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1. Abstract
This paper presents the assessment of the minimum word ac-
curacy of an automatic speech recognizer within a spoken 
dialogue system, which is required to reach acceptable quality. 
The spoken dialogue system has been developed in the context 
of the European INSPIRE project [3]. It is used to control a 
smart home environment. The assessment of the minimum 
word accuracy is done within the assessment of all modules of 
the INSPIRE system. The outcome of this assessment will act 
as a benchmark for the developers of other modules, mainly of 
the speech preprocessing (microphone array with beam form-
ing and denoising) and for the engineers and phoneticians 
tuning the automatic speech recognizer. The article describes 
the test and the outcome of the estimation of the minimum 
word accuracy necessary to use INSPIRE in an acceptable 
way. 

2. Introduction
Because the automatic speech recognizer (ASR) is a crucial 
point of every speech driven product on the market, specific 
emphasis was placed to assess its performance. It has been 
stated that people return the entire product to the vendor in 
case the speech control does not meet their expectations. Ven-
dors of spoken dialogue systems should be aware of the fact 
that their system is usually not used in the optimum acoustic 
environment. Thus, for the development of a product it is im-
portant to estimate the minimum word accuracy for acceptable 
quality, and the capability of the product to ensure this word 
accuracy even under sub-optimum environmental conditions. 

In the framework of the EC-funded IST project INSPIRE 
(Infotainment management with Speech Interaction via 
REmote microphones and telephone interfaces), a spoken 
dialogue system has been set up to control domestic devices 
in a home environment. With INSPIRE, one may operate 
different home appliances (blinds, fan, lamps, TV, VCR, 
electronic program guide, answering machine) via natural 
speech. INSPIRE uses a state of the art ASR, speech under-
standing and dialogue management technologies, and spoken 
output via pre-recorded or synthesized speech. The set-up of 
the system is described in Section 3. 

In order to determine the minimum word accuracy which 
is necessary for an acceptable operation of the INSPIRE sys-
tem, a Wizard-of-Oz test has been carried out. The design of 
the test is described in Section 4, and Section 5 analyzes the 
results with regard to the minimum performance requirements 
of the ASR. 

3. INSPIRE spoken dialogue system 

3.1. Design concept of INSPIRE 

The INSPIRE spoken dialogue system was designed as an 
experimental prototype. One of its main features is that it pro-
vides a unique interface for different domestic devices of dif-
ferent complexity. In addition, the system may be operated in 
different situations, e.g. in home or from a remote location. 

The INSPIRE system will be operated by different types 
of users. Beside of young and middle-aged people with unre-
stricted mobility, INSPIRE also enables elderly and disabled 
people to control home appliances, as the aim of INSPIRE is 
to be usable without any pre-existing knowledge. To support 
inexperienced users, the system is designed for natural spo-
ken language interaction, including sophisticated spoken help 
prompts. The mixed initiative dialogue structure is the same 
for all devices. In this way, the dialogue system has always 
the same hear-and-feel, even when operating complex de-
vices. 

The dialogue structure is single-task oriented. This means, 
INSPIRE is able to operate just one device and to perform 
one action at a time. This approach was chosen to keep a clear 
dialogue structure especially for the complex devices. In 
order to shorten lengthy interactions, INSPIRE offers 
shortcuts which allow the system to process a sequence of 
commands by using a single key-phrase. E.g., the command 
“shortcut evening news” dims light 1, dims light 2, switches 
on light 3, lowers the blinds and switches the TV to the 
channel 2. These sequences and key-phrases can be defined 
individually by each of the users. 

Another important feature is the ability of the system to 
propose potential actions the system can perform, in case of 
confusion. If the dialogue manager receives contradictory 
input values which do not lead to an action the system can 
perform, the dialogue manager provides different correct so-
lutions by relaxing one or two constraints. 

3.2. Technical realization of INSPIRE 

The INSPIRE dialogue system is built in a modular way. It 
allows easy adaptation to new environments, e.g. to replace 
the ASR, to use different speech synthesizers, or different 
hardware controls over the devices. The major system mod-
ules are shown in Figure 1. They are all grouped around the 
core of the dialogue system, the dialogue manager. 

The acoustic signal is picked up by the microphone array.
It contains several microphones which deliver audio signals in 
parallel into the beam forming module. The beam forming 
module focuses on the active talker and removes the other 
sources which are not in the beam, producing just one audio 
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signal stream. This stream is sent to the noise reduction mod-
ule which separates the desired signal of the talker from the 
unwanted background noise which was left within the beam 
of the beam former.  

After this pre-processing, the audio signal is split to the 
speaker identification / speaker verification module (SI/SV)
and the ASR. The speaker identification is essential for sepa-
rating commands originating from valid talkers from those 
who are not allowed to use the dialogue system inside the 
house. The speaker verification is necessary for remote access 
by telephone to allow access to the dialogue system only to 
permitted persons. The decision of the SI/SV module is given 
to the dialogue manager which decides how to continue in the 
dialogue.

As an outcome of a recognition test performed during the 
system set-up phase [8], a commercial ASR was chosen for 
the INSPIRE project. The ASR allows some editing in the 
acoustic model but no training towards a specific talker. After 
the ASR has detected an utterance, it closes after a certain 
time of silence and produces a character string. The ASR is 
disabled while the dialogue system is processing or giving 
speech output; which means that barge-in is not possible. 

Figure 1: Block diagram of the INSPIRE spoken 
dialogue system.

The character string produced by the ASR is processed in 
the speech understanding module. Here, all the related utter-
ances of the user are linked to canonical values which finally 
fill the open slots, i.e. attributes which enable the dialogue 
manger to come to a solution. The database for the speech 
understanding module is the key-phrase list. By making use 
of longer key-phrases instead of single keywords, the 
ambiguity can be reduced. 

The dialogue manager interprets the incoming informa-
tion of the SV/SI module and the speech understanding mod-
ule. Beside of that, it needs information about the possible 
solutions which are stored in a solution table. Depending on 
the input information, the dialogue manager may select differ-
ent dialogue strategies which are listed in a dialogue flow da-
tabase. The solution table contains static information such as 
possible conditions of the devices, as well as dynamic infor-
mation like the TV program and the current condition of each 
device.

Once the next step in the dialogue is determined, spoken 
output can be generated. For example, the system asks the 
user for more information as long as it has not been able to 
generate a single solution. This speech output is generated by 

a speech synthesizer and given to an output matrix. The out-
put matrix routes the signal to the loudspeaker specified for 
this certain interaction. 

When the dialogue manager comes to a valid solution, it 
operates the related device via the device interface. This in-
terface is designed in a bi-directional way and allows a feed-
back from the device, e.g. in case there is a broken bulb in the 
lamp. 

4. Wizard-of-Oz environment 
In order to estimate the minimum performance of the ASR 
component, this module had to be replaced by a simulation 
which allows different speech recognition performances to be 
generated. This simulation was implemented in a Wizard-of-
Oz (WoZ) paradigm. 

A WoZ test allows one or more modules of a system to be 
assessed under controlled simulation conditions [1][2].It is 
mainly used in case when respective modules do not exist or 
they do not perform in the desired way, e.g. during the system 
set-up phase. These modules are replaced by a wizard, which 
has to act like the replaced modules. This requires knowledge 
about the specifications and the behaviour of these modules. 

In case of the INSPIRE system, the WoZ paradigm is 
used for system component assessment. A WoZ environment 
was build in a modular way to assess nearly all modules or 
databases individually. For the assessment of the minimum 
word error rate being allowed to gain an acceptable quality, 
only parts of the speech input modules were replaced, as 
shown in Figure 2. 

Figure 2: Set-up for Wizard-of-Oz tests. 

The microphone array was replaced by a single, high 
quality microphone. This microphone allows full “acoustic 
observation” of the test room. The beam forming and noise 
reduction modules were not used as their performance influ-
ences the word accuracy, which should be controllable for a 
given purpose. 

The ASR is replaced by a transcribing wizard. The wizard 
was capable of transcribing the utterances at least in the same 
periods of time that the ASR would have needed for process-
ing the same utterance. The wizard transcribed literally eve-
rything the test participants were saying during the duration 
of the test. The wizard was controlled by a supervisor, which 
ensured a transcription accuracy close to 100%. 

The transcribed utterance is then transferred to a phoneme
noise generator module [7]. Here, the incoming utterance is 
“noised” in a specified way, i.e. parts of the utterance are 



changed or left out on the basis of phoneme similarities. The 
relative probabilities of the substitution and deletion rates 
were estimated in a prior test with the commercial recogniser. 
The absolute probabilities were calculated from the parame-
ters for the word accuracy, the word error rate and the substi-
tution rate, defined for each test run. As the input word accu-
racy is nearly 100%, the output word accuracy is defined by 
setting the mentioned corresponding parameters. 

To simplify the test set-up, the SV/SI module was left out, 
as during the tests only one test subject was placed in the test 
room, without additional noise sources. 

5. Assessment of the minimum word accuracy 

5.1. Test set-up 

The WoZ test has been carried out at a living-room test site 
implemented at IKA. It provided full control over the 
majority of experimental factors, such as the system 
characteristics, the physical test environment, the 
characteristics of the test subject group, the tasks which had 
to be carried out by the test subjects, and the rating procedure. 
The WoZ test onsists of a room decorated in a way which is 
typical for a living room (with a couch, armchairs, a low 
table, shelves), and is equipped with home appliances 
controllable by means of the current dialogue system: the TV, 
the video recorder (VCR), the electronic program guide 
(EPG), the answering machine, three switchable lights, two of 
which are also dimmable, the fan and the blinds. TV, VCR 
and EPG form one unit. The room is equipped with six 
loudspeakers for speech prompt output and device feedback. 
The devices can be controlled from an operator room which is 
connected to the test room via multi-core cables.  

The interaction experiment consisted of four parts: 
1. An introduction to the purpose of the experiment, and to 

the INSPIRE dialogue system and its capabilities 
2. An initial questionnaire in which subjects were asked 

about their personal background, their experience with 
speech technology in general, and their expectations to-
wards the INSPIRE dialogue system 

3. A series of three scenario-guided interactions with the 
dialogue system; after each interaction, the subject had to 
fill in a questionnaire with 34 judgments on different 
quality aspects 

4. A final questionnaire by means of which the overall 
impression of the interactions with the system were col-
lected, the fulfillment of the individual expectations, fur-
ther suggestions for improvement, etc. 

The questionnaires were designed according to [4] and [5]. 
Each of the three interactions carried out by a test subject 

reflects a specific test condition which corresponds to a spe-
cific word accuracy (WA) and word error rate (WER). For the 
formal WoZ tests the sum of the WA and the WER has to 
yield to 100%. The substitution value (SUBST) was set equal 
to the WER. The parameters for the dialogue manager are as 
follows:
1: WA = 100%  WER = 0% SUBST = 0% 
2: WA = 86,0% WER = 14% SUBST = 14% 
3: WA = 73,0% WER = 27% SUBST = 27% 
4: WA = 60,0% WER = 40% SUBST = 40% 
Each of these test conditions can be combined with one of the 
test scenarios, cf. the following section. 

5.1.1. Test scenarios 

In order to carry out meaningful interactions with the 
INSPIRE dialogue system, test subjects need to have a spe-
cific motivation. In a real-life situation, this motivation arises 
from the subject's natural behaviour or circumstances of life; 
in a laboratory test situation, explicit tasks can be given to the 
test subjects which represent typical actions users are likely to 
perform. The tasks were defined beforehand, and they are 
embedded in the three scenarios mentioned above. By means 
of these scenarios, subjects experience the usage, the func-
tionality and the purpose of the INSPIRE home system.

Test subjects were presented with three scenarios, one for 
each test condition / recognition rate. Each scenario contained 
13-15 tasks which were embedded in a “story”, and thus had 
to be carried out subsequently. The tasks within the three sce-
narios are very similar, but they appear in different orders to 
avoid possible learning or fatigue effects. Each scenario ad-
dresses at least once the blinds, the lamps, the fan, the TV and 
the answering machine. In this way, the test subjects have to 
operate both, simple and complex devices in each scenario. 

5.1.2. Test subjects 

28 subjects participated in the test. They were aged 19 to 50, 
with a mean of 26.4 years. All in all, the user group in this 
test was fairly young, reflecting the fact that users have been 
recruited in the university environment. 

5.2. Experimental results 

5.2.1. User expectations towards the system 

From the initial questionnaire it was found that the attitude of 
the participants is more slightly to be more positive than 
negative. Thus, the subjects seem to be open to this type of 
innovations like the INSPIRE smart home system, and they 
do not seem to be technophobes. After all interactions with 
the system, test subjects had to fill in a final questionnaire. 
The overall rating of the system collected in this 
questionnaire was slightly more positive (3.00 on the 
continuous rating scale from 1 to 5) than the average 
judgment after each interaction (2.68). Apparently, the 
generally quite positive expectations pronounced before the 
test seem to be fulfilled by the experienced system. The users 
judged it to be pleasant that most information of the system is 
given via speech. 

5.2.2. Estimation of the minimum word error rate 

For estimating the minimum word accuracy at which the sys-
tem still shows acceptable quality, the subjective judgments 
given after each interaction were statistically analyzed for a 
significant effect of the word accuracy, using a one-way 
ANOVA. Only those ratings which show a statistically sig-
nificant effect of the word accuracy and which showed a tran-
sition from the negative part of the scale (rating < 3.0) to the 
positive part of the scale (rating > 3.0), or vice versa, were 
taken into account. Table 1 and Table 2 show the cross-over 
points and the p values for all questions which show a signifi-
cant WA effect, i.e. the points where the rating changed from 
negative to positive or vice-versa. Table 1 covers all the 
questions with cross-over points below 85% WA, and Table 2 
contains all the ratings with cross-over points above 85% 
WA. 



Table 1: Questions and their significance level p with 
cross-over point (cop) below 85% WA. 

Question cop p
I would use the system again in the future 70 0.024
The system frequently made errors 79 0.001
The system is unreliable 80 0.000
The dialogue was too long 80 0.045
I could control the dialogue as I wanted 82 0.002
Overall, I am satisfied with the system 82 0.021

Table 2: Questions and their significance level p with 
cross-over point (cop) above 85% WA. 

Question cop p
I felt well understood by the system 86 0.000 
Overall impression of the interaction 89 0.001 
I felt relaxed 90 0.023 
The dialogue quickly lead to the desired 
aim 

93 0.024 

I had to concentrate during the interaction 95 0.010 
The system did not always do what I 
wanted

95 0.015 

The dialogue was bumpy 100 0.000 

An attempt to group the questions shows that the ques-
tions in Table 1 mainly address the system functionality and 
the control over the system, whereas the questions in Table 2 
mainly cover the interaction between the user and the smart 
home system, or the impression this left on the user. Con-
cerning the word accuracy, these results lead to the assump-
tion that questions addressing technical realization of the 
system permit a lower word accuracy than questions related 
to the interaction.

To estimate the minimum word accuracy for acceptable 
quality, the given cross-over points have been averaged. Av-
eraging was performed either with a simple arithmetic mean, 
or with prior weighting according to the significance level 
(p<0.1: significant, weighting 1; p<0.05: very significant, 
weighting 2; p<0.01: highly significant, weighting 3). The 
arithmetic mean over the unweighted or weighted cross-over 
points was considered as the required minimum word accu-
racy. 

Table 3: Minimum word accuracy for operability and 
acceptability. 

Quality Word accuracy (%) 
Minimum for operability 60 
Minimum for acceptability 86 – 88 
Overall impression 89 

Depending on different weighting factors, the minimum 
word accuracy for an acceptable quality (mean rating = 3.0) is 
found between 86% (unweighted case), 88% (weighted case) 
and 89% for the question about the overall impression for the 
INSPIRE smart home system. One may keep in mind that 
continuous ASRs from the shelf may reach 70% word accu-
racy only [8]. This hints at how large the gap between the 
ASR’s performance and the user’s requirements is. 

Furthermore, the test also showed that the participants 
were able to solve most of the requested tasks with only 60% 

word accuracy, however they got nervous, frustrated and an-
noyed [6]. Apparently, the INSPIRE dialogue manager was 
capable of keeping the dialogue ongoing and support the us-
ers even under severe speech recognition conditions. 

6. Conclusion
Depending on the environment and the task a spoken dialogue 
system has been designed for, the minimum word error rate 
for acceptable quality may differ. For the described smart-
home system, a word accuracy of 86% to 89% seems to lead 
to an acceptable quality, although the system is still usable 
with 60% word accuracy. The required word accuracy will 
heavily depend on the dialogue structure and on the perform-
ance of the dialogue manager. Spoken dialogue systems for 
security-relevant tasks, e.g. telephone-banking systems, re-
quire a word accuracy of more than 90% whereas dictation 
systems may work already satisfying with less than 85% word 
accuracy, due to spell and grammar checker. 
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