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Abstract

The argument discussed in this paper presents the following movements: first, it presents a 
brief history of cognitive science and human-computer interaction, raising some considerations 
arising from the interaction between these two disciplines. Basically the argument here suggests 
that HCI is still based on the vision known as first-generation cognitive science, where it is still 
possible to observe how human beings are seen as information processing, treating the act of 
thinking as an act which is purely computational, neglecting the complexity involved as well as 
the complexity of human experience. Then it will present the concepts of embodiment and enaction 
as a more externalist vision of cognitive science and philosophy of mind, introducing concepts 
such as new prospects for the paradigm of interaction. The effort of this paper will be to look 
for ways to understand how we can translate and apply Embodiment and Enaction in order to 
improve human-computer-interaction and consequently the interaction design practices.

Historical Paradigms of Cognitive Sciences and HCI

The cognitive sciences, as the study of mind and intelligence, provided by its interdisciplinary 
condition subsidise various fields of research, understanding how the mind works is important 
for several human activities, including Human-Computer Interaction (HCI) which traditionally 
is concerned with the design, evaluation and implementation of interactive computing systems 
for human use, and with the study of the major phenomena surrounding them.

The field of Human-Computer Interaction has traditionally been responsible for making our 
interactions with technology more friendly and natural, smoothing this relationship using methods 
and approximation techniques, however with frequently emphasis on technology and in conse-
quence, a timid humanistic focus. Much of what is known about Human-Computer-Interaction 
is based on the archaic notion of computation within cognitive science, which maintained that 
people behave as information processors and that the process of thinking is very similar to the 
process of computing, know as the first-generation of cognitive sciences. Much of this thinking 
was based upon the ideas of Alan Turing, his Turing machine and later, the Turing test [1] and 
Claude Shannon in 1937 from his master’s thesis A Symbolic Analysis of Relay and Switching Circuits, 
which later contributed to the origin of information theory.

Gradually, however, there have been some advances in the thinking that people and computers 
are not similar and that the thought process would be much more complex than just processing 
of raw data. An example of this argument known as John Searle’s Chinese Room [2] ( John Searle, 
1980) refuted the idea that the mental process was similar to computing. Even if a computer 
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simulated behaviour or an intelligent dialogue, which did not necessarily mean it is able to ’think’. 
As such, Searle maintained that Humans, in turn, more than manipulating symbols, think about 
the symbols that are being manipulated, operating them syntaxically and semantically a much 
more dynamic and complex process than the computional models can sustain.

Much later, still in the same spirit that boosted this time, some methods were developed to 
equalise the user interactions with the computer in an attempt to reduce the perceived friction 
between them (Card, Moran and Newell, 1983). These actions, classified as physical, cognitive 
or perceptual actions, served to develop techniques that provide valuable information for the 
study of interfaces. However these still had some drawbacks for they did not consider how 
human beings can be affected by different factors such as fatigue, their individual degree of 
disability, physical limitations, habits, personalities, or the level of experience of users and the 
social environment in which they belong.

This focus on usability, inherent within these approaches, also downplayed the functionality 
of the system, based on a system of rules, which are invariably, complex and difficult to adapt. 
The inclusion of the use of personas and different techniques that consider the individuality of 
the users became more specifically focused on humans and their human conditions, but were 
still far from a definitive resolution. The field then began to integrate different disciplines and 
while proposing more inclusive methods, the central tendency of HCI has been essentially 
simplified. The way of simplification suggests a lucid way, with many prepositions that come 
from Information Theory. It is not only to reduce errors, but also to convey information more 
effectively. In contrast, the word ‘simplify’ suggests that despite advances in understanding the 
methods, paradoxically, a human is still being seen as an information processor, who needs to 
have their actions shaped; steps and mouse clicks calculated, in order to avoid human memory 
to be overloaded with dates to remember and which needs to be constantly warned about its 
own actions and errors. Many of these techniques were applied with the use of constraints and 
direct manipulation provided by the Graphical User Interfaces (GUI).

The advent of graphical interfaces has helped popularise the personal computer driving the 
integration between man and computer, expanding the access previously restricted to scientists, 
programmers and technical expertise, generating a field full of researchers interested in computer 
interfaces (reference). In fact much has been said about interfaces, but little has been done to 
penetrate the human side of interface. The democratisation afforded by the advent of personal 
computers and computer interfaces transformed the computer into something more popular, 
but our interaction with technology has not become less complicated and less obscure. The same 
interface that supposedly translates the computer and makes it intelligible to most of us, often 
divides man and machine instead of bringing them together. By separating the surface structure, 
much of the meaning between the physical and the ‘virtual’ world is lost and sometimes the 
interface does not reflect all real potential and possibilities of the software.

The cognitive sciences have travelled this path to make our relationship with technology more 
natural, but still seems to be insufficient to deal with the problem of interaction in a broader 
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aspect. The human being endowed with biological bodies, emotions, consciousness, free will 
and subject to all complexity of environmental conditions has many times been demonstrated 
unable to understand this new digital repertoire that has become increasingly complex over the 
years. Supposedly, the way we reflect on and produce knowledge about ourselves, is not to fol-
low the speed and dynamics involved in this relationship. Technology itself is responsible for 
making some aspects more faster and for extending some human capabilities as well. Therefore, 
this process of reflection about ourselves, determined by the dissonance between the nature 
of our self-reflection and by the ecology of new products in a faster technological expansion 
seems to be slower in some way.

Some evidence indicates that the human ability to deal with information supported with technology 
has progressed. When using automation, video surveillance and control, computers demonstrate 
to be more effective in many tasks than humans. A game of chess for example, became a classic 
for some scientists to test the capability of their computers, in order to compare with human 
capabilities or just to understand the dynamics envolved and can be traced in some research with 
(Shannon, 1950), (Levy and Newborn, 1991), (Hsu, 2002) and (Lasar, 2011) among others. For 
a computer it is very simple to “play” chess, even though for a human being it is considered to 
be a somewhat difficult task to play at a high level. Using the computer will calculate the gross 
and massive processing power operating mathematical simulations of likely movements, but it 
still is far from ‘playing’ chess in a more human use of the term. The computer will calculate and 
predict the movements of the pieces on the board, but it is still far from understanding all the 
dynamics that are involved in a game of chess in an amplified sense, as well as from predicting 
the actions of its human opponent. Computer software will merely manipulate symbols, operate 
mathematical functions, calculate probabilities, whereas the human mind constructs meaning 
from the game. The computer competency in a mathematical matrix ends by the limits imposed 
by the board, the possibilities of game pieces, as well as the movement of parts available. This 
expertise seems more related to computing capacity and processing power, but humans have 
particular competencies to do things considered more complex, such as learning, understanding 
poetry, interpreting a text and appreciate the arts.

As the literature has shown, to predict human actions has often proved to be a complex activ-
ity, and recent history makes us believe that there are areas of problems in which humans can 
attain knowledge, but are not formally computable. The conclusion is that knowing the biologi-
cal roots behind human actions seems to be one way to understand people’s interactions with 
digital technologies. Many researchers, such as Paul Dourish (2001) and Malcolm McCullough 
(2004), have worked on topics they consider this closest approach considering our embodied 
mind, emphasising how the concepts are socially constructed and how cognition is distributed 
contextually (Hutchins, 1995). Although not essentially new fields, research in this area indicates 
a shift towards the recognition of a plurality of new perspectives.
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Embodiment and Enaction Perpectives

There are, however, other notions of human cognition, which figure in the histories of both 
computer science and cognitive science. Contemporary accounts of human cognition within 
the cognitive sciences depart from the computational views of old to address an ‘externalist’ 
view held amongst cognitive scientists and philosophers, primarily concerning the theory of 
Embodiment and Enaction. Such works depart from the computational models through the 
phenomenological enquiries of Husserl and Merleau-Ponty, updated by philosophers and sci-
entists such as Clark (1997), Varela et al. (1991), Sheets-Johnstone (1990, 1999), Thompson and 
Varela (2001), Wheeler (2005), and Thompson (2007) amongst others.

The concept of Embodiment is based on the premise that the body is linked directly to thought 
and subsequently to understanding, and that cognitive processes are intrinsically connected to 
the body:

According to the embodied perspective, cognition is situated in the interaction of body 
and world, dynamic bodily process such a motor activity can be part of reasoning proc-
ess, and offline cognition is body-based too. Finally embodiment assumes that cognition 
evolved for action, and because of this, perception and action are not separate systems, 
but are inextricably linked to each other and to cognition. This last idea is a near relative 
to the core idea of enaction (Hutchins, 2010, p. 428).

In addition, Enaction is the notion that our worldly experience is created through the body 
shaped by our actions:

Embodiment and enaction are names for two approaches that strive for a new understanding 
of the nature of human cognition by taking seriously the fact that humans are biological 
creatures. Neither approach is yet well defined, but both provide some useful analytic 
tools for understanding real-world cognition. […] Enaction is the idea that organisms 
create their own experience through their actions. Organisms are not passive receivers 
of input from the environment, but are actors in the environment such that what they 
experience is shaped by how they act (Hutchins, 2010, p. 428).

Both concepts remain provocative within the literature of cognitive science to the extent that, 
although promising, they are not completely elucidated. However, these two assumptions provide 
a platform in which the body can be understood not as a passive receiver of environmental input 
but as having an active role in the environment in which experiences are shaped by bodily ac-
tions. Such an account implies that human learning process of cognition is not only connected 
with bodily doing but also especially connected with a real world experienced.

Despite their provocative nature, it is curious to note, as in the following examples, how we 
are easily inclined to agree with these two assumptions drawn from embodiment. Consider the 
following thought experiment. When someone is shown a new object, they are often inclined 
to want to touch and feel the object. Almost instantly and sometimes preemptively, the person 
showing the object tells the person looking at it, rather humourously: please, look at it with 
your eyes and not with your hands! Where only looking seems insufficient, it seems necessary 
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to pick up and to feel the object. This everyday story, though simplistic, illustrates a condition 
rooted within human nature which suggests how interacting with objects is mediated not only 
by the biological body, but also by interactions themselves rest upon embodied perception. The 
perception of incompleteness is emphasised when the object is not touched. This seems like an 
indication of human bodies not only being just passive receiver of information, but avid reactors 
to their experience, which includes a sensory-motor that has a predilection for acting with the 
environment. That might be the way in which biological bodies have found to connect more 
naturally to the world around them, adapt to it, be transformed and shaped by it, supporting a 
cognitive perspective embodied in large part to the human process of thinking and learning resulted 
by human experience and rejecting the traditional view of computation over representations, 
emphasizing embodied action as a more appropriate term.

By using the term embodied we mean to highlight two points: first that cognition depends 
upon the kinds of experience that come from having a body with various sensorimotor 
capacities, and second, that these individual sensorimotor capacities are themselves embed-
ded in a more encompassing biological, psychological, and cultural context. By using the 
term action we mean to emphasize once again that sensory and motor processes, perception 
and action, are fundamentally inseparable in lived cognition. (Varela et al., 1991, p. 173).

Another example that illustrates the embodied nature of experience is the interaction with an 
application on a computer. At one point of the interaction (assuming this is an application that 
allows this relative immersion), the user forget that a mouse or keyboard is present and being 
manipulated, as they are absorb into the content or task accomplished, as Andy Clark (2003):

The accomplished writer, armed with pen and paper, usually pays no heed to the pen 
and paper tools while attempting to create an essay or a poem. They have become trans-
parent equipment, tools whose use and functioning have become so deeply dovetailed 
to the biological system that there is a very real sense in which—while they are up and 
running—the problem-solving system just is the composite of the biological system and 
these non-biological tools. The artist’s sketch pad and the blind person’s cane can come 
to function as transparent equipment, as may certain well-used and well-integrated items 
of higher technology, a teenager’s cell phone perhaps. Sports equipment and musical 
instruments often fall into the same broad category (Clark, 2003, p. 38).

Another often used example is that of a blind man with a walking stick, which assists him in 
the process of cognition and integrates him in his environment, (as initially described by Head 
(1920)). As Merleau-Ponty describes:

The blind man’s stick has ceased to be an object for him, and is no longer perceived for 
itself; its point has become an area of sensitivity, extending the scope and active radius 
of touch, and providing a parallel to sight (1962, p. 143).

Clark also emphasises the process by which we become able to integrate these tools in arguing 
that we are not born with the necessary skills, but biological organisms are shaped to interact with 
these tools, with different difficulty layers of apprehension in order to integrate with our bodies:
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Often, such integration and ease of use require training and practice. We are not born 
in command of the skills required. Nonetheless, some technologies may demand only 
skills that already suit our biological profiles, while others may demand skills that require 
extended training programs designed to bend the biological organism into shape (Clark, 
2003, p. 38).

Embodied and enacted models of cognition open a scope for interaction being understood not 
only in terms of what is being done (as in the computational approaches), but more fundamentally 
how relationships between people and technologies develop. These approaches recognize that 
body, mind and environment work in harmony and attempt to understand them as connected 
and co-dependent. These conditions make embodiment and enaction interesting perspectives 
for thinking about how human cognition works in relation to the natural world and what kind 
of knowledge can emerge for understanding how humans can interact with digital technolo-
gies. Particularly when applied to the field of Human Computer Interaction (HCI), which has 
recognised cognition not as linked to bodily action, but passive receivers of information.

Connecting Interactions, Embodiment and Enaction

The movement described above sought to integrate Embodiment, Enaction and Interaction  in 
order to understand these phenomena inter-relatedly, which is a challenge to Human Computer 
interaction and interaction as a whole. To change this view suggests that the problem is intrinsi-
cally connected to the mutability of the cognitive sciences and Human-Computer-Interaction 
as a field of knowledge. In fact interaction design has emerged as an alternative approach to 
Human-Computer-Interaction considering a more plural point-of-view, which is not limited only 
to our relationship with computers, but connects to a much wider range of objects, products, 
artifacts and complexity, which results from this new technology ecology, with a multidiscipli-
nary and holistic approach. Recent trends in interaction design for instance include, emotion 
in design; Technology as Experience (McCarthy and Wright, 2004); usability and pleasure in 
interactive products (Norman, 2004); persuasive technologies (Fogg, 2000); affective computing 
(Picard, 1997); affective design (Aboulafia and Bannon, 2004); autonomous agents (Tomlinson, 
2005); performative design (Kuutti, Iacucci and Iacucci, 2002) and context sensitive computing 
(Dourish, 2001b), among others.

It is thus possible to discern, for example, a certain approximation of this interactive dimension 
in some products. You can see some movement in the game-industry focused on developing 
products that consider the use of the body, using resources in research and development of its 
deep sensors, and with skeletal tracking algorithms, which work by assigning each pixel in an 
image to a particular part of the body, creating a fuzzy picture of the human body where the 
depth of each point is recognised, using infrared sensors. The system is primarily fed a vast 
catalogue of data of captured movements that include dancing, kicking and running. Through 
these captured frames, body parts are identified and the system calculates the probable location 
of the joints and maps this information to build a human skeleton. The algorithm is implemented 
to recognise the human body and track the movements quickly enough to be incorporated into 
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the system. It is a highly innovative combination of cameras, microphones and software, which 
turns your body into a control system, with voice-activation, video capture and facial recogni-
tion, with great potential for application.

Still far from being a definitive solution, the quality of this specific product takes into account 
that the mind and body seem to be equipped with different ways in which they conceptualise 
reality, enhancing the experience for learning, cognition and intuitive discovery, given the 
complex human biological conformation. The rationale behind this type of product is that it 
considers the interaction of an individual’s compelling body as part of the process of interac-
tion and cognition; encourages autonomy and creates the user experience without ignoring the 
individual’s context.

Maturana and Varela describe the term Enactivism, which suggests that cognition depends on 
a dynamic set of relationships and context-dependent associations:

Thus we confront the problem of understanding how our experience – the praxis of our 
living – is coupled to a surrounding world, which appears filled with regularities that are 
at every instant the result of our biological and social histories. […] Indeed, the whole 
mechanism of generating ourselves as describers and observers tells us that our world, as 
the world which we bring forth in our coexistence with others, will always have precisely 
that mixture of regularity and mutability, that combination of solidity and shifting sand, so 
typical of human experience when we look at it up close. (Maturana and Varela, 1992, p. 241)

Embodiment means that the cognitive process is embedded in our bodies and Enaction suggests 
a future potential action and both concepts are related. Also according to several researchers 
(Varela, Thompson and Rosch 1991; Thompson, 2005) we can identify five linked ideas that 
constitute the notion of Enaction. These are Autonomy, sense-making, emergence, embodiment 
and experience, but for now does not fit well here. What seems interesting in this perspective 
is to consider what kind of dialogue can be formalized with the new technologies. First the 
computer must be recognise within a broader perspective. The computer is no longer a device 
cloistered only to our desks. With the advancement of technology, computer engineering and the 
growth of processing power of these devices, coupled with miniaturisation, the advancement of 
semiconductors and processors, any object can potentially be a computer, since it would carry 
with it the potential to manipulate and execute instructions. Much of the ecology of new digital 
artifacts has undergone radical changes in recent years. With the advent of wireless networks, 
mobile technologies and implementation of touch screens, a new range of products were cre-
ated, such as laptops, netbooks, notebooks, tablets and phones. In addition to these changes, the 
pervasive and ubiquitous computing promises to increase the complexity of this new scenario, 
including new ways to interacting with digital artefacts, including gestures, touches, movements, 
voices and sounds, becoming new forms of interaction. Within this new perspective - cognitive 
science based on Embodiment and Enaction - HCI could move beyond the problems inherent 
within a computational model.
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Conclusion

Part of the effort here seeks to counter this position focused on prospecting new possibilities 
from a more contemporary understanding of human cognition and how it can substantially 
reduce the friction between man and technology, especially toward for HCI and Interaction 
design. In the history of cognitive sciences, some kinds of representations and computations 
were developed to understanding human thought, including computational-representational ac-
count now available does justice to the full range of human thinking. As some evidence points, 
the idea of embodiment and enaction contradicting the idea that the cognitive process occurs 
only through the representation and more than that, externalist theories suggest that the mind 
and cognitive processes are extended beyond the border of the individual’s body. In addition, 
Embodied and Enacted cognition opens a scope for understanding that interaction is not only 
in terms of what is being done, but more fundamentally how this relationship is established. 
The effort this argument, are presented elements for a theoretical reflection suggesting that 
from these externalist theories of Philosophy of Mind new knowledge can contribute to HCI 
and Interaction Design founded upon computational theories of mind, expanding theoretical 
development on the subject.

Particularly when applied to the field of Human Computer interaction (HCI), which has recognized 
cognition not as linked to bodily action, but passive receivers of information. The traditional 
functionalism, which dominated the beginning of the theories that sought to understand the 
relationship between man and computer, has not completely dissipated.

The embodied and enactive trend proposed by Varela cannot be considered a full consensus in 
this theoretical paradigm. However, it has the merit to highlight some internal fragilities in the 
cognitive sciences, in particular its tendency to neglect dynamic phenomena, autonomy, action 
and context, characteristics that must not be neglected on the autonomy of human beings and 
should be considered for the HCI to develop more inclusive interactions. Current and future 
research will show whether it can accommodate some of these aspects of cognition in a more 
comprehensive theory from which the designers and interested parties can benefit in some way. 
Above all, this theory suggests that our interaction alone is not reduced to a representational 
model only, but is moving to a new set of relationships that should be considered and this in 
itself represents a complete paradigm shift in understanding how we interact with the natural 
and artificial world and with the technology around us. Thus, this essay is nothing more than 
part of the effort to questioning, understand and contribute for this phenomenon can be bet-
ter understood. Embodied cognition and Enactive perspectives can be translated and applied 
to the development of best practices for HCI and interaction design? The future will tell us.

Notes

[1] Turing Machine/Test - The test consisted of submitting an operator in a closed room, to discover 

whether those who answered their questions, introduced by the keyboard was another man or a machine. 

The intention was to find out if we could assign to the notion of machine intelligence.
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[2] Chinese Room - or the Chinese Room experiment is considered a response to the theory proposed by 

Alan Turing, who largely demystified the notion of intelligence to suggest that by manipulating symbols it 

is not necessarily to understand them. The argument is intended to show that while suitably programmed 

computers may appear to converse in natural language, they are not capable of understanding language, 

even in principle. Searle argues that the thought experiment underscores the fact that computers merely 

use syntactic rules to manipulate symbol strings, but have no understanding of meaning or semantics 

(Stanford Encyclopedia of Philosophy).
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