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evolution of computing interfaces



your device

- "—';." -
S - . )
- -" e N

mainframe
(computers that took up an entire room)

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



mainframe desktop

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



mainframe desktop mobile

in the 90s, mobile devices moved computing into
billions of pockets, accessible anytime & anywhere
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mainframe desktop mobile wearable

wearables are in physical contact with the skin,
enabling sensing users’ physiological signals
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mainframe desktop mobile wearable
each evolution-step brought unique benefits
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mainframe desktop mobile wearable

each evolution-step brought unique benefits
e.g., create interactions not possible before
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desktop —— mobile

each evolution-step brought unique benefits
e.g., maps on desktop did not change society



desktop —— mobile

each evolution-step brought unique benefits
e.g., maps on desktop did not change society
but mobile interactive maps on changed us



mobile —— wearable

each evolution-step brought unique benefits
e.g., body-data on mobile was not revolutionary



mobile —— wearable

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
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mainframe desktop mobile wearable

if each evolution-step of computer interfaces proved useful
imagine the value we could derive from ...
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mainframe desktop mobile wearable

if each evolution-step of computer interfaces proved useful
imagine the value we could derive from the next-gen interface



what drives this evolution?
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evolutionary pressure #1: miniaturization
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new system by Romain Nith & Yun Ho

https /arxiv. org/abs/2505 10648
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mainframe desktop mobile wearable integrated



Nishida & Suzuki, 2017, CHI humane’s Al pin

meta’s Al glasses
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Clode/Makin et. al, Furuya et. al, 2025
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integration benefits



iIntegration benefits: miniaturization
new user-centered
ways ot thinking
new abilities
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Pose-10
Lopes, CHI'15
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why the excitement?




Pose-10 EXO-UL7, Perry at al.,, 2009
Lopes, CHI'15 Applied Bionics & Biomech

integrating with body circumvents
limitations of traditional interfaces




Pose-10 EXO-UL7, Perry at al.,, 2009
Lopes, CHI'15 Applied Bionics & Biomech

#

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

force-feedback



Pose-10 EXO-UL7, Perry at al.,, 2009
Lopes, CHI'15 Applied Bionics & Biomech

force-feedback

integrating with body circumvents
limitations of traditional interfaces
since directly stimulating neurons
results in much smaller interfaces
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Pose-10
Lopes, CHI'15

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

thermal lamps chemical thermal illusion
Buckey et al.

temperature
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Pose-10 EXO-UL7, Perry atal., 2009  thermal lamps chemical thermal illusion  Ortiz-Catalan, Greenspon, Glove, Meta
Lopes, CHI'15 Applied Bionics & Biomech ~ Buckey et al. Brooks etal. CHI"20  Bensmaia et al., Cell Reports'20 Reality Labs
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Pose-10 EXO-UL7, Perry atal., 2009  thermal lamps chemical thermal illusion  Ortiz-Catalan, Greenspon, Glove, Meta  Impanted User Interfaces
Holz et. al., CHI12

Lopes, CHI'15 Applied Bionics & Biomech Bensmaia et al., Cell Reports'20
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Buckey et al. Reality Labs

Brooks et al. CHI'20
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integration benefits: miniaturization
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devices are external body becomes the device







new meaning to user-centered
devices are external body becomes the device




new meaning to user-centered
devices are external < body becomes the device
replace device-part with biological-part




evolutionary pressure #2: closer to the body

/7(\%0?()?

replace device-part with biological-part

body as 1/0 device
Lopes et. al. CHI'15
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replace handheld




replace device-part with biological-part . g c.ose,m.,,,,,D

body as I/0 device imaginary phone
Lopes et. al. CHI'15 Gustafson et. al. UIST'11
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replace device-part with biological-part

body as 1/0 device imaginary phone
Lopes et. al. CHI'15 Gustafson et. al. UIST'11
. > A L

replace handheld replace phone




replace device-part with biological-part

.
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evolutionary pressure #2: closer to the body )

body as I/0 device imaginary phone TMS phosphenes, e.g.,,  phosphenes guidance
Lopes et. al. CHI'5 Gustafson et. al. UIST'11 ~ Duguéetal, CurBio.16,  Higuchi et al., AH'17

Novy (PhD thesis) b

replace handheld replace phone replace screens
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integration benefits: miniaturization
new user-centered
ways of thinking
new abilities
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the mainstream mode of thinking with
computers is symbolic (textual, iconic)

mainirame deskrag ol

f gach evolutiop-step of computer interfaces proved
imagine the value we could derive from
rraframs e o e otk s




the mainstream mode of thinking with
computers is symbolic (textual, iconic)

step 1: Find the indefinite integral of f(z)

The integral of each term in the polynomial is calculated as follows:

f (332° — 106z* + 1262° + 672* + 15z) dz

This gives:

33 ¢ 106, 126 , 67, 15 ,
6 5 4 3 2

+C
Which simplifies to:
5.52° — 21.22% + 31.5z* + 22.332% + 7.52° + C

Step 2: Set the integral equal to 2

We want to find when the integral equals 2, so we set the expression equal to 2:
5.52% — 21.22° + 31.52" + 22.332% + 7.52% + C =2

This is an equation with an unknown constant C. If we assume C' = 0 (i.e., we are looking for the value o
2 such that the indefinite integral equals 2 from the origin), we can solve for z.

Step 3: Solve for x

Mow, we can solve the equation numerically. Let me calculate the values for x that satisfy this condition.

geems that | currently can't run the Python code unless you're logged into ChatGPT. However, you ca




the mainstream mode of thinking with step 1: Find the indefinite integral of ()
com puters is Sym bol i c (textu al , iconic) The integral of each term in the polynomial is calculated as follows:

f (332° — 106z* + 1262° + 672* + 15z) dz

This gives: LL MS

33 o 106, 126 , 67 3+L2532
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modern Al assistants 62 5° 1t 1% 73
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in put — reasoning — Output 5z — 21.22° + 31.5z* + 22.332° + 7.52° + C
text Iearned text text il equal to 2

tegral equals 2, so we set the expression equal to 2:

0.0z5 — 21.22° + 31.52* + 22.332* + 752 + C =2

This is an equation with an unknown constant C. If we assume C' = 0 (i.e., we are looking for the value o
2 such that the indefinite integral equals 2 from the origin), we can solve for z.

Step 3: Solve for x

Mow, we can solve the equation numerically. Let me calculate the values for x that satisfy this condition.

geems that | currently can't run the Python code unless you're logged into ChatGPT. However, you ca



the mainstream mode of thinking with step 1: Find the indefinite integral of ()
com puters is Sym bol i c (textu al , iconic) The integral of each term in the polynomial is calculated as follows:

f (332° — 106z* + 1262° + 672* + 15z) dz

This gives: LL MS

33 o 106, 126 , 67 3+L2532

o i

modern Al assistants 62 5° 1t 1% 73

+C

in put — reasoning — Output 5z — 21.22° + 31.5z* + 22.332° + 7.52° + C
text Iearned text text il equal to 2

tegral equals 2, so we set the expression equal to 2:

0.0z5 — 21.22° + 31.52* + 22.332* + 752 + C =2

This is an equation with an unknown constant C. If we assume C' = 0 (i.e., we are looking for the value o
2 such that the indefinite integral equals 2 from the origin), we can solve for z.

Step 3: Solve for x

Mow, we can solve the equation numerically. Let me calculate the values for x that satisfy this condition.

geems that | currently can't run the Python code unless you're logged into ChatGPT. However, you ca

however, this does not represent the
entirety of being human, nor all of us
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Lopes et al., UIST'16
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step 1: Find the indefinite integral of f(z)

The integral of each term in the polynomial is calculated as follows:
f (332° — 1062* + 1262° + 672 + 152) da

This gives:

. . 33, 106, 126 , 67 5 15,
integrated Al assistants | EE MR

ir]put_> reasoning — Output 52° — 21.22° + 315z + 22.332% + 7.522 + C
bOdy non-verbal body il equal to 2

tegral equals 2, so we set the expression equal to 2:

0.02°% — 21.22° + 31.5z + 22.332 + 7.52° + C =2

This is an equation with an unknown constant C. If we assume C' = 0 (i.e., we are looking for the value o
2 such that the indefinite integral equals 2 from the origin), we can solve for z.

Step 3: Solve for =

Mow, we can solve the equation numerically. Let me calculate the values for x that satisfy this condition.

geems that | currently can't run the Python code unless you're logged into ChatGPT. However, you ca



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

step 1: Find the indefinite integral of f(z)

The integral of each term in the polynomial is calculated as follows:

f (332° — 1062* + 1262° + 672 + 152) da

This gives: L L M S

33 6 1065 126 , 67, 15,

integrated Al assistants | EE MR

input_> reasoning — Output 52° — 21.22° + 315z + 22.332% + 7.522 + C
bOdy non-verbal body il equal to 2

tegral equals 2, so we set the expression equal to 2:
o.02% — 21.22° + 31.52" + 22.332% + 7.5z + C =2

This is an equation with an unknown constant C. If we assume C' = 0 (i.e., we are looking for the value o
2 such that the indefinite integral equals 2 from the origin), we can solve for z.

Explaining Math: Gesturing Lightens the Load SIEpSSeiveinnz

. . Mow, we can solve the equation numerically. Let me calculate the values for x that satisfy this condition.
December 2001 - Psychological Science - 12(8):516-22

DOI: 10.1111/1467-9280.00395

eems that | currently can’t run the Python code unless you're logged into ChatGPT. However, you ca

€) Susan Goldin-Meadow - @ Howard Nusbaum - €% Spencer Kelly - £ Susan Wagner Cook



integrated interfaces allow us to explore non-symbolic modes of reasoning *

Lopes et al., UIST'16

physical
reasoning

sual

Bhandarkar / Seim / Horowitz et al., Nguyen et. al.,
Danry et al., AH'24  Starner at al., ISWC'22 Sci. Reps.'23 UIST EA'24

— > ==

Visual Field After Stimulation

- - -« L
——— 4

nes

Wi

spatial subconscious unconscious interoceptive
reasoning reasoning reasoning reasoning

* see significant shifts in last decades of HCI towards non-verbal thinking (e.g., Ishi’s Tangible Bits, Ho6k's Soma design, and more)



integration benefits: miniaturization
new user-centered
ways ot thinking
new abilities



integration allows endowing users with new abilities



integration allows endowing users with new abilities

Tanaka et al, UIST'25

“react!”

=

accelerated reactions



integration allows endowing users with new abilities

Tanaka et al, UIST'25

“react!”

accelerated reactions

C 25 guinnessworldrecords.com/world-records/693523-fastest-artificially-assisted-reaction-times

Who What
PEDRO LOPES, JUN NISHIDA, 0.05 SECOND(S)
SHUNICHI KASAHARA

Where When

= UNITED STATES (CHICAGO) MAY 2019
super human Speed up With The fastest artificially-assisted reaction time is 50 miliseconds from stimulus to
electrical muscle StimUIation action, which was achieved using electro-muscular stimulation (EMS) by researchers

fram the | Inivarcitv of Chicann (1ISA) and Soanv CS (IPNY A tvnical huiman reaction



integration allows endowing users with new abilities

Tanaka et al, UIST'25 Bensmaia/Greenspon et al., Q
Nature Con:m\/ Strohmeier et al, AHs'20  Gronvall etal, DIS16 i —~4 Brooks et al, CHI'21 Ma et al, Cell’25
/z,
" |" \
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accelerated reactions  remote touch feeling EM feeling wifi smelling in stereo  seeing near-IR
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mainframe desktop mobile wearable what’s next?
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reflections:

integration for a different Al

Rekimoto (2019): The Era of Human-Al Integration ~ Poupyrev (2023): The Ultimate Interface

Invisible
Implicit
calm

Self Human-Augmentation
Human-Al Integration
C 1]

personal

this
Al foundation model for

Human-Robot .
\ Some open questions.
Visible oawt

> ©

11:18/25:58 + HumanComputer Symbiosis >

[m] =y

vision.plopes.org

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

What is a “partnership”?

Drive a motorcycle
User in control


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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ogle deepmind, Gemini Robotics
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robotic automation
for everything



reflections: .
integration for a different Al

Google deepmind, Gemini Robotics Pfeiffer et al., CHI'15

robotic automation body automation
for everything for safety

E5H[E]
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vision.plopes.org

integrated



reflections: .
integration for a different Al

Google deepmind, Gemini Robotics Pfeiffer et al., CHI"15 Nith et al., CHI"24

. p
3 watch video:_ B { i nteg ra.t ed
robotic automation body automation body automation

for everything for safety for repetitiveness


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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reflections: .
integration for a different Al

..automate things at the core of being human?
(self expression, art, meaning making, etc)

integrated

robotic automation body automation body automation
for everything for safety for repetitiveness
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integration for a different Al

integrated

robotic automation automation of what
for everything makes us human?


https://www.youtube.com/watch?v=VqqpRu269QE

reflections: .
integration for a different Al

Hughes et al,, Science Robotics'18 Choudhary et al., CHI'25 Choudhary et al., CHI'25
N
N
>
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W I watch video:

youtube.com/watch?v=VqgpRu2690QE

robotic automation automation of what  body automation
for everything makes us human? for learning
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vision.plopes.org

integrated


https://www.youtube.com/watch?v=VqqpRu269QE

reflections: .
integration for a different Al

Hughes et al, Science Robotics'18 Choudhary et al,, CHI'25 Choudhary et al.,, CHI'25 Nith et al,, CHI"24

watch video:_

L integrated

robotic automation automation of what  body automation body automation
for everything makes us human? for learning for new forms of art


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

reflections:
@er evolutionary routes?



IE!'-!-!IEI

let's see
your

V|S|0n vision.plopes.org

® Q@@

mainframe desktop mobile wearable what’s next?


https://vision.plopes.org/

& c 25 vision.plopes.org
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conclusions & challenges
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“what if I in HCI stands for Integration?”
... as a strategy for problem solving

SO

mainframe desktop mobile wearable integrated




L=e “what if I in HCI stands for Integration?”

>
- |
- e ... as a strategy for problem solving
il

integrating distractions integrating organisms
UIST22 UIST'22

Lea

v - L ﬁ /[ o ‘
Touch & Fold CHI' 21 Alter Softness UIST21 Back-of-Hand CH|23 FeetThrough )|ST'23 Stick&Slip CcH|'24 PermeabilityCH| 24

integrating haptics with the real world



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

OO Cr

mainframe desktop mobile wearable integrated

1/0 bandwidth

matching abilities
tech relationship
unencumbering

sense of agency




conclusions & challenges
do we lose ourselves if devices integrate?

integrated



conclusions & challenges
do we lose ourselves if devices integrate?

ethics

integrated
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conclusions & challenges
do we lose ourselves if devices integrate?
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