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1"x$ Human-machine symbiosis

An overview by D Roy

1"x is a new initiative at the MIT Media Laboratory with the goal of magnifying human abilities by an order of 
magnitude (‘1"x’)G or moreG along various cognitive and physical dimensions. Based on an understanding of 
human abilities and limitationsG technologies can be shaped to extend human reach. By setting our sights on 1"x 
gainsG we deliberatively seek human abilities which can be dramatically improved with appropriate technology-
based catalysts. We view the underlying challenges of developing assistive technologies for individuals with 
impairments and bionic technologies for unimpaired individuals as fundamentally similar in nature. Across this 
spectrumG our aim is to develop technologies that complement  rather than replace human abilities. 

Consider our ability to visually search. There are many mysteries regarding the mechanisms underlying human 
vision and memoryG but we can nonetheless make some simple observation about how we search. When 
searching for our keysG why do we often look repeatedly in the same placesN We might be far more efficient in 
search if we could keep ourselves from looping to places we have already looked. Imagine a lightweight deviceG 
perhaps woven into a pair of eyeglassesG that keeps track of where people have looked and steers them away 
from looking there again. This search aid would not need to know where the target object is P it would simply 
augment the person’s visual search routine with a form of extended memory. With the appropriate interface for 
steering ongoing searchG such a technology may lead to human-machine superperformance P more efficient 
search than either the human or the machine could have achieved on their own. This is an illustrative example of 
the kind of technology under development at the Media Lab Q1R that has the potential to ‘1"x’ human 
performance. 

In this overviewG I provide some historical context for the notion of human-machine symbiosisG identify a few 
basic research areas that are most relevant to the advancement of the 1"x agendaG and finally sketch some of 
the active 1"x research themes at the MIT Media Laboratory. 

!icklider’s vision / human-computer symbiosis
Human-machine systems have a long history at MIT. In 196"G U C R Licklider formulated a vision of human-
computer symbiosis in which computers and humans would become fluidly interdependentG each providing 
complementary abilities towards some shared goal that neither could achieve alone. Licklider considered the 
mismatch between human thought and computer abilities along several dimensions P flexible versus logical 
analysisG speedG memory siVe and organisation. Based on the relative abilities of human and computersG he 
suggested symbiotic roles that computers might play to enhance the abilities of humans Q2R$

!"en &ill set the goals/ for2ulate the h4potheses/ deter2ine the criteria/ and perfor2 the evaluations9 Co2puting 
2achines &ill do the routini;able &or= that 2ust be done to prepare the &a4 for insights and decisions in 
technical and scientific thin=ing9 >reli2inar4 anal4ses indicate that the s42biotic partnership &ill perfor2 
intellectual operations 2uch 2ore effectivel4 than 2an alone can perfor2 the29? 

Licklider predicted that computers would take over routinisable tasksG leaving the setting of goals and creative 
planning to humans. In significant waysG this vision has become a widespread reality. Computers have seeped 
into virtually every aspect of our everyday lives. In some forms the changes are clearly visibleG such as Internet 
search engines that we turn to on an increasing basis to tap into a vast and growing collection of  knowledge that 
respects no boundaries of space and time. In other formsG the changes are eXually powerful yet invisible. Many 
are unawareG for exampleG of the complex network of computers that regulate the operations of our cars as we 
drive.

What is the appropriate metaphor for the role of technology in a symbiotic relationshipN We might view 
technologies as extensions of humans (e.g. eye glasses)G as tools (e.g. calculators)G or as partners (e.g. 
autonomous robots). Each metaphor suggests a different level of autonomy on the part of the machine. We 
might want human extensions to have minimal autonomyG tools somewhere in betweenG and partners to be 
relatively self-motivated (but with shared goals). At the Media Lab there has been a tendency to focus on the 
extremesG by developing seamless technologies which augment humans and agents which autonomously act in 
collaboration with humans.
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Beyond computers
In 196"G the year that Licklider formulated his conception of human-computer symbiosisG information 
technology was in its infancy. The RS-232 serial interface and the COBOL programming language were 
developed that year. The mouse would not be invented for another three years. The nascent field of artificial 
intelligence was firmly rooted in the symbol processing view of intelligence which was to guide the field for the 
next two decades. Within this contextG Licklider highlighted Q3R aspects of computing technology that needed 
advancement to support his vision of symbiosis$

!>rere@uisites for the achieve2ent of the effective/ cooperative association include develop2ents in co2puter 
ti2e sharing/ in 2e2or4 co2ponents/ in 2e2or4 organi;ation/ in progra22ing languages/ and in input and 
output e@uip2ent9?

It is interesting to ask whichG if anyG of these issues remain a bottle-neck to human-computer symbiosis in our 
current technological climate.  The first two issuesG speed of computersG and the speed and siVe of memoryG no 
longer seem to be critical limiting factors. In comparisonG memory organisationG languages for programming and 
communicating with computersG and human-computer interfaces all remain bottle-necks. 

Licklider’s vision of human-computer symbiosis was built upon certain assumptions about the nature of 
computers which are largely held to be as true today as they were in 196"$ 

! computers exist in a perceptual vacuum P they are deaf and blindG

! computers cannot act upon their physical environment P they are disembodiedG

! computers ‘think’ by processing symbolic descriptionsG

! computers know what to do based on what they are programmed to do.

Researchers at the Media Lab have challenged each of these assumptionsG leading to a new view on what 
symbiotic technologies might be.

>erceptual co2puting A 2achines &ith a sense of the &orld
Computers today are largely unaware of their immediate physical environment. The only way for a person to 
directly influence the behaviour of a system is through keyboard and mouse. Most of the rich channels of 
interaction that we rely on to interact with others in social settings including voice and body language are lost 
upon computers. Perceptual computing is the development of signal processing and pattern analysis techniXues 
for sensing and interpreting the environment. A particular emphasis has been placed at the Media Lab on 
interpreting the presenceG identityG and activities of people using a wide variety of sensing modalities including 
touchG visionG auditionG and biometrics Q4P7R.  

Batural e2bodi2ent A hu2anCfriendl4 2echanical s4ste2s
Uust as computers are unaware of their environmentG they are also unable to act upon their immediate 
environment other than through traditional CRT/LCD monitors and audio output. Touch and physical actionG 
traditionally the domain of roboticsG may become an integral part of future human-machine systems. 
Conventional robots are inflexibleG heavyG and dangerous and thus inappropriate for human interaction. 
Researchers at the Media lab are experimenting with compliant actuated systemsG leading to new forms of 
touch-based interfaces Q8RG interactive robots Q9G 1"RG and robotic exoskeletons Q11R. Based on the metaphor of 
computers as clothingG the Media Lab has also developed a series of wearable computer prototypes (seeG for 
exampleG Starner et al Q12R or Picard and Healey Q13R). These experiments explore the idea of intimate computer 
interfaces that can be worn all the timeG that see what the user seesG knows where the user goesG and is always 
available no matter where the user isG serving as a persistent extension of a person’s body.

Batural  representation A giving s42bols 2eaning
In artificial intelligence and cognitive scienceG intelligence is often eXuated with rationalG logical processing of 
knowledge encoded in symbolic form. Recent psychological studies have shownG howeverG that affect and 
embodiment (the fact that our brains evolved to control physical bodies) shape virtually all aspects of cognition.  
The Media Lab is developing new frameworks for computational intelligence in which affect (emotional state) 
and grounding (connections to the physical) are taken seriously Q14P16R. These efforts provide new perspectives 
on how machines may complement human performanceG being sensitive to the role of emotionG goalsG and 
physical situations.
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Dearning and eEpression A be4ond progra22ing
The most common way to instruct a computer today is to program it. With growing complexity of systemsG 
providing explicit instructions is becoming increasingly unpractical. This situation increasingly motivates the 
need for machines that learn from humans through natural interactions such as by example or through guidance 
Q17P19R.  To complement learning systemsG we must devise better ways to tell machines what to doG and for 
them to communicate back to us. The Media Lab pioneered a vision of multimodal human-machine interaction 
in which speechG gestureG and other modalities are seamlessly interwoven in the course of communication Q2"R. 
To advance fundamental understanding of communication along these linesG we must develop new ways of 
modelling semantics and social interaction. Researchers at the Media Lab are exploring new possibilities by 
cross-fertilising many of the themes mentioned earlierG including perceptual computing and natural 
representation.

10x
The numerous challenges to the traditional view of what a computer is leads me to suggest that we are in a 
position to push to new heights of human-machine symbiosis. Moving beyond the conception of computers of 
the 196"s which motivated LickliderG we are now able to explore collaborative human-machine systems in which 
machines have become perceptually engagedG physically embodiedG representation-groundedG learning systems.  
Within this expanded frameworkG we are designing symbiotic systems that magnify human performance along 
various cognitive and physical dimensions. Although it is beyond the scope of this introductory paper to survey 
all relevant strands of research related to 1"x at the Media LabG I have attempted to highlight some major 
directions of research and cite examples of work related to each.

FGE 2e2or4
A clear complementarity  exists between human and digital memory. Computers can store practically unlimited 
Xuantities of information with highly accurate recall. In contrastG human memory is not as reliableG but has 
powerful modes of access (e.g. analogical recall) that are not well understood. Seamless interfaces that facilitate 
access to large stores of memory promise to expand cognitive abilities in fundamental ways (seeG for exampleG 
Rhodes Q21RG DeZaulG PentlandG and Corey Q22RG and Zemuri and Bender Q23R).

FGE eEpression
Human expression is achieved through the translation of intentions into physical action. The expressive process 
may be augmented by designing technologies that infer and translate intentions naturallyG and extend the range 
of physical actions that a person can use as forms of expression P for example in the domain of musicG see 
Machover Q24G 25RG Paradiso et al Q26RG and FarboodG PasVtorG and Uennings Q27RG and Maeda Q28R describes a 
computational language for designG while Zercoe’s Csound is a language for expressing music Q29R.

FGE listening
We have access to increasing amounts of information as audioG either streaming from the Internet or recorded 
digitally.  Computers  can  create synthetic listening experiences which allow for more effective listening. For 
exampleG we can leverage the ‘cocktail party effect’G our ability to selectively attend to a single sound sourceG to 
create audio browsing environments in which sound sources are selectively amplified on the basis of the 
listener’s head position (seeG for exampleG Schmandt  and Mullins Q3"R).  Automatic acoustic analysis of speech 
combined with search and browse interfaces can enable nonlinear access to speech recordingsG similar to the way 
we can skim and search visually (seeG for exampleG Arons Q31R). 

FGE learning and understanding
Computers can bring models to lifeG enabling people to see and understand situations in new ways. To learn in 
this wayG people must convey their mental models to computers  and be able to explore the implications of those 
models when put into actionG leading perhaps to revisions of their mental models. Efforts at the Media Lab take 
this approach through the development of technologies that support constructionist styles of learning Q32G 33R.

FGE ph4sical s=ills
Mechanical systems with finely tuned control promises to extend our physical ability. Bionic technologies may 
range the full spectrum of  symbiotic relationshipsG from extensions of the body to autonomous partners. Robots 
may be reconceived as ‘skins’ that supercharge bodily movements (seeG for exampleG Herr and Langman Q11R)G or 
as partners that complement  an individual’s reach through social and conversational interaction (seeG for 
exampleG BreaVeal et al Q34R or Roy et al Q1"R).
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FGE a&areness  
Awareness of one’s immediate environmentG that isG a sense of the ‘here-and-now’ is essential to everyday life. 
With a combination of sensor networks and wearable computersG it is possible to extend human awareness to 
include events that are not in a person’s immediate physical environmentG and to include events that are not 
detectable by the unaided human senses Q12G 35G 36R.

Conclusions
The artG scienceG and design of human-machine symbiosis must be grounded in an understanding both human 
and machine elements. In many ways the situation is akin to architectural design in which the architect must be 
attuned to both human nature and the technology of building. It is thus not entirely surprising that the Media 
LabG situated within a school of architectureG provides a test bed for mixing various aspects of artG scienceG and 
technology to push the boundaries of human-machine symbiosis.
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