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Hi, I’m Timoni West, the Director of XR Product at Unity. My team, the XR Apps, has two goals: one, figure out what we need to build today to help our community build 
great XR, both conventional and spatial tools, and two, think about what the future of computers will be and what Unity needs to do to support that future. 



How many of you have heard of Unity?


For those of you who don’t know, Unity is a 3D creation tool—allows you to create experiences that are robust and interactive without having to build your own rendering 
engine, physics engine, or animation tools. 


Just briefly, let me show a bit of what my team does…




Fun prototypes, in this case animation tools across devices…



Not only putting Unity into VR with EditorXR, our open-source extension, but experimenting with new techniques; here we are rethinking how to quickly shift between 
modes without using the already-overloaded controller buttons, and using motion instead.



Here we have basically three camera views of the same scene, though you wouldn’t necessarily think of it that way; it feels more like a miniworld. It allows you to move 
objects in and out of different camera views—or even between them. 



We use VR to prototype our AR creation tools….



And we extend things from VR to AR when it makes sense—this is the miniworld in a Magic Leap



And we move from prototyping and testing all the way to polished, useful, everyday professional tools for these new devices. 



This is a brief snippet of project MARS, our Unity extension for AR development that not only allows you to design digital apps that work in real spaces, but allows you to 
quickly test and iterate as well. 


So that’s some of the work we do. It’s incredibly fun. But today we’re going to be thinking a bit further out, about the kind of future tools like MARS will help build.




1. A brief (and extremely curated) 
history of ambient computing 

2. Current advances in the tech 

3. Significant challenges  

4. Common misconceptions in HCI 

5. Practical applications Implications

Today’s agenda on ambient [ubiquitous, distributed] 
computing

Here’s the agenda for today. 


For this talk I went with ‘ambient computing’, but you can call it spatial, ubiquitous, distributed—whatever word you want to use when you think of a world. Basically 
this…



OAMBIENT COMPUTING 
COMPUTING DEVICES ARE ALL NETWORKED,  

CONTEXTUALLY AWARE,  AND YOUR COMPUTER SESSION 
IS  TRULY DEVICE-AGNOSTIC .  

…where computing devices are all networked, contextually aware, and your OS, and therefore your computing session, is truly device-agnostic.


This is also not comprehensive: this is a huge topic, and I have specifically chosen the elements of it I thought were most interesting and wanted to talk about with you 
today.


Before we begin, I have a quote from one of my favorite authors, Ted Chiang, from his latest collection of short stories, Exhalation. 



We don’t normally think of it as such, but writing is a 
technology, which means that a literate person is someone 
whose thought processes are technologically mediated. We 
became cognitive cyborgs as soon as we became fluent 
readers, and the consequences of that were profound.
—Ted Chiang, The Truth of Fact, the Truth of Feeling

I like this quote for two reasons. I think it’s a great reminder of how basic augmentation—augmenting humans, ambient intelligence, or prosthetic knowledge—truly goes. 


It also keeps us honest. There is a tendency to bucket things that are poorly designed outside the category of ‘human-centered design’, as if there was some evil 
computer design team making all the bad decisions that feel wrong or uncomfortable. 


The reality is humans are the ones who are responsible for any number of designs that other humans don’t like, from architecture that feels too sterile, door handles too 
similar, rooms too empty, highway signs too confusing, to dark patterns in web applications and, heck, bad icon design. We need to own that this is also human design, 
and humans have been making the decisions every step of the way. 



1A BRIEF  H ISTORY OF  
AMBIENT  COMPUTING 

(I ’M USING THIS INTERCHANGEABLY WITH  
DISTRIBUTED OR UBIQUITOUS COMPUTING SO DON’T @ ME)

You’ll see what I mean as we go through this next section, a brief and extremely select history of ambient design in computing. 


Let’s start back in the WWII era, with Vannevar Bush.




- Vannevar Bush, born in 1890, died in 1974, was extremely impressive.

- Tufts, doctorate from MIT, 

- founded Raytheon, 

- became VP and Dean of the school of engineering back at MIT, 

- president of the Carnegie Institution of Washington, basically the first scientific advisor to the American president,

- chairman of the National Advisory Committee for Aeronautics

- Chaired the U.S. Office of Scientific Research and Development, where WII R&D happened

- Helped start the Manhattan Project

- Post-war, he pushed for the National Science Foundation in America—how America funds scientific advances. 

- Raytheon, meanwhile, is to this day the largest military contractor in America.

- Okay so that’s Vannevar. Rich, powerful, exactly who you’d expect for his role and reach. 


In July 1945, he publishes a seminal essay in the Atlantic, that one might argue is the singularly most influential essay in human-computer interaction.



Remember that at this point in 1945 computers had made some truly significant leaps, in part due to funding he had secured. And he’d been working in the field since 
1918, albeit largely under the cover of classified wartime tech.


This was his articulation of the point of his life’s work. What’s the good of technology he had built? What was the point?



Science has provided the swiftest communication between 
individuals; it has provided a record of ideas and has 
enabled man to manipulate and to make extracts from that 
record so that knowledge evolves and endures throughout 
the life of a race rather than that of an individual.
—Vannevar Bush, As We May Think

Okay—extending out human knowledge past individual lives to benefit the species over time. 


However, there is a rub…



A record if it is to be useful to science, must be continuously 
extended, it must be stored, and above all it must be 
consulted.
—Vannevar Bush, As We May Think

So true. He clearly anticipated the browser tab problem back in 1945. 


But he had a solution…



Consider a future device for individual use, which is a sort of 
mechanized private file and library. It needs a name, and, to 
coin one at random, "memex" will do. A memex is a device 
in which an individual stores all his books, records, and 
communications…It is an enlarged intimate supplement to his 
memory.

—Vannevar Bush, As We May Think

One could argue that this is at least the first very public description of computers as human augmentation devices. In fact Norbert Weiner specifically references Ford in 
Cybernetics, in the chapter on ‘Information, Language, and Society’, though specifically through the lens of a solution to the larger problem of information overload. 



Human brain works 
by association, not 
artificial indexes 
sorted by abstraction 
layers 

Memex provides a 
historical trail of how 
you got from one 
idea to another 

Trails are not only 
visible; you can share 
them with others

Key aspects of the memex

So did this seminal essay and concept actually happen? Well, no. No memexes. Trevor Flowers made one, but that was more for fun.


But if you’re familiar with Ted Nelson’s two-way hyperlinks it may sound familiar, and of course Doug Englebart’s work at ARC was directly impacted by this essay, as 
were many many others. Hell, every time I re-read it I’m inspired. 


One key thing to note here is the humility with which Bush discusses his concepts: he is not presenting this as a novel idea, but a mimicking of how the human brain 
actually works. 



Our ineptitude in getting at the record is largely caused by the 
artificiality of systems of indexing. When data of any sort 
are placed in storage, they are filed alphabetically or numerically,…
the rules are cumbersome…
The human mind does not work that way. It operates by 
association. 

—Vannevar Bush, As We May Think

That’s some good user-centered design thinking right there. 


Fun fact: in the same essay Bush also talked about people taking a lot of photographs once that tech got cheap and ubiquitous enough. He was dead on about that one. 


Enough about Bush and the memex. Next up in the post-war but still plenty of military funding boom, we have JCR Licklider.



The internet tells me this is a picture of Joseph Carl Robnett Licklider, or JCR Licklider, the first director of the Information Processing Techniques Office (IPTO) at The 
Pentagon's ARPA. However, I’m not entirely convinced that’s not Michael Caine. 


In any case, the real JCR Licklider came up with the ‘Intergalactic Computer Network’ concept, the one that inspired ARPANET, and unlike the memex, we all know how 
that turned out. 


Really fucking well. JCR had this to say about human brains and computers…



As has been said in various ways, men are noisy, narrow-band 
devices, but their nervous systems have very many parallel and 
simultaneously active channels. Relative to men, computing 
machines are very fast and very accurate, but they are constrained 
to perform only one or a few elementary operations at a time. 

—J. C. R. Licklider Man-Computer Symbiosis, March 1960.

With this view it’s no surprise he chose to tackle the problem of ‘how to get computers to have more active channels’. 


Also worth noting this is published in 1960, which means the ideas were kicking around before then. I think of the 1950s as an interesting silent period for computers in 
which perhaps the all of the groundwork was laid for what happened in the 70s and 80s—but people often barely remember the 70s. My guess is that this is partially 
because in America and Britain, a lot of the work was still classified. 


In any case, Licklider’s goal was very similar to Ford’s in that he wanted a partnership between computers and humans. 




The hope is that, in not too many years, human brains and 
computing machines will be coupled together very tightly, and that 
the resulting partnership will think as no human brain 
has ever thought and process data in a way not 
approached by the information-handling machines we 
know today. 

—J. C. R. Licklider Man-Computer Symbiosis

This language is echoed in the later work from Lincoln Labs, most notably Ivan Sutherland’s Sketchpad, described as ‘a man actually talking to a computer in a way far 
different than has ever been done before.’ A graphical language, as opposed to a visual language. 



And you will see a designer, effectively, solving a problem step by step. 
And he will not at the outset know precisely what his problem is, nor 
will he know exactly how to solve it. But little by level he will begin 
to investigate ideas. And the computer and he will be in 
cooperation—in the fullest cooperation—in this work.

—Steven Coons, Co-Director of the Computer Aided Design Project at Lincoln Lab, MIT, 
1967

This is a quote from Steven Coons describing Sketchpad—if you didn’t know what he was about to show, for contemporary audiences the demo would be a letdown; it 
describes a computer intuiting a human’s problem, or solving it concurrently with him, in a way very few people would map to a simple drawing app. 


But this quote also points to a big problem that occupied people’s minds a lot in the 1960s. They didn’t just want to have their questions answered: they wanted to know 
what the right question was. 



Men will set the goals and supply the motivations, of course, at 
least in the early years. They will formulate hypotheses. They will ask 
questions. They will remem-ber that such-and-such a person did some possibly 
relevant work on a topic of interest back in 1947…and they will have an idea 
in what journals it might have been published. In general, they will make 
approximate and fallible, but leading, contributions…guiding the general line of 
thought. 

—J. C. R. Licklider Man-Computer Symbiosis

The assumption was that if we did computers right, we’d get to a point they could intuit what we wanted. Truthfully, we are not there yet; this is still the biggest barrier we 
have to true ambient, distributed, spatial, or —- computing. 


Bright side, certainly computers have been great at facilitating human-to-human comms. Licklider name checked the great Doug Englbart…



In his 1968 essay, ‘The Computer as a Communication Device’. Apparently Englebart held one of the first networked meetings where everyone called in via a computer. 
Thanks Doug. 


Does everybody know Doug Englebart? Augmentation Research Center, NLS Mother of all demos, did _not_ invent the mouse?  Go look him up. 


So Doug was a big fan of Ford’s, and deeply took on the problem of how humans learn iteratively and how that can apply to human-computer interaction in many ways. 



Pervading all of the augmentation means is a particular structure 
or organization… In other words, the human mind 
neither learns nor acts by large leaps, but by steps 
organized or structured so that each one depends upon previous 
steps.

— Douglas C. Engelbart, Augmenting Human Intellect: A Conceptual Framework, 1962

Quick sidenote here, we’re focused on the tech around human-computer interactions, but this step by step process is also partly why humans tend to feel comfortable 
around tech exactly when it stops feeling magical. I always wondered why we continue to call our tiny pocket computers phones, and I think the reason is that if we had 
called them ‘tiny pocket computers’ back in 2005 instead of ‘smartphones’, they may not have taken off—less people feel comfortable with a computer than a phone.


I’m not going to talk about Doug too much because I’ve gone over his work often in previous talks. If you haven’t heard of him, check him out; his focus on computers as 
human augmentation tools has influenced every computer you’ve ever touched. Instead, we’ll talk more about one of his mentees, Mark Weiser. 



Mark Weiser coined the phrase "ubiquitous computing" around 1988, during his tenure as Chief Technologist at (PARC).  


Like many others else I’ve mentioned here, he had a seminal essay I’ll quote too much…The Computer for the 21st Century.



The most profound technologies are those that disappear. They 
weave themselves into the fabric of everyday life until they are indistinguishable 
from it. 
Consider writing, perhaps the first information technology: The 

ability to capture a symbolic representation of spoken language for long-term 
storage freed information from the limits of individual memory. 
Today this technology is ubiquitous in industrialized countries. 

—Mark Weiser, The Computer for the 21st Century

Free information from our mere human brains to prosthetic containers that are easy to use—sounds familiar.


One key difference: he also wanted to break out of the concept of the computing device as a discrete unit. 



Furthermore, although ubiquitous computers may employ sound and 
video in addition to text and graphics, that 

does not make them "multimedia computers." Today's multimedia 
machine makes the computer screen into a demanding 

focus of attention rather than allowing it to fade into the 

background. 

—Mark Weiser, The Computer for the 21st Century

This, I think, is him really making the case for distributed, or ambient, or spatial computing. He says fade into the background, which I understand from context, but I 
think it really can be framed as a move, for computers, from ‘conscious pre-frontal-cortex style attention’ to muscle memory, dependable tool-like interactions. 


Moreover, he wanted actual physical computers to have very little importance in and of themselves.



Pads differ from conventional portable computers in one crucial way. 
Whereas portable computers go everywhere with their owners, the 

pad that must be carried from place to place is a failure. Pads are 
intended to be "scrap computers" (analogous to scrap paper) that can 

be grabbed and used anywhere; they have no individualized 

identity or importance. 

—Mark Weiser, The Computer for the 21st Century

It’s not encapsulated in this quote, because this talk is already full of quotes and I didn’t want to add yet another one, but key to this concept is the idea of contextually 
aware apps and devices–the apps need to know where you are, where they are, what they mean to you, and maybe what else is in the room, in order for this type of 
system to work as described. 


I want to point out there’s some interesting ethical considerations here. In theory I agree with this concept.


In reality, when Apple effectively achieved this goal with the iPhone, it seemed wasteful.



…it’s so easy to simply throw away a physical object or replace it regularly because the physical object itself is not important. This is an interesting second-order 
consequence he simply couldn’t have considered. iPhones still can only really be owned by one person. They are not dummy devices with the ability to quickly switch 
between multiple authenticated accounts—not really.

 

And so instead of a pile of hardware anyone can grab and use, like paper, we have trillions of dollars of expensive and outdated electronics. 


Getting back to Weiser, one final point. 



My colleagues and I at PARC believe that what we call ubiquitous 
computing will gradually emerge as the dominant mode of computer access 
over the next twenty years. Like the personal computer, ubiquitous 
computing will enable nothing fundamentally new, but by 
making everything faster and easier to do, with less strain and 
mental gymnastics, it will transform what is apparently possible.  

—Mark Weiser, The Computer for the 21st Century

It’s worth noting that by this point Weiser had had grokked a lot of what Ford, Licklider, Coons, Sutherland, and Englebart wanted out of computers. But he doesn’t talk 
as much about the computer as a partner, computers as coming up with questions for us, and so on. It may have just been the era, he may have felt cynical about the 
possibilities, rightfully, or he may have just thought it was besides the point of what a computer should do. 


My brief history stops here for a few reasons. Once ubiquitous computing had a name, and a lot of documentation, prototypes and examples behind it, it really took off 
as a concept. Computer tablets, networked digital whiteboards, Zoom meeting rooms, Find My phone—all of these have precedents in the work Weiser’s team did at 
PARC, and earlier work too. 


But we don’t have an entire sensible system yet, and we may never have. What do we have? 



2CURRENT ADVANCES   
IN  THE  TECH 

SENSORS ,  OPERATING SYSTEMS,   
NETWORKING AND ML



Networked accounts 
allow for maintaining 
state across almost all 
devices; edge allows 
for local-fish compute 

Seamless 
synchronization of 
files is now the norm–
disappearing tech, if 
you will 

APIs are also now the 
norm: first web API 
was Salesforce in 
2000

Applications & networking

Networked accounts: email, Spotify, Twitter


Seamless syncing: Dropbox, iCloud


APIs: IoT, IFTTT, countless integrations


And I didn’t mention here, but there are new standards boards that support multi-devices, or FAANG companies joining IoT boards.



Google Fuchsia 

A modular, capability-
based operating 
system 

Dynamicland 

A computation 
medium where 
people work 
together with real 
objects in the real 
world 

MercuryOS 

Re-imagines the 
operating system as a 
fluid experience 
driven by human 
intent

Operating systems

MIT’s project oxygen

T-Engine Forum

Carnegie Mellon Project Aura




Google Fuchsia 

Separates OS from 
devices; assumes 
many devices for one 
user 

Dynamicland 

Truly removes the 
hardware from the 
digital output; 
designed to be social 
+ spatial by default 

MercuryOS 

Separates the data 
layer from the the 
container; user 
creates spaces of 
modules

Operating systems





Augmented reality 
forces the concept of 
concurrent 3D apps 
running in the same 
space 

Smart speakers and 
embedded assistants 
provide truly spatially 
agnostic computing 
inputs 

Wearable computers 
are assumed to be 
networked and 
synced by default—
again, boring

New devices

VR kind of lets you fake it because the whole thing is digital—kind of like how you can have mini games running in a bigger game world—but AR forces this




Humans are both 
augmented 
themselves, and 
augment the world 
constantly  

Consider AR 
wayfinding: what’s 
the difference 
between that and a 
street sign? 

Virtual content has 
the benefit of 
existing outside 
physical constraints

Brief segue into augmented reality 



Ephemerality isn’t necessarily a benefit of the digital medium, 
but it can be…Things in the digital medium can: literally 
disappear or be erased easily take up little to no physical space 
be hidden and made to reappear easily after being hidden.
—May-Li Khoe, What’s so great about the digital medium 
again?

This relates to one of my favorite types of UI—what I call transitory UI, UI that can appear and disappear as needed. It doesn’t have to be an AR display; it can be a 
projector. IT falls very much in line with the ‘calm design’ culture many folks referenced here also write about to. 



Speaking loosely, the range of expressive thoughts possible in 
such a medium is an emergent property of the elementary 
objects and actions in that medium. If those are well chosen, 
the medium expands the possible range of human thought.

—Andy Matuschak and Michael Nielsen, How can we develop transformative 
tools for thought?



3SIGNIF ICANT   
CHALLENGES  



Perhaps most diametrically opposed to our vision is the notion of "virtual 
reality," which attempts to make a world inside the computer…Although it may 
have its purpose in allowing people to explore realms otherwise inaccessible …
virtual reality is only a map, not a territory. It excludes desks, offices, other 

people… and in general the infinite richness of the universe. Virtual reality 
focuses an enormous apparatus on simulating the world rather than on invisibly 
enhancing the world that already exists. 

—Mark Weiser, The Computer for the 21st Century

And this type of all-encompassing environment has consequences….you are profoundly affected by that which surrounds you 



When you expose yourself to those things, especially in the constant way that 
people do now—older people as well as younger people—you are continuously 
bombarding yourself with a stream of other people’s thoughts. You are 

marinating yourself in the conventional wisdom. In other people’s reality: for 
others, not for yourself. You are creating a cacophony in which it is impossible to 
hear your own voice, whether it’s yourself you’re thinking about or anything else.

from The American Scholar: Solitude and Leadership - William Deresiewicz

So that’s one challenge: digital realities mean you’re kind of forcing people into your worldview, for better or for worse. The example quote was about virtual reality 
before, but the same is true of any digital medium you care to name. 


Fortunately, there is a lot of discussion around this…



How much should we (or the infrastructure) remember? 
When do we try to predict the user and when do we let the 
user choose?
How do we convey the system boundaries to the user? 

—European Commission - US National Science Foundation Strategic Research 
Workshop on The Disappearing Computer, 2004

The EU and the NSF did a joint collar workshop back in 2004 where they asked these very sensible questions. But this is about application. 


And here’s another challenge, the kind that keeps me up. It’s the assumption that we can have access to all the right data at the right time, and that it will be 
standardized. You see this assumption constantly.



When almost every object either contains a computer or can have a tab attached 
to it, obtaining information will be trivial: "Who made that dress? Are 
there any more in the store? What was the name of the designer of that suit I 
liked last week?" The computing environment knows the suit you 

looked at for a long time last week because it knows both of your 
locations, and, it can retroactively find the designer's name even 
if it did not interest you at the time. 

—Mark Weiser, The Computer for the 21st Century

This is not the case. 



Today, to interact with a smart device, you need to wake it and issue an 
explicit command. “Hey Siri, show me the video from the baby monitor.” 
Increasingly, the technology will be able to take the 
initiative, handling some tasks automatically and alerting 
you only when necessary. You won’t have to check on the baby every 
10 minutes; the computer-vision system will notify you if she wakes up. 

—Patrick Worfolk, 4 Predictions for the First Year of the Ambient Computing Decade

https://www.electronicdesign.com/industrial-automation/article/21119718/4-predictions-for-the-first-year-of-the-ambient-computing-decade


This is also not the case. 



Potentially, such systems could automatically comparison-shop for us, 
popping up the names of merchants offering the mix of price, quality, and service that 
most closely matches our needs. …Once they master the on-screen ''user interface'' that 
translates their instructions into commands computers understand, they will be able 
to pluck other sorts of data from the network and gain access to 
whatever information businesses offer, including details about 
products.

—Stratford Sherman, WILL THE INFORMATION SUPERHIGHWAY BE THE DEATH OF 
RETAILING? No way. But interactive shopping will become a challenge to today's stores, Fortune, 1994

https://www.electronicdesign.com/industrial-automation/article/21119718/4-predictions-for-the-first-year-of-the-ambient-computing-decade


Not the case holistically




If the experience of the on-line services CompuServe and 
Prodigy is any guide, Time Warner won't permit 
automated comparison-shopping, partly because 
merchants fear it might transform their wares into commodities.

—Stratford Sherman, WILL THE INFORMATION SUPERHIGHWAY BE 
THE DEATH OF RETAILING? No way. But interactive shopping will become a 
challenge to today's stores, Fortune, 1994

https://www.electronicdesign.com/industrial-automation/article/21119718/4-predictions-for-the-first-year-of-the-ambient-computing-decade


Also not the case, but interesting. Time Warner wouldn’t allow it but Amazon has made a killing with it. 


Moving on to other misconceptions…



4COMMON MISCONCEPT IONS  
IN HUMAN-COMPUTER INTERACTION

I’d say the most common that’s applicable to ambient computing is the assumption that we can make correct inferences about user desire without them telling us. 



Context is extremely 
hard to describe 

User awareness of 
intent varies 
tremendously both in 
terms of execution 
and consequences

Users aren’t given 
much choice or 
personalization

User intent

- Context: you might be at the right place at the right time, but busy, have forgotten a key item, or been distracted or disabled. The computer has no way of knowing 
these things.


- variability of user consciousness around their own intent 


I say this all the time. This next slide has been in every deck since I think I first joined Unity. 



We’ll need to tell 
computer things we 
never normally 
articulate, or even 
think about.

- More importantly, we the builders have to allow users to tell us, and have to create software that can react to it.


I have an example of something we don’t usually account for today in software design—or really any UX I’ve heard of. Let’s do a little experiment. You may have seen this 
going around the internet recently. 



[source: https://www.reddit.com/r/Aphantasia/comments/cpwimq/ball_on_a_table_visualization_experiment/]


Okay. I want you to close your eyes and visualize (picture, imagine, whatever you want to call it) a ball on a table. Now imagine someone walks up to the table, and gives 
the ball a push. What happens to the ball? [pause]


Now, answer these questions:

What color was the ball?

What gender was the person that pushed the ball?

What did they look like?

What size is the ball? Like a marble, or a baseball, or a basketball, or something else?

What about the table, what shape was it? What is it made of?

And now the important question: Did you already know, or did you have to choose a color/gender/size, etc. after being asked these questions?


If you could answer all or more, great, if you could answer none, great. If you not only couldn’t answer them but the questions took you by surprise, because you weren’t 
actually picturing a ball and all and never have, you probably have…



APHANTASIA
A CONDITION WHERE ONE DOES 

NOT POSSESS A FUNCTIONING 
MIND'S  EYE AND CANNOT 

VOLUNTARILY VISUALIZE IMAGERY.  

aphantasia, which just means you don’t see things pictorially in your mind. This isn’t necessarily a bad thing or even a handicap. In fact, we’ve only really begun to notice 
it; the first big study on this came out in 2015—and that's the first time it was even really given a name. 


How many have heard of this? 



Here’s another example that was going around Twitter—displaying levels of resolution. But some people imagine more than just visuals: smell, touch. 


This is a fairly new concept, although it has existed in humans probably forever. We're just starting to notice and investigate it. Design has not even begun to start 
covering the implications of this yet. 


And what about more overt personalizations? 



Where do you want 
apps to live in your 
home? 

Who do you want 
talking to you? How 
do you want them to 
talk to you?

How do you think of 
time? Forwards or 
backwards? By hours 
or increments?

Personalization comes to the 
forefront in ambient computing

What color do you want your watch band to be? Size?


If you saw Beryl Chung’s talk earlier she specifically mentions Mattel shut down a smart assistant project—one that would teach children ‘please’. Which also asks 
parents: how polite do you want your kids to be?


She mentioned the project was shut down due to fears around the kid’s well-being, privacy, etc, which leads to another problem…people think that computers 
understand us. 



They don’t, really 

Computer understanding



Computer vision is 
inherently 2D (frame 
by frame analysis) 

Computers don’t 
recognize faces or 
individuals; they 
match

Voice inputs are 
largely context-less; 
NPL is often keyword 
matching with 
context in post

Computer understanding

And then we have spatial issues too…



Whose device is this, 
anyway? 

Can you see my 
digital world? How 
and when? How do I 
know you’re seeing 
it?

Why can’t I 
personalize my 
digital objects like 
my house?

Spatial issues

Not just in terms of sharing computing sessions across devices, but if it’s just a dummy speaker with a bunch of apps I customized, is this my device? Does it matter? In 
Weiser’s vision of ubiquitous computing, pads are just hanging out all over the place. Mine, yours? 


Human-to-human-to-computer: when can you see my email? When can I see your digital art? How does the computer know? How do I know you’re looking at it?

Personalization: I want my watch to look like a Rolex. I want my Spotify app to be in my bathroom AND upstairs bedroom, like my Sonos speakers. 


Once again…



We’ll need to tell 
computer things we 
never normally 
articulate, or even 
think about.

It’s just a lot of mental overhead.




5IMPLICAT IONS  

Now let’s talk about the implications. 


Back to Licklider in 1960, with Man-Computer Symbiosis. 



The hope is that, in not too many years, human brains and 
computing machines will be coupled together very tightly, and 
that the resulting partnership will think as no human brain 
has ever thought and process data in a way not approached by 
the information-handling machines we know today.

—J. C. R. Licklider Man-Computer Symbiosis, 1960

IRE Transactions on Human Factors in Electronics,

volume HFE-1, pages 4-11, March 1960




The second point is that a very important section of memory will be permanent: part 
indelible memory and part published memory. The computer will be able to write 
once into indelible memory, and then read back indefinitely, but the 
computer will not be able to erase indelible memory….Published memory 
will be “read-only” memory. It will be introduced into the computer already structured. 

The computer will be able to refer to it repeatedly, but not to change it. 
These types of memory will become more and more important as computers grow larger.

—J. C. R. Licklider Man-Computer Symbiosis, 1960

IRE Transactions on Human Factors in Electronics,

volume HFE-1, pages 4-11, March 1960


What does this change for computers also mean for humans? Once more I’ll quote Ted Chiang. 




Before a culture adopts the use of writing, when its knowledge is 
transmitted exclusively through oral means, it can very easily revise 
its history. It’s not intentional, but it is inevitable; throughout the 
world, bards and griots have adapted their material to their 
audiences and thus gradually adjusted the past to suit the needs of 
the present.

—Ted Chiang, The Truth of Fact, the Truth of Feeling

In this story, a man living in the future where everything is recorded realizes that his own memory has failed him, but he can check because his life his been recorded. 
Here, he is reflecting on what that means for humans. 



The idea that accounts of the past shouldn’t change is a product of literate 
cultures’ reverence for the written word. Anthropologists will tell you that oral 
cultures understand the past differently; for them, their histories don’t 
need to be accurate so much as they need to validate the 
community’s understanding of itself. So it wouldn’t be correct to 
say that their histories are unreliable; their histories do what 
they need to do.

—Ted Chiang, The Truth of Fact, the Truth of Feeling



Right now each of us is a private oral culture. We rewrite our 
pasts to suit our needs and support the story we tell about ourselves. 
With our memories we are all guilty of a Whig interpretation of 
our personal histories, seeing our former selves as steps toward our 
glorious present selves. But that era is coming to an end. 

—Ted Chiang, The Truth of Fact, the Truth of Feeling



[We have]…the first of a new generation of memory prostheses, and 
as these products gain widespread adoption, we will be replacing our 
malleable organic memories with perfect digital archives. We will 
have a record of what we actually did instead of stories that evolve 
over repeated tellings. Within our minds, each of us will be 
transformed from an oral culture into a literate one.

—Ted Chiang, The Truth of Fact, the Truth of Feeling

It’s worth meditating on as we move towards our technological futures: humans are now somewhat stuck on this goal, much like how we dreamed of flying long before 
airplanes, or going to Mars; no amount of sensible argument can sway them; each new generation continues to discover the goal anew, and try again. 


We are building computers that can do what’s described here, truly be a prosthetic memory and turn internal human memory to a literate set of records. Ford specifically 
wanted this; current notions around ubiquitous computing talk about the advantages of this, but few other than Chiang articulated the larger implications for humanity as 
a species.



OTHANK YOU !  

TIMONI WEST,  DIRECTOR OF XR PRODUCT AT UNITY 
@TIMONI


