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WHAT IS YOUR FAVOURITE MULTISENSORY EXPERIENCE IN 2026?





















HOW MANY SENSES DO WE HAVE?





New Scientist article, 29 Jan 2005 by Bruce Durie

https://www.newscientist.com/article/mg18524841-600-senses-special-doors-of-perception/




MULTISENSORY ART

















CROSSMODAL
 CORRESPONDANCES



BOUBA KIKI OR TAKETE MALUMA?

1929, Wolfgang Köhler







ILLUSIONARY FLASHES

Shams, Ladan, Yukiyasu Kamitani, and Shinsuke Shimojo. "What you see is what you hear." Nature 408.6814 (2000): 788-788.









Van der Burg, Erik, et al. "Pip and pop: nonspatial auditory signals improve spatial visual 
search." Journal of Experimental Psychology: Human Perception and Performance 34.5 (2008): 1053



• Attention in 360



Introduction to multimodal 
                interaction

McGurk, Harry, and John MacDonald. "Hearing lips and seeing voices." Nature 264.5588 (1976): 746-748.



Howard, I.P. & Templeton, W.B. (1966). Human Spatial Orientation.





Ernst, Marc O. "A Bayesian view on multimodal cue integration." Human body perception from the inside out 131 (2006): 105-131.





Modulor man Lecorbusier









Head-related transfer function (HRTF)



Adapted from: Roginska, A., & Geluso, P. (2017). Immersive Sound. Focal Press.



Adapted from: Roginska, A., & Geluso, P. (2017). Immersive Sound. Focal Press.



• https://facebookresearch.github.io/SS2_HRTF/



Simone Spagnol, 2021



Adapted from: Roginska, A., & Geluso, P. (2017). Immersive Sound. Focal Press.



Which HRTF FOR WHOM?



Brain plasticity

It depends

Ventriloquism effect



Eric I. Knudsen & Phyllis F. Knudsen (1985), Vision guides the adjustment of auditory localization in young barn owls.



What about blind or low vision individuals?



Ears evolve over time



Hearing capabilities change





AURAL DIVERSITY







MUSIC VISUALIZATION



Ivanyi, B., Tsalidis, C., Naylor, S., Tjemsland, T. B., Adjorlu, A., Kepp, N. E., & Serafin, S. (2022). HoloBand: An Augmented Reality Experience to
 Train Music Perception for the hard-of-hearing. In 2022 AES International Conference on Audio for Virtual and Augmented Reality, AVAR 2022 (pp. 1-10). Audio 
Engineering Society.







SOCIAL EXPERIENCES





<









Participants filled a questionnaire and 16 participated to interviews. 
Here we focus on interviews

The visualization was useful
The visualization was distracting. I closed my eyes.
The visualization took focus away from the music.
There should have been an introduction.

RESULTS





HEARING VOICES



AVATAR THERAPY

Therapist Voice

Avatar/Malevolent Voice

Digtial Voice 
Transformation/Modification & 
Visual Environment



0 1

Session setup

The patient is positioned 
in virtual reality (VR)

0 2

Avatar Creation

Avatar is created matching 
the perceived voice

0 3

Live Interaction

The therapist speaks and 
guides the patient

0 4

Observation

The therapist observes and 
iterates (domain knowledge)

AVATAR THERAPY



• Reduced severity and frequency of 
auditory hallucinations after 12 
weeks.

• 11 out of 271 treatment resistant 
patients no longer heard voices by 
the 24 week follow up.

• Greater satisfaction with treatment.

• Not for everyone, with possibilities of 
improving general realism, immersion 
and user-experience.

[1Glenthøj, et al., “Impact of avatar features and presence on treatment outcomes in virtual reality-assisted 
therapy for auditory hallucinations”, Schizophrenia research, Elsevier, 2025

AVATAR THERAPY



AVATAR THERAPY

[ L. Glenthøj, et al., “Impact of avatar features and presence on treatment outcomes in virtual reality-assisted 
therapy for auditory hallucinations”, Schizophrenia research, Elsevier, 2025

• Reduced severity and frequency of 
auditory hallucinations after 12 
weeks.

• 11 out of 271 treatment resistant 
patients no longer heard voices by 
the 24 week follow up.

• Greater satisfaction with treatment.

• Not for everyone, with possibilities of 
improving general realism, immersion 
and user-experience.



AVATAR THERAPY

[1] L. Glenthøj, et al., “Impact of avatar features and presence on treatment outcomes in virtual reality-assisted therapy for auditory hallucinations”, Schizophrenia research, Elsevier, 2025

Realism of the avatar, particularly 
in its auditory dimension, may 

facilitate engagement and 
therapeutic processing.

“

“



SPEECH PRODUCTION

Subglottal airpressure oscillates vocal 
cords, creating vibrations F0
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Extending
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SPEECH PRODUCTION

Subglottal airpressure oscillates vocal 
cords, creating vibrations F0

Vocal tract shapes the excitation to 
create formants SP

Movement of lips, tongue and teeth 
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NON/PARA LINGUISTIC

LINGUISTIC



0 3  — B a c k g r o u n d

F0 —> Pulse Train

(White) Gaussian Noise

𝑒[𝑛] 𝐻(𝑧)
𝑥[𝑛] = ℎ[𝑛] ∗ 𝑒[𝑛]

Synthesis Filter Output Signal

VOICE CONVERSION (NAIVE APPROACH)
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VOICE CONVERSION (NAIVE APPROACH)

F0 —> Pulse Train

(White) Gaussian Noise

𝑒[𝑛] 𝐻(𝑧)
𝑥[𝑛] = ℎ[𝑛] ∗ 𝑒[𝑛]

Synthesis Filter Output Signal

ANALYSIS SPECTRAL PREDICTION

Heuristic modification, frequency 
domain information (phase-vocoder)

RULE-BASED SYNTHESIS

Extract features directly from input Learn target specific 
coefficients for a filter



VOICE CONVERSION

ANALYSIS CONVERSION SYNTHESIS

PARALLEL 
TRAINING DATA

Non-linear 
mapping



VOICE CONVERSION

ANALYSIS CONVERSION SYNTHESIS

PARALLEL 
TRAINING DATA

Non-linear 
mapping

VOCODER

iSTFT / Neural 
VocoderWe can use different features.

The representation decides the 
synthesis method



VOICE CONVERSION (NON-PARALLEL)

ANALYSIS CONVERSION SYNTHESIS

TRAINING DATA

Non-linear mapping

TARGET 
INFORMATION

Recognition: Extract desired information such as linguistics and eliminate unwanted source information.

Synthesis: Inject and condition the generation on information from the target, such as identity.



VOICE CONVERSION (NON-PARALLEL)

TRAINING DATA

Non-linear mapping
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Recognition: Extract desired information such as linguistics and eliminate unwanted source information.
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VOICE CONVERSION (NON-PARALLEL)

TRAINING DATA

Non-linear mapping

TARGET 
INFORMATION

…

Content

…

Identity𝐸!(⋅) 𝐸"(⋅)

Recognition: Extract desired information such as linguistics and eliminate unwanted source information.

Synthesis: Inject and condition the generation on information from the target, such as identity.

𝐬 ∈ ℝ!
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𝐸"(𝑥) = 𝑧
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VOICE CONVERSION (NON-PARALLEL)
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VOICE CONVERSION (NON-PARALLEL)

PROSODY

IDENTITY

CONTENT

EMOTION

𝐷(⋯)

𝐸#(⋅)

𝐸"(⋅)

𝐸!(⋅)

𝐸$(⋅)





AVATAR THERAPY

Voice Manipula-on

AI-driven voice synthesis
to make the avatar voice
sound more natural

TTS / Voice Cloning

Controllability

The voice should be 
controllable, natural and match 
human descriptors.

Technical Specs

Latency < 100 ms, with the 
ability to run the system on a 
consumer CPU (Unity). 

Naturalness & Prosody

Controllability

Personification

Latency

Deployment

0 1 0 2 0 3

[C. J. Edwards, et al., “Thevoicecharacterisation checklist: psychometric properties of a brief clinical assessment of voices as 
socialagents,” Frontiers in Psychiatry, vol. Volume 14, 2023.





MOTIVATION

• A cartoonish avatar can maintain a strong social presence if it 
exhibits human-like behaviour and voice.

• Synthetically created voices are perceived as less appealing
when paired with photorealistic avatars.

• Virtual characters with human voices are generally 
considered more understandable and expressive than their 
synthetic counterparts.

Zegaran et. Al, “Does avatar design in educational games promote a positive emotional experience among learners?” SAGE E-Learning and Digital Media, 2021.
Higgins et. Al, “Sympathy for the digital: Influence of synthetic voice on affinity, social presence and empathy for photorealistic virtual humans”, Computers & Graphics, 2022.
[Cabral et. Al, “The Influence of Synthetic Voice on the Evaluation of a Virtual Character”, ISCA Interspeech, 2017.

BEHAVIORAL REALISM

VISUAL REALISM



EXPERIMENT

1. Realism, 2. Social Presence, 3. Emotional, 4. Likeability

21 Participants (within 
subjects)

Bargum, A. R., Hansen, E. S., Erkut, C., & Serafin, S. (2025, March). Exploring the Impact of AI-Generated Speech on Avatar PercepOon and Realism in Virtual Reality Environments. 
In 2025 IEEE Conference  on Virtual Reality and 3D User Interfaces Abstracts and Workshops (VRW) (pp. 647-652). IEEE.



EXPERIMENT

a) Coqui (TTS) b) VALL-E (TTS) c) Diff-VC (STS) d) S-RAVE (STS)



EXPERIMENT



RESULTS

• TTS systems have emotional limitations: 
lack of intonation, pitch and natural 
phonetic coding within text-based-tokens.

• Avatars using STS-based speech approached 
the human baseline on all metrics. 

• None of the avatars were deemed realistic or present.

• STS methods outperform TTS 
systems in conveying emotional 
subtleties.
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UNIVERSAL DESIGN

• Ronald Mace “The design of products and environments to be 
usable by all people, to the greatest extent possible, without 
the need for adaptation or specialized design.”



PRINCIPLES OF UNIVERSAL DESIGN



What is sonic interaction design?







SID versus SUD

Past / Present Future

Sonic Interaction Design Sonic Universal Design

Sound as interaction modality Sound as inclusive infrastructure

Designing interactions with sound Designing for perceptual diversity

Adding sound to interfaces Rethinking interfaces through sound

Generic users Diverse users



THANKS!
 Stefania Serafin
stefse@dtu.dk

https://www.linkedin.com/in/stefaniaserafin/
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