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evolution of computing interfaces
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early computers used command line interfaces (CLI)
to enable expert-users to perform simulations 

your device
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in the 80s the desktop’s graphical user interface (GUI)
moved computers into millions of offices & homes

mainframe 
  

these interfaces used command-lines & punch cards
to enable expert-users to perform numerical simulations 
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each evolution-step brought unique benefits 
e.g., maps on desktop did not change society
but mobile interactive maps on changed us
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e.g., body-data on mobile was not revolutionary
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each evolution-step brought unique benefits 
e.g., body-data on mobile was not revolutionary
but it in a wearable it created a new movement
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if each evolution-step of computer interfaces proved useful
imagine the value we could derive from the next-gen interface
if each evolution-step of computer interfaces proved useful
imagine the value we could derive from
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evolutionary pressure #1: miniaturization 

<ADD: some experts, some workers, 

everyone = societal acceptance of UIs>

<FIX: maybe align back down + fade on H1>

<laws>
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<UI, movements in HCI>
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<FIX: come here to grab wearable bubble, has a better line width>
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new system by Romain Nith & Yun Ho
https://arxiv.org/abs/2505.10648

<FIX: break into sections, faces

this or next>
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meta’s AI glasses

teslasuit

Furuya et. al, 2025
science roboticsMATE-XB exoskeleton

Clode/Makin et. al, 
science robotics

humane’s AI pin

NFC/RFID implants

S. Imbrie with a touch-implant
Bensmaia/Greenspon et al. nature comm.

Nishida & Suzuki, 2017, CHI

body, exo, muscle

implants prost?

AI & commms

Herr et al., 2024, nature med.

<FIX: revisit once all thumbnails done>
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<exo UL7>

why the excitement?
integrating with body circumvents
limitations of traditional interfaces
since directly stimulating neurons 
results in much smaller interfaces

Pose-IO
Lopes, CHI’15

EXO-UL7, Perry at al., 2009
Applied Bionics & Biomech

force-feedback
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  force-feedback temperature

thermal lamps
Buckey et al.

chemical thermal illusion
Brooks et al. CHI’20

Pose-IO
Lopes, CHI’15

EXO-UL7, Perry at al., 2009
Applied Bionics & Biomech

https://www.discovermagazine.com/can-virtual-

reality-help-astronauts-keep-their-cool-40467

thermal lamps (e.g., 
Hülsmann et al. VRIC’14)
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  force-feedback touchtemperature

chemical thermal illusion
Brooks et al. CHI’20

Pose-IO
Lopes, CHI’15

EXO-UL7, Perry at al., 2009
Applied Bionics & Biomech

Ortiz-Catalan, Greenspon, 
Bensmaia et al., Cell Reports'20

Glove, Meta 
Reality Labs

thermal lamps
Buckey et al.
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  force-feedback touch I/Otemperature

chemical thermal illusion
Brooks et al. CHI’20

Pose-IO
Lopes, CHI’15

EXO-UL7, Perry at al., 2009
Applied Bionics & Biomech

Ortiz-Catalan, Greenspon, 
Bensmaia et al., Cell Reports'20

Glove, Meta 
Reality Labs

Impanted User Interfaces
Holz et. al., CHI’12

thermal lamps
Buckey et al.
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https://mannerofspeaking.org/2018/11/01/6-tips-for-handling-a-remote-when-

presenting/
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https://www.researchgate.net/publication/303782615_Attention_Reorients_Periodically

body as I/O device
Lopes et. al. CHI’15

Higuchi, AH17

replace handheld

replace device-part with biological-part
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body as I/O device
Lopes et. al. CHI’15

imaginary phone
Gustafson et. al. UIST’11

TMS phosphenes, e.g.,
Dugué et al., Cur.Bio.’16, 

Novy (PhD thesis)

Higuchi, AH17

phosphenes guidance
Higuchi et al., AH’17

replace handheld replace phone replace screens

replace device-part with biological-part
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the mainstream mode of thinking with 
computers is symbolic (textual, iconic)

LLMs

however, this does not represent the
entirety of being human, nor all of us

modern AI assistants

input

text

output

text

reasoning

learned text
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computers is symbolic (textual, iconic)

<FIX: pops out desk, then

MOTHER>

LLMs

Lopes et al., UIST’16

integrated AI assistants

input

body

output

body

reasoning

non-verbal

watch video: https://www.youtube.com/watch?v=On738nXm5AM

https://www.youtube.com/watch?v=On738nXm5AM
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Lopes et al., UIST’16

physical

reasoning

Danry et al., AH'24

spatial

reasoning

Bhandarkar / Seim /

Starner at al., ISWC'22

subconscious

reasoning

unconscious 

reasoning

Horowitz et al., 

Sci. Reps.'23
Nguyen et. al., 

UIST EA'24

interoceptive 

reasoning

* see significant shifts in last decades of HCI towards non-verbal thinking (e.g., Ishi’s Tangible Bits, Höök’s Soma design, and more)

integrated interfaces allow us to explore non-symbolic modes of reasoning *
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Tanaka et al, UIST’25

super human speed up with
electrical muscle stimulation

integration allows endowing users with new abilities
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Bensmaia/Greenspon et al., 
Nature Comm.

remote touch

Grönvall et al., DIS'16

feeling wifi smelling in stereo

Brooks et al., CHI’21

seeing near-IR

Ma et al., Cell’25Strohmeier et al., AHs’20

feeling EMaccelerated reactions

Tanaka et al, UIST’25

integration allows endowing users with new abilities
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Rekimoto (2019): The Era of Human-AI Integration Poupyrev (2023): The Ultimate Interface

vision.plopes.org

Satyanarayan (2024) Intelligence as Agency Mackay (2024) Parasitic or Symbiotic?

integration for a different AI 
reflections: 

https://www.youtube.com/watch?v=D4AOtW2tWlc
https://www.youtube.com/watch?v=D4AOtW2tWlc
https://www.youtube.com/watch?v=D4AOtW2tWlc
https://www.youtube.com/watch?v=Ck7oaeCEdBI
https://www.youtube.com/watch?v=-k4qZHkiS1Y
https://www.youtube.com/watch?v=-k4qZHkiS1Y
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integration for a different AI 
reflections: 

vision.plopes.org
Google deepmind, Gemini Robotics

body automation
for safety

Pfeiffer et al., CHI’15

body automation
for repetitiveness

NIth et al., CHI’24

robotic automation
for everything 

watch video:
youtube.com/watch?v=J4tJ1FZ-QoA

https://www.youtube.com/watch?v=J4tJ1FZ-QoA
https://www.youtube.com/watch?v=J4tJ1FZ-QoA
https://www.youtube.com/watch?v=J4tJ1FZ-QoA
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integration for a different AI 
reflections: 

vision.plopes.org
Google deepmind, Gemini Robotics

body automation
for safety

Pfeiffer et al., CHI’15

body automation
for repetitiveness

NIth et al., CHI’24

robotic automation
for everything 

…automate things at the core of being human? 
(self expression, art, meaning making, etc)
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integration for a different AI 
reflections: 

vision.plopes.org
Hughes et al.,  Science Robotics'18

robotic automation
for everything 

automation of what 
makes us human?

Choudhary et al., CHI’25

watch video:
youtube.com/watch?v=VqqpRu269QE

https://www.youtube.com/watch?v=VqqpRu269QE
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integration for a different AI 
reflections: 

vision.plopes.org
Hughes et al.,  Science Robotics'18

robotic automation
for everything 

automation of what 
makes us human?

Choudhary et al., CHI’25 Choudhary et al., CHI’25

body automation
for learning

watch video:
youtube.com/watch?v=VqqpRu269QE

https://www.youtube.com/watch?v=VqqpRu269QE
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integration for a different AI 
reflections: 

vision.plopes.org
Hughes et al.,  Science Robotics'18

robotic automation
for everything 

automation of what 
makes us human?

Choudhary et al., CHI’25

body automation
for new forms of art

Nith et al., CHI’24Choudhary et al., CHI’25

body automation
for learning

watch video:
youtube.com/watch?v=J4tJ1FZ-QoA

https://www.youtube.com/watch?v=J4tJ1FZ-QoA
https://www.youtube.com/watch?v=J4tJ1FZ-QoA
https://www.youtube.com/watch?v=J4tJ1FZ-QoA
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vision.plopes.org

let’s see
your
visions

https://vision.plopes.org/


vision.plopes.org

after the
talk, I
closed 
the website’s
ability to submit sketches
here are some of the 100+
submissions during the talk

https://vision.plopes.org/display
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UIST’22

“what if I in HCI stands for Integration?” 
… as a strategy for problem solving

UIST’22integrating the 
user as VR battery

UIST’22

CHI’ 21 UIST’21Touch & Fold Alter Softness CHI’23Back-of-Hand CHI’ 24PermeabilityUIST’23FeetThrough CHI’24Stick&Slip

integrating haptics with the real world

integrating distractions integrating organisms
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“what if I in HCI stands for Integration?” 
… as a strategy for problem solving

matching abilities

I/O bandwidth

self-expression

unencumbering

sense of agency

tech relationship
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designing for agency in integration
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agency 
tradeoffs
 

Cortex’19
JNeuro’23
Jneuro’25

agency neural
mechanisms
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do we lose ourselves if devices integrate?
conclusions & challenges 

ethics
call for collaborative action

sense of agency
designing for agency in integration

dependency
design for absence

CHI’19
TOCHI’21

agency 
tradeoffs
 

Cortex’19
JNeuro’23
Jneuro’25

agency neural
mechanisms

aim for learning
not replacing us

CHI’21
CHI’25
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Now: Apple Engineer

Siya Choudhary

Highschooler

Now; UIUC

job market

?

you!

come work with us

all positions

job market



pedro lopes

associate prof. in computer science

what if the “I” in HCI 
stands for Integration?

thanks for your attention, questions?

slides:
vision.plopes.org/slides
 

see the sketches from
the UIST audience
vision.plopes.org
 

paper:
vision.plopes.org/paper

http://vision.plopes.org/slides
https://vision.plopes.org/display
http://vision.plopes.org/paper


 

mobile
 

wearable           
  

  

integrated 
with body
   

  

integrated 
  

  

agency ✓     agency



Ad Infinitum, Ars Electronica’17

ethical implications of EMS

https://www.youtube.com/watch?v=UsL48gkh3GI

patrick baudisch

HPI

https://www.youtube.com/watch?v=UsL48gkh3GI
https://www.youtube.com/watch?v=UsL48gkh3GI
https://www.youtube.com/watch?v=UsL48gkh3GI
https://www.youtube.com/watch?v=UsL48gkh3GI
https://www.youtube.com/watch?v=UsL48gkh3GI


Ars Electronica 2017



/credits

all credits either given directly in the reference, or are below: 

desktop computer by IBM archive
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