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Abstract. Inputs and outputs are not two independent phenomena in multimo-
dal systems. This paper examines the relationship that exists between them. We
present the results of a Wizard of Oz experiment which shows that output mo-
dalities used by the system have an influence on the users’ input modalities for
a large category of users. The experiment took place in a smart room. This kind
of environment does not require any particular knowledge about computers and
their use and thus allowed us to study the behavior of ordinary people including
subjects who are not familiar with computers. The experiment also shows that
speech is a favorite modality within smart room environments for a large part of
users. We think that the results presented in this paper will be useful for the de-
sign of intelligent multimodal systems.
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ronment, Ordinary People.

1 Introduction

Multimodal interfaces have been extensively studied for several years. At the begin-
ning, most of the studies addressed the input side of multimodal interfaces, mainly
trying to solve the problem of information fusion, to structure the design space of
multimodal interfaces and to study the multimodal behavior of users. More recently,
researchers have been more interested in the output side. Different issues have been
addressed such as the intelligent presentation of information and the adaptation of
output multimodal interfaces. However, the input and the output sides of multimodal
interaction are not independent phenomena and we need to know more about the
relationship that exists between them and how each side may affect the other side. In
this paper, we focus on the influence of system output modalities on user input mo-
dalities in an ambient environment. We present a Wizard of Oz (WOZ) experiment
which took place inside a smart room. This kind of environments allows one to inter-
act with familiar everyday-life objects such as lights, windows, etc. Furthermore,
ambient environments do not require particular knowledge about computers and thus
are well adapted to study the behavior of ordinary people who do not have particular
knowledge about computers.
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2 Related Work

Previous work showed the benefits of using multimodal interaction within ambient
environments [1]. However, related research work mainly addressed the study of
multimodal user behavior in order to evaluate the usefulness of multimodality and to
extract patterns allowing the development of more robust multimodal systems.

In [2], the authors showed how speech and gesture were combined by users. They
showed that the task can influence users' choice of input modalities. Tasks without spa-
tial components were almost always completed by users using speech only, whereas
those with spatial components were performed using multimodal combinations. In [3]
the authors studied the stability of multimodal patterns depending on the user's age. The
patterns of children presented many similarities with those of adults even though chil-
dren follow a simultaneous multimodal pattern more often. In [4], the authors showed
that users switch modes under certain contexts. For instance, when recognition errors
occur, users will shift from one mode to another in order to recover. In another interest-
ing work, Oviatt & al. [5] focused their study on the speech modality. They showed how
users adapt their speech signal input to converge with a text-to-speech output system.
However this study is mainly concerned with how users adapt the attributes of a given
modality (speech) rather than how users are influenced when choosing between differ-
ent input modalities. To sum up, previous works showed that different factors may
influence the users’ choice of input modalities. Task, context, users’ age and errors have
been the most studied parameters. In this paper, we focus on system output modalities.
In our study we preserve all the previous parameters from any changes and we vary
only the system output modality (tasks follow the same schema, context does not
change, all users are adults and error conditions are minimized).

3 Experiment

We conducted a Wizard of Oz experiment to compare the input modalities used by
the subjects when the output modality of the system changes. The experiment took
place inside a smart room in our lab. This smart room is a testbed for "ambient intelli-
gent" environments, in which people can interact with the ambient system in a natural
way, through various modalities. Fifteen unpaid adult volunteers, 5 males and 10
females, aged 35 years on average, served in the experiment. There were three differ-
ent output modalities for the system: text, graphics (icons) and speech synthesis. For
the user, three input modalities were available: speech, pointing gestures on a touch
screen and button presses on a remote control. In the remainder of this paper we will
refer to these three modalities, respectively by speech, touch screen and remote con-
trol (even though the touch screen and the remote control are devices, not modalities).
Speech recognition and the detection of touches on the screen were simulated by the
operator of the WOZ system (who was located in another room). Speech recognition
was simulated because we didn’t want to use an intrusive device (microphone) and we
wanted to minimize recognition errors without constraining users to a limited vocabu-
lary. We induced the users into believing that microphones were embedded into the
room walls and that the screen was a touch screen. These three modalities were cho-
sen because of the ambient context where the experiment took place. For instance,
using a keyboard to switch the light on would not have been very relevant to a home
living setting. For a first study, the issue of combined modalities is not considered
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here. Studying the influence of system output modalities on user input combined mo-
dalities, is planned as one of our future experiments.

Therefore we defined simple tasks to allow the subjects to perform them easily by
using any single modality chosen among the three available ones. The subjects had to
perform six tasks: switch the light on, listen to music, increase the sound level, de-
crease the light level, stop the music and switch the light off. As said before, the stud-
ied factor is the influence of system output modalities. Any other factor such as task
complexity has to be kept static. Hence, every task has the same 5-steps structure.
Each task begins by a task presentation step (1). During this step and to avoid influ-
encing the subject with a particular modality, the system introduces the task using all
output modalities (Text + Graphics + Speech) in a redundant way. Then we observe
which input modality the subject uses to start the task (2). Then the system asks a
question (3) to get more details about the task parameters and proposes two possible
answers. Now, the system uses only one modality (speech, text or graphics). Contrary
to step (1), this step of the experiment aims at trying to influence the user with a par-
ticular modality. We then observe which input modality is used by the subject to an-
swer the question (4). Finally and after getting the answer from the subject, the sys-
tem performs the action (5) (switches the light on, plays music, etc.).

We predicted that the output modality used by the system would have an influence
on the input modalities used by the subject. In other words, we predicted that the
subject would use different input modalities depending on system output modality.

4 Results

We analyzed the input modalities used by the subjects depending on system output
modalities (Fig. 1). The results show that speech input is a favorite modality within

) Modality: Text ) Mosdality: Craphics
B Speech: 23.3%

H Touch Screen: 66.7%
B Remote Control: 10%

d) Modality: Text + Graphics + Speech

Bl Speech: 96.7%
B Touch Screen: 0%
0 Remote Contral: 3.3%

B Speech: $5.6%
B Touch Sereen: 34.4%
B Remote Comtrol: 10%

Fig. 1. Input modalities used by the subjects when the system uses Text (a), Graphics (b),
Speech(c), Text + Graphics + Speech (d)
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smart room environments for a large part of users, except when graphics modality is
used by the system. In this case, the touch screen is preferred to speech. These results
are confirmed by the answers to the questionnaires. Moreover we can observe a
strong relation, on the one hand, between verbal modalities, and on the other hand
between non-verbal modalities. When the system uses text or speech, users tend to
use speech. However, when the system uses graphics then users tend to use pointing
gestures on the touch screen. Finally, we can also observe that when the 3 output
modalities are used simultaneously then speech is the preferred modality but with a
lower percentage than when text or speech synthesis are used alone. It seems that each
modality has a kind of influence power and when the modalities are combined their
influence powers are combined too. This is a interesting phenomenon which needs to
be investigated and confirmed in further experiments.

5 Conclusion and Future Work

We have developed a smart room and WOZ platform to study Human-System interac-
tion within ambient environments. Our first experiment concerned the multimodal
interaction within such environments. This experiment allowed us to study the rela-
tion between system output modalities and user input modalities. It shows that system
output modalities have an important influence on user input modalities. The experi-
ment shows also that speech is a favorite modality within smart room environments
for a large part of users, except when graphics modality is used by the system. We
think that these results will be useful for the designers of intelligent multimodal sys-
tems. In future work we will build another WOZ experiment where the tasks can be
performed either by using single modalities or combined modalities so that we can
study if the monomodal-multimodal system behavior may influence the
mono/multimodal user behavior. This would allow us to formalize the notion of influ-
ence power of a modality and study the influence of combined modalities to see if
there is a law which explains how these influence powers are combined.

References

1. Burzagli, L., Emiliani, P.L., Gabbanini, F.: Ambient Intelligence and Multimodality. In:
Proc. of UAHCI 2007 held as part of HCI International 2007, part II, pp. 33-42 (2007)

2. Opviatt, S.L., De Angeli, A., Kuhn, K.: Integration and Synchronization of Input Modes dur-
ing Multimodal Human-Computer Interaction. In: Proc. of CHI 1997, pp. 415-422 (1997)

3. Xiao, B., Girand, C., Oviatt, S.L.: Multimodal Integration Patterns in Children. In: Proc. of
ICSLP 2002, pp. 629-632 (2002)

4. Opviatt, S.L., Bernard, J., Levow, G.: Linguistic adaptation during error resolution with spo-
ken and multimodal systems. Language and Speech, Special Issue on Prosody and Conver-
sation 41(3-4), 415-438 (1999)

5. Oviatt, S.L., Darves, C., Coulston, R.: Toward Adaptive Conversational Interfaces: Model-
ing Speech Convergence with Animated Personas. Transactions on Human Computer Inter-
action, Special Issue on Mobile and Adaptive Conversational Interfaces 11(3), 300-328
(2004)



	Multimodal Interaction within Ambient Environments: An Exploratory Study
	Introduction
	Related Work
	Experiment
	Results
	Conclusion and Future Work
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




