

The Slovenian spontaneous speech data collected during
the second WOZ experiment was named Slovenian Spon-
taneous Speech Queries 2 (SSSQ2).

In agreement with previous studies [9, 10, 11], we ob-
served that in both experiments the users adapted their be-
haviour to the expected language abilities of the natural-
language-spoken WOZ system. In several dialogues the
first question was much longer than the following ones
and, in case of repetitions, requested by the system,
the speech mode became more articulated, slower and/or
louder. Moreover, while the wizard was mediating her re-
sponse some users made fun of the system, they made com-
ments like "What a voice - terribly", "It is thinking", "It
is searching in the computer”, and they laugh. But such
side remarks certainly would be rather strange in a natural
information-providing task because, in both experiments,
subjects were basically role playing. They were not real
users with real information requirements or real time con-
straints and telephone bills.

4 Dialogue-Manager Evaluation

The dialogue-manager component [14] was evaluated us-
ing the PARADISE framework [15], which maintains that

the system’s primary objective is to maximize user sat-
isfaction, and it derives a combined performance met-
ric for a dialogue system as a weighted linear combi-
nation of task-success measures and dialogue costs (i.e.,
dialogue-efficiency costs and dialogue-quality costs). The
PARADISE model of performance posits that a perfor-
mance function can then be derived by applying multivari-
ate linear regression (MLR) with user satisfaction as the
dependent variable and task-success measures, dialogue-
efficiency costs, and dialogue-quality costs as the indepen-
dent variables. Here, user satisfaction, which has been fre-
quently used in the literature as an external indicator of the
usability of a dialogue system, is calculated with the survey
[17], used in our WOZ experiments.

In order to model the performance of both WOZ sys-
tems, we selected 17 regression parameters. First, we
computed the task-success measure Kappa coefficient (x)
[19], reflecting the wizard’s typing errors, and the dialogue-
efficiency costs Mean Elapsed Time (MET), i.e., the
mean elapsed time for the completion of the tasks that oc-
curred within the interaction, and Number of User Turns
(NUT). Second, the following dialogue-quality costs were
selected: Task Completion (Comp), i.e., the user’s per-
ception of completing the given task; Mean Words per
Turn (MWT), i.e., the mean number of words per user’s
turns; Mean Response Time (MRT), i.e., the mean system-
response time; Max Response Time (MaxRT), i.e., the
maximum system-response time; Rejection Ratio (RR),
i.e., the ratio of system moves asking for a repetition of the
last utterance; Help-Message Ratio (HMR), i.e., the ratio
of system help moves; Check Ratio (CR) and Number of
Check moves (NC), i.e., the ratio and the number of system
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moves checking some information regarding past dialogue
events; Non-Provided Information Ratio (NPR), i.e., the
ratio of user-initiating moves that do not result in relevant
information being provided; No-Data Ratio (NDR) and
Number of No-Data Responses (NNR), i.e., the ratio and
the number of system moves stating that the requested in-
formation is not available; Relevant-Data Ratio (RDR),
i.e., the ratio of system moves directing the user to se-
lect relevant, available data; Unsuitable-Initiative Ratio
(UIR), i.e., the ratio of user-initiating moves that are out
of context; Non-Initiating Ratio (NIR), i.e., the ratio of
non-initiating user moves.

When applying PARADISE to the data from the
first WOZ experiment to derive a performance equa-
tion, we found that Help-Message Ratio, Non-Provided-
Information Ratio, Task Completion, Mean System Re-
sponse Time, and Rejection Ratio were the parameters
that significantly contributed to user satisfaction. On the
other hand, the most significant parameters in the sec-
ond WOZ experiment were Check Ratio, Kappa, Mean
Elapsed Time, Non-Provided-Information Ratio, and
Task Completion.

Walker et al. [17] found in their experiments that Task
Completion, rather than Kappa, was a significant factor
in predicting user satisfaction, and argued that this was be-
cause the user’s perceptions of task completion sometimes
varied from Kappa. In our experiments, Kappa only re-
ferred to the wizard and Task Completion was related only
with the first task, which could be the reasons why we did
not come to the same conclusion. On the one hand, in these
experiments, Kappa and Task Completion were uncorre-
lated, but on the other hand, in the second WOZ exper-
iment, Kappa was an even more significant predictor of
user satisfaction.

However, significant predictors of user satisfaction that
did not refer to the wizard were Help-Message Ratio and
Non-Provided-Information Ratio in the first experiment,
and Check Ratio and Non-Provided-Information Ratio
in the second experiment. The size of the Help-Message
Ratio is a consequence of the user’s behaviour during the
conversation, which is, on the other hand, influenced by
the system’s level of user-friendliness and cooperation. A
user-friendly and cooperative dialogue system should not
only play an active role in directing the dialogue flow to-
ward a successful conclusion for the user, it should also be
able to take the initiative and to instruct the user if he/she
asks for help. However, because some novice users of a di-
alogue system who are not able to adapt quickly are likely
to need instructions provided by the system, Help-Message
Ratio is expected to reflect user satisfaction. Furthermore,
because Check Ratio is in a way related to the speech-
understanding process, which is usually the most problem-
atic part of a dialogue-system’s performance, it is inappro-
priate to try to decrease it at any price. Consequently, user
satisfaction can be remarkably improved only by decreas-
ing Non-Provided-Information Ratio. This can be done
by preventing the dialogue manager from giving no infor-
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mation before first checking that there is no other available
data that might be relevant to the user’s request, i.e., the
dialogue manager should be as flexible as possible in di-
recting the user to select relevant, available data.

5 Conclusion

In this study we have presented the conducted WOZ exper-
iments, aim of which was to gather human-computer data
and to evaluate the dialogue-manager component of the de-
veloping, Slovenian and Croatian spoken dialogue system
for weather-information retrieval.

The results of applying PARADISE to the data from both
WOZ experiments have been given. These have shown that
user satisfaction is significantly correlated with the percent-
age of those user initiatives that did not result in relevant
information being provided. We concluded that the abil-
ity to direct the user to select relevant, available data is of
great importance, and, consequently, that a dialogue sys-
tem should give no information only if there is no other
available data that might be relevant to the user’s request.
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