
System Integ ration 445 

Fig. 3. G raph ica l user interface for testbed administration 

3.3 M3L Support 

The S M ARTKOM system employs Multimodal Markup Language (M3L) as exter­
nal data fom1at for information exchange between functional components. M3L, an 
XML-based language, was developed within the SMARTKOM project to cover all 
data interfaces inside this complex multimodal dialogue system. 

Parts of the language specification are generated automatically from an underly­
ing conceptual taxonomy that provides the foundation for the representation of do­
main knowledge inside the dialogue system. The offiine tool described in Gurevych 
et al. (2003) transfom1s an ontology written in OIL format (Fensel et al. , 2001) into 
an M3L-compatible XML schema definition. Our tool simplifies updates of the M3L 
specification as the ontology evolves and ensures a consistent mapping from struc­
tural and semantic knowledge encoded in the ontology to directly interpretable com­
munication interfaces. 

From the point of view of component development, XML offers various tech­
niques for the processing of transferred content structures. The standard document 
object model (DOM) API makes the M3L data available as a generic tree stru.cture­
the doc11me11t object model-in tenns of elements and attributes, whereas simple AP/ 
for XML (SAX) provides an event-based API for XML parsers. 
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Another interesting option is to employ XSLT stylesheets to flexibly transfonn 
between the external XML fom1at used for communication and a given internal 
markup language of the specific component. The use of XSLT makes it easier to 
adapt a component to interface modifications and simplifies its reuse in another dia­
logue system. 

Instead of working on basic XML structures like elements and attributes, XML 
data binding can be used for a direct mapping between program internal data struc­
nues and application-specific M3L markup. In this approach, the M3L language 
specification is exploited to automatically generate a corresponding object model 
in a given programming language. 

All the techniques decribed here have been applied in different implementations 
of the various functional components of the SMARTK0M system. In addition, a spe­
cific M3L API has been developed and included into the SMARTK0M testbed. Th.is 
M3L API offers for all target platforms a light-weight programming interface to sim­
plify the processing of XML structures within the implementation of a component. 
It incorporates a standard XML parser and uses the DOM interface to implement 
the M3L-specific API layer. Furthennore, the SMARTK0M testbed also provides a 
generic, XML-enabled toolbox and tailored XSLT stylesheets for the offline and on­
line inspection of M3L data. 

3.4 Additional Testbed Tools 

A rich set of utilities can be used to manipulate log data easily, e.g., to select and 
identify relevant subsets from the complete data store resulting from a system run. 
Flexible replay of selected pool data provides a simple, yet elegant and powerful 
mechanism for the simulation of small or complex parts of the dialogue system in 
order to test and debug components during the development process. Using a sim­
ple tool, a system tester is also able to generate trace messages on the fly to inject 
annotations into the message log. 

Another important development tool is a generic XML-enabled data viewer for 
the online and offline inspection of pool data. Figure 4 presents an example of a 
word hypothesis graph corresponding to the natural language part of a multimodal 
user input. Such a graphical visualization of speech recognition results during system 
execution aids the system integrator while testing the dialogue system. 

The flexible data viewer toolbox can also be used in offline mode. A practical 
example is given in Fig. 5, which shows a comprehensible display format that docu­
ments an interaction with the SMARTK0M system. 
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02429 User comrncn1: Sm:mKorn displays the TV program for the even mg 
03699 #PAUSE# was kommt Sonntag Abend im Fernsehen #PAUSE# 
03779 was kommt Sonntag Abend im Fernsehen .. (1.0) 

was Sonntag Abend im Fernsehen .. (0.8) 
03949 informatronSearch lnformationType=tvProgram weekday='sunday' daytime='evening· 

from='2003-06-08T18:00:00' to='2003-06-08T23:59:59' 
04408 hier sehen Sre dre gewunschten Sendungen 
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05182 
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05254 User comment: SmartKom provides infonnation about the movie Evolver 

06789 #PAUSE# ich will mehr dari.iber wissen #PAUSE# 
06821 ich will mehr daruber wissen .. (1 .0) 
06989 information Search lnformationType=broadcast at='2003-06-08T22: 10:00' 

at='2003-06-08T23:50:00' avType='scienceFiction' title='Evolver' name='Kabel1 ' 

07278 ich habe diese lnformationen zu Evolver 

t ~- -_:-:-==..:::::=-_ .. ...,_ ______ . __ _ ....... _ ... ____ __.,. __ , _ _ _ _____ .,. __ .. _ _,._._ - ,.., ______ ..,,. ____ _ _ ,_,_ ,_ .. _____ ,,_.,._ 

~ .. 3?::..;:;;~;~ 
::.:-..:.:::==:.::------

07809 

Fig. 5. Excerpt from an automatically generated dialogue protocol 

This kind of dialogue protocol provides a compact summary of important pro­
cessing results and is generated fully automatically from the message log. The indi­
vidual entries consist of the specific message number followed by the summarized 
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content of selected data pools. Each item 1s prepended with the cotTesponding mes­
sage number in order to enable more detailed inspect ion of relevant data if potential 
processing errors need to be resolved. Further offiine tools include a standardized 
build and installation procedure for components as well as utilities for the prepara­
tion of soft-ware distTibutions and incremental updates durmg system integration. 

4 System Integration Process 

In addition to the software infrastructure, the practical organization of the project 
constitutes a key factor for the successful realization of an integrated multimodal di­
alogue system. Distributed teams and heterogeneous software environments within 
a large research project add complexity that must be resolved. In order to cope with 
system integration challenges, it is beneficial to clearly distinguish two major roles 
in the development process. A system integrator takes care of the overall software 
infrastructure and assembles executable components into an integrated application 
system, whereas a module developer should concentrate on a specific functional 
component. 

For the SMARTKOM project, a dedicated system integration group composed 
of professional software engineers has been established to ensure that the resulting 
software is robust and maintainable, that an adequate architectural framework and 
testbed are provided to the participating researchers, that software engineering stan­
dards are respected, and that modules developed in different programming languages 
by a distributed team fit together properly. These aspects are too important to leave 
them to the individual scientists, who regard them as a side issue because they have 
to focus on their own research topics. An important achievement of the SMARTKOM 
project is the consistent integration of a very large number of components created by 
diverse groups of researchers from disparate disciplines. 

Given the underlying architecture framework, the approach taken in SMARTKOM 
bears many similarities to component-based software engineering, where the notion 
of building an-application by writing code has been replaced with building a system 
by assembling and integrating supplied software components (Bass et al., 2003). In 
contrast to conventional software development, where system integration is often the 
tail end of an implementation effort, component integration is the centTepiece of the 
approach. 

Figure 6 provides a sketch of our development process, which is integration­
centric as opposed to development-centric. In this kind of view, implementation has 
given way to integration as the focus of system construction. 

After the design phase, which leads to a specification of the concrete compo­
nent architecture and functional interfaces, the realization starts with the provision 
of a tailored testbed software package. The SMARTKOM testbed follows the bread­
board paradigm, which provides an initial instantiation of the overall architecture us­
ing placeholders that represent the functional components (Bub and Schwinn, 1999; 
Kliiter et al., 2000). During system integration, the dummy components are replaced 
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successively by more substantial modules with increased functionality, i.e., com­
ponents are like black boxes which can be plugged into a breadboard. Nonex.istent 
modules can be simulated through the replay of appropriate test data. This tech­
nique enables rapid prototyping, given that even at an early stage an environment is 
avai lable for testing and evaluating individual modules in the context of the entire 
application. 

The one constant aspect of component-based software development is change. 
Constituent components are constantly evolving, leading to an iterative process 
where the different phases have to repeated several times until the multimodal di­
alogue application can be finalized. This includes also the customization of the soft­
ware infrastructure, which is an integral element of a project life cycle. 

Stepwise improvement and implementation of the design of arch.itecture details 
and interfaces necessitate an intensive discussion process. It has to include all partic­
ipants involved in the realization of system components in order to reach a common 
understanding of the intended system behaviour. The moderation and coordination 
of these activities constituted an important task of the system integration group in 
SMARTKOM. 

The functional architecture of the multimodal dialogue system provides a basis 
for modularization into distinct software components. Significant parts of the in.itial 
system architecture were already predeterrn.ined by the project structure. Functional 
components are mapped to modules, realized as independent software processes, to 
obtain a specific software architecture. Figure 7 depicts the components and com­
munication links inside the SMARTKOM system, which includes about 40 functional 
modules and I 00 data pools for infonnation exchange. 

The specification of the content fonnat for each data pool defines the common 
language that the dialogue system components use to interoperate. The careful design 
of infonnation flow and accurate specification of content fomiats act as essential 
elements of our approach. We operationalize interface specifications in the form of 
an XML language. Our experience with M3L shows that the design of such an XML 
language for the external representation of complex data is not a simple task. All 
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design decisions have to be made carefully. For example, it is better to minimize 
the use of attributes. They are limited to unstructured data and may occur at most 
once within a single element. Preferring elements over attributes better supports the 
evolution of a specification since the content model of an element can easily be 
redefined to be structured and the maximum number of occurrences can simply be 
increased to more than one. A further principle for a well-designed XML language 
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requires that the element stnict11re reflects all details of the inherent structure of the 
represented data, i.e., textual content for an element should be restricted to well­
defined e lementary types. Another important guideline is to apply strict naming rules 
o that it becomes easier to grasp the intended meaning of specific XML structures. 

The latest vers ion of M3L consists of more than 1,000 different XML elements. 
In order to make the specifica tion process manageable and to provide a thematic or­
ganization, the M3L language definition has been decomposed into about 40 schema 
specifications. This kind of modularization allowed to distribute responsibility for 
the diffe rent parts o f the specification, assigning each XML schema to one selected 
researcher with specific expertise in that area. 

5 Conclusion 

This contribution has presented a discussion on system integration in building multi­
modal dia logue applications with an emphasis on the SMARTKOM integration plat­
fonn. It has shown the analogy of our approach to component-based software engi­
neering. 

The capabilities of the multiplatform software framework are being enhanced 
on a continuing basis since the first design in Verbmobil, the predecessor of the 
SMARTKOM project. The SMARTKOM testbed provides a powerful environment and 
advanced new tools, like, for example. the added support for XML-based data rep­
resentations. Multiplatform has been made available as open source software and is 
currently being used at several industrial and academic sites. 

The paper also gave a look into the underlying system integration process and 
underlines the role of nontechnical factors for effective inter- and intrainstitutional 
collaboration. 
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Summary. This chapter describes the English-language SMARTKOM-Mobile system and r 
lated research. We explain the work required to support a second language in SMARTKOM 
and the design of the English speech recognizer. We then discuss research carried out on sig­
nal processing methods for robust speech recognition and on language analysis using the Em­
bodied Construction Grammar fom1alism. Finally. the results of human-subject experiments 
using a novel Wizard and Operator model are analyzed with an eye to creating more felicitous 
interaction in dialogue systems. 

1 Introduction 

The SMARTKOM-Mobile application provides navigation and tourism information 
using either a handheld personal digital assistant (PDA) interface or an in-car inter­
face. Some images from the application's display are shown in Fig. l. A user com­
municates with SMARTKOM-Mobile using pointing gestures and natural speech, and 
the system responds with speech (from an animated agent, displayed on-screen) and 
the display of images and text. The natural and reliable conversational interaction 
that this calls for provided motivation for a range of research. In this section and in 
Sect. 2 we describe the work required to port SMARTKOM-Mobile to the English 
language and the design of the English speech recognizer. In the following sections, 
we describe research on robust speech recognition, language analysis, and human­
computer interaction carried out by the SMARTKOM-English team. 

The development of an English-language SMARTKOM-Mobile verified the lan­
guage portability of the SMARTKOM architecture and facilitated the demonstration 
of SMARTKOM at international conferences. Staff and visiting researchers at ICSI 
and staff at DFKI took the lead roles in the creation of the English-language system, 
and important contributions came from several other SMARTKOM partner sites. 

The English speech recognizer was developed completely independently from 
the German one; it is a hybrid connectionist system descended from the one used in 
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Fig. 1. SMARTKOM-Mobile screen shots showing pedestrian navigation (left) and tourist s ite 
information (right) 

the BERP dialogue system project (Jurafsky et al. , 1994). All other modules in the 
English SMARTK0M-Mobile system were based on, or identical to, modules in the 
German-language SMARTK0M-Mobile. 

The modular architecture of SMARTK0M greatly eased porting to English by en­
capsulating language dependencies in specific modules. Most SMARTK0M modules 
required no modification to support English. Of the modules requiring modification, 
only speech recognition and speech synthesis required significant changes to soft­
ware source code. The speech analyzer (which parses the recognized speech) and 
text generator (which creates the system's output sentences) required only a change 
in their template (grammar) files and otherwise used the same software engines for 
both German and English. The lexicon module had to be aware of the current lan­
guage in order to provide the correct word pronunciations. Some displayed text pro­
vided by the pedestrian and vehicle navigation modules (such as tourist site infom1a­
tion and map labels) was translated to English. If dynamic help had been included in 
the English system, some additional displayed text would have required translation. 
The speech analyzer outputs a language-independent semantic representation of the 
user input, and so modules which tracked dialogue state and user intention did not 
need to be language-aware. 

2 The SmartKom-English Speech Recognizer 

2.1 Overview 

The recognizer uses the hidden Markov model (HMM) approach to speech recogni­
tion illustrated in Fig. 2. This approach models speech as a sequence of observations 
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amplcd from different po s1ble probabil ity distributions, with a dis tinc t distribution 
corresponding to each member of a finite se t of possible hidden states. In our rec­
ognizer the hidden s ta tes represent phones, and the observations are assumed to be 
acou c; t1c realizations o f those phones. Each observation represents a s ingle frame of 
lime The time s tep from the s tart o f one frame to the start of the next frame is 16 ms 
and the le ngth o f each frame i 32 ms; the resulting overlap between frames is use ful 
incc the frame bounda ries a re not necessarily a ligned with phone boundaries. The 

ob e rva t1o ns bei ng modeled are no t the original audio but rather a re the output of a 
feature ex traction process intended to reduce d imensionality and d iscard irrelevant 
varia tion. We used perceptual linear prediction (PLP) feature extract ion (Hermansky, 
1990), which captures the envelope of the frame power spectrnm but discards some 
pectra l de ta il. The probability of a part icular observation for each possible hidden 

s tate is detem1ined by an acoustic modeling stage, which we carry out using a mul­
ti layer percepi-ron (MLP), fo llowing the hybrid connectionist approach of Bourlard 
and Morgan ( 1993 ). The probabil ities detem1ined by the acoustic modeling stage for 
a ll frames are used by a decodi ng stage that searches for the most likely sentence, 
taking into accoun t a dic tionary of word pronunciations and a language model (tables 
of word transition probabil ities). 

► 
Speech 

Feature 
Extraction 

Analyze 
Audio 
Signal 

""--

Fig. 2. Speech recognizer architecture 
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The English speech recognizer was built as a chain of small tools used in a 
pipeline, communicating with each other using Unix pipes. This simple, modular de­
sign makes adding or upgrading speech recognizer components easy. A wrapper pro­
gram starts the pipeline and handles communication with other SMARTKOM mod-

I 

! 
I 
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ules. Feature extraction is perfonned by I I' RA TA tool. Utterance-level mean 
and variance nonnalization of the features and MLP output calculation is perfonned 
by lCSl's FFWD-NORM tool. Decoding wa perfonned by the NOWAY tool (Re­
nals and Hochberg, 1996); changes made to the NOWAY tool to support the needs 
of the SMARTK0M project are described below. Source code for all these tools is 
available free for research use. 

2.2 Language Modeling and Decoding 

The speech recognizer uses a trigram language model with backoff to bigrams and 
unigrams. The SRl language modeling toolkit (Stolcke, 2002) was used to estimate 
the language model from training data that consisted of sample dialogues, partly 
edited by hand to achieve good coverage of what were perceived to be natural user 
inputs. Since no naturally collected English data was available, we rel ied on English 
translations ofGem1an dialogues, taking care to produce idiomatic, rather than literal 
translations. 

To meet the needs of SMARTK0M, we modified the NOWAY decoder to use the 
C++ libraries associated with the SRl LM toolkit to access language models. This 
modification allowed NOWAY to be used with class-based language models. Class­
based LMs can include class labels as part of N-grams, which are then expanded 
by a list of class member words. Class-based models have two key advantages for 
SM ARTK0M. First, by using classes the LM generalizes better to novel word se­
quences, which is especially important given the scarcity of training data. For exam­
ple, a DIRECTION class was used to stand for possible map directions (e.g., left, 
right, up, down, east, west, north, and south) in training sentences. To achieve gen­
eralization, the word classes are defined by hand based on task knowledge, and the 
appropriate words are replaced by class labels in the training data. 

The second key function of word classes is that they allow new class members 
to be added on the fly while SMARTK0M is rnnning, without reestimating the entire 
language model. In the English Mobile application this occurs with parking garage 
names, which are retrieved from the car navigation module. Parking garage names 
can occur any time the class name GARAGE occurs in the language model, thereby 
covering sentences such as 

• Can you tell me more about GARAGE 
• I would like to know more about GARAGE 
• I'd like to know more about GARAGE 

3 Signal Processing for Robust Speech Recognition 

3.1 Introduction 

Compared to recordings made using a close-talking microphone placed near the 
user's mouth (e.g., a headset microphone), recordings from more distant micro­
phones have higher levels of background noise relative to the speech level (since 

Page 1017 of 1206



SmartKom-Englislr From Robust Recognition to Felicitous Interaction 457 

the speech level is lower) and are subject to reverberation and other effects due to 
the longer and sometimes indirect paths taken by the traveling sound waves. While 

the e degradations affect human speech recognition performance as well, current 
automatic speech recognition systems are much more sensitive to them. However, 
c lose-talking microphones are often inconvenient, and improvements in the recogni­

tion accuracy that can be achieved without them are very likely to increase adoption 
of speech recognition technology. 

The SMARTK0 M-Mobile application can be used inside a car (using an installed 

display and microphones) or on foot (using the microphone and display on a hand­

held computer or PDA). 3 Of these two circumstances, ICSI research focused on 

the in-car case, making use of the SpeechDatCar (Moreno et al., 2000) corpus. The 

SpeechDatCar corpus is available in several languages; in this article we will only 

describe results for SpeechDatCar-German. This contains in-car recordings of Ger­

man connected d igit strings made simultaneously with close-talking and hands-free 

microphones, in various noise conditions: '·Stop Motor Running," "Town Traffic," 

" Low-Speed Rough Road," and "High-Speed Good Road." Our speech recognition 

experiments with this corpus were performed for three cases: the well-matched case 

used all microphone types and noise conditions in both training and test data, the 

medium-matched case used only the hands-free microphone and tests using only the 

" High-Speed Good Road" noise condition (which is excluded from the training data 

in this case), and the highly mismatched case used close-talking microphone training 

data and hands-free microphone test data. 

3.2 Noise Reduction and Deconvolution 

Figure 3 shows a model of how acoustic degradation is caused by reverberation and 

background noise. Reverberation and other acoustic effects related to the transmis­

sion of speech from talker to microphone, together with the frequency response of 

the microphone itself, are modeled as a linear time-invariant system with impulse 

response c(n) and frequency response C(w). Background noise (including noise in­

ternal to the microphone itself) is additive after this system. We investigated the 

effectiveness of some signal processing techniques based on this model. 

noise 11 l 
ba~·kground 

speech signals I C (CO) I.filtered signal y (B received signal -~ 

Fig. 3. Model of acoustic degradation 

3 In in-car applications, non-close-talking microphones are sometimes referred to as hands­
free microphones, as in hands-free mobile phone operation. 
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3.2.1 Noise Reduction 

We used a noise reduction implementation developed for an Aurora (Hirsch and 
Pearce, 2000) front-end proposal, a joint effort between ICSI. OGI, and Qualcomm 
engineers, described in Adami et al. (2002). The algorithm perfonns Wiener filter­
ing with modifications such as a noise overestimation factor, smoothing of the filter 
response, and a spectral floor. It calculates an instantaneous noise power spectral 
estimate IN(m,k)l2 (where k is the frequency bin and 111 is the frame index) by aver­
aging the noisy power spectra IX(m,k)l 2 over an initial period before speech starts 
as well as later frames, which are judged to be nonspeech because thei r energy level 
falls below a threshold. This estimate is used to calculate a fi lter 

IH ( k)I - . ( IX(m,k) l2 
- o.lN(m,k)l

2 
A) 

m , - ma.x I ( k )l2 , I-' ' X Ill , • 

where a is an SNR-dependent oversubtraction factor and the spectral floor parameter 
~ is used to avoid negative and very small filter values. This fi lter IH (m,k)I varies 
from frame to frame. To reduce artifacts in the noise-reduced output, the filter is 
smoothed over time and frequency. Then the smoothed filter is applied to the noisy 
power spectra X to obtain an estimate of the noise-free power spectra Y: 

' 2 2 2 ' 2 IY (m,k)I = max(IX (m,k) I * IH (m,k)I , ~ final * IN (m,k)I ), 

where ~ final is a second spectral floor parameter, which specifies the floor as a frac­
tion of the estimated noise power. 

This Wiener filtering approach is based on the assumption that the noise power 
spectrum is steady. This is probably a fairly good assumption for engine and wind 
noise during unchanging driving conditions. 

Table 1 shows word error rates (WER) on SpeechDatCar-Gerrnan using the Au­
rora baseline speech recognizer described in Hirsch and Pearce (2000), with and 
without noise reduction preprocessing. The noise reduction is very effective in the 
medium-mismatch condition. In the high mismatch condition it is counterproductive; 
perhaps the application of noise reduction to the close-talking microphone training 
data makes that data an even worse match for the hands-free microphone test data. 
For these experiments, the noise estimation was performed independently for each 
utterance, and we used overlap-add resynthesis to create noise-reduced output wave­
forms. This allowed the noise reduction to be used with existing feature extraction 
code without modifying that code. This noise reduction approach was added to the 
SMARTKOM-English system as a new pipeline stage preceding the RASTA feature 
extraction tool. 

3.2.2 Deconvolution by Mean Subtraction 

Deconvolution by mean subtraction is commonly employed in speech recognition 
systems, most often via the cepstral mean subtraction (CMS) algorithm. The reason­
ing behind it is as follows. Consider a discrete-time speech signal s(n) (the origin 
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Table J. SpeechDatCar-Gennan word error rates (WER) with and without noise reduction. 
The well-matched test data contain 5009 words, the medium-matched test data contain 1366 
words, and the highly mismatched test data contain 2162 words. 

WER (%) Without noise reduction With noise reduction 
Well-matched 8.0 7.0 
Medium-matched 20.6 14.9 
Highly mismatched 15.4 17.5 

of speech as a continuous-time signal is ignored here for simplicity) sent over a lin­
ear time-invariant channel with impulse response c(n), producing a filtered signal 
y ( 11 ). Then the product property holds for the spectra of s and c: Y ( w) = S( w )C( w). 
Assume that the filtered signal is processed using a windowed discrete Fourier trans­
fonn, giving Y(m,w), where mis the frame index determining around which sam­
ple the window function was centered. If the window function is long and smooth 
enough relative to c(n ), then the product property approximately still holds (Aven­
dano, 1997): X (m, w) ~ S(m, oo)C(oo). Note that the channel is assumed not to vary 
over time. Taking the logs of the magnitudes of both sides of the previous equa­
tion, we find that !oglX(m, oo)I ~ loglS(m, oo)I + loglC(oo)I . Therefore, by subtract­
ing the mean over m (i.e., over time) of /oglX(m, w)/ from log/X(m, w)I, we remove 
log lC(w)I and the mean over time of loglS(m,oo)/. If s(n) is speech, and the mean 
is calculated over a large enough number of frames, then we expect the mean of 
loglS(m, w)I to contain little linguistic information, and therefore its removal need 
not be detrimental to speech recognition performance. Thus the subtraction can be 
used to compensate for the magnitude response of the channel (for various reasons, 
there is usually no attempt to compensate the phase response). Speech recognition 
feature extraction is usually essentially based on windowed discrete Fourier trans­
forms. However, following the transform it is typical to do further processing like 
Mel/Bark-scale filter bank integration and cepstral transformation, and most often 
the mean subtraction is done after that processing. The cepstral transformation, be-
ing linear, does not affect the reasoning above, but the filter bank integration implies 
an additional assumption that the channel frequency response is close to constant 
across the frequency bins that are being integrated. 

Table 2 shows WER on SpeechDatCar-German with and without mean subtrac­
tion methods added to the Aurora baseline speech recognizer described in Hirsch 
and Pearce (2000), which uses Mel-frequency cepstral coefficient (MFCC) feature 
extraction and by default does not perform mean subtraction. 

Cepstral mean subtraction (CMS) removes the mean across frames from the 
MFCCs. The table shows CMS was most helpful in the well-matched and highly mis­
matched cases, where both close-talking and hands-free recordings are used. This is 
not surprising because there is a channel mismatch between close-talking and hands­
free recordings. The reasoning behind mean subtraction assumes that all frames con­
tain speech, while in fact the data is a mix of speech and pauses. Calculating the mean 
only over frames judged by a multilayer perceptron classifier to contain speech re­
sulted in a significant performance improvement, which is consistent with the results 
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for speech recognition over telephone connection in Mokbel et a l. ( 1996). We also 
tried the log-DFT mean nonnalization (LDMN) propo ed 111 Neumeyer et al. ( 1994). 
ln this method the mean subtraction occurs midway through the MFCC computation, 
before the filter bank integration, so the a sumption of channel constancy across bins 
being integrated is not required. At ICSl, we have sometimes found this to be more 
effective than CMS, but on this task it does not perfom1 better (in fact, there is a 
slight, though not statistically significant, drop in performance). 

Table 2. SpeechDatCar-Gern1an word error rates (WER) 

\VER(%) Baseline Noise re- Noise red. Noise red. Noise red. 
duction and CMS and CMS; and LDMN; 
alone mean taken mean taken 

over speech over speech 
frames frames 

Well-matched 8.0 7.0 6.7 6. 1 6.1 
Medium-matched 20.6 14.9 15.7 14.6 I 5.2 
Highly mismatched 15.4 17.5 14.7 11.3 I 1.0 

For further results, including other mean subtraction methods and other data sets, 
see Gelbart (2004). 

3.3 Gabor Filtering 

The noise reduction and mean subtraction approaches described above are intended 
to increase the robustness of existing feature extraction methods by adding additional 
processing. Another approach, which can be complementary, is to create new feature 
extraction methods which have desirable properties. We collaborated with Michael 
Kleinschmidt of the Universitat Oldenburg on his project on Gabor filter feature ex­
traction for automatic speech recognition (Kleinschmidt and Gelbart, 2002; Klein­
schmidt, 2002). Gabor filters are a family of two-dimensional filters, which Klein­
schmidt proposed to use for feature extraction by convolving Gabor filters with a 
time-frequency representation such as a mel-band spectrogram (see Fig. 4). Depend­
ing on what Gabor filters are used, this can behave simi larly to short-tenn spectral 
envelope-based feature extraction approaches like the popular MFCC and PLP meth­
ods, or to the TRAPS (Jain and Hennansky, 2003) approach of long-tenn analysis in 
narrow frequency bands, or it can look for patterns at an oblique angle to the time 
and frequency axes. In Kleinschmidt's approach the Gabor fi lters used are chosen by 
a data-driven selection procedure which searches for Gabor filters that appear likely 
to give good classification perfonnance. 

The second column of Table 3 gives WER on SpeechDatCar-German using the 
back end of the Aurora baseline speech recognizer (Hirsch and Pearce, 2000) with 
the QIO-NoTRAPS feature extraction module developed by Qualcomm, ICSI, and 
OGI (Adami et al., 2002), which calculates robust MFCC features using techniques 

-
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such as noise reduction by Wiener fi ltering and mean subtraction. When features 
derived from Gabor analysis were concatenated to the robust MFCC features to form 
a longer feature vector, the error rate decreased, as shown in the third column. We 
found that for good perfonnance with the Gabor filters it was necessary to pass thelll 
throug h a stage o f nonlinear discriminant analysis by MLP (the back end used a 
different acoustic modeling approach). For source code for Gabor feature extraction 
and additional in formation about this approach, please refer to our website. 4 ' 

Table 3. SpeechDatCar-German word error rates (WER) 

\ VER (% ) QJO-NoTRAPS With Gabor analysis 
Well-matched 5.8 5.4 
Medium-matched I 2 . 1 11.7 
Highly mismatched 12.0 11.6 

4 Robust, Semantically Rich Language Analysis 

The approach to analysis (parsing and semantic analysis) of recognized speech nor­
mally used in the SMARTKOM system was Ralf Engel's SPINmodule (Engel, 2002). 
The SMARTKOM project also funded investigation into an alternative approach, 
aimed at robust and semantically rich language analysis. The alternative approach, 
described here, makes use of a linguistically sophisticated language formalism called 
Embodied Constmction Grammar (ECG (Bergen and Chang, 2002; Chang et al., 
2002). ECG is a construction-based grammar formalism (Goldberg, 1995) that uses 
embodied primitives like frames (Fillmore, 1982), image schemas (Lakotf, 1987) 
and executing schemas (Narayanan, 1997) as its semantic representation. In addition 
to supporting these cognitive primitives, ECG is an extension of unification-based 
fom1alisms like HPSG (Pollard and Sag, 1994), and as a consequence, it is precise 
enough for computational models of language analysis. 

ECG is an extremely expressive grammar fonnalism, and as such new algorithms 
needed to be designed that could take advantage of the wealth of semantic informa­
tion contained in an ECG grammar, and yet still efficiently and robustly process each 
utterance. These algorithms are implemented within the so-called constructional an­
alyzer (Bryant, 2003). 

The first key innovation employed in the design of the constructional analyzer 
is how it combines linguistic knowledge with process. Instead of treating each con­
stmction as a passive piece of grammatical knowledge, the analyzer compiles each 
construction into an active unit called a construction recognizer. Each construction 
recognizer is responsible for applying both the form and the semantic constraints 
associated with its constmction. The recognizer then generates an instance of the 
construction if an acceptable set of constituents is found. 

4 http://www.icsi.berkeley.edu/Specch/papers/icslp02-gabor/ 
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Fig. 4. Upper left : A log mel-band spectrogram for the spoken word "nine"'. Lower lef t: T~e 
real part of a Gabor filter. The Gabor filters are complex-valued. Rather than doing acou5t•c 
modeling with complex-valued features, Kleinschmidt chose 10 use the real part, imaginary 
part, or magnitude of the results of correlation as features. Upper right: The real part of the 
log mel-band spectrogram after correlation with the Gabor filter. Lower right: The values of 
the filtered log mel-band spectrogram at the center frequency of the Gabor filter (it is those 
that would be used as features for speech recognition) 

The analyzer itself must manage the interaction between each of the recogniz­
ers, while looking for semantically and fomrnlly complete analyses of the whole 
utterance. The analyzer also has the responsibility for robustly responding when an 
analysis of the whole utterance cannot be found because of an unforeseen syntactic 
pattern. This scenario leads us to the second key conceptual innovation employed in 
the constructional analyzer: leveraging semantics for robust analysis. 

Given the rich semantics found in an ECG grammar, the strategy for robust be­
havior is twofold. First, the analyzer needs a way to infer likely identifications be­
tween frames. Such a strategy is specified by the Parsimony Principle (Kay, 1987). 
It states that the ideal reader unifies compatible frames whenever possible. Applying 
this principle to a collection of frames and schemas simulates the identifications that 
were likely to result had a complete analysis been found. 

Second, the analyzer needs a mechanism for choosing between the competing 
analyses that result from application of the Parsimony Principle. The heuristic used 
for this task is called semantic density (Bryant, 2003). Semantic density defines the 
completeness of an analysis as the ratio of filled frame roles to total frame roles. 
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Analyses that are more semantically dense specify more of the frame roles in the 
utterance than those that are less semantically dense. and the analyzer thus prefers 
denser analyses. 

The constructiona l analyzer was tested by integrating it with the SMARTKOM do­
main and context model (Porzel et al. , 2006). taking semantic information from that 
module ·s ontology. Not only did it successfully analyze questions from the tourist 

domai n, but it a lso capitalized on the structure found with the ontology to perform 
linguistic type-coercion known as construal (Porzel and Bryant, 2003). 

S Wizard and Operator Study of Felicitous Human Computer 
Interaction5 

5.1 Introduction 

End-to-end evaluations of conversational dialogue systems with naive users are cur­

rently uncovering severe usability problems that result in low task completion rates. 
Preliminary analyses suggest that these problems are related to the system's dia­

logue management and tum-taking behavior. We present the results of experiments 

designed to take a detailed look at the effects of that behavior. Based on the resulting 
findings, we spell out a set of criteria which lie orthogonal to dialogue quality, but 

nevertheless constin.1te an integral part of a more comprehensive view on dialogue 
f elicity as a function of dialogue quality and efficiency. 

Research on dialogue systems in the past has focused on engineering the various 
processing stages involved in dialogical human-computer interaction (HCI), e.g., 

robust automatic speech recognition, intention recognition, natural language gener­

ation, or speech synthesis (Allen et al., I 996; Cox et al., 2000; Bailly et al., 2003 ). 

Alongside these efforts, the characteristics of computer-directed language have also 

been examined as a general phenomenon (Zoeppritz, 1985; Wooffitt et al., 1997; 

Fraser, 1993; Darves and Oviatt, 2002). The flip side, i.e., computer-human interac­

tion (CHI), has received very little attention as a research question by itself. 
The intuitive usability of such conversational dialogue systems can be demon­

strated by usability experiments with real users that employ the PROMISE evaluation 

framework (Beringer et al., 2002), which offers some multimodal extensions over the 

PARADISE framework (Walker et al., 2000). The work described herein constitutes 

a starting point for a scientific examination of the "whys" and "wherefores" of the 

challenging results stemming from such end-to-end evaluations of conversational di­

alogue systems. 
One of the potential reasons for the problems thwarting task completion stems 

from the problem of film overtaking, which occurs when users rephrase questions or 

make a second remark to the system while it is still processing the first one. After 

such occurrences a dialogue becomes asynchronous, meaning that the system re­

sponds to the second-last user utterance while in the user's mind that response con-

5 Robert Porzel and Manja Saudis were the principal authors of this section. 
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cems the last. Given the state of the art regard mg the dialogue handling capabilities 
of HCI systems, this inevitably causes dialogues to fail completely. 

5.2 Wizard and Operator Study 

Here, we describe a new experimental paradigm and the first corresponding exper­
iments tailored toward examining the eITects of the computer's communicative be­
havior on its human partner. More specifically, we will analyze the differences in 
human-human interaction (HHI) and HCUCI-11 tum-taking and dialogue manage­
ment strategies, which constin1tes a promising starting point for an examination of 
the effects of the computer's communicative behavior on the felicity and intuitive­
ness of dialogue systems. The overall goal of analyzing these effects is for systems 
to become usable by exhibiting a more felicitous communicative behavior. After re­
porting on the results of the experiments in Sect. 5.3, we highlight a set of hypotheses 
that can be drawn from them and finally point toward future experiments that need 
to be conducted to verify these hypotheses in Sect. 5.4. 

For conducting the experiments we developed a new paradigm for collecting 
telephone-based dialogue data, called Wizard and Operator Test (WOT), which con­
tains elements of both Wizard-of-Oz (WOZ) experiments (Francony et al., l 992) as 
well as Hidden Operator Tests (HOT (Rapp and Strube, 2002)). This procedure also 
represents a simplification of classical end-to-end experiments, as it is much like 
WOZ and HOT experiments conductable without the technically very complex use 
of a real conversational system. As postexperimental interviews showed, this did not 
limit the feeling of authenticity regarding the simulated conversational system by the 
human subjects. The WOT setup is described in detail by Porzel and Baudis (2004) 
and Gurevych and Porzel (2006). It consists of two major phases that begin after the 
subject has been given a set of tasks to be solved with the telephone-based dialogue 
system. In the first phase the human assistant is acting as a wizard who is simulating 
the dialogue system by operating a speech synthesis interface. In the second phase, 
which starts immediately after a system breakdown has been simulated by means 
of beeping noises transmitted via the telephone, the human assistant is acting as a 
human operator asking the subject to continue. In our experiments, subjects used 
the simulated dialogue system to gather information related to tourism in the city of 
Heidelberg. Simulating a telephone-based dialogue system (rather than a local mul­
timodal dialogue system such as the SMARTKOM-Mobile demonstrator) allowed a 
natural-seeming switchover from computer-human interaction to human-human in­
teraction. 

The experiments were conducted in the English language at ICSI in California. 
A total of 25 sessions were recorded. At the beginning of the WOT, a person acting 
as test manager told the subject that they were testing a novel, telephone-based dia­
logue system that supplies tourist information on the city of Heidelberg. In order to 
avoid the usual paraphrases of tasks worded too specificaJly, the manager gave the 
subjects an overall list of 20 very general tourist activities, such as visit museum or 
eat out, from which each subject had to pick 6 tasks that were to be solved in the ex­
periment. The manager then removed the original list, dialed the system's number on 
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the phone, and exited from the room after handing over the telephone receiver. The 
subJect was always greeted by the system's standard opening ply: Welcome to the 
Heidelberger tourist information system. How I can lrelp you? After three tasks were 
fini shed (some successful, some not) the assistant simulated the system's breakdown 
and came onto the telephone line saying Excuse me, something seems to have hap­
pened witlr our system, may I assist you from lrere 011, and finishing the remaining 
three tasks with the subjects. 

5.3 Experimental Results 

The PARADISE framework (Walker et al., 1997, 2000) proposes distinct measure• 
ments for dialogue quality. dialogue efficiency, and task success metrics. The re­
maining criterion, i.e., user satisfaction, is based on questionnaires and interviews 
with subjects and cannot be extracted (sub)automatically from log-files. The mea­
surements described here mainly revolve around dialogue efficency metrics in the 
sense of Walker et al. (2000). As we will show below, our findings show that a fe­
licitous dialogue is not only a function of dialogue quality, but critically hinges on 
a minimal threshold of efficiency and overall dialogue management as well. While 
these criteria lie orthogonal to the Walker et al. (2000) criteria for measuring dia­
logue quality (such as recognition rates), we regard them to constitute an integral 
part of an aggregate view on dialogue quality and efficiency, here referred to as di­
alogue felicity. For examining dialogue felicity we will provide detailed analyses 
of efficiency metrics per seas well as additional metrics for examining the number 
and effect of pauses, the employment of feedback and tum-taking signals, and the 
amount of overlaps. 

First of all, we apply the classic Walker et al. (2000) metric for measuring dia­
logue efficiency, by calculating the number of turns over dialogue length on the col­
lected data. (The average length of a dialogue was 6 minutes. The subjects featured 
approximately uniform distributions of gender, age (12-71), and computer exper­
tise.) As the discrepancy between the dialogue efficiency in phase I (HHI) versus 
phase 2 (HCI) of the experiment might be accounted for by latency times alone, we 
calculated the same metric with and without pauses. For these analyses, pauses are 
very conservatively defined as silences during the conversation that exceeded one 
second. 

The overall comparison, given by Porzel and Baudis (2004), shows that naturally 
latency times severely decrease dialogue efficiency, but also that they alone do not ac­
count for the difference in efficiency between human-human and human-computer 
interaction. This means that even iflatency times were to vanish completely, yielding 
actual real-time performance, we would still observe less efficient dialogues in HCI. 
While it is obvious that the existing latency times increase the number and length 
of pauses of the computer interactions as compared to the human operator's interac­
tions, there are no such obvious reasons why the number and length of pauses in the 
human subjects' interactions should differ in the two phases. However, they do differ 
substantially. 
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Next to this pause effect. which contributes greatly to dialogue efficiency met­
rics by increasing dialogue length. we have to take a closer look al the individ­
ual n1ms and their narure. While some turns carry propositional infomrntion and 
constitute utterances proper, a significant number solely consist of specific parti­
cles used to exchange signals between the communicative partners, or combma­
tions of such communicative signals with propositional info m1ation. We differenti­
ate between dialogue-stmcturing signals and feedback signals in the sense ofYngve 
( 1970). Dialogue-stmcturing signals - such as hesitations like h111111 or ah as well 
as expressions like well, yes, so - mark the intent to begin or end an utterance, or 
to make corrections or insertions. Feedback signals, while sometimes phonetically 
alike - such as right, yes or h111111 - do not express the intent to take over or give 
up the speaking role, but serve as a means to stay in contact, which is why they are 
sometimes referred to as co11ract signals. All dialogues were annotated manually for 
dialogue struct11ring and feedback particles. 

The data show that feedback particles almost vanish from the human- computer 
dialogues - a finding that corresponds to those described above. This linguistic be­
havior, in rum, constitutes an adaptation to the employment of such particles by the 
respective interlocutor. Striking, however, is that the human subjects still attempted to 
send dialogue structuring signals to the computer, which - unfortunately - would 
have been ignored by today's "conversational" dialogue systems. (In the data the sub­
ject's employment of dialogue structuring particles in 1-ICI even slightly surpassed 
that of HHI.) 

Most overlaps in human-human conversation occur during tum changes, with the 
remainder being feedback signals that are uttered during the other interlocutor's rum 
(Jefferson, 1983). In the collected data the HI-II dialogues featured significantly more 
overlap than the HCI ones, which is partly due to the respective presence and absence 
of feedback signals as well as to the fact that in HCI tum-taking is accompanied by 
pauses rather than immediate overlapping handovers. 

Lastly, our experiments yielded negative findings concerning the type-token ratio 
and syntax. This means that there was no statistically significant difference in the 
linguistic behavior with respect to these factors. We regard this finding to strengthen 
our conclusions, that emulating human syntactic and semantic behavior does not 
suffice to guarantee effective and therefore felicitous human-computer interaction. 

5.4 Analysis of the Results 

The results presented above enable a closer look at dialogue efficiency as one of 
the key factors influencing overall dialogue felicity. As our experiments show, the 
difference between the human-human efficiency and that of the human-computer 
dialogues is not solely due to the computer's response times. There is a significant 
amount of white noise, for example, as users wait after the computer has finished 
responding. We see these behaviors as a result of a mismanaged dialogue. In many 
cases users are simple unsure whether the system's tum has ended or not and conse­
quently wait much longer than necessary. 

.... 
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The situation is equally bad at the other end of the turn-taking spectrum, i.e., 
a fter a user has handed over the tum to the computer, there is no signal or acknowl­
edgment that the computer has taken the baton and is running with it - regardless 
o f whether the user's utterance is understood or not. Insecurities regarding the main 
question, i.e., whose turn is it any ways, become very notable when users try to estab­
lish contact, e.g., by saying hello - pause- hello. This kind of behavior certainly 
does not happen in I-IHI, even when we find long silences. 

Examining why silences in human-human interaction are unproblematic, we find 
that such si lences are being announced, e.g. , by the human operator employing lin­
guistic signals, such as just a moment please or well, I'll have to have a look in our 
database in order to communicate that he is holding on to the tum and finishing his 
round. 

To push the relay analogy even further, we can look at the differences in overlap 
as another indication of crucial dialogue inefficiency. Since most overlaps occur at 
the tum boundaries, thereby ensuring a smooth (and fast) handover, their absence 
constitutes another indication why we are far from having winning systems. As the 
primary effects of the human-directed language exhibited by today's conversational 
dialogue systems, the experiments showed that dialogue efficiency decreased signif­
icantly even beyond the effects caused by latency times. Additionally, human inter­
locutors ceased in the production of feedback signals, but still attempted to use his 
or her turn signals for marking tum boundaries, which, however, go ignored by the 
system. Last, an increase in pausing is observable, caused by waiting and uncertainty 
effects, which are also manifested by missing overlaps at tum boundaries. 

Generally, we can conclude that a felicitous dialogue needs some amount of ex­
trapropositional exchange between the interlocutors. The complete absence of such 
dialogue controlling mechanisms by the nonhuman interlocutors alone literally 
causes the dialogical situation to get out of control, as observable in tum-taking 
and turn-overtaking phenomena. As evaluations show, this way of behaving does 
not serve the intended end, i.e., efficient, intuitive, and felicitous human-computer 
interaction. 
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S ummary. S M A RT KOM-Public is the result of consistent development of traditional public 
telepho ne booths for members of a modem information society in the form of a multimodal 
communications booth for intuitive broad-bandwidth communication. 

l Introduction 

The SMA RTKOM-Public communications booth is provided with a wide palette of 
modem conmmnication appliances. SMARTKOM-Public offers a higher degree of 
privacy, much higher communication bandwidth and optimal quality with regard to 
input and output results than is available to mobile systems for technical reasons. 
High rates of data flow and high-resolution screens lead, in contrast to a personal 
digital assistant (PDA), to increased comfort and better ergonomics. This communi­
cation space offers the simultaneous and comfortable use of language, pictorial and 
data services. A document camera is integrated for the transmission and processing 
of documents. An interesting further possibility concerns the saving of the user's data 
in the communications booth. Upon biometric identification, users are able to access 
their personal data. The idea of a virtual communications workstation that is capable 
of traveling with the users and adapting to their needs becomes reality. As the prod­
uct at hand deals with a communication space for the public, along with supplying 
services, intuitive usability is of primary importance for acceptance. This is partic­
ularly so as even people who do not have access to a home computer with similar 
services will also make use of SMARTKOM-Public. The human-machine interface 
is designed to replicate normal human means of communication. This includes the 
broadest range of free speech dialogue possible and the use of natural gestures. Con­
sideration must be made that conventional uses, and not only those based on multi­
modal communication, can be perfonned from the communication booth. Therefore 
our project started with a user study. The results are presented in the next section, 
followed by a description of the implemented functionality and some detailed infor­
mation on selected realization topics in subsequent sections. 
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2 User Study 

2.1 Introduction 

SMARTKOM-Public demonstrates fundamental techniques of a user-friendly, mul­
timodal human-machine communication in public areas. In order to have a close 
connection between the project specification and the behavior and the wishes of the 
potential users. the project was accompanied by a user study from the beginning. 
This study was to give answers to following questions: 

• What are the expectations of potential users concerning a multimodal communi-
cation cell? 

• Which kinds of human-machine communication does the user accept? 
• Which communication services have to be provided? 
• Which fears and application thresholds are connected with these new teclmiques? 

2.2 Milestones 

The data of the user study were obtained by questionnaires in two phases. In a first 
phase (9/99-5/00) a questionnaires from the technical point of view was elaborated. 
The questionnaires were adjusted among the SMARTKOM partners. Around I 00 per­
sons took part in the first part - mainly ,,insiders," persons who were directly in­
volved in SMARTKOM or who had a very good knowledge about the project. 

In the second phase (6/00-12/00) a more structured questionnaire was devel­
oped in collaboration with the Institute for Communication, Information and Educa­
tion (KIB) of the University of Applied Sciences Zittau/Gorlitz. The questions were 
asked in more detail, and the answers had to be given on a 5-point scale. It took 
the participants around 30-60 minutes to fill in the questionnaire. The questionnaire 
was provided in an Internet version, and owing to different marketing strategies, like 
mailings actions and a quiz, around 400 persons took part in the second phase. 

2.3 Questions and Results 

2.3.1 Demographic Data ("Who?") 

• Gender: 50 % female, 50% male 
• Age: 40% below 30 years 

50% between 30 and 50 years 
l 0% above 50 years 

The mean age was 34 years. 

• Education: ca. 33% school 
ca. 33% colleges 
ca. 33% universities 
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• Concerning their professions, there was a broad variety among the participants 
with a certain concentration of employees. 

• Their computer skills were assessed as follows: 
60% good 
30% average 
10% bad 

Thus it can be concluded that the study achieved a well-balanced and representative 
mixture of potential users concerning sex, age, education and skills. 

2.3.2 Application Domains ("What?") 

With these questions the preferred application domains of the potential users for 
SMARTKOM services were investigated. The participants were asked to give their 
opinions on four domains: 

• information (timetables, weather, holiday planning, cultural and sport events, 
tourist and cultural locations, stock values, navigation and complex information) 

• reservations (hotel, cultural events) 
• orders and booking (tickets, products, travels) 
• financial services (bank and stock business) 

The potential users gave the following assessments to the application domains: 

• Information concerning timetables and routes found a high degree of acceptance. 
• Information about locations, events and complex information was also accepted. 
• Information about weather, travel and especially about stock values found only a 

low acceptance. 
• Reservations in cinemas and hotels were accepted. 
• From the application domains directly connected with financial transactions, or­

dering of tickets was the only accepted area. 
• Ordering of products and the booking of holiday trips were refused, more or less. 
• For financial services the SMARTKOM-Public communication cell was not found 

to be suitable. 

2.3.3 Media Services ("Which?") 

Within these questions the technological equipment of a multimodal communication 
cell had to be estimated. The following media could be chosen: 

• telephone 
• video telephone 
• fax 
• Internet 
• Access to personal mailboxes 

The answers coincided in a high degree: 
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• All the media ofTered were accepted. 
• The telephone as the most usual and be t-known means of communication found 

the highest acceptance. 

2.3.4 User Groups and Places of Installation ("Where?") 

From these questions it should be concluded which places of installation would be 
preferred by different user groups. The participants of the questionnaire were offered 
the following situations: 

• business traveler in an unknown city 
• vacationer in an unknown city 
• inhabitant in their home city 
• employee in an office 

2.3.5 Interaction and Technology (''By what?") 

With these questions the modalities and possibilities of interaction were assessed. 
The participants had to give their preferences concerning: 

• input options (speech, gestures, free input by pencil, mimic, document input) 
• output options (text and pictures on a screen, speech, video telephone, printer) 
• others (use of personal devices, chipcards for identification and payment) 

The participants gave the following adjustments: 

• High acceptance rates for input by speech and hand gestures. 
• Input by pencil and document camera was also accepted. 
• Mimic as input modality was refused. (Here it can be presumed that the im­

portance of mimic for the dialogue was not understood sufficiently. Further, the 
mimic input requires a permanent video recording of the face, which was not 
accepted.) 

• Among the output modalities speech and visual output were preferred. 
• The printer was estimated as very useful (for faxes, roadmaps, receipts for reser­

vations, etc.) 
• The chipcard reader and the plug-in possibility for personal devices were also 

accepted. 

2.3.6 Verification (''How'?") 

For purposes of verification the following items had to be adjusted: 

• personal identification number (PIN) 
• signature 
• voice 
• hand contour 
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• finger print 
• face 

The results were as follows: 

• The well-known methods with chipcards or PfN were accepted. 
• Among the biornetrical methods, the fingerprint found the highest acceptance. 
• Signature and face recognition were refused in many cases. 

2.3.7 General Requirements for a Communication Cell 

Different questions about general requirements for a communications cell gave the 
following views: 

• There were high expectations concerning the intelligence of the system. More 
than 70% of the participants expected a successful dialogue with only a few 
clearing steps. 

• The communication cell and the services were regarded more as an office em­
ployee. Only a third of the participants saw the technical system in the fore­
ground. 

• Discretion and anonymity were expected by the majority of potential users. Al­
ternatively to the loudspeaker, a telephone was demanded. The video recording 
for the mimic recognition was refused in most of the cases. Around 75% of the 
participants would not make use of the services if they were connected with per­

sonal identification. 
• There was a high consensus about the fact that better technological possibilities 

should be offered at constant prices. The only additional costs accepted were 

taxes comparable to information services and other special services like fax. 

2.3.8 Correlation Analysis 

In order to investigate the relations between the judgments of the potential users, 
their answer were analyzed in a paired correlation matrix. For example, there were 

high correlations in the answers for questions like "infonnation for holiday travel" 

and "booking of holiday travel". This seems logical - if somebody wants to book 

travel, of course they want to get information about it beforehand. From the variety 

of such logical relations, two main conclusions can be obtained: 

• The correlation matrix gives indications for producers of future devices on which 

applications are compatible with each other and can be integrated into one prod­
uct. 

• The answers were well chosen, which underlines the fact ofrepresentative nature 
of the study. 
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2.3.9 User Group Analysis 

From the analysis according to the gender it can be concluded that female and male 
participants tended to give the same answers. Women showed less interest in techno­
logical details, and their expectations concerning the intelligence of the system were 
not so high. On the other hand, they were more restrictive in the face recognition 
problems. The user groups "below 30 years" and "between 30 and 50 years" tended 
to give the same answers in tendency. The user group "above 50 years" had different 
opinions on some questions. Elderly people want make less use of the multimodal 
conununication cell in general. They were less interested in the technical possibil­
ities, and they are less restrictive in security problems. The comparison between 
" insiders" and "others" showed that the answers also were given with the same ten­
dency. The "insiders" however were slightly more optimistic and in agreement with 
the scenario. 

2.3.10 User Suggestions 

The questionnaires asked the participants to notify individual suggestions, opinions, 
apprehension or ideas. Fortunately, this possibility was used in a high degree. In sum­
mary, a catalogue of useful ideas containing details of teclmical question and general 
requirements could be obtained. Some of the most interesting statements follow: 

Applications 

• information and booking for actual events in the city ( exhibitions, sport, cinema, 
conferences, etc.) 

• restaurant guide with detailed information concerning the menu and quality as-
sessments 

• service for results of sport events 
• social and political information about the city/the country 
• virtual city tours, information about sights 
• regional and global news service 
• entertainment for waiting times, Internet games 
• city map and city information with guide to locations of cultural interest, admin-

istration, service 
• information about working hours of offices 
• substitution of ways to the office (for registration of cars, new passports, etc.) 
• flat and property service 
• job and qualification announcements 

Locations 

• villages and small towns for elderly and less mobiles persons 
• central places and transportation hubs for business and tourism 
• inner city and important/big buildings (post and other offices, shopping malls ... ) 
• medical centers, parking areas, truck stops, schools and universities 
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General Requirements 

• interaction results should not be obvious to any but current user 
• safety from vandalism 
• anonymity, only PIN accepted 
• guarantee of data security 
• ease of use for physically challenged people 
• service free of charge in the tourist information centers 
• special services (fax, etc.) at normal charges 
• clearly structured with a good overview in each application domain 
• simple and intuitive handling 

2.4 Summary 

In the study, a representative variety of potential users took part, thus the results 

are valuable. The judgments of the application confirmed the SMARTKOM Demo 

scenarios. The most important locations are tourist and transportation centers. The 

different input and output modalities were accepted; only the mimic recognition was 

refused. User verification by PfN and fingerprint was more accepted than by sig­

nature or face recognition. The intelligence of the system was expected to be very 

high in general. The requirements concerning discretion, anonymity and data secu­

rity were emphasized with a high degree of importance. The criterion "ease of use for 

physically challenged people" played an important role. The high number of logical 

correlations proves the representative nature of the study. They give indications for 

producers of future devices on which applications are compatible with each other and 

can be integrated into one product. From the point of view of user groups there were 

significant differences between female and male users. Elderly people showed less 

interest in SMARTKOM itself and its technological possibilities. The "insiders" of the 

SMARTKOM scenario showed a more optimistic behavior compared to the "general 

user." With the verbal notices a valuable collection of ideas concerning application 

domains and technological improvements is available. 

3 Functionality 

The SMARTKOM-Public demonstrator provides a wide range of applications consid­

ering the results of the user study. The focus is on communication and information 

services. Since it was not possible to implement all user-suggested services, some 

exemplary applications were selected: 

• phone call as the most common and best-known means of communication, here 

supported by an electronic address book 

• fax and e-mail services to realize the transmission of written documents 

• a cinema information and booking system combined with a city map 

• multimodal biometric authentification to access personal data 
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Fig. l. The fom1er German federal president usmg SM ART K OM-pubhc e-mail 

Altogether, SMARTKOM-Public offers more than 20 functionalities that can be com­
bined in many ways. 

These functionalities are accessed through an easy to use multimodal user inte'.·­
face that combines speech, gesture and mimic 111put wi th symmetric output. The opti­
cal output is projected on an interaction surface, where it can be referenced by natural 
pointing gestures. This part of the system is based on the Siemens Virtual Touch­
screen (SiViT) system (Maggioni and Rottger, 1999). A second dedicated camera 
scans documents placed on the interaction area for further processing. As demanded 
by potential users, all applications can be accessed with only a few clearance steps. 
Although in the user study potential users expressed objections to mimic input, it 
was integrated into the demonstrator for scientific reasons and to evaluate possible 
applications. 

Another compromise was made on the physical design of the communication 
booth. On one hand, potential users stressed their need for discretion and anonymity, 
demanding a traditional closed telephone booth design. On the other hand, SMART­
KOM-Public is a showcase to demonstrate new technologies to the interested public, 
which requires an open design. We decided to use an open infomrntion tenninal de­
sign for the second reason. For the same reason we used hands-free communication 
instead of a traditional phone handset. 

The next sections describe the basic SMARTKOM-Public applications in detail. 
For more infonnation on the gesture and mimic input, see Racky et al. (2006) and 
Frank et al. (2006). 
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Person 
N:ime 

Anselm Blocher 

Telefon. 

01632562437 

Fax 

06813025341 

E-Mall: 

Fig. 2. Phone applicat ion in S~!ARTKOM-Pubhc 

3.1 Phone and Address book 

Just like a traditional public telephone booth SMARTKOM-Public allows users to 
make standard telephone calls. The life-like character "Smartakus," visible on the 
projected output, serves as an interface agent to meet users need. Thus SMARTKOM­
Public's interaction style break radically with the traditional desktop metaphor. It is 
based on the si tuated delegation-oriented dialogue paradigm (SDDP (Wahlster et al., 
200 I). The user simply tells Smartakus to establish a phone connection. This can be 

done in two different ways: 

• dialing manually on a projected phone keyboard 
• dialing by a phone book reference 

In contrast to other scientific demonstrators, SMARTKOM-Public establishes real 
phone connections based on the European ISDN standard and thus has to handle 

signalization events correctly. It also uses hands-free communication based on the 

SMARTKOM audio modules and provides an address book based on the standard 
application module (see Sect. 4 for technical details). 

Let us close the phone section with a look at two sample phone dialogues: 

Example I: Dialing manually on a projected phone keyboard 
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USER: 
SMARTAKUS: 

USR: 
SMARTAKUS: 

l 'd like to make a call. 
(present phone keys) 
Please dial a number. 
(dials number) 
(establishes connection) 

Example 2: Dialing by a phone book reference 

USER: 
SMARTKOM 

USR: 
SMARTAKUS: 

l 'd like to call Mr. Blocher. 
(presents entry for Mr. Blocher) 
l 've found an entry for Mr. Blocher. 
ls this correct? 
Okay. 
(establishes connection) 

3.2 Facsimiles and E-Mail 

Users can send facsimiles (fax) and e-mails with SMARTKOM-Public as well. Smar­
takus receives the users' requests and guides them through the necessary steps. 

Transmission of pictorial infom1ation is mainly used for documents related to 
business or original artifacts that cannot be described in words. Therefore SMART­
KoM-Public provides the possibility to capture prepared infonnation with a high­
resolution document camera and to send it as a picture to the receiver. For example, 
it is possible to send an image of your just-purchased new tie - do not try this with 
a standard fax machine! If the user decides to send an e-mail, the original is captured 
as a true-color image and sent to the selected e-mail address as an e-mail attachment. 
For a fax the color image is converted into a black and white version and sent as a 
real fax to the selected ISDN phone number. 

The image transmission functionality is a complex task combining several mod­
ules into one service (see Sect. 4 for technical details). 

Here is a typical fax dialogue to illustrate the interaction steps: 

USER: 
SMARTAKUS: 

USER: 
SMARTKOM: 

USER: 
SMARTKOM: 

I'd like to send a fax to Mr. Wahlster. 
(presents scan area) 
Please place your document here. 
(places the document) 
(captures the document) 
Please remove the document. 
(removes document) 
The document was captured. 
I've found an entry for Mr. Wahlster. 
Is this correct? 
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Fig. 3. Fax application in S MARTKOM-Public 

USER: Yes. 
SMARTAKUS: (sends fax to Mr. Wahlster) 

3.3 Cinema 

SmartKom-Public 48 1 

' 08113025212 :w, 
Fu: 

0811 

The cinema application was chosen to demonstrate the advantages of the SDDP in a 
complex information service environment. It was also favored in the user study. The 
cinema application provides a wide range of choices: 

• the current cinema program 
• the movie schedule in specific theaters 
• infomrntion on specific movies 
• infomrntion on movie actors 
• locations of the theaters and directions to those 

As in all SMARTKOM-Public applications, the presented information is real and 
always up to date. A module for external information services scans the Internet for 
current data. The vocabulary for the speech recognition is updated dynamically as 
well. Thus it is even possible to ask questions on completely unknown actors, for 
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Fig. 4. Cinema application in SMARTKOM-Public 

example, "ls there a movie with Leonardo DiCaprio?". Here is more serious sample 
dialogue: 

USER: 
SMARTAKUS: 

USER: 

SMARTAKUS: 

USER: 

SMARTAKUS: 

USER: 
SMARTAKUS: 

USER: 

I'd like to go to the movies tonight. 
(presents a list of movies and a map) 
Here is a selection of tonight's movies. 
I've marked the cinemas on the map. 
(points to the cinema "Kamera" on the map) 
What's on here? 
(presents the program of the cinema "Kamera") 
These are tonight's movies at the "Kamera". 
(points to Matrix: Reloaded) 
Tell me more about this movie. 
(presents additional information) 
Here is more information on Matrix: Reloaded. 
I'd like two tickets for this film at 8 pm. 
(presents seat plan of the "Kamera") 
Where do you want to sit? 
(encircles specific seats) 
Here. 
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Gerd Herzog 

Telero n . 

06813025385 

Fax 

08813025020 

Fig. 5. Mult1modal biometncs in SMARTKOM-Public 

MARTAKUS: 

USER: 
SMARTAKUS: 

(highlights the selected seats on the plan) 
Is this correct? 
Exactly. 
I reserved the tickets. 
Your reservation code is 42. 

3.4 Biometrical Authentification 

Smart Korn-Pub/Jc 483 

As mentioned in the Introduction, SMARTKOM-Public provides personalized ser­

vices. Therefore it is essential to detennine the identity of the user. This is done by 

multiple biometrics (see Grashey and Schuster (2006) in this volume). To guarantee 

comfort and safety, three different biometrics have been integrated: speaker verifi­

cation, signature verification and hand contour verification. Authentificarion can be 

actively initiated by the user with the phrase "My name is" or can be demanded as 

the situation calls for: 

SMARTAKUS: This action requires an authentification. 
What's your name? 
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USER: 
SMARTAKUS: 

USER: 
SMARTAKUS: 

My name is "Herzog". 
I've found an entry for Gerd Herzog. 
Hand contour is the default biometry. 
Please place your hand with spread 
fingers on the marked position. 
(puts his hand on the interaction area) 
Authentification accomplished . 

4 Technical Realization 

As is the case for all SMARTKOM demonstrators, SMARTKOM-Public is based on the 
common SMARTKOM system architecture handling the dialogue with the user. The 
SMARTKOM system architecture consists of several independent modules connected 
via communication pools. Most of these modules have been described in the previous 
chapters. The following sections describe SMARTKOM-Public- specific modules: 

• the communication module supported by the audio modules, realizing phone 
calls and data transfers on standard ISDN lines 

• the module for standard applications, realizing address book, e-mail and calendar 
functionalities 

• the virtual module for sending documents, as a combination of document camera 
and communication module. 

4.1 Communication (TK-Module) 

The TK-Module in SMARTKOM realizes the telephone and fax services on a Mi­
crosoft Windows PC. lt works on the hardware base "Fritz!Card PCI" manufactured 
by AVM, which provides an ISDN SO connection with two channels. 

The software of the TK-Module is realized in a layer structure. The hardware 
driver is controlled by CAPI2.0. This is enclosed in a library that provides the func­
tionalities typical for telecommunication. The most important features are the sup­
port of n-channel telephone calls and fax, the support of ISDN functions and the 
conversion between the audio formats PCM (in SMARTKOM) and A Law (in ISDN). 
The highest layer consists of a console application. It controls the internal workflow 
and allows the parameter input. 

In the "telephone" operation mode the TK-Module works together with the mod­
ules Audioln and AudioOut, which are controlled by the " function modeling." Dur­
ing a telephone call AudioOut is occupied exclusively and thus it cannot submit other 
system outputs. 

Each task for the TK-Module contains the telephone number to be dialed and a 
name of the connection. This name is also used to identify all the data streams of the 
connection. 
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Fig. 6. S MA RTKOM-Public module overview 

In the " fax delivery" operation mode the TK-Module works together with the 
" real Document" module controlled by the "function modeling." The TK-Module re­
ceives the documents to be sent in the structured fax file (SFF) fonnat together with 
the number to be dialed and the name of the connection. 

4.2 Audio Modules Audioln and AudioOut 

The Audio In and AudioOut modules are responsible for the input and output of audio 
data into and out of SMARTKOM, not only to realize phone calls but also for speech 
input and output. The modules are realized in different objects: 

WIN-32 Console Application: This application realizes the communication of 
the audio modules with the S MARTKOM system using the SMARTKOM pool ar­
chitecture supervised by the module manager. It controls the internal workflow and 
allows the parameter input. rt is also responsible for the time synchronization of the 
audio data. 

DLL Object: This multithread capable dynamic link library contains all func­
tions for the communication of SMARTKOM with different audio sources and audio 
consumers. The most important features are the support of n channels, the mixer 
functionality and the handling of different PCM audio fonnats (sample rate, etc.). 
Audio data can be submitted and delivered local area networks (LAN) and also 
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by wireless LAN. The connection to the local audio devices is realized by the 
Multimedia-Microsoft-Win32-API. The remote connection is based on the RTP pro­
tocol. The devices for audio input and output can be switched in runtime by param­
eters. 

The audio modules are controlled by the "fonction modeling'' module. The tasks 
from "function modeling" contain the actual parameters, the purpose and a unique 
identification of the data stream. Both modules support the synchronous mechanism 
of SMARTK0M. The actions contTolled by the modules can be activated by external 
events, and the modules themselves can send events related to certain system states. 

Audioln Module: The Audioln module receives the audio data from the input 
devices and puts it into chunks of defined fonnats and sizes. The fomrnt definitions 
are made by the function modeling module. So, for instance, in the operation modes 
"telephone" and "speaker verification" the data chunks contain 2-KB audio samples 
with 8-kHz sample rate - thus speech data of 256 ms. In the operation mode "nor­
mal" the chunks contain typically 8-KB data sampled with 16 kHz. 

The audio data are sent in regular intervals in XML documents. The documents 
contain time stamps with the absolute time of the first sample of each data chunk. 
Thus the infonnation of different modalities can be synchronized within the whole 
system. 

In addition, the Audioin module provides the functionalities "silence detection" 
and "echo compensation". In the case of silence, the transmission of audio data is 
going on but with empty data chunks. The echo compensation provided by partner 
DaimlerChrysler removes the SMARTK0M system messages via loudspeakers from 
the microphone signals. 

AudioOut Module: The AudioOut module provides the output samples for the 
output devices at the given sample rates. In order to be able to synchronize the audio 
stream with other output streams like video data, the AudioOut module can start a 
certain audio output at an absolute time given in the audio document. 

4.3 Standard Applications 

4.3.1 Introduction 

The interface for users of SMARTK0M is intuitive and offers many possibilities, as 
described in the previous sections. Every interaction with the system can lead to 
numerous complex activities involving devices and services especially designed and 
programmed for SMARTK0M. The ability to use standard IT applications within 
SMARTK0M is, however, also essential. 

Groupware applications to manage e-mail, address books or calendars are typical 
examples of such services. Standard software offering these features has been inte­
grated into SMARTK0M instead of duplicating their functionality within the system. 
Currently, the supported program suites are Lotus Domino Server and Lotus Notes, 
which include an application programming interface (API) capable of controlling all 
necessary groupware components. Other common software products can, however, 
also take their place. 
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4.3.2 Lotus Domino Server and Lotus Notes - A Short Overview 

Lotus stores all data in objects which can be accessed using an API that exists for 

different programming languages. These databases, also known as Notes Storage 
Facility or NSF files, contain views and/or documents, which are the equivalent of, 

for example, an address book, an e-mail folder or a calendar. From a technical point 
of view the Java API that was used to integrate Lotus offers two possible ways of 
reading or manipulating Lotus data: 

• The local access pattern, which allows the programmer to open NSF files without 
the server running in the background. The disadvantage is that the code bas to run 
on the machine on which Lotus is installed. 

• The remote access pa11em, which hides a lot of tedious implementation details. 

Its drawback is that all methods are invoked through CORBA's /ntemet Inter­

ORB Protocol (IIOP) interface, wh.ich means that processing is done remotely. 

Even if no traffic between different computers on the network is created, the bits 

have to travel through the network adapter of the local machine. 

With performance being one of the main issues during the development of SMART­

K0M, the local access pattern represented the natural choice for the implementation. 

Apart from the possibility of retrieving data from a database or modifying it 

through its programming interface, Lotus offers standard e-mail protocols such as 

POP3, IMAP and SMTP, enabling users of the SMARTK0M system to communicate 

with the outside world. 

4.3.3 Lotus Applications Modeled in SmartKom 

To satisfy personal communication needs, the following Lotus applications werr 

made available to SMARTK0M users: 

• searching the public address book 
• sending e-mails 
• using the personal calendar 

During the course of the multimodal dialogue with SMARTK0M, the system inter­

nally generates a plan to meet the demands of the user. The standard applications 

are employed to perfonn parts of the overall task through the abstract layer, which 

models the functionality of the different devices and services. For example, if the 

user wishes to send e-mail, the retrieval of the address as well as the task of sending 

the e-mail itself are building blocks of the entire process. 

4.3.4 Storing SmartKom User Profiles 

All the applications mentioned above make it necessary to log on to the Lotus 

Domino Server with a user name and a password. Because it is not acceptable to 

request this information after the user has been authenticated, it has to be stored 

j 
I 

I 
I 
JI 
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somewhere within the SMARTK0M ystem. Since all users who want to use the stan­
dard applications have to be registered on the Lotus Domino Server anyway, it makes 
sense to store the infon11ation relating to the person 111 the public address book. This 
also makes it possible to store other pieces of infom1ation about users, for example, 
their preferred method of authentication. Within SMARTK0M these parts of a user 
profile are only available to the administrator of the Lotus Domino Server through 
a metasearch in the public address book. When SMARTK0M is initialized, the login 
infom1ation of this metauser is read from the global con.figuration fil e. Returning to 
the example of an e-mail being sent by a SMARTK0M user. it now becomes clear that 
the standard applications are involved when restoring the user profile, authenticating 
the person and fulfilling the request of sending the e-mail. 

4.3.5 The Import Tool for User Profiles and Address Book Entries 

Once Lotus Domino Server and Lotus Notes have been installed, user profiles and 
contacts which should be accessible to SMARTK0M have to be created on the server. 
This task is handled by an import tool with a graphical user interface, which lets 
the SMARTK0M administrator add and edit the relevant data. The offiine tool, which 
supports comma-separated value (CSY) files as input, co1mects to the server and 
makes all the desired entries in the address book. 

4.3.6 The Interface to Standard Applications 

Since all communication within SMARTK0M is carried out using the Multimodal 
Markup Language (M3L), which is based on XML, it was necessary to design an 
M3L interface and implement a middleware to pass on the functional ity of the group­
ware applications to the SMARTK0M system. This interface accepts messages with 
the following content as input: 

• an identifier for the data stream 
• login information of the user 
• the data necessary to complete the request 

The data for the request are organized so they can be easily mapped to the data 
structures of the groupware product. 

The output for all requests consists in the simplest case of the following control 
information: 

• the identifier of the data stream that was processed 
• the request status 

Normally the request status is finished or fail. In the case that the interaction ex­
ceeds a certain time limit, it is set to pending. A further description of the output 
generated requires a consideration of two different kinds of request. First, there are 
messages that do not expect an answer from the server, apart from status informa­
tion. Creating, changing or deleting calendar entries are requests of that type, as is 
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the sending of a n e-mai l. Under special circumstances it may also be necessary to re­
turn unique ide nt1fica t1on numbers for the data items processed on the server. These 
number represent g roupware documents and are referred to as note ID or 1miver­
w l ID in Lotus (N.8 . this is not the same as the identifier of the data stream). An 
example fo r the use of such an fD is a user utterance such as "please move the ap­
po intment to 7 pm," w hich leads to the modification of an entry in the calendar that 
was created earlier during a SMARTKOM session but is still held in the system. The 
second kind of request is characterized by the fact that it results in the generation of 
da ta output on top of the metainfonnation. The retrieval of contacts from the address 
book or entries from a personal calendar are requests of that type. These searches are 
modeled much like an SQL query: restrictions (the WHERE-clause) such as the last 
name of a person, and the desired answer fonnat (the SELECT-clause) for the result­
ing data have to be specified. A typical request for example would be "I need John 
Doe's telephone number" (for the M3L code of this request, see the next section). 
For the calendar it is also possible to ask for appointments that take place during a 
certain period of time. This supports the processing of speech input such as "show 
me all my appointments between 4 and 6 pm". 

4.3.7 Address Book Search: An Example 

The following example shows a valid M3L representation of a request to the standard 
applications module for the telephone number of Jolin Doe by a user that is registered 
on the Lotus Domino Server with the name TestUser. The fom1at for the result of the 
query in the address book contains the telephone number and the first and last name 
of the persons found. Please note that for better legibility the header information has 
been deleted from all example messages in this section. 

< extemalApplicationRequest> \ a request ro 
< dataStream> \ srandard applications 
< name>\ 
abook_l \ 
<!name>\ 
< purpose>\ 
queryAddressBook\ 
</purpose> \ 
</dataStream> \ 
<smartkomUserlD> \ user i11Jon11atio11 
Test User\ 
</smartkomUserlD> \ 
<action>\ 
<addressBookSearch> \ the type of the request 
<personAnswerFomrnt> \ the desired answer Jonna! 
<name> \ (SELECT part of query) 
<firstName> \ 
</firstName> \ 
<lastName> \ 
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</lastName> \ 
</name>\ 
< contact>\ 
< telephoneNumber> \ 
<ltelephoneNumber> \ 
< /contact> \ 
</personAnswerFonnat> \ 
<searchPerson> \ the restrictio11s 

< name> \ (WHERE part of q11e1y ) 

< firstName> \ 
John\ lookfor '10h11 Doe' 

</firstName> \ 
< lastName> \ 
Doe\ 
< llastName> \ 
</name>\ 
<lsearchPerson > \ 
</addressBookSearch> \ 
</action>\ 
</extemalApplicationRequest> \ 
The answer containing the data matching the request is the following (the requeSr 

status information, which is also produced as output, has been omitted for the sake 
of clarity): 

< extemalApplication> \ data from standard applicatio11s 

<dataStream> \ 
<name>\ 
abook..1\ 
<!name>\ 
< purpose>\ 
query Address Book\ 
</purpose>\ 
</dataStream> \ 
<addressBook> \ the type of the data returned 

<smartkomUserlD> \ user i11for111atio11 

Test User\ 
</smartkomUserlD> \ 
<person> \ all address book e111ries 

<name> \ matching the restrictions 

<firstName> \ 
John\ 
<lfirstName> \ 
<lastName> \ 
Doe\ 
<llastName> \ 
</name>\ 
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Fig. 7. SMARTKOM-Public fax and e-mail functionalities 

< contact> \ 
< telephoneNumber> \ 

1650845 1000\ 
< l telephoneNumber> \ 

< /contact> \ 

< /person> \ 
</addressBook> \ 

<lextemalApplication> \ 

4.3.8 Summary: Standard Applications in SmartKom 

Image I u 

PNG 
Image 

Standard 
Appllcatlon 

E-Mail 

SaNn 
Pl'8Nllta1ion 

All standard applications that are available to SMARTKOM users are provided by 

a middleware that offers an M3L interface and models certain functionalities of a 

groupware product such as the Lotus Domino suite. Single tasks, like the retrieval of 

an e-mail address, are small building blocks of plans that are generated based on a 

multimodal dialogue between the SMARTKOM user and the system. 

The standard applications are used to store pieces of information about SMART­

KOM users, for example, their preferred method of authentication, whether voice, 

signature or hand. The different tasks generate a flow of information that is separated 

into a data and a control flow conforming to the architecture of SMARTKOM. Unique 

IDs enable back-referencing to data objects already held in the system. 

I 
I 
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4.4 Composed Applications: Fax and E-Mail 

Among the most complex applications in the SMARTK0M system are the fax and 
e-mail functionalities. A lot of SM ARTK0M modules are involved to produce the 
desired results. Although the internal operating sequence is complex, the user gets 
the impression of an easy to use functionality. But now we go into the details. Let 
us start with the previous Fax example user utterance "I'd like to send a fax to Mr. 
Wahlster." Let us also assume that the action planning module of SMARTK0M al­
ready understood the sense of the user's utterance and sent the order "send document 
to Wahlster fax" to the function modeling module, which coordinates the next steps. 
What is happening internally? 

1. The ISDN fax number of Mr. Wahlster has to be determined. 
(Standard Application Address Book) 

2. The Screen presentation "Document scanning" is shown. 
(Module Display) 

3. SMARTK0M waits for a document on the interaction area. 
(Module Real Objects analyzes SiViT gesture camera input) 

4. The high-resolution image is captured by the document camera. 
(Module Real Objects performs Panoramic Imaging) 

5. The image is converted into a display format and rendered on the screen. 
(Module Real Objects and Module Display) 

6. The image is converted into a SFF black and white Fax image. 
(Module Real Objects) 

7. Image generated in step 7 is sent to the Fax number determined in step I• 
(TK-Module ). 

If the user wants to send an e-mail the steps are slightly different: instead of 
the ISDN fax number the e-mail address is determined, and instead of the black and 
white image a PNG color image is generated and sent as an attachment to the selected 
e-mail address. 
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Summary. SMARTK0M-Home demonstrates the use and benefit ofan intelligent multimodal 

interface when controlling entertainment devices like a TV, a recorder, and a jukebox, and 

when accessing entertainment services like an electronic program guide combining speech 

and a handheld display with touch input. One important point is emphasizing the functional 

aspect, i.e., the user's needs, conveyed to the system in a natural way by speech and gesture, are 

satisfied. The user does not need to know device-specific features or service idiosyncrasies. 

The function modeling component in SMARTK0M-Home has the necessary knowledge to 

transform the abstract user request into device commands and service queries. 

1 Introduction 

The central goal of the SMARTK0M-Home scenario is to support intuitive at 

cess to home entertainment functionality using the SMARTK0M paradigms. The 

SMARTK0M-Home system was jointly defined and monitored by Philips Research 

in Aachen and Sony International (Europe) GmbH in Stuttgart. 
We start with a description of the features of the SMARTK0M-Home system 

in Sect. 2. The hardware used is described in more detail in Sect. 2.1; the appli­

cations are discussed in Sect. 2.2. Hardware and applications pose some particular 

constraints on the dialogue system. On one hand, devices the user usually uses at 

home such as TV, video cassette recorder (VCR), MP3 jukebox, etc., need to be con­

trolled by SMARTK0M. As a consequence, the many functionalities of these devices 

and services need to be modeled within the system to be able to control them and 

offer their full functionality to the user. In our system this is handled by the function 

modeling component, which is described in Sect. 2.3. Furthem1ore, services such 

as an electronic program guide (EPG) are characterized by their highly dynamic 

content, i.e., the daily changing TV program and infom1ation for current shows. In 

order to handle dynamic content appropriately, various modules in the system need 
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User 1-lcllo! 
System Welcome to S l\ lARTKOl\1. My name is Sma rt :1kus How may I help 

you? 
What's on TV 1h1s noon? User 

System Tins is the T V program at noon. 

~ ...a: 1::J:00 Uhr ZOF-MIttag1m:i9uln 

Cl=al 
1J:oo unr DI• Ollv tr ceI11en snow 

~ 1J:oo Uhr Britt ~ Der TJI~ um E1n1, 

~ 1l:OO Uh r SAM 

@ 1::J:15 Uhr Un1ere kl•m• Farm, 2e19 mlr 
dtnWtg 

~ 14:00 Ut,r Ta9111cnau 

~...c»= 14:00 Uhr h1ut1 - \n Oeut1chland 

05.09.200l 1l :OO u~, • 15 :00 Uhr 
c = a 

l4 oo utir oa, Strar91r1cnt 

~ 14·00 Uhr ZWel bel K J IIW.111 

'!J, 14.10 Uhr Eln S:iyer auf Rugen. Der 
N;,,chtolger 

(;-D'" 14.15 Uhr relselun, Au1tn.Jlen1 Great 
Burier Ree1 

@ 14 15 Uhr Kobr·a. ubemehm•n Stel. 0 1• 
ArtJsten 

~ 15 :00 Uhr Ta9111chau um drel 

(Z:..a: 115:00 Uhr heUtl 

Fig. 1. Typical interaction with SMARTKOM-Home (translated from Gemrnn), part I. After 
initial greeting, the results of the electronic program guide are shown 

to be aware of it. Therefore, a dynamic lexicon, described in Sect. 2.4 serves as a 
central knowledge source. Also, the interaction modes are different from the other 
scenarios. In the home scenario we explicitly distinguish between lean-forward and 
lean-backward modes (Sect. 2.5). Feedback strategies as an important part of the 
interaction are also discussed. In Section 3 we mention the evaluations that were 
conducted to evaluate the SMARTKOM-Home demonstrator. 

2 Features 

The environment of a SMARTKOM-Home system is, not surprisingly, the living room 
of the user. The global application is accessing entertainment functionality. Key fea­
tures are multimodal interaction using speech and a tablet PC, switching between a 
multimodal lean-forward and a speech-only lean-back mode, and an animated inter-
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What else i on this channel (points to a program from provider A RD)? 
This is the TV program on ARD in the aflcmoon (shows only program 
Items from ARD) 
Which genres do you know? 
These arc the genres you can use. 

GHfgnet rur 

~ndl<M 

Fig. 2. Typical interaction with SMARTKOM-Home (translated from German), part 2. Dy 
namic help delivering information about the genres 

action agent called "Smartakus". One important point is emphasizing the functional 
aspect. The user does not need to know device-specific features or service idiosyn­
crasies. Figures 1-3 show a typical interaction (translated from Gem1an). After an 
initial greeting, a TV show is selected using dynamic help. The video recorder is 
programmed to record that show, and the TV is switched on to a currently running 
program. The system is set to lean-back mode while the user watches TV. 

2.1 Hardware 

The application hardware is a high-end digital Sony VCR DHR-IO00VC and a stan­
dard Philips TV set. This represents a sample set of devices. However, the layout of 
the modules that control these devices is designed to support other devices as well, 
such as hi-fi components, etc. fn choosing the interaction device we had to consider 
that it should re.fleet the necessities of the home environment. A platfom1 that is 
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User 
System 

User 
System 

User 
System 

User 
System 

ls there sports on any channcP 
These arc the sport. program~ th1 -, aft ernoon (~hows .ill ~ports program 
items). 
Record that (points to a tennis show). 
The show "US Open Semifinals" today at eight p.m. 0 11 RTL wi ll be 
recorded 
Switch the TV to ARD 
(switchc the TV on and sckcts channel ARD). The T V is now 
showing the station ARD. 
Tum off the di splay. 
(turns display ofl) The d isplay is now deac11 vatcd . 

05.0, .2003 1e·oo Uhr - 23.59 Uhr 

:.i 18 JO Uhr M;alcolm m,ttendnn. Der 
t< 111e r-Robot er 

c=a 18 4 5 Uhr RTl. at..tue ll 

:::a 18:00 Uhr Utf Spe ?lal: Pop1Urs . Ou ~ 18 4 7 Uhr SAT 1 Wetter 
Duell 

~ 18:25 Uhr Martenhot ~ 1a:eo Uhr St. Angela, Wahr oder unw.1hr 

@ 18:.as Uhr E1n• 1chreckllch netle F amllie. ~ 18.50 unr bhU 
Wo lit der Hund? 

(E..or- 19:00 Uhr h•ut• ~ 18:55 Uhr Malcolm m1ttendrln, lmmer 
\·lteder SonnUg 

cz::a 18:30 Uhr Exclu11v .. DH sn.r--Mag111n o=.a 19 10 Uhr Exp lOIIY • OH Miguln 

~ 18:JO Uhr 18::>0 SAT 1-Nuhr1chten ~ 19 .15 Uhr K 11 . Komml11are Im Elntatt 

Fig. 3. Typical interaction with SMARTK0M-Home (translated from German), part 3. A TV 
show is selected. The video recorder is programmed to record that show, and the TV is 
switched on to a currently running program. The system is set to lean-back mode while the 
user watches TV. 

mounted at a fixed place in the room will not be accepted by people used to remote 
controls, but the constraints of a mobile scenario on device size do not apply either. 
A portable easy-to-use device with a sufficiently large interaction display to allow 
showing several information items (EPG info and device status) and the SMART­
KOM persona Smartakus simultaneously was judged to be the optimal interaction 
device. At the time of the definition project phase (early 2000), the Fujitsu Stylistic 
3500 tablet PC (a full-fledged PC with a touch screen, see Fig. 4) was the best choice 
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- nowadays several s imilar Web pads are available. The device is sufficiently pow­
erful to run the SMARTKOM modules for audio f/0 and display generation locaJly. 

2.2 Applications 

The main applications are the control of consumer electronics (CE) devices and ac­
cess to an EPG. Furthennore, the personal calendar application is used to store and 
retrieve shows to be recorded. For each application a description for the SMARTK0M 
action planning module was created. The action planning module is responsible for 
coordinating/triggering the different modules when necessary. Links between these 
descriptions allow switching from one application description (also termed action 
plan) to another, e.g., if the user indicates in the EPG application that she wants 
to record a certain program with the VCR. This process is transparent for the user, 
but facilitates development and integration of new applications. An important differ­
ence between device control and EPG is the way of interaction. EPG is performed 
in a browsing mode, where information is always displayed, and missing informa­
tion is substituted by meaningful default values (e.g., "today, now" for time, "all" 
for channels and genres). These values are changed and refined during the browsing 
process (Kellner and Portele, 2002). On the other hand, device control needs to have 
all values determined before any action can be carried out. This is in line with tra­
ditional mixed-initiative slot-filling dialogues (Aust et al., I 995). The SMARTK0M 
backbone supports both styles of interaction. Each application has a visual repre­
sentation (see screenshots in Figs. 1-3). The EPG application usually takes the full 
screen (Figs. I and 3), while TV and VCR information are displayed in the bottom 
(see Fig. 3). When delivering user assistance in a metadialogue, the screen changes 
again (Fig. 2). The EPG application supports preferences for genres and channels. 
These preferences, however, are not used as a filter to eliminate hypothetically un­
wanted information, but help to resort the results-preferred items are displayed (or 
spoken in lean-back mode) first. The preference values are extracted by the dynamic 
help component (Streit, 2003) according to emotive user reactions. For instance, if 
information about a thriller is displayed and the user likes it (she says somethlng like 
"fine" or smiles), the preference value for the genre "thriller" is increased. 

2.3 The Function Model 

Since we consider SMARTK0M-Home as a w1ifonn interface to various services and 
devices, all of these are modeled by the function model. This was motivated by the 
fact that users will have complex wishes involving several devices and/or services. 
However, the user should not have to care about which device needs to do what at 
a certain point in time. Therefore the function model fonnally describes the func­
tionalities of all services and devices in the system. The action planner triggers the 
requests to the function model. A planning component within the model generates a 
plan that includes all devices/services needed to fulfill the user wish. Furthennore, 
this plan includes the necessary steps to be taken for each of the applications. A user 
wish could, e.g., be "Record the thriller with Julia Roberts tonight". This involves 
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querying the EPG services for the infonnation needed (in this case channel and start­
ing time) to then program the VCR accordingly. The function model is described in 
more detail in Torge et al. (2002a,b). 

2.4 The Dynamic Lexicon 

Most of the applications in the home scenario are characterized by their highly dy­
namic content. This holds in particular for the EPG, since the TV program changes 
daily or even more frequently. Many modules are affected by this dynamic content. 
The dynamic lexicon handles this dynamic content and serves as a knowledge source 
for those modules that need lexical information. Concretely, these are the speech rec­
ognizer, the prosody recognizer, the speech analysis, and the speech synthesis for 
obvious reasons: Of course the user should be able to speak any name of a show, 
actor etc., genre, time channel and so on when browsing the EPG. These new words 
must be recognizable and interpretable, and also the speech synthesis on the output 
side uses the new words when presenting the EPG search results. It is the task of the 
lexicon to keep track of words that need to be added/removed to/from the lexicon 
when the user request requires this. Words can also be removed from the lexicon 
when not needed any longer. This is important for keeping the speech recognizer's 
vocabulary as small as possible to maintain high speech recognition rates. 

Also, the pronunciations for new words are necessary for the modules named 
above. These are automatically generated by a decision tree-based grapheme-to­
phoneme conversion. Pronunciations are mainly generated for German. However, 
some lexical entries, such as movie titles or actor names, are often not German but 
rather English. As a consequence, English pronunciations are generated simultane­
ously for those entries. 

2.5 Interaction 

The interaction with SMARTKOM-Home is governed by the principle that the user 
should have control over the system. The system is designed more like a butler than 
like an autonomous agent. The user must be able to understand what the system is 
doing, and why it is doing it, and it is one important task of the system to support 
this. 

The home scenario with the tablet PC demands some specific interaction features. 
Most important, users should be able to switch between two modes: 

• The lean-forward mode supports using the display for touch input and visual 
output. This is the "normal" mode for focused interaction with the system. 

• The lean-back mode uses only the acoustic channel (i.e., speech) for input and 
output. This mode is assumed to be used when the user is either not willing 
to leave the sofa and reach for the device, or when only short commands like 
channel switching are necessary. An example corresponding to the second system 
tum of Fig. 1 would be read as: "Some of the broadcasted programs are the news 
show "Tagesschau" on ARD at 12:30, the sitcom "Alles unter eiriem Dach" at 
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12:30, and the news show "Tagesschau" 011 ZDF. also at 12:30. Only a limited 
number of item (currently three) is read. 

Switching between the modes must be initiated by the user. The switch to lean-back 
mode is given via one of several speech commands (e.g., "Go to sleep!"). The lean­
forward mode is turned on either by a speech command (e.g., "Wake up!") or by 
touching the display. The system can suggest a mode switch to lean-forward mode if 
a list with more than three items has to be conveyed to the user. 

Feedback is an important issue in a complex dialogue system (Brennan and Hui­
teen, 1995). Three levels of feedback are distinguished in SMARTK0M-Home, and 
each level has its own modality in the lean-forward mode: 

• System State: The state of the system is conveyed by the Smartakus persona. 
When a user command can be accepted, it makes a listening gesture. Processing 
stages (recognition, analysis, processing, presentation) are symbolized by differ­
ent persona gestures. Thus, the user knows when the system is working (and even 
how long it may take), and when it is ready to accept commands. 

• System Belief: The results of the analysis are presented by speech, e.g., EPG 
constraints ("Here you see this evening's sports shows."), or device states ("The 
TV is now switched to ARD."). Thus, the user can detect misinterpretations. The 
visual presentation also contains information about the system belief, e.g., the 
current constraints in the EPG application. 
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• System Answer: The results of the user query (E PG infonnation, device states) 
are displayed on the screen. 

In the lean-back mode, only spoken feedback is possible. The system state is not 
conveyed to the user, but the other two items are (at least partially for result lists) 
spoken. 

Another issue for complex systems is user assistance. Three cases are considered 
in SMARTKOM-Home: 

• Help: The user can ask for help. Supported questions contain fonnulations like 
"What can I say?" for general help, ' 'Which channe ls/genres/ ... do you know?" 
for the possible EPG constraints, and "Which commands do you know?" for the 
device control. The possible alternatives are then displayed (see central screen­
shot in Fig. 1 ). 

• Problem detection: The system can detect problems during the interaction. 
These problems can be caused by failure to recognize or interpret user input. The 
system then gives assistance by describing current input possibilities (similar to 
the response to "What can I say?"), or by asking for missing infom1ation. 

• Constraining and Relaxing: The EPG database access can lead to no or too 
many results. The system then displays the available infonnation and gives hints 
to constrain or relax the query - it will not do that automatically, because the 
user should remain in control. The same holds for failures during VCR operation 
(e.g. , missing recording media). 

Modality-switching, feedback, and user assistance are designed according to the but­
ler metaphor: the user has control, the system gives assistance. 

3 Integration and Evaluation 

The complete system contains 28 modules communicating via a multiblackboard 
architecture (Klilter et al., 2000). The interface format is an XML dialect which al­
lows using online validation and several XML tools. The modules were developed 
by ten partners and span the whole range from device handlers for audio and dis­
play, recognizers for gestures and speech, analyzers, dialogue, function, lexicon and 
presentation managers, service and hardware interface modules, to generation and 
synthesis modules. The complexity of the system is therefore substantial, and inten­
sive testing and checking against the specifications was performed by the integration 
group at the DFKJ and the scenario managers (Philips and Sony). To avoid a mixture 
of incompatible module versions, fixed integration dates were defined by the system 
group, and several versions of SMARTKOM-Home existed until the final version was 
rolled out. 

3.1 Informal Evaluation of Prerelease Systems 

In the initial phase of the project, the SMARTKOM-Home scenario was specified by 
the scenario managers. Among other things, the scenario specification included: 
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Fig. 5. Workflow of informal evaluations of prerelease SMARTKOM-Home systems 

• Interaction patterns: These patterns define the modalities that can be used to 
interact with the system in various situations. Basic patterns that describe the 
typical task-specific dialogue behavior have been fommlated. For example, for 
the user input speech and pointing gestures are used to interact with the system 
in the lean-forward mode. In the lean-back mode, only speech is enabled as input 
modality. In this mode, audio is the only modality used for system output, while 
in lean-forward mode the screen of the portable touch-screen device is the main 
output device. 

• Applications: A number of applications to be controlled by the SMARTKOM­
Home system have been identified. The unified control of different applications 
by SMARTKOM supports accessing functionality enabled by the interplay of two 
or more applications in an easy and intuitive way. 

Besides the abstract specification, examples of the interactions between user and 
system have been provided. These contained formulations for input and output and 
sketches for the screen output. These examples have been used by the module design­
ers to create first versions of their modules and to generate the required knowledge 
sources (e.g., the grammar templates). 

To build a system for end-user tests, the workflow depicted in Fig. 5 was applied 
by the sites responsible for the SMARTKOM-Home scenario. 

Starting with an initial SMARTKOM-Home system, this system was tested by de­
velopers according to the scenario specifications regarding possible interaction pat­
terns and applications. These interactions were recorded, and the results were eval­
uated against the scenario specification. The robustness of the interaction was also 
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tested: The interaction example provided by the cenario managers and enriched 
by the y tem group defined a minimal ba eline the ystem mu t handle. To obtain a 
robust system, alternative approache to ol ea ta k were al o inve ligated. Other i -
sues during the test were the system stability and performance in tenns of processmg 
speed. 

After ate t pha e, the specification of the cenario wa revised. The updated sce­
nario description was delivered to the project partners to adapt the modules. Interface 
fonnat problems and obvious bugs were directly repo1ted to the responsible partners. 

The system group integrated component that had been updated (i .e., modules 
or knowledge sources) due to the system te ts or due to feature updates into a new 
prerelease system. Based on th.is new system, the te t started again. 

The main difficulties in this workflow arose from the complexity and the distri­
bution of the development over several sites. The complexity stems from the large 
number of modules that had to work together and the large set of functionalities 
specified for the system. The distributed development lead to a significant delay in 
reactions on problem reports and communication overhead. 

The inherently dynamic nature of a dia logue system made it inevitable to perfonn 
online tests. Subsets of the complete systems have been tested in offiine tests to 
ensure stability of the modules. Continuous testing and checking of new versions 
against a given specification proved to be one of the key factors for the success of 
the project. 

3.2 Evaluation Using the PROMISE Framework 

A formal evaluation of an earlier version (SMARTKOM-Home 2.1) had been car­
ried out by project partners from the university of Munich using their PROMIS_E 
framework (Beringer et al., 2002). The evaluation established several problematic 
aspects such as unacceptable system response times that could be resolved by mod­
ule optimization and new hardware. Furthennore, the evaluation resulted in an im­
proved feedback mechanism and optimized module behavior. The current prototype 
has also been subject to a similar evaluation, and an improved performance has been 
observed. 

4 Conclusion 

SMARTKOM-Home is a multimodal assistant for home environments. SMARTKOM­
Home serves as a uniform interface to all service and devices by combining applica­
tions for EPG and device control in a transparent way. The interaction style adheres 
to the principle: the user has control, the system gives assistance. We described par­
ticular requirements for this scenario and how the involved modules take this into 
account. This included a description of the hardware, the function model that jointly 
controls all services and devices, and the dynamic lexicon, which serves as central 
knowledge source for all modules that need to deal with dynamic content such as 
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the e ntries in the EPG data. Also the interaction modes - Jean-forward and lean­

backward mode - that are specific for the home scenario were discussed together 

wi th s trategies for feedback and user assistance. The system was iteratively improved 

by conducting user evaluations, which confinned the importance of feedback and 
user assistance. 
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Summary. This paper presents SMA RTKOM-Mobile, the mobile version of the SMARTKOM 

system. SMA RTKOM-Moblle brings together highly advanced user interaction and mobile 

computing 111 a novel way and allows for ubiquitous access to multidomain infom1ation. 

SMARTKOM-Mobile is device-independent and realizes multimodal interaction in cars and 

on mobile devices such as PDAs. With its siblings, SMARTKOM-Home and SMARTKOM­

Public, it provides intelligent user interfaces for an extremely broad range of scenarios and 

environments. 

1 Introduction 

Novel ensembles of services and interaction paradigms have become available for 

stationary systems and applications. As a result of higher bandwidths for mobile 

networks, increasing computing power in mobile devices, and improvements in dis­

play and 1/0 technologies, it is now possible to make these services and interac­

tion paradigms available on mobile systems. The need to adapt to tiny displays or 

anachronistic protocols like WAP is rapidly diminishing (Rapp et al., 2000), thereby 

causing a transition from thin clients toward thick(er) clients. Interaction via speech 

input can be performed with high-quality audio streams instead of GSM-based ones 

(Haiber et al., 2000). To some extent acoustic as well as graphical rendering is pos­

sible on the mobile device itself or can be executed on a server, and the ensuing 

results can be streamed from the server to the client. Some of the most advanced 

techniques of human-computer interaction can now be ported to the mobile world, 

including natural language interaction, multimodal interfaces, embodied conversa­

tional agents, semantic Web integration, and more (Console et al., 2002; Huang et al., 

2000; Malaka, 2000; Malaka and Zipf, 2000). 

Many other research systems fail in one of the aspects outlined above. They 

are either too narrowly limited to some "toy world" applications (Boualem et al., 

2002), or they have rather limited user interface capabilities (Gurevych et al., 2003a). 

SMARTKOM, however, features a complex system with free speech, multiple do­

mains, symmetric multimodality, and a broad range ofrealistic tasks. 
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ln gent:ral. mobile y terns and their prototype can be c la 1fied in te rm - o r the ir 
realization o f one or more of the aforcmemioncd leveL o r complexit y. For example, 
we find individual prototypes and y tern that allow fo r very o ph1 t icated multi­
modal mput. such a the MATCH 5ys1ern (John ton et al. , 2002) or the Qu ickSet 
sy tem (Oviatt. 1996), which. however, arc e ither limited to a single end-device or a 
single application domain. 

Others such as described by K1i iger et al. (2004) enable seam le device change 
and connectivity but, in tum, are lackmg mteraction and service flexibility. In this 
paper, we describe how- for the first time- a system was developed in which all 
levels of complexity are fused into an operauonal prototype. 

We will show how such a system was adapted and customized from the core 
SMA RTKOM system for mobile use. as sketched in Fig. I . This task 1s by no means 
trivial, as we want to keep the full flexibility along all the aforement ioned levels of 
complexity and also suppo11 mobility-specific aspects in a scalable and intuitive way. 
In particular. we show how the processing of geographical info rmation and mobile 
situation-dependent interaction was integrated in realiz mg the SMARTKOM-Mobile 
system. 

SmartKom System 

service. 
navigation.pedestrian 

______ .,_____________ c=) 
..--.~ device.mobile 

1 

PDA _ ~[ 

Fig. 1. General architecture layout of SMARTKOM-Mobile. The SMARTKOM system is con­
nected through two modules to the mobile infrastructure: ·'service.navigation.pedestrian" and 
"device.mobile". Localization information comes from a GPS module 

However, in this fusion of teclmologies a multitude of mobility-specific aspects 
remain to be solved. In particular mobile applications, such as route planning or 
spatial directions, are inherently different from desktop applications. Mobile archi­
tectures must be suited for the various user interface components involved and must 
support multiple end-devices. For mobile systems context changes more dynamically 
and dramatically than for desktop ones and thus plays a key role. An intelligent mo­
bile interface must therefore take the user's context into account. This context can 
vary from driving or walking to perfom1ing several tasks concurrently. 
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Thi paper mtroduce SMARTKOM-Mobile. It is the mobile version of the 
SMA RTKO I sy tern (Wahls ter et al. , 2001 ), a novel multimodal and multidomain 
dialogue ystem. SMARTKOM-Mobile enables the user to interact with the system 
while dri ing a car as well as while walking around, the pedestrian case, using dif­
ferent mo bi le devices, interfaces, and modalities. In one case, the built-in screen 
of the navigati on sy tern and the audio system of the car serve as SMARTKOM end­
devices, while in the pedestrian case the user cooperates with SMA RTKOM through a 
handheld computer. We show how such a complex interactive system can be adapted 
to create a full-fledged mobile system. For comparing mobile systems, we propose at 
lea t three distinct di men ions of complexity: 

I. s ing le system and device versus heterogeneous and seamless system/device in­
tegration 

2 . s ing le static appl ication versus multiple internal and external service integration 
3. s ingle-mode, reactive, and controlled interaction versus intuitive, proactive, and 

conversational multimodal interaction. 

A system that does not fall short along any of these dimensions of complexity can, 
in our opinion, be considered a full-fledged mobile system. 

In this paper we will introduce the ontology-driven interactions with and within 
SMARTKOM-Mobile, the mobile services, and the mobile system architecture. There­
after, we will describe how the system is implemented and present first evaluation 
results. 

2 Mobile Semantic Integration 

One of the key factors in realizing a robust multidomain system is the use of an exten­
sible ontology that consists of a domain-independent top-level and process ontology 
that is combined with multiple specialized domain ontologies. These domain ontolo­
gies capt11re the domain-specific knowledge necessary for representing the domains 
covered by the individual SMARTKOM scenarios. This ontology is used in two ways: 

1. for inference tasks involved in understanding, analyzing, and responding to user 
requests (Gurevych et al., 2003c) 

2. for generating interface specifications for all the SMARTKOM core components 
(Gurevych et al., 2003b). 

This approach allows a consistent extensible and unified knowledge repository. In 
contrast to many other systems, it comes with an advanced interface technology to­
gether with a broad range of application tasks. 

For the integration of multidomain services and the mobile interaction described 
above into a multimodal dialogue system, it is necessary to represent ail infonnation 
and tasks in an abstract and amodal way. For this, a system-wide ontology is used 
to represent infonnation on all respective domains (Gurevych et al., 2003c). The 
ontology is organized in a top-level ontology that foJlows the modeling principles 
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I 
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outlined in Romer et al. (200 l ), a domain-independent process model that follows 
the frame semantic analyses described in Baker et al. ( 1998), and a number of subon­
tologies for the domain- and task-specific elements. The resultingjoint ontology uses 
domain- and task-independent concepts for general top-level concepts such a types 
or ro les and processes such as Morio11DirecredTrc111slirerared for representing both 
the user's wish to be guided to a specific place as well as for the system' incremen­
tal responses. The subontologies refine top-level concepts down to route segments, 
spatial relations, electronic devices, or the Heidelberg Castle. 

The ontology is used for a number of tasks within the system, e.g.: 

l. Scoring coherence of speech recognition hypothesis (Engel, 2002): The ontology 
allows for the identification of the most coherent speech recognition hypothesis, 
thus increasing recognition reliability even under adverse acoustic conditions. 

2. Multimodal fusion (Wahlster, 2002): Ontological knowledge is the basis for mul­
timodal disambiguation, e.g., in the case of pointing gestures on a displayed map, 
the ontology-driven representation of the accompanying speech input helps to 
identify the intent of the pen input. 

3. Basis for interface specification (Herzog et al. , 2003): The interface specifica­
tion for all multimodal processing modules is fomrnlated on top of the amodal 
representation of relevant objects, processes, and categories. 

4. Speech interpretation (Engel, 2002): For interpreting and intentional analysis 
of utterances the ontology provides the necessary knowledge base for making 
inferences and allows for underspecification. 

S. Dialogue and discourse management (Pfleger et al., 2002): Complex tasks are 
also modeled as processes within the ontology. They are then, in tum, used to 
manage dialogue context. 

For modeling the additional domains necessary for the mobile scenario, we added 
concepts for space, tourism, and navigation to the ontology. This domain-specific 
ontological modeling was based on the existing ontology of Deep Map and ontolo­
gies that have already been proposed for geographical objects (Malaka and Zipf, 
2000; Zipf and Kruger, 200 l ). For the SMARTKOM-specific mobile interactions, no 
additional processes had to be modeled since user interactions such as navigation re­
quests, tour planning, sight information, or map interaction could already be captured 
by the domain-independent process model of the SMARTKOM core system. 

The semantic bridge from the SMARTKOM world to external agent ontologies 
in Deep Map or that of Web services supplying topical information is realized in the 
SMARTKOM module "navigation. pedestrian," which translates between internal and 
external worlds. The abstract modeling of the mobile SMARTKOM domain allows for 
a seamless integration of a variety of internal and external services into the SMART­
KoM-Mobile system. 

As with the other domains Public and Home, language interpretation, multimodal 
disambiguation, action planning, multimodal presentations, and dialogue manage­
ment are based on a homogeneous ontological model. Since the ontology is used 
systemwide, it also allows for mobility-related requests in the other scenarios, i.e., 
users at home can also plan a route to a city, request information on sights, or interact 
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wi th a map. Additionally, the ontology, which is fonnulated in DAML/OIL, can be 
u ed a the basis for me sage contents in SMARTK0M, and, in fact, the SMARTK0M 
tool O IL2XSD trans lates concepts from the ontology into M3L schemata (Gurevych 
et a l. , 2003 b). This a llows for a consistent way of defining message fonnats that can 
then be further interpreted and analyzed with the ontology. 

3 Mobile Services 

In order to build a flexible, user-, and context-adaptive mobile system, one has to 
take into account a model of the user, the environment, and the interaction between 
them on the basis of a common ontology. The SMARTK0M-Mobile system realizes 
such a system by using an agent-based approach that implements intelligent agents 
that are capable of dealing with positioning, spatial cognition, and contextual infor­
mation. The agent system incorporates these aspects by using an overall ontology 
that encodes the environment model as well as the interaction with the user. This 
way the system tries to react to user requests in an autonomous, independent, and 
context-aware way (Porzel and Gurevych, 2002), while taking into account the user 
preferences and certain conditions of a given situation or location. 

In SMARTKOM-Mobile, we integrated such a multiagent system for intelligent 
location-based services for the tourism domain. The Deep Map multiagent system 
provides a number of location-based services for the city of Heidelberg (Malaka and 
Zipf, 2000) realized as intelligent agents. Deep Map was developed using a FIPA­
based agent platforn1, Resource-Aware Java Agents (RAJA), that is built on top of 
Ff PA-OS (Ding et al. , 2001). 

Figure 2 gives an overview of the integration of Deep Map into the SMARTK0M­
Mobile system via the navigation.pedestrian module. It also illustrates the interaction 
between both systems and the involved agents. Both systems have their own respec­
tive communication language. In SMARTK0M all content in intercomponent com­
munication is encoded as M3L messages. In Deep Map, messages are encoded in 
an agent communication language (ACL), where content objects are represented as 
Deep Map Objects (DMO). Both M3L and DMO are defined by their respective on­
tologies. The SMARTK0M Deep Map bridge translates between both systems, while 
the "navigation.pedestrian" control agent (NCA) manages the individual pedestrian 
navigation sessions. The other agents withjn the Deep Map system are: 

• SpaCE is an agent for a number of spatial cognitive tasks such as interactive 
knowledge acquisition, localization, route management, and more (Kray and 
Porzel, 2000). The agent is able to divide a route into segments that are to be 
verbalized in navigation instructions. This segmentation has to be computed ac­
cording to features of the route such as landmarks, and turning points, and not 
just distance (Johnston et al., 2002). SpaCE makes use of a set of low-level ser­
vices provided by the other agents. 

• The GPS agent, for example, is needed by SpaCE to get the current user position 
or to be informed when the user enters or leaves a certain region or location 
(region or time triggering). 
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SmartKom - OeepMap - Bridge r----------------- ------- -- ------ - ------- - --, 
I ~~M~ I SmartKom 

.- - - - - - - - - - - - - - - -
M3L 1 SmartKom-Module 

service. 
navigation.pedestrian 

• NCA (Navigation pedestrian Control Agent) 
• SpaCE (Spatial Cognition Engine) Agent 
• GIS Agent 
• Tour Agent 
• TouristBase Agent 
• GPS Agent 
• ACC (Agent Communication Channel) 
• AMS (Agent Management System) 
• OF (Directory Facilitator) 
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Tourist 
Base 
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GIS 

MAP 

RAJA 0GB OF AMS ACC 
FIPA-OS 

------------- -----------

I 

Fig. 2. SMARTK0M Deep Map multiagent system integration. The multiagent system 
RAJNFIAP-OS consists of the core components DF. AMS and ACC, which are responsible 
for agent communication. management, and service di scovery, respectively 

• The tour agent is a flexible tour planner that optimizes a tour for a given number 
of sights, time, and other parameters, while calculating user-adapted tours (Joest 
and Stille, 2002). 

• The GlS agent allows access to geospatial information and allows for geospatial 
querying, distance measurement, and visibility analysis for real-world objects. 

• The map agent generates maps for the pedestrian environment and thus allows 
free map interaction. 

Together, these agents constitute a multilayer GIS that contains the topology of the 
street network, the geometry of buildings, and other spatial objects as well as geo­
referenced objects cum touristic infom1ation that can be subject to user interactions. 

As described above, Deep Map provides SMARTKOM with the essential knowl­
edge and reasoning capabilities for realizing mobile and location-based services, 
which are fused with the SMARTKOM system and services. In the following we will 
show what kinds of services are realized and how the involved ontologies support 
the creation of flexible and intelligent mobile user interfaces. 

The SMARTKOM-Mobile system differs from the other two scenarios through its 
support of mobile context-dependent domains and applications. The two main ap­
plications in SMARTKOM-Mobile are route planning and spatial navigation. These 
applications are specific for a mobile environment and are very suitable for develop­
ing and testing multimodal interaction. 
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,nee both app lication have a spa tial context, interactive maps are offered to 

the u e r not on ly to g ive her an orientation but also as a means to talk about and 

refer to pa tial o bJects. There fore a central base application for ' map interaction' 
wa reali zed (Hauf31er and Zipf, 2003). The interactions with maps can be divided 
llll O: 

I . lnfo1111a tive map interactions: The map can be used to identify or select objects 

and to request information about them. The map itself is not manipulated. 

2. Manipulative map interact ions: Map interactions with the intention to manip­

ulate the map it elf. It can be distinguished between map navigation (pan and 

zoom), where only the extent of the visible area is changed, and interactions 

where the content of the map is changed, e.g., by displaying additional objects 

or hiding other . 

. • - cu.-.•o-1u ., J • ,.. {IJ, .. , ,-.~111 O J . • (" CUMi',,'J(J o •~ 

I . ,- I . 
i: .. --...\ j 

' -~-®'-

Fig. 3. The use of dynamic maps in the application ·•route planning"' (from left to right): Avatar 

"Smartakus" presents a street map of Heidelberg. After the user has selected the start and 

destination points for her sightseeing tour, the computed path is presented on the map. For a 

better orientation, the user may interact with the map again by giving commands like "zoom 

out" 

To make the described map interactions possible, the SMARTKOM system has to 

know about the content of the currently displayed map. Thus the "no presentation 

without representation" paradigm (Wahlster et al., l 991) needs to be fully realized 

for this application. An image as provided by usual map services is insufficient -

a semantic description of every generated map is required. We have modeled the 

description of a map in M3L. The map agent answers every map request from the 

SM A RT Ko M system with an image plus semantic description of this map. This de­

scription contains general infonnation like map size and geocoordinates of the map's 

bounding box as well as information about the displayed objects like buildings, etc. 

Therefore other SMARTKOM modules get all the information that is necessary to 
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make these objects themselves part of the forther dialogue: names, ident ifiers and 
types of the objects. their position, and the display style of an object (e.g ., green 
route, blue route). An example for the use of dynamic maps is shown in Fig. 3. 

The next application for the SMARTKOM-Mobile system is the pedestrian navi­
gation system with incremental tour guidance support. For route planning in the car, a 
commercial system was integrated. The pedestTian system differs in many ways. For 
actual navigational instructions, the route is segmented into "cognitively' '-reasonable 
chunks (Johnston et al., 2002). The GPS can now track the user, and, depending on 
the relative location of the user to the actual route segment, the system will proac­
tively start interacting with the user. It should be noted that a route instruction is a 
very unique user interaction within this system. Most tasks in SMARTKOM can be 
accomplished in only a few dialogue turns and take only a few minutes. A whole 
navigation or walk through a city can take up to several hours. Moreover, system 
initiative can be triggered by external/context changes. 

Fig. 4. Route segmentation and instructions. Left: SMARTKOM display with dynamica11y gen­
erated map, interface agent, and arrows indicating route direction. Right: Segmented route and 
trigger regions. Two regions around the active route indicate the valid and the egression region. 
The next route segment's valid region is also shown 

The basic interaction of the navigation system, however, is always related to route 
segments. The system assumes that the user wants to follow the actual route segment 
and computes a corridor around this segment which is the "valid region" for the 
user's location (Fig. 4). As long as the GPS indicates that the user stays within this 
region, no action is initiated. When the user leaves the valid region of a segment and 
enters the next valid region of the next segment, the system will request a naviga­
tional instruction from Deep Map. The SpaCE agent generates a preverbal message 
that includes the route segment, landmarks, and necessary user actions such as to 
tum right or left, for example. While SpaCE controls the spatial context of the user 
and detects changes concerning the environment, the NCA controls the whole pedes­
trian navigation session and provides SMARTKOM-Mobile with the needed M3L re-
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sponse messages, i.e., maps, preverbal navigation instructions, or textual descriptions 
of obJects, about which the user is infom1ed. The NCA translates between the agent 
syste m 's ACL representation and SMARTKOM's multimodal markup language. 

In the described example, the preverbal message is sent to SMARTKOM and 
translated into a natural language generation request that, in turn, results in an ut­
terance of the embodied character representing SMART KOM (Muller et al. , 2002). 
While the SMARTKOM system allows for English and German as interaction lan­
guages, the preverbal messages have also been employed for the generation of 
Japanese instmctions in the Deep Map framework (Kray and Porzel, 2000). With 
this instmction, an update of the map with an arrow indicating the direction of the 
navigational instmction - relative to the direction from which the user is coming -
is generated. Together w ith the user's position and sights in the vicinity, this is sent 
to the presentation management components of SMARTKOM. 

For each route segment an "egression region" is calculated that surrounds the 
valid region (Fig. 4). If the user leaves the valid region and enters an egression re­
gion, Deep Map proactively notifies SMARTKOM and suggests either a redirection 
or a recalculation of the tour. If a simple redirection can lead the pedestrian easily 
back to the route, SMARTKOM will generate an instruction to go back to the precal­
culated tour. Again, this is done on the basis of preverbal messages from the navi­
gation.pedestrian subsystem. If the user is already too far off the route, a dynamic 
recalculation of the tour is done and new route instructions lead the user to her goal. 

A third proactive behavior occurs when a user enters the vicinity of an interest­
ing sight. SMARTKOM then generates a message that there is a sight and offers to 
present more information. The user may also decide to request information on ob­
jects directly by asking SMARTKOM. This can be done by language requests only, 
e.g., "Give me more information on St. Peter's Church," or by multimodal interac­
tion using pen input on the map with a pointing gesture and an utterance like, " I want 
more infom1ation on this." 

Since all map infonnation is semantically available (and not just rendered as 
pixel images), it can be used in SMARTKOM and deictic gestures on the display 
can be resolved (Gurevych et al., 2003c; Hau/31er and Zipf, 2003). The names of 
locations labeled on a map are extracted from a generic description of the map by 
the action planner ( dialogue manager) and used for updating the dynamic lexicon 
(Rapp et al., 2000). This enables the system to recognize and resolve user input 
with spoken references to locations and to synthesize speech output, including these 
novel location names. Thus, the mobile SMARTKOM system can make full use of the 
multimodal processing capabilities of SMARTKOM. 

4 Mobile Infrastructure 

The mobile SMARTKOM system has to face a number of challenges. They can be 
classified into those related to resources, those related to services, and those related 
to interaction. The resource challenges arise as a result of SMARTKOM's complexity. 
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As described above, more than 40 software components are combined in a multi­
blackboard architecture. The prototype system needs at least two high-end PCs for 
acceptable perfonnance (Herzog et al., 2003; Wahlster, 2003 ). However. this does 
not constitute a major restnction for future application of this technology, consider­
ing the rapid developments regarding the computing power in mobile devices. Ad­
ditionally, new wireless broadband networks such as third-generation cellular con­
nections (e.g., UMTS) or wireless local area networks (WLAN) make it possible to 
distribute software components that are based on such a multiblackboard arcl1itecture 
onto multiple machines and to connect the end-devices through a wireless nel:\vork. 

The goal of the SMARTKOM-Mobile research framework, however, goes beyond 
porting the system to just one mobile setup and using a mobile tem1inal instead of 
a PC screen. The mobile SMARTKOM system should instead implement ubiquitous 
infom1ation access to the SMARTKOM services through any device. The user, in 
turn, should be able to decide which device she wants to interact with. In our ex­
periments and implementations, we prototypically focused on the inforn1ation tech­
nologies (lT) infrastructure typically found in modern cars - such as the display of 
a car navigation system, microphone array for free speech input, and audio system 
- as one setup, and a handheld computer such as a personal digital assistant (PDA) 
as a second setup. The management of these multiple devices is implemented in a 
SMARTKOM module called "device.mobile," sketched in Fig. 5 and described below. 

device 
mobll 

SmartKom incl. 'device.mobile' 

Wireless 
LAN 

mobile devices with docking clients 

Fig. S. Setup of the "device.mobile'' docking mechanism for SMARTKOM-Mobile 

For the integration of end-devices, it is not sufficient to think of one particular 
device but rather of a personal lT infrastructure owned by the user that can be used 
in multiple combinations. In order to realize such ubiquitous computing in SMART­
KOM, we want to support the user with her own devices. In particular, in situations 
where multiple devices are available, the user has the final decision regarding which 
device to use. For instance, in the car a user can either use the built-in screen for 
visual system output and the microphones for speech input, or she may decide to use 
her PDA. This could be useful, for instance, because of more convenient peninput 
with the PDA when the car is parked. It should, however, be noted that it would in 
principle be possible to serve multiple devices concurrently. 
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In order to a ll ow max imal flex ibi lity, we real ized the device.mobile module as 
a device broker (Fig . 5). It has two components. One is rhe SMART K OM module 
tha t resides on the SMA RTKOM system. On each potential client, a docking client 
component establi hes the connection to the S MARTK OM system via a WLAN. In 
pr111c1ple, it can upport a ny number and type of mobile device. Within the mobile 
scenario support for fou r d iITerent client devices has been developed, namely PDA 
(Compaq IPAQ), test and simulation clients, and a c lient for the onboard computer 
of a lest ca r. With these inherently different client types it is neccessary to abstract 
from the specific hardware by a c lient-specific connection software. 

The device.mobile modu le is des igned to support the user in her mobile activities 
wi th as little d isruption as possible. This includes the seamless transition from one 
mobi le device to another. For example, the user might travel in a car using the built­
in display, speaker , and microphone to communicate with the S MARTKOM system 
in order to have a trip planned. When the user arrives at her destination she can pick 
up her P DA, leave the car, and the SMART K OM display will " follow" her to the new 
mobile device. In order fo r this to be possible, the physical connections between the 
SMARTKOM system and the end user device have to be managed and the specific 
mobile device's capabilities must be communicated to the S MARTKOM system. 

Mobilefunctfon -

XMLSI.egend 

--@EJ3- choice 

systemAudloP•r•meter 

, . ~ .ipAdd;; ~~-:• 
- - _; ·------- · ---- -'.J 
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Fig. 6. Model of mobile devices with their specific capabilities expressed in M3L schema 

It is therefore necessary to model the display and audio input and output capa­
bilities and the parameters for establishing and maintaining the display and audio 
connections. As with other domains within the SMARTKOM system, this model is 
expressed as part of M3L. The relevant portion of the schema is displayed in Fig. 6. 
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4.1 l\1odeling l\1ultimodality for l\ilobilc Devices 

Apart from the management of physical connections for display and audio data. it is 
necessary to model the input and output capabilities of the devices on a more gen­
eral and abstract level. For a multimodal dialogue system such as SMARTKOM. the 
explicit modeling of supported modalities and their combmations is very important. 
\Vhen the system is aware of the modalities both for input and output of the current 
active device it can adjust the presentation and its communicative goals to the exist­
ing infrastructure. This is especially important since mobile devices can change fre­
quently, requiring constant adaptation of the dialogue to the new situation. Through 
this mechanism of device abstraction. the system can adapt the output and rendering 
as well as input and dialogue behavior. This constitutes a necessary step in realizing 
a framework for a flexible multimodal human- machine interaction in mobile envi­
ronments (Buhler et al., 2002). Device- and content-dependent interfaces can then be 
build upon such a setup (Elting et al., 2002). 

Whenever the mobile device of the SMARTKOM system changes, the device 
management device.mobile module checks the multimodal capabilities of the new 
device and communicates these to the suitable SMARTKOM communication pool in 
order to enable other modules such as the presentation platming or display modules 
to use this information. The supported modalities are speech, gesture, mimic, audio, 
graphics, and persona. Of course, not all modalities are physically identical for input 
and output devices. For example, the "persona" which represents the life-like char­
acter Smartakus is only a virtual entity serving as output modality as compared to the 
physical entity of the user on the input side. Characteristics of special mobile devices 
as well as typical usage situations may impose further restrictions on modalities. An 
example is the situation in a moving car where the user should not be distracted too 
much and also should not user her hands for pen input. 

4.2 User-Driven and System-Driven Activation of Mobile Devices 

In order for a multimodal mobile system to be truly flexible it must be able to cope 
with a number of situations that arise from the special properties of mobile devices 
and the interaction with these devices. We discovered the following requirements for 
the handling of mobile devices within the SMARTKOM system: 

1. Mobile devices must be discovered automatically. 
2. The system must keep track of all mobile devices. 
3. If a mobile device gets lost the system must be aware of this. 
4. The user should be able to explicitly switch from the currently active device to 

one of the waiting devices (user-driven activation). 
5. If the currently active device becomes unavailable, e.g., due to connection prob­

lems, one of the waiting devices should become the new active device (system­
driven activation). 

The device.mobile module was developed to meet these requirements. The correct 
implementation of this behavior could be successfully demonstrated. This is espe-

Page 1077 of 1206



Smart Korn-Mobile 

1 Start of SmartKom system 

2 
Registratio11 of device PDA ------ ,:, 

3 
Turning on of hardware CAR ~ [OJ 

4 
Registration of device CAR ~---.. DJ 

5 User-initiated Activation of #~l~ l 0 CAR 

6 Loss of active device # fS 0 (connection problem) 

7 System-driven Activation of # Cf waiting device 

Fig. 7. Typical mobile device scenario with user- and system-driven device change 

cially important for supporting the seamless transition between pedestrian and au­
tomotive use of the SMARTKOM system. A typical scenario including user- and 
system-driven change of device is depicted in Fig. 7. 

This general setup of the SMARTKOM controls also enables future additions for 
using multiple devices at the same time and to mix input and output channels, e.g., 
using audio input from the free speech microphone array in the car while using thf 
display of a handheld PDA. 

S Implementation and Evaluation 

The SMARTKOM-Mobile system has been implemented and tested in a prototypical 
setting. We realized several variants of the system. For testing with mobile pedes­
trians in a city, SMARTKOM runs on two laptops. As a handheld device, we used 
a Compaq iPAQ H3660. The GPS is a Garmin eTrex system. We connected the 
PDA using WLAN (ad hoc mode) to one laptop running LfNUX with two network 
adapters, one for connecting the Windows laptop and one for the WLAN connec­
tion. For the setup in the car, the PCs are located in the trunk. The pedestrian can 
either take the laptops in a backpack or another person carries them. An alternative 
is setting up enough WLAN access points in the test area. 

Using this configuration, we tested the systems in a number of trials through 
Heidelberg. In the current configuration, performance is still one of the biggest prob­
lems. However, this can be remedied using more powerful high-end computers. Due 
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to the fact that interaction tum in the pede trian cenano arc rather infrequent, the 
perfonnance wa generally perceived a uffic ient. 

The first trial with the sy tern a l o hewed that in noi y environment , the PDA 
speakers are only u able to a limited extent becau e the peaker volume i 111 uf­
ficient . However, thi problem wa remedied by u ing earphone . In many nan-ow 
alleys in the old town of Heidelberg, the po itioning u mg GP i problematic be­
cau e of mis ing contact to a ufficient number of atell ite . Hm ever, uch problem 
can be fixed using more ad anced dead-reckoning algorithm . 

In general the integration phase of M RTKOM-Mobile hewed that it i a big 
challenge to integrate such a sy tem, and often the A I- loaded component are not 
the bottleneck but rather technical component uch a GP or WL N that are not 
available in all situations. However, we think it i worthwhile to continue the effort 
of bringing the system into the treet becau e realist ic e aluation en ironment are 
needed for fmther research and development. 

As the SMARTKOM system combines the intui tive interaction paradigm ofmulti­
modal user input and output with aspects of mobile in fom1ation system , it is crucial 
to evaluate under which user contexts such multimodal interaction is more suitable 
than existing alternatives. Recently we conducted an evaluation o f the SMARTKOM­
Mobile system under laboratory conditions in order to address this question (among 
others). 
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Fig. 8. Rating of multimodal interaction in different tasks. This interaction was compared to 
the best method a user knows to perform the specific task, e.g. , printed map or tour guide 

During the study the participants had to perform three different tasks. At first 
they had to interact with a map of the city of Heidelberg, including panning and 
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zooming . I\ fterwJrd they had to request infonnation about famous sights, and last 
they had to reques t a tour from a start location to an end location. These entire tasks 
had to be performed via rnult imoda l mteraction including speech input and pointing 
ge ture . After each ta k the participants had to name the best method they know 
to perfo1111 the specific ta k, for example, usmg a printed map or a Web-mapping 
e lution. Furthermore, they had to compare the perfonned method with the method 

they mentioned in di fferent s ituations, e.g., alone or with friends. walking, or sitting 
in a ca fe. 

The results (see Fig. 8) showed tha t multimodal interaction is rated better than 
any named method If the user is alone ( except for the situation when the user is using 
public transportation). Also, multimodal interaction is generally more accepted for 
more complex tasks like tour planning than for easier ones such as map interaction 
or s ight in fonnation. 

6 Conclusion 

In this paper, we presented the mobile SMA RTK0M system. SMARTK0M-Mobile 
represents a new generation of systems for mobile multi modal user interaction, com­
bining three so far disjoint levels of complexity. It realizes these new levels of com­
plexity by integrating many tasks from multiple domains into a single dialogue sys­
tem and allowing users to interact in a variety of scenarios using heterogeneous de­
vices. Our mobile architecture fuses mobile services and devices together with novel 
interaction paradigms that enable a user to conduct an uninterrupted multimodal di­
a logue even while changing devices, e.g., from cars to PDAs. 

SMARTKOM-Mobile can be used witJ1 different display, audio, and deictic de­
vices. For this, the content is adapted to each situation and device configuration. 
Therefore, the system needs to adapt to the dynamic mobile situation of the user, 
e .g., position, topic, activity. Consequently, the integration of a multiagent system 
was developed in order to deal with location and context-awareness. This system 
provides the user with .flexible location-based services. Through the semantic mod­
eling of geographical content, it is possible that users can also communicate about 
their spatial environment with the system. 

The next steps will be dedicated to user evaluations. The system enables us to 
evaluate all tasks either in the old town of Heidelberg with mobile users or (feasible 
for speci fic questions) in laboratory conditions. In contrast to many other systems, 
we are now able to evaluate a complex system with real-world data. 

Besides those questions relating to human factors of the system, a number of 
technological questions remain. For instance, network access is still a big bottleneck 
in public spaces. On the one hand, commercial networks such as UMTS are still not 
available; on the other hand, private networks like WLAN have become so popular 
that we encountered " frequency pollution'' in some spots. 

With the fusion of the described systems, services, and semantics we set the basis 
for ubiquitous interaction with a personal IT infrastructure. The system allows inter­
actions with potentially arbitrary devices in the user's environment. If we extend this 
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vision to "ambient intelligence" and multiuser scenarios, the system will need a kind 
of presentation planning wherein SMARTKOM cooperates with the users through the 
env1romnent. 

The focus of this paper was to present the architecture and concepts of the 
SMARTKOM-Mobile system. Many aspects could, therefore, not be discussed in de­
tail. One of the biggest advances of SMARTKOM-Mobile is not a single new technol­
ogy or algorithm but the fusion of a multitude of intelligent user interface methods, 
services, and devices into a single mobile system. In order to do so, many research 
questions had to be solved, but also a great deal of engineering had to be performed. 
The result is a highly complex research prototype that allows for user studies which 
so far have only been possible in Wizard-of-Oz studies. 
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Summary. People tend to spend an increasing amount of time in their cars and therefore 
desire high comfort, safety, and efficiency in that environment. A large variety of electronic 
devices has been made avai lable to meet these requirements in the vehicle. These electronic 
devices should allow for speech interaction in order to minimize driver distraction and to 
maximize driver comfort. 

This contribution studies the user requirements for potential assistant functionalities op-
erated by speech in the car. The architecture is of the dialogue system is defined based on the ) 
user requirements study. Speech dialogues were designed according to state-of-the-art prin-
ciples of human machine interaction for the functionalities desired by the users. Results and .' 
ideas for future work conclude this contribution. 

1 Introduction 

People spend an increasing amount of time in mobile environments, notably in their 
cars, and want to make that time as enjoyable and productive as possible. Therefore, 
a large variety of electronic devices has been made available in the vehicle for com­
fort, ease of driving, entertainment, and communications. All these systems require 
a rather complex human-machine interaction. 

Since driver distraction can become a significant problem, highly efficient human­
machine interfaces are required. In order to meet both comfort and safety require­
ments, new technologies need to be introduced into the car, enabling drivers to in­
teract with onboard systems and services in an easy, risk-free way. Underuably, spo­
ken language dialogue systems considerably improve safety and user-friendliness of 
human-machine interfaces (Gartner et al., 200 I; Green, 2000; Minker et al., 2003). 

More recently, multimodal recognition and knowledge processing techruques 
have rapidly grown, enabling their use in mobile environments. A user requirement 
study has revealed that certain driving assistant functionalities, such as navigation 
and infonnation services, are highly appreciated by potential mobile users. Multi­
modal operations may not only be performed in the car environment, but also by 
pedestrians. A theoretical discussion will analyze the interaction modalities (speech, 

' I 
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gesture, mimics). which are suited for both environments. After a presentation of 
the concept11al frarnework. we will discuss the technical realization of the mobile 
services and propose a well-adapted system architecture. In order to adapt the inter­
action to human habits and to render it as natural and efficient as possible. we will 
analyze the most important principles and guidelines in dialogue design. All these 
definitions, including the different mobile environments, the interaction modalities, 
the system architecture, and the dialogue design principles, will fonn the basis for 
specifying and implementing the services required by the potential users of these 
multimodal interfaces. The conclusion and outlook section of this chapter summa­
rizes the results and proposes some ideas for future work in this area. 

2 User Requirement Studies 

A user study on mobile speech-operated services was perfonned at DaimlerChrysler 
Research and Technology. It was aimed at defining applications (services) for the 
SMARTKOM-Mobile environments, which may be of interest for potential users and 
should be realizable with state-of-the-art technology. Further important issues have 
been discussed: 

1. Which prospective human-machine interaction modalities will enable the use of 
new approaches to access and process information? 

2. Which applications are expected to emerge first on the market? 
3. Which new possibilities to exchange and process information may be exploited 

in the different applications and environments? 
4. Which information and interaction modality will be preferred by the potential 

user? 
5. How may the different SMARTKOM applications be combined? 
6. Which databases and background intelligence processing are required for a par­

ticular application? 
7. How may background knowledge be exploited to design interaction modalities 

that are as natural as possible? 
8. How may communication and information processing be efficiently combined? 
9. Which modular concepts need to be considered in order to realize the different 

applications in one generic SMARTKOM device? 

The user requirement studies should allow us to combine the effective pursuit 
of technical concepts with an ingenious strategy of their introduction in the mar­
ket. Therefore the study focused on three main points: technological trends, busi­
ness models, and applications. In order to make reliable predictions about emerging 
technological trends and user behavior (the years 2005- 2010 were considered), it is 
necessary to define target groups. Such groups maybe classified by age/life phase, 
income, and education. The following groups were identified as potential users for 
the SMARTKOM services: 

1. Early adaptors and fun seekers: young (16-24 years), enthusiastic about tech­
nologies 
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2. High flyers: focused on career and conscious about communication styles 
3. Family managers: modem middle class, practically-oriented consumers 
4. Conservative, highly educated elderly people 

The volume market (late followers), which will, among others, also be composed 
of these four groups, will develop with a certain delay. Using a user acceptance ques­
tionnaire we found that among a large number of services, the following were the 
most desired ones: mobile phone, emergency calls, dynamic route planning, parking 
place reservation, and health check. 

The most important predictions of this study will be grouped in four main areas: 
future interaction modalities, financial aspects, data security, and personalization. 
The findings for each of these areas are summarized in the following. 

2.1 Emerging Interaction Modalities (Speech, Gesture, Mimics) 

1. Preserving privacy will play an important role in the use of mobile devices. The 
operation of the devices by speech in public places may be affected by this issue. 
Mobile phone conversations in the subway are, for instance, outlawed in Japan. 
Speech input with close microphone seems to be Jess suited for public use. 

2. Cars will be important carriers for speech technology due to safety aspects in 
operating complex services while driving. 

3. The input modalities gesture and mimics are considered science fiction, since a 
camera observing the driver might lead to acceptance problems. 

4. The tolerance of errors will be pretty low in all groups. While input errors us­
ing the keyboard are usually considered as personal mistakes, the system will 
be blamed for input errors using speech operation in most cases. Younger user 
groups will be more tolerant than older ones. 

2.2 Financial Aspects 

l . A strong downward pressure of prices is expected in telematics services. 
2. Financing models: 

a) Subscription fees: like I-Mode in Japan, about 3 euro per month. 
b) OnStar model by General Motors (telematics services): monthly charges of 

US$ 15, 1 million customers. 
c) The type of the mobile device plays a significant role. 

2.3 Data Security: 

l . High user requirements ( comparable with elk test for cars). 
2. Mistrust toward stored information will be increased if the user requirements are 

ignored. 
3. A process of getting used to operating the services is expected. 
4. Trusted suppliers will be certified. 
5. Permanent biometric access control will oblige the security needs. 
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2.4 Personalization 

l. A critical attitude of elderly users is expected. 
2. Users will require some influence on the level of personalization. 
3. Personalization may help to overcome weaknesses of the system. 
4. Users might not be willing to explicitly indicate their preferences. 
5. Even slightly negative experiences with the system will create a negative user 

attitude against the device and the technology. 

3 Concept of Functionality for Mobile Use 

Today's users of mobile devices expect to have access to data and services in the 
car. The large differences in development and life cycles of cars and communication 
devices have so far prevented the establishment of a standard for the majo1ity of 
mobile devices. State-of-the-art solutions either only serve some customer groups 
(like adaptors for mobile phones) or they do not offer complete functionality when 
used in the car. 

The car manufacturers develop proprietary infotainment systems with high ef­
fort. The components of this type of system are designed and developed particularly 
for in-car use. These integrated solutions have so far overcome the external solu­
tions due to a more comfortable operation. But they are restricted to a very small 
number of services, like navigation, and operation of the audio system and the tele­
phone. Meanwhile, all car manufacturers offer solutions based on a central display 
and several operation elements (buttons). In-car telephony has pushed the integration 
of particular audio hardware, like microphones, amplifiers, and noise cancellation 
techniques. 

The future scenario represented in SMARTKOM-Mobile aims at combining the 
advantages of a hardware particularly adapted to car environments and the flexibil­
ity and large variety of services available for mobile devices. The communication 
system logically and physically runs on the mobile device, while the car provides 
a particular hardware for input and output operations. The driver benefits from the 
larger and better situated in-car display and the improved audio input and output 
functionalities provided by the adapted microphones and the sound system in the 
car. The GPS data received from the car may potentially be used in combination 
with car data like velocity and steering angle. 

In the user requirement studies we found that the different SMARTKOM services 
need to be combined in many situations in order to solve a task in a scenario (like 
calendar and route planning). A higher-level knowledge source is required to com­
bine the services and to coordinate the processing order. Repeating input prompts not 
only irritate the user but also leads to more complicated interaction models even for 
simple tasks. For example, it is not necessary to ask a user who has already reserved 
several rooms in the same hotel for his preferences in subsequent hotel reservation 
dialogues. Repeating prompts result in a lower user acceptance and hence should 
be avoided if possible. This information may be achieved by storing the user profile 
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and using it in the intelligent background processing. Such a procedure allows for 
efficient human- computer interaction and an improved user-friendliness. 

The goal of the development in the mobile scenario is a mobile communication 
assistant. The general framework in such a mobile environment significantly differs 
from the home and public environments. Furthermore, the mobile environment in 
the car and for a pedestrian/ traveler yield different characteristics. The user is in a 
particular situation while driving: 

I. The main task of the driver is to concentrate on the traffic and to drive in an 
adapted maimer. The SMARTKOM services need to be realized in such a way 
that the driver may operate them while driving using speech, but incidentally. 
The SMARTKOM services aim at assisting the driver without causing safety risks 
through driver distraction. The interaction should incorporate only little graphi­
cal output presented in a simple manner. Input by means of gesture or pen will 
not be considered, due to the their hjgher level of driver distraction. Therefore, 
speech plays a very important role as input and output modality in car applica­
tions. 

2. The services should only interact with the driver in situations without safety 
risks. The dialogue needs to be aware of the situation if possible. Possibilities to 
inte,rupt and to continue the dialogue should exist. 

3. The environment of the driver is characterized by noises of the car, the street, 
and the weather conditions, which interfere with speech input and output. 

4. The user will operate the service in the car. The functionalities of the system 
will be offered whilst driving and when parking. When the car stops, additional 
modalities, like pen and gesture input may be considered .. 

3.1 lransition Between Mobile Devices 

The conceptual framework of the mobile functionality considers a scenario in which 
the user may switch between the two mobile environments '·car'' and "pedestrian". 
The user enters the car with an active mobile device (PDA) and fits the device in 
the designated cradle. The mobile device maybe operated by pen if the car is not 
moving. For moving cars, however, only the car-specific input and output modalities 
should be considered. The user pulls the push-to-activate (PTA) lever at the steering 
wheel, which causes the transition from the mobile device to the car-specific hard­
ware, namely the central car display and the audio input and output devices. Now the 
driver may operate the mobile services using speech dialogues by pulling the PTA 
lever. If the user arrives at destination he may deactivate the car-specific hardware 
by pressing the PTA lever in the car. This deactivation transfers the activity to the 
previously active in-car device-specific hardware (the mobile device in our case). 
Alternatively to transfer the activation to the mobile device would be to press the 
PTA button at the mobile device. 

f 
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4 System Architecture 

The two mobile environments. car and pedestrian, use their particular commun ica­
tion devices. e.g., the car-specific hardware and the PDA. Since it is impossible to 
run the entire SMARTKOM system on state-of-the-art PDAs and car hardware clue 
to limitations in memory and processing power, both systems have to communicate 
with the SMARTKOM main processing system, which runs on a computer with high 
processing power. 

SmartKom Mobile PC 
• VNC server 
• audio server 

• communication server 

1
--·······---·· ·········i WI.AN card I·········-··-···········: 

WLAN card I WI.AN card I 
SmartKom Mobile Car PC SmartKom Mobile PDA 
• VNC client • VNC client 
• audio client • audio client 
• oommunication client • communication client 

Ccnlral Sound 
display system 

Microphone PTA 
array wilh DSP lever 

Fig. 1. Architecture of the SMARTKOM-Mobile system 

The consortium agreed on the usage of an iPAQ H3600 Series PDA by Compaq 
as mobile device and a standard laptop as the in-car device. Both devices will run 
PocketLinux and communicate using wireless LAN 1 (WLAN) and the standard pro­
tocol TCP/IP. The PDA will only be used as input/output device by incorporating its 
display, the pen, the internal microphone, the speaker, and the PTA lever. The in-car 
PC is connected to the car- specific hardware: the central display, a microphone array, 
the sound system, and the PTA lever at the steering wheel. Both mobile devices only 
serve for transmitting the audio and graphic data and as input/output devices. The 
processing of the data in a dialogue system is handled on the SMARTKOM PC. The 
concept and implementation for the audio server and clients were realized at Medi­
alnterface GmbH, Dresden. The audio clients can be adapted to the environmental 

1 The limited range of WLAN was accepted in the consortium, since communication tech­
nology is not the main focus of the project and UMTS technology will enable sufficient 
bandwidth and high availability within the next few years. 
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11 0 1 e . , hich greatly differ between the two mobile scenarios. Such an adaptation 
le~d lo a more prcci e voice activity detection in the speech recognition front end. 
The communication server and c lient were developed at the European Media Lab, 
I le ide lbcrg . 

central display - ·- - - - I 

Fig. 2. Integration of the display and the push-to-activate (PTA) lever in the car 

The SMARTKOM-Mobile environment in the car consists of the speech input and 
output and the graphical output modalities. A PTA lever is incorporated to initialize 
the speech input. The display will not have a touch screen functionality since grease 
residues on touch-screen displays would not appear valuable. The following compo­
nents have been installed in the car and connected to the SMARTKOM system using 
the mobile car PC. 

4.1 Central Display for Visual Output 

A 7-inch coated backlight-amplified central TFT display from Toshiba with a res­
olution of 800 x 480 pixel has been integrated in the car. Since the resolution of 
the display differs significantly from the resolution of the iPAQ (240 x 320 pixel), 
a different presentation mode was developed in cooperation with the DFKI. The car 
display is segmented in two presentation zones. On the left, the iPAQ display is re­
produced. On the right, detailed information about sights or parking places may be 
displayed. If the user does not ask for detailed information, the right display area 
contains a large representation of the virtual animated agent Smartakus like in the 
SMARTKOM-Public scenario. The cockpit also contains buttons to switch the dis­
play on and off and to adjust its brightness. 

Page 1090 of 1206



530 A • - ndrc Berton. Dirk Bi.ihlcr. and Vlolfgang Minkcr 

4.2 Sound System for Audio Output 

The audio output was realized by streaming audio data via the mobile car PC to the 
stereo speakers in the front doors. An amplifier improves ound quality. 

4.3 Microphone Array for Speech Input 

An array of four microphones has been installed in the car for speech input. It has 
been calibrated toward the head of the driver, so that simultaneous speech input from 
the codriver can be compensated to a large extent. A particular signal processor 
(DSP) allows for reducing noise and combining the four microphone signals to a 
monosigna\, passed to the speech recognition component. 

4.4 PTA Lever for Input Initialization 

The PTA lever on the right side of the steering wheel is connected to the mobile 
car PC via a microcontroller and a serial connection. The lever is pulled either to 
activate the car environment and its mobile device or to start speech input. Pushing 
the lever deactivates the mobile device in the car and switches the activation to the 
mobile device that was active before the one in the car. Most users decide, however, 
to activate the desired device instead of deactivating the undesired one, since all 
available devices are registered at the SMARTKOM system. 

5 Dialogue Design 

When designing multimodal dialogues for mobile environments the situation of the 
user needs to be considered, since some modalities maybe reasonable and desired, 
while others may distract the user, violate privacy, or disturb other people. The tran­
sition between different modalities needs to be modeled accordingly, i.e., the pedes­
trian user is able to use a combination of speech and pen input on the PDA, while the 
car driver has to rely on speech input only. 

Dialogues have to be designed with respect to the users, technical constraints, 
budget, and time. The user requirement studies allowed us to specify the desired 
functionalities and modalities in detail. Wizard-of-Oz experiments needed to be per­
formed, due to the high complexity of the system. These experiments, carried out 
at Ludwig-Maximilians-University, Munich in cooperation with the partners who 
designed the mobile scenario, i.e., European Media Lab and DaimlerChrysler, in­
fluenced the design process strongly. The dialogues were realized as naturally as 
possible using mixed-initiative, natural speech, barge-in, and brief prompting. With 
one aim of the project being to give the user a high level of control of the interac­
tion, suitable repair mechanisms for potential errors had to ensure that the dialogue 
strategy appears clear and consistent to the user. Another consideration was to keep 
the internal organization of dialogue structures as simple as possible by breaking 
complex dialogues into smaller, simpler modules, if possible. 
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SMA: [Map of Germany] USR· Gib mir lnformationen zum 
USR: lch will nach Heidelberg Parkhaus Kisselgasse. 

fahren . SMA: [Info presentation} 
SMA [Map of Germany] Hier sehen Sie lnforma-

Wo wollen Sie starten? tionen zum Parkhaus 
USR: Hier. Kisselgasse. 
SMA [Map of Heidelberg] USR: Da will ich parken. 

Wo in Heidelberg wollen Sie SMA: f Map with auto route} 
hinfahren? Hier sehen Sie die Route 

USR: <Points to Peterskirche> von Ulm nach Heidelberg. 
Da mochte ich mehr druber lch kann Ihnen auch den 
w1ssen. Fu~weg zur Peterskirche 

SMA: [Info presentation] zeigen. 
Hier sind lnformationen zur USR: Ja, bitte. 
Peterskirche SMA: [Map with pedestrian route] 

USR: lch will zur Peterskirche. Hier sehen Sie den Weg 
SMA: [Map of parking places} vom Parkhaus Kisselgasse 

Wo wollen Sie p~rken? zur Peterskirche. 

Fig. 3. A sample route planning dialogue using different modalities 

6 Mobile Services 

The consortium agreed to focus on services that are highly desired according to the 
user requirement studies and that are not already available in state-of-the-art cars and 
mobile devices. Therefore it was decided to implement route planning and parking 
place reservation as car-specific services and an integrated route planning, which is 
a mixture of car and pedestrian navigation service using a device transition from 
car to PDA. Standard speech-operated functionalities like air conditioning and audio 

operation were not considered since they are already available in state-of-the-art cars. 
The module that implements the mobile services designed for the car was dubbed 
service.11avigatio11.car. 

This module contains the following three core functionalities: route planning, 

mapping, and parking place reservation. The route planning consists of calculating a 
route between geographical locations according to the type of the route (shortest or 

quickest). The mapping retrieves a map image for a geographical region and allows 
for panning and zooming the map image. The parking place reservation consists 
of a database of parking places and garages. Each database entry is annotated with 

its geographic location to be shown in the map. The entry also contains detailed 
information about opening hours, the number of available parking spaces, and the 

parking fee. The functionality also allows for the calculation of the parking places 
that are closest to the current position of the car. 

The simple route planning service for cars incorporates car route planning and 

mapping functionalities, while the complex integrated route planning service also 
incorporates the car route search to the destination city, the pedestrian path to the 

destination within that city, and the search for a parking place close to the desired 

destination. The car route is active until the parking place has been reached, when 

activity is switched to the PDA and pedestrian route guidance is activated. The user 
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may also ask for detailed infonnation about parking places and places of interest in 
the destination city; the latter are available from the module for pedestrian naviga­
tion. A complete integrated route planning dialogue is shown in Fig. 3. 

The M3L protocol employed is defined in the geographical.xsd XML schema, 
which guarantees compatibility with the sen,ice.11avigario11.pedestria11 module for 
the pedestrian navigation. The protocol is based on request- response exchanges that 
are initiated by the function modeling module. 

The map request function returns a high-quality bitmap image of the desired ge­
ographical region. The effective extent of the geographical region may be specified 
exactly or, alternatively, be inferred from the geographical extent of the vendor ob­
jects to be shown in the map. The vendor objects include calculated routes and points 
of interest (city locations). 

The module service.11avigatio11.car can be configured to work with different map 
data sets. For the SMARTKOM project two data sets have been devised: a full map 
of Germany, and a smaller map of southern Germany. The reason for using different 
map data sets relies in the extensive amount of disk space (about 500 megabytes for 
the full map) that is needed for the data. 

By default, streets and cities are shown in the map image. When using the full 
map data, a geographical relief is also shown as a background image. The binary 
bitmap data is encoded as a JPEG file. The compression level is configurable and 
allows us to significantly reduce the amount of transmitted data. 

Technically, the first version of the module service.navigation.car was imple­
mented as a Windows Java application that interacted with the Navigon 2000 product 
via an ActiveX interface. This interface, however, proved to be rather cumbersome to 
use, and so for the SMARTKOM 2.0 milestone an individual solution with direct ac­
cess to the underlying libraries was implemented in C++. This also made it possible 
to provide the complete module and data sets within the SMARTKOM distribution. 

The existing functionality is sufficient for the current scope of the car application. 
However, some limitations seem to be apparent: 

1. The service does not return high-level information about text labels. This infor­
mation could be important for interpreting user gestures, which tend to focus 
on the text label rather than on the city center, which is also represented in the 
map. Also, for the presentation of the map (e.g., the placement of Smartakus), it 
would be advantageous to highlight potentially important text in the maps. 

2. It is unclear if the font sizes used (that seem to be pixel-based) are adequate 
for different resolutions (in dots per inch). A bitmap approach would be rather 
inelegant for presentation, since it prevents us from incremental presentations of 
routes and other objects. 

7 Outlook: Toward Flexible Modality Control 

We argue that a truly multimodal interaction paradigm must not place restrictions on 
the user or on the environment as to which modalities to use. Instead, a multimodal 
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dialog ue system should be flexible enough to be used even as a monomodal system, 
if tt is required. The si tuation in which restricted multimodal interaction is useful are 
manifold: Unrestricted multimodal output may lead to privacy problems. Requiring 
multirnodal input, such as pointing gestures, from the user who may be occupied with 
something other than interacting with the system may also l ead to inconvenience, 
or, much worse, to securi ty problems, most apparently in the SMARTKOM-Mobile 
scenario. 

The technical realization of a flexible modality control will be an enormously 
complex task. However, we are convinced that SMARTKOM and M3L would provide 
a suitable groundwork for doing so. 

ln this section we concentrate on the SMARTKOM-Mobile scenario and try to 
identify its particular requirements for modality control from an application-oriented 
perspective. 

Based on experience in developing and testing speech-based user interfaces in 
mobile enviro1m1ents [I] we have identified five major combinations of modalities, 
interaction modes, that seem characteristic to the SMARTKOM-Mobile scenario: (see 
Fig. 4): 

.. .. . . ·•-1 

Speech Output / Speech Input l 
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i i 

Speech-Only f Suspend f 

I i 
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II j Gesture Input ! 
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I l Silent Listener I Default i 
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Fig. 4. Interaction modes as combinations of communication modalities in SMARTKOM­

Mobile. Transitions are described in Lhe text 

1. Default: Mainly used in the pedestrian environment and when privacy or dis­
turbing others is not an issue. All modalities should be enabled in this mode. 
Stemming from safety considerations (discussed below), this mode is available 
in the driver environment only when the car is not moving. 

2. Listener: In this mode the user accepts spoken system output but he does not 
use speech as an input modality (i.e., the user is the listener here). Spoken out­
put is useful for quickly providing concise summaries or extended background 
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infom1ation to the user whose focus of attention is placed on tasks other than 
interacting with the system. The user may employ earphones in order to protect 
his privacy. The listener mode may also prove u eful for avoiding confu sion o f 
the system by off-talk. In this mode, the system does not try to excite spoken in­
put from the user. It should therefore generate prompts like "Show 111e ••• "rather 
than " Tell me ... " . 

3. Silent: This mode is useful when spoken language human- machine dialogue is 
problematic, for instance, in certain public places or in public transportation. The 
interface should be similar to traditional graphical user interfaces. 

4 . Car: This mode is a restricted version of the de fault mode for use mainly in 
the driver environment. Speech is the dominant communication modality, while 
graphical displays are used only for present ing additional (nonvital) infonnation, 
such as maps for presenting a route while driving or the locations of parking 
options. Consequently, the display does not need to be touch-sensitive. 

5. Speech-Only: This mode is mainly used in the driver environment notably when 
the car is moving. Any additional safety risk (such as driver distraction from the 
driving task by gesture input or graphical output) must be avoided. System inter­
action is restricted to the audio channel, i.e., the use of a speech-only dialogue is 
mandatory. 

In the driver environment an emergency requires the dialogue with the system to 
be temporarily suspended. This Suspend situation (Fig. 4) occurs when the driving 
situation becomes dangerous and the entire user attention is required. Although the 
system suspends any interactivity, it should be prepared to resume the dialogue, es­
pecially after very short interruptions. Temporarily suspending interaction may also 
be useful in the pedestrian environment when the user is engaged in task others than 
communicating with the system, such as crossing a street or talking to another per­
son. 

Having identified these five interaction modes, we need to detennine under which 
circumstances intermodal transitions are possible. We distinguish between user- and 
system-driven transitions. A user-driven transition is the result of an explicit com­
mand to use or not to use a specific modality. In tum, system-driven transitions are 
triggered by the system without any user interaction. 

The user should be able to switch between modalities anytime, although some 
modalities may temporarily be disabled for safety reasons. A user-driven modality 
transition may be performed by the following actions: 

l. The user may suspend/resume the operation with the system. In the pedestrian 
environment this operation could be performed by activating a button on the 
portable device. In the driver environment this could be realized by a push-to­
activate button or lever. 

2. In the pedestrian environment the user may switch off speech input and output 
using a button on the portable device. 

3. In the pedestrian environment, the user may toggle display operation. A request 
for turning on the display could be recognized by the touch-sensitive screen of 
the portable device. 
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4. Reopening the speech channel by uttering spoken commands re-enables spo­

ken language dia logue, e.g., when the system interaction is suspended or when 

graphica l output is exclusively used. 

5. Reque ting graphica l output by spoken commands (like "Show me the map" ) 

enable graphica l output, unless this modality is disabled for safety reasons (see 

speech-only mode). 

In addition to the user, the system may initiate a modality transition in one of the 

fo llowing ways (Table I): 

Table 1. Possible modality transitions in SMARTKOM-Mobile 

Signal System reaction 

User-driven transitions 

Push-to-acti vate Suspend/resume operation 

Command/button Turn on/off speech 

Command/button Tum on/off graphics 

Syste111-dri11en transitions 

Insta ll device in the car Tum off gesture input 

Take device out of the car Switch to default mode 

Start car Tum off graphical displays 

Stop car Tum on graphical displays 

Detect emergency Suspend operation 

Misrecognition/noise Tum off speech input 

I . As outlined above, specialized software running on the car PC may detect an 

emergency in the driver environment. To this end, the software has access to the 

necessary pieces of infonnation about the state of the car (e.g., driving speed, 

state of brakes, etc.) through the CAN bus. 

2. Analogously, starting the car is detected by the car PC and is interpreted as a 

transition into the speech-only mode. Likewise, stopping the car leads to the 

default mode. 
3. In the pedestrian environment, i.e., when graphical output is available, repeat­

edly failing to understand spoken input from the user should lead the system to 

infer that the current situation is not suitable for speech recognition (e.g., though 

strong background noise). The system therefore switches to the listener mode in 

order to not rely exclusively on speech input. 

8 Conclusion 

A large variety of electronic devices serve for comfort, ease of driving, entertain­

ment, and better communication in modem cars. These devices as well as future 

services require a rather complex human-machine interaction. Our work focused on 

I 
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new interaction modalities. which may allow for fewer driver distraction and higher 
comfort for operating the devices and future mobile services. 

Studying user requirements for future mobile services we found that the most 
important issue will be which interaction modalities (speech, gesture, mimics) may 
be applied for which services, how to finance the services, how to guarantee data se­
curity and preserve privacy, and how to personalize the services. The services most 
desired by the subjects, who were asked to fill in the questionaire of our study, were 
the mobile phone, emergency calls, dynamic route planning, parking place reserva­
tion. and health check. 

ln a theoretical discussion we analyzed the interaction modalities (speech, ges­
ture, mimics) that are suited for operating the services. This discussion led to the 
conceptual framework for the mobile services. We argued that in the future sce­
nario represented by SMARTKOM-Mobile, the advantages of hardware particularly 
adapted to car environments and the flexibility and large variety of services available 
for mobile devices should be combined in such way that the communication system 
logically and physically runs on the mobile device, while the car provides a particu­
lar hardware for input and output operations. The technical realization of the mobile 
services carefully integrated the hardware available in future cars into future mobile 
services. Such hardware may be a microphone array, a sound system, and a large 
display. 

In order to adapt the interaction to human habits and to render it as naniral and 
efficient as possible, we considered the most important principles and guidelines 
in dialogue design, and applied them to specify the new services, their interaction 
modalities, the transition between modalities, and the transition between different 
mobile devices. 

The consortium agreed to focus on services that are highly desired according 
to the user requirement studies and that are not already available in state-of-the-art 
cars and mobile devices. Therefore the following mobile services were specified and 
implemented in SMARTKOM: route planning and parking place reservation as car­
specific services and an integrated route planning, which is a mixnire of car and 
pedestrian navigation service using a device transition from car to PDA. 

In an outlook, we have presented a framework for a flexible modality control ori­
ented at the needs of the SMARTKOM-Mobile application scenario. The main goals 
are to illustrate the necessity of being able to handle modality transitions, if an ef­
ficient and unobtrusive multimodal interaction is to be achieved in different usage 
situations. An implementation will, of course, face interesting challenges. Even if 
the events signaling a modality transition can be detected effectively and a modality­
independent output mechanism is in place, the question of how to achieve a consis­
tent interaction experience will arise. Nonetheless, a modality control framework is 
clearly necessary, not only in the face of new interaction devices with different capa­
bilities, but also for the sake of a personalization of the interaction (considering, for 
instance, speech- or sight-impaired users). 
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Summary. This chapter gives a concise overview of the empirical Wizard-of-Oz recordings 
done within the SMARTK0M project. We define the abstract specifications of the intended 
simulated communicative situations, describe the necessary technical setup (including numer­
ous useful practical hints), and finally outline the specifications of the resulting multimodal 
corpus, which may be obtained from the Bavarian Archive for Speech Signals (BAS). 

1 Introduction 

The SMARTKOM data collection was aimed to provide empirical data about human 
behavior in human- machine communication (HMC) for several purposes:· to train 
statistical models for pattern recognition as well as user modeling, to gain insight on 
how humans may react or interact in HMC situations and to elicit situations where 
the human displays a certain degree of an emotional state. 1 To achieve these goals a 
so-called Wizard-of-Oz recording paradigm (WOZ) was used throughout the inves­
tigations. That is, users were not aware that they were interacting not with a machine 
but rather a simulated machine. 

The successful simulation of a complex system with several input and output 
modalities such as SMARTKOM is a very complex task that requires a large range 
of expertise ranging from purely technical to psycholocigal knowledge. However, in 
this contribution we will concentrate on two main issues: 

• How to define a task for a human user that enables her to interact with a simulated 
system without any explicit restrictions. On the one hand, we would like to give 
the user as much freedom as possible to encourage her to show new ways to 
interact multimodally with a system like SMARTKOM. On the other hand, we 
have to observe the implicit restrictions of a limited technical system. A WOZ 
simulation would be rather implausible if the system is able to process any kind 
of human multimodal input data. 

1 Please note that the description found here is rather abbreviated due to space limitations. 
More detailed descriptions on the topics outlined here are found in the references given at 
the end of this chapter. 
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• How to implement a technical recording setup that not only allows the successful 
simulation of the intended system but simultaneously allows the recording of all 
relevant communication channels between human and machine. The simulation 
must run smoothly, without any a11ifacts that might tip the user of the simulation 
and allow the controlling wizards to react appropriately within the assumed re­
strictions of the simulated system. The data must not only be gathered in real time 
but must also be synchronized across several data ty pes and sampling frames . 

Many other issues such as the design of a graphical interface that does not exist yet, 
the design of task flow plans for the simulation, the evaluation of the simulation, 
the training of the controlling agents (the so-called wizards) behind the system, the 
annotation, labeling and categorization of the recorded data, and others cannot be 
addressed here. Some of them are discussed with more detail in the literature given 
at the end of this contribution. 

This contribution may serve two purposes for the interested reader: First, he 
might get some important background knowledge about the SMARTK0M Multi­
modal Corpus that may be obtained at the Bavarian Archive for Speech Signals 
(BAS, http://www.bas.uni-muenchen.de/Bas). Second, he might learn about the spe­
cific problems of such a large-scale WOZ recording and get some hints and tricks on 
how to circumvent known problem areas if he intents to do his own investigations. 

The next section deals with is the first problem addressed above, likewise section 
3 gives a concise description about the technical setup that was used in the SMART­
K0M WOZ recordings. Section 4 summarizes the main features of the resulting mul­
timodal corpus. 

2 Recording Plan 

2.1 Overview and Definitions 

The SMARTK0M WOZ recordings consist of a large number (to satisfy the statisti­
cal requirements) of recording sessions with a single user interacting unsupervised 
with the system. The user gets a short instruction and a task to solve with the help 
of SMARTK0M. She is convinced that the system is real in the sense that it is an 
automatic technical system. In reality she is interacting with two so-called wizards 
steering the technical "surface" of the system. 

The recording plan is the script of the experiment. It contains all information 
regarding the experiment, ranging from the instruction to the user to the rules of 
behavior for the wizards, and gives an overview on how all these single components 
of the experiment shall be combined. Of course, the recording plan implicitly defines 
the expected data that will be recorded during the real experiment. However, there is 
always room for surprises, and there should be. 
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T he fu lly detailed recording plan is documented in Steininger and Kartal (2000) 

and implicit ly a lso in the corpus documentation and corpus metadata. Here we wiII 

restrict the presentation to the basic design principles and performance rules. 2 

2.2 Experimental Design 

2.2.1 Typical Session 

A typical SK recording session3 consists of the following phases: 

• Questionnaire for user 
• Instnictions for user 
• Session I ( 4 .5 min) 
• Second instmction 
• Session 2 (4 .5 min) 
• Interview or questionnaire 
• Gathering of user metadata 
• Signing of nondisclosure agreement and payment of incentive 

The user fills out the first part of the user questionnaire. After that the supervisor 
leads the user to the recording room, instructs the user briefly on how to use the 

system, "starts" the system and leaves the room. 
The first session begins; it lasts 4.5 min. The supervisor is in radio contact with 

the two hidden wizards and may decide to interrupt the session if something seriously 
goes wrong. 

The settings for each of the two sessions are defined according to an overall 
session plan, which defines in which technical scenario (Public, Home or Mobile) the 

task takes place, which primary and secondary task is to be solved and some other 
conditions as listed in Sect. 2.3. Sessions I and 2 usually have different definitions. 

In most cases the tasks are different; in some cases they might be based on each other 

(that is, a task from session I is continued in session 2). 
After the second session, the second part of the questionnaire is filled out by the 

user. Then the user metadata are registered in the database (later exported into the 

"spr" file of the corpus), and the session definitions are stored into the database as 
well (later exported into the "rpr" file of the corpus). 

Finally, the user signs an agreement that the recorded data may be used for the in­
tended scientific investigations and receives her incentive. The user is strongly urged 

not to reveal the nature of the recordings to others because this might lead to severe 

recruiting problems (only "naive" users can be used for WOZ recordings). 

2 The recording plan as presented here is based on a concept that was proposed in Dec. 

1999 to the SK consortium. augmented by contributions of the partners in Jan. 2000, at the 

second main SK workshop and again afier the Mo Ko workshop of 200 I. 
3 In the future simply referred to as "session." 

i 
I 
I 

I 

Page 1104 of 1206



t 

I 

544 Florian Schiel and Ulli Ti.irk 

2.2.2 Description of the Scenarios 

There are three basic technical scenarios in SMARTK OM. We will g ive a very brief 
description of the setups as they occur to the user. Further technical detai ls are found 
in Sect. 3. 

Public and Mobile 

The user is standing in front ofa table (Fig. 3). On the table a graphic tableau (Wacom 
A2) is mounted. The graphic tableau is not tilted as usual but is flat and covered with 
a purely white foil so that it is not recognizable as a graphic tableau. In some sessions 
the user has a pen available, in some not. Approx. 1.5 m above the table a cube about 
40-cm long is attached to a double column behind the table. From there the graphical 
output is displayed onto the white surface of the table. Between the columns in front 
of the user a camera is aimed at the general direction of the head; a second camera is 
situated about 2-m away to the left-hand side. The sound output of the system appears 
to come from under or behind the table; other sounds like artificial background noise 
may be played in on a speaker set behind the user. In some sessions the user is 
required to wear a headset, in some a collar microphone, in some no microphone at 
all. The environment is neutral office equipment with some sound damping elements 
on ceiling, floor and walls. The visual background behind on the right-hand side of 
the speaker is grey-white; the background behind the speaker is colored in different 
abstract patterns and can be changed from session to session. 

In the Mobile scenario the size of the projected output is reduced to indicate the 
small display in a car or on a PDA. The user wears a headset, because SMARTKOM­

Mobile will not have any far-field microphones. 

Home 

The user is sitting on one of two low, comfortable living room chairs. One of them 
faces a low table of the size and height of a coffee table on which the display is 
projected; the other chair faces, in the opposite direction, a TV set and a VCR. On top 
of the VCR there is a video tape ready for use. The user wears a collar microphone 
that is connected to the ceiling so that the user can move freely in the room. Behind 
the coffee table is a large bookshelf along the wall; other living room accessories are 
scattered across the room. 

2.2.3 Dealing with the User 

The recruitment, briefing, questioning and instruction of the user is the task of the 
experimental supervisor. The supervisor has to take care that: 

• The user takes the WOZ simulation for real. 
• The user is not reluctant to deal with the machine. 
• The user is relaxed. 
• The user acts naturally and does not comment all her actions. 
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• The u er u es mult11nodal input channels and does not concentrate on one chan-
nel on ly. 

• The user might a lso show something about her user state. 

During the recruitment the upervisor creates the illusion that the user wiJl be in­
volved 111 a market study. This diverts the attention of the user from the technical 
deta ils to the " usability'' of the system and thus improves the plausibility of the sim­
ulation. Between the sessions the supervisor might ask the user if she used gestures 
or not and encourages her to do so in the next session etc. 

As for the instruction itself, it turned out that written instructions are not very ef­
fective (especially with elderly users). Verbal instructions by the supervisor accord­
lllg to an (mtemal) manual and a short handout with very short keywords that the user 
may reread just before the session starts were better. Of course, both the manual and 
the handout have to be adapted to the selected session definition. It seems to be im­
portant that the core instruction (the "task") can be formulated in one sentence only. 
Otherwise the user starts with repetitions of parts of the instruction to remind herself 
of the different points during the recording, which is clearly not what is wanted. 

The supervisor must verify that the user is ready for the session and fulfills all 
the points listed above. If not, he may add some more coaching before he decides to 
start the session; in extreme cases he might reject the user altogether. 
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Fig. 1. The simulated GUI in scenario Public and domain Tourism before the dialogue starts 
as seen by the controlling wizard (navigation bar is visible to the right) 
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2.2.4 Graphical User Interface (GUI) 

The graphical user interface (GU I) consists of the SM ARTKOM logo, a he lp field, 
the persona or agent, and the main display area where the in formation is presented. 
It turned out that users almost never pointed to the help area. In most cases help was 
ordered verbally. For the simulation the GUI is implemented as simply HTML pages 
enriched with animated flash sequences. To avoid association with the standard PC 
GUI all familiar elements like mouse pointer, sl ider and menus were removed. The 
controlling wizard sees the same display as the user but has a visible mouse pointer 
as well as a navigation bar to the right where he can contrnl the changes of pages 
or other elements of the GUI. The navigation bar is, of course, not visible to the 
user. The infom1ation content may be short texts, keywords for the next command, 
pictures/graphics or maps. 

The system status is displayed to the user via different appearances of the per­
sona. The persona in our simulation does not really interact with the user; that is, 
we do not have an animated speaking face. The persona Smartakus - which was the 
name the users were asked to use to address the system - showed only four different 
system states: 

• inactive ("sleeping") 
• active and listening 
• active and processing 
• system error 

10 
,·-. ' 

Fig. 2. The WOZ version of the persona "Smartakus" in the state "processing" 

In the Public scenario the persona starts in the "inactive" state and goes to "active 
and listening" when pointed to or when addressed with the name Smartakus. In the 
Home scenario the persona goes into "active and listening" state when the portable 
display is switched on. In the Mobile scenario no persona was shown on the display 
because of the reduced size of the display; the system is always in the "active and 
listening" state here. 
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The simulated system will only react to input in the state "active and listening"; 
all inputs at other times - even partly - are ignored. A more detailed description 
to the simulated GUI can be found in Beringer et al. (2000). 

2.2.S Speech Output 

The voice output is spoken by one of the wizards and then electronically distorted to 
achieve a machinelike voice. We do not use a real synthetic voice because it turned 
out that typos in the synthesis raise more suspicion than speaking errors. The wizard 
can open the channel to the recording room by means of a foot pedal. A red warning 
light in the control room indicates that the channel is open and that no other noise 
should be produced. Alternatively, he may activate prerecorded standard sentences, 
but this requires a full set of prerecorded samples per wizard team. 4 The voice output 
is softly restricted to a list of sentences or sentences types, respectively. The wizard 
should preferably stick to this list of possible outputs. The lists of preferred output 
sentences is context-dependent. That is, for each major display the wizard has a 
special list of sentences available ( of course, some situation-dependent sentences are 
always possible, like error messages or help messages). 

2.2.6 Simulated Contents 

The simulated system must, of course, provide information to the user to enable her 
to solve the task successfuJly. Since all scenarios had to take place in the German 
city of Heidelberg, most of the contents were taken from there. 

The date (if shown on the display) is always that of the day of recording. The TV 
program is based on the EPG database provided by the partner Philips and updated by 
this partner on a regular basis. The cinema program of Heidelberg, Heidelberg maps 
as well as restaurant and tourist information were not changed during the experi­
ments. This might lead to a reduced vocabulary in terms of content words. However, 
the effort to keep a fully updated simulation all the time for more than three years 
was simply to high. 

2.2. 7 Guidelines to the Wizards 

Two wizards control the simulation from a hidden room. One is responsible for the 
voice output; the other for the GUI. The user may interact verbally or via gestures 
with the system. All inputs are interpreted by a wizard; the user has no real control­
ling abilities. Both wizards can watch the user's face and the upper body from the left 
as well as the display area. The speech output wizard needs a considerable amount 
of training to always speak with a constant rate and a more or less normalized into­
nation. Also, he has to avoid any other noises such as coughs, laughing, clearing his 
throat, etc. 
General rules for the wizards are: 

4 In prime times we had up to five teams working in shifts. 
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• Try to simulate the intended SMARTKOM system as well as possible (this in­
cludes misinterpretations as well as technical enors). The "intelligence" level of 
the simulated system is significantly higher than would be expected with today's 
(2000) state-of-the-art technology. 

• Try to achieve a natural and varying dialogue with the user. 
• Only clear gestures that are in relation with the actual graphical display are rec­

ognized; gestures outside the interaction area (for instance, in front of the body) 
are ignored. 

• The user may use any kind of (correct) sentence or command to fonnulate a 
question, granted that the sentence is not to long (more than 25 words) and not 
to complex (e.g., contains subclauses). 

• Even long and complex utterances are accepted by the wizards, if the very first 
part contains a simply statement or question, e.g., in the spoken input sentence: 

"I'd like to go to the cinema tonight ... can you help me ... at best I'd like 
to go to a cinema in the center ... oh, yeah, and it should have THX ... " 5 

the wizards will ignore everything except "go to the cinema tonight". 
• If the dialogue stalls (for instance, if the user does not know how to go on), the 

system will offer simple assistance. For instance, it will indicate how to give 
input to the system: 

"You may use free speech or indicate things on the screen" 
or which options exist at a certain dialogue stage: 

"If you want, I could make some suggestions." 
• If the user consequently uses only one modality for input, the wizards try to steer 

her into a multirnodal interaction. 
• Technical instructions, e.g., "Please try to repeat or use other words for your 

questions" are embedded in the dialogue; there exists no training sequence at the 
beginning of the dialogue. 

• If the dialogue runs too smoothly, the wizards will insert artificial errors into the 
processing. 

• If a user thinks she has already solved the task before the recording time of 4.5 
min. has ended or the user "sticks" at a problem and does not go on with her task, 
the wizards will cause an error to continue the interaction. 

• If a user shows signs of anger, the wizards will try to enforce that emotion by 
using wrong answers persistently, etc. 

• If the user tries to leave the possible domains, the wizards will block this by 
issuing a standard sentence like, "This function is not implemented yet. May I 
help you with something else?" 

• The wizard has to avoid repetitive outputs, because it is almost impossible to 
reproduce the same sentence with the same rhythm and speaking manner. It is 
very risky that the user may detect such differences and deduce that this cannot 
possible be a machine speaking. 

5 All examples in this contribution were adapted to English. 
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2.3 Session Plan 

For each recording there exists a so-called session plan that defines the varying pa­
rameters ( called "dimensions") of the individual session. The distribution of dimen­
sions across the individual sessions is controlled by the global session plan, which in 
tum reflects the requirements of the project partners. 

The dimensions of each session concern the technical setup as well as the task 
the user has to solve. There are nine basic dimensions that may vary from session to 
session: 

• Scenario (Public, Home, Mobile): This dimension defines a large number of tech­
nical settings and changes to the recording setup. Therefore the change of this 
dimension is something that can be done only a few times during the recording 
period. See Sect. 3 for more details about this. 

• Primary domain ( cinema, tourism, navigation, TV program, VCR, fax, task plan­
ner): The primary domain reflects the task explicitly given to the user, e.g., "With 
the aid ofSmartakus, find a good cinema in Heidelberg for tonight." The primary 
domain also includes a role model for the user and a situation in which the user 
is at the moment of the recording. Both have to be explained thoroughly to the 
user before the experiment starts. j 
For example, "You are on a business trip in Heidelberg; you had an appointment I 
in the morning, and you are free for the afternoon and evening. You would like i 

to see a movie, possibly together with a friend or colleague." The primary task 
also includes a defined number of possible complications that may or may not 
be implemented by the wizards during the recording. This is done to give the 
wizards some guidelines and to prevent too exotic problems that might come to 
the minds of the wizards. 

• Secondary domain (restaurant guide, telephone, task planner, select music, e­
mail, TV program, VCR): The secondary task is not explicitly given to the user, 
but to the wizards. The wizards will try to steer the dialogue that starts with 
the primary task to the secondary task. For instance, after selecting a movie and 
getting reservations in the cinema, the system asks the user if she would like to 
look for a nice restaurant before or after the movie. 

• 

• 

• 

Politeness: The system addresses the user either with "Du" or with the more 
polite "Sie". 
Biometric authentification: This means that the user has to authentificate her­
self before using certain protected functions of the system (for instance, to use 
the task planner). This dimension was never implemented in the SMARTKOM 
recordings because the simulation effort was too high. 
Evoked emotions: In some sessions the wizards are instructed to evoke anger in 
the user. 

• Pen: There are three types of sessions: 
User has no pen; she will always use her hand or finger to gesture. 
User is told to use only the pen to gesture. 
User is told that she might use the pen or might use her finger. 
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• Background acoustic: For each technical scenario one of three different types of 
corresponding background noise is played back during the recording. The sound 
level is kept constant throughout the recording. Two conditions have a rather high 
noise level (SIN ratio approx. 20 dB, but not verified); one condition is of rather 
a low level such as in a quiet phone booth, a quiet home or a standing vehicle 
(SIN ratio approx. 35 dB). 

• Background visual: The visual background for the lateral camera was constant 
(either gray for Public and Mobile, or a bookcase for Home). The background of 
the frontal camera, however, was changed between three different patterns: 

the "real" background consisting of white acoustical damper elements mounted 
on the ceiling ("None") 
colored cubical patterns with sharp edges ("Kubismus") 
colored flowing patterns without any sharp edges ("Bunt") 

The exact distribution of these dimensions across the recordings are described in 
Steininger and Kartal (2000) or in the metadata of the corpus, respectively (see 
Sect. 4.4). 

3 Technical Setup 

3.1 Overview 

The SMARTKOM system should be able to recognize natural speech as well as ges­
tures on a flat interaction area. Additionally, facial expressions are analyzed with 
regard to visible emotions or so-called user states. The output of the system is pre­
sented with a GUI, which is projected on the interaction area, and with synthesized 
speech (see Fig. 3 for a schematic view of the recording setup). 

In WOZ experiments subjects are recorded in sessions of 4.5-min length while 
they are interacting with a simulated version of the system. During these sessions all 
capture devices of the system (and some more) are used for collecting data: 

• Audio is captured using a directional microphone, a microphone array with four 
channels and (alternating) a headset or a stereo clip microphone. 

• Video is recorded by two standard DV cameras ( one for the facial expression, 
one for the side view of the subject) and by an infrared camera that is part of the 
gesture recognizer SiViT (Siemens). 

• The graphical output is recorded in a low-frame-rate video (used only for label-
ing) 

• Gesture coordinates captured by the SiViT system and the graphical tablet. 

Figure 4 shows the processing stages during and after the recording together with 
resulting changes on the data file set. Except for the last two stages, which are cov­
ered by one team, each block represents a different working team. In the following 
we give a detailed description for each stage, focusing especially on the capture of 
synchronous multimodal data with standard equipment. 
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SIVIT Infrared Camera 

Front Speaker 
(Speech Oulpul) 

Fig. 3. SMARTKOM setup used for data collection in the Public scenario 

3.2 The QuickTime File Format 

QuickTime6 allows the integration of several kinds of media like text, video, audio, 
images and vector graphics in one multimedia file format. All SmartKom files are 
compatible with this technology. Together with these data files, we provide a so­
called framework QuickTime file in the corpus. The user can play back the recorded 
session, select the tracks to be presented, choose the style of the presentation and 
navigate to individual turns in the recording. In addition, we use QuickTime 's capa­
bilities to render new data files from the existing set of files (see, e.g., Sects. 3.4. I or 
3.6). 

3.3 Dat.:-.. acquisition 

During the recording of a WOZ experiment all data are stored on a set of currently 
five Windows NT workstations. Each computer is dedicated to record a single data 
stream because continuous capturing of audio and, especially, of video demands a 
great amount of computing power. The data from two video streams (front view and 
side view) are recorded separately via a FireWire bus between camera and com­
puter and are stored as Quicklime files encoded in DV. The video signal of the in­
frared camera is digitized by an external analog-DY converter and then recorded in 
the same way. Video data encoded with DV offer a high picture quality and show 

6 http://www.apple.com/quicktime/ 
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Data Acquisition 
Recording WOZ Session 
Setup of Database Entry 

Preprocessing 
Manual Synchronization 
Trimming/Format Conversion 
Storage on File Server 

Audio Transcription 
Orthographic Transcription 
Verification 
Prosodic Transcription 
Final Check (incl. 
Automatic Validation) 

Emotion Labeling 
Generation of 
Customized Data File 

Primary Labeling 
Verification 
Automatic Validation 

Gesture Labeling 
Generation of 
Customized Data File 

Primary Labeling 
Verification 
Automatic Validation 

DVD File Structure 
Generation 
Generation I CopY.ing of 
Supplementary Files 
Generation of DVD File System 
Final Check 

DVD Production 
Generation of Master DVD 
Check 
Duplication 

Source Files 
(Video, Audio and Coordinate Files) 

Synchronized Data Files 
(Based on Mam Time Code) 

EB Audio Transcription Files 
Audio Tanscription 
Marker File 

EB Label Files 
Gesture Label File 
Emotion Label File 

EB Customized Video Files 

EB Additional Files 
Speaker /Recording Protocol 
Documentation Files 
Quicklime Framework Files 
Other Files (Calibration Sets 
Logfiles, etc) 

Fig. 4. Processing stages in SMARTKOM data collection (left) and corresponding changes in 
the data file set (right) 
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very few artifacts that could be otherwise problems for image processing algorithms. 
However, the advantage in quality comes together with large amounts of data (see 
Sect. 3.9 fo r details on storage requirements). For capturing the audio data we use a 
ten-track audio card. The recorded audio files are stored in Windows WAVE format, 
using a resolution of 16 bit and a sampling frequency of 48 kHz. 

Capturing of the graphical system output is done via a screen capturing tool. It 
allows recording to a video file in AVJ format at low frame rates; in our setup cap­
turing at 4 fps is sufficient because the interaction speed is low. The remaining data 
tracks, the coordinate files of the SiViT gesture recognizer and of the graphical tablet 
are recorded with specially designed tools. The file format is a text file containing a 
list of coordinates together with the time stamps. In addition to the actual recording, 
this stage also comprises the generation of new entry for the session in the database. 
Information about the speaker as well as his or her behavior during the recording or 
details about the setup are stored here. In the following stages gradually more and 
more information is added, e.g., about the current state of the session in the process­
ing pipeline. The database is presented in more detail in Sect. 3.9. 

3.4 Preprocessing 

This stage comprises all steps that are necessary to deliver a set of synchronized data 
files to the following processing stages. Because the recording is done on several 
computers, each rnnning on its own internal clock, it is thus necessary to align all 
data tracks to a single master clock and to define a common start and end point. 

3.4.1 Generation of "visible" coordinate log files 

In a first step the coordinate data files must be made accessible for the editor in order 
to perfom1 the temporal alignment. Our idea was to use the sprite track feature of 
Quicktime, where small bitmaps (called sprites) can be blended over another video 
track. The parameter of the sprites like, for example, the position or orientation can 
be changed dynamically. Figure 5 shows an overlay of three video tracks: 

• the infrared video from the SiViT camera, showing a gray-scale picture of sub-
ject's gestures 

• the video track of the graphical system output 
• the visualization of the SiViT coordinates 

The coordinate data is displayed by a moving dot with a cometlike tail, which gives 
not only a graphical representation of the current position but also of the history of 
coordinates at previous time steps. 

3.4.2 Manual synchronizing 

The actual synchronization process is done manually on a video editing workstation 
running Adobe Premiere. 7 We investigated several automatic or semiautomatic ap­
proaches using defined synchronizing signals that appear in all captured modalities, 

7 http://www.adobc.com/products/premiere/main.html 
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but it turned out that all of these attempts resulted in a considerable number of er­
rors so that a manual inspection of the results was necessary anyway. Therefore we 
decided to skip these techniques and do the synchronization manually. 8 

The process is done in two steps. First, the audio files, which are recorded sep­
arately on the audio capture computer, are aligned to the two video camera tracks. 
This is done by visually aligning the wavefom1s of the audio tracks to the wavefonns 
of the audio tracks recorded by the cameras. 

Second, the remaining video tracks are aligned by matching characteristic changes 
in the video tracks, e.g., a change of graphical system output or a stroke of a hand 
gesture. The circumstance that the test subject starts each session with a finger tap 
on the Web persona helps with this task. At this point we have aligned all data tracks 
at the beginning of the recording. 

8 Another advantage of manual synchronization is that a human operator actually looks at 
and hears the captured data. That way faulty data caused by malfunctioning devices, etc .• 
can be detected early. 
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In a last step the s tart and end point of the recording is defined and all tracks 
are cut to equal length . At the same time, some file format conversions are done, 
e .g ., downsampling the audio data files to I 6kHz. The coordinate files are updated: 
the temporal shift and trimming that were performed on the visual coordinate tracks 
must also be considered in the raw data files. 

3.4.3 Verification of the Synchronization Process 

A big challenge in the SMARTKOM data collection was the ability to record different 
data sources and to combine them to one temporally consistent data entity. Because 
we had a limited budget, we had to use standard components for the recording studio. 
While audio hardware with synchronizing features is available, video systems that 
allow capturing of multiple streams can only be found in the high-end (and also high­
price) market. The problem of how the other data sources like the gesture coordinate 
data in our project can be integrated in such a setup still remains. 

Another approach would have been to synchronize the time base of the recording 
computers via network using, e.g., the network time protocol (NTP). 9 This would 
have required the design of new capturing tools in order to profit from the distributed 
master clock. Besides the fact that this would have caused a great delay for the start 
of the SMARTKOM data collection, this approach failed because of missing AP Is for 
the video hardware. 

Our current synchronization process is based on the assumption that the timing 
deviations of the different capturing processes stay in an acceptable range. We try to 
achieve this by a setup that is as homogeneous as possible. For example, the three 
video capture computers are equipped and configured identically. 

We performed several test recordings in order to specify the timing deviations in 
our setup. These test recordings were limited to a length of 9 min as the size of the 
video files would otherwise hit the 2-GB limit for the file size given by the operating 
system. All data tracks were recorded and manually aligned as described in the pre­
vious section. We found an increasing timing deviation between the video tracks and 
the remaining tracks, which reached the maximum of one full video frame (40 ms 
in PAL) after 9 min. If we assume a linearly increasing drift, we end with a timing 
deviation of 20 ms in a typical SMARTKOM session of 4.5 min. Deviations in this 
range are below the range human beings normally can perceive. Dialogue systems 
like SMARTKOM operate with much higher timing windows when combining events 
from different modalities. We therefore consider the timing deviation as acceptable 
for this multimodal corpus. 

3.4.4 Data Storage on Server 

Finally, the aligned data files are stored on a Linux file server. The working teams of 
the following process stages access these files over the network in order to prevent 
repeated copying of large files. The actual path to the data is noted in the database 
sheet. 

9 http://www.eecis.udel.edu/ ntp/ 
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3.5 Audio Transcription 

Audio transcription is a time-consuming manual proces . It includes orthographic 
transcription (proper names, hesitations, noise and pronunciation variants are also 
tagged), a verification step and prosodic transcription (primary and econdary stress, 
intonational movement at phrase boundaries). A detai led description of the SMART­
KoM transcription system can be found in Steininger et al. (2006) 

During the orthographic transcription a marker file is also generated that de­
scribes the start and end point of each tum of the HMC (segmentation). This timing 
infonnation may be used as structural element. For example, it is used to display 
the transcription tumwise in the video stream in a subtitle style. The final transcrip­
tion file is checked manually and validated automatically against the transcription 
conventions. 

3.6 User State and Gesture Labeling 

These work steps require customized video files that are rendered from the source 
data files on the file server. Figure 6 shows a frame of a video track used for gesture 
labeling. It contains four different views on the video data in one picture (front cam­
era, side camera, graphical system output, infrared camera merged with the system 
output) and an audio track. In addition, the audio transcription of the current tum is 
inserted on the top. The file format is AVI with Cinepak encoding as this the only 
video format which can be used together with the labeling tool Interact. 1° For the 
emotion labeling a simplified version (only the front camera together with the audio 
TRL and an audio track) is produced. Both customized video tracks are created by a 
Java application using the Quicktime API for Java (Maremaa and Stewart, 1999). 

The label files generated in these stages are stored in ASCII text files. They are 
later integrated in the framework Quicktime file and in the BAS Partitur Format files 
(Schiel et al., 2002) in the same manner as the audio TRL file. For more information 
on user state and gesture labeling see Steininger et al. (2006) 

3.7 Final Data Preparation 

In this stage all source files and annotation, resp. label files, of a session are collected, 
final-checked and prepared for distribution on DVD-R media. A specially designed 
tool provides help with the required working steps. 

Supplementary files for the sessions are generated, for example, a speaker proto­
col file, which gives information about the characteristics of the subject or a record­
ing protocol file describing parameters of a recording. Final checks of the source 
files are done. They include semiautomated checks of cross-references in the data 
files (e.g., same speaker ID used in speaker protocol and recording protocol) as well 
as manual consistency checks. 

IO http://www.mangold.de/ 
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Fig. 6. Video stream used for gesture labeling 

The framework Quicktime file is generated in the next step. It offers the possi­

bility to choose among different views on the data files and to use these specialized 

views for playback of the recorded session. In the last step the DVD file structure is 

generated and additional files, for example, technical documents or useful tools for 

viewing the data, are copied. 

3.8 DVD Master Production 

Finally, all data are moved to the DVD-R station, an Apple Macintosh running DVD 

Toast by Adaptec. A master DVD is burned and verified; it then serves as source for 

duplication. As soon as the DVD is verified successfully and the master data on the 

server is archived into a Tivoli storage system (which is located in a different building 

to maximize security), all data are removed from the server. 11 

3.9 Data Logistics 

The database mentioned earlier is a key element in organizing the recordings and the 

further processing of the data. Due to the fact that each recording makes up a data 

11 See Sect. 4.2 for details about the distribution of data. 
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amount of 4 GB (temporarily even up to 6.5 GB) and because up to 60 recordings 
are processed in parallel, the whole process ing must be well planned. 

The database reflects the processing scheme as indicated in Fig. 4 and gives up­
to-date infom1ation about the status o f each recording during its processing via a 
Web interface. Members of the team may check in certain tasks they perfonn, lock 
certain files while working on them and report the successful completion of a task. 
Furthennore, special observations or found bugs and faulty data can be reported here, 
session and speaker specifics entered and linked to se s ion I Os. Finally, the database 
can be used as an automatic reporting generator not only fo r progress statistics but 
also for XML-rendered metadata, which are later included into the final distribution 
of the corpus. 

ln the final stage of SMARTKOM the fi le server o ffered approx. 2200 GB disc 
space and the processing time needed from the recording to burning the DVD was 
about 6 weeks. Unfo1tunately, these bottlenecks restrict the number of recorded test 
subjects to an average of 4 per week. 

4 SmartKom Corpus 

The final corpus was distributed continuously during the course of the project to the 
project partners. The Ministry of Education and Sciences (BMBF) as the principal 
funding source of the SMARTKOM project assigned the task of further maintenance 
and distribution of the corpus to the BAS. As in the former Verbmobil project, all data 
produced during the project phase should be freely avai lable to interested scientists 
and engineers one year after the project internal release date. There are no restrictions 
with regard to the usage of the corpus except the redistribution to third parties. The 
corpus will also be available through the European Language Resources Association 
(ELRA). 
The SMARTKOM Corpus consists of four parts: 

• BAS SMARTKOM-Public (SK-P) 
• BAS SMARTKOM-Home (SK-H) 
• BAS SMARTKOM-Mobile (SK-M) 
• BAS SMARTKOM Biometry (SK-8) 

In the following we will give a short description of the first three parts containing the 
WOZ recordings and annotations as described above. 12 

4.1 Corpus Overview 

The BAS edition of the SMARTKOM multimodal data collection contains the same 
data as the original project edition newly structured and validated against basic BAS 
guidelines. The following deviations to the original edition should be noted here: 

12 The SMARTKOM Biometry corpus will not be described here since it consists ofan entirely 
different set of data. 

Page 1119 of 1206



Wizard-of-Oz Recordings 559 

• transliteration, annota tion , lexicon and BAS Parti tur files added 
• add11ional documentation of formats 
• revalidation again t BA standards 
• partly ex tended to replace incomplete sessions 

T he size of the fu ll corpu is approx. 1.4 TByte. It contains the recorded data of 233 
users (92 male, 141 female). The basic structural unit is the recording session; the 
tota l number of essions is 428 (P: I 62, M: 139, H: 127). Each recording session con­
tain a ll recorded modalities together with the a,motations and metadata. The size of 
a ing le recording hould be less than 4.5 GB to allow distribution on standard DVD­
R. Sessions are stored on numbered DVDs (since the original corpus was distributed 
on DVD-R). Therefore each directory named "DVD-##. V " is the root directory to 
a " DVD" even if more than one DVD is stored on a medium. 13 If the corpus was 
distributed on a larger medium than DVD-R, there usually exist structures above the 
DVD directories that summarize contents in a more practical way. Please refer to the 
REA D ME on the top level of the medium for that. 
Each session is named by a seven-character string: 

TNNN SD where: 1st char 
T = type of recording b Biometric data 

w Wizard-of -Oz 
d Demo session 
p Test session 
e evaluation 

session 

Wizard-of Oz is the standard case where the person is not aware that he/she is dealing 
with a human-controlled system. 

A demo session is a fake recording to demonstrate the capabilities of the system; 
the person acts after a script. 

A test session is a real recording but the person is cooperative and knows about 
the WOZ situation. 

A evaluation session is the recording during the real usage of the prototype sys­
tem either communicating with a naive person or with an expert. 

Only the Wizard-of Oz sessions are part of the BAS SMARTK0M edition; the 
remaining data are kept available at the BAS for interested parties. 

2nd to 4th char 
NNN = session number starting with 001 

Session numbers start with 00 I within each type. The numbering is not continuous; 
there might be missing numbers due to faulty recordings that were omitted before 
distribution. 

5th char 
I I 

13 "##"=DVD number; "V" = DVD version number. 
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6th char 
s = technical scenario p Publ ic 

m Mobile 
h Home 

7th char 
D = primary task k cinema 

t touristic 
planning 

f TV guide 
r restaurant 
n navigation 
V VCR programing 
m music jukebox 
a phone 
X fax 

ln addition to the seven-character session name above, there exist the following name 
extensions to denote more specific parts of the session: 

8th char : recording 
channel: a clip-on micr ophone, channel 1 

Sennheiser KA 100 p 

placement : collar 
b clip-on microphone, 

Sennheiser KA 100 P 
placement: collar 

h: headset microphone 
Sennheiser NB2 

XLR 

channel 2 
XLR 

1-4 : microphone array 4 channels 
Sennheiser KA 100 SP 
placement: upper end of 
interaction area 

d directional microphone 
Sennheiser ME 66 
placement: on face camer a 
distance to mouth: 60 cm 

w system output 
p playback backround noise front 
q playback background noi se back 
t tableau coordinates 
s SiViT coordinates 
i infrared video of 

interaction area 
m front capture camera (face) 
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1 : l eft lateral capture 
o : system di splay capture 

Please refer to Tiirk (2000) for a detailed description of the technical setup. 

9th char : ' ' 

10th - 12th char turn numbering, starting with ' 001' 

13th char : ' ' 

14th - 16th char : speaker ID 

Extensions denoting turns or speaker IDs are only used to denote events in a tum of 

a session, e.g. , within a labeling scheme. The SMARTKOM system always has the 
"speaker ID": "SMA". 

The following extensions are used throughout the corpus: 

.qt QuickTime f i le 

. trl t ransl iterat ion 

.spr speaker protocol file 

.rpr recording session protocol 

.par BAS Partitur Format file 

.avi video file AVI 

. mov video file DV 

.ges gestic labeling file 

.ush user state labeling file ('holistic') 

.usm user state labeling file ('mimic') 

.trp user state labeling file (' prosody') 

For example, a session recording "w003 .pk" consists of a set of files like what 

follows (when all channels are present): 

Type 

QuickTime frame* 
Front capture* 
Lateral capture* 
Infrared video 
System display output 
Audio clip 1 # 
Audio clip 2 # 
Audio headset# 
Audio Directional# 
Audio array 1 
Audio array 2 
Audio array 3 
Audio array 4 

Name 

w003_pk .qt 
w003_pkm.mov 
w003_pkl.mov 
w003_pki.mov 
w003_pko .avi 
w003_pka.wav 
w003_pkb.wav 
w003_pkh . wav 
w003_pkd.wav 
w003_pkl.wav 
w003_pk2.wav 
w003_pk3.wav 
w003_pk4.wav 

J 
I 
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Audio system output* w003_pkw.wav 
Audio background front w003_pkp.wav 
Audio background back w003_pkq . wav 
Tableau coordinates w003_pkt.qt 
SiViT coordinates w0 03_pks.qt 
Recording session protocol * w003_pk.rpr 
Speaker protocol file* AAB.spr 
Transliteration* w003_pk . trl 
Bas Partitur Files (BPF) * w003_pk.par 
User State Holistic$ w00 3_pk .ush 
User State Mimic$ w003_pk.usm 
User State Prosody$ w003_pk.trp 
Gesture Labeling* w003_pk.ges 
Turn Segmentation* w003_pk.mar 

The obligatory files are marked with a "*". At least one of the audio channels a, b, h 
or d (marked with a"#") must be recorded. If the front video recording is present, the 
annotation files ush, usm and trp (marked with"$") must be present. If one of these 
files is missing, this is regarded as an error and listed in the ' Known Errors' section 
of the documentation. 

4.2 Distribution 

Because of the large size of the corpus (at least large at the time of production), the 
distribution of the whole corpus or even of the individual subcorpora Public, Home 
and Mobile cannot be done on regular DVD-5 media. Nevertheless, the BAS offers 
the distribution of selected sessions or of special extracts of modalities on DVD-5. 

A full corpus will be distributed on IDE hard disc drives of 120 or 160 GB size 
each. The file system is FAT 32 to allow for easy mounting on all PC platfonns. 
The total SMARTK0M corpus requires 11-12 hard disc drives. The data integrity of 
these drives is guaranteed for approx. 5 years. The end user should therefore copy 
the received data as soon as possible on a file server (with a backup facility) or -
as an inexpensive alternative - insert the original drives into a server system. 14 The 
user may also copy parts of the corpus to DVD-5 at his/her facilities; to simplify this 
we structured all BAS SMARTK0M corpora into chunks smaller than 4.5 GB. 

All symbolic information to the corpus, that is, all metadata, documentation and 
annotations as described below, are available on the BAS FTP server for free. There 
you will always find the latest version of these data. Since it is very likely that during 
the usage of the corpus some errors occur, the BAS strongly encourages the users of 
the SMARTK0M corpus to report these errors back to the BAS. Bug-fix messages will 
then be automatically sent to all known users, and the fixed data can be downloaded 
from the BAS servers. 

14 The data integrity lasts much longer if using the drives in a life server system rather than 
just storing the drives in an archive. 
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4.3 Signal Formats 

Most of the file formats used in this corpus are widely used standards. The top Quick­
Time (QT) file has the extension ".qt'' and summarizes all recorded data into one 
synchronized data stTeam. Individual streams are stored in standard format files (e.g., 
*. wav, * .mov, * .avi), which can be also accessed independently from the top QT file. 
The current QT player allows only one video track to be activated. You may switch 
from different views during playback. The same is true for the nine audio tracks. As 
an additional feature, the QT file contains specially compiled versions of the translit­
eration to display the spoken text in a subtitle frame. A chapter track allows users 
to jump to selected turns of the recorded dialogue. Each distributed medium of the 
corpus contains the publicly available QT library and player for Mac OS and MS 
platfonns. 

4.4 Metadata 

For each recording session and each SMARTKOM user there exist metadata descrip­
tion files. 

4.4.1 Recording Protocols 

The recording protocols list all relevant parameters to a recording session and are 
stored in the file "TNNN ..SD.rpr", where "TNNN ..SD" denotes the session ID. The 
recording protocol is stored in XML and is mostly self-explanatory (English tag set). 
A DTD for the format can be found in the online documentation. 

For example (excerpt only): 

<?xml version="l.0" encoding="UTF-8 11 standalone="yes"?> 
<!DOCTYPE RPR SYSTEM "rpr.dtd"> 
<RPR> 

<HEAD> 
<version number=-"2" subnumber="0" /> 

</HEAD> 

<DVD no="163" /> 

<SPEAKER id="ADB" /> 
<SESSION-PARAMETERS> 

<session_id value="w160_mt" /> 
<recorded domains> 

<domain__planned use-case="Touristik" /> 
<domain_recorded use-case="Touristik" /> 

</recorded_domains> 
<atmosphere place="mobile" number="l" volume="soft" /> 
<background pattern="Buntl" /> 
<pen mode="pen" /> 
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cemotions evoked="no" / > 
ccontent_variation version="l " / > 
cr ecording_date year="2001" month= "08" day="23 " / > 
crecording_location value="LMU" /> 
crecording_setup wi zard="wi za rd3" / > 
cexperimenter name="Silke_Ste ini nger " / > 
cwizard_speech_output name="Ulrich_Reubold" distortion="soft 
distortion" / > 

cwizard_navigation name="Ulrich_Reubold" /> 
csession_sequence_no position="2 " / > 

c/SESSI ON-PARAMETERS> 

cDATA-TRACKS> 
cVI DEO> 

cData fieldname= " (ml mimic" device·="Panasonic NV DX 100 EG" 
present="yes" / > 

4.4.2 Speaker Profile 

Speaker profiles are stored in the file "AAA.spr", where "AAA" denotes the three­
character speaker ID. The speaker ID to a given session can be either obtained from 
the corresponding recording protocol, from the standardized tum marker or from the 
header of the corresponding BAS Partitur Fonnat file. The speaker profile is stored 
in XML and is mostly self-explanatory. A OTO for the fonnat can be found in the 
online documentation. 

For example: 

c?xml version="l.0" encoding="UTF-8" standalone="yes" ?> 
c!DOCTYPE SPR SYSTEM "spr .dt d" > 
cSPR> 

<HEAD> 
cversion number="2" subnumber="0" / > 

c/HEAD> 

<SPEAKER> 
cPersonal_Data speaker-id="AAJ" sex= "F" 
date_of_birth="13.07 . 1940" 
height="164 cm" weight="60 kg" handed="right" / > 

cSchool degree_state="BY (Bayern)" 
degree="Volksschule/Hauptschule" 
profession="Rentnerin/Rechtsanwaltsgehilfin" / > 

<Languages mothertongue="DEU" mothertongue_mother="DEU" 
mothertongue_father="DEU" dialect="I3 (S\"udbairisch)" 
bilingual="no"> 
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<f or e i gn_ languages > 
<l anguage value ="ITA" / > 

</ f orei gn_language s> 
<bi l i ngual_la nguages> 

<language value="none " / > 
</bilingual_ l anguages> 

</Languages > 

<Cul t ure german_na t i onal1.ty="yes" 
cul t ur al_envi r onment="DEU" / > 

<Experience speech_singing_training="no " 
computer _experience="yes" 
speech_dialogue_exper ience="no" / > 

</SPEAKER> 

<RECORDI NG-SPECIFI C> 
<glasses exists="yes " / > 
<smoker exists="yes" / > 
<beard exists ="no" /> 
<piercing exis ts ="no " / > 
<jewel s exi s ts="yes" /> 

</ RECORDING-SPECIFIC> 

<COMMENTS> 
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VPN wa r zweimal da! Zweite Sess ion: w335 mt und w336 mt 
</ COMMENTS> 

</SPR> 

4.5 Annotation Formats 

The SMARTKOM corpus contains several annotation layers: transliteration, 2D ges­
ture, user state holistic, user state face and prosodic segmentation. Please refer to the 
contribution by Steininger et al. (2006) for a more detailed discussion of the problem 
on how to annotate multimodal data. In the following we will merely give a short 
formal description of the formats used for the different annotation types. 

4.5.1 Transliteration 

Input: audio channel 

This file type contains the orthographic transliteration of spontaneous spoken 
language. That includes, for instance, information like interruptions within phrases, 
revision and repetition of utterances, reduction or hesitation. There are symbols for 
the following categories: 
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l . lexical units 
2. syntactical-semantical fonnation 
3. nonverbal articulatorical utterances 
4 . noise 
5. pauses 
6. acoustical interaction (speech overlap) 
7. comments 
8. special comments 
9. prosodies 

The audible events are recorded orthographically only. There is no phonological 
transliteration, no phonetical transcription and no temporal correlation with the sig­
nal. IS 

The fom1at is based on the well-known Verbmobil II transliteration fonnat (TR2) 
extended by markers for prosodic event, for barge-in, for off-talk as well as some 
methodological adaptations. Therefore this type of transliteration is denoted by 
"TRS" (transliteration SMARTKOM) in the BAS Partirur Fonnat to distinguish it 
from other formats. 

A detailed description of the conventions can be found at our website. 16 The 
transliteration is stored in a file with extension * .trl with one tum per line. 

4.5.2 2D Gestures 

Input: audio channel, facial video, lateral video, system output overlapped with in­
frared video of interaction area 

This file type contains information on gestures that occurred in the session. All 
gestures that occur within the borders of the SiViT camera field are labeled. Addi­
tionally, emotional gestures that occur elsewhere are labeled. The following label 
information is assigned to each found gesture: 

• begin of the gesture (onset) in samples 
• duration of the gesture in samples 
• category of the gesture 
• label of the gesture 
• hand and finger used 
• reference word 
• reference zone on display 
• reference object 
• begin of the stroke in samples 
• duration of the stroke in samples 
• optional: comments about the gesture 

The data fields are tab-separated and stored in a BPF tier file with extension * .ges. 

15 However, a temporal correlation can be obtained by using the segmental information in the 
MAR files (see below) or by using the information in the TRN tier, respectively. 

16 http://www.phonetik.uni-muenchen.de/Forschung/SmartKom/Konengl/engltrans 
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4.5.3 Turn Segmentation 

Input: audio channel 
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Since all recording contain the data of a complete dialogue of approx. 4.5-min 
length, it is useful to segment this data stream into shorter units called turns. The tum 
is defined in the transliteration conventions to SMARTKOM (see our website 17). This 
infonnation is stored in so-called "marker files" (*.mar). 

Marker files contain the infonnation when a tum of the dialogue starts and ends in 
the signal files as used in the transliteration. Each line contains three entries separated 
by white spaces: 

Start of turn End of turn Turn marker 

Start and end are given in samples ( 16 kHz) from the beginning of the file (0). 
The tum marker reads as follows: XXX..A..B, where "XXX" is the speaker ID; ''A" 
is the turn number and "B" is the channel number (channel 1 is human; channel 2 is 
machine). For example: 

47232 187264 SMA 1 2 
205312 249472 ULT 2 1 

2170240 2190080 SMA 19 2 

4.5.4 Prosodic Labeling for User State 

I.nput: audio channel 

The metalinguistic prosodic annotation is part of the so-called user state annota­
tion. User states are positive or negative attitudes of users towards a certain system 
in human-computer interaction. The labeled prosodic events are part of the input to 
the user state classifier that works exclusively on the audio signal. 

The files * .trp contain the orthographic transliteration of spontaneous spoken 
language as described above modified in the following way: 

1. Elimination of the following tags: 
• linguistic prosodic features (labels enclosed in '[]') 
• noise (tags beginning with '#' or'<#>' or bracketing with those) 
• pauses (' <P> ') 
• overlapped speech (word modifiers' ... l@' or '@I...') 
• special comments (' <; ... > ') 
• tildes for marking names('-:-. .') 
• words hard to understand (' ... % ') 

2. Added the annotation of the following metalinguistic prosodic features 
• PAUSE_pHRASE: irregular pause on a phrasal level 

17 http://www.phonetik.uni-muenchen.de/Forschung/SmartKom/Konengl/engltrans 
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• PAUSE_\VORD: irregular pause on a word unit level 
• PAUSE_SYLL: irregular pause on a syllable level 
• LENGTl-LSYLL: lengthening of a syl lable 
• EMPHASIS: emphatic accentuation 
• STRONG _EMPH: stronger emphatic accentuation 
• CLEAR-ART: clear articulated speech 
• HYPER_ART: hyperarticulated speech 
• LAUGHTER: speech overlapped by laughter, sigh or the like 
More than one label per word is allowed and a feature occurring at several adja­
cent words is marked at each word by a separate label. 

3. Added infonnation about durations in ms, surrounded by curved brackets: { %snd : 
SOUND FILENAME_ begin_ end}, where %snd stands for "sound" and_ begi n_ en d 
are given in msec from the beginning of the sound file SOUNDFILENAME. This 
segmental infonnation is used in the following way, depending on the annotated 
label: 
• PAUSE_pHRASE, PAUSE_WORD: duration of the word before the pause 

plus the pause duration 
• PAUSE_SYLL: duration of the word with a pause between its syllables 
• LENGTH_SYLL: duration of the word with a lengthened syllable 
• EMPHASIS: duration of the word with an emphatic accentuation 
• STRONG_EMPH: duration of the word with a stronger emphatic accentua-

tion 
• CLEAR.ART: duration of the clear articulated word 
• HYPER-ART: duration of the hyperarticulated word 
• LAUGHTER: duration of the overlapped word 

The various labels are placed after the word that reveals the annotated phenomena; of 
course, pause label are placed between the relevant units. See Steininger et al. (2000) 
for more detailed information about this annotation. 

4.5.5 Holistic Labeling of User State 

Input: facial video, audio channel 

The file type * .ush contains an segmentation and labeling of user-states (interest­
ing emotional and cognitive states) that occurred in the session. The whole session 
is segmented that is there are no gaps within the segmentation. 

For each segment begin (second column) and duration (third column) are given in 
samples ( 16 kHz) starting from the begin of recording (0). Each segment is assigned 
to one of the seven labels (third column) below (label names in square brackets): 

• neutral [Neutral] 
• joy/gratification (being successful) [Freude/Erfolg] 
• anger/irritation [Arger/MiBerfolg] 
• helplessness [Ratlosigkeit] 
• pondering/reflecting [ Oberlegen/Nachdenken] 
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• surprise [Ubemischung/VerwundenmgJ 
• unidentifiable episodes [RestklasseJ 

The labels are assigned with respect to the impression of the labeler. Not only the 
facia l expression but also the voice quality or other contextual infonnation is con­
sidered. Only the use of words with emotional content, but without an emotional 
expression is 110 1 cons idered as an indicator of a respective emotion/user state. 

The intensity of a user state is labeled in the forth colunm for the classes 2-6 by: 

• strong [stark] 
• weak [schwach] 

In parallel to the user-state labels the *.ush files also contain a segmentation of oc­
clusions when the hand or pen occlude parts of the face. This segmentation is not 
without gaps and is overlapped to the segmentation of user states: 18 

• hand over face [Hand im GesichtJ 
• hand over face/mouth [Hand im Gesicht/Mund] 
• hand over face/nose [Hand im Gesicht/Nase] 
• hand over face/eyes [Hand im Gesicht/Augen] 
• pen over face [Stift im GesichtJ 
• pen over face/mouth [Stift im Gesicht/Mund] 
• pen over face/nose [Stift im Gesicht/Nase] 
• pen over face/eyes [Stift im Gesicht/AugenJ 
• face partly not in the range of recording [Teilweise nicht im Bild] 
• other object in face [Objekt im Gesicht] 

For more detailed infonnation please refer to Steininger et al. (2002a), Steininger 
et al. (2002b) or Steininger et al. (2000). 

4.5.6 Mimic Labeling of User State 

Input: facial video, USM annotation without labels 

The file type * .usm contains information on user states that were segmented and 
labeled without the audio cha1111el. 

The file structure and the labels used are identical to the *.ush annotation de­
scribed before. Only the labeling procedure differs: A different labeler watches the 
video face recording again and assigns new names to the segments. The infom1ation 
that is available for the segmenter from the previous USH labeling process are: 

• the neutral segments 
• the segments with occlusions of the face 
• the time information but not the labels of all other user state events 

18 In the BAS Partitur Fonnat (Schiel et al., 2002) that summarizes all annotations in a com­
mon fomrnt this segmentation has a different tier name (OCC) than the user state segmen­
tation (USH). 
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The segmenter is advised to ignore the neutrnl and occlusion segments and to la­
bel the remaining user-state segments anew. He may also assign the borders of the 
segments anew (if applicable). 
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Summary. Do users show emotions and gestures if they interact with a rather intelligent 
multi modal dialogue system? And if they do, what do the "emotions" and the gestures look 
like? Are there any features that can be exploited for their automatic detection? And finally, 
which language do they use when interacting with a multimodal system - does it differ from 
the usage of language with a monomodal dialogue system that can only understand speech? 

To answer these questions, data had to be collected, labeled and analyzed. This chapter 
deals with the second step, the transliteration and the labeling. 
The three main labeling steps are covered: orthographic transliteration, labeling of user states, 
labeling of gestures. Each step will be described with theoretical and developmental back­
ground, an overview of the label categories, and some practical advice for readers who are 
themselves in the process of looking for or assembling a coding system. Readers who are 
interested in using the presented labeling schemes should refer to the cited literature - not 
all details necessary for actually using the different systems are presented here for reasons of 
space. For information on the corpus itself, please refer to Schiel and Turk (2006). 

1 Transliteration of Speech 

The transliteration of spontaneous speech is a tricky problem. Spontaneously speak­
ing people tend to produce a lot of events that are not actually speech: Looking at a 
transcript one sometimes gets the impression that a speaker actually produces more 
nonlanguage events than actual language events. One can assume that the ratio of 
well-pronounced speech to reduced or unconventional speech and nonspeech events 
is different for different situations of spontaneous speech. For example, a person giv­
ing a talk pays much more attention to proper pronunciation and comprehensibility 
and tries to suppress coughs, hesitations and similar events. A person who is talking 
rapidly to a friend, perhaps joking, perhaps even eating, simultaneously represents 
the other extreme: One can expect a Jot of neologisms, reductions, interruptions, etc. 
The same will be the case for emotional speech. The situation in SMARTKOM is a 
case in-between the two of these extremes: The speaker will probably only concen­
trate to produce well-pronounced speech in a small part of the dialogue and show 
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lots of the events that are characteristic for everyday, spontaneou speech. A tran­
scription system has to be able to capture all the peculiarities of uch casual speech. 
Fortunately, spontaneous speech ha been tran !iterated for many years, therefore 
much experience about the to-be-expected problem has been accumulated and a 
wide variety of transcription systems is available. 

\Ve decided to use the Verbmobil conventions to be con istent with the Yerb­
mobil corpus and because our requirements were very similar to the ones in Verb­
mobil. Thus we adapted the Verbmobil conventions, most notably was the addition 
of prosodic labels. For the complete conventions please refer to our website 1 or the 
Gern1an version in Beringer et al. (2000). 

2 Labeling of the User States 

2.1 Overview User-State Labeling 

This section covers the most interesting points of the user-state labeling in SMART ­
KOM. The labeling process comprised three separate procedures: holistic labeling of 
the data, labeling of the facial expression without audio infom1ation and prosodic an­
notation. The first two steps were specially designed for the requirements in SMART­
KOM. The third step was added by request of one of the developer groups and com­
prised a coding system that was used in Verbrnobil. First, we explain which require­
ments we wanted the coding systems to fulfill and how these were translated into 
the coding conventions for holistic and facial expression labeling. After that the ba­
sic principles and categories of these two steps are outlined. Problems and obser­
vations that could prove useful to future emotion-labeling endeavors are discussed 
afterwards. A brief description of the prosodic annotation concludes the section. 

2.2 Requirements of the User-State Labeling 

The labeling of emotions or user states2 in SMARTKOM had to serve two main goals: 

1. the training of recognizers 
2. the gathering of information on how users interact with a multi modal dialogue 

system and which user states occur during such an interaction 

The questions that have to be solved to detect user states automatically are: Which 
features of the face and of the voice contribute to an emotional impression? Which 
of these features can be detected automatically? 

If we already knew the answers to these questions, it would make sense to define 
coding conventions that mark these features in the data (for example, with a formal 
or structural coding system that labels morphological features), compare FACS by 

1 http://www.phonetik.uni-muenchen.de/Forschung/SmartKorn/KonengVengltrans 
2 The name "emotion labeling" was changed to "user-state labeling" because the targeted 

episodes in the data comprised not only emotional but also cognitive states. 
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Ekman and Friesen ( 1978). But since we are far from answering these questions 
conclusively, we had to work the other way round. 

Our "other way round" technique amounted to the following: We decided to de­
fine the user states with regard to the subjective impression that a human commu­
nication partner would have, if he would be in place of the SMARTKOM system. A 
human in a conversation with another human is able to judge which emotion or user 
state his communication partner shows. Of course, he does not know which emotion 
is " truly" present in his communication partner. But this is not necessary for him to 
use the emotions he perceives as clues for managing the dialogue: going on if his 
partner seems to be in a good mood, stopping and intervening if his partner shows 
signs of a negative mood and offering help if his partner seems confused. A misjudg­
ment would not be seen as problematic (in most cases), but ignoring an expressed 
(negative) emotion in many cases would lead to irritation. If a communication part­
ner therefore can detect user-states that are relevant for the communication process 
- then a labeler should be able to do the same - and the user states that he detects 
would be the ones that are relevant for the system. It would not be too bad if the 
detected user state was not present (it would only be bad if this happened too often). 
Missing a user state (with a function in the dialogue), on the other hand, would be 
less desirable. Our first requirement therefore was: 

• The label system should target user states that were perceived subjectively and 
were regarded as important for the dialogue. This is a functional 3 approach; we 
look for the user states that serve a certain function in the dialogue. 

In addition to the task of marking the relevant user states to fulfill the two goals 
mentioned above, the coding system had to satisfy some additional, mostly formal 
requirements. They overlap to a large part with the requirements for transliteration 
and gesture labeling: 

• The labels should be selective. 
• The coding system should be fast and easy to use. 
• The resulting label file should facilitate automatic processing (a consistent file 

structure, consistent coding, nonambiguous symbols, ASCII, parsability) and 
preferably should be easy to read. 

• The main categories and most of the modifiers should be realized as codes and 
not as annotations, in order to heighten consistency. Annotations (free comments 
and descriptions that do not follow a strict rule) are more flexible, but codes 
(predefined labels from a fixed set) increase the conformity between labelers. 

These considerations were the starting point for the development of the coding sys­
tems for holistic and facial expression labeling, which will be outlined in the next 
subsection. 

3 "Functional code" or "functional unit" is sometimes defined differently by different au­
thors. We use the term in accordance with Fal3nacht ( 1979) for a unit that is defined with 
regard to its effect or its context. 
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2.3 Development of the Coding System for the User States 

V..1e had no data on emotions that could be expected in a human- machine dialogue, 
therefore we picked those that seemed interesting or relevant ( for us or fo r the 
developers): '·anger/irritation.'' "boredom/lack of interest," "joy/gratification (being 
successful),'' •·surprise/amazement." ''neutral/anything else." A selection of sessions 
was labeled with these categories. After the labeling the categories were discussed. 
"Boredom/lack of interest'' was excluded because it could not be distinguished from 
"neutral:' "Neutral'' and "anything else" were separated into two different categories 
because many sequences were found where the users definitely did not show a neu­
tral expression, but no meaningful label could be given . "Anything else" was re­
named an "unidentifiable episode." Two new categories were included to describe 
user states that occurred quite often in the data and are important in the context of 
human-computer interaction: '·helplessness" and "pondering/reflecting." In a second 
step with the new (final) set of categories all sessions from the pretest were labeled 
again, and after that all other sessions. Since the goal was to find detectable fea­
tures, for each category some morphological characteristics were listed. Please note 
that these descriptions were assembled relatively late in the process of labeling the 
data. We started in each category only with the "simple" instruction to the labeler: 
"Mark a sequence as 'joy/gratification' if you have the impression that the subject is 
in a positive mood, enjoys himself, is visibly content, amused or something similar." 
Only after a considerable amount of data was labeled were the fonnal criterions were 
extracted and written down. The goal was to enhance the consistency of the labeling 
system but at the same time to be true to the goal to label the subjective impressions, 
not existing fom1al categories. 

With the holistic labeling system we were relatively sure to be able to label all rel­
evant user-state episodes. However, the developers criticized that the coding system 
was not very well suited for generating training material for user-state recognition 
of facial expressions. Because of the holistic approach, the labels included not only 
information from the facial expression, but also information from the voice and from 
the context. This was seen as problematic since a facial expression recognizer obtains 
information only from the facial expressions and a prosody recognizer obtains infor­
mation only from the voice. Therefore, we included two additional labeling steps: 
labeling of the facial expression without the audio infonnation and prosodic labeling 
without the video channel. 

For the facial expression labeling a different labeler group watched the videos 
without audio. The labelers started with a presegmented file (from the holistic label­
ing). This presegmentation was derived from the holistic labeling where the names 
of the categories (apart form "neutral") were deleted, while the borders were re­
tained. We decided to start with the holistic step because humans perceive emotions 
in a holistic way. Not only do we include visual, auditory and semantic information, 
we even add assumptions about the probable emotional state of our communication 
partner and then add these assumptions to our perceptions (Ratner, 1989). For this 
reason it can be assumed that the judgments about perceived emotions would differ 
in cases where we have a more natural, holistic situation (watching a video, although 
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in a video, of course, some cues from a real-life situation are missing) and a more 
unnatural , deprived situation, such as watching only the face without audio (Wall­
bott, 1988; Munn, 1940; Sherman, 1927). Since we did not use a formal system, but 
one that had the goal to label subjective categories, the labelers could not be trained 
to look only for the cues for the category (concentrate only on certain movements, 
fo r example). Their task was a holistic one: to label a "positive mood" or a "nega­
tive mood ." Therefore we assumed that their emotion detection and labeling ability 
would decrease in a situation with as little information as possible. By putting the 
hol istic step before the nonauditory step we hoped that subtle episodes would not be 
missed. 

Since the facial expression crew had presegmented label material, they knew 
there should be something and could verify if they actually could decide upon an 
emotion or not. In some of the cases, they could not perceive an emotion in the 
segment delivered from the holistic crew. In these cases they recorded "neutral." 
Conceivably these were the cases where the emotional information was only in the 
voice or in the context, or the emotion was too weak to be visible in a context­
deprived situation. The results of the two steps were linked - the facial expression 
crew did not start from scratch but got the hint that there "could be something." This 
generated an expectation that could lead to the perception of an emotion where none 
would have been seen without this expectation. We decided to rather live with these 
errors rather than to have a wholly independent video-only labeling step because of 
practical considerations (the time would have doubled for the user-state labeling), 
but also for theoretical ones: 

I. As already mentioned, without context information judgments about emotion 
can be blurred (see references above). 

2. Because of a low inter-rater reliability for emotional judgments, two wholly in­
dependent steps would perhaps have had results that differed so much that no 
conclusions would have been possible about what is different between holistic 
and purely visual labeling. 

We therefore chose an intermediate step and hoped to get some clues about which 
material is better suited for training and how the emotional judgments differed with 
regard to the input infom1ation. 

Additionally, on request of one of the developer groups, we adopted a formal 
coding system that was used in Verbmobil (Fischer, 1999) and changed it to suit 
our needs in SMARTKOM. The labels were chosen according to the requirements 
for the user-state recogrution group in SMARTKOM and were thought to represent 
prosodic features that are indicative of emotional speech. By the comparison be­
tween the holistic labeling and the prosodic labeling we hoped to detect relevant user 
states in speech. For more information on the usage of prosodic features as indica­
tors of emotional speech, please refer to Batliner et al. (2000). For more information 
on the development of the user-state label systems, please refer to Steininger et al. 
(2002a). In the following sections the label procedures for the three different steps 
are described briefly together with difficulties and proposals for future research. 
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Fig. 1. Example of the front view that was used for the holistic and the facia l expression la­
beling. The picture was taken from an episode that was labeled as "joy/success·• in the holistic 
labeling step 

2.4 Holistic Labeling of User States 

The first step during user-state labeling was the so called "holistic labeling". A la­
beler watched the video of a session and marked each change in the state of the user. 
The segments that were found in this way were then assigned one of seven labels: 

• neutral [Neutral] 
• joy/gratification (being successful) [Freude/Erfolg] 
• anger/irritation [ Arger/Mil3erfolg] 
• helplessness [Ratlosigkeit] 
• pondering/reflecting [Uberlegen/Nachdenken] 
• surprise [Uberraschung/Verwunderung] 
• unidentifiable episodes [Restklasse] 

The allocation of the labels was done with regard to the overall, subjective impression 
and took into account the facial expression, the quality of the voice, the choice of 
words and the context. However, the sole usage of anger-implicating words that were 
uttered without any emotional expression were not taken as an indicator for anger. 

Additionally the label was given a rating with regard to the intensity of the user­
state ("weak" or "strong"). This rating was not absolute, but referred to the gen­
eral strength of emotion a certain subject showed. An individualized referencing like 
this poses problems for the training of recognizers. However, there is no way to de­
fine weak and strong emotions absolutely. Additionally the impression of weak and 
strong is dependent on the observer, and he or she also has no absolute sense for 
the level of a perceived emotion. This has to be taken into account when interpret­
ing results that refer to the weak and strong differentiation. Sequences during which 
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Fig. 2. Example for an episode that was labeled as "anger/irritation" in the holistic labeling 
step 

the face was partly occluded by the hand/s of the subject were marked, as well as 
sequences during which the face could be seen only partly in the camera picture. 
Consistency was enhanced by two correction steps, one of them a final correction by 
the same corrector for every session. Difficult episodes were cliscussed. 

2.5 Facial Expression Labeling of User States 

After the holistic labeling a second labeler group (that was not involved in the holistic 
labeling) watched the same video without the audio information. The group used the 
same categories as the holistic crew (without the auditory features). As described 
above, the labeler was infonned about the segment borders and the occurrence of 
"neutral" segments, which he or she could ignore. Because of the different perception 
situation the labelers sometimes had a different impression about the borders of an 
emotional segment. In these cases they could adjust the markers for beginning and 
end of a segment. 

2.6 Categories of Holistic and FaciaJ User-State Labeling 

Please note that the categories in the two steps were the same, but in the facial ex­
pression labeling the descriptions for features in the voice were not used. 

Joy/Gratification ( Being Successful) 

This label was given if the labeler had the impression that the user was in a posi­
tive mood, enjoyed him- or herself, was visibly content, amused or something sin1-
ilar. Amusement that (obviously or probably) stemmed from derision, mockery or 

f 
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Fig. 3. Example for an episode that was labeled as "helplessness" in the holistic labeling step 

something similar was still labeled as joy. We made this decision because sarcasm, 
derision, etc., are exceedingly hard to detect reliably automatically. 

Anger/Jrritatio11 

The labeler marked this label if he had the impression that the user was in a negative 
mood, was visibly not content, was irritated, annoyed, exasperated, angry, disap­
pointed or something similar. Most cases of this category were weak: Full-blown 
anger almost never showed up. In many cases users showed their anger rather "po­
litely" (sometimes even smiling!). 

Helplessness 

This label was chosen if the labeler had the impression that the user was helpless, 
confused or interrogative. The strong cases comprised helplessness and distress: The 
user did not know what to do and/or had no idea how to go on. The weak cases com­
prised episodes in the dialogue where the user was puzzled, a bit confused, wanted 
to know something or had no concrete plan how to go on. 

Pondering/Reflecting 

If the labeler had the impression that the user was thinking hard, "pondering/reflecting" 
was chosen. The task of the subject led to the fact that for the most parts of the session 
he watched the display, concentrated, read or searched the display. This behavior was 
not labeled as "pondering/reflecting". There had to be visible or audible indicators, 
like biting the lips. 
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,-. 

Fig. 4. Example for an episode that was labeled as "pondering/reflecting" in the holistic label­
ing step 

Surprise 

This label was given if the labeler had the impression that the user was surprised. 
There was a fast movement in the face (in most cases of the eyebrows) or an abrupt 
vocal reaction in response to an external stimulus. 

Neutral 

If no emotional or cognitive state in the face or the voice could be detected by the 
labeler, "neutral" was marked, as well as in cases where an emotional or cognitive 
state was so faint that the assignment of a label seemed inappropriate. 

Unidentifiable Episodes 

This label was chosen if the user was neither "neutral" nor any of the other labels 
could be assigned to the episode. Three cases could be discriminated: 

l . grimaces with no emotional content, for example, playing with the tongue in the 
cheek, twitching muscles, etc. (about 65%) 

2. emotional sequences that had no label in our system, for example, "disgust," 
(about 5%) 

3. states that seemed to have an emotional or cognitive meaning, but could not be 
decided upon by the labelers (about 30%) 

For additional information on the user-state labeling please refer to Steininger et al. 
(2002b). A complete description of the conventions can by found in Steininger et al. 
(2000). 
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2.7 Inter-Rater Agreement in Holi tic User-State Labeling 

To work out the interlabeler agreement, 20 dialogues were labeled twice by differ­
ent, nonoverlapping groups of labelers. The accuracy and correctness values were 
calculated as were the single label agreements . The dialogues for the interlabeler 
agreement probe were chosen by chance. The firs t labeling was done in the years 
2001 and 2002. lt took place during the nonnal processing of the data of the Wizard­
of-Oz recordings. The second labeling was done especially for the calculation of the 
interlabeler agreement. It took place in 2003. The procedure was exactly the same as 
in the first labeling with the exception that no end correction was done. This was be­
cause only one person was responsible for the end correction during nonnal labeling 
to keep the consistency high, and this person could not take part in the interlabeler 
agreement study without influencing the results. All labelers were experienced, with 
the exception of some of the labelers in the second labeling, who had only medium 
labeling experience. 

Within each category the labels of 20 fi les (labeling A) were compared to the 
corresponding labels of their 20 equivalent files (labeling 8). Since the labeling was 
not a discrete process but the segmentation of a continuous data stream, labels from 
the two files were matched with regard of their time range. The possible hits and 
mistakes were: 

Label A matched label B, same label: correct 
Label A matched label B, different label: substitution 
There was no match for label A in the 8-file: deletion (missing label) 
There was no match for label B in the A-file: insertion (additional label) 

The third case could happen if, for example, labeler 8 marked one long label and 
labeler A marked the first part of the long label, but inserted a short label afterwards. 
If the two longer parts matched (with regard to time), they were compared. For the 
short label a "deletion" was marked, since labeler A perceived a new user state, 
whereas labeler B did not: 

A-File XXXXXX YYY ZZZZZZZZ 
B-File XXXXXXXX ZZZZZZZZZZ 

The fourth case could happen, for example, if labeler A marked a long label and 
labeler B marked a label that matched the long A label (with respect to time) but 
ended earlier as the label in A. Labeler B then marked a short label that had no match 
(with respect to time) to a label in file A. In this case an " insertion" was marked: 

A-File :XXXXXXXX ZZZZZZZZZZ 
B-File XXXXXX YYY ZZZZZZZZ 

Note that a "deletion" during the comparison of file A with file B would be counted 
as an "insertion" during the comparison of file B with file A. Since neither file could 
be regarded as the "correct" file because no external reference existed, deletions and 
insertions actually described the same case: One labeler marked an additional label 
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that the other labe ler overlooked or did not deem strong enough to warrant an extra 
label.4 

The percentage of correctness was based on the number of correct labels divided 
by the total number of labels, multiplied by one hundred. The percentage of accuracy 
was based on the total number of labels minus substitutions, minus deletions, minus 
insertions divided by the tota l number oflabels and multiplied by hundred. 

The re liability turned up to be not very good: 55% matches were correct and 
the accuracy was 1.95%. This was caused by twice as many insertions/deletions and 
substitutions as concordant labels. The large number of insertions/deletions came 
from the fact that the second label group set 763 labels in 20 dialogues, whereas 
the other group set only 494 labels to categorize the user states within the same di­
a logues. When matching segmentally more than one fourth of the segments were 
judged differently in the two Iabelings. The categories "joy/gratification" and "pon­
dering/reflecting" had the largest number of concordant user state labels. A com­
parison of only the labels that were rated "strong"5 showed an accuracy of 36.6%, 
with 51 % correct matches. This much higher rate was caused by a similar number 
of assigned labels during labeling A and labeling B (37 vs. 46) and by a higher 
number of label matches related to substitutions, insertions and deletions. Again, 
"joy/gratification" and "pondering/reflecting" showed the highest concordance. For 
detailed information about the inter-rater analysis, please refer to Jacobi and Schiel 
(2003). 

Correct matches differed strongly with respect to label: 

neutral 
joy/gratification 
anger/irritation 
helplessness 
pondering/reflecting 

41% 
47% 
14% 
25% 
34% 

surprise 8% 
unidentifiable episodes 20% 

The results of the inter-rater agreement will be discussed after the next section, which 
describes the inter-rater agreement results for the nonauditory user-state labeling. 

2.8 Inter-Rater Agreement Facial User-State Labeling 

The procedure for the analysis of the inter-rater agreement for the labeling without 
audio infom1ation was exactly the same as for the holistic labeling (see above). The 
results were much better than for the holistic labeling group: 59% of the labels were 
correct and the accuracy was 45.4%. The concordant labeling of"neutral" segments 
was not included in the calculation because they were in large part predetermined by 

4 Both files were compared to each other, and the correctness and accuracy were computed 
for both cases and then divided by two. 

5 A label was chosen for the comparison if the rating "strong" was given in at least one of 
the labelings. 

j 

.' j 
' 
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the holistic labeling group. Apart from "joy/grati ficat ion," the variance was overa ll 
fairly high. lf comparing lhe labels where at lea t one was rated "strong," the accu­
racy climbed to 64.9% . .. Joy/gratificalion .. and "pondering/refl ecting" were in this 
case fa irly reliable with regard to their hit results. The label "helplessness" showed 
the highest spreading, respectively the worst reliability. 

Correct matches differed strongly with respect to label: 

joy/grati fication 82% 
anger/irritation 59% 
helplessness 40% 
pondering/reflecting 59% 
surpnse 33% 
unidentifiable episodes 55% 

For detailed infom1ation about the inter-rater analysis please re fer to Jacobi and 
Schiel (2003). 

2.9 Problems and Suggestions for the Future 

With regard to one of our goals - labeling training material for recognizers -
the inter-rater results described above are disappointing. Only two of the categories 
were matched correctly relatively often, but even the category that was detected best 
("joy/gratification'') was labeled as something different more than half of the time 
by the other group. The missing end correction step certainly increased the number 
of errors, but it cannot explain the whole range of difTering judgments. Apart from 
the missing end correction we assume, the following main reasons for the large dif­
ference between the two labeler groups: First, the emotions in the data mostly were 
subtle emotions. Obviously, it is very difficult to detect and judge such fine changes 
in facial expressions and voice. This assumption is strengthened by the finding that 
the emotions that were rated "strong" showed a higher inter-rater agreement. 
Second, the labelers in the holistic group had to make two decisions: 

l. ls there an emotional segment, respectively, where does an emotional segment 
start/end? 

2. What is the content of the segment? 

This doubly ambiguous situation could lead to more errors. In fact, the second group 
coded 50% more segments than the first group. The groups therefore differed not 
onJy in their judgments with respect to the content of a segment but also with re­
spect to the question if there was an emotion to be labeled. Perhaps the second group 
used a high criterion (willingness to say "signal there" in an ambiguous situation, 
compare with signal detection theory (Egan, 1975)) and the first group used a low 
criterion, which means both labeler groups had a different response bias. Third, the 
categories with the best results ("joy/gratification" and "pondering/reflecting") were 
the ones with the highest homogeneity with respect to morphological features. No­
tably the lips curved upwards ("joy/gratification") and chewing on the lips ("ponder­
ing/reflecting") could be observed in most of the cases. The other emotions differed 
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a lot be tween the subjects (with the notable exception of surprise, which subjectively 
seemed relatively homogeneous). Probably only emotions that are shown in a rela­
tive sim ilar way by different persons evoke a comparable categorization by different 
observers. Emotions with a wide range of possible realizations ( displays), like polite 
anger, seem to be judged very differently by different observers. 

The inter-rater results for the group without auditory infonnation are very inter­
esting if compared to those of the holistic group. Obviously, the task was much easier 
(assum ing that the skill of the t\vo labeler groups was roughly the same, which seems 
probable because they had equal training). Is the judgment of emotions perhaps eas­
ier without (perhaps confusing) context? This would contradict the subjective im­
pression of most labelers that the task was more difficult than with context and also 
some studies about this subject (Wallbott, 1988; Munn, 1940; Shennan, 1927). We 
think that the main reason for the better reliability results was that the labelers had to 
make only one decision: the content decision (is there an emotion, and if yes, which 
one). The holistic group, as mentioned above, had to make two: one about the bound­
aries (beginning/end) and one about the content. Actually, many errors in the holistic 
group were caused by setting differing boundaries ("insertions" and "deletions," see 
above). In the holistic group 79% of all errors were substitutions/deletions (which 
actually included two mistakes: differing content and differing segment borders). 
Substitutions (21 % of all errors) included only one mistake: the content. In the facial 
expression group 57% of all errors were substitutions, 43% were deletions/insertions 
(which could occur despite of largely predetermined segment boundaries, for exam-
ple, if a segment was cut in wo by the first group and left whole by the second 
group). Segmentation of a "user-state stream" obviously was as difficult (perhaps 
even more so) than assigning a label to a segment. Therefore, if a reliable way of 
segmenting a user-state stream can be found, perhaps even subtle emotions can be 
labeled relatively reliable. 

With these considerations in mind, we propose the following for future attempts 
to label emotions: 

• Try to make sure that all labelers use the same response bias. Since for the la­
beling of emotions no external validation is possible, 6 this can be achieved only 
in instructing the labelers to use one of the extremes: "Be certain to label all 
sequences where you perceive an emotional change," resp. "Only label the se­
quences where you are absolutely certain that an emotional change has occurred." 
The second approach would be the more practical, since labelers would ignore 
many weak emotional changes, which are hard to judge, as we have seen in our 
data. Of course, the response bias still would not be the same for all labelers, but 
it can be assumed that the biases would have a smaller variation. 

6 Asking the subjects what they "truly" felt would not help, because first, asking them after­
wards results in judgments affected by memory and social response bias, and second, we 
do not want to label the emotions that the user feels, but the ones that are observed by a 
communication partner, which is something different. 
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• Alternatively to the instrnction to only label sequences where the labeler is abso­
lutely sure, one could introduce a rating for ce1tainty. In this way data could be 
collected about the reliability, with respect to the certainty of the judgments. 

• With respect to our finding that the labeling of emotions that were rated " strong" 
had a much higher reliability, one could argue to try to evoke stronger emotions in 
subjects and then label these. Although this is an interesting approach, it does not 
solve the general problem that everyday emotions are subtle. If we want to study 
them we have to accept that they subjectively are categorized very differently 
and have to look for the reason for this. Another point against evoking stronger 
emotion is that the validity possibly suffers. Provoked emotions are not the same 
as strong emotions that show up "by themselves." 

• To increase the reliability of segmenting a continuous user-state stream, one 
could artificially cut the whole stream in small segments of the same length. 
The task of the labelers then would be to assign a label to each segment. The 
segments would have to be as small as the shortest possible user state that one 
wants to include (which can be very short: surprise in our case was the shortest 
and could comprise as few as five frames). The exact duration should probably 
be found out empirically. 

• A more radical solution to the problem of reliable labels would be to take a 
step backwards and ask the question if it actually made sense to look for exam­
ples of the "big six"7 like anger or surprise in a human-machine dialogue. The 
so-called "fundamental" emotions were formulated as categories with regard to 
evolutionary development (Plutchik, 1980). These emotions are also considered 
to be fundamental because all other emotions are thought to be somehow derived 
from them. So in effect they are the "parents" of a huge range of emotional states, 
which seldom are studied because these substates are even harder to define and 
to describe than the parents. So does it make sense to look for basic, superor­
dinate concepts that mostly were studied in their "strong" form (that means as 
"full-blown" emotions) and with the goal to find the categories that exist below 
social conventions? Perhaps it would be better to look for not-so-well-defined, 
context-dependent states that serve a certain function within a dialogue. For a 
computer system it actually is not in the least important to detect if the user is 
angry, sad, happy or afraid. The computer system has to decide if the user is 
content (which is not the same as happy), not content (which is not the same as 
angry) or needs help (for example, other scenarios of course are conceivable). 
Not only is the state of the user is of interest but at the same time we are inter­
ested in the necessary reaction of the communication partner. We observed quite 
often that subjects were genuinely amused (without sarcasm) but at the same time 
were not content with the service of the system, so detection of "happiness" or 
"joy" would not have served our needs. We acknowledged the problem outlined 

7 In the literature on the study of emotions the "big six" are thought by some authors to be the 
fundamental emotions, probably existing in every culture: happiness, sadness, fear, disgust, 
anger and surprise (Cornelius, 2000). Authors differ in their opinion about the number of 
the "basic" emotions, which ranges from six to ten. 
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above at least a little when we decided not to include "emotion recognition" in 
SM A RT K O M but instead use "user-state recognition." A user state was defined 
as an emotional or cognitive state, " that is of interest in the communication pro­
cess."' We perhaps did not take the second part of our definition not seriously 
enough and we concentrated mainly on "standard" emotions, not trying to find 
out if there were categories that were better suited for our special condition. Of 
course, it would be great if it was possible to construct universal emotion detec­
tors. But emotional states strongly depend on the context - perhaps not with 
regard to the feeling (inside) but definitely with regard to the emotional display. 
And only the emotional display is available for detection. Luckily, emotional 
displays confonn to cultural rules and serve a certain function in human-human 
interactions. These rules certainly have detectable features since they were de­
veloped to help regulate communication. To target these rules and functions for 
labe ling and recognizing user states in human-computer interaction seems to be 
- after our experience with the SMARTKOM data-a more promising approach 
than trying to look for consistent features of "basic" emotions. We therefore pro-
pose to look for user states that are defined as "emotional or cognitive state of 
a user that calls for a certain action/reaction by the system and/or contains an 
important message for the system." One way to do this would be to start with no 
categories whatsoever and in a first step label only the "functional message" that 
an observer gets from a displayed user state. In a second step categories could 
be developed from the segmented material. Another option would be to define 
which states/messages are important for the system (or to which the system can 
react). Taking the example above, this could be "content," "not content, but not 
confused" and "confused/needs help." After that a labeling of the morphological 
changes in the face, voice quality, body movements, head movements and ges-
tures could be carried out (perhaps realized as modifiers for the functional label). 
This approach would be similar to the one we chose for the gesture labeling: 
Do not use existing categories, because you do not know if they make sense in 
your case or if you lose important information because existing categories are 
too broad. Look for events with regard to your item of study (gestures, resp. user 
states) and categorize them according to their ''function" in the dialogue. Then 
mark the observable, formal features of these events. 

A lot more could be said with respect to the labeling of emotions/user states. The 
points above are the the most important considerations from our experience with 
labeling the data in SMARTKOM. We hope that they will prove themselves useful for 
fut11re attempts to tackle the task of emotion/user-state labeling and recognition in 
humanm-machine dialogues and everyday situations. 

2.10 Prosodic Annotation of Audio with Formal Criteria 

The goal of this labeling step was to capture the information that was contained in 
the voice: A labeler listened to the audio fi.Je and marked if any of the labels below 
occurred, together with their time of occurrence. A word could carry more than one 
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prosodic marker. The labels were given with respect to the " nonnar· speaking habits 
of a subject: lf someone habitually articulated clearly or poke emphatically only the 
very clearly articulated words or the words with strong emphasis were marked. 
The categories were: 

• PAUSE_Pl-IRASE: Irregular pause on a phrasal level/between units of meaning. 
Pauses between sentences or between main clause and subordinate clauses were 
not meant, except if the pause was very long. 

• PAUSE_WORD: hTegular pauses between words. 
• PAUSE_SYLL: Irregular pauses between syllables o f a word. 
• LENGTH..SYLL: Lengthening of a syllable; could occur at any syllable of a 

word. 
• EMPHASIS: Emphatic accentuation/strong emphasis on a word or syllable. 
• STRONG_EMPH: Very strong emphatic accentuation/very strong emphasis on a 

word or syllable. 
• CLEAR-ART: Clearly articulated speech. Clear articulation could be seen as a 

weak version of hyperarticulated speech. The speaker used (tried to use) less 
colloquial speech and less dialect, and the speech emulated that of a news reader. 

• HYPER.ART: Hyperarticulated speech; very strong increase of the clear articu­
lation. 

• LAUGHTER: Speech overlapped by laughter or sighing. 

2.11 Inter-Rater Agreement Prosodic Annotation 

The procedure for the analysis of the inter-rater agreement for the prosodic anno­
tation was exactly the same as for the holistic labeling (see above). The agreement 
between the labelers in this group was very low, with 35% correct and an accuracy 
of -1 .14%. The main reason for the negative accuracy was the huge overall amount 
of insertions/deletions. For detailed information about the inter-rater analysis please 
refer to Jacobi and Schiel (2003). Here again it seems to be a big problem for the 
labelers to decide if a label should be placed or not. This is backed up by the obser­
vation that the prosodic group was the one that had the most discussions about how to 
improve the consistency. Some labelers complained that the label instructions were 
too vague. They found it very hard to decide if a pause was long enough to be clas­
sified as an unusual long pause, and to distinguish emphasis and strong emphasis. 
Since no absolute measure for the length of pauses, the strength of emphasis, etc., 
exists, the labelers had to compare a possible instance of a label against the rest of 
the dialogue of the subject. This could be one reason why the judgments varied so 
widely. One could try to align the response bias of the labelers ("only mark a label if 
you are absolutely sure that it is there"), but this would reduce the labeled phenom­
ena drastically. Taking everything together we think that the label categories simply 
were not very well suited for the material we had to label in SMARTKOM. The cod­
ing system was developed for emotional speech. The SMARTKOM corpus includes 
subtle everyday emotions but not much speech that actually could be called emo­
tional. We suggest the approach outlined under the holistic section for a new attempt 
to capture significant aspects of subtle emotions in everyday situations. 
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3 Development of the Gesture Coding System 

To de fine our categories, we started with a heuristic analysis of a number of record­
ings of human- machine dia logues. The data we used consisted of 70 sessions of 
about 4.5-min length each. The subjects had the task to "plan a trip to the cinema 
this evening." The scenario was Public (for more information on the WOZ record­
ings please re fer to Schiel and Turk (2006)). The recorded sessions were analyzed 
by the following procedure: Two observers separately listed every episode that they 
could identify as a "functional unit." Then they tried to assign a label to the unit 
with respect to the observable meaning of the gesture ("meaning" with respect to 
the communication process). For obvious reasons, it was not attempted to ascertain 
the tn1e intent with which the gesture was performed but just the intent that could 
be identified by an observer. Identifiable units with no observable meaning for the 
communication process were listed as well. Some questions for the list of units were: 
What is the best way to categorize the observed units? Is there a reference on the dis-
play? If so, which one? How can we define beginning and end of a given unit? The /iii 
observers made their judgments independently. After completing the list, the identi- / 
fied gestures were discussed. Every label that could not be operationalized satisfac- I 
torily was removed. Similar labels were combined. Three broad categories emerged, I 
each with several subcategories, called labels. After thjs, some additional labels were J// 

added that were not observed but were thought probable to appear or had to be added 
in order to complete the categories. For more information on the development of the i 
gesture coding system please refer to Steininger et al. (200 I a). A complete descrip-

1
JJ j 

tion of the labels can be found in Steininger et al. (200 I b). In the next section the / I 
categories and labels are outlined. 

3.1 Overview and Definitions of Gesture Labeling 

The basic procedure for the gesture coding was as follows: All gestures were as­
signed to one of three broad categories according to the observable intention with 
which they were used: Is the gesture an interaction with the system (an "interac­
tional gesture"), a preparation of an interaction (a "supporting gesture") or some­
thing else (a "residual gesture")? The only (interactional and supporting) gestures 
that were labeled were the ones that entered the so-called "cubus," the field of the 
display and the room above the display where the SiViT gesture recognizer recorded 
data (it corresponded roughly to the border of the display). Additionally, gestures 
that were interesting (but took place outside the "cubus") were coded in the category 
ofresidual gestures. Each label was complemented by several modifiers (see below). 

3.2 Gesture Label Categories and Modifiers 

Three broad categories were labeled: 

I. interactional gesture (I-gesture) 

I 

l 
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2. supporting gesture (U-gesture) 8 

3. residua\ gesture (R-gest1ire) 

l11teracrio11a/ Gesture 

\Vhen a subject used a hand/ann movement to request something from the computer 
this gesture was called " interactiona\." A second type of interactional gesture was 
the confinnation of a question from the system. Only for interactional gestures was 
the stroke marked. We found that most gestures of this ty pe had a specific acceler­
ation/deceleration curve (whereas other gestures were more erratic with respect to 
velocity changes), often had an overall higher velocity and were mostly produced 
vertically to the body and the display (whereas other gestures were mostly produced 
parallel to the display/body). These last observations were not used as labeling crite­
na. 

Supporting Gesture 

The "supporting gesture" occurred in the phase when a request was prepared. It sig­
nified the gestural support of a "solo action" of the user (like reading or searching), 
which means an action that was a request or reaction to a request from the system. To 
distinguish it from an "interactive gesture," at least one of the followu1g prerequisites 
had to be confirmed as true: 

1. The gesture was accompanied by verbal comments from the user that made the 
preparational character of the underlying cognitive process obvious (for exam­
ple, "hmm . .. where is ... here? ... well. .. "). 

2. The gesture was accompanied by a facial expression that made the preparational 
character of the underlying cognitive process obvious (like lip movements of 
silent reading, searching eye movements, frowning). 

If a gesture that seemed to be an "interactional gesture" was intem1pted (because of 
a change on the display or speech output from the system) it was marked as "sup­
porting gesture," since it contained no request. In order to be able to differentiate a 
supporting gesture from a residual gesture at least one ( or both) of the following two 
prerequisites had to be given: 

l. A linkage between gesture and speech (both streams referred to the same topic). 
2. An identifiable focus, i.e., gaze and gesture fell on the same spot. 

Residual Gesture 

A "residual gesture" did not prepare a request (at least not obviously) and was not a 
request or confirmation. A "residual gesture" was either an "emotional gesture" or an 
"unidentifiable gesture." When an unidentifiable gesture was marked, there existed: 

I. no linkage between gesture and speech, and/or 
2. no identifiable focus, which means gaze and gesture did not fall on the same spot 

8 "U" for the German "Untersti.itzende Geste". 
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Label 

Below are listed all labels and modifiers. 

I-labels: 

• I-circle (+), I-circle (-) 
• I-point (long+), I-point (long -) 
• I-point (short +), I-point (short-) 
• I-free(+), I-free(-) 
• not recognizabJe9 

U-labels: 

• U-continual (read), U-punctual (read) 
• U-continual (search) 
• U-continual (ponder), U-punctual (ponder) 
• U-continual ( count) 
• not recognizable 

R-labels: 

• R-emotional (+ cubus), R-emotional (- cubus) 
• R-unidentifiable (+ cubus) 
• not recognizable 

Morphology 

This modifier signified which hand and which finger was used to perform the ges­

ture and if a pen was used (in some scenarios the subjects had a pen for the display, 

in some not. For more information on the scenarios please refer to Schiel and Turk 

(2006). Some peculiarities (like double pointing) were noted as comment (see be­

low). 

Reference Word 

This modifier signified the word that was spoken in correspondence to an "inter­

actional gesture." ft is known that "hand gestures co-occur with their semantically 

parallel linguistic units" (McNeil!, 1992). "Correspondence" therefore meant that 

the word occurred shortly (50 ms) before, simultaneously or shortly after the gesture 

and gesture, and word were Jinked with regard to the content. 

Reference Zone 

This modifier signified the region of the display to which an "interactional" or "sup­

porting" gesture referred - the middle, one of the four comers, "whole display" or 

"not recognizable." "Whole display" was labeled if the hand/finger moved through 

at least two reference zones or in the case of "I-free" gestures, resp. if the gesture 

indicated the whole display. 

9 It actually could happen that the category could be decided upon but the exact label was 

not recognizable because a part of the gesture was occluded. However, this was a rare case. 

! I 
•I 
I 
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Object 

This modifier signified the " interactional gestures," if the targeted object was hit or 
missed (and if so. on which side it was missed). It could be "hit," "above," "below," 
"right ," ·'left" or "not recognizable.'' 

Stroke 

This modifier signified the "culmination point" of the gesture, which means the 
"most energetic" or "most important" part of a gesture that is often aligned with 
the intonationally most prominent syllable of the accompanying speech segment 
(McNeill, 1992; Kendon, 1980). For pointing gestures it was the period the finger 
remained on the indicated object. 

Begi1111i11g, End 

The begi1ming of a gesture was detennined with the help of the following criteria: 
( 1) hand entered cu bus, (2) end of previous gesture or (3) hand moved after pausing 
within the cubus for a certain time. The end of a gesture was detem1ined with the 
help of similar criteria: ( l) hand left cu bus, (2) beginning of following gesture, (3) 
hand stopped moving with.in the cubus. 

Comment 

Comments about the stroke, beginning, end or peculiarities that could not be noted 
anywhere else. Comments referring to the whole file were marked in the header; 
comments that referred to a single label were marked as a modifier for the label. 

3.3 The Gesture Labels 

I-Label 

• I-circle(+), I-circle(-): A continuous movement with one hand that specified 
one or more objects on the display. The display was touched (+)/not touched 
(-). 

• I-point (long+), I-point (long-): A selective movement of one hand that speci­
fied an object on the display, with the display being touched (+)/not touched(-). 
The stroke of the movement (which means the pointing of the hand at the object) 
was of extended duration (20 frames or more). 

• I-point (short + ), I-point (short - ): As I-point (long +/-), but the stroke of the 
movement (which means the period during which the hand was pointed at the 
object) was not extended/was very short (up to 19 frames). 

• I-free(+), (-): A movement of the hand/the hands which took place above the 
display ( +) or beside the display/between body an display ( - ) and signified a 
request of the user (for example, to go to another page). This gesture could vary 
considerably with respect to its morphology. 
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U -Label 

• U-continual (read): A continuous movement of the hand above or on the display. 
A t least during a part of the movement the subject obviously read, which means 
the text was read aloud or the lips moved. 

• U-poi nt (read): Like U-continual (read), but with a selective movement of the 
hand (not a continuous one). 

• U-continual (count): A continuous movement of the hand above or on the display. 
At least during a part of the movement the subject obviously counted, which 
means numbers were uttered or formed with the lips. 

• U-continual (search): A continuous movement of the hand above or on the dis­
play that moved over a large part of the display. The hand moved through at least 
two re ference zones. From the context it was obvious that the subject was look­
ing for something or preparing a request, that means through the spoken words 
and/or a following interactional gesture (selection). 

• U-point (ponder): A selective movement of the hand to a spot on the display. The 
hand did not move. 

• U-continual (ponder): As U-point (ponder) but with small movements of the 
hand. 

R-Labe/ 

• R-emotional (+): A movement of one or both bands within the cubus with an 
obviously emotional or otherwise interesting content. 

• R-emotional (-): Like R-emotional (+), but outside of the cubus. 
• R-unidentifiable (+): A movement of one or both hands within the cubus that 

could not be assigned to any of the other labels, for example, the hand lying on 
the display. 

3.4 Inter-Rater Agreement Gesture Labeling 

The procedure for the analysis of the inter-rater agreement for the gesture labeling 
was exactly the same as for the holistic labeling (see above). Comparing the label cat­
egories (I-, U-, R-gestures) the inter-rater reliability was good: 85% correct matches 
were counted, and the overall accuracy was 52,3%. The most reliable label was "!­
gesture." Comparing all labels, not only the categories, the reliability remained good. 
Here 90% of the matches were correct; however, the accuracy dropped to 45.1 %. 
Since the most important distinction - the one between an interactional gesture (!­
gesture) and a supporting gesture (U-gesture) - showed very few confusions, we 
were content with the results. Most confusions took place between U-gestures and 
R-gestures, which possibly results from the fact that gestures that help prepare a 
request or accompany a thought process can sometimes be short, casual and have 
no distinct acceleration/deceleration curve like the I-gestures. In this they resemble 
R-gestures that happen without a goal and are mostly subconscious (for example, 
scratching, impatient drumming). Another reason for the confusions could be that 

II i 
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Table 1. \nter-rater agreement for ge i-ure labeling(%) 

Label I-gesture U-ge t1ire R-gc turc None 
I-gesture 76 3 3 18 
U-gesture 1 54 0 45 
R-gesture 9 34 44 13 
None 38 38 25 0 

an important criterion for distinguishing U- and R-gestures wa the gaze: U-gestures 
were defined as being in the focus of attention, seen in the gaze that followed the 
gesture (for the most part) or a link between gesture and speech. The last could be 
asserted with relative ease, but sometimes it was difficult to judge where the gaze of 
a subject was directed to. Therefore, with more suitable camera angles the reliability 
of the coding system could perhaps be improved. 

The insertions/deletions are unfo1tunate because the instmctions for marking a 
label or not marking a label are very clear and easily observable ( entering the display 
for the most part). That in spite of this relevant sequences are missed ( or irrelevant 
coded) shows that even a well-defined label system suffers problems with regard to 
consistency. The insertion/deletion rate could probably reduced with more training 
and with a more thorough correction. 

3.5 Considerations for Future Attempts of Labeling Gestures 

The gesture coding system described above was especially designed for labeling 
gesture in a human-machine dialogue. It categorizes gestures according to their ob­
servable function for the user in the communication process with the machine. We 
think that such coding systems (functional and tailored to the context) are much 
needed in addition to general taxonomies (McNeill, 1992; Ekman, 1999; Friesen 
et al., 1979) and structural, formal or micro-coding systems (like "FACS" from Ek­
man and Friesen ( 1978)). Additionally, we assume the following two major points 
to be important for future attempts to label gestures and study gestural aspects of 
communication: 

l. A very important aspect of gestures is their dynamic properties. Until now these 
properties have largely been ignored in taxonomies (with the exception of no­
tation of dance (Laban, 1956)). This is a pity, since it is very likely that the 
dynamic properties carry important information about the meaning of a gesture. 
They likely are good candidates for automatic detection since dynamic prop­
erties often are subconscious and therefore are less influenced by social con­
ventions and are less context-dependent. As described above, we found that 
intentional gestures ("interactional gestures") often seemed to have a distinct 
acceleration-deceleration curve, whereas supporting gestures showed relatively 
erratic velocity changes. To study such differences accurate measurements of 
the movements would be necessary - which is not too difficult a problem, since 
there exist many good techniques for measuring trajectories of gestures in space 
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(Mulder, 1994). However, additionally away to categorize the dynamic proper­
ties will have to be found and this could be a tricky problem. Nonetheless, we 
strongly hope that research along this road will be forthcoming. 

2. Taxonomies above the strnctural level are often very similar (that means they 
can be translated into each other with relative ease). There seems to exist an 
underlying assumption that one (functional) taxonomy is enough to describe all 
kinds of human gestures that show up during communication. We agree that it 
is desirable to have one "master taxonomy" that is broad enough to cover all 
relevant gestural phenomena to have a reference and to make studies compara­
ble. However, we think that we additionally need taxonomies that are especially 
tailored to the different situations where gestures can show up. Not only does 
speech vary greatly from situation to situation, gestures will look very different 
during a talk, a phone call, an argument, during talking to a machine like in our 
data, or during describing an animated cartoon as in one very well known ges­
ture corpus (McNeill, 1992). If one uses a taxonomy that was developed with 
data from a certain situation, one cannot expect to cover all gestural phenomena 
adequately. For example, if we had used the category "deictic gesture" (pointing 
movements) we would have missed the most important aspects of the gestures 
in our human-machine dialogues: A deictic gesture can have the meaning of 
a selection ("Ok, I want this"), but in some cases people point at something 
while they are still making up their minds if they really want the thing indicated 
("Hmm, should I go to this cinema") or point to figure something out ("Uh -
this restaurant is near my place - or isn't it ?"). These two kinds of deictic ges-
tures not only have a different meaning, they are executed differently as well. If 
using a standard taxonomy we would have missed these differences. Another ex­
ample for needing context-dependent studies of gestures are ideographs (sketch 
a direction of thought). Ideographs normally take place in front of the thorax. We 
assume that the "supporting gestures" we describe are such "thought-sketching" 
gestures. Since the subjects think about the things presented on the display, they 
move their hands in this area (and not in front of their body as in a human­
human interaction). We suppose that a display encourages the subjects "to think 
with the hands" (that means trace a thought with their hands). This can be com-
pared to the "thinking aloud" one sometimes uses to help make up one's mind. 
In a communication situation where the general physical conditions are different 
the gestures will change - this is obvious, but until now it has not initiated a 
gathering of data from such diverse situations. 

If we truly want to find out what happens between two speakers on the nonverbal 
tier, we have to keep looking with a much broader scope than used until now. 

4 Conclusion 

The challenge we faced at the start of the project was to develop labeling systems for 
multimodal data that were tailored to the task, that were fast and that were suited for 
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the training of recognizers. We decided not to label on the morphological level but 
to define the labels with regard to the intent of the user, respectively his observable 
communication goal (in the case of user-state labeling and gesture labeling). Since 
we do not yet know which features of the gestures or the user states cany the vital 
infom1ation, we cannot resort to a low-level coding o f morphologica l features, even 
if this would greatly improve the reliability of categories. For future endeavors of 
transliterations of spontaneous speech in human-computer interaction, we think that 
a very important point that has to be solved is the coding of so-called off-ta lk (Op­
permann et al. , 200 I). For the development of machines that do not need a conunand 
word to switch on and off, the discrimination of commands to the computer and talk 
that is not aimed at the computer such a coding, is essential. Our system a llows for 
such coding but it seems prudent to try to enhance the validity and reliability of off­
talk labelings: subjective impression for these judgments plays a greater role than 
for most other categories of transliteration conventions for spontaneous speech. The 
system we described for gestural coding is reliable and able to pinpoint the important 
aspects of gesture events in a dialogue. It can easily be expanded for other contexts 
and requirements. However, we will need studies that target the dynamical properties 
of gestures if we want to come to a more complete understanding of the meaning and 
appearance of the gestural components of communication. In the case of the user­
state labeling, the low inter-rater agreement of our nonformal coding system showed 
that the optimal way oflabeling such cloudy categories as emotions or user states still 
has to be found. We made suggestions how to improve the reliability of a functional 
coding system without resorting to formal categories. Together with additional col­
lections of emotional speech data - which in itself poses no trivial problem - they 
should lead to a better understanding of the connections between speech and emo­
tion. Since even human observers have problems in deciding if an emotion is there 
and if it is, which one (in everyday situations where only subtle emotions are shown, 
not full-blown emotions like during an argument or in a TV show), feature detection 
alone will probably not suffice, but will have to be combined with context informa­
tion and/or information from other recognizers and/or models of the user. If this will 
be proven as true, one last critical remark about the endeavor of teaching computer 
systems to detect emotions will have to be made: If it turns out that not only humans 
need context information to judge emotions but machines need it too, then perhaps 
they will only get really good at the job if we train them to expect certain emotions 
in certain situations for certain persons, like humans tend to do. However, we then 
may have the problem of a system that is projecting emotions onto a communication 
partner - a well-known phenomenon in human communication. With this option to 
look forward to, we strongly advise not to enhance the emotion detection capabilities 
of computers, but the ability to judge the requests from the user correctly (which is 
not the same), both the ones uttered verbally and the ones given by nonverbal means, 
be they gestural or through signs of disapproval, confusion or approval. That is to 
say, let us keep in mind what the computer system should do: fulfill a request. Com­
puter systems that show polite considerateness to my - real or assumed - mood 
would be a marvel, but interacting with one could get as tedious as conversing with 
an overpolite human. 
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Summary. There are several characteristics not optimally suited for the user state classifi­
cation with Wizard-of-Oz (WOZ) data like the nonuniform distribution of emotions in the 

utterances and the distribution of emotional utterances in speech, facial expression, and ges­
ture. In particular, the fact that most of the data collected in the WOZ experiments are with­
out any emotional expression gives rise to the problem of getting enough representative data 
for training the classifiers. Because of this problem we collected data in our own database. 
These data are also relevant for several demonstration sessions, where the functionality of the 
SMARTKOM system 1s shown in accordance with the defined use cases. 

In the following we first describe the system environment for data collection and then the 
collected data. At the end we will discuss the tool to demonstrate user states detected in the 

different modalities. 

1 Database with Acted User States 

Because of the lack of training data we decided to build our own database and to 

collect uniformly distributed data containing emotional expression of user state in 
all three handled modalities - speech, gesture and facial expression (see Streit et al. 

(2006) and for an online demonstration refer to our website 1 ). We collected data 
of instructed subjects, who should express four user states for recording. Because 
SMARTKOM is a demonstration system it is sufficient to use instructed data for the 

training database. 
For our study we collected data from 63 naive subjects (41 male/22 female). 

They were instructed to act as if they had asked the SMARTKOM system for the TV 

program and felt content, unsatisfied, helpless or neutral with the system feedbacks. 

Different genres such as news, daily soap and science reports were projected onto 
the display for selection. The subjects were prompted with an utterance displayed on 

the screen and were then to indicate their internal state through voice and gesture, 
and at the same time, through different facial expressions. 

1 http://www5.informatik.uni-erlangen.de/SmartKom/SkBook.htm1 
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Fig. 1. Screen used for recording the user states in our local environment; several genres 
are shown together with a state that should be played. The upper right com er shows which 
modalities are currently recorded 

1.1 Data Collection Environment 

For the data collection we developed a special environment which we used directly 
with the local SMARTKOM demonstrator of the Institute of Pattern Recognition 
(LME). The screen of the graphical user interface of our experiment is shown in 
Fig. 1. 

It shows in the center a 3 x 3 matrix of several genres, from which the subject 
had to choose one, together with a user state that should be expressed by the subject. 
This user state is shown in the lower left comer of the screen. At the middle bottom, 
the utterance, which the user had to speak at the current tum, is shown. Between the 
bottom of the 3 x 3 matrix of genres and the generated user utterance a colored bar 
is shown, which informs the user that the system is recording his speech. 

On the right of the screen several features for handling the local data collection 
environment are shown. In the upper right comer five kinds of data collection can 
be chosen. Four of them refer directly to the modalities and to the combination of 
modalities used in SMARTKOM. The fifth one, UseCases, was used to collect data 
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Fig. 2. Sample data; from left to right: l1esira11t. a11gry,jo)f11I, and 11e111ra/ 

related to so-called UseCases, which were used for the demonstration of the SMART­

K OM system. 
In the middle and the lower right part of the screen control buttons for camera 

and microphone and the field for the identification label of the experiment are shown. 
These were handled by the supervisor of the experiment with mouse and keyboard. 

Data collection was done separately for all three modalities and for the combina­
tion of them. Because of the lack of annotated emotional data, the facial expression 
was recorded throughout, although the subjects were unaware of it. During the ut­
terance the user had to select the genre by gesture in the centered choice matrix 
mentioned above. 

Data collection was done in several sessions so the users could get familiar with 
the system and with the way to express their emotions naturally facing the cam­
era and/or microphone in an incremental way. In the first session we recorded only 
the facial expression as the subject had to express the related emotion by speak­
ing the utterance. In the second session we also recorded the speech of the subject 
together with facial expression. In the third session gesture and facial expression 
were recorded, while in the final session all three modalities were recorded as in­
dicated with the tag "speech .gesture" (facial expression automatically included as 
mentioned above) in the upper right corner of the screen. 

1.2 Collected Data 

Facial expression, gesture and speech were recorded simultaneously in the experi­
ment; this made it possible to combine all three input modalities afterwards. The user 
states were equally distributed. The test subjects read 20 sentences per user state. The 
utterances were taken in a random order from a large pool of utterances. About 40% 
of them were repetitions of TV genres or special expressions, which did not actual 
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depend on the given user state, like "tolles P rogm111111.1 .. ( "n ice {'rogra111 .' ") . In other 
words. we chose expressions one could produce in each o r the given user states. 
(Note that a prima facic positive statement can be produced in a sarca. tic mode and 
by that. turned into a negative statement.) All the o ther sentences were multiword ex­
pressions. where the user state could be guessed from the semantic of the sentence. 
The subjects should al ign to the given text. but minor variations were allowed . 

From all collected data we chose 4848 sentence (3.6 hours of speech) w ith 
good signal quality and used them for further experiments. For the experiments with 
prosodic analysis. we randomly chose 4292 sentences for the training set and 556 fo r 
the test set. 

For the facial analysis video, sequences of ten subjects were used. These sub­
jects where selected because their mouth area was not covered by facia l hair or the 
microphone. As training images, we used image sequences of these subjects without 
wearing the headset. In the images of the test sequences. there is a headset. Some of 
the training images can be seen in Fig. 2. 

For gesture analysis there are, all in all, 5803 samples of all three user states (note 
that there are only three user states for gesture as mentioned in Siu et al. (2006)), and 
2075 of them are accompanied by speech. As we are interested in the combination 
of all three modalities, we concentrate on this subset. Of this sample subset, 1891 
are used for training and the other 184 are used for testing. Since the samples were 
recorded according to the user states categories in facial expression and speech, we 
merged the data of the corresponding user states 11e11tral and joyful into a general 
user state category determined for gesture. The data we collected for the multi modal 
emogram (MMEG) are described in Zei/3ler et al. (2006), Frank et al. (2006) and Shi 
et al. (2006). 

2 Multimodal Emogram (MMEG) 

During the system development there always exists a problem if the input and output 
happen to take place simultanenously. It is also unwise to registrate any kind of out­
put at the end of the processing queue without knowing the steps between input and 
output. In particular, if there are several steps for processing with statistical methods, 
as is the case in SMARTKOM with user states, it is absolutely necessary to know the 
intermediate results. The multi modal emogram 2 is a tool to show the results of user 
state processed in three modules: prosody, facial expression and gesture analysis. 

The advantages of the evaluation tool are the following: 

• quick presentation of recognizer results in the running environment 
• systematic evaluation 
• demonstration of functionality without the full system environment 
• possibility to show the user the difficulty to act "as if' he were in the correspond­

ing user state 

2 http://wwwS.informatik.uni-erlangcn.de/SmartKom/SkBook.html 
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Fig. 3. Presentation of the results o f the user state analysis in three modalities: speech, gesture 

and fac ial expression / 

I 
For evaluating the system it is absolutely necessary to know the final result, but I 

it is also important to know the results of the stages between input and output. In the 
case of e1Tor during the early development stage the developers are able to localize 

1 
1 

system components that produce errors. I 

In our case this is the presentation of the user states as recognized by the three 
modules. Their output is taken by the tool and is shown in a presentation where 

the user states are aligned parallel to the modalities. The presentation shows in this 

manner the detected user state of each module/modality at a certain time. So the 

recognition result of each single modality can be analyzed also for itself and at run­

time. 
The MMEG provides a compressed and transformed presentation of the user 

utterance in fonn of user states in quasi-real time. Just as the sonagram shows the 

spectral energy and the fom1ants of the speech, the multimodal emogram shows user 

states as they occur in speech, facial expression and gesture. At the moment there 

are some problems in presentation concerning time alignment, synchronization and 

real-time behavior. But the idea of presentation generation in real time is realized, 

and it relies only on technical aspects such as the dependency on the word lattice 

or the power of the CPU. Another positive side effect of the evaluation tool is the 

possibility to show the functionality of the components processing the user state 
without nmning the full system. 

For the robust classification of the user state it is necessary to analyze the input 

of three different modalities. Therefore, these single results have to be combined in 

a fusion component, which is performed by the mediafusion module in the SMART-
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KOM environment. By considering the result of the fusion, it is possible to know 
the contribution of each modality to the final recognized user state. By knowing the 
results of each system component, it is possible to give a clue to the cun-ent user stare 
and thus to increase the system perfonn ance in several tuning teps. 

Beyond evaluation the mult imodal emogram delivers very valuable infonnation 
of the analysis in the system. So it is possible to adapt it to several conditions: 

• A user state is not recognized: the tool shows the results of the different modal­
ities; with the help of these results it is possible to find out at run time why the 
user state is not recognized, 

• Testing of new side conditions like new light conditions or new microphones. 
• Training of system confom1ation behaviour for presentation tasks. 

For the tuning task it is helpful to show the contribution and result of each modal­
ity. Like the sonagram shows the different frequencies in the speech signal, the multi­
modal emogram shows the results of user state expressed in speech, facial expression 
and gesture. 

The user states are presented with the help of colored bars as shown in Fig. 3. 
For each modality there is one bar. We have four colors for the presentation: 

• red: angry/anger 
• green: joyful/joy 
• yellow: hesitant/undecided 
• blue: neutral 

For the recognition of user states in gesture there is the restriction that only three user 
states are defined: angry, hesitant, and joyful together with neutral as the third class. 
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Summary. We present three ty pes of data collections and their experimental paradigms. The 
resulting data were employed to conduct a number of annotation experiments, create eval­
uation gold standards and tra in statistical models. The data, experiments and their analyses 
highlight the importance of data-driven empirical laboratory and field work for research on 
intuitive multimodal human-computer interfaces. 

1 Introduction 

Research on dialogue systems in the past has focused on engineering the various pro­
cessing stages involved in dialogical human-computer interaction (HCI), e.g., robust 
automatic speech recognition, intention recognition, natural language generation or 
speech synthesis (Allen et al., 1996; Bailly et al., 2003; Cox et al., 2000). Develop­
ment of such dialogue technologies involves experimental work. 

Many issues in the semantics and pragmatics of dialogue can be formulated as 
empirical topics. Therefore, the analysis of sufficient amounts of data is necessary 
to study a specific phenomenon or to train statistical models. Given a certain hy­
pothesis, the researcher has to find out whether there is empirical evidence for the 
phenomenon in question, and how frequent and important it is. Also, rigorous large­
scale evaluations of the algorithms are a driving force of the engineering progress. 
Such evaluations are only possible if sufficient amounts of annotated data are avail­
able. In this case, the output of the computer program (an answer) is compared to the 
gold standard (a key) defined by the annotated data (Romary et al., 2003). 

Alongside these efforts, the characteristics of computer-directed language have 
also been examined as a general phenomenon (Darves and Oviatt, 2002; Wooffitt 
et al., 1997; Zoeppritz, 1985). In the following sections we describe new paradigms 
for collecting dialogue data. These data can be employed for a variety of necessary 
examinations that improve the performance and reliability of conversational dialogue 
systems. 
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Fig. l. Operator in hidden operator tests Fig. 2. Subject in hidden operator tests 

2 Collection and Usage of Hidden Operator Test Data 

The data collected in the first experiment was employed in research on empirical 
topics, such as semantic postprocessing of the speech recognizer's outputs and as­
signing domains to speech recognition hypotheses. We designed a set of annotation 
schemata and perfonned experiments with human subjects I resulting in a set of an­
notated corpora. The annotated data was, then, employed in order to: 

• test whether the annotators are able to annotate the data reliably; 
• produce a gold standard for automatic evaluations of the algorithms; 
• create data models based on human annotations; 
• produce training datasets for statistical classifiers. 

2.1 Data Collection Setup 

The data collection was conducted following an iterative data collection approach 
(Rapp and Strube, 2002). This approach has been developed within the EMBASSI 
research project2 and employes the hidden operator test paradigm. In this experi­
mental setup, the SMARTKOM system was simulated by an operator with the help 

1 Referred to as "subjects" or "users" in what follows. 
2 http://www.embassi.de 

Table 1. Descriptive corpus statistics 

Dataset 1 
Number of dialogues 232 
Number of utterances 1479 
Number of SRHs 2.239 
Number of coherent SRHs 1511 
Number of incoherent SRHs 728 

Dataset 2 
95 
552 
1.375 
867 
508 
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Table 2. Multiple domain assignments to a single SRH (in %) 

Dataset I Dataset 2 
Number of domains Annotator I Annotator 2 Annotator I Annotator 2 
I 90.06 87.11 90.77 88.7 
2 6.94 I J .27 9. 11 l l.l 9 
3 3.01 1.28 0. 16 0 
4 0 0.35 0 0 

of predefined dialogue scripts (Fig. J ). Twenty-nine subjects were prompted to say 
certain inputs in 8 dialogues, resulting in 1479 turns (Fig. 2). 

Because of the controlled experimental setting and since prompts appeared on a 
per-tum basis, each user tum in the dialogue corresponded to a single intention, e.g., 
route request or sights infonnation request. All user turns were recorded in separate 
audio files . The audio files obtained from the hidden operator tests were then sent to 
two differently configured versions of the SMARTKOM system. The data describing 
our corpora is given in Table I. 3 The first and the second system's runs are referred 
to as Dataset J and Dataset 2, respectively. 

The corpora obtained from these experiments were further transformed into a 
set of annotation files, which can be read into a GUI-based annotation tool, MMAX 
(Muller and Strube, 2003a,b). This tool can be adopted for annotating different levels 
of infonnation, e.g., semantic coherence and domains of utterances, the best speech 
recognition hypothesis in the N-best list, as well as domains of individual concepts. 
The two annotators were trained with the help of an annotation manual. A recon­
ciled version of both annotations resulted in the gold standard. In the following, we 
describe a set of annotation experiments performed on the basis of the Hidden Op- 1 J 

era tor Test data and present their results. Also, we sketch some applications of the 
annotated corpora for empirically grounded research. 

2.2 Annotation Experiments 

2.2.1 Semantic Coherence and Domains of SRHs 

In this annotation experiment, the task of annotators was to classify the speech recog­
nition hypotheses (SRHs) as either coherent or incoherent. We defined semantic co­
herence as well formedness of an SRH on an abstract semantic level (Gurevych et al., 
2002). The SRHs from dataset 1 were randomly mixed in order to prevent them from 
being annotated in the discourse context. The resulting Kappa statistics (Carletta, 
1996) over the annotated data yielded K = 0. 7. This indicates that human annotators 
can distinguish between coherent samples and incoherent ones. 

In the second step, the coherent SRHs from both dataset I and dataset 2 were 
labeled with respect to their domains. We restricted the annotation to coherent SRHs 

3 We also include the distribution of coherent and incoherent speech recognition hypotheses, 
which was computed on the basis of annotation experiments described in Sect. 2.2. 
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Table 3. Class distribution for domain assignments (in %) 

Dataset I Dataset 2 
Domain Annotator I Annotator 2 Annotator I Annotator 2 
Electronic program guide 14.43 14.86 12.13 11. 73 
Interaction management 15.56 I 5.17 10.02 9.24 
Cinema infonnat ion 5.32 8.7 4.0 1 3.43 
Personal assistance 0.31 0.3 0 0 
Route planning 37.05 36 44.2 46.3 1 
Sights 12.49 12.74 21.94 2 1.08 
Home appliances control 14.12 11 .22 7.59 8.1 
Off-talk 0.72 1.01 0. 11 0.1 

only, as automatically assigning domains to SRHs should only be done if the utter­
ance is a coherent one. The annotations resulted in two corpora of coherent speech 
recognition hypotheses labeled for at least one domain category. The percentage of 
SRHs with one or more domain attributions can be found in Table 2. It shows that 
the vast majority of hypotheses (ca. 90%) could be unambiguously classified in a 
single category. The class distribution is given in Table 3. The majority class is the 
Route Planning domain, while some of the categories, e.g., Personal Assistance, Off 
Talk, occur rarely in the data. Table 4 presents the kappa coefficient values computed 
for individual domain categories in dataset 1. 4 P(A) is the percentage of agreement 
between annotators. P(E) is the percentage that we would expect them to agree by 
chance. The annotations are generally considered to be reliable if K > 0.8. This is true 
for all classes except those which are under-represented in this dataset (see Table 3). 

2.2.2 Best SRH in the N-Best Lists 

For this study a markable, i.e., an expression to be annotated, is a set of SRI-ls (N­
best list) related to a single user's utterance. The number of markables in Dataset 2 
employed here corresponds to the number of utterances 552. The annotators saw the 
SRI-ls together with the transcribed user utterances. For each utterance a single SRH 
had to be labeled as the best one. The guidelines for selecting the best SRI-I were: 

• How well the respective SRH captures the intention contained in the transcribed 
user's utterance. 

• If several SRI-ls capture the intention equally well, the actual word error rate had 
to be considered. 

The kappa coefficient - often applied to measure the degree of interannotator 
agreement - is not appropriate in this experiment, as its calculation is class-based. 
But the number of SRHs underlying the best SRI-I selection per utterance does vary. 

4 The kappa coefficient was not computed for dataset 2, but we expect the results to be very 
similar. For dataset 2 we employed a different agreement measure described in a separate 
experiment. 
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Table 4. Kappa coeffic ient for separate domains 

P(A) P(E) Kappa 
Electronic program guide 0.9743 0.7246 0.9066 
Interaction management 0.9836 0.7107 0.9434 
Cinema information 0.9661 0.8506 0.7229 
Personal assistance 0.9953 0.9930 0.3310 
Route planning 0.9777 0.51 I 9 0.9544 
Sights 0.9731 0.7629 0.8865 
Home appliances control 0.9626 0.7504 0.8501 
Off-talk 0.9871 0.9780 0.4145 

Therefore, we computed the percentage of utterances, where the annotators agreed on 
the correct solution resulting in 95.35% of inter-annotator agreement. This number 
suggests a rather high degree of reliability for identifying the best SRH by humans. 

2.2.3 Best Conceptual Representation and Domains of SRHs 

The best conceptual representation and the domains of coherent SRHs from dataset 
2 were annotated. Due to lexical ambiguity of individual words, each SRH can be 
mapped to a set of possible interpretations called conceptual representations (CR). 
E.g., the German word kommen can be mapped either to the ontological concept 
MotionDirectedProcess or to the concept WatchPerceptualProcess. The algo­
rithms operating on the ontology convert each utterance to a set of conceptual repre­
sentations. As a consequence, they must be disambiguated automatically within thf 
running system as well as manually for evaluation purposes. 

Eight hundred sixty-seven SRHs used in this experiment are mapped to 2853 
CRs, i.e., on average each SRH is mapped to 3.29 conceptual representations. The 
annotators' agreement on the task of determining the best CR resulted in ca. 88.93%. 
For the task of domain annotation, we computed two kinds of agreements. The first 
measure is the absolute agreement Prec,,,ark, when the annotators agreed on all do­
mains for a given markable, i.e., an SRH. This resulted in ca. 92.5%. The second 
measure Preedom denotes the agreement on individual domain decisions (6936 over­
all) and amounted to ca. 98.92%. 

2.2.4 Domains of Ontological Concepts 

In the last experiment, ontological concepts were annotated with zero or more do­
main categories. 5 The percentage of ambiguous domain attributions is given in Ta­
ble 5. We extracted 231 concepts from the lexicon, which is a subset of ontological 
concepts occurring in our data. The annotators were given the textual descriptions of 
all concepts. These definitions are supplied with the ontology. Again, we computed 

5 Top-level concepts, e.g., Type, Event, are typically not domain-specific. Therefore they will 
not be assigned any domains. 

I I 
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Table 5. Domain assignments to concepts (in %) 

Number of domains Annotator I Annotator 2 
0 4 .76 16.45 
I 60.17 44.16 
2 22.5 1 18. 18 
3 5.63 10.82 
4 1.73 7.79 
s 2. 16 1.3 
6 0.43 0.43 
7 0 .87 0 
8 1.73 0.87 

two kinds of interannotator agreement. In the first case, we calculated the percent­
age of concepts for which the annotators agreed on all domain categories Pree mark, 

resulting in ca. 4 7 .62%. In the second case, the agreement on individual domain 
decisions Preedom ( 1848 overall) was computed, ca. 86.85%. 

A comparison between domain annotations of SRI-Is and ontological concepts 
(Table 6) suggests that annotating utterances with domains is an easier task for hu­
mans than annotating ontological concepts with the same information. A reason for 
this state of affairs might be that the high-level meaning of the utterance is defined 
through the context, whereas the meaning of an ontological concept is much less 
clear in the absence of context. 

2.3 Usage of the Annotated Data 

In Sect. 2 we discussed the reasons for creating large corpora with annotated data. 
Such data is necessary to perform empirical research in the automatic language pro­
cessing. At first, a research hypothesis is formulated. Then, it is translated into an 
annotation scheme and validated empirically by measuring the reliability of human 
annotations based on the corresponding annotation scheme. Additionaly, human per­
formance indicates the upper boundary, also called ceiling, in evaluating computer 
programs. 

The data from hidden operator tests were used for the design and evaluation 
of some language processing algorithms. Following the common distinction in the 
evaluation practices, we differentiate between intrinsic and extrinsic evaluation. For 
example, the semantic coherence scoring algorithm was evaluated intrinsically for 
scoring sets of ontological concepts in terms of their semantic coherence (Gurevych 
et al., 2003). ln this kind of evaluation, the output of the program is compared directly 
with the gold standard produced by the annotators. Extrinsic evaluation measures 
how a particular program contributes to the overall performance of the system. In 
our case, we employed the system in order to determine the best SRH in the output 
of the automatic speech recognizer (Gurevych and Porzel, 2003). 

A further application of the annotated data was a set of experiments directed at 
automatically assigning the domains to speech recognition hypotheses (Riiggerunann 
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Table 6. lnterannotator reliability for domain annotations (in %) 

Precmark Preedom 
Concepts I SRHs Concepts I SRHs 

Agreement 47.62 /92.5 86.85 /98.92 

and Gurevych, 2004). The algorithm for determining the domains of conceptual rep­
resentations and their underlying speech recognition hypotheses employs a know/­
edge source called the domain model. Two kinds of domain models were produced 
on the basis of the annotated data. The first domain model was derived by means of 

statistical analysis of speech recognition hypotheses in dataset I annotated for their 

domains. The second domain model was established through the direct annotation of 
concepts with respect to domains in the corresponding annotation experiments. Fi­

nally, the quality of both domain models and the domain recognition algorithm was 
evaluated intrinsically on the basis of annotated dataset 2. 

3 Collection and Usage of the Wizard and Operator Test Data 

The main goal of the second data collection and its experimental setup was to enable 
precise analyses of the differences in the communicative behaviors ofd1e various in­
terlocutors, i.e., human-human, human-computer and computer-human interaction. 

The setup of the experiment was, therefore, designed to enable the control of various 
factors. Most important factors were the technjcal performance (e.g., latency times), 

the pragmatic performance (e.g., understanding vs. nonunderstanding of the user ut­

terances) and the commurucative behavior of the simulated system. They were to be 
adjustable to resemble the state of the art dialogue systems, such as SMARTKOM. 

These factors can, of course, also be adjusted to simulate potential future capabilitieE 

of dialogue systems and test their effects. 

3.1 Data Collection Setup 

For conducting the experiments a new paradigm for collecting telephone-based di­

alogue data, called Wizard and Operator Test (WOT) - described by Porzel and 
Saudis (2004)- was employed. This procedure represents a simplification of clas­

sical end-to-end experiments, as it is - much like Wizard-of-Oz (WOZ) experiments 

- conductable without the technically very complex use of a real conversational 
system. As postexperimental interviews showed, this did not limit the feeling of au­

thenticity regarding the simulated conversational system by the human subjects. The 
WOT setup consists of two major phases that begin after subjects have been given a 

set of tasks to be solved with the telephone-based dialogue system: 

• In Phase 1 the human assistant is acting as a wizard who is simulating the dia­

logue system, much like in WOZ experiments, by operating a speech synthesis 
interface. 

1 I 
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Fig. 3. Communication in phase 1 goes from synthesized speech out of the loudspeakers 
into the operator room (left side) telephone to the subject room (right s ide), and in phase 2 
directly via the telephone between operator and subject 

• In Phase 2, which starts immediately after a system breakdown has been simu­
lated by means of beeping noises transmitted via the telephone, the human assis­
tant is acting as a human operator asking the subject to continue with the tasks. 

During the experiment the subject and the assistant were in separate rooms. Com-
munication between both was conducted via telephone, i.e., for the user only a tele­
phone was visible next to a radio microphone for the recording of the subject 's lin­
guistic expressions. As shown in Fig. 3, the assistant/operator room featured a tele­
phone as well as two computers - one for the speech synthesis interface and one for 
collecting all audio streams. Loudspeakers were also present for feeding the speech 
synthesis output into the telephone and a microphone for the recording of the syn­
thesis and operator output. With the help of an audio mixer all linguistic data were 
recorded time-synchronously and stored in one audio file. The assistant/operator 
acting as the computer system communicated by selecting fitting answers for the 
subject's request from a prefabricated list, which were returned via speech synthe­
sis through the telephone. Beyond that, it was possible for the assistant/operator to 
communicate over telephone directly with the subjects when acting as the human 
operator. 

The experiments were conducted with an English setup, with subjects and as­
sistants at the International Computer Science Institute in Berkeley, USA, and with 
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Table 7. Descript ive corpus s ta tis tics of the English data (dataset E) and the German data 
(da taset G ) 

Dataset E Dataset G 
Number of dialogues 22 22 
Dia logue average length (min.) 5:53 4:57 
Human-operator average length (min.) 2:30 1:52 
Human- computer average length (min.) 3:23 2:59 

a Gennan setup, with subjects and assistants at the European Media Laboratory in 
Heidelberg, Gerniany. Both experiments were otherwise identical, with 22 sessions 
recorded in each. At the beginning of the WOT, the test manager told the subjects 
that they were testing a novel telephone-based dialogue system that supplies touris­
tic inforn1ation on the city of Heidelberg. In order to avoid the usual paraphrases of 
tasks worded too specifically, the manager gave the subjects an overall list of20 very 
general touristic activities, such as visit museum or Museum besuchen, from which 
each subject had to pick six tasks that had to be solved in the experiment. The man­
ager then removed the original list, dialed the system 's number on the phone and 
exited from the room after handing over the telephone receiver. The subject was al­
ways greeted by the system 's standard opening: Welcome to the Heidelberger tourist 
information system. How can I help you? After three tasks were finished - whether 
successful or not - the assistant simulated the system's breakdown and entered the 
line by saying Excuse me, something seems to have happened with our system, may I 
I assist you from here on, and finishing the remaining three tasks with the subjects. 
Table 7 gives an overview of the data collected in the WOT experiments. Overall, 
the subjects featured approximately proportional mixtures of gender (25 male, 18 
female), age (12< > 71) and computer expertise. TI1e average dialogue (German and 
English) consisted of 12.3 turns (composed of an average of 8.3 turns per dialogue 
in Phase 1 and 16.3 rums in Phase 2). 

3.2 Measurements on the Data 

These data enable analyses of the datasets that are language-specific as well as cross­
linguistic analyses on the entire data, such as presented by Porzel and Baudis (2004). 
In their analyses pauses (i.e., silences over 1 second) not caused by system latency 
times, overlaps in speech, dialogue structuring signals (e.g., well, yes or OK) and 
feedback-channeling signals (Yngve, 1970) were in part manually and in part auto­
maticall tagged and measured, yielding the results shown in Table 8. 

As the primary effects of the human-directed language exhibited by today's con­
versational dialogue systems, the data collected in these experiments clearly show 
that: 

• Dialogue efficiency decreases significantly even beyond the effects caused by 
latency times. 
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Table 8. Measurements performed on the English data (dataset E) and on the German data 
(dataset G) 

Dataset E Dataset G 
Dialogue average turns 14.33 10,28 
Human-operator average turns 2 1.25 11 .35 
Human-computer average turns 7.4 9.2 
Pauses I I 5 89 
Pauses human-operator 21 IO 
Pauses human-computer 94 79 
Overlaps 92 56 
Overlaps human- operator 88 49 
Overlaps human-computer 4 7 
Dialogue-structuring signals 292 317 
Signals human- operator 202 225 
Signals human-computer 90 112 
Feedback particles 43 153 
Feedback human-operator 43 135 
Feedback human-computer 0 18 

• The human interlocutor ceases in the production of feedback signals, but still at­
tempts to use his or her tum signals for marking turn boundaries, which, however, 
remain ignored by the system. 

• The increases in the number of pauses is caused by waiting and uncertainty ef­
fects, which are also manifested by missing overlaps at tum boundaries. 

4 Collection and Usage of the Field Operative Test Data 

In an initial data collection we asked American native English speakers to imag­
ine that they were tourists in Heidelberg, Germany, equipped with a small personal 
computer device that understands them and can answer their questions (Porzel and 
Gurevych, 2002). Among tasks from hotel and restaurant domains subjects also had 
to ask for directions to specific places. In the corpus we find 128 instances of instruc­
tional requests out of a total of roughly 500 requests from 49 subjects. The types and 
occurrences of these categories are in Table 9. 

As can be seen by looking at category B, Where interrogatives are pragmati­
cally ambiguous, i.e., they request either spatial localizations or spatial instructions. 
In order to perform an empirical study examining this phenomena under realistic 
conditions we performed the field operative test described below. 

4.1 Data Collection Setup 

Based on the results from these observations we conducted a field operative test 
(FOT) in which field operatives asked people on the street using interrogatives of 
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Table 9. Request types and occurrences 

Type Example 1 Occurrences 
(A) How interrogatives How do I get to the Fischergasse 38 
(B) Where interrogatives Where is the Fischergasse 37 
(C) What/which interrogatives What is the best way to the castle 18 
(D) Imperatives Give me directions to the castle 12 
(E) Declaratives I want to go to the castle 12 
(F) Existential interrogatives Are there any toilets here 8 
(G) Others I do 1101 see any bus stops 3 I 

Table 10. Request types and occurrences 

Factors Values 
The goal object The castle, city hall, school, discotheque, 

cinema, bank (ATM), clothing store 
The time of day Morning, afternoon, evening 
The proximity to the goal object Near , medium, far 
The approximate age group Young, middle, old 
The gender of the subjects Male, female 
The weather conditions Wann, cold, rainy, dry 
The operative 's means of transportation On foot, bicycle 
The baggage situation of the question With, without luggage 
The accessibility of the goal object Open, closed 

type A, B, C, D, E, and F (Table 9). They asked, e.g., Where interrogatives, such 
as Excuse me, can you tell me where the cinema Europa is, or How interrogative, 
such as How do I get to the castle, or Existential Interrogatives, such as Is 
there an ATM here. The passerby's responses were not recorded as that would have 
required their permission and thwarted a nafllral response. We logged and varied 
several factors shown in Table I 0. 

We asked 366 subjects, and their responses were then immediately categorized 
and logged according to their type, i.e., spatial descriptions, instructions, questions, 
etc., and their specific features, e.g., suggested means of transport (by bus, foot, etc). 

4.2 Usage of the Field Data 

This set of collected and categorized data was used to train classifiers and extract 
decision trees via standard machine learning algorithms. For example, as reported 
by Porzel and Gurevych (2003), the results of generating and rules applying a c4.5 
learning algorithm (Winston, 1992) show that: 

• If the object is currently closed, e.g., a discotheque or cinema in the morning, 
almost 90% of the Where interrogatives are answered by means oflocalizations, 
a few subjects asked whether we actually wanted to go there now, and one subject 
gave instructions. 
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• If the object is cmTently open. e.g .. a store or ATM machine in the morning, 
people responded with instructions, unless - and this we did not expect - the 
goal object is near and can be localized by means of a re ference object that is 
within line of sight. 

5 Conclusion 

We described three experimental paradigms for the collection of data employed in 
the dialogue system design. We showed that issues in dialogue processing can be for­
mulated as empirical problems, and translated to annotation schemata and annotated 
corpora. The corpora can be employed as training data for statistical models and as 
a basis for symbolic models, such as domain models. A forther advantage of our 
approach is a straightforward possibility for thorough evaluations of the developed 
algorithms. This is especially important for improving the quality and rel iabil ity of 
intuitive dialogue systems. 
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Summary. In this chapter we will give a brief overview about what different methods of 

evaluation were applied to the SMARTKOM prototypes and which of them resulted in utilizable 

results and why others did not. Since there are no established benchmarking methods yet for 

multimodal HCI systems and very few debatable methods for monomodal dialogue systems 

our work within the SMARTKOM prototype evaluations was rather an exploration of new 

methods than the simple application of standard routines. 

I Introduction 

The evaluation of a human-computer interface (HCI) is not a very well defined tern, 

In general, we understand the tenn "evaluation" as a reproducible experiment or 

procedure involving human subjects I and the HCI which results in some kind of 

qualitative or quantitative statement about the quality of the HCI system or parts of 

it. Again, the term "quality" in this context is not very well defined either. 

Therefore the "evaluation of a multimodal dialogue system" can have many dif­

ferent realizations with regard to 

• which parts (modules, modalities) of the HCI are involved 

• type and number of subjects 
• which tasks the subjects have to solve with the HCI 

• what data are measured during evaluation 

• what kind of questionnaire is used for the subjects 

• the analysis of the recorded data 
• the combination of subjective and objective results 

For SMARTKOM, being a multimodal system with three different technical scenar­

ios2 and many different task domains, the possible space of evaluations gets even 
larger. 

1 Referred to as "subjects" or "users" in what follows. 
2 Public, Mobile and Home. 

' I 
I 
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The framework of this book does not allow us to Ii t all the results en detai I. The 
interested reader may refer to some of our publications (Beringer et al. , 2002c,b) or 
contact the authors for the numerous project internal reports. 3 

In the following sections we first will explain the logistical and structural meth­
ods of the different SM ARTKOM evaluations carried out and then give a short 
overview of each individual evaluation, and list and discuss the most prominent re­
sults or the possible reasons for failure. 

2 Methods of Evaluation 

The SMARTKOM evaluations can roughly be classified into the broader categories 
"subjective" and "objective" as well as into "accompanying" and "benchmark" eval­
uations. 

2.1 Accompanying Versus Benchmark Evaluation 

In the SMARTKOM project we applied two logistically different types of evaluation 
while applying the same evaluation techniques to both: 

"Accompanying" evaluation denotes an ongoing evaluation during the design 
process of the prototypes. The motivation for this is quite clear: Flaws in the de­
sign should be detected as early as possible and removed. The ideal situation would 
be to have an ongoing evaluation for all three technical scenarios Public, Home and 
Mobile for the total period of development. Due to financial and time constraints this 
vas not possible. Therefore only two accompanying evaluations were carried out 
luring the SMARTKOM project. 

The results of an accompanying evaluation may theoretically be used to quan­
tify and document the progress of development, because the prototype may change 
(hopefully for the better) during the evaluation phase. Since we could carry out only 
two evaluations during development, the only progress documented here is that from 
development phase to the final prototype. 

"Benchmark" evaluation is our term for an evaluation of a "frozen" prototype; 
a prototype is delivered to the evaluation team and may not be updated during the 
evaluation phase (which may last for more than a month). In SMARTKOM seven 
benchmark evaluations were carried out on the subfinal prototypes 4 : three subjective, 
three objective and one long-term subjective evaluation. 

2.2 Subjective Versus Objective 

All serious HCI evaluations involve experiments with human subjects as well as 
the measurement of system parameters. The former usually take place in form of 

3 ln German only. 
4 After the delivery of the "final" prototype 4.2, another prototype version 5.1 was assembled. 

The evaluation of version 5.1 in an outdoor setting is described in Sect. 3.3. 
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ques tionnaires or mtervicws before/after the user has tested the system, while the 
latte r are sampled from the system itself during the test mns with the user. The reason 
for this often-found combination is simply that we do not know which combination 
of measurable parameters of a HCI system provides an adequate performance score 
fo r the system. Or, with other words, the overall performance or quality of a complex 
HC f system cannot be measured like, for instance, the word accuracy of a speech 
recognition system. 

For example, it is quite easy to measure the delay between the end of a user input 
and the beginning of the corresponding system output. However, it is not clear a priori 
that a shorter measured period improves the overall success of the dialogue between 
user and machine. And if it does, is it an important or less important parameter? 

Some people argue that the total is the sum of all components, i.e., ifwe can ob­
jectively measure the performance of each module of a HCI system, then the overall 
perfomrnnce should be the sum of all single perfonnances. Since Verbmobil (Burger 
et al. , 2000) we know that this is not even true for a system with 100% optimal 
hannonized interfaces between the different modules, because one single defective 
module can crush the entire processing chain of a temporal linear structured infor­
mation processing system. 

Therefore both, the subjective evaluations of subjects and the measurable param­
eters of a life session, are the basis for the advanced analysis of the quality of the HCI 
system. In the following we will discuss fundamental techniques for both methods. 5 

2.2.1 Subjective: Speaker Questionnaires/Interviews 

Subjective evaluations about a HCI system may be obtained by a questionnaire or­
better, but much more time-consuming - by an interview. For all subjective eval­
uations the rule applies: what you ask, is what you get. We therefore conducted a 
pretest (Kartal et al., 2002a) in the early phase of SMARTKOM to come up with a 
reasonable and usable catalogue of questions to the subjects. 

In general, we distinguish the following types of questions: 

• Questions with categorized answers (codes). This includes multiple choice, rank­
ing (usually on a scale of 7) and answers that allow defined quantities only (e.g., 
the height in centimeters). 

• Cross questions that are asked in the same way before and after the experiment 
to detect changes caused by the experience. 

• Questions that may be answered in free texts (free questions). 
• Subject questions that are not directly related to the experiment but characterize 

the background of the subject (e.g., about computer experience). 

The subjective evaluation should provide answers to the following general questions 
(Beringer et al., 2002a): 

• How do subjects evaluate the efficiency of SMARTKOM to solve practical tasks? 

5 Other tcrn1s often used for "subjective" and "objective" are "ergonomic" and "technical" 
or "modular." 

I 
! 
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• How do subjects evaluate input and output modalities and the dialogue? 
• \\'hat kind of (subjective) problems occurred? 
• How do users accept the system? 
• How do subjects accept the biometric identification of SMARTKOM? 
• \Vho do the subjects think might use such a sy tern? 

For the SM ARTKOM evaluation this concept led to a first catalogue of 62 questions 
(Questionnaire l (Kartal et al., 2002a)) in the pretest that was conducted with pa11ic­
ipants of the Wizard-of-Oz recordings (Schiel and Ti.irk, 2006): 6 

• 2 cross questions about how the user feels about emotion detection 
• 7 subject questions (codes) 
• 5 PARADISE questions (codes, see below) 
• 8 general ergonomic questions (ranking) 
• IO ergonomic questions ( free questions) 
• 6 + 6 specific evaluations of SMARTKOM techniques (ranking) 
• 11 questions about potential user groups (ranking) 
• 7 questions about the usability of certain SMARTKOM domains (ranking) 

Categorized answers can be easily summarized (mean and median). Free questions 
require a rather tedious manual processing, often combined with the finding of new 
categories. The interpretation of results is tricky, especially when the number of sub­
jects is low. 

As for the technique, we used HTML-based questionnaires that entered the an­
swers directly into a simple database. We also tested face-to-face interview tech­
niques but did not pursue these due to the costs. 

After the analysis of the pretest an improved version was compiled as follows 
(Questionnaire 2, e.g., Kartal et al. (2002b )): 

• 2 cross questions about how the user feels about emotion detection (ranking) 
• 13 subject questions (codes) 
• 11 general ergonomic questions (ranking) 
• 8 evaluations of special SMARTKOM techniques (ranking) 
• 11 questions about potential user groups (ranking) 
• 5 questions about the usability of certain SMARTKOM domains 
• 1 free question about problems and suggestions 
• l free question about the communication in general 
• 1 free question about additional input/output techniques 
• 1 free question about the preferred identification technique 
• 7 evaluations of the input/output modalities (ranking) 
• I free question about what is most annoying when using SMARTKOM 
• I question about how much the subject would pay for a system like that 
• l free question about the most positive and most negative action of SMARTKOM 
• 14 control questions with a different ranking system (ranking) 

6 Note that the participants in the WOZ recordings believed they were communicating with 
a real technical system. 
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This results in a catalogue of 78 questions total that was used in all accompanying 
SMART KOM evaluations (Sect. 3.1). 

For the final benchmark evaluations of all three prototypes (Sect. 3.2) this ques­
tionnaire was boiled down to ten free and 31 ranking questions (Questionnaire 3). All 
questions that were interpreted ambiguously by the majority of the subjects were re­
moved; some additional questions were added. The ten free questions are as follows 
( abbreviated): 

• Describe your expectations of the SMARTKOM system. 
• Was the operating of SMARTKOM unambiguous? 
• Did you use a functionality that the supervisor did not mention in her instruction? 
• How did SMARTKOM help you to operate the system? 
• Did you make mistakes? Which ones? 
• How did SMARTKOM help you to avoid such mistakes? 
• Did SMARTKOM come up with correct answers although you made a mistake? 
• How did SMARTKOM fulfil your requests/wishes? 
• Was the output (voice and display) always clearly understandable? 
• Could you finish your task in an appropriate period of time? 

Please refer to Beringer et al. (2003a) for a detailed listing. 

2.2.2 Objective: Technical Evaluation 

The technical or objective evaluation exploits two sources: the internal parameters 
of the HCI system itself, e.g., the recognized string of words produced by the speech 
recognition module, and labelings and segmentations of the recorded modalities dur­
ing the test which must be produced by a labeler group after the experiment. The 
latter are needed to provide measurable parameters such as word accuracy, gesture 
recognition and user state recognition. This implies, of course, that for the evalua­
tion it is not sufficient to run the prototype alone, because the prototype itself will 
not record, for instance, the video stream of the facial camera. In our setting we aug­
mented the prototype system by the required recording equipment, such as recording 
of voice input and output, facial video, infrared video (SiViT stream) and system 
display output. Also, the labeling of the recorded data is a very time-consuming pro­
cess, which explains that some results of the benchmark evaluations were published 
long after the termination of the project. 

In total, 110 parameters were derived from the running system as well as from 

the labelings of the recorded data streams. Please refer to Beringer et al. (2002d) for a 
complete listing. As expected, the majority of the parameters turned out to contribute 
none or only very little to an overall performance score. Consequently, the number of 
analyzed parameters was reduced to 30 in the final benchmark evaluations to achieve 
more utilizable results. 

2.2.3 Task Success: End-to-End Evaluation 

The subjective and objective measures of an evaluation may be combined into a gen­

eral score representing the overall perfonnance. However, there are situations where 
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both measures are inadequate to judge the primary success of a human- machine dia­
logue, namely whether the given task has been solved efficiently or maybe not at all. 
For lack of a better tem1, we call this abstract concept •·task success." It should be 
clear that the task success cannot be easily derived from the subjective or objective 
measures: a dialogue might be successful even if the majority of technical measures 
scored rather low or the user gave a bad evaluation because she had a different idea 
on how to solve the task, and vice versa. The task success is therefore judged by ob­
jective guidelines based on the recorded input and output information streams only. 
Because of this "black box" approach 7 we often call this type of evaluation "end-to­
end." 

In PARADISE (Walker et al. , l 997), for instance, this third pillar is the nonnal­
ized task success K computed from the attribute value matrix (AYM). In PROMISE 
(see below) K was not computable, because SMARTK0M tasks are much more fuzzy 
than the strictly aimed task of accessing a certain infonnation from a database sys­
tem. 

2.3 PARADISE and PROMISE 

As said before, the optimal evaluation strategy combines subjective and objective 
results as well as the task success of a series of experiments in a way that an overall 
quality score can be computed from the measured data, which is comparable across 
different domains and desirably even across different technical scenarios. In Walker 
et al. (1997), Walker and her colleagues proposed the PARADISE method to cal­
culate comparable performance scores for voice dialogue agents. This method was 
applied successfully to several different monomodal dialogue systems (Walker et al., 
1998). When trying to apply the PARADISE method to SMARTK0M we ran into 
several problems. The most prominent are: 

• SMARTK0M uses multiple asynchronous modalities in combination, and there­
fore it is not always possible to assign labels of correctness to single recognition 
results. 

• In typical SMARTK0M dialogues the tasks are much more fuzzy than in a simple 
database access task and also may be solved in very many different ways, simply 
because SMARTK0M has no strict dialogue control and allows the user to ask 
almost everything at all times. 

In Beringer et al. (2002b) we proposed an adaptation of PARADISE called "Proce­
dure for Multimodal Interactive System Evaluation" (PROMISE) that should work 
with a system with more freedom such as SMARTK0M. In a nutshell, PROMISE 
replaces the K calculated from the AVM by a much broader "task success" score 
that may have only two possible values + 1 and -1, while the multi linear regression 
analysis between subjective judgments and measured cost functions was replaced by 

7 What happens in the "black box" is not relevant, only the outcome of the dialogue. 
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a simple regress ion analysis (t-test). 8 By applying PROMISE we could - at least 
on a fonna l level - avoid the systematical problems of PARADISE when applied to 
S MA RT K OM . 

2.4 Task Success Versus Request Success 

The task success of PROMISE is, of course, a rather ambivalent concept, because it 
is based on a whole recording session (which typically lasts IO min). Therefore it was 
not surprising that the labeling in the end-to-end evaluation n1rned out to be a difficult 
task: in many cases it was almost impossible to assign the labels "success" ( + l) or 
" failure" ( - 1) to a session. After the accompanying evaluations were completed we 
took another step and defined a more fine-grained value called "request success" 
that is assigned in the end-to-end evaluation to pairs or groups of turns between the 
subject and the system according to the following rules: 

I. Each dialogue is automatically segmented into blocks. 
Each block starts with a regular user request. A regular user request must address 
the system in a clear and cooperative way. Irregular requests may include incom­
plete turns, hesitations, off-talk, ungrammatical sentences, inconsistent multi­
modal inputs, not understandable utterances; these are discarded from the anal­
ysis including the possible following system reply. Each block must end with a 
system reply. 9 

2. Each block is then evaluated with 1.0, 0.5 or 0.0 points. 
• I .O points : The user gets a complete and correct reply to her request. For I 

example: 
USR: ''Show me the TV program!'' 
SMA: ''Here are the shows running at the moment.'' 
(displaying the correct program of all channels) 

• 0.5 points: The user gets a complete and correct reply to her request, but the 
system provides additional and unnecessary, infonnation so that the user has 
to filter out the requested items. For example: 

USR: ' 'Which TV shows are on ARD tomorrow?' ' 
SMA: ' 'Here are the shows that wi 11 run tomorrow. ' ' 
(displaying the program of all channels) 

• 0.0 points : All other cases. For most SMARTKOM sessions this results in 
basically three possibilities: 

no reply at all 
a wrong or incomplete reply 
an error message 

8 Of course, this implies that only judgments of the type ranking may be used in the 
PROMISE method, because at-test correlation is only meaningful across a certain range of 
possible values. 

9 Please keep in mind that a user request may be just a gesture, while a system reply may 
also be just a change of display. 
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3 . The total request success per session is calculated. 
Since there exist (rare) cases where in one block more than one user request and 
system answer take place.10 there are two possible ways to average the individual 
judgments: simple average (sum all points and divide by number of requests) or 
blockwise average (average over requests within each block, then average over 
all block values). Although both methods show ve1y similar results, it turned out 
that the blockwise average reached more significant correlations with technical 
measures. Therefore we decided to use the blockwise averaging. 

This procedure results in an average request success value between 0 .0 and 1.0 for 
each session; 0.0 denotes a complete failure, while 1.0 would - theoretically -
suggest that all cooperative requests of the subject were satisfied perfectly. 

3 SmartKom Evaluations 

We are now ready to list the results of the individual SMARTKOM evaluations. In this 
contribution we will only present the most prominent results. 11 

3.1 Accompanying Evaluations-Home, Mobile 

The two accompanying evaluations took place from 1 April 2002 to 31 June 2002 
(scenario Home) and from l Aug to 31 Aug 2002 (scenario Mobile). Both a full 
ergonomic and a technical evaluation were carried out. 

3.1.1 Technical Setup Home 

For the Home scenario the studio was converted into a living room-like environment 
with sofa, low chair, TV and VCR. The graphical output was displayed on a portable 
Web pad Fujitsu Siemens, Stylistic 3500 X Pen Tablet (Windows NT, 256 MB) that 
the subject held on her knees. A pen was used for gesture input. The input micro­
phone was a standard low-cost headset 12 connected to the Web pad. The display and 
audio modules were running on the Web pad; the Web pad was connected via stan­
dard cable network with the remaining prototype cluster (2 x Linux 900/ l 800 MHz, 
1280 MB RAM total). 

IO This happens when the user does not wait for the answer to her first request but utters 
another request: 
USR: ''What shows are on TV tonight?'' 
USR : ''Show me the program of today!' ' 
SMA: ''Sorry, I did not understand you.'' 
SMA: ''Here are the shows running at the moment . ' ' 

11 Please refer to Kartal et al. (2002b); Beringer et al. (2002d); Kartal et al. (2003); Beringer 
et al. (2003d,a,c,b); Jacobi et al. (2004); Schiel (2004) for a more detailed version of the 
evaluation results. 

12 Approved by system group. 
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3.1.2 Ergonomic Accompanying Evaluation Home 

Prototype Subjects /Male/Female Naive/Experts /Quest. Remarks I 

2 . 1 27 I l4m / 13f I In I 10e I 2 2 L2 speakers 

General Results 

The overall picture was rather negative. Subjects criticized long waiting periods be­
tween request and answer, nonexistent user guidance and that they felt left alone by 
the system. The topic of biometric identification seemed to be of high importance 
to almost all subjects, but with very mixed messages. Nearly aJJ technical aspects of 
the SMARTKOM prototype have been evaluated negatively. The only exception was 
the "persona," although some users doubted that actions like blowing bubble gum or 

counting fingers were really necessary. 
It turned out that naive users were not able to use the system on their own; even 

experts rarely completed the given task. Very often the long processing periods be­
tween request and answer led to delayed answers that were mjginterpreted by the 

subjects. 
A detailed discussion of all results can be found in Kartal et al. (2002b ). 

Most Protninellf Problems (Number of Judgments in Brackets) 

"SMARTKOM does not understand me" (13) 
"System too slow" ( 12) 
"Pointing gestures, help function, volume control do not work" (8) 
"Bad/not working user guidance; actions of 'persona ' are hard to understand" (12) 

"Did not know what to say" (2) 
"System crashed" ( 1) 

Most Prominent Suggestions 

"Improve speech recognition" (10) 13 

"Improve speed" ( 16) 
"Improve pen input" (4) 
"More functionalities" (2) 
"More feedback about what the system is doing" ( l 0) 
"Better help" (2) 

3. 1.3 Technical Accompanying Evaluation Home 

Prototype Subjects Parameters Naive/Experts 

2.1 21 110 lln/ IOe 
Remarks 

-

13 This probably did not refer exclusively to the speech recognition module alone, but to the 

complete "speech understanding." 

I 
I 
I 
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G e11eml Results 

The overall picnu-e was rather negative, quite in con espondence to the ergonomic 
evaluation. Recognizers of all modalities scored rather low; there was not one cor­
rect treatment of off-talk and barge-in. The processing time between request and 
answer was extremely high; as a follow-up it almost uni fonnly happened that new 
requests were uttered before the answer to the first request was given. The correct 
answers to correct recognitions were very few. The dynamic help module was acti­
vated very often, but the impact to the dialogue was not effective. The only positive 
measurements were the output gesture of the persona (75% correct) and the syntax 
of the speech output (l 00%). For a detailed listing of all measurements please refer 
to Beringer et al. (2002d). 

The PROMISE value could not be calculated reliably because the correlations 
between subjective judgments and measurements were in most cases not significant. 

3.1.4 Technical Setup Mobile 

The Mobile scenario was evaluated in the same studio. An evaluation in the field was 
not possible because of technical reasons. The subject was asked to stand or walk 
within a certain area where two video cameras could capture the user actions. The 
subject was holding the PDA (Compaq IPAQ, embedded Linux, graphical output 
displayed via VNC) in her left hand and the pen in her right. Input microphone was 
a headset Sennheiser Evolution Wireless El 00 connected directly to the Windows 
2000 machine of the prototype cluster ( 1 x Windows 2000 1800 MHz and 2 x Linux 
900/1800 MHz, 1536-MB RAM total). 

3.1.5 Ergonomic Accompanying Evaluation Mobile 

Prototype Subjects Male/Female Naive/Experts Quest. Remarks 
3.1 16 7m/9f 11 n / Se 2 2 L2 speakers 

General Results 

The overall picture was rather negative; in comparison to the previous evaluation in 
scenario Home it was even worse. Subjects criticized that in most cases a real in­
teraction was not happening. Processing periods between request and answer were 
extremely high so that most subjects had doubts whether the system had already 
crashed. Seven subjects claimed that no other display output happened than the greet­
ing of the persona. 

It turned out that naive users were not able to use the system on their own; even 
experts rarely completed the given task. Very often the long processing periods be­
tween request and answer led to delayed answers that were misinterpreted by the 
subject. A detailed discussion of all results can be found in Kartal et al. (2002b ). 
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M ost Prominent Problems 

" No communication at all" (6) 
"System did not understand me" (6) 
" System did not react to anything" (7) 
"System too slow" (I ) 

M ost Prominent Suggestions 

"Better use single commands instead of sentences" (5) 
"Better user guidance: signal when to speak, display should indicate what can be 
done next" (5) 
"System should react faster so that you get a feeling of a real dialogue" (3) 
"Input should be improved" ( 1) 
"Better gesture input" (I) 

3.1.6 Technical Accompanying Evaluation Mobile 

Prototype Subjects Parameters Naive/Experts Remarks 
3.1 18 110 12n / 6e -

General Results 

We found a low performance of all recognizers. Off-talk and barge-in were not han­
dled correctly. Very long processing times occurred between request and answer; 
this caused double requests that were processed in parallel. Very few correct system 
replies were encountered; also very few correct input recognitions. For a detailed 
listing of all measurements please refer to Beringer et al. (2003d). 

Unfortunately, in many sessions very few interactions between subject and sys­
tem took place. Consequently, we had only very few usable measurements; in some 
cases the experiment was tem1inated prematurely because the system seemed to have 
crashed. 

The PROMISE value could not be calculated reliably because the correlations 
between subjective judgments and measurements were in most cases not significant. 

3.1. 7 Summary Accompanying Evaluations 

The results of both accompanying evaluations were fed back into the design process 
of SMARTKOM. Because of the negative experiences with naive users we decided 
to recruit only users that were familiar with SMARTKOM in the forthcoming bench­
mark evaluations. Also, the question arose whether a new and unusual interaction 
technique such as used in SMARTKOM should not be evaluated during a longer time 
span, because we learned from the first evaluations that most concepts and interaction 
patterns of SMARTKOM have to be learned or adapted to. Unfortunately a long-term 
evaluation clashes with the fundamental claim of every evaluation, namely that the 
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results should be statistically valid across diffe rent subjects and therefore needs at 
least l 0- 20 subjects per evaluation experiment. Our budget and time constraints did 
not allow us to blow up the three final benchmark evaluations so that every subject 
could test the system over a longer period. We therefore decided to stick with the 
plan and evaluate short sessions of a larger group of subjects while perfo1ming one 
or two long-tenn evaluations in parallel. 

3.2 Benchmark Evaluations - Home, Public, Mobile 

The three benchmark evaluations took place 10- 20 March 2003 (Home), 11 - 13 June 
2003 (Public) and 4-11 July 2003 (Mobile). A full ergonomic evaluation as described 
in Sect. 2.2. l was carried out for each scenario. However, since we recruited only 
"experts" for the benchmark, evaluations, we changed the instrnction phase to the 
following: 

• The supervisor instructed the subject verbally, gave the task description and re­
minded the subject to wait for a system response before uttering the next request. 

• Subjects were asked to start the session after a green light signal given from the 
operator and to conclude the session when the green light tumed off. 

• Subjects were shown a short video (5 min) demonstrating the proper usage of 
SMARTKOM (scenario Home). 

• Subjects could perform a short training dialogue of 5 min. 
• After the clarification of last questions the evaluation session of I 0-min length 

was started. 

During the session the supervisor did not interact with the subject. 
After the negative experiences in the accompanying evaluations, the technical 

evaluation was reduced from 110 to a set of 30 reliable parameters (Jacobi et al. , 
2004). The main reason for this was the observation that many desirable parameters 
could not be extracted reliably from the system's log files and therefore did not show 
the desired correlations to the subjective judgments. 

3.2.1 Technical Setup Home 

The studio was equipped in a living room-like fashion with sofa, low chairs, TV and 
VCR. The subject sat in a low chair directly in front of a low table on which the 
display output of SMARTKOM was projected. 14 The facial video camera was active 
but the subject's face was not visible when leaning back ("lean-back mode," see 
task). Microphone input was via a wireless headset Sennheiser El 00 connected to 
the Windows 2000 machine of the prototype cluster ( I x Windows 2000 1800 MHz 
and 2 x Linux 2800 MHz, 4608-MB RAM total). The subject was not supposed to 
stand up during the session. The task was: "Inform yourself about the TV program 
(tonight, tomorrow etc.), get details about certain shows, actors. Try to control your 
TV and VCR. Try deactivating and reactivating the display ("lean-back mode")." 

14 The Web pad was not used in the final benchmark evaluation because the hardware was not 
available. Therefore the subject could also use her finger to point. 

Page 1189 of 1206



Evaluation of Multimodal Dialogue Systems 629 

3.2.2 Ergonomic Benchmark Evaluation Home 

Prototype I Subjects /Male/Female Naive/Experts Quest./ Remarks I 
4 .2 I 20 I !Om / !Of On I 20e 3 /3 L2 speakers l 

General Results 

The overall results were much more promising than in the previous accompany­
ing evaluation. Improvements were judged mainly in speech understanding, gesture 
recognition, dialogue handling and shorter processing times. Still a problem seemed 
to be the missing ' user guidance' and some very long processing periods where the 
subjects were unsure about the state of the system. 

Most Prominent Answers to Free Questions 

Subjects criticized in unison that SMARTKOM did not help to learn the opera­
tion. About half of the subjects were satisfied with the system; others claimed that 
SMARTKOM did not understand (4), was too slow (2), did not recognize English 
movie titles (I), had no "back" button (2), had no emotion detection ( l). Most of the 
subjects showed a high level of self-awareness with regard to their own mistakes. 
They listed 18 cases where they made a mistake. Unfortunately, SMARTKOM didn't 
seem to help in correcting those mistakes. The output was judged being more or Jess 
OK; the meaning of the "red lamp" was unclear to most of the users. Some subjects 
criticized the pronunciation of foreign words. 

Most Prominent Rankings 

The following aspects of SMARTKOM were ranked positively: clearly arranged dis­
play, speech understanding, speech input, SMARTKOM is easy to understand, task 
simple to solve. Negative rankings occurred in: speech output, emotion detection, 
good support, speed, fast reactions, help function, competence. 

3.2.3 Technical Benchmark Evaluation Home 

Prototype Subjects Parameters Naive/Experts Remarks 
4.2 20 30 On I 20e -

As for the recognizer results, the speech recognition module scored much bet­
ter than in previous prototype versions ( 47. I% accuracy), but not as good as in 
Public (57.8%) and Mobile (63.9%). User state recognition is still low (I 6.2%) but 
significantly better than in the Public scenario (8.4%). Gesture recognition reached 
38. 7% correctness. Crosstalk and off-talk was much lower than in previous record­
ings, probably due to the fact that the subjects were instructed more strictly. The 
average duration of a user speech input was significantly longer (2070 msec) than in 
the other two scenarios (approx. 1760 msec). It is unclear why, possibly because the 
domain TV allows more complex input sentences than other domains. 
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The request success (Sect. 2.4) scored an average of 0.48 per session, which was 
right on the total average (0.47). However, request success values varied from 0.8 to 
0.27 per session, which shows that the successfol usage of SMARTKOM very much 
depends on the user. 

3.2.4 Technical Setup Public 

The subject stood in front of the standard Public setup with the display projected 
on the graphic tableau, SiViT unit and facial camera. Microphone input was via a 
wireless headset Se1mheiser EI 00 connected to the Windows 2000 machine of the 
prototype cluster ( l x Windows 2000 1800 MHz and 2 x Linux 2800 MHz, 4608-MB 
RAM total). The subject was not supposed to leave the range of the facial camera, 
but due to body and head movements the face of the subject was not always fully 
visible in the facial video stream. The task was: "Inform yourself about the cinema 
program in Heidelberg tonight, get details about certain movies, actors. Find the way 
to the selected cinema (maps). Try to make a reservation for tickets." 

3.2.5 Ergonomic Benchmark Evaluation Public 

Prototype Subjects Male/Female Naive/Experts Quest. Remarks 
4.2 l l 6m l Sf On / l le 3 2 L2 speakers 

General Results 

The overall results for the Public benchmark were very similar to the Home bench­
mark evaluation. Since there has not been an accompanying Public evaluation we 
cannot give any detailed improvements. Speech understanding, gesture recognition 
and dialogue handling seemed to work reasonably well. Two subjects claimed that 
SMARTKOM actually allowed them to solve the task as fast as with traditional tech­
niques (phone, Internet). 

Subjects criticized the missing "user guidance," some very long processing pe­
riods so that subjects were unsure about the state of the system and that the error 
message "I did not understand you!" was not very helpful because it did not relay 
any information about what was hard to understand. 

Most prominent answers to free questions 

Subject criticized in unison that SMARTKOM did not help to learn the operation. Five 
of the subjects were satisfied with the system; others claimed that SMARTKOM did 
not understand (4), was too slow (1), did not recognize gestures (1), had no "back'' 
button (2) and that the reservation of movie tickets did not work at all (I). Most of 
the subjects showed a high level of self-awareness with regard to their own mistakes. 
They listed eight cases where they probably made a mistake. Unfortunately, SMART­
KOM did not seem to help in correcting those mistakes. The output was judged as 
being more or less OK. Five subjects criticized the prosody of the speech synthesis; 
three subjects said that sometimes the meaning of the output was unclear; l subject 
claimed that speech and display were not in sync when the persona was speaking. 
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Most Prominent Rankings 

The following aspects of SMARTKOM were ranked positively: display output, has a 
clearly arranged display, correct answers in most of the cases, speech input, SMART­
KOM is easy lo understand, task simple to solve, SMARTKOM is easy to operate. 
Negative rankings occurred in: emotion detection, gesture recognition, one input suf­
ficient to reach goa l, help function, fast reaction to gesture input, competence. 

3.2.6 Technical Benchmark Evaluation Public 

Prototype /Subjects/ Parameters /Naive/Experts Remarks 
4.2 I I I I 30 I On I 11 e I -

The speech recognition module scored in the middle range (57.8% accuracy), 
better than in Home (47.1 %), but not as good as in Mobile (63.9%). User state recog­

nition is very low (8.4%) compared to Home ( 16.2%). This is surprising because one 

might think that the more rigid hardware setup of the Public scenario (fixed posi­
tion of user, fixed background texture) would help the user state recognition. Gesture 
recognition scored 48.6%, which is significantly better than in Home. In four cases 

the user interrupted his own gesture or speech input caused by a system output (other 
scenarios: no occurrence). This might indicate a slightly worse dialogue handling in 

the Public domains. Crosstalk and off-talk was much lower than in previous evalua­

tions, probably due to the fact that the subjects were instructed more strictly. 
The request success (Sect. 2.4) scored an average of 0.45 per session which was 

slightly below the average (0.47). However, request success values varied from 0.62 

to 0.23 per session, which shows that the successful usage of SMARTKOM very mucl· 

depends on the user. 

3.2.7 Technical Setup Mobile 

For the Mobile scenario the studio was cleared out as much as possible to give sub­

jects room to walk around. Two cameras were mounted to capture user actions. The 

subjects were asked to stand or walk within a marked area of the studio during the 

test. No background noise was played back. The subject was holding the PDA (Com­

paq IPAQ, embedded Linux, graphical output displayed via VNC) in her left hand 

and the pen in her right. Input microphone was a headset Sennheiser Evolution Wire­

less E 100 connected directly to the Windows 2000 machine of the prototype cluster 

(I x Windows 2000 1800 MHz and 2 x Linux 900/1800 MHz, 4608-MB RAM to­

tal). No facial video camera was used and therefore no user state recognition was 

available. The subject was not supposed to give the PDA out of her hands during the 

test. The task was: "Inform yourself about touristic sites in Heidelberg, get details 

about them and look at a map. Try to get directions for a walk (navigation). Also get 

information about parking sites." 
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3.2.8 Ergonomic Benchmark Evaluation Mobile 

Prototype Subjects Male/Female Naive/Experts Quest. Remarks 
4.2 10 5m I 5f On / l 0e 3 I L2 speaker 

Ge11era/ Results 

The overall results were more promising than in the previous accompanying evalua­
tion. Improvements were judged mainly in speech understanding and faster reaction 
to gesture input. On the other hand, the display output was judged much lower than 
in the other two scenarios. A problem still seemed to be the missing "user guidance" 
and some very long processing periods where the subjects were unsure about the 
state of the system. In a total comparison of all answers the scenario Mobile showed 
the lowest user satisfaction. 

Most Prominent Answers to Free Questions 

Eight subjects criticized that SMARTKOM did not help to learn the operation. About 
half of the subjects were satisfied with the system; others claimed that the display 
was confusing (1), SM ARTKOM was too slow (2), did not recognize gestures (1), 
had an unsatisfactory feedback (2), had no emotion detection ( I). Six of the sub­
jects showed a high level of self-awareness with regard to their own mistakes. Five 
subjects claimed that they solved the task with the help of SMARTKOM in the same 
amount of time as with traditional techniques. 

Most Prominent Rankings 

The following aspects of SMARTKOM were ranked positively: pen input, speech un­
derstanding, speech input, speech output, gesture recognition (pen). Negative rank­
ings occurred in: emotion detection, good support, speed, fast reactions, clear dia­
logue, help function and competence. 

3.2.9 Technical Benchmark Evaluation Mobile 

Prototype Subjects Parameters Naive/Experts Remarks 
4.2 10 30 On / 1 0e -

As for the recognizer results, the speech recognition module scored the best result 
of all evaluated prototypes (63.9%). Crosstalk and off-talk was much lower than in 
previous recordings, probably because the subjects were instructed more strictly. The 
number ofturns and the number of words 15 were significantly lower than in the other 
evaluations; it is not quite clear whether this is a good or bad tendency. 

The request success (Sect. 2.4) scored an average of 0.49 per session, which was 
slightly above the total average (0.47). But again request success values varied from 
0.70 to 0.25 per session, which shows that the successful usage of SMARTKOM very 
much depends on the user. 

15 Both user and system. 

Page 1193 of 1206



Evaluation of Multimodal Dialogue Systems 633 

3.2.10 Pearson Correlation Subjective - Objective 

To achieve significant correlations we ran the analysis across all three scenarios. As 

for the Pearson correlation between the subjective judgments (ranking only) and the 
measured parameters, we found only three value pairs with an error probability of 
less than 0.01 . On this basis we did not deem the PROMISE approach applicable to 
this data. 

A total of 17 value pairs were found with an error probability of less than 0.05. 
For a complete listing and discussion of these correlations please refer to Jacobi et al. 
(2004). Although some of these pairs (4) did not seem to make any sense, there are 
some interesting observations: 

• A larger average processing time in the speech recognition module is not neces­
sarily an indicator for a bad performance. Users who operate SMARTKOM suc­
cessfully use larger and more complex requests than others. Consequently the 
speech recognition module needs more time to process them. This does not hurt 

the subjective positive judgment of the user. 

• 

• 

• 

• 

• 
• 

Some correlation pairs indicate that frequent interrupts of user actions by the 
system16 lower overall performance. 
Unspecified error messages lower overall performance. Also, some correlations 

indicate that error messages should not be given as speech output alone. 
An unstructured display with too much information causes the users to produce 

off-talk, which in tum may lower the overall performance. 
Complex requests combined of speech and gestures are valued higher than simple 

requests, granted that they can be answered successfully. 
Frequent off-talk indicates problems in the interaction and dialogue handling . 
A funny acting or strangely designed persona triggers off-talk, which might lower 

overall perf onnance. 

3.2.11 Pearson Correlation Subjective - Request Success 

As for the Pearson correlation between the subjective judgments (ranking only) and 

the request success per session, we found six value pairs with an error probability 
of less than 0.01. This suggests that the request success is a rather good overall 

performance indicator even for a multimodal HCI system. 
Since the request success cannot determined automatically from the labeling and 

segmentation of the session data, it would be quite desirable to predict the average 

request success from the technical parameters. We therefore trained a simple linear 

model of technical parameters in the previously found correlation ranking, and tested 

the amount of explained variance (R2) with increasing number of parameters (see 

Fig. 1 ). The measured parameters in the ranking of their descending correlation are 

as follows: 

16 For instance, when the user is about to point on the display and the display changes 
simultaneously. 

/. 

I 
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Fig. 1. R2 explained variance in dependency of measured parameters that were fed into the 
linear predictor 

1. Number of error messages * -0.29 
2. Average reaction time of SMARTKOM * + 0.38 
3. Number of audio turns in dialogue 
4. Number of user turns in dialogue 
5. Speech recognition accuracy * +0.23 
6. Number of cross-talked user words 
7. Total number of words in dialogue * +0.84 
8. Total duration of dialogue * -0.62 
9. Total number of cross-talked words 

10. Number of SMARTKOM words in dialogue * - 0.90 

Figure 1 shows that 60% of the variance of the request success may be explained 
with only six measured parameters (marked with "*" in the above listing together 
with their respective model weight). Although this is not perfect, it might be an alter­
native solution in cases where neither time nor money are available for the manual 
labeling and segmentation of request blocks. 
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3.3 Outdoor Evaluation-Mobile 

3.3.1 Introduction 
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Between December 2003 and March 2004, SMARTKOM-Mobile (version 5.1) was 
tested in an outdoor setting in Heidelberg. 17 The purpose of this outdoor evaluation 
was generally similar to that of the benchmark evaluations described in Sect. 3.2, but 
the specific questions addressed were somewhat different: 

I . Can people use SMARTKOM-Mobile effectively in an outdoor setting after a few 
minutes of instruction? 
Potential problems that could be caused by the outdoor setting include speech 
recognition problems due to ambient noise and distraction of the users by events 
and noise in the environment. In accordance with the results of the accompany­
ing evaluations described in Sect. 3.1 , it was assumed that previously inexpe­
rienced users would require a few minutes of instruction on the tasks that they 
were about to perform. 

2. How do users rate SMARTKOM-Mobile overalJ, relative to other methods that 
they might use to accomplish the same tasks? 
Ultimately, users ' acceptance of a system like SMARTKOM-Mobile wiH depend 
largely on whether they consider it more desirable than other available meth­
ods (e.g., conventional tourist guidebooks or more traditional computer-based 
systems). 

Because of the differences in the environment in which the study was conducted 
and in the nature of the prototype used, the objective and subjective measures col­
lected during this evaluation study were in part different from those of the studies 
reported in the previous section. 

The study was prepared and conducted after the end of the main SMARTKOM 
project, so that the most advanced prototype from that project could be used as a 
starting point for the prototype used in the study. Consequently, the analysis of a siz­
able proportion of the data collected in this study had not been completed at the time 
of the writing of this book chapter; further results will be reported in later publica­
tions. 

3.3.2 Method 

After indoor pilot testing, the study was conducted in a pedestrian zone in the center 
of Heidelberg. The system was deployed on two laptops with 1800-GHz processors 
and with 1-GB RAM each, running Linux and Windows, respectively. A Compaq 
IPAQ 3630 served as the subjects' handheld device. It communicated with the laptops 
via a wireless LAN with 2-MBit bandwidth. 

17 The prototype was prepared and the tests were conducted by H. Aras, J. HiiuOler, M. Jost 
and R. Mataka of EML, with consultation from A. Jameson of the Evaluation Center for 
Language Technology Systems of DFKI's project Collate. 

i 
I 
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The 8 subjects (6 female, 2 male) were recruited from groups that had no experi­
ence with SMARTKOM or other dialogue systems. Their average age was 27. 1 years 
(standard deviation: 4.7 years). Two subjects were not native speakers of Gennan . 
The subjects had virtually no experience with handheld computing devices (e.g., 
PDAs or organizers on cell phones) or with automobile navigation systems. Most of 
them occasionally used mapping systems on the Internet, and all claimed consider­
able general computer experience. 

Subjects used SMARTKOM-Mobile to perfom1 three tasks: 

l. Controlling the display of a map: Having all objects of a certain type ( e.g., cafes) 
displayed on the map; zooming in and out 

2. Planning a route: Having the system compute and display a walking route be­
tween two locations in Heidelberg 

3. Requesting infonnation about sights: Having the system display infom1ation (a 
photo plus text) about one or more sights in Heidelberg 

In all three tasks, commands to the system were given via speech; in the second 
and third tasks, pointing gestures could be used as well. The study began with a 
training phase in which the subject performed one instance of each of these three 
tasks. For each task, the user was shown a sheet of paper that indicated the actions 
that could be performed and some typical utterances (some of which were combined 
with gestures) that the system would understand. The user was asked to perfonn the 
actions indicated, using utterances like the ones listed on the sheet of paper. 

During the test phase, for each task the subject was once again instructed to 
perform the actions associated with the task, but they had to recall the appropriate 
utterances from memory and/or construct similar utterances themselves. 

3.3.3 Objective Results 

The request success rate for the test phase was computed as described in Sect. 2.4. 
The overall request success rates for the three tasks were 0.59, 0.64 and 0.78, re­
spectively, the overall rate being 0.65. In some cases, after an unsuccessful request, 
the subject repeated the request, often in a slightly different way, and ultimately 
achieved success; in other cases, success was never achieved. Because of the various 
differences between this study and the previous evaluations (aside from any rele­
vant improvements in the prototype itself), it would not be meaningful to compare 
these success rates precisely with those found in previous evaluations. But in abso­
lute terms, they do show that reasonable request success rates can be achieved in an 
outdoor setting with users whose experience with the system has been limited to a 
few minutes of instruction. 

3.3.4 Subjective Ratings and Comments 

After performing each task, the subject was asked to name his or her preferred alter­
native method for performing the same task. For example, for the task "Requesting 
information about sights," most subjects named the classical tourist guide book; for 
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the task ''Controlling the display of a map" they tended to mention digital alterna­
tives such as Web-based mapping systems. For each of five rating scales, the subject 
was then asked to compare the methods of SMARTK0M Mobile ("speech and point­
ing gest11res'') to the preferred alternative, on a 5-point scale ranging from -2 (e.g., 
"much less convenient") to +2 (e.g., "much more convenient"). The five scales re­
fe,-red to the criteria of convenience, speed, 18 intuitiveness , efficiency and overall 
preference. Averaging over all criteria and subjects, the average ratings for the three 
tasks were +0.5, + l . l and + 1.0 for the three tasks, respectively. That is, subjects 
showed a consistent preference for the methods offered by SMARTK0M-Mobile rel­
ative to the best alternative that they knew. This positive result does not imply that 
the SMARTK0M-Mobile prototype used for the study, with its long response times 
and far-from-perfect request success rates, would be preferred to the currently avail-
able methods; but it does show that the subjects were on the whole convinced of 
the suitability of SMARTK0M-Mobile's methods for tasks such as the ones that they 
performed. 

After performing all three tasks, the subjects were asked about possible positive 
aspects of the character Smartakus. Of the eight subjects, four agreed with the state­
ment that he was "entertaining" and four indicated that he enhanced the understand­
ing of internal system states (such as being busy). But only two subjects found him 
"informative," and none agreed with the statement that he supported the progress of 
the dialogue. The freely refonnulated comments likewise indicated that Smartakus 
was generally seen as a nice but-if necessary-dispensable extra element. 19 

The most important negative aspects of the system that the subjects mentioned 
in their freely formulated comments were the low processing speed and the limited 
accuracy of the speech understanding. In addition, when subjects were asked to spec­
ify situations in which they would choose to use a system like SMARTK0M-Mobile, 
two subjects consistently indicated an unwillingness to use it when other people were 
present, even though they were happy to use it when they were alone. Even if this 
attitude turns out to be limited to a small portion of the potential user group, it does 
point to a serious issue in connection with application domains such as tourism, in 
which users are often members of groups. 

Concerns that could be addressed through relatively straightforward changes in 
the design and the hardware include: (a) the small size of the display, which was 
associated with limited legibility and amount of displayed information; (b) the rela­
tively high speed with which textual infonnation about individual sights was scrolled 
down the screen; (c) and the lack of an opportunity to obtain different information 
about sights than the infonnation presented by default. 

18 In connection with this criterion, subjects were instructed to ignore the relatively long re­
sponse times of the prototype used for the study, which ranged fl-om several seconds for 
simple utterances to 20-30 seconds for complex requests, and to focus on the basic nature 
of the interaction. 

19 These ratings may have been affected by the fact that, in the prototype, the lip movements 
of the character were slow and not well synchronized with the speech output. 

I 
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The positive aspects that were mentioned include: (a) the simplicity and intuitive 
usability of the interface-in particular, the ability to do without icon and menus; 
and (b) the speed and accuracy of the interaction via pointing gestures. 

3.4 Long-Term Evaluations-Public, Home 

The motivation for a long-tenn evaluation was the trivial observation that the oper­
ating humans need to be trained to new technologies. This is true, for instance, for 
the basic desktop paradigm, where certain actions are always initiated with the left 
or right mouse button, but also true for simple interactions such as usi ng a cellular 
phone. On the other hand, in the SMARTKOM evaluations we often found that sub­
jects complained that the recording time for the session was limited to IO min. They 
claimed that they were" ... just getting the grip on it ... ," etc. Therefore we wanted 
to see how judgments and dialogue efficiency changed for the better when the same 
user was able to use SMARTKOM more often and without any time limit. 

The only long-term evaluation of the SMARTKOM prototype took place in Sept 
2003 with only one person. 20 It comprised ten experiments with differing length, 
differing domains (tasks) but always the same technical setup Public. 

Sex Experience Age Smoker Glasses Beard Weight Height 
male high 40 no no no 75kg 186cm 

Piercing Handedness Education LI L2 Bilingual Culture 
no no right academic German English no Gemrnn 

3.4.1 Technical Setup Long-Term Evaluation 

The technical setup of the prototype was identical to that of the Public benchmark 
evaluation (Sect. 3.2.4). Total recording time was 6.14 hours. Eight sessions were 
transcribed in a basic transliteration, which is a subset of the official SMARTKOM 
transliteration standard resulting in 810 turns. Gestures and user states were not la­
beled and segmented, because without the time limit of l O min it was not possible to 
record the corresponding video signals. There was a minimum interval of 2 hours be­
tween each session. In most sessions no supervisor was present during the recording. 
No technical evaluation was carried out for the long-term evaluation. 

3.4.2 Ergonomic Long Term Evaluation 

The subject started the session and decided when to finish. Right after each session 
the user completed a questionnaire with seven free general questions, one coded 

20 Since this activity was not covered by the SMARTKOM budget we could not afford more 
than one study. 
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Fig. 2. Number of error messages per tum (left) and average request success (right) over 
long-term evaluation sessions. 

question (domains) and five free questions per domain. For instance, in a session that 
comprised the topic TV+ VCR, Cinema and Navigation this resulted in 7 + 3 * 15 = 52 
questions. A full listing of all answers as well as the transcripts can be found in Schiel 
(2004). 

Adaptation 

As expected. the user adapted his behavior quickly to the specific SMARTKOM di­
alogue technique. In Fig. 2 we show the average number of error messages of the 
system (left) and the average request success per session (right) against the total time 
the subject spent communicating with SMARTKOM. If we ignore the last session for 
the time being, 21 there is definitely a positive tendency over time, because the subject 
learned to operate SMARTKOM efficiently (error messages decrease, request success 
increases). 

Most Prominent Positive Judgments 

• Dialogue flow was structured if the user patiently waited for each answer. 
• The subject was never bored. 
• Reaction times were judged adequately. 
• Speech understanding was very good if the headset level was adjusted carefully. 

• Speech output was very good, but not with names. 
• Locations on display and spoken input were associated correctly. 
• Time concepts were recognized correctly (e.g., "right now," "tonight, "Friday 

night", etc.) 
• Complex spoken inputs with three different types of information were recog­

nized. 

21 In this last session the subject insistently tried to program the VCR although this function­

ality was not implemented in the testbed. Since it did not work, the subject tried about four 

different approaches to get the programming done. Naturally this trial-and-error technique 

resulted in a very high percentage of error messages. 
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• Switch on and off of VCR and TV worked. 
• Change channel by pointing to a logo worked. 
• Dialing the phone by using short names worked. 
• Navigating on the maps worked by speech conunands. 

Most Promi11e11t Negmive Judg111e11ts 

• Help function was not effective. It is not clear what the system calls "alternatives" 
and how the user should react to them. 

• Anaphora were not resolved correctly ("Switch to that channel!" ) 
• No explicit help function. 
• Some system outputs came in two separated blocks with a silence interval in 

between; this can lead to cross-talk with the next user request. 
• SMARTK0M seems to have a very limited dialogue memory. After asking for the 

TV program of Friday, the request: "What about the evening?" was answered by 
showing the program of tonight. 

• Level of microphone was critical; only the slightest change in position may cause 
the speech recognition to break down. 

• Reservation for cinema tickets did not work because the pointing finger always 
triggered more than six seats on the display. 

• Sometimes SMARTK0M misunderstood an input ("ProSieben") even if the sub­
ject pointed to a logo of ProSieben at the same time. 

• Using the phone was tricky because 
the input of numbers by pointing was too slow 
input of a number by voice did not work 
after scanning a fax the user couldn't input the addressee 

• Navigating in Heidelberg worked only if both the starting point and the end point 
of the desired route were entered in one sentence. 

Most Prominent Suggestions for Improvement 

• Context-dependent help function that can be called any time. After the help the 
dialogue should return to the point where help was called. 

• Level dynamics of the microphone input more robust; it would be better to use 
speech input with directed microphone instead of headset. 

• Output of the system should never come in more than one block with a silence 
interval in between. 

• User should be able to interrupt system output any time. 
• Dialogue handling: If the system gives a wrong answer, the user should be able to 

repeat the input. Currently this is only possible when the system issues an error 
message. 

• Error messages should contain a diagnosis about the nature of the error ( espe­
cially if the error is caused by an external device). 
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4 Conclusion 

During the late design phase of SMARTK0M two accompanying ergonomic and tech­
nical evaluations were carried out, partly with naive subjects. Although the results 
provided va luable input to improve the prototypes, the results were statistically in­
valid and the PROMISE approach could not be applied. 

Then the prefinal prototype 4.2 was evaluated in all three technical scenarios 
us ing an improved subjective and objective evaluation scheme. These benchmark 
evaluations showed a progress in almost every aspect of the prototype functionali­
ties. The changes in the ergonomic and technical evaluation techniques Jed to more 
substantial results, which were easier to interpret than in the previous accompany­
ing evaluations. In most sessions real dialogues took place between the user and the 
system, which allowed us to make constructive suggestions for further improvement. 

The subjective judgments showed that the basic combined multimodal interaction 
between human and machine was working successfully. However, it is still a Jong 
way to an absolutely smoothly running interaction. The users made many recurring 
suggestions about how to better the dialogue flow. The overall impression was that 
the technical quality of the single modules for multimodal input and output was 
sufficient; the problem now lies more in the dialogue handling, error treatment and 
the ergonomic user guidance than in the recognizer techniques. 

The PROMISE approach was not applied to the data, because the number of sig­
nificant correlations was too small. On the other hand, the proposed request success 
value seemed to be in good correlation with the summarized subjective judgments 
and had more significant correlations with technical parameters. The request success 
was in the same range for all three scenarios (0,47 on a scale from Oto I). 

The measured technical parameters of the system show an ambivalent picture. 
Although some values ( e.g., speech recognition accuracy) seem to be low at first 
glance - especially when compared to accuracies from speech recognition tasks 
which range between 70-80% for a comparable task (Burger et al., 2000) - this is 
obviously not a severe problem when the module runs in a well-defined framework 
together with other recognizers (as shown in the correlation values between technical 
parameters and user judgments). Insofar one of the claims of SMARTK0M namely 
that multimodal interaction will be more robust than monomodal seems to be true. 

Finally, a long-term evaluation was carried out with a single user. The results con­
firmed our hypothesis that a new technology like SMARTK0M needs to be adapted 
to. The user quickly learned how to operate SMARTK0M successfully and managed 
to use all capabilities of the system while decreasing the error rate over time. We 
therefore strongly recommend to use long-term evaluations for complex HCI sys­
tems in the future. 
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