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1. Introduction: Symbiotic Systems

“The realm of the born -all that is nature- and the realm of the made -all that is humanly constructed- are 

becoming one. Machines are becoming biological and the biological is becoming engineered.”

Kevin Kelly, 1994

In our global civilization today, it is possible to identify a growing concern about understanding the environ-

ment and the challenges that it currently faces. Additionally, our society is shifting to a technological one 

in which environmental problems can be fixed technologically. As Kelly suggested, the world is moving to-

wards a symbiotic system in which nature and technology coexist in physical contact and their intercon-

nection opens different research tracks with tremendous potential.

Symbiosis is the system in which members of different species live in physical contact. We are symbionts 

on a symbiotic planet. Symbiosis can be found everywhere. Symbiogenesis brings together unlike individuals 

to make large, more complex entities. These complex operative networks would have properties and pow-

ers greater than the sum of their parts (Margulis, 1998).

The symbiosis between nature and technology engenders many questions that can orient this research: 

What can we learn from Gaia, the unified system of life on Earth, in order to improve our technological 

repertoire? How can we possibly create an interconnected physical-digital network that, quoting Margulis, 

would be more powerful than the sum of its parts, achieving mutual benefits from and for each other? It is 

not the intention of this paper to foresee the future of technological development, since its rapid evolu-

tion leads to an almost unpredictable outlook, but to analyze and be critical about it.

2. The Gaia Hypothesis as a Cybernetic Natural Environment

The Earth is a planet with the strange property of always being a comfortable place for living things to 

inhabit. Somehow, during the seventies, this property attracted the attention of James Lovelock and Lynn 

Margulis. They thought this attribute of the Earth was not due to the accidental condition of its position in 

the Solar System, but was a consequence of life on its surface. Together, they elaborated the Gaia hypoth-

esis defining that the entire range of living matter on Earth could be regarded as constituting a single 

living entity, capable of manipulating the Earth’s atmosphere to suit its overall needs (Lovelock, 1979). 

The theory was mainly built resorting on the fact that since life first appeared on Earth about 3.500 million 

years ago, the presence of fossils shows that the Earth’s climate has changed very little. Yet the output of 

heat from the sun, the surface properties of the Earth and the composition of the atmosphere have almost 

certainly varied greatly over the same period. According to Lovelock, somehow this constant condition was 

not an accident determined by the position of the planet in the Solar System. The only feasible explana-

tion of the Earth’s highly improbable atmosphere was that it was being manipulated on a day-to-day basis 

from the surface, and that the manipulator was life itself. Furthermore, the idea of Mother Earth -or as the 

Greeks called her, Gaia- being a kind of living organism able to regulate its climate and composition for the 

continued comfort of the organisms inhabiting it, has been widely held throughout history and has been the 

basis of a belief that coexisted with the great religions.

Cybernetics is a branch of study concerned with self-regulating systems of communication and control 

within living organisms and machines. The key to understanding cybernetic systems is that, like life itself, 

they are always greater than the mere assembly of their constituent parts, employing a circular logic of 

interaction instead of a traditional linear logic of cause and effect. Gaia can only be considered and under-

stood as a cybernetic operating system. 

Corresponding to the Gaia theory, all life and all material parts of the Earth’s surface make up a single 

system, a kind of mega-organism, and a living planet. Gaia is a complex self-regulating system involving the 

Earth’s biosphere, atmosphere, oceans and soil; the totality constitutes a feedback-cybernetic system which 

seeks an optimal physical and chemical environment for life on this planet. The entire surface of the Earth, 

including all kind of life forms, is a self-regulating entity.

Foundational texts in the field of 

informational biology: 

-James Lovelock. Gaia: A New 
Look at life on Earth, 1997.

-Lynn Margulis. Symbiotic Planet: 
A New Look at Evolution, 1998. 
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Nevertheless, when Lovelock explains Gaia in his books, the relationship between organisms is implicit 

rather than explicit. How the interaction among living things is ruled is not completely clarified and how 

the feedback loops among them are produced is not scientifically developed. However revealing, the Gaia 

hypothesis was generated by drawing on speculations about facts (the almost unchanged condition of the 

Earth’s climate) rather than providing compelling proof to explain them.

3. The Beginnings of Ubiquitous Computing

The lack of clarification of the Gaia hypothesis, combined with its undeniable latent potential, poses a major 

question for this research: Can this condition be overcome in the digital world, where technology establish-

es well-defined and traceable connections? Interpreted as a possible answer, in 1988 Mark Weiser coined 

the phrase ‘Ubiquitous Computing’ (UbiComp) referring to a future in which invisible computers would be 

embedded in everyday objects. 

“By pushing computers into the background, embodied virtuality will make individuals more aware of the 

people on the other ends of their computer links. Ubiquitous computers reside in the human world and 

pose no barrier to personal interactions. Like the personal computer, ubiquitous computing will produce 

nothing fundamentally new, but by making everything faster and easier to do, with less strain and fewer 

mental gymnastics, it will transform what is apparently possible.”

Mark Weiser, 1991

Weiser’s insight provided the key for conceiving what is now known as ‘Augmented Spaces’: physical 

spaces overlaid with dynamically changing information (Manovich, 2006). UbiComp emerged as the opposite 

of Virtual Reality which attempts to simulate a world inside the computer rather than invisibly enhancing 

the ‘real-physical’ world that already exists.

He proposed three basic forms of ubiquitous smart device systems: boards (meter-sized interactive dis-

play), pads (hand held decimeter-sized) and tabs (wearable centimeter-sized). Moreover, he claimed that 

the real power of the concept emerges not from the devices themselves but from the interaction of all 

of them. The creation of ubiquitous networks enables devices to know where they are with the purpose of 

adapting their behavior accordingly.

In the same line of thinking, Dana Cuff expanded and updated Weiser’s thoughts in her article, Immanent 

Domain, Pervasive Computing and the Public Realm:  “A new wave of emer-

gent digital technology holds vast implications for the public sphere. Indeed, 

these new forms of mobile and ubiquitous systems, called pervasive com-

puting, challenge some of our fundamental ideas about subjectivity, visibility, 

space, and the distinction between public and private” (1).

Regarding Weiser’s predictions, current technology has successfully pro-

duced board and pad devices. On the other hand, tabs are still not available 

to the public audience, although many technological efforts -nanotechnology, 

for instance- are pointing in that direction. Nonetheless, this generation of 

computers is in constant development and, at some point, will blend with the 

environment making it difficult to distinguish between the two and represent-

ing a profound transformation for everyday life. 

One of the challenges that the UbiComp world must face in its next stage 

of development is related to the visual contamination it provokes. At the 

present time, rather than being invisible or discreet, UbiComp devices are 

highly present, noticeable and intrusive. Another condition that needs to be 

overcome in order to achieve full coordination among devices is the current 

incompatibility among the hardware and software manufactured by different 

companies. Additionally, the next generation of devices needs to recede 

into the background in order to be truly embedded in our life as a part of 

the physical environment. 

(1) Though Cuff’s book dates from 

2003, the term that she coined - 

pervasive computing- is not consid-

ered as mobile as Weiser’s term 

- ubiquitous computing. However, 

both terms share the qualities of 

embeddedness and connectivity.

UbiComp smart pad (hand-held 

sized) devices. 
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4. From Responsive Environments to a Technological Bio-Organic Integration?

Influential scholars and critics from computing, media and social studies, and built environment disciplines 

agree that people’s preferences for physical spaces will not be replaced by virtual environments, despite 

the recently renewed virtual-phenomena of the Internet and its collection of social networks (2). As analyzed 

in the previous chapter, the technological field is shifting toward an environment full of gadgets embedded 

in our physical world, trying to enhance it rather than annihilate it, dismissing Virtual Reality and blurring the 

distinction between physical space and digital media. It is becoming increasingly evident that the gradual 

development of enriched media environments is changing the ways people live and interact among each 

other and with the environment. Virtual and physical spaces are no longer two separate dimensions, but 

simply parts of a continuum whole. This interactive condition is what gives these new hybrid ‘physical-

digital’ spaces the name ‘Responsive Environments’. These environments are based on canonical models 

of human-computer interaction with an archetypal structure: the feedback loop, where the information 

flows from a system through a person and back through the system again. The comparison between the 

person’s goal and the result orients the new action, establishing a cybernetic system (3).

While technological environments move forward, it becomes crucial to analyze the risks involved in this 

hybridization process from a broad perspective, with as much distance as possible from the commercial 

perspective. Critics inside academic, governmental and social institutions need to start thinking about the 

direction toward which we want to focus our technological innovations. Kit Petler expresses in his book, The 

Quest for Gaia: A Book of Changes, that nowadays we spend a very large portion of our waking time dealing 

with external technical activities conformed by machines that we operate as a part of a carefully designed 

and maintained illusion in which people believe that the use of these devices allows them to be free. Instead, 

it can lead to a suppression of sensitivities and a loss of skills, an emergent robot state, that he called 

‘cibernachy’. In addition, Antoine Picon in Digital Culture in Architecture: An Introduction for the Design 

Professions, questions how augmented reality is compatible with the reinvention of genuine public space. 

Designers in general still believe that digital realms are not as superb as physical spaces can be. Converse-

ly, the slow emergence of Responsive Environments can change this perception. Therefore, how to reinvent 

living spaces according to this challenge is among the unanswered questions for the future.

Corresponding with this branch of technological integration, Sanford Kwinter in a text written 20 years ago 

but presenting remarkable current validity (lately included in his book, Far from Equilibrium) tackles the topic 

from different perspectives: First, he explains that processes of unprecedent-

ed phenomenological organic integration of the human nervous system are 

taking place into multilevel, multi-scaled networks and environments through 

the development of so-called ‘natural’ or ‘fluid’ interactive interfaces that use 

voice, gesture and touch, addressing our organic ‘modes of attention’ and 

the substratum of human nervous and sensory response. Secondly, he eluci-

dates how programmable materials such as shape-memory alloys, glasses, 

ceramics, and polymers, new hybrid materials with integrated piezo-electric 

crystals and organic molecules are capable of changing structure and ap-

pearance in response to an array of environmental cues. These conditions 

augur to leave nearly every aspect of our inherited material environment 

apparently intact, but at the same time computerized, software-driven, servo-

controlled, real-time responsive, and interlinked. The material and technical 

conditions of our being today are inextricably woven together and largely 

invisible to us (4).

“It’s eerie how much of life can be transferred. So far, some of the traits of 

the living that have successfully been transported to mechanical systems 

are: self-replication, self-governance, limited self-repair, mild evolution, and 

partial learning. We have reason to believe yet more can be synthesized and 

made into something new.”

Kevin Kelly, 1994

In his book, Out of Control, Kelly is somehow endorsing and embracing what 

he called ‘the triumph of the bio-logic’, without considering anything problem-

atic on the reductive, or even antithetical situation in the digital onslaught of 

remapping and digesting the physical world. At this point, when technology 

is not only blending itself with devices in the communicative environment 

but also reaching a bio-organic integration (though not massively, yet), the 

digital revolution is threatening to melt all that is solid into air (5). Thus, more 

than ever before, it is fundamental for society to be awake and alert to these 

changes.

(2) Alessandro Aurigi and Fiorella 

De Cindio, “Introduction”, in Aug-
mented Urban Spaces: Articulating 
the Physical and Electronic City, 
2008.

(3) Hugh Dubberly, Paul Pan-

garo and Usman Haque. “What is 

Interaction? Are There Differ-

ent Types?”, in Interactions, 

January+February (2009): 69-75.

(4) Sanford Kwinter, “Architecture 

and the Technology of Life”, in 

Far from Equilibrium, 2004. First 

presented as an address to a 

conference at Columbia University, 

1991.

(5) Paraphrasing Karl Marx’s and 

Friedrich Engels’ famous exclama-

tion in his Communist Manifesto, 

1848.
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5. Bridging the Physical and Digital Worlds toward an Interconnected Network 

To achieve fully interconnected and self-regulated Responsive Environments it is crucial to think of integra-

tion not only in terms of physical-digital merging but also in terms of connection among the devices that are 

embedded into these spaces. Digital technology has the capacity to easily generate complex networks of 

data in order to create continuous feedback loops. Using this quality to address the user from many angles 

increasingly would break the traditional paradigm of action-reaction to create full interaction. This massive 

interconnection can be considered as the next step in technological evolution: the integration of the existing 

different networks into one continuous mega-organism. Gaia should be the inspiration for this hybrid and 

self-regulating system; as James Lovelock said while analyzing the effects of his hypothesis in his second 

book, The Ages of Gaia: “...when the activity of an organism favors the environment as well as the organism 

itself, then its spread will be assisted; eventually the organism and the environmental change associated 

with it will become global in extent...”.

Bridging the physical and digital worlds toward an interconnected network is a very provocative topic 

that could awaken diverse reactions. Some of them explicit the natural human condition of resistance to 

change: the fear of the unknown depicted by the technological sprawl. As an example, the cinema industry 

has portrayed different visions wherein the overdevelopment of technology and its relation with the environ-

ment has received controversial treatments. On the one hand it is possible to cite Matrix where all the 

cyber-organisms form a unique interconnected entity in a plot tainted by an apocalyptic vision of a world in 

which the relationship between the physical and the digital is obscure and the machines use humans as 

batteries to survive. In the same vein, Terminator portrays in ‘Skynet’ a centralized control of technology 

that has evolved to a point where it has developed a life of its own, no longer needs humans and is trying to 

annihilate them. Both express the underlying human concern about machines taking control of the planet, 

depleting its natural resources to subsist. On the other hand, there is Avatar in which the embedded mes-

sage reveals a strong parallelism between ‘Pandora’ and our planet, and between ‘Eywa’ and Mother Earth 

-or Gaia- suggesting that nature will always prevail. Nevertheless, an optimistic vision about this integra-

tion and interaction is still missing.

6. Future Potentials on Contemporary Architecture

Naturally, the pressure toward innovation in contemporary architecture is constantly increasing. Thus, 

The contrast between the 

technological interconnected 

network in the quasi-apocalyptic 

Matrix and the natural intercon-

nected network in the positive 

environmental Avatar reveals 

the mistrust in technology and a 

missing optimistic view about its 

potential.
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(6) Pask Gordon. “The Architectural Relevance of Cybernetics”. Architectural Design, September (1969): 494-496.

(7) Gaia in that context is used to represent the whole natural environment.

architecture is a field that should offer some optimism about the physical-digital interconnection. Nonethe-

less, this situation needs to be addressed from a critical-noncommercial position with the aim of positively 

affecting the architectural agenda by engaging technology as a vehicle to push the discipline forward. Archi-

tects should focus their technological efforts on improving people’s lives instead of just creating ‘cool stuff’, 

understanding architecture as a cultural product and a social construction. Additionally, at the present 

time, architecture is required to design systems capable of evolving in order to mitigate the impact of 

changes -environmental, morphological and sociological- while in the past this was only utopic.

Gordon Pask was a pioneer in the field of cybernetics. He introduced the concept of ‘architectural mutual-

ism’ between structures and societies explaining that humans are the dynamic component that should 

regulate the structures. “Architects are required to design dynamic rather than static entities” encourag-

ing a productive and pleasurable dialogue between them. In his line of reasoning, Pask considered Gaudi’s 

Park Güell as one of the most cybernetic structure in existence because its exploration is guided by con-

trived feedback (6). Pask’s work was a focus of attention for the architectural discipline, and in the 1960s 

he worked with the architect Cedric Price on his Fun Palace project. Now, at the beginning of the 21st 

century, Pask’s theories seem particularly important because they suggest how, in the growing field of ubiq-

uitous computing, humans, devices and their shared environment might coexist in a mutually constructive 

relationship. “If we think of having conversations with our environment in which we have to learn from each 

other, then Pask’s early experiments with mechanical and electrochemical systems provide a conceptual 

framework for building interactive artifacts that deal with the natural dynamic complexity that environments 

must have without becoming prescriptive, restrictive and autocratic” (Hasque, 2007). This interpretation of 

Pask’s way of thinking is delineating a future about designing tools that people themselves may use to build 

their own environments.

As a summation and return to statements made at the beginning of this paper, although technology evolu-

tion is so widespread developed, making its future unpredictable; it is essential to note the importance of 

not losing or affecting the essence of human natural behavior while developing and pushing forward 

this physical-digital interconnection, concordantly with the concerns of Petler and Picon. Innovation should 

not confront nature, but should embrace Gaia (7).

Cedric Price’s Fun Palace 

sprawling spaces for stroll-

ing, amusement, and gossip; 

designed with Gordon Pask ac-

cording to his theories regarding 

information, feedback, identity, 

and purpose.

-Interactive Privalite Walls: the 

transparency in configured by the 

interaction with the user.

-Ubiquitous Display: suspended 

on a hook with merchandise, 

shows the designer’s sketches 

of the same dress and related 

looks.

Designed for Prada by Reed 

Kram and Clemens Weisshaar in 

collaboration with OMA.
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ABSTRACT

In our global civilization today, it is possible to identify a growing concern about understanding the 

environment and the challenges that it currently faces. Additionally, few people would disagree 

that our society is shifting to a more technological one in which environmental problems can be 

fixed technologically. Thus, the world is moving towards a symbiotic system in which nature and 

technology coexist in physical contact; this interconnection remains a track of investigation with 

tremendous potential.

During the 1970s, James Lovelock and Lynn Margulis developed the Gaia hypothesis in which 

all parts of the Earth’s surface make up a single entity, a kind of mega-organism constituting a 

cybernetic system that seeks an optimal physical and chemical environment for life on this planet. 

However revealing, the way in which the Gaia hypothesis tackles the connection between organ-

isms is not completely clear. 

Can this condition be enhanced by the use of technology and its capacity to establish clear 

and traceable connections? As a possible answer, in 1988 Mark Weiser coined the phrase 

‘Ubiquitous Computing’ referring to a future in which invisible computers would be embedded in 

everyday life. According to this claim, the domain of responsive environments is just beginning.

Bridging the physical and digital worlds toward an interconnected network can be a very provoca-

tive topic that can trigger diverse research directions. Specifically in contemporary architecture, 

architects are increasingly required to design systems capable of evolving in order to prevent the 

impact of changes; in the past this was only an esoteric desire. In this context, the essay seeks 

to explore how the physical-digital interconnection can positively affect the course of current 

architectural agenda.
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