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We are in the midst of a 
human-computer interaction 

revolution 
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hardware

size, weight, volume, power

force, displacement, bandwidth, efficiency

manufacture, instrumentation, reliability

software

I/O standards and frameworks

rendering algorithms 

virtual world content 

user
haptic perception well understood 

interaction abstractions, design tools

market
demand

cost

grounded handhelds wearables

Table Inspired by Ali Israr
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haptics technology 
is nascent today 
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Opportunities and Challenges
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Opportunities and Challenges

challenge #1 
actuation
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Research Prototype 
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Research Prototype 
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Biswas and Visell. Emerging Material Technologies for Haptics. In Advanced Materials Technologies. 2019. 
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opportunity: 
novel haptic actuation
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Opportunities and 
Challenges

challenge #1 
actuation

challenge #2 
wearability
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Research Prototype 



30Yin et al. Wearable Soft Technologies for Haptic Sensing and Feedback. In Advanced Functional Materials 2021.
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opportunity: 
soft materials more 

closely matching the 
mechanical properties 

of the human body 
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Opportunities and 
Challenges

challenge #1 
actuation

challenge #2 
wearability

challenge #3 
perceptual understanding
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Opportunity: 
clever design leveraging 
haptic and multisensory 

perception
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Summary 

❑ haptics will be essential to 
AR/VR and the metaverse 

❑ haptics tech is nascent today

❑ biggest opportunities: 

1) novel actuation

2) soft materials for 
increased wearability 

3) clever rendering 
leveraging human perception 
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Command 
Line Interface

Graphical 
User Interface

Mobile 
Graphical  

User Interface

AR/VR 
Interface

(Metaverse)

1960s 1980s 2000s 2020s

Output visual 

audio voice voice

haptic keyboard keyboard, 
mouse

multi-touch 
2d touch 

screen

Input visual monocolor
terminal

low res. 2d 
color screen

high res. 2d 
color screen

high res. 3d, 
color, world 

locked

audio beeps 8bit stereo custom 
spatialized 

haptic keyboard keyboard, 
mouse

multi-touch 
2d screen, 
vibration

processing 
power 

(switches)

Brain[1] 1014 1014 1014 1014

Computer[2] 101 105 109 1011

mobile no no yes yes

[1] Total Number of Synapses in the Adult Human Neocortex. Thai Nguyen. Undergraduate Journal of Mathematical Modeling: 2013. 

[2] Server Engineering Insights for Large-Scale Online Services, Kozyrakis et al. 2010
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