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Historical Development of UI

Electrical Symbolic Textual Graphical Embodied

From Where the Action Is (Dourish, 2001)



• Special purpose devices (e.g., 
automatic calculation of missile 
trajectories, patterns in coded 
messages)
• Held a sequence of instructions in 
its memory.
• To program the machine for 
different tasks, electrical circuits need 
to be changed
• Interacting with the system required 
a thorough understanding of the 
electronic design

Electrical

The Small Scale Experimental Machine, AKA “Baby” built at Manchester University in 1948.



• Introduction of programming systems 
(e.g.,assemblers)
• Symbolic forms of interaction is not textual 
(e.g., punched cards)
• More regularized instructions available across 
a wider range of machines

Symbolic

IBM 29 card punch (circa 1950’s)



• Takes advantage of the best-developed 
form of symbolic interaction: written 
language

• More like a “dialog”

Textual

E.g., early UNIX, DOS



Turning interaction into
two-dimensional space
rather than a one-dimensional
stream of characters

Graphical

Macintosh System 4.2, 1987



Exploit more sets of human skills:
Graphical

Macintosh System 4.2, 1987

• Peripheral Attention
Primary space, secondary space (e.g., 
windows and dashboards)
• Pattern recognition and spatial reasoning
Opportunities to arrange data spatially
• Information density
A picture really can be worth a thousand 
words (e.g., diagrams)
• Visual metaphors
File cabinets, trash cans, desktop tools





Tangible

Computation that moves beyond desktop

• Interaction is incorporated more richly in 
our daily experience of the physical world



Hiroshi Ishii
MIT Media Lab

Tangible Media Group



Vision driven research



1997: Ishii: long term vision for Tangible User Interfaces

UIST 1997
Ishii and Ullmer





One example



UIST 1997
metaDesk by Ullmer + Ishii



Coupling of Bits and Atoms
Users interact with digital information through a physical form

Tangible User Interface



Is this a tangible UI?

Coupling of Bits and Atoms
Users interact with digital information through a physical form

Tangible User Interface



Is the abacus a tangible UI?
no, it’s analog, there’s no coupling to digital information 

Coupling of Bits and Atoms
Users interact with digital information through a physical form

Tangible User Interface



Is this a tangible UI?
yes, users interact with a physical 
representation that represents 
digital information 

(digital brush & painting color)

CHI 2004
Kimiko et al.

Coupling of Bits and Atoms
Users interact with digital information through a physical form

Tangible User Interface



Why tangible?



world with objects, tools, toys, and people.



but we stare at a single glowing screen 
attached to an array of buttons and a mouse (or a piece of glass).



(x,y)

how your computer sees you:

-> very limited bandwidth for interaction



Sensory Homunculus





CHI1995
Fitzmaurice et.al.



a vision of how human and machine should come together

Tangible UI:

not like (x,y) but with full bandwidth



Interaction Design Sketchbook [Verplank ‘09]

actions 
representing a result 

images 
representing a concept

symbolic 
describing the concept 



Interaction Design Sketchbook [Verplank ‘09]



symbolic came first: command line interfaces



iconic: graphical user interfaces with desktop metaphor



but control is always separate 
 from its (iconic) representation



Interaction Design Sketchbook [Verplank ‘09]



Coupling of Bits and Atoms



What kind of information/scenario is 
suitable for tangible interface?



Many early ideas start with coupling digital information with physical tokens 
on a computational desktop



1999: John Underkoffler and Ishii

Urban planning and design desk



2002: Ben Piper and Hiroshi Ishii: Illuminating Clay

3D Shape and geometry 
representation

The physical clay model conveys spatial relationships 
that can be intuitively and directly manipulated by the 
user’s hands --- quickly create and understand highly 
complex topologies

The user is free to use any object, material or form to 
interface with the computer



Physical tokens later became active



CurlyBot

1999: Frei et.al



2002: Pangaro: Actuated Workbench



2007: Patten: physical constraints influence computation 



UIST 2016
Goc et al.



CHI 2012
Lee et al.



Physical atoms are not as “flexible” as digital bits

What is missing in Tangible Bits?



Physical atoms are not as “flexible” as digital bits

“active” physical interface?



2012: Hiroshi Ishii’s vision: Radical Atoms



Radical Atoms goes beyond Tangible Bits by assuming 
a hypothetical generation of materials that can change 
form and appearance dynamically, becoming as 
reconfigurable as pixels on a screen.



2004: Claytronics vision (not implemented)





“The ultimate display would, of course, be a room within which the 
computer can control the existence of matter. 

    — Ivan. Sutherland, The Ultimate Display, Proc. IFIP 65, 506–508, 1965



UIST 2016: Nakagaki et.al.



2013: Leithinger, Ishii: inForm shape display



Some of the key technologies



CHI 2012
Lee et al.





UIST 2016: Nakagaki et.al.



UIST 2016
Goc et al.



2012: Hiroshi Ishii’s vision: Radical Atoms
Special thanks to Stefanie Mueller for the inspiring slides



“Practical” Use?





ASSETS 2019: Siu et.al.



UIST 2022: Li et.al.



CHI 2023: Rahman et.al.



Optional readings

CHI 1997
Ishii et.al. from MIT

CHI 2021
Schmitz et.al. 

Material is in part based on the lectures by Prof. Stefanie Mueller @ MIT and Prof. Kimiko Ryokai @UCB  


