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Julieta Aguilera 

Mindfulness and Embodiment in the Design of a Synthetic Experience 

Abstract 

How can the design of synthetic experiences and scientific visualizations 

establish aesthetically coherent spatiotemporal interactions that couple 

with the embodiment continuum already in place in the structures of the 

mind, the body, and the planetary environment in which we exist? 

The thesis addresses synthetic experiences in three areas: research on mind 

and the senses, designing sensorimotor embodiment, and the relevant 

notion of mindfulness as enaction practice. In real life we never have 

firsthand access to the experiences of others, or their feelings about their 

experiences, or ultimately who they are as people, but instead rely on 

simulations to explore what we cannot reach. Research points to the 

structural steps in which a shared synthetic experience takes place as a two 

way and multidirectional chain of pattern signals that traverse mind, body 

and environment. These patterns are supported by concepts of literacy and 

aesthetics which are further revised and specified to accommodate the 

enabling of the whole body in experiencing immersive real time 

representations that are coupled to what the human body can perceive and 

act upon. By understanding the affordances and thresholds of oneÕs point 

of sensing in space over time, structured by the body, embodied models or 

simulations can be externalized and reconfigured into external models, to 

position the body in worlds assembled from extended senses like 

telescopes, microscopes, sensors and detectors. Space and time can thus be 

tailored in terms of scale, resolution and pace, back into the human 

Umwelt, and explored individually or collectively as shared subjectivities.  
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This is a practice informed thesis, based on work related to conceptual 

spaces I have developed from looking at how space and time are designed 

in panoramas, in film, though Virtual Reality (VR) and through scientific 

visualizations, specifically astronomy related ones, and the immersive 

interactives I created or contributed to at visualization laboratories and at 

planetariums. In working along with science, history, education, and 

culture experts I strived to look into perceptual concerns at extreme scales 

and what it means for us to go beyond our own sensory motor interactions. "
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1. Research Context 

The aspects of media that interest me are those that are involved in pure 

aesthetic experience, when you become what you see as a flow between 

the mind, the body, others and the environment, like an ongoing stream of 

change. The years since the onset of the internet and the rise of interactive 

data visualization have paradoxically resulted in both great advancements 

along with various paradoxical attempts to stay still and fit the human 

experience to well established static and flat formats. This effort to 

continue with 2D static constraints is due perhaps to the need of cautious 

experts who are not perceptually trained yet to deal with new 

technological capabilities. These new technologies and techniques can 

present research in multi-sensory ways, without misleading perceptual 

inferences derived from the flattening of spatial data. Although it is a 

perceptually trained community, caution is particularly present in the art 

world as well, perhaps due in part to the artificial boundaries created by 

the art market, of objects that can be bought and sold, which remove art 

from public life in some countries. These boundaries in turn have slowed 

down trans-disciplinary dialogues among fields of research. This thesis 

hopefully gives insights into common philosophical foundations that can 

help connect disciplines without over simplifying or rendering one or some 

of them irrelevant because of such stereotypical assumptions. 

Being on the same planet and the same kind of body, the things we learn 

no matter the discipline, are learned in a common greater environment, 

and with common general mechanisms or gestures that articulate actions 

and ideas and their implications. In this thesis, presence becomes less 

focused on the narrative of particular memories, to give greater attention 

to the interaction dynamics of the body in space. Therefore, the imprint of 

this level of broader familiarity in the memory and intuition of the person 
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that enables recognition acts as the referential realm. Recognition is a 

complex event which bridges past and current experience, yet where 

consciousness Òappears to us to be continuousÓ (No‘, 2004, p. 54). One can 

recognize that a landscape is a known place, but to recognize a mountain 

as a mountain, no matter what mountain, implies an understanding of the 

concept of what a mountain is, where the use of concepts is often preceded 

by preconceptual intuitive gestures (Petitmengin) that will be later 

discussed. The taxonomy of a mountain affords the use of the concept to 

express, to make perceptible non perceptual phenomena that have 

mountain-like qualities. To visualize, bringing up the familiar to show what 

is not perceptually possible, to make it present, is done so by borrowing the 

qualities of the familiar. To make abstract concepts or data present, parts 

of different experienced presences are brought together, thereby 

constructing a new experience that may result in a different dynamic of 

body-environment interaction altogether. Whereas Òwe take ourselves to 

be situated in an environment, to have access to environmental detail as 

needed by turns of the eye and head and by repositioning of the 

bodyÓ (No‘, 2004, p. 59) we experience occluded form as a virtual model 

(No‘, 2004). The construction of this virtual model will also be discussed as 

an internal simulation (Barret). Synthetic experiences of Virtual, Mixed and 

Augmented Reality (VR/MR/AR) and visualization may reveal further 

plasticity on developing patterns of embodied consistency, or enaction 

(Varela, Thompson and Rosch, 1991), to explore idea arrangements with 

extended senses or senses other than human, or perhaps transforming the 

human to extend the body into new realms.  
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2. Work aims 

The aim of this work is to define the synthetic experience in the context of 

the human senses and motor capabilities that have physically and mentally 

evolved in the natural environment. When Jacki Morie writes: 

ÒAs we, like the proverbial angels, keep being blown backwards 
by rapid winds into the future, how can we be sure that we know 
where we are going? Will our progress into the ever-increasingly 
technological future compromise the softer aspects of our human 
nature? Or, will such aspects become more important as we 
surround ourselves with the codified strata of machines, from 
mega down to nano scale?" (Morie, 2007). 

I see these metaphorical winds as growing constructed technological 

extensions to our bodiesÕ sensorimotor capabilities (and with them the 

Òsofter aspectsÓ perhaps), pushing the boundaries of the given human 

body further inwards to microscopic scales and outwards to what 

telescopes can detect farther than ever before into outer space. By 

codifying machine strata into sensor rich experiences Òwe stand in the 

middle of infinity between outer and inner space, and there's no limit to 

eitherÓ (From the film ÒFantastic VoyageÓ, 1966). 

Extending these human capabilities entails designing tools and devices that 

couple themselves with the embodiment continuum already in place in the 

structures of the mind, the body, and the planetary environment in which 

we exist. Extending the senses to spatial and temporal scales that go 

beyond human thresholds should carry all our sensory motor capabilities 

with us to Òmake senseÓ, as in being coherent and still connected to the 

flow of our human experience, a kind of aesthetics that focuses on 

exploration itself.  
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Synthetic experience is a term I use to encompass the mechanical 

assemblage of a variety of displays, tracking devices, sensors and input 

means which are articulated and coupled to the human body in order to 

immerse and enhance or extend its sensory motor affordances embedded 

within a digitally constructed environment (Aguilera, 2012a). Display 

devices, whether an HMD (Head Mounted Display) or holographic glasses, 

CAVE projection system, planetarium dome, 3D screen, aural sound, scent 

or haptic devices, or gyroscope enabled AR (Augmented Reality) in mobile 

devices among others, can perceptually rebuild space around us, from what 

we can see, hear and smell (Aguilera, 2012b). Tracking devices or other 

sensors or input means, in turn, may couple the hands, the feet and/or the 

vestibular system of a user to the point of view within the immersive 

experience, greatly enhancing the feeling of being there, in a spatial, 

sensory and extended way through Òdigital participation, mediated flow, 

and embodied immersionÓ where Òthe situations experienced in the virtual 

environment must have immediate significance for the participantÓ (Riva et 

al., 2003) thus affording embodiment while navigating and manipulating 

aspects or objects in the environment. 

In order to understand the potential connections that can be made in 

coupling media and devices to the body for a person to experience virtual 

constructions, we need to have an understanding of how the body already 

mediates the world and the mind, by creating internal models and 

simulations (Damasio, Barret) so we can make sense of the natural, non-

synthetic world. There is a problem in considering perception as a set of 

isolated one way sensory circuits, either in the design of media, or as a 

metaphor of how the human senses work, in that you lose the space 

inhabited by the body and the inner structure of the body where the mind 

is. I think this is a significant observation to make, which would suggest 
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looking into how the senses communicate with each other and how 

inferences are made (Freedberg and Gallese), as well as how humans 

communicate with each other in the agreement of common languages 

(Ware, Zlatev) to confirm shared experiences, and furthermore, define a 

common environment (fig. 1). In this approach, I consider how the synthetic 

environment holds the experience as such, as an exoskeleton of the mind 

(Aguilera, 2012). Looking at spatial and temporal relationships being 

measured by the human body in Earthly environments is a way of 

approaching experience as an integrated event susceptible to subjective 

cross distortions, in other words, where Òthe abstract space of design is 

now populated by virtual forces of deformationÓ (Masumi, 1998). Focusing 

on the relationships that take place in embodiment can help blur the 

isolation boundaries of aspects that have led to constrains which paralyze 

instead of activating, as I have come to see these constraints as obstacles 

for understanding the fluidity of being in the world.  

  

Figure 1. Framework of references regarding spatial relationships utilized on this research. 
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We inhabit a complex network of relationships that affect who we are, and 

at the same time we are our own dynamic devices, that is, beings in a 

constant flow of reciprocal modification with each other and with the 

environments we move through. All this in different timescales, from the 

evolution of the human species, to genetic recombination, geographic and 

cultural context, community upbringing, and individual experiences that 

include diet, environmental stimuli, and specific events. In a way, our 

bodies show the Ògeologic-likeÓ layers of all these modifications over 

different temporal and spatial scopes. We may consider bodies from the 

appearance of facial features (as in thicker eyelids in snowy climates), organ 

development (as in bigger lungs in higher elevations) and other practical 

physical mutations including skin, hair and eye color, as well as facial 

expressions that accompany the way we talk, to the regular physical activity 

of each individual that affects the way we usually move. On a grander scale 

of human motion in constructed space, architect Pallasmaa sees the 

environments of cities as both Òinstruments and museums of 

timeÓ (Pallasmaa, 2005, location 1102) as they regulate human activity and 

capture forms and memories of change as well.  

Besides having been shaped through evolution, the human body is in a 

constant calligraphic interaction with space through motion and gesture, 

which expresses a structural relationship to the environment. For example, 

trees do this without navigation, and remain structurally the same except 

for expansion, where structure is refined and there is an increase in 

resolution: more branches, more leaves. But we humans, how far we can 

walk, how fast we can move, with what complicated poses or acrobatics, or 

how dexterous can we be in handling delicate or small objects, all reveal an 

understanding at a different resolution, guided by constructed gestures as 

memories anchored in the body. Yet if we consider extremely large spatial 
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and temporal scales, we humans are as affixed to planet Earth as trees are, 

relative to us. In a way, it is not only the ÒgeologicÓ timescale contained in 

the physical qualities of our bodies, recombined by human mobility, but the 

very understanding of why we know what we know at the granular level of 

personal subjective and mindful experience, which shapes a human identity 

without detaching it from the accumulated evolution of the body and its 

broader sense of culture. As such, this thesis aims to tackle methods that I 

use to describe the experiential continuum that is extended in the synthetic 

experience.  

Furthermore, this body of work seeks to to reflect and offer insights on 

embodied aesthetics and a mindful basis for scientific visualization literacy. 

Being able to read does not necessarily mean that one understands what 

the words mean. I can read any words as long as they are written in the 

latin alphabet, yet that does not mean I understand what I am reading if it 

is not in a language or in a specific domain that I am familiar with. More 

precisely, to master reading Ðthat is, being literateÐ, reflects the ability to 

synthesize and analyze the data or content presented by modeling it into a 

consistent conscious structure. In this regard, Òthe important point is that 

Kant describes this ultimate unifying structure of consciousness as an 

operation of imagination, because it is a synthesizing activity that gives the 

general structure of objective experience as suchÓ (Johnson, M., 1987, p.

151). Likewise, scientific data visualization requires a level of perceptual 

literacy and an understanding of statistics that enables synthesis and 

analysis (Johnson, C. et al, 2006). For an interactive and immersive scientific 

visualization, the ability to understand embodied spatial and temporal 

dimensions and projections, as well as being oriented in a direction within 

a place in space where not everything is perceptible at once, as a kind of 

aware and situated imagination, are all required for literacy in synthetic 
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experiences. In this regard I see perceptual literacy as a kind of skill of 

embodied thinking where Ògrasping a sense is an act of thoughtÓ (Johnson, 

1987, p. 174). 

When preferences become a confounding issue within the thought process, 

the agreement on certain corporeal or environmental biases towards 

structural patterns may need to be stated, whether it is navigation changes 

depending on the person being left or right handed, the geography where 

that person grew up, or the spaces that a person is exposed to on a daily 

basis or is familiar with. Because Òperceptual theory has often not been 

fully developed in a way that relates clearly to the particular patterns used 

in data visualizationÓ (Ware, 2008, p. 10), there is much to be explored on 

how our subjectivities are linked in such a theory (Petitmengin-Peugeot, 

1999). On the other hand, society is as entangled an entity as a person is, 

and personal literacy enhances collective literacy when a group acts. We are 

capable of being aware as a group, as long as we share cultural 

assumptions or models in the mind within a perceptuomotor semantic 

continuum (Umwelt in Von UexkŸll, 1934) that builds said collective 

(Lebenswelt (Husserl) in Zlatev, 2005). Consistency in connecting with the 

common kind of body and physical forces that we share by being on the 

same planet, and the consistency derived from that experience to represent 

ideas supports logical thinking, providing a more grounded degree of 

aesthetic literacy with which we not only express ourselves but connect to 

each other in making new knowledge together through internalized and 

embodied constructs, which is perhaps an expanded version of what a 

concept is about altogether. 
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3. Methodology 

As this is a practice informed thesis, I will next describe in detail what 

originally led me to this work, then I will go over the steps I took in 

exploring the subject further as well as the steps taken in order to 

challenge the ideas I had first encountered, and lastly, the general 

concluding results of these efforts. 

  

Figure 2. Panorama in Xert Thesis Project by Julieta Aguilera, 1997. Rectangle indicates viewing area while 
image is turned. 

I began formally working with representational and virtual spaces after 

completing a Graphic Design college degree at an Architecture School in 

1989. I then entered graduate school in 1994 with the intent to work on 

spaces that would fall within a formal graphic design practice, but go 

beyond architecture when applied to real time digital technologies. 

Studying historic labyrinths as a form in space and time, and spatial and 

temporal adjustments in the design tradition of Chinese and Japanese 

gardens, I collaged surreal panoramas with scaled up textures of the 

classical elements, and overlaid 3D models and animations on them, paced 

to my cinematographic understanding of the elementÕs speed and what it 

means to be turning your head and seeing different things as you turn 

against the general background, thus utilizing what I learned in advanced 

film class (fig. 2). Through the process of creating these pieces, I was 

focused on what abstract experience is and what is human about it, 

particularly since I started thinking about how perceptual orientation 

becomes an experience when assembling a panorama maze. Years later in 

2001, I further handled the speed of motion when mapping grids in a 3D 
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VR environment, first as a succession of Platonic solids tiled with seamless 

strokes I had drawn separately and applied as a texture. The purpose of the 

strokes was to lead the eye from one tile to the next at a scale that 

corresponded to the speed of turning. 

To further explore capabilities and potentials of synthetic experiences I 

then engaged with ways to articulate grids to body motion. Seeing a 

dodecahedron based knot in a math theory class made me think of the 

possibility of a malleable space where a four dimensional grid mapped into 

three dimensional space had to be rotated to be seen, just like what you 

have to do when wanting to observe 3D objects in 2D projection, in a piece 

I called ÒUnfolding SpaceÓ which I completed in 2006 and cite here 

(Aguilera, 2006; Malathouni, 2013). The alignment of polyhedra faces 

coupled with the movement of the body was meant to support exploring 

how we can relate the body to forms in a space that is abstract (fig. 3). 

  

Figure 3. Unfolding Space Thesis Project by Julieta Aguilera, 2006. CAVE system. Photography courtesy of 
Kapil Arora. 

In order to challenge these ideas after I completed my second masters, I 

took a scientific visualization job at the Adler Planetarium in Chicago, in a 

position that would enable me to explore other kinds of abstracted spaces 

that fall outside human perceptual thresholds or conventions based on 2D 

or 3D space. During the eight years I worked there, I contributed to a 
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variety of projects, from creating stereoscopic animations of illustrations 

and astronomical objects from the Webster Collection, to simulations of 

cosmic bodies, to molecular animations, to a 4D interactive of the solar 

system, information graphics of various phenomena at different scales, 

immersive exhibitions for the museum galleries, as well as visualizations for 

the planetarium dome. This exploration continued while working with the 

CyberCANOE system (Collaborative Analytics Navigation and Observation 

Environment) at the ÔImiloa Astronomy Center of HawaiÕi. The cultural 

knowledge I glimpsed while working at ÔImiloa, as well as the ever present 

geophysical aspects of the island itself, greatly impacted the way this thesis 

came to fruition. 

The variety of content, sensory aspects involved, levels of body 

engagement, and devices, had me consider how each setting poses a 

number of challenges. On the other hand, working along astrophysicists, 

educators, cultural experts and historians demanded that I know and could 

explain what I am doing to people who are not trained artists but who 

want to understand why some scientific visualizations work perceptually 

while others donÕt, despite obeying standard techniques. Scientific 

visualization has become a significant branch of space science over the last 

couple decades (McCormick, B.H. et al. (Ed), 1987), and the quality of its 

execution can make a difference in what aspects of the data are salient 

enough to make discoveries possible, and at the same time communicate 

those discoveries to the public. This means that formatting via standards is 

nowhere near enough. Rather than just providing a pleasing appearance, 

the aesthetic skills to decode and convey structural relationships, that is, a 

deep understanding of perception, are an important means to design and 

explore scientific data, and ultimately, get a sense of our existence in the 

Universe (Aguilera, 2015a). 
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The accumulation of all these efforts resulted in reflections over the years 

connecting observations between aesthetics of scale in the arts (from 

Japanese gardens, to medieval labyrinths as subjective paths, to religious 

iconography as presence), and temporal scales like in film. Exposure to the 

philosophy of science in evolution and an understanding of systems, has 

helped me bridge mathematics as abstract thinking with environments 

measured against the body. Further work in immersion and embodiment 

has led me to look for corresponding phenomena in the mind that are part 

of the experience of being in space. Moreover, being in space requires us to 

acknowledge the fact that a synthetic experience is designed around the 

capabilities and accumulated experiences of the person. Therefore I see 

scientific visualization as the extension of embodied experience for 

interacting with models that researchers are playing with in their minds. In 

that regard, concepts of literacy and aesthetics need to be revised in order 

to accommodate the enabling of the whole body in experiencing immersive 

real time representations that are coupled to what the human body can 

perceive and act upon.  

4. Research Questions 

In general, the research questions (fig. 4) point to the structural steps in 

which an experience takes place as a two way and multidirectional chain of 

pattern signals that traverse mind, body and environment. Addressed 

specifically in regards to the synthetic experience is the extension of the 

senses in representing aspects of reality that expand to spatiotemporal 

phenomena which lay beyond the human sensory motor capabilities, or for 

the representation of abstract data Ðparticularly in astronomyÐ, that 

connects aspects of reality for which there is no experiential parallel 

altogether, given the resolution and scope of the data.  
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The thesis first presents a chapter covering a literature review of research 

on the mind and the senses that will setup the core research question of 

this work, how we build reality, exist in space, and extend reality through 

constructions by answering the question: What does the current research 

on the mind and the senses say in regards to spatiotemporal structures? 

  

Figure 4. The first chapter answers the first research question regarding literature on the mind while the 
second and third chapters frame the design approach and describe the practice that informs this thesis. Finally, 
the fourth chapter expands on the internal work that is required for an optimal experience and how said 
experience it fits with the design process of a synthetic experience. 

The second chapter dissects the notion of experience while aiming to 

establish a criteria to design synthetic versions of experience that are 

perceptually tailored to the human body, and describes what it means to 

couple the body to the virtual. The third chapter analyzes in more detail 

the relevant ways in which we model reality and the potential distinctive 

variables involved in synthetic experience design. In these chapters, the 

work I have done or contributed to informs the practice utilized in the 

present thesis, and it is the systematic analysis of the work which 

constitutes the methodology in question. These two chapters will be 

guided by the core question of this thesis: How does sensorimotor 

embodiment of perceived and mediated structures inform the design 

process for synthetic experiences? 
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The fourth chapter discusses the optimal attentional state of mindfulness 

and the gestures or patterns that can be used to address it, as the means to 

achieve the sensorimotor embodied and conscious perception of structural 

metaphors in mediated structures established in the previous chapters. To 

this end, the guiding question in this last chapter is: Why is the notion of 

mindfulness necessary for understanding synthetic experiences? 

What does the current research on the mind and the senses say in regards 
to spatiotemporal structures? 

The research selected here shows that signals traversing the mind, the body 

and the environment act as one continuous flow that goes both ways inside 

and outside of the body. From a functional perspective, the brain within 

the body is a sensory motor device capable of synthesizing experiences and 

storing internal models. This synthesis and these internal models reflect and 

relate what is perceived by probing the inhabited setting with as are many 

senses as relevant Ðor availableÐ to relate to accumulated experiences and 

knowledge, which in turn, assist in regulating consciousness. VarelaÕs 

enactive approach looks deeply into the way perception and action can 

focus attention on the present in order to better integrate past experiences 

in new contexts. The concept of enaction is that of a dynamic 

understanding of the tight spatiotemporal relationship between senses and 

body motion, which for the purpose of this thesis, I want to try and keep 

connected rather than categorized into isolated containers. By paying 

attention to how spatiotemporal patterns are connected, I will bring in 

enaction related concepts that emphasize the weaving of the variables of 

time and space across the experiential continuum. Concepts such as 

structural coupling describe the flow of these spatiotemporal variables, and 

the concept of internal models serves to describe the association of body 

sensations to conceptual recall. Next, I will address how we interact with 
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our own constructions and externalize internal models, which along the 

way reflect aesthetic biases acquired by the human body and its inhabited 

environments. Then I will look at research on the recall gestures which 

surround intuition and how these gestures relate to neurotypical patterns 

of experiential processes. 

I will then turn outwards into the environment and bring forth research 

literature that describes what it means Ðin terms of philosophy and studies 

of the mindÐ to be in space, in a body, framing reality and orienting 

oneself as a gesture of attention, as well as simultaneously mapping the 

environment to the structure of the body, and creating or adjusting an 

internal model to correspond to that environment. I will elaborate on the 

notion of a common body when a place is shared as a point of view onto a 

greater environment, and the body is extended to that environment. The 

way a human body inhabits an array of planetary environments is 

something we have in common with each other as it is in itself a referential 

semiosis. This referential semiosis can align in shared concepts and 

interactions, in the common experience of moving through space which 

affords a point of view to each individual. As we will see, a manner in 

which spatial semantics connects to the environment is through the 

aesthetics of multi-sensory experiential understanding of functional spaces, 

their boundaries and scale relationships, including resolution. 

In the last part of chapter one I will cite biological, social, and design 

research focused on functional space of the human being in the 

environment which I deem relevant to the creation of synthetic 

experiences. I will discuss extending the body to include new senses, and 

reconfiguring the senses themselves in a manner different than the original 

structure of the body. I will then introduce the notion of expanding and 

reconfiguring the senses into sensory constructions that allow us to 
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experience data from astronomical scales. Sensory extensions are designed 

constructions, where patterns can scale to fit the human experience with its 

experiential basis of knowledge, thus devices and synthetic experiences 

need to consider both body and environment as referential anchors. 

Moreover, reconfiguring the human Umwelt into shared experiences has 

consequences for the notion of subjectivity. To experience is to mirror that 

experience into the brain, and the mapping of a new sensory motor 

configuration has implications in what we mirror and the experiential 

patterns that result from the mirroring process.  

How does sensorimotor embodiment of perceived and mediated structures 
inform the design process for synthetic experiences? 

Chapters two and three are dedicated to this question. In chapter two, I 

will describe the structure of a synthetic experience from a design point of 

view whereas chapter three will be devoted to describing the actual 

representational variables involved in the design of a synthetic experience.  

When designing an experience we always have access to all the senses Ð

whether they are perceptually available directly, or evoked from memory 

recall mechanismsÐ that will be called upon by mediated environments 

when the experience is activated by the person experiencing it. This is not 

exclusive to representation, as a significant portion of our urban lives are 

already mediated and embedded in the handling of the basic human-made 

environments we inhabit for shelter and action. Next, I will reflect on some 

of the consequences of breaking the connection to the multi-sensory 

experience. Since we cannot predict every possible combination of any 

being in any of the possible multiple situations a being can be in, I will 

attempt to describe the kinds of aspects that a designer should look for in 

order to gather an understanding of the context of the person and the 

kinds of gestures (that is, specific complex processes) that would allow said 
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person to orient the senses and act. I will further assess representation-

based gestures, the ensuing re-experiencing of experiential patterns that 

corresponding re-presentations condition, and the potential consequences 

on role identification that may ensue as a result.  

Because orienting and acting are in a way calculating strategies, I will 

discuss the parameterization of the human experience that the 

development of sensory motor devices has pushed forward, and how these 

parameters have in turn awakened a renewed focus on the body as a 

measuring device to be compared with the situations and environments we 

face and live through. I will then go over aspects of the localized 

experience, such as the observed changes in the environment that occur 

along with autonomic and voluntary actions. Also noted will be the effect 

of familiar media conventions that do not consider speed and change over 

time as part of the measured experience. Measuring may further require an 

understanding of the boundaries and scope of the experience, which I see 

and describe as a formatting approach. At that point, I will look back and 

acknowledge the format of the body in further filtering the mediated 

experience to perceive what is set within the spatial and temporal 

thresholds that the human body is capable of, and address the issue of 

sensory signals that conflict with experienced reality. I will then consider 

how materiality and the sensation or exertion of force characterize the 

embodied experience in action, but also in its homeostasis by internalizing 

breathing, gravity, and similar autonomic actions as well as relative 

environmental constants. 

Another area I consider necessary to address in the design process of 

synthetic experiences is the inclusion of spatiotemporal data that lies 

beyond human senses and thus falls outside of the human operational 

space. This entails issues of resolution and the patterns that emerge when 
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resolution is adjusted in terms of focus on a given task, or attention to 

aspects of the synthetic experience. Next, I will point to the relational 

abstractions that come up and can be designed as temporal and spatial 

scales change. This highlights the need to understand aspects of attentional 

navigation that we take for granted, and which therefore need to be 

looked at in more detail. The emphasis on these aspects will lead to the 

following chapter where I will deconstruct the embodied experience 

further, a move which I see as conducive to a deeper integration of literacy 

in terms of understanding the process of meaning building. In demarcating 

bounds, scope and resolution, while establishing sensory motor 

relationships, I will further describe basic notions of conceptual 

constructions as echoes of direct interaction in the context of the 

materialities which are associated with them, which will also be further and 

specifically addressed in the following chapter. Notes on co-determination 

between being and environment will be used to frame interaction as a 

more transitive but similar phenomena in shaping dynamic structures. 

In chapter three, I will be more specifically focussing on media as 

constructed reality and what this notion entails when a designer addresses 

the task of arranging various degrees of sensory motor engagement. I start 

by noting research showing that we construct realities by navigating space 

and creating simulations. I then move on to the notion of subjectivity and 

its anchoring connection to the body, followed by the implications of 

having a body and a kind of space in common with other humans. I segue 

into the devices that extend bodies, environments and interactions, which 

force us to look into means for investigating our own experiencing. By 

observing mirroring mechanisms as an aspect of aesthetic development, I 

go on to connect aesthetics to internal representations and to 

embodiment. The next section reflects on the role of communication driven 
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media in establishing an aesthetic and semiotic baseline for the 

embodiment of shared emotions and attachment processes. Another aspect 

of synthetic experiences as shared ones which I discuss, is the lack of 

understanding of what a subjective experience is in terms of space as in 

location, scope and reach, and time as in patterns of attentional flow. To 

illustrate the schematics of this approach, I present my 2006 project 

ÒUnfolding SpaceÓ (Aguilera, 2006, Malathouni, 2013) and a series of short 

movies I directed for a study on the influence on stereoscopy in the 

understanding of three dimensionality. 

The second section of chapter three describes and expands in detail a 

taxonomy of synthetic experiences I first drafted in 2011 after Professor 

Ascott asked me what such a taxonomy would look like. In it, I note the 

array of synthesizing (if not synthetic) experiences created by humans over 

time from representations to events to mechanical devices that may 

amplify, refine, or simply transmit the experiencing event. I refer to the 

concrete integration that couples patterns across mind, body and 

environment in such an effort as mapping, which will become particularly 

important in the section ahead on impossible experiences. To this end, the 

four areas of the design criteria I define are: spatial depth, presence, 

embodiment and field of view. I look at spatial depth in terms of dominant 

cues that aid the senses in calculating size and distance, noting the insights 

I gained by working in stereoscopic astronomical scale movies and 

Augmented Reality projects situated in galleries and around a museum 

building, where in the former, size is not an experienced known, and the 

latter is directly coupled to human scale. The sense of presence is then 

approached as influencing three qualifying roles that will be described: 

confirming presence, extending presence and the characterizing of the 

agent. I distinguish tracking and responsiveness specific to the temporal 
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aspect of real time computer graphics, and define areas of this temporality 

that expand on the materiality of the environment. The last variable in the 

taxonomy is that of perceptual field: a variable that captures the degrees of 

body activation by different means involving scope affordances and speed, 

as illustrated by experiences I have led or contributed to. 

The last section of chapter three deals with synthetic experiences that 

encompass impossible spatiotemporal scales. In it I will go over issues of 

extended experiences such as considerations on enactive participation (why 

perceiving and acting is a must when experiencing abstract data), shared 

environments (why acknowledging oneÕs point of view is necessary to 

understand a larger common point of view or another that is not oneÕs 

own), embodying large scales (as in gaining agency with an understanding 

of the bounds of such agency) and establishing sensory boundaries (as in 

having an understanding of how our senses map to space, so they can be 

effectively coupled to synthetic experiences). Then I will describe issues of 

sensory reintegration found in synthetic experiences which encompass 

large scales. From the patterns that are transferred to human scale, to the 

gestures that reflect those patterns, to the associations that bridge those 

gestures to our actual experiences, these patterns may bring perceptual 

modifications in return, all while avoiding conflicts with our accumulated 

experiential sensory structures of coherence. I then introduce aesthetics as 

the consistency of experiential patterns across this process. Then I will 

consider how devices extend human senses and expand to non human 

senses captured by devices and mapped to the human senses structured by 

the body in order to measure and scale the Universe against human 

experience, and what implications this has for us as humans in the 

reciprocal connection of perceiving and assigning meaning, particularly 

with dynamic phenomena. Next I describe in detail some human 
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experiences relative to material contexts with an emphasis on sensory 

stimuli not only outside of, but also inside the body, and how these 

experiences can affect our understanding in the development of scientific 

visualizations of cosmic data. 

Why is the notion of mindfulness necessary for understanding synthetic 
experiences? 

Chapter four positions research on mindfulness and elaborates on it as a 

means with which to achieve optimal embodiment and real time 

interaction in synthetic experiences which are simultaneously scientific 

visualizations. To that end, I focus on aspects of awareness in terms of basis, 

self disambiguation, and the relationships that stem from attentional flow. 

Defining these aspects as roles rather than agents or objects help 

underscore the emphasis they can exert while reciprocally adjusting each 

other. This attention to reciprocal adjustment would eventually allow for a 

notion of the temporal and spatial scales that can be flexibly traversed in 

synthetic experiences while staying tethered to the body in its human scale. 

I start by establishing what baseline awareness is, and how autonomic 

functions of the body enable attention. On the other end of the perceptual 

event, I address how we know that what we perceive is not our body, and 

the establishing of an emotional distance from what we perceive. Then I 

refer to the action and consequences of centering attention in the present, 

the dependency of attention on change, and again go over the notion of 

co-origination, but this time of being with the environment that supports 

attention as a modulating activity. Within this modulation activity, I refer 

to research that prioritizes structure to meaning which in turn utilizes a 

subsymbolic system and concepts as fluid containers.  

I also look into research that examines pre conscious microgestures as in 

internal behaviors in relation to what we mirror of the world. I then cite 
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work that accesses some of these pre-conceptual and pre-conscious realms, 

which has included Virtual Reality media. I then connect this theoretical 

background to the sensory motor dissection that is to be reintegrated in 

the synthetic experience. I further link the contextual understanding of the 

changes over time that have resulted in a person in an environment 

experiencing through perceptions and actions. I consider said experiencing 

as connected to the mindfulness act of decentering attention from the 

personÕs attachments to memories and concepts of reality as static internal 

models, and instead centering attention on the externalization and 

potential dynamic reconfiguring of internal models as outward 

macrogestures, and language. I consider the holding of a macrogesture as a 

subjective experience, and so I bring up research where mindfulness 

practice focuses on paying attention to oneÕs body in a situated condition, 

as a necessary step in experiencing synthetic environments. After this, I 

review what subjective and objective views mean in the context of 

representations in synthetic environments, and what they entail for the 

notions of Umwelt and Lebenswelt and the scaling of the boundaries of the 

human experience in scientific visualizations. 

I further consider the notion of mindfulness in the activation of synthetic 

environments as an outside-in situation. In synthetic environments pre 

intuitive gestures are activated on the perceptual plane as in muscle 

memory, aligning the body with the senses in the act of perceiving, as well 

as the body sensations that surround our concepts in aesthetic coherence. 

This idea connects with the mindfulness notion of good psychological 

adjustment that results from observing the present while attuned to the 

environment. The next section expands on that tuning by looking at 

aspects of how we construct our own setting as a spatiotemporal structure 

where the way one inhabits is as important as what is inhabited. I go on to 
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connect information carried by the body into sense extending devices and 

representations that bound the body into the shape of an environment, 

including the more sensory motor comprehensive media of synthetic 

experiences. Then I reflect on the aspect of virtuality as a means to 

experience the real time synthesizing skill of mindfulness. The last part of 

this section addresses mindfulness as attentional support for complex 

engagement. I describe the support for synthetic experiences where 

mindfulness reinforces presence by sensory motor coupling to complex 

data, by the enhanced skill of temporal synchronizing of the synthetic 

experience with the pace of the body, and the heightened attention to 

oneÕs affective niche that is dynamically created while experiencing. 

In the last section of chapter four I switch back to internal processes and 

the focus on being aware of the patterns that traverse the synthetic 

experience, borrowing and adapting them from mindfulness related 

research, encompassing perceptuomotor boundaries and thresholds, as well 

as spatiotemporal resolution via mindfulness skills. I then expand the idea 

of pattern flows in describing the way form and meaning traverse 

relationships between mind, body and environment, carrying the senses 

along, and reinforcing the connections to social empathy and the 

abstraction of language patterns, including when experiential patterns are 

transferrable to other scales. Along with transferability, I bring up the 

notion of image schemas as both embodying and generating language like 

figures, building emotions and concepts with an awareness of the process 

as a mindful yet semiotic exercise, and what this continuum implies for 

scientific visualization. "
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ONE 

Mind and the Senses !
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1.1 Building Reality 

1.1.1 Neural signals 

New findings about the structural connections and patterns between the 

human body, the environment and the mind, tell us about perceiving and 

acting, and reveal the brain as both a sensorimotor processing device and 

an agent integrator. The world is captured by the body through the means 

afforded by the senses, senses that have developed to respond in the 

context of our planetary environment. The world is also spatially probed by 

the motor capabilities of handling, exerting force and the displacement 

motion of the body. As we will see in this chapter, the signals from the 

brain that can be tracked today show perception and action being 

coordinated and confirmed across the senses, enabled in great part by the 

ability to move in space and forcefully interact through motion. The 

perceptual and conceptual processes of accumulated experience, 

furthermore, inform or elicit individual physical and reflective responses. 

When our sensorimotor capabilities confront constructed or mediated 

aspects of the environment, the resulting configuration is, likewise, 

adaptively processed and integrated into the experience.  

On the other hand, widespread media devices of the recent past have 

tended to be uni-sensory or dual-sensory additions to the environment, 

because of either technological constraints or practical purposes of media 

reproducibility and distribution Ðimage and sound as in film, for example. 

Yet the experience of focusing on reduced and specifically bounded sensory 

stimuli may also constrain the attentional impact of an experience. Reduced 

and passive sensory stimuli do not take advantage of the complex 

relationships that the body as a whole is capable of understanding and 

recalling when dynamic, multi-sensory and spatially rich stimuli are 
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provided to match the situation. For synthetic experiences, in turn, the 

advent of tracking (particularly actions through the tracking of limbs, 

fingers, or faces, or tracking of location via GPS), appeals to the vestibular 

system and proprioceptive sense. The vestibular system, located in the 

middle ear, is the sense that helps us orient ourselves in space and 

coordinate balance when in motion. The proprioceptor organs inside the 

body allow us to know where objects are in space in relation to the body. 

Therefore, when the sensory input in a synthetic experience (visuals, 

sounds, and motion) corresponds to the balance and proprioceptive senses 

of the body being tracked, agency is increased by giving a more refined 

idea of control that is attached not only to the judgement of vision but to 

the sense of presence of the body in space. 

The term ÒsyntheticÓ in the realm of the arts has been utilized to 

emphasize the integrated correspondence between form and feeling as 

commonly expressed by artists in a variety of media, easily noticed in the 

metaphorical titling of the work that points to a literal or abstract aspect of 

the composition (for example, in the abstract works of Joan Mir— ÐÒWoman 

dreaming of escapeÓ (1945, Fundaci— Joan Mir—)Ð or Eva Hesse ÐÒHang 

upÓ (1966, Art Institute of Chicago).  

One can think of form (any kind of perceived form) as phenomena that is 

detected by the senses in the body, with a corresponding phenomena 

where form is felt within the body, thus encoded in a feeling within, what 

William James calls Òthe aesthetic sphere of the mindÓ (James, 1884). In 

said sphere, form contextualizes feelings to notions of pain and pleasure 

(Barret, 2017, p.67) as well as longings, in a kind of nostalgia for the past or 

wishful prediction of the future. The former (sensations) could be 

considered predominantly spatial, and the latter (imagination), 

predominantly temporal. In this view, the body does not just transmit 
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perceptions to the brain, but as a whole is activated in resonance, so that 

form is echoed in the structure and self perception of the body. In other 

words, the brain itself is in the body, in what Damasio calls ÒbrainÕs intrinsic 

aboutnessÓ (Damasio, 2010, location 1480) where Òneurons are about life 

and about managing life in other cells of the body, and that that aboutness 

requires two-way signaling (Damasio, 2010, location 1474), a two way 

signal system that flows in both directions between mind and body during 

an experience, where form is confirmed as perceived, sometimes further 

interacted with, and less so reflected upon, depending on attention. In this 

regard, the ripples of attention reach so far into consciousness depending 

on the flow of signals activating sensation and thought. 

  

Figure 5. Mind separate from body (letf), embodied mind (center), internal model in the embodied mind 
(right). 

When form is constructed, what does the latest research on the intrinsic 

and intimate correspondence between form and body mean to the 

understanding of media development? Perhaps that the body with all its 

sensorimotor capabilities works in a much more integrated way with the 

environment than previously assumed, particularly in the creation of 

internal models such as feelings, concepts and memories (fig. 5). The 
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consequences to the over-conditioning of perceptual dissection, created by 

isolating one sense at a time into a particular media, needs to be 

acknowledged as an obstacle to the development of integrated multi-

sensory synthetic experiences (fig. 6). Single media or a media that was 

until today identified by sensory input, poses a situation of disconnect and 

sensory neglect that can be an obstacle to addressing the full potential of 

synthetic experiences. 

  

Figure 6: Object oriented media (single or dual sensory construction on left) and experience oriented media 
(multisensory construction on right). 

A situation where form is not synthesized from sensory experience is that 

of looking at data Ðwhich can be already abstract or indirect, that is, not 

collected as direct human experience to begin withÐ and which may be 

presented within an immersive and real-time scenario as in a synthetic 

experience, which does add situated spatiotemporal stimuli to the data. In 

a synthetic experience, the data then appears as an unrecognizable 

situation with a potentially dynamic spatial and temporal structure which 

we can try to discern utilizing the understanding we have of our own 

bodies. Experiencing data in a virtual experience is not that different from 

that of a new real experience where one tries to understand the new 

situation by assembling parts that seem familiar, utilizing accumulated 

mirrored experiences that engage the body. In these situations Òmirror 
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neurons (É) enable the understanding of the action of others by means of 

embodied simulation, by activating the motor representation of the same 

action, even when its conclusion is only impliedÓ (Freedberg and Gallese, 

2007, p. 200). These simulations include motion and touch physical 

sensations among others. Whether it is a virtual or a real experience, we 

always look for structures we can simulate, no matter the level of 

abstraction of what we perceive. 

Besides neuron-mirroring of what we see, it is relevant to note that we 

further create internal models of what appears occluded by using the 

embodied understanding of change as we move through space or handle 

three dimensional objects, where we Òexperience the world as present, 

even when hidden from viewÓ (No‘, 2004, p. 67). The mapping of the body 

to each personÕs psyche is unique, even though the structure of the body is 

the same, and neuron networks create a virtual surrogate of the body 

structures they are connected to (Damasio, 1995). In a sense, structures 

permeate the mind, the body and the environment where synthesizing is 

the activity that moves the structures among those areas. 

  

Figure 7. Models of the mind inhabited inside spatial and over temporal scales. 
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