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Abstract—In the present work we outline the first computer
game which is operated by real-time emotion recognition from
speech. Urgency is detected from the voice of a player and
conveyed to control parameters like speed during a race or
accuracy while shooting on a target for a biathlon sports
simulation. Moreover, the game showcases the world’s first
automatic speech emotion recognition which is based on the
Component Process Model, a fundamental theory of cognitive
psychology.

1. Introduction

Computational intelligence has reached quasi-human
qualities when estimating emotional characteristics such as
arousal from speech [1], [2]. With many real-life systems
being capable of deployment outside of laboratory settings
[3], emotion recognition tasks are ready to expand into
consumer products. In that regard, the entertainment and
sports sectors, which play a major role for fun and well-
being, can benefit from affective computing.

Therefore, we present a first of its kind show-case which
demonstrates how automatic vocal affect recognition can be
used as natural and fun input modality for virtual sports
gaming. We show a real-time software prototype of such a
game running on PC and smartphone platforms. Further, it
is the first real-time embedded show-case application of our
novel acoustic emotion recognition technology based on a
solid psychological model instead of big-data and machine
learning. The demonstrator is the first implementation in
that regard, and as such shows a fully working example of
applied psychological research.

The remainder of this paper is structured as follows:
Section 2 briefly describes the underlying VocEmoApI emo-
tion recognition technology, Section 3 describes the gaming
prototype, and Section 4 gives evaluation results of a pre-
liminary user study before we conclude our presentation in
Section 5.

2. Speech Emotion Recognition

In order to provide a control variable to the game in
real-time, voice segments are analysed by our VocEmoApI
emotion recognition software, resulting in continuous es-
timates of the player’s affective state. VocEmoApI detects

vocal markers which are caused by changes in physiological
processes due to appraisal checks in the cognitive affective
process [5], [6] – i. e., the cognitive process which happens
when we process emotion eliciting events in our mind.

The acoustic voice analysis is based on an extension of
the Geneva Minimalistic Acoustic Parameter set [7] imple-
mented in audEERING’s openSMILE toolkit [8]. The infer-
ence of scores for appraisal criteria is based on empirical
correlations between vocal markers and appraisal process
criteria. Scherer’s component process model describes four
major appraisal dimensions [5], [9], [10], [11], [12]: the
Novelty, the intrinsic Pleasantness or goal conduciveness,
the ability of the person to Control the event, and the
resulting Urgency for action and behavioural excitation. For
our sports gaming context, urgency is the most meaningful
appraisal criterion and thus was chosen as only variable to
control the game (Section 3). On the acoustic side, urgency,
which leads to increased vocal activation, causes – among
several other parameters – e.g., the speaking speed, volume,
and pitch to change.

3. The Game

We present a computer game in which the operation
mode is based on emotional urgency conveyed by the
player’s voice. The player is engaged in a biathlon sports
competition which naturally consists of two parts: skiing and
rifle shooting. In the first part (Figure 1, left), a skier avatar
needs to be ‘cheered’ to the target line as fast as possible.
In the second part (Figure 1, right), the player has to aim a
shot at the centre of a target disc. Affect-wise, this setting
is highly interesting, as it requires the player to change
between high and low vocal urgency. Likewise, it offers an
opportunity to train one’s control of vocal emotional display
by switching between these different ends of expressed
urgency.

Technically, voice activity is detected in a first step
by audEERING’s noise-robust voice activity detection [13]
based on recurrent neural networks with Long Short-Term
Memory. Secondly, voice segments are analysed by our
VocEmoApI emotion recognition software in real-time (see
Section 2), resulting in continuous estimates of the player’s
emotional state.

For the ski racing (Figure 1, left), high urgency in the
voice makes the skier moving faster, which is necessary to
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Figure 1. Screenshots of both parts of the vocal affect controlled biathlon game. Left: Ski racing of the player (red) vs two computer-controlled avatars
(blue). Right: Target shooting. Urgency is detected from the voice in real-time leading to faster (high urgency) or slower (low urgency) skiing, and to
more precise (low urgency) or more off-target (high urgency) shots.

Figure 2. Players playing the affect controlled biathlon game at a public event [4].

to win this part of the game. Maximum points are rewarded
for being fastest of the three skiers, and no points for being
the last. This part of the game induces strong vocal emotions
by creating an urgency for action in the player if the skier
moves too slow.

In contrast, the shooting part of the game demands the
opposite behaviour of the player (Figure 1, right). Calmness
and focus is of essence for aiming precisely at a target. Thus,
speaking calm causes the cross-hairs to move slower and
closer to the centre of the bull’s eye. The shot is fired after
a fixed duration of speech activity, removing any urgency
from the player. The score depends on the distance of the
shot from the centre of the target.

The game additionally provides a leaderboard listing the
player names sorted by their achieved points. This leads
to more competition and thus more engagement in social
settings, which in turn encourages players to show even
stronger emotions when competing against each others.

4. Evaluation

The game was first showcased at a public demonstration
event of audEERING’s VocEmoApI technology [4] – see the
some of the players in action on the photographs in Figure 2.
More than 50 participants participated at the event. Most of
them played the game and were fascinated by the way they
could influence the game solely by the tone of their voice. 21
players filled in questionnaires with feedback of the game.
They were from various nationalities (including English,
Italian, German, and Chinese) and aged from approx. 20 to
50 years with a mean around 35 years; approx. 30% were
female players, and 70% male. They rated on a scale of 1
(worst) to 5 (best) how well they thought A) the system

did pick up their emotional tone, and B) how much fun the
game was.

The mean rating for question A (emotion recognition)
is 4.05 with a standard deviation of 1.09, which indicates
excellent emotion recognition performance as perceived by
the players of the game. The mean rating for question
B (fun) is 4.57 with a standard deviation of 0.73, which
proves that the game was well received due to its novel and
innovative input mechanism, which has not been available
for gaming so far.

5. Conclusion

This paper introduced the world’s first computer game
fully operated by emotions expressed by voice. It showcases
the real-world applicability of ground-breaking, fundamental
psychological research and theories through the VocEmoApI
technology. A brief description of the VocEmoApI technol-
ogy and the relation to Scherer’s Component Process Model
was given. Preliminary player feedback indicates a 4.05 out
of 5 (best) score for the perceived accuracy of the emotion
recognition and a 4.57 out of 5 (best) score for the fun-factor
of the game.

We aim to make the game available as an Android App
and add more levels in the future with further affect related
game elements.

6. Acknowledgements

The project leading to this results has received fund-
ing from the European Research Council (ERC) under the
European Union’s Horizon 2020 research and innovation
programme (grant agreement No. 680883).

75

                                                                                                                                               



References

[1] F. Eyben, M. Unfried, G. Hagerer, and B. Schuller, “Automatic Multi-
lingual Arousal Detection from Voice Applied to Real Product Testing
Applications,” in Proceedings 42nd IEEE International Conference
on Acoustics, Speech, and Signal Processing, ICASSP, 2017.

[2] G. Trigeorgis, F. Ringeval, R. Brueckner, E. Marchi, M. A. Nicolaou,
B. Schuller, and S. Zafeiriou, “Adieu features? end-to-end speech
emotion recognition using a deep convolutional recurrent network,”
in Acoustics, Speech and Signal Processing (ICASSP), 2016 IEEE
International Conference on. IEEE, 2016, pp. 5200–5204.

[3] F. Eyben, B. Huber, E. Marchi, D. Schuller, and B. Schuller, “Real-
time robust recognition of speakers’ emotions and characteristics on
mobile platforms,” in Affective Computing and Intelligent Interaction
(ACII), 2015 International Conference on. IEEE, 2015, pp. 778–780.

[4] audEERING GmbH, “VocEmoApI presented to affective computing
industry leaders,” http://bit.ly/vocemoapi, April 2017, [Online; ac-
cessed 06-July-2017].

[5] K. R. Scherer, “Appraisal considered as a process of multilevel se-
quential checking,” Appraisal processes in emotion: Theory, methods,
research, vol. 92, no. 120, p. 57, 2001.

[6] S. Patel, K. R. Scherer, E. Björkner, and J. Sundberg, “Mapping emo-
tions into acoustic space: The role of voice production,” Biological
psychology, vol. 87, no. 1, pp. 93–98, 2011.

[7] F. E. et al., “The Geneva Minimalistic Acoustic Parameter Set
(GeMAPS) for Voice Research and Affective Computing,” IEEE
Transactions on Affective Computing, vol. 7, no. 2, pp. 190–202, Jun.
2016.

[8] F. Eyben, F. Weninger, F. Groß, and B. Schuller, “Recent Develop-
ments in openSMILE, the Munich Open-Source Multimedia Feature
Extractor,” in Proc. of ACM’MM 2013. Barcelona, Spain: ACM,
Oct. 2013, pp. 835–838.

[9] K. R. Scherer, “Introduction: Cognitive components of emotion.” in
Handbook of the Affective Sciences. Oxford University Press, 2003,
p. 563.

[10] ——, “The dynamic architecture of emotion: Evidence for the com-
ponent process model,” Cognition and emotion, vol. 23, no. 7, pp.
1307–1351, 2009.

[11] K. Gentsch, D. Grandjean, and K. R. Scherer, “Cumulative sequential
appraisals generate specific configurations of facial muscle move-
ments: Evidence for the component process model of emotion.”
PlosOne, vol. 10, no. 8, p. e0135837, 2015.

[12] T. Bänziger, G. Hosoya, and K. R. Scherer, “Path models of vocal
emotion communication,” PlosOne, vol. 10, no. 9, p. e0136675, 2015.

[13] G. Hagerer, V. Pandit, F. Eyben, and B. Schuller, “Enhancing lstm
rnn-based speech overlap detection by artificially mixed data,” in
Audio Engineering Society Conference: 2017 AES International Con-
ference on Semantic Audio. Audio Engineering Society, 2017.

76

                                                                                                                                               



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 400
  /MonoImageMinResolutionPolicy /OK
  /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

  /CreateJDFFile 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 (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


