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Architecture 1s
not a stage.

tis a performer.

nstead of simpl

containing the
, 1t listens,
responds, and
ransforms with
it.

ABSTRACT

This thesis investigates how an interactive ar-
chitectural space can respond in real time to the
qualitative nuances of human movement, with
dance as a primary model of embodied and ex-
pressive interaction. The research addresses the
limitations of static architectural space and con-
ventional reactive systems by proposing a spa-
tial environment that actively participates in a
dialogue and exhibits autonomous behavioural
expression, positioning architecture as a co-cre-
ative participant rather than a passive container.

The theoretical anchoring draws on performa-
tive architecture, embodied interaction, cyber-
netic theory, and spatial atmosphere, reframing
architecture as action rather than an object and
shifting the Cartesian paradigm toward experi-
ential knowledge “I experience, therefore I am”
(Simanowski, 2011). Interactive spaces are inter-
preted as cybernetic systems that, through sens-
ing, interpretation, and spatial response, form a
continuous feedback loop between the human
body and its surroundings. Sensory congruency
is examined as a key condition for atmospher-
ic coherence across individual sensory modali-
ties (light, sound, texture) to produce a fluid,
positive experience (Spence, 2020). Projects,
including Mapped Empathies (Requena, 2018),
No One is an Island (Random International and
Studio Wayne McGregor, 2020), Messa di Voce
(Levin and Lieberman, 2004), Shylight (Studio
Drift, 2014), and Sky Symphony (Skyform Stu-
dio, n.d.), inform both conceptual and technical
development.

This work, using the presented theoretical
foundations, proposes a conceptual model of
interactive architecture organised into three in-
terdependent layers: sensory, cognitive, and ex-
pressive. It describes how sensory technologies

record human movement, how computational
processes interpret the qualitative aspects of
movement, and how spatial responses are real-
ised through light, sound, or kinetic transforma-
tion.

Methodologically, the research applies prac-
tice-based design experimentation, combining
motion capture technologies (Kinect and Me-
diaPipe), real-time data interpretation within
TouchDesigner, and iterative prototyping of in-
dividual responses. These investigations explore
how movement can be translated into spatial,
visual, and auditory responses through cyclical
interactions.

The thesis demonstrates how strategies such as
“imperfection to emergence” (Mun, 2023) can
foster discovery and co-creation by introducing
controlled uncertainty into interactive systems.
The final prototype and installation design con-
tribute to the contemporary discourse on in-
teractive architecture by advancing models of
embodied spatial experience that integrate tech-
nological response, architectural agency, and hu-
man perception.
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Figure 1.:Static, Responsive, and Interactive Archi-
tecture Diagram (Author, 2026)

PROLOGUE

Architecture has long been seen as a stable
framework, a static background for everyday hu-
man life, a fixed scene, a stage where movement
takes place. However, contemporary technolog-
ical and theoretical developments challenge this
perception of still space. As environments in-
creasingly acquire the ability to sense, process,
and respond, architecture increasingly adopts a
position somewhere between object and actor,
matter and behaviour.

Within this perspective, architecture shifts
from permanence to process, from object to in-
teraction. Such transformation raises a funda-
mental question: what happens when space no
longer remains neutral but begins to partici-
pate? Rather than approaching interaction as a
technical exchange between input and output,
the research sees it as a shared dialogue, where
movement carries qualitative meaning and space
responds with its own expressiveness. Architec-
ture enables engagement with the body, reacts to
its presence, and influences its actions. This view
changes architecture from static materiality to
relational experience, where meaning emerges
through interaction rather than through form
alone.

Human movement plays a central role in this
shift. The body is not only a physical entity oc-
cupying space but also a carrier of intention,
rhythm, and emotion. Movement reveals qual-
ities that go beyond measurable coordinates. It
communicates through direction, speed, varia-
tion and intensity. When space can perceive and
respond to these nuances, it enters the realm of
dialogue beyond pragmatic technical function.

Dance offers a clear way to explore this relation-
ship. Unlike everyday movement, dance inten-

tionally amplifies expression, making the emo-
tional and cognitive dimensions of bodily action
visible. Creating conditions for effective recip-
rocal exchange where the body moves, space
responds, and the response influences further
movement. The boundary between performer
and environment becomes blurred, leading to a
new understanding of architectural experience
as collectively created and continuously evolv-

ng.

This understanding positions the project at the
crossroads of architecture, technology, and per-
formance. It suggests that meaningful interac-
tion does not arise from perfect control, but from
mutual exchange, interpretation, and moments
of unpredictability. Through iterative experi-
mentation and prototyping, the research investi-
gates how movement qualities can be sensed, in-
terpreted, and transformed into visual, auditory,
and kinetic responses, allowing architecture to
behave less as a machine and more as a co-per-
former.

Ultimately, this work proposes an expanded un-
derstanding of architectural space, moving be-
yond a static, passive environment toward a re-
lational, performative spatial presence. It aims to
contribute to ongoing discourse on interactive
architecture by exploring how embodied experi-
ence can inform the design of environments that
not only react, but participate.
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PURPOSE AND
POSITIONING

The purpose of this thesis is to investigate how
architectural space can actively engage with
human movement. Although recent advanc-
es in digital technologies have enabled com-
plex, dynamic reactions to external stimuli,
many contemporary interactive systems remain
mainly reactive and work primarily in a linear
input-output logic. Despite progress in compu-
tational design and smart environments, a gap
remains between technical responsiveness and
meaningful embodied interaction. This research
addresses that gap by examining how architec-
ture might move beyond mere responsiveness.
It seeks to understand forms of interaction that
are cyclical, interpretative, and relational, in
which both human and spatial behaviours influ-
ence each other.

Continuous development of Information and
Communication Technology (ICT) has shift-
ed architectural capacity to sense, process, and
adapt to human presence through computational
teedback systems (Lee et al., 2021). These devel-
opments open the possibility for architecture to
behave rather than merely exist as form. How-
ever, the presence of technology alone does not
ensure experiential depth or meaningful inter-
action. Accordingly, this research situates itself
within a wider discussion about how interactive
systems can foster relational experience, auton-
omy, and co-creation rather than functioning as
deterministic mechanisms.

The concept of embodiment is crucial to the
thesis investigation. Humans interact with space
through bodily, experiential processes using
their bodies’ movement, perception, and senso-
ry experience, rather than relying solely on ab-
stract command-based control. Dance is adopt-
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ed as a focused research context for its complex
qualities, including rhythm, emotional expres-
sion, personalisation or intentionality, that ex-
ceed plain functional motion. In this context, the
thesis looks at movement not just as data points
but as rich phenomena that carry qualitative
meaning and can shape the spatial atmosphere.
The body is thus framed as an active co-creator
of spatial dialogue and experience, rather than a
passive occupant of space.

Integrating motion-tracking technologies pro-
vides a conversion interface that translates bod-
ily movement into real-time spatial responses,
establishing feedback loops between the partic-
ipant and the environment. Within this frame-
work, architecture is explored as a partner that
registers, interprets, and responds to the nuanc-
es of movement. The objective is not to produce
fixed or predictable reactions but to investigate
how autonomy and controlled unpredictability
may encourage exploration, interpretation, and
personal agency within interaction (Mun, 2023).
Meaningful interaction is conceptualised as an
ongoing operation, in which spatial design and
atmosphere emerge through information ex-
change rather than pre-programmed sequences.

Simultaneously, this research acknowledges that
the experience is cognitively processed through
multiple senses. Human responses arise from the
integration of various sensory modalities, indi-
cating interactive installation’s need for coher-
ence across visual, auditory, and kinetic outputs
to create unique atmospheric experiences that
strongly affect emotional and psychological re-
actions to space (Spence, 2020). Additionally, the
intuitiveness of interaction directly aligns with
natural cognitive patterns, which people use for
behavioural and spatial interpretation (Pitt and
Casasanto, 2022). These considerations imply
that interaction is both a technical challenge
along with a perceptual and cognitive one.

This research project operates at the intersection
of architecture, technology, and performativity,
using iterative prototyping to analyse the possi-
bilities of recognition, quantification, interpre-
tation and expressive transformation of quali-
tative movement characteristics. It reconsiders
architecture not as a fixed, static container but
as a dynamic, relational system. The research
proposes a conceptual model of interactive ar-
chitecture organised into sensory, cognitive, and
expressive layers. Through them, spatial struc-
tures interpret human presence and act in real
time using multisensory algorithms. This way,
architecture becomes an active co-performer in
the complex embodied experience.

thesis contribution
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translation

TECHNOLOGICAL
SYSTEMS

interpretation

reaction

Figure 3.:Thesis Positioning (Author, 2026)
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T Q THESIS QUESTION

HOW CAN INTERACTIVE ARCHITECTURE BE DESIGNED AS A CO-PERFORMATIVE
SPATIAL SYSTEM THAT INTERPRETS HUMAN MOVEMENT AND RESPONDS
THROUGH MULTISENSORY FEEDBACK?

INTERACTIVE What distinguishes responsive, kinetic, and interactive architecture, and how
ARCHITECTURE \\ ' ’, can interactivity be understood as a reciprocal relationship between body,

——e L ' - computation, and space?
<
>
1 74 0 :

How can qualitative movement characteristics, such as speed, proximity, pos-
ture, rhythm, and direction, be translated into computational parameters?

How can computationally interpreted movement be expressed through light,
EMOTION sound, projection, and kinetic spatial behaviour?

How can controlled unpredictability and multisensory feedback support em-
bodied engagement, agency, and atmospheric experience?

Figure 4.:Core Research Framework Diagram
(Author, 2026)
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METHODOLOGY

Research Approach

This work employs a research-through-de-
sign methodology that combines theoretical
inquiry with practical experimentation to ex-
plore how architectural space can interact with
human movement. Design-based research best
serves the exploration of emerging spatial
solutions, where, rather than deriving insights
solely through analysis, results are also derived
through experimentation with design and tech-
nological prototyping.

Within this framework, design is not viewed
merely as a medium for creating a final arti-
fact, but as a method of inquiry through which
theoretical concepts are translated into spatial
and computational systems. The interactive
prototype developed in this research therefore
functions both as a design outcome and as an
experimental tool used to test the relationships
between motion capture, computational inter-
pretation, and spatial response.

The methodological structure is formulated by a
conceptual model proposed within a theoretical
framework that conceives of interactive archi-
tecture as a system consisting of three intercon-
nected layers. The sensory layer, responsible for
detecting human movement and environmental
conditions, the cognitive layer, where captured
data is interpreted through computational pro-
cesses, and the expressive layer, through which
the system generates spatial responses such as
light, sound, or kinetic movement

These layers together shape a cyclical interac-
tion loop between the participant and the archi-
tectural environment, enabling the research to
explore how architecture might function as an
active co-participant in embodied interaction.
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Research Process

The research is carried out through an iterative
design process, the concentration of which can
be framed into three main phases: motion cap-
ture, computational interpretation, and the gen-
eration of spatial responses. These phases corre-
spond to the sensory, cognitive, and expressive
layers of the interactive architectural system.

Rather than following a strictly linear sequence,
the process functions as a cyclical workflow in
which each phase informs the next and is con-
stantly refined and improved through experi-
mentation.

1, Motion Capture

(Sensory Layer)

The first phase examines how human movement
can be tracked and translated into digital data.
Motion tracking technologies, including Kinect
and MediaPipe, are used to detect body position,
gestures, and spatial relationships between body
parts in real time.

Through these systems, the body is transformed
into a dynamic data source capable of gener-
ating information about the qualities of move-
ment, such as:

* velocity and acceleration
e direction of movement
*  proximity between body parts

e  spatial position and posture

Inspired by Laban’s analysis of movement, as
cited in Fehr and Erkut (2015), these quantifi-
able parameters are interpreted as indicators
for the qualitative characteristics of movement.
This phase establishes the perceptual capacity
of the architectural system, enabling the envi-
ronment to register the presence and expressive
qualities of human body motions.

2, Computational Interpretation
(Cognitive Layer)

The second phase focuses on the interpretation
of captured motion data through computation-
al processes. Data generated and processed by
motion tracking systems are analysed in the
TouchDesigner interface, where algorithms
break down motion parameters and translate
them into behavioural logic.

Various mapping strategies are explored to
determine how qualitative characteristics of
movement can influence spatial behaviour. For
example, changes in movement speed can be
translated into changes in colour intensity or
rhythm, while spatial proximity between body
parts can trigger specific visual or acoustic re-
sponses.

The phase represents the cognitive layer of the
system, where the architectural environment
parses sensory inputs and determines appro-
priate responses. Through iterative testing and
refinement, the interaction logic is optimised to
ensure that responses remain perceptually co-
herent and intuitively understandable to partic-
ipants.

3, Spatial Response Phase

(Expressive Layer)

During the third phase, computational outputs
are transformed into multisensory spatial re-
sponses. These responses are realised through
visual projections, dynamic lighting, sound, and
kinetic elements controlled by digital interfaces
and microcontrollers.

The purpose of this step is to create a feedback
loop in which the installation’s spatial actions
influence subsequent human movement. Rather
than functioning as a simple stimulus-response
mechanism, the system seeks to create a recip-
rocal cycle of interaction, where physical move-

ment generates an environmental transforma-
tion, and that alteration subsequently influences
the participant’s behaviour.

Through this process, the architectural environ-
ment functions not merely as a reactive system,
but as a performative spatial entity capable of
engaging in a dynamic dialogue with the human

body.
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Figure 5.:Sensory, Cognitive, and Expressive Layer
Model (Author, 2026)

Experimental Prototyping

The development process builds on the method-
ology of iterative prototyping, within which it
creates a series of targeted experimental probes.
These isolated systems serve to verify hypothe-
ses in the field of interactive design and to seek
optimal synergy among the three key pillars.

These prototypes function as individual testing
environments. Within them, the complex re-
lationships are deconstructed into measurable
parameters, allowing for a precise evaluation of
the effectiveness of particular solutions, ranging
from the sensitivity of triggers based on hand
movement dynamics, through algorithms that
transform gesture speed into visual aesthetics,
to spatial reactivity influenced by the user’s dis-
tance and presence.

Through repeated cycles of testing and im-
provement, the experiments gradually evolve
into a more integrated interactive environment
where physical activity, computational logic, and
the atmospheric qualities of the space are inter-
connected into a single functional system.

Evaluation

The developed prototypes are qualitatively eval-
uated through observation of the interaction
between the participant and the spatial system.
The evaluation focuses on the experiential and
behavioural aspects of the interaction rather
than purely technical performance.

Particular attention is paid to:

e the clarity and legibility of the interac-
tion between the body and the space

e the coherence between movement char-

acteristics and spatial responses

* the emergence of exploratory or playful
behaviour among participants

e the extent to which the system fosters a
sense of reciprocity between the partici-

pant and the surroundings

These observations provide insight into how
interactive architectural systems can influence
bodily behaviour and spatial perception, and in-
form the further refinement of interactive de-
sign

Page 21



DELIMITATIONS

This research operates within several conceptu-
al, methodological, and technical limitations that
define the scope of the investigation.

1. FOCUS ON HUMAN MOVEMENT

First, the study focuses specifically on human movement as the
primary interface for spatial interaction, using dance as a rep-
resentative form of expressive bodily motion. Although other
forms of interaction, such as voice or touch, could also be ex-
plored, these fall outside the scope of this research.

2. FOCUS ON SPECIFIC SENSORY OUTPUTS

Second, the research focuses on specific sensory outputs, particu-
larly visual, auditory, and kinetic responses, such as light mod-
ulation, projection, and mechanical movement. Other sensory
modalities, including smell, temperature, or tactile feedback, are
recognized as relevant to a multisensory architectural experience
but are not implemented at this stage due to technical limitations.

3. PERFORMATIVE INSTALLATION AT SMALL SCALE

Third, the project is developed as a performative installation rather
than a full-scale architectural building. Experiments are conduct-
ed on a small scale. The findings should therefore be understood
as a conceptual exploration of interactive architectural behaviour
rather than specific construction solutions.

4. TECHNOLOGICAL IMPLEMENTATION

Fourth, the technological implementation relies on available mo-
tion tracking systems, including Kinect, MediaPipe, and Touch-
Designer. Although these technologies enable real-time interac-
tion and quick prototyping, they present limitations in terms of
tracking accuracy, environmental sensitivity, and computational
complexity.

5. NOT A COMPLETE SYSTEM

Ultimately, the research does not aim to create a broadly applicable
interactive system. Instead, it proposes a conceptual and experi-
mental framework for understanding how architecture could func-
tion as a performative spatial agent capable of sensing, interpret-
ing, and responding to human movement, pushing architectural
thinking beyond static forms.

INTERACTIVE
ARCHITECTURE

Figure 6.:Research Delimitations Diagram (Author,
2026)

©
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1. FOCUS ON HUMAN
MOVEMENT

Movement (dance) is the
primary interface.

2. FOCUS ON SPECIFIC
SENSORY OUTPUTS

Visual, auditory and kinetic
responses are explored.

3. PERFORMATIVE
INSTALLATION AT SMALL
SCALE

Experiments are conducted
on a small scale.

4. TECHNOLOGICAL
IMPLEMENTATION

Relies on available systems
with technical limitations.

5. NOT A COMPLETE SYSTEM
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experimental framework,
not a complete
autonomous system.



THEORETICAL
GROUNDING

Contemporary architecture is experiencing a
fundamental transformation that goes beyond
the traditional understanding of space as a
static object. Continuous development of Infor-
mation and Communication Technology (ICT)
has pushed the boundaries of architectural de-
sign towards dynamic systems, which enabled
the emergence of intelligent, responsive and
interactive environments, where buildings and
installations become active participants in com-
munication with humans. This shift represents a
deflection from architecture as “hard” construc-
tion to architecture as an environment of behav-
iour, response and information sharing. (Lee et
al., 2021) While stability, control and durability
are represented in traditional spaces, the con-
temporary approach is progressively character-
ised by change, adaptation and reaction, not only
within the technological framework, but also in
the way of thinking and understanding. Archi-
tectural space thus ceases to be a backdrop and
becomes an actor/partner in interaction with
humans. It is in this context that the question
arises of how movement and the body, the fun-
damental carriers of human presence, can be
understood as a language of communication
with space. The answer lies in the intersection
of architecture, performative art and interactive
design. The master’s thesis, therefore, aims to
research interactive architecture in relation to
dance, which becomes a medium through which
anew form of relationship among body, technol-
ogy and space is explored.
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The Cybernetic Ontological Shift

The shift from “hard” architecture as a stable
structure towards behavioural architecture is
theoretically supported by cybernetics, a theory
that considers the environment to be a system
of communication, regulation, and adaptation
rather than the sum of immutable objects. Pask
(1969) redefines architecture as a “compila-
tion of active systems” rather than a static ob-
ject of matter consisting of isolated technical
“tools.” Architecture and cybernetics both have
a common focus on organising relationships
between humans and the environment through
teedback and adaptation. Architects function
in this framework as “systems designers” that
orchestrate the invisible properties of develop-
ment, communication, and control. They create
a system that senses, interprets, and responds
to changing conditions, including human move-
ment, making the spatial experience constantly
negotiated rather than predetermined. As a re-
sult, traditional architectural functionalism is
refined into “mutualism,” which defines the envi-
ronment not as a tool but rather as a cooperative
space where the user can “externalise their men-
tal processes” (Pask, 1969). The integration of
second-order cybernetics broadly reinforces the
theoretical basis for the position of the designer
and participant/observer as part of the process
of self-organisation of the system (Fischer and
Herr, 2019). Movement and the body become
a “language” of communication with space, in
which output (architectural response) becomes
new input (human perception and behaviour),
creating a continuous cycle of exchange (Pask,
1969).

human

movement
sensing
human technologies
perception

computational

spatial interpretation

response
(light/sound/movement)

Interactive architecture

According to Lee et al. (2021), interactive archi-
tecture can be understood as an extension of an
intelligent environment defined by a constant
dialogue between Interactive behaviour (IB) and
collective behaviour (CB). Interactive Behav-
iour represents visible changes such as physical
transformation of forms or the modification of
the environment (changes, movements), while
Collective behaviour can be explained as a hid-
den sensing, thinking and controlling processes
that process information and conduct IBs (p.2).
Responsive and kinetic architectures function as
transitional models in the evolution of interac-
tive environments and represent intermediate
steps towards the behavioural and communica-
tive properties of physical systems.

Responsive architecture operates primari-
ly through reflexive mechanisms: it alters its
form or atmospheric characteristics based on
environmental data and predefined parameters,

functioning through an unidirectional stimulus—
response logic. Its Interactive Behaviours (IBs)
include mechatronic actions such as delta-robot
kinematics, material adaptations through Shape
Memory Alloys (SMAs) or other smart mate-
rials, spatial adjustments in geometry, colour,
or light. Meanwhile, its Collective Behaviours
(CBs) encompass environmental sensing (tem-
perature, humidity, sun-tracking) and control
mechanisms. Internal, when the system self-ad-
Jjusts based on stimuli like CO, or precipitation,
and external, when decisions are governed by
centralised computation and algorithmic feed-
back loops. While these systems successfully
translate environmental information into phys-
ical change, they remain largely reflexive (Lee et
al., 2021). The environment reacts to stimuli but
does not yet engage with its users.

The distinction between these behaviours can be

fundamentally reinforced by shifting the concep-
tual framework towards second-order cybernet-
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ics. While responsive systems typically operate
on first-order cybernetic principles, using linear
feedback loops to maintain environmental con-
stants, interactive behaviour represents a transi-
tion to circular causality, where the environment
and user are included in a single, self-organis-
ing system. In this regard, true interactivity is
characterised by a transition from what Heinz
von Foerster defines as a “trivial machine” to a
“non-trivial machine.” A trivial system is charac-
teristic of simple reactive architecture and per-
forms predictable, one-way responses to specific
triggers. In the other case, a non-trivial architec-
tural system has internal conditions or memory
that change with each interaction, which means
that its subsequent outputs depend not only on
the current inputs, but also on the prior record
of its interactions with the user.

A mutualistic environment, in which the build-
ing is no longer just a tool but a cooperative
partner, facilitates a dialogue loop in which the
system perceives the affective nuances of human
movement, transforms its own internal state,
and produces a kinetic response that serves as
new input for the user. Mun (2023) points out
that this form of interactivity is cyclical, bidi-
rectional, and affective, involving a continuous
exchange of energy, information, and meaning.

(p- 8-9).

Kinetic architecture further expands respon-
siveness into a spatial and expressive dimension.
Utilising mechanical and movable structures
that often metaphorically evoke biological pro-
cesses, such as folding, breathing, or transform-
ing forms that suggest life and movement. Its
IBs involve structural adaptivity through fold-
ing mechanisms, kinetic skins, retractable units
or smart material deformations. Advanced ac-
tuation and sensing networks are included in
CBs, which are often scenario-based, integrating
physical performance with computational simu-
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lation. Even though kinetic architecture extends
responsiveness beyond purely environmental
adaptation and introduces movement as a com-
municative and performative act, its motion is
typically predefined and functional rather than
interpretive. The system, therefore, exhibits mo-
tion but not yet intention.

The transition toward true interactivity emerg-
es at the intersection of these two paradigms.
From responsive architecture, interactivity has
inherited its capacity for sensing, adaptation,
and data-driven control. From kinetic architec-
ture, it has adopted embodied motion and spatial
expressivity. A key distinction of true interac-
tivity is the autonomy that enables independent
actions and adapts when there is no direct inter-
action input, through its internal logic, embed-
ded algorithms, or randomised processes (Mun,
2023). To achieve the status of a partner, archi-
tecture must comply with the principle of neces-
sary diversity to ensure its internal complexity
matches the diversity of human behaviours it
seeks to engage. The system no longer reacts in
isolation but enters into a circular dialogue with
the user, perceiving, interpreting, and trans-
forming its responses according to the qualities
of human movement. This marks a shift from
architecture as an adaptive object to architecture
as a performative subject. A space is capable of
sensing the affective nuances of motion and ex-
pressing its own rhythm in return.

RESPONSIVE ARCHITECTURE

(stimulus » reaction)

\

»

sensor actuator

KINETIC ARCHITECTURE

(mechanical movement)
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Figure 7.:Responsive, Kinetic, and Interactive
response

Architecture Comparison (Author, 2026)



Embodied interaction and body per-
formativity

The traditional approach to technology was
based on the principle of control wherein the
user enters the system via an interface, enters
commands, and obtains results. This “input—out-
put” model is typical for human-computer in-
teraction (HCI) and treats the environment as a
passive recipient of instructions (Mun, 2023). In
architectural research, however, this paradigm
is increasingly being replaced by the concept of
embodied interaction, which refers to how hu-
man cognition, perception, and action are real-
ised through the physical body. Unlike the tra-
ditional model of computer control based on
visual commands, embodied interaction empha-
sises movement, gestures, rhythm, and physical
presence. In this sense, the logocentric Cartesian
paradigm of ,I think, therefore I am® is shifted
by prioritising embodied experience into ,I ex-
perience, therefore I am* (Simanowski, 2011).

Interactive installations serve as a medium in
which “the body becomes an interface.” (I'leis-
chmann and Strauss, 1995, as cited in Simanowski
(2011). Here, interaction is not merely a cogni-
tive act, but a sensory and affective process. The
body is a source of both data and meaning. David
Rokeby already applied this principle in his work
Very Nervous System (1982-1990), where the
body becomes an interface and music a direct re-
sponse to movement. Rokeby points to the need
for intuitive interaction that balances technolog-
ical rationality with sensuality and physicality.
(Simanowski, 2011). In this spirit, the dancer’s
movement serves as an ideal medium for explor-
ing this relationship. The dancer’s movement is
not simply functional, physical activity or a tech-
nical input, but a form of conscious movement,
an alternative language that conveys intention,
rhythm, and mood. When architecture becomes
a partner in this dialogue, a spatial performance
emerges, a space that responds, feels, and com-
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municates alongside the performer.

This transition from command-based interac-
tion to embodiment-based interaction repre-
sents a significant change from controlling the
environment to connecting with it. In design
cybernetics, systems are understood as influ-
encing one another through reciprocal, circular
interactions, in which meaning and behaviour
arise from the relationships among components
rather than from unidirectional manipulation
(Fischer and Herr, 2019). As a result, the dancer
participates in feedback characterised by looped
causality. Mutualism views the artist and the
environment as engaging in a cooperative di-
alogue, where each action is a response to the
previous state (Pask, 1969).

In this loop, the dancer’s movement becomes
immediately perceptible to the body, shaping
the quality and intention of the next movement,
rather than creating a spatial response that
merely serves as an output. It creates a genera-
tive process where the body and the environment
adapt to each other in real time. True embodied
interaction allows it to perceive affective nuanc-
es and respond as an autonomous performative
subject. This constant process of perception,
transformation, and response ensures that inter-
action is not just a collection of isolated trig-
gers, but a shared act of transformation between
the person and the architectural surroundings.

Figure 8.:Embodied Feedback Loop (Author, 2026)

the body perceives and intends

meaning emerges through embodied experience

A continuous dialogue where body and space adapt to each other. Meaning emerges through
embodied experience



acts with
intention

the space co-acts. It responds, transforms and shapes atmosphere

meaning emerges from the interaction

A choreography between body and architecture. The space is not passive, it performs with you.

Performative Architecture and Poetry
of Interaction,

Interactive architecture builds on the concept of
performativity, understanding architecture as an
action, not as an object. Every change in light,
every movement of a wall, or change in tone of
sound is an act that has both a visual and a se-
mantic dimension.

This conception of architectural behaviour is
in line with Meagher’s theories of responsive
architecture, where building elements become
dynamic interfaces between environmental con-
ditions and human activity, and thus design not
only gains meaning through technical perfor-
mance, but also by detecting patterns of human
activity. As Meagher (2015) argues, responsive
building elements can act as expressive compo-
nents that mould changing environmental con-
ditions and reveal the “choreography” of spatial
behaviour within the built environment (p. 162).
The systems translate environmental or resi-
dents’ behavioural changes into spatial transfor-
mations through mechanisms of sensing, calcu-
lation, and activation. In this sense, architecture
functions as a feedback-based system that is ca-
pable of adapting to external stimuli and inter-
nal patterns of use, so that the environment can
actively participate in creating the spatial expe-
rience, rather than only providing a passive stat-
ic backdrop for human activity (Meagher, 2015).
Such feedback relations between user behaviour
and spatial response correspond to the cybernet-
ic models of interaction, in which the surround-
ings and inhabitants constantly and mutually
influence each other.

Simanowski (2011) points out that a performa-
tive environment must balance immersion and
distance: immersing the participant in the ex-
perience, but at the same time allowing them
to reflect (p. 9). This balance distinguishes ar-
chitectural performance from a purely technical

Figure 9.:Body and Architecture as Co-Performers

(Author, 2026)

attraction. Mun (2023) takes this aspect further,
claiming that interaction acquires a cognitive
and affective dimension if it allows a person to
feel meaning and agency. A space that responds
with a certain degree of unpredictability creates
amoment of surprise and discovery (p. 11). Mun
(2023) talks about the strategy of “imperfection
to emergence” that is, the deliberate integration
of uncertainty that encourages curiosity and en-
gagement, providing an open-ended approach,
personal association, controlled and out-of-con-
trol elements generally providing unpredictabil-
ity (p. 20-22). This principle is evident in many
works of interactive art, for instance, in the in-
stallation Rain Room (Random International,
2012), where sensors turn oft the rain around
the visitor. Although the system works precisely,
the result is poetic: a person stands in the rain
and does not get wet. Technological precision
creates an emotional paradox that transforms an
ordinary experience into an introspective mo-
ment. (p. 49-50)
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Multisensory Perception and Spatial
Atmosphere,

Spence (2020) points out that 20th-century ar-
chitecture was long affected by oculocentrism,
an emphasis on the visual aspect at the expense
of other senses. More than half of the cerebral
cortex processes visual stimuli, but sensory ex-
periences are, in fact, complex and interconnect-
ed. As a result of the unifocal approach, many
spaces have become psychologically unbalanced.
Ignoring sound, touch, or smell can lead to Sick
Building Syndrome or sensory deprivation (p.
2). On the contrary, multisensory architecture
understands space as a synesthetic system. Sen-
sory congruence, harmony between the individ-
ual modalities, is crucial (p. 16). Bochme (2016)
refers to this combination of sensory and emo-
tional qualities as atmosphere, an invisible field
that shapes our relationship to space (p. 14). Ac-
cording to Spence (2020), sensory congruence is
key, representing harmony between individual
modalities, and is therefore crucial. If the visual,
auditory, and haptic levels support each other, a
fluid and positive experience is created. If they
diverge, cognitive dissonance occurs. Therefore,
interactive spaces must consider the choreog-
raphy of the senses, how light reacts to sound,
how sound affects the rhythm of movement,
and how warmth and touch modulate mood (p.
16-18). This principle is perfectly illustrated by
the Mapped Empathies project (Requena, 2018),
where sensors detect visitors’ heartbeats and
transform them into a symphony of light and
sound. The space becomes an emotional organ-
ism that responds to the collective rhythm of
the bodies present. It is architecture, it is dance,
as a rhythmic and physical form of perception,
that allows this harmony to be recognised and
transmitted. When body movement is projected
into a change in light, sound, or material, archi-
tecture is created as a synesthetic experience, a
bridge between perception and emotion.
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This approach can be further understood if we
consider sensory congruence to be a design lim-
itation of interactive environments. When we
understand interactive space as an environment
that communicates through various dynamic
outputs, such as light, its intensity, acoustic feed-
back, or material transformations, then we can
see that the semantic coherence of these outputs
determines whether the system is perceived as
comprehensible or confusing, as a source of cog-
nitive dissonance for the body. This perspective
resonates closely with the emphasis in design
cybernetics, which considers interaction to be
a “negotiated process” of feedback between the
system and the user (Fischer and Herr, 2019).
Under these conditions, a system that produces
unstable or contradictory responses eftectively
disrupts the bidirectional dialogue or interac-
tion loop, which reduces the clarity of commu-
nication and the feeling of residents that they
have influence over their environment (Fischer
and Herr, 2019). Conversely, when sensory out-
puts are harmonised with movement character-
istics and atmospheric intention, interactivity
becomes readable. This intelligibility allows ar-
chitecture to exceed its role as an unpredictable,
machine-like responder and instead function as
an expressive partner in a shared spatial perfor-
mance.

Social Dimension,

Interactivity has not only an individual but also
a social dimension. Miccoli, Bakogianni and Fa-
tah gen. Schieck (2015) showed in their study
Breathing Display that responsive environments
in urban spaces can create new forms of social
cohesion. Their installation, which responded
to the presence of passers-by with breathing
movements was built on the concept of shared
encounters, ,the interaction between two people
or within a group where a sense of performa-
tive co-presence is experienced by mutual rec-
ognition of spatial or social proximity” (Wills

et al.,2010, as cited in Miccoli et al.,, 2015), and
demonstrated a phenomenon called the hon-
ey-pot effect when people joined when they saw
others interacting (Brignull and Rogers, 2003,
as cited in Miccoli et al., 2015). Architecture un-
derstood in this way becomes a social catalyst.
It enables spontaneous encounters, a sense of
belonging, and shared experiences. In contrast
to traditional urban objects that regulate behav-
iour, interactive installations relax the rules and
encourage playfulness. From the perspective of
architectural experience research, this means
that space can be a mediator between people. It
creates situations that are not only aesthetic but
also social. The architect thus becomes a curator
of relationships, not just shapes.

Beyond the experiential and social dimensions
mentioned above, interactive architecture can
also be understood and interpreted as a systemic
and processual phenomenon that operates with-
in broader urban and technological networks
(Romero and Leal, 2022). The social dimension
of interactive environments could also be inter-
preted through a cybernetic lens that perceives
architecture as a mediating system within a
broader social ecology (Fischer and Herr, 2019).
Pask (1969) argues that architects are paying
increasing attention to the nature of organisa-
tional and behavioural systems, suggesting that
architecture cannot exist detached from the dy-
namics of human communication and collective
behaviour (p. 70). In responsive settings, this
systemic interaction necessitates the manage-
ment of complexity, which cybernetic theory
describes through Ashby’s Law of Requisite
Variety (as cited in Fischer and Herr, 2019). Fol-
lowing this principle, a control system, such as
an interactive building, remains stable as long as
its internal capacity to respond corresponds to
the diversity of environmental and social con-
ditions it encounters (Sdez Vacas, 1991). This
understanding of systems aligns with Vidler’s

(1977) “Third Typology,” in which architecture
is described not as an isolated object but rath-
er as a component defined by its connections to
the urban environment (as cited in Romero and
Leal, 2022, p. 1). Furthermore, models such as
“Shearing Layers of Change” highlight the tem-
poral differences between permanent structur-
al elements and rapidly evolving technological
components (Meagher, 2015). By reflecting this
dynamic relationship and taking these changes
into account, architecture opens up the possi-
bility of using participatory design methods,
in which inhabitants become key actors in the
process of the constant transformation of their
surroundings. (Romero and Leal, 2022). Inter-
active spaces sensitive to group dynamics serve
as tools for social coordination through the gen-
eration of collective stimuli and experiences.
Through this process, interactivity can foster a
sense of belonging and shared presence. From
this perspective, architects become less design-
ers of fixed forms and more creators of relation-
al arrangements, where rules of interaction and
tfeedback influence how people encounter each
other in space (Pask, 1969).

Gestures, movement qualities and in-
terpretation,

Research by Fehr and Erkut (2015) in the Licht-
Gestalt project provides an important theoret-
ical framework for understanding the relation-
ship between gesture, movement quality, and
spatial response. The authors use Laban Move-
ment Analysis (LMA), which allows gestures
to be classified according to four parameters:
Activity, Energy, Directivity, and Consistency
(p-3). These parameters are a tool for translat-
ing movement into data that carries information
about expression and intention. Laban’s model
functions here as a “grammar”. It allows us to
read bodily expression not as a random signal,
but as a structured language of interaction,
whose syntax can be implemented into an ar-
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chitectural system through light, sound, or ki-
netics. From this perspective, gesture becomes a
way of communicating with space. The quality
of movement determines the quality of the sys-
tem’s response. If the movement is fluid and fo-
cused, the response may be soft and continuous.
If it is jerky and energetic, the space may re-
spond with a faster rhythm or a change in inten-
sity (p. 2). Fehr and Erkut (2015) point out that
it is precisely this relationship between physical
expression and the modality of response that is
the key to the transition from pure technologi-
cal responsiveness to performative interactivity
(p- 1). That builds a situation in which gesture
and space become equal partners in dialogue.
Empirical support for this principle is provid-
ed by the Breathing Display study (Miccoli et
al.,, 2015), which examines how different types
of interactive system responses are reflected in
people’s behaviour and interpretation in space.
The installation simulated “breathing” through
changing movements and light intensity, with
the authors testing three response variants: 1)
a smooth change in movement intensity accord-
ing to the distance of the person, 2) stopping
movement when approaching, 38) activation of
movement only when presence is detected. The
results showed that it was the smooth, gradually
changing response that elicited the highest level
of engagement and physical interaction. Peo-
ple intuitively reacted, slowed down, stopped,
or mimicked the rhythm of “breathing”. How-
ever, suddenly turning the movement on or off
seemed technical and disruptive, losing the sense
of continuity between the body and the environ-
ment. The authors interpreted this as evidence
that the quality of timing and gradation of re-
sponse fundamentally influences the way a per-
son perceives an interactive space, either as a
living organism or as a mechanical object (Mic-
coli et al., 2015). Combining both studies pro-
vides a comprehensive view of interaction. Fehr
and Erkut show how gestures can be translated
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into data and system behaviour, while Miccoli et
al. reveal how qualitative characteristics of re-
sponses retroactively shape the interpretation of
gestures. Together, they suggest that interactive
architecture should work with the dynamics of
response as an expressive element, that the tim-
ing, intensity, and fluidity of the response are as
important as the content or technology of the
response itself. From this perspective, architec-
ture becomes a choreographer of sensory and
motion responses. The environment responds to
the dancer’s gesture, but at the same time offers
a rhythmic and emotional framework that influ-
ences their further movement. The gesture is
therefore not only an entry into the system, but
also a mirror of one’s own expression. Its inter-
pretation arises in a constant exchange between

the body and space

Cognitive metaphors,

Human understanding of space is deeply root-
ed in metaphorical thinking. Pitt and Casasan-
to (2022) explain Lakoff and Johnson’s (1980)
theory of conceptual metaphors (CMT), which
holds that human thinking is deeply anchored in
spatial images: up is good, right is the future, left
is the past (p. 2). These so-called CORE prin-
ciples (Correlation in Experience) are universal
frameworks that influence how we intuitively
read movement and orientation and shape our
emotional response (p. 10). In interactive archi-
tecture, this theory has practical implications as
it supports the cognitive fluency and compre-
hensibility of the system. Upward movement
is often associated with positive tension, tran-
scendence, or a feeling of euphoria, while hori-
zontal movements express the passage of time,
continuity, and permanence (p. 4-6). Architec-
ture that works with dance can consciously use
these mental metaphors and transform abstract
concepts into physical gestures. This approach
allows for the creation of spaces in which move-
ment becomes a visual and acoustic translation

of thinking, a space that “thinks” in metaphors,
thus stimulating cognitive activity and promot-
ing introspection. Architecture that “dances
back” allows the user to perceive their move-
ment as part of a larger mental space

Precedents of an interactive environment

The following precedents are analysed to demon-
strate how interactive environments transform
human behaviour into responsive spatial phe-
nomena. Rather than serving solely as stylistic
references, these projects are examined through
the analytical lens of the sensory—cognitive—ex-
pressive interaction framework developed in this
paper. Chosen projects serve as conceptual refer-
ences that illustrate how responsive architectur-
al systems mediate relationships among human
movement, technological processes, and spatial
atmosphere. Responsive spatial systems, includ-
ing embodied gesture, collective participation,
affective sensing, and kinetic spatial expression,
are demonstrated by individual installations.
Their examination reveals integration of sens-
ing technologies, computational interpretation,
and spatial response in interactive environments.
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VOICE + MOVEMENT INPUT

COMPUTATIONAL INTERPRETATION

KINETIC EXPRESSION

Figure 10.:Precedent Diagram: Voice and Move-
ment Input (Author, 2026)

Embodied interaction and Gesture

Messa di Voce
Golan Levin and Zachary Lieberman (2004)

Messa di Voce is an interactive audiovisual in-
stallation that investigates how bodily expres-
sion and vocal performance can be translated
into responsive visual environments.

The piece Messa di Voce (2003), created by Go-
lan Levin and Zachary Lieberman, sets a prec-
edent in the field of performative interactivity
through the conceptual framework of “In-Situ
speech visualisation.” The project explores the
question of what speech might look like if it
could be perceived visually and proposes a form
where graphic representations of sound emerge
directly from the speaker’s mouth (Levin and
Lieberman, 2004). The installation integrates re-
al-time capture, speech analysis, and generative
graphics to create a tight connection between
the performer’s body, voice, and visualisations
such as fluid simulations, elastic meshes, and
particle systems. The system tracks head posi-
tion and body orientation, while simultaneously
extracting parameters such as pitch, volume, and
spectral content to ensure a spatio-temporal link
between the body and its digital extension (Lev-
in and Lieberman, 2004). Instead of functioning
as a passive projection surface, the environment
becomes an interactive medium through which
the performers can influence the visual elements
generated by their own sound production.

A characteristic of this work is that the visual
elements not only represent sound but also
function as interactive interfaces. During certain
parts of the performance, graphic objects gen-
erated by vocals can be manipulated by the per-
formers’ bodies or shadows, creating a feedback
loop between voice, movement, and visual re-
sponse. Through this mutual interaction, Messa

di Voce demonstrates how reactive systems can
interpret bodily expression and transform it into
spatial behaviour.

The project thus highlights the potential of
sensing, computational interpretation, and visual
expression to form a feedback loop between the
human body and its digital environment, fore-
casting the interactive principles on which inter-
active design systems are based.
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HUMAN MOVEMENT

COMPUTATIONAL INTERPRETATION

KINETIC EXPRESSION

Figure 11.:Precedent Diagram: Human Movement
and Kinetic Expression (Author, 2026)

Relational Interaction and Collective
Behaviour

No One Is an Island
Random International and Studio Wayne
McGregor (2020)

No One Is an Island is a multidisciplinary instal-
lation that explores how computational systems
can interpret human movement and translate it
into kinetic spatial behaviour.

No One is an Island is a multidisciplinary instal-
lation produced by Random International in col-
laboration with Wayne McGregor’s studio. First
presented in 2020 with the support of BMW
i and Superblue. The project blends sculptural
installation, choreography, and digital media to
explore the relationships between human move-
ment, artificial intelligence, and automated sys-
tems (Random International, 2020).

At the centre of the work stands a kinetic sculp-
ture titled Fifteen Points / II, which explores
how minimal visual information can evoke the
perception of the human body in motion. The
installation explores how a small number of
moving points can suggest human behaviour
and examines the threshold at which viewers
recognise an animated form as human (Random
International, 2020).

The installation is complemented by choreo-
graphed performances by dancers from Studio
Wayne McGregor, whose movements conceptu-
ally interact with the sculptural system and ex-
tend its exploration of the relationship between
human and mechanical motion. Through this
interaction, the project reflects on the ongoing
dialogue between embodied human action and
computational interpretation (ArtReview, 2020).

The No One Is an Island project illustrates,
within the context of interactive environments,
how computational systems can reinterpret hu-
man movement and translate it into expressive
mechanical behaviour. In this way, the project
highlights the role of algorithmic processes as
mediators of relationships between human bod-
ies, technological systems, and spatial percep-
tion. Using the interactive framework developed
in this research, the installation demonstrates
how bodily movement can be analysed and
transformed through computational interpre-
tation, subsequently expressed through kinetic
spatial systems.
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BIOMETRIC SENSING

COMPUTATIONAL INTERPRETATION

LIGHT + SOUND SPATIAL RESPONSE

Figure 12.:Precedent Diagram: Biometric Sensing
and Spatial Response (Author, 2026)

Mapped Empathies
Estudio Guto Requena (2018)

Mapped Empathies is an interactive installation
that explores how biometric data, such as heart-
beat, can be translated into audiovisual spatial
responses, revealing emotional connections be-
tween participants.

The work Mapped Empathies (2018), created by
Estudio Guto Requena in Sio Paulo, represents
a precedent in the field of “performative urban
furniture” that uses biometric data to foster
meaningful shared spatial experiences (Requena,
n.d.). Installed as a public bench, the project in-
vites visitors to interact with sensors built into
the structure. Participants place their fingers on
biometric sensors that record their heart rate,
which are then processed through generative
music software and translated into a synchro-
nised symphony of light and sound. This tech-
nical setup illustrates a sensory-cognitive-ex-
pressive loop where the sensory layer registers
the heartbeat, the cognitive layer (software) in-
terprets this biological input, and the expressive
layer materialises it through multimodal atmos-
pheric transformations.

The installation investigates how digital tech-
nologies can expose and strengthen emotional
bonds between individuals in public spaces. Each
participant’s heartbeat is recorded in real time
and transformed into audiovisual patterns that
other users within the installation can perceive.
Through this process, internal physiological
signals become part of a collective spatial expe-
rience, allowing participants to sense the emo-
tional rhythms of others within a shared setting
(Requena, n.d.).

The theoretical significance of the project lies
in its ability to transform an architectural in-
tervention into “a large sculpture of emotions,”

thereby blurring the ontological boundaries be-
tween physical infrastructure, digital technolo-
gy, and human emotion. Through the visualis-
ation and sonification of inner bodily conditions,
the installation contributes to a mutualistic
principle in which participants are connected
through a shared, immersive sensory experi-
ence. This aligns with Bohme’s (2016) concept
of atmosphere as the temple-like form and har-
monic feedback create a contemplative environ-
ment that modulates the collective mood of the
public space.

Mapped Empathies ultimately demonstrates
how architecture can exceed its role as a static
container and become an “emotional organism”
that actively participates, using biometric sens-
ing to generate interactive spatial behaviour.
The design illustrates how sensors register sub-
tle physiological signals, which are then trans-
lated and interpreted through environmental
change. This installation emphasises how reac-
tive environments can transform human emo-
tions into spatial phenomena.
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PRE-PROGRAMMED MOTION LOGIC

KINETIC CONTROL SYSTEM

DYNAMIC MOVEMENT

Figure 13.:Precedent Diagram: Pre-Programmed
Motion Logic (Author, 2026)

Kinetic, Atmospheric and Expressive
Spatial Systems

Shylight
Studio Drift (2014)

Shylight is a kinetic light installation that inves-
tigates how choreographed movement and illu-
mination can transform the atmospheric percep-
tion of architectural space.

Shylight is a kinetic light installation created
by the design studio Studio Drift in Amster-
dam. The installation features suspended silk
luminaires that move in an architectural space
according to pre-programmed, choreographed
pattern sequences. Using a system of robotic
mechanisms, each light element unfolds, drops
down, and closes again, creating a dynamic in-
terplay between light, movement, and the per-
ception of space (Studio Drift, n.d.)

The design concept was inspired by the natural
phenomenon of nyctinasty, a biological event
in which specific flowers open and close in re-
sponse to environmental conditions. Turning
this natural process into mechanical movement,
the artwork experiments with how artificial ob-
Jjects can mimic organic motion and communi-
cate emotional or atmospheric qualities (Studio
Drift, n.d.).

Located in the Philips Wing of the Rijksmuse-
um in Amsterdam, the dynamic sculptures create
a constantly changing spatial experience. As the
silk structures slide down and unfold, their il-
luminated surfaces create shifting light patterns
that alter the appearance of the architectural
space (Yatzer, 2015). Consequently, the installa-
tion operates as a performative spatial system in
which movement and light collaborate to shape
the audience’s perception of the surroundings.

Shylight is an example of how a kinetic lighting
system can be used as a creative tool for reshap-
ing a spatial atmosphere. It demonstrates that,
through choreographed and pre-programmed
movement and light, architecture can trans-
form static interiors into dynamic environments
where spatial perception and experience evolve
over time.
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PRE-PROGRAMED PARAMETRIC INPUT

SYSTEM CHOREOGRAPHY

LARGE-SCALE KINETIC PERFORMANCE

Figure 14.:Precedent Diagram: Large-Scale Kinel-
ic Performance (Author, 2026)

Heavenly Symphony
Skyform Studio (n.d.)

Heavenly Symphony is a large-scale kinetic
lighting installation that demonstrates how co-
ordinated motion and programmable illumina-
tion can generate dynamic spatial environments.

Developed by Skyform Studio, Heavenly Sym-
phony is a large-scale kinetic installation that
explores how coordinated movement and light-
ing can transform an architectural space. The
installation is built of an array of suspended
light units controlled by programmable motors,
allowing each one to move independently, ver-
tically while creating pre-programmed spatial
and visual effects. Using synchronised move-
ment and colour variations, the installation cre-
ates gradually varying spatial patterns across
the ceiling above the exhibition space (Skyform
Studio, n.d.).

It works as a dynamic spatial composition in
which light and movement are harmoniously
choreographed to create flowing formations,
ornamental patterns, and fluid geometries, cre-
ating the impression of a constantly changing
“living canvas” within the architectural environ-
ment.

How interactive technological systems can
transform the perceptual experience of space is
illustrated by the installation that fuses kinetic
movement with programmable LED lighting.
The transformation of this complex structure
creates a dynamic ambience that adapts to pro-
grammed sequences, time, or the context. Heav-
enly Symphony is an example of a kinetic light-
ing system that operates as an expressive spatial
medium able to transform static architectural
interiors into dynamic and engaging environ-
ments.
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In the selection of projects, we can observe how
spatial environments simultaneously intercon-
nect, interpret, and alter information, which
consequently affects and transforms human ac-
tions into spatial behaviour. Interactive environ-
ments do not act as a passive backdrop for ac-
tivity. Instead, they behave as dynamic systems
in which sensory technologies, computer inter-
pretation, and expressive spatial media create a
continuous feedback loop between the body and
space. Within the examined projects, three fre-
quently recurring operational principles can be
identified.

1. Sensory detection of human activity.

The interactivity of the environment relies on
sensory mechanisms capable of detecting phys-
ical presence and behaviour using parameters
such as movement, gestures, voice, or biometric
signals. These sensory inputs allow the system
to register the human action as dynamic data
sources, thus transforming the physical body
into an actively participating element of the
spatial system.

2. Computational translation and interpretation.
The captured inputs are computationally pro-
cessed, and subsequently, behavioural patterns
are interpreted and eventually translated into
structured responses. Through this computa-
tional layer, technological systems act as me-
diators that transform raw sensory data into
meaningful spatial actions and generate behav-
iour that mimics independent thinking or deci-
sion-making.

3. Expressive spatial response.

The interpreted data are further expressed
through physically perceptible spatial media
such as light, sound, movement, or kinetic ele-
ments. Such outputs constantly reshape the ex-
periential qualities of the environment, creating
a dynamic atmosphere and spatial behaviour that
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respond in real time to human presence.

Taken together, this set of principles confirms
that interactivity in architectural design does
not function as a single technological mech-
anism, but as a layered system in which per-
ception, interpretation, and spatial expression
operate as co-dependent processes. This under-
standing is the conceptual core of the senso-
ry-cognitive-expressive framework of interac-
tive architecture proposed in this thesis.

Layered model appropriation

There is a clear demand for a structured frame-
work when interactive architecture is concep-
tualised as a complex socio-technical system.
Interactive spaces are not perceived as being
controlled by a linear cause-and-effect mech-
anism, but rather as interconnected processes
spanning perception, cognitive interpretation,
and spatial expression. These layers interact
recursively, with stimulations being processed
through cognitive layers and translated into be-
havioural and spatial responses. This approach
is consistent with the cybernetic theories of
Séez-Vacas (1991), who argues that technologi-
cal systems should be understood at several lev-
els of complexity, specifically when human and
social factors are involved, because technological
innovation does not exist outside these interact-

ing layers (p. 1).

While his research focuses on office automation,
the underlying system principle is transferable
to interactive spaces. The positioning of archi-
tecture as a system integrating technological
processes with physical experience forces a shift
from simplifying linear interpretations to a com-
prehensive model that, instead of searching for a
single cause, reflects the nonlinear and dynamic
layering of mutual influences. This approach in-
spires the sensory-cognitive-expressive frame-
work outlined below as a practical method for
describing how interactive architecture becomes

readable and meaningful through the interde-
pendent layers of the system.

Towards a holistic model of interac-
tive architecture,

Interactive architecture can be understood as a
complex socio-technical ecosystem of behav-
iours in which physical, digital, sensory, and
affective layers intersect. As discussed earlier in
this paper, such spaces operate through feedback
between human behaviour and sensitive spatial
technologies. An interactive setting is neither
static nor unidirectional in its communication. It
is a dynamic environment in which perception,
interpretation, and spatial expression constantly
affect one another. From this standpoint, a ho-
listic framework that describes how interaction
takes place within multiple interconnected pro-
cesses becomes necessary. This research, there-
fore, introduces a model based on three intercon-
nected layers:

* The sensory layer collects data about the envi-
ronment and human movement through sensors
(movement, distance, speed, sound). This layer
represents the perception of space and its ability
to register events.

* The cognitive layer processes and interprets
this data. It includes computational logics that
analyse patterns of movement, rhythm, and in-
tensity and make decisions based on them. This
is where learning and behaviour prediction take
place, as well as the system’s ability to respond
in a differentiated, non-repetitive manner.

* The expressive layer is the output of the sys-
tem. It materialises behaviour through light,
sound, movement, shadow, or changes in mate-
rial. It represents the communication of space
towards humans.

These layers do not follow a hierarchical princi-

ple but form a continuous feedback loop in which
sensory perceptions, cognitive interpretation,
and expressive spatial output mutually condi-
tion each other. The environment thus becomes
an adaptive system that dynamically reacts to
human movement and builds an authentic recip-
rocal relationship between the body and space.
This cycle can be compared to a living organism,
the architecture “breathes” with the user, creat-
ing a reciprocal interaction. The space reacts,
the person responds, and the response returns
to the system as new input.

This holistic model shifts architecture from an
object to a process of constant exchange. Inter-
activity is no longer a technological add-on, but
a fundamental quality of space that can perceive,
interpret, and express itself. The key aspect here
is the affective dimension, the ability of the sys-
tem to respond not only to presence, but also to
the quality of movement and emotion. Space
thus becomes a co-player that adapts its behav-
iour to the rhythm, energy, and mood of the hu-
man being.

This concept gives rise to several principles that
can serve as a starting point for the design of
an interactive environment based on dance and

physicality:

* Reciprocity and mutuality, interaction must be
two-way: the space perceives and responds at the
same time.

e Fluidity of responses, the system responds
in time, not immediately: there may be a delay
between stimulus and response, which creates
rhythm and tension.

* Sensory congruency, the responses of the
space (light, sound, movement) should be con-
gruent, sensorially harmonised, to create a uni-
tied atmosphere.

Page 47



 Affective variability, the space should have a
range of “emotional modes” that change accord-
ing to the quality of movement or collective dy-
namics.

* Emergent behaviour, the result of interaction,
may not be predictable: the possibility of spon-
taneous emergence of new situations and pat-
terns is important.

These principles form a framework for architec-
ture as a performative environment that thrives
on the exchange between movement, senses, and
technology. Such a space can be understood as
an intelligent body that perceives through sen-
sors, thinks through algorithms, and expresses
its affective state through light or movement.
The holistic model of interactive architecture is
therefore not a definitive typology, but an open
framework for designing environments that
have their own behaviour, rhythm, and mood. It
allows us to create architecture that is not only
functional, but also sensually present and empa-
thetic, architecture that communicates with the
body, responds to it, and becomes its extension.

The sensory, cognitive, and expressive layers
form a cybernetic interaction loop that defines
the interactive relationship between human
movement and responsive architectural space.
Within this framework, the environment per-
ceives the body through sensors, processes and
interprets movement using internal computa-
tional logic, and responds through expressive
spatial transformations such as changes in light,
sound, or mechanical movement. These reac-
tions are subsequently perceived by the body,
shaping further movement and sustaining a con-
tinuous cycle of interaction between human and
environment (Pask, 1969). Drawing on this ap-
proach, architecture is no longer solely a passive
container for human activity but rather an active
participant in the composition of spatial experi-
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ence. Interactive environments serve as adaptive
systems that communicate, respond, and evolve
through embodied interaction. By conceptualis-
ing the proposed model as a continuous feedback
loop rather than a simple sequence of actions,
the framework accommodates key characteris-
tics of interactive architectural systems, includ-
ing reciprocity, fluid responsiveness, affective
variability, and emergent behaviour. In this way,
the sensory—cognitive—expressive model pro-
vides a coherent conceptual structure for under-
standing how spatial interaction acquires mean-
ing through the ongoing, dynamic relationship
among body, system, and environment.

Figure 15.:Expanded Layered Model (Author,

2026)
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Conclusion,

Interactive architecture is positioned within a
broader transformation of architectural think-
ing. The theoretical discussion reveals a funda-
mental ontological shift from the conception of
space as a static, “hard” spatial object toward its
recognition as a dynamic system of relation-
ships between bodies, technologies, and environ-
ments. Drawing on cybernetic theory and inter-
active design, architectural form evolves from
first-order reflexive responses to second-order
circular causality. The architectural medium
leaves behind the predictability and emerges as
a non-trivial performative subject. Within this
paradigm, architecture appears as a bidirection-
al, participatory system that shapes spatial ex-
perience.

Rather than a technological feature added to ar-
chitectural form, interactivity becomes a funda-
mental architectural principle that reshapes the
relationship between the body and space, prior-
itising embodied experience in which the body
serves as both a source of data and a linguis-
tic tool for communication. When movement
is treated as an alternative language, the inter-
action loop reaches an affective and semantic
depth, thereby enabling the participant to feel
a sense of meaning and agency. Concepts such
as performative architecture, multisensory per-
ception, and social interaction demonstrate that
spatial meaning is not produced solely by mate-
rial form, but by the dynamic interplay that can
be reinforced by the principle of sensory con-
gruence. It acts as a systemic limitation of de-
sign to ensure that multimodal outputs of light,
sound, and material kinetics are harmonised into
a legible and immersive atmosphere.

The model of the interactive architecture design
approach, proposed in this thesis, provides a con-
ceptual framework for understanding essential
relationships. By conceptualising interaction as

Figure 16.:Performative Architecture Concept

(Author, 2026)

a layered process of recognition, interpretation
and transformation led by dialogue between
the body, the system, and the environment. Ar-
chitecture thus becomes capable of generating
responsive spatial expressions that evolve and
encourage architects to move from purely stat-
ic proposals to curating dynamic relational ar-
rangements.

Consequently, the proposed sensory—cognitive—
expressive framework formalises this transition
by organising interaction as a continuous inter-
play of stimuli and mutual dialogue. The model
introduces a method for designing adaptive and
communicative environments that are sensitive
to the rhythms of human presence. Architec-
ture as a “living” medium expands experience
boundaries to include the dimensions of empa-
thy, intuition, and unpredictability. Architecture
is no longer a silent witness, but a co-creator of
atmospheric impact.
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EXPERIMENTAL
EXPLORATIONS

Explorations were carried out through a series
of experiments primarily in the computational
realm as part of a research-through-design pro-
cess. Rather than isolated tests, the experiments
were approached as a collection of design probes
through which an understanding of how body
movement, computational interpretation, and
spatial response relate to one another is grad-
ually built. Each investigation tested a specific
aspect of the interactive system, moving from
basic motion detection and data mapping toward
more complex audiovisual, kinetic, and atmos-
pheric feedback, in order to support the thesis’s
goal of understanding architecture as an active
collaborator rather than a passive container. Such
testing contributed to the development of the
framework essential for translating theoretical
concepts, such as embodiment, feedback, spatial
atmosphere, and performativity, into operation-
al design strategies. The process is guided by a
sensory-cognitive-expressive concept in which
movement is first captured, then interpreted
computationally, and finally expressed through
visual, auditory, or kinetic spatial behaviour, in
accordance with the thesis methodology. Each
of these experiments serves as a tool for test-
ing the interplay between the body, computation,
and space. The set of tests was divided into four
phases to illustrate the progression from basic
detection to architectural integration.

In every experiment, motion data necessarily re-
quires calibration before it can be transformed
into spatial behaviour. Each configuration of
the sensor involves defining coordinate ranges,
minimum and maximum values, trigger zones,
thresholds, smoothing, and value remapping.
Any significant change in camera viewpoint or
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tracking method required recalibration, as the
same movement produced different numerical
ranges depending on distance, framing, camera
position, and capture technology. These values
had to be physically tested through movement.
For each captured parameter, such as hand speed,
body proximity, leg distance, or spatial position,
the movement had to be performed repeatedly
to determine its effective range. Calibration was
thus an integral part of the design process it-
self, as it determined how the system interprets
the body and how the body can influence spatial
behaviour.

Initial tests were carried out with a laptop web-
cam, while later experiments primarily used Ki-
nect. Tools used throughout the process includ-
ed TouchDesigner, MediaPipe, Kinect, Arduino,
Ableton, Stable Diffusion, servomotors, LEDs,
and Rhinoceros 3D. The most useful tracking
points were the hands, wrists, feet, face, and hips.
The most frequently used motion parameters
were proximity, position, and velocity.

Throughout the experiments, there was a cer-
tain degree of imperfections arising from the
limitations of commonly available software in
the form of noise, jitter, false triggers, and oc-
casional data loss. Rather than being completely
eliminated, these imperfections were mitigated
through filtering, smoothing, value clipping,
and setting thresholds. It reinforced the under-
standing that interactive behaviour is not pro-
duced solely by the technology itself, but rather
together with careful calibration of the relation-
ships between motion, data, and response.

PHASE 1

The first phase focused on developing a basic
procedural workflow linking body movement,
sensor technology, computational processing,
and real-time feedback in order to test whether
the body could be adequately detected, wheth-
er motion data could be converted into usable
values, and whether these values could control

The initial set of experiments established the
basic technical foundation of the interactive sys-
tem. It confirmed that body movement can be
detected, processed, and translated into a visual
or mechanical response. At the same time, it
showed that while the system was able to re-
spond successfully, communication between the
participant and the system, using direct map-
ping, remained at this stage responsive and lin-
ear, rather than a meaningful, true interaction.

visual or physical outputs.

No.

Exploration

Aim and Method

Outcome

Hand Detection and
Visual Mapping

To investigate whether hand move-
ments could be detected with sufficient
accuracy and used to modify visual be-
haviour in real time, the tests utilised
a laptop webcam in combination with
MediaPipe and TouchDesigner. XYZ
coordinates of both hands were ex-
tracted, calibrated, scaled, and linked
to simple visual parameters.

The workflow successtfully associated
hand movement in real time with a
visual response. Hand movement was
matched to a visual change, although
more complex gestures required ad-
ditional filtering and calibration. This
experiment provided the basic cap-
ture-and-response logic used in subse-
quent tests.

Arduino Commu-
nication and Servo
Activation

To test whether motion data could
be translated into physical activation,
hand position data based on zones from
TouchDesigner was sent to the Ardui-
no to activate four servomotors ac-
cording to the detected hand position.

Basic communication between the
software and the physical output,
from TouchDesigner, through Ardui-
no to servo motors, was successfully
achieved. However, unstable detection,
inappropriate trigger logic, and insuf-
ficient delay settings caused undesired
multiple servo activations. The exper-
iment demonstrated that mechanical
output requires clearer thresholds and
more robust filtering.

Directional Gesture
to Servo
Choreography

To investigate whether recognised
hand movement directions could or-
ganise coordinated kinetic behaviour,
a 4X4 grid of servomotors was pro-
grammed to respond to six movement
directions: up, down, left, right, diago-
nally up, and diagonally down.

Directional gestures generated leg-
ible, wave-like mechanical patterns.
Scaling the system revealed challenges
with energy distribution and connec-
tivity, demonstrating the necessity of
powering and wiring considerations
throughout the whole design process.
The test confirmed that the direction
of motion can organise various spatial
behaviours.
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No.

Exploration

Aim and Method

Outcome

Hands-Up Flash
Trigger

To test whether a clearly defined body
configuration could trigger a discrete
visual response, a true or false position
detection component was created by
comparing the vertical coordinates of
both hands with the position of the
head. The flash was triggered only
when both hands were detected above
the head.

The pose was clearly recognised and
translated into a simple light response.
The experiment confirmed that clear
relationships between body coordi-
nates can function as stable trigger
conditions, particularly for binary re-
sponses.

No.

Exploration

Aim and Method

Outcome

Hand Velocity to
Colour Translation

To investigate how movement speed
could be transformed into visual or
atmospheric qualities. Wrist speed for
both hands was calculated from the
changing hand coordinates, scaled, and
mapped to colour ramps. Colour values
from each hand were overlapped to cre-
ate blended colour responses.

Wrist velocity has proven to be an
effective measure because hand move-
ment is expressive, frequent, and vis-
ually readable. Tests clarified the re-
quirements for normalising and scaling
velocity values before they become usa-
ble visual data. This shifted the motion
data from positional tracking toward
expressive qualities such as speed, in-
tensity, and colour atmosphere.

Hip Movement and
Particle Vortex

To explore beyond the limits of obvi-
ous hand gestures and to test whether
subtler body movements could gener-
ate visual behaviour, the average veloc-
ity of the hips was calculated and used
to control the duration, radius, and
intensity of a rotating particle system.

Hip movement successfully prompted
a dynamic, vortex-like visual response
that required more careful calibration
than hand-based interactions. The ex-
periment expanded the vocabulary of
interactions by being able to quantify
duration and intensity, while showing
that less explicit body parts can gen-
erate expressive spatial effects as well,
when interpreted through the quality
of movement.

PHASE 2

Figure 17.:Phase 1: Basic Detection and Response

Tests (Author, 2026)

Foot Proximity
and Pattern
Transformation

The goal was to investigate whether
the distance between body parts could
be categorised and translated into a
simple geometric transformation. The
changing distance between both legs
was mapped to various ranges of val-
ues that control a basic linear pattern.
Both real-time tracking and tracking
using imported video were explored.

Proximity data could be used to iden-
tify different states of movement. The
experiment presented proximity as an
important parameter of interaction
and suggested how bodily openness,
posture, and proximity might influence
spatial response. The input informa-
tion was successfully categorised and
paired with an appropriate response,
featuring smooth transitions.

The second phase progressed beyond simple de-
tection and began to explore the characteristics
of movement and to seek qualitative interpreta-
tions. Besides whether the body could evoke cer-
tain reactions, the experiments focused on exam-
ining how speed, proximity, direction, posture,
and relational movement could be interpreted
as expressive parameters. It was an essential
step in the evolution of the inquiry, as it began
to shift the project from a direct input-output
reaction toward a more nuanced computational
interpretation.
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In this phase, interaction becomes more mean-
ingful as the system interprets the relationships
between body parts, movement tendencies, and
changing states, rather than merely responding
to fixed coordinates. This was particularly evi-
dent in the hand proximity experiment, where
collapse and reconstruction of point cloud were
triggered by the direction of change between
the hands. The system no longer reacted merely
to where the body happened to be, but also to
what the body was doing.

Hand Proximity
and Particle
Disintegration

Testing gradually more advanced in-
terpretative interaction based on rela-
tional movement rather than absolute
position. The point cloud was config-
ured to disintegrate when the hands
moved apart and to recompose when
the hands moved towards each other. A
hold feature retained the last detected
state until an opposite direction move-
ment occurred.

The system successfully responded to
the tendency of movement rather than
to a simple position. This represented
an important concept transition from
a direct reaction to interpretation and
introduced memory-like behaviour
through the maintenance of the last
state.

10

Pose Detection for
Mechanical and
Light Response

Testing the ability to recognise per-
formative poses and translate them
into spatial activation. Teachable Ma-
chine was first tested for autonomous
pose detection, but the logic was later
manually scripted in TouchDesigner
using relationships between the hips,
nose, shoulders, and wrists to recog-
nise behaviour like bowing down and
the raised arm greeting gesture.

Manual scripting oftered greater con-
trol than Al-based pose recognition.
Poses such as bows and waves could
be translated into binary information
for mechanical response transferred
through Arduino and a light reaction.
The experiment proved Teachable Ma-
chine tool unsuitable for the desired
outcomes.
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No.

Exploration

Aim and Method

Outcome

n

Pose-Based Music
Trigger

With the aim of investigating whether
body poses could define audio catego-
ries and introduce controlled unpre-
dictability, Teachable Machine was
tested as a pose detector to recognise
poses from a predefined list and subse-
quently play a randomly selected track
from a library depending on the genre.

The Al-based pose recognition work-
flow in Teachable Machine interface
was found to be unreliable in this con-
text. However, by substituting numer-
ical triggers with manually provided
constants, the system was able to trig-
ger the desired song and play it until
the end. The experiment introduced
the idea of selecting sound based on
movement, but it appeared unconvine-
ing and additionally demonstrated that
this approach requires more develop-
ment than the project’s timeframe al-
lowed.

No.

Exploration

Aim and Method

Outcome

13

Motion-Based Audio
Control

To develop a foundation of reciprocal
feedback between movement, sound,
and visual aesthetics. TouchDesigner
was interconnected with Ableton Live,
enabling hand movement recognition
and thus allowing for the modulation
of audio clips in real time. Analysis
of modified sound was further used to
influence abstract generative visuals,
particularly through higher frequen-
cies.

The user could hear the altered sound,
react with movement, and continue to
modify the audio-visual environment.
This experiment contributed to pro-
gress from simple responsiveness to
reciprocal interaction and directly in-
formed the multisensory logic of the
final installation.

12

Depth Tracking
and Water Ripple
Response

The goal was to create autonomously
acting behaviour outside of true inter-
action, which would primarily function
as a vegetative state in the absence of
external inputs while simultaneously
provoking interest to initiate interac-
tion. The primary focus was on fluid
animation of the water surface, which
utilised depth tracking to trigger the
rippling of the water whenever some-
one walked past or approached the sen-
sor field.

Depth data enabled a subtle reaction
without the need for an explicit signal
from users. This individually dynamic
expression subtly reacts to the proxim-
ity of the communication partner, so it
draws their attention, stimulates curi-
osity, and stimulates a desire to explore
this behaviour.

PHASE 3

Figure 18.:Phase 2: Movement Qualities and
Interpretation (Author, 2026)

14

Wave Choreography
for Kinetic Ceiling

Translate movement traits into the
choreography of a suspended kinet-
ic ceiling. Dance nuances such as hip
swaying, standing on one leg, the
T-pose, and upward or downward
hand movements were translated
into radial, circular, vertical, front-to-
back, and back-to-front wave patterns.
These patterns were pixelated and
transformed into numerical values of
rotation angles for micro servo motors
and converted for streaming outputs to
Arduino.

Visual patterns derived from various
gradients were properly translated
into a numerical grid and converted
into mechanical rotation values that
defined the height of displacement
along the Z-axis. This experiment
served as a crucial transition between
computational interpretation and ki-
netic behaviour.

The third phase became most relevant for prac-
tical application within the framework of spec-
ulative design. In this phase, the investigation
transitioned from isolated visual or mechanical
responses to multisensory feedback systems for
future design and the testing of individual tech-
nical solutions. Sound, projection, colour, kinetic
response and light were tested as interconnected
atmospheric outputs. This phase also developed
an understanding of interactivity in the project
as a larger complex system of mutually influ-
encing operations.
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This phase highlighted that the distinction be-
tween responsiveness and interactivity cannot
be reduced to the mere existence of sensor tech-
nology, but also lies in the complexity of the re-
lationships between inputs, interpretations, and
outputs. When movement alters sound, sound
changes visual elements, and the resulting at-
mosphere shapes the dancer’s next movement,
the system appears to function not as a one-way
reaction but as a feedback loop. Interactivity
thus manifests itself as a series of interdepend-
ent combinatorial operations.

15

Initial Projection
Atmospheére

The main goal was to define a mo-
tion-responsive visualisation capable
of adapting its colour scheme to match
the atmosphere. The abstract visual
could have been distorted by infor-
mation from the depth map, while for
generating colour palette variations,
noise-instancing was used.

The test offered a possible method for
creating a mood reflecting projection
environment. It shaped the visual at-
mosphere of the installation and sup-
ported an affective spatial layer.

16

Initial Projection
Atmosphere

This experiment was performed to test
whether AI image generation could be
used to introduce unpredictability into
the visual atmosphere. A method uti-
lising the Stable Diftusion tool, com-
bined with a simple mock-up switch,
was tested to generate atmospheric
images.

The method was conceptually prom-
ising but technically unsuitable with-
in the project’s timeframe, and the
selection of prompts and tools would
require further development. The ex-
periment remained speculative and was
not integrated into the main system,
but it clarified the limits of Al-gen-
erated responses for real-time inter-
action.
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No.

Exploration

Aim and Method

Outcome

17

Projection Mask
Following the Body

To link the independent atmospheric
projection with the participant’s posi-
tion in real time. Adding the character
of the floor surface, which has the po-
tential to further influence the dancer
and their connection to the ground.
The visuals of the masking textures
were linked to the body’s X and Y co-
ordinates and layered over the main
projected image. Mask characters in-
cluded textures such as sand, water
ripples, and cracking glass.

The projection was able to follow the
participant and create a dynamic rela-
tionship between body and floor. This
allowed the floor projection to evolve
into an interactive condition of surface
contact that could influence the danc-
er’s perception of weight, surface, and
movement.

18

LED Colour Logic

To translate numerical data into con-
trolled colour schemes for the LED
light strip output. Tempo values were
converted to colour wheel numbers
and then translated into RGB colour
codes. The resulting choreography
was prepared in a format for serial out-
put from the Arduino.

The numerical values were success-
fully translated into colour ranges,
allowing sound or tempo information
to define the LED’s appearance. This
created a technical groundwork for
correlating the sound’s tempo, colour,
and the light’s behaviour in the final
installation.

PHASE 4

Figure 19.:Phase 3: Audio, Projection, and Kinetic

Feedback (Author, 2026)

The final phase applied the experimental logic
to architectural agency. These experiments fo-
cused on a kinetic ceiling, spatial organisation,
physical prototyping, and advanced sound inter-
action. In this phase, the system was no longer
understood as a collection of isolated effects, but
as a three-dimensional environment in which
movement, sound, light, projection, and kinetic
elements are able to interact.
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The final phase integrated technical experi-
ments with architectural design. The ceiling was
no longer purely a mechanical structure, but an
expressive spatial field. Similarly, sound was no
longer considered a triggered background el-
ement, but an atmospheric layer that could be
modified and shaped by the body. These experi-
ments directly influenced the final design of the
speculative installation.

No.

Exploration

Aim and Method

Outcome

19

Motion-Based Audio
Control

To develop a foundation of reciprocal
feedback between movement, sound,
and visual aesthetics. TouchDesigner
was interconnected with Ableton Live,
enabling hand movement recognition
and thus allowing for the modulation
of audio clips in real time. Analysis
of modified sound was further used to
influence abstract generative visuals,
particularly through higher frequen-
cies.

The user could hear the altered sound,
react with movement, and continue to
modify the audio-visual environment.
This experiment contributed to pro-
gress from simple responsiveness to
reciprocal interaction and directly in-
formed the multisensory logic of the
final installation.

20

Wave Choreography
for Kinetic Ceiling

Translate movement traits into the
choreography of a suspended kinet-
ic ceiling. Dance nuances such as hip
swaying, standing on one leg, the
T-pose, and upward or downward hand
movements were translated into radi-
al, circular, vertical, front-to-back, and
back-to-front wave patterns. These
patterns were pixelated and trans-
formed into numerical values of ro-
tation angles for micro servo motors
and converted for streaming outputs
to Arduino.

Visual patterns derived from various
gradients were properly translated
into a numerical grid and converted
into mechanical rotation values that
defined the height of displacement
along the Z-axis. This experiment
served as a crucial transition between
computational interpretation and ki-
netic behaviour.

2]

Initial Atmospheric
Projection

The main goal was to define a mo-
tion-responsive visualisation capable
of adapting its colour scheme to match
the atmosphere. The abstract visual
could have been distorted by infor-
mation from the depth map, while for
generating colour palette variations,
noise-instancing was used.

The test offered a possible method for
creating a mood reflecting projection
environment. It shaped the visual at-
mosphere of the installation and sup-
ported an affective spatial layer.

Figure 20.:Phase 4: Integrated Atmospheric Re-

sponse Tests (Author, 2026)
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SYNTHESIS AND DE-
SIGN IMPLICATIONS

The collected experiments document a gradual
transition from reactive to interactive behaviour.
The earliest tests established the system’s tech-
nical foundation, including motion detection,
coordinate calibration, value scaling, threshold
definition, and basic response mapping. These
explorations revealed how bodily movement can
be converted into computational data and how
this data can be translated into visual, audito-
ry, or mechanical outputs. However, these tri-
als were limited by a direct input-output logic
that was effective for an initial introduction to
the basic processes but predictable and primarily
reactive at the same time. Later experiments im-
plemented richer relationships between move-
ment and spatial behaviour. Where they had
previously assigned a single output to a single
input, several parameters were now combined,
including proximity, speed, position, posture,
and relationships between body parts. This com-
binatorial logic allowed the system to remain
comprehensible while also allowing participants
to recognise that their bodies influenced the
environment, although the exact response was
not always entirely predictable. This balance be-
tween understanding and uncertainty became a
central element in the project’s concept of in-
teraction.

These findings directly influenced the final pro-
posal. Motion tracking experiments clarified
how to sense movement through parameters
such as position, proximity, velocity, and rela-
tionships between body parts. Calibration and
mapping experiments defined how these val-
ues can be interpreted via thresholds, scaling,
smoothing, and combinations of parameters.
Experiments involving projection, sound, light,
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and kinetic motion were then used to test how
such interpreted data can be spatially expressed
through atmosphere, rhythm, colour, light, and
physical movement.

The most significant breakthrough came when
the system progressed from detecting isolated
gestures to interpreting layered relationships
between input stimuli and output responses.
This is reflected in the development from simple
hand detection and visual mapping toward ad-
vanced sound control, projection masking, and
combined kinetic ceiling choreography. During
the experimental process, the difference between
responsiveness and interactivity became clearer.
Responsiveness occurred when the system mere-
ly reacted to detected input, while interactivity
emerged when several operations began to in-
fluence one another. Movement modified sound,
sound affected visual elements, the projection
impacted physical perception, and, together with
kinetic movement, spatial behaviour, as a holis-
tic whole, altered atmosphere. When layering
individual stimuli and responses, it is essential
to pay attention to the balance between unpre-
dictability and predictability, so that behaviour
remains readable enough for the participant to
feel engaged, yet open enough to stimulate curi-
osity, surprise, and further exploration.

This experimental process is, in this context,
a method directly related to the final design,
through which the design was discovered, test-
ed, and refined. The following chapter unfolds
the final design proposal as a synthesis of pri-
or experimental findings, while translating the
observed behaviour into an architectural system
characterised by embodied, multisensory, and
performative experience.

EXPERIMENTAL
FINDINGS
MOVEMENT AS DATA
possition, proximity,
speed posture, body-
part relations
Interactivity emerges
when bodily movement is
interpreted qualitatively
and translated into
MAPPING AND coherent multisensory
CALIBRATION_ spatial responses.
tresholds, scaling,
smoothing
not single trigger-
_—
MULTISENSORY response, but
OUTPUT reciprocal exchange
light, sound, projec-
tion, kinetic motion
movement qualities
LAYERED become spatial
!NTERACTION behaviour
inputs and outputs
influence one another
in continuous loop
sound, light,
(UN)PREDICTABILITY projection, and kinetics
engagement emerges work together
from balance between
legibility and
uncertainity
participants can
perceive their
influence on space
openness supports
curiosity and
exploration
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Figure 21.:Explorations Synthesis (Author, 2026)

DESIGN
IMPLICATIONS

NOT ISOLATED
TRIGGERS

create systems where
inputs and outputs
influence one another
over time

FILTERING

shape thresholds,
scales, and parameters
to craft experience

COMPOSE
MULTISENSORY
ATMOSPHERES
orchestrate light,
sound, projection, and
kinetics as a unified
language

LEGIBLE FEEDBACK
AND PARTICIPANT
AGENCY

ensure actions are
readable and influence
is perceivable without
being limiting

PROTOTYPE
ITERATIVELY

use experimentation
to discover, validate,
and evolve the design

ARCHITECTURE
AS AN ACTIVE
CO-PERFORMER
design spaces that
sense, interpret,
and respond as
participants move
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Figure 22.:Our bubbles illustration (Author, 2026)

We live in our bubble

We like to think the world is shared,
that the ground beneath us is stable,
objective, and waiting for us in the
same way it waits for everyone else
who enters it.

But that is just a convenient illusion.

The truth is, we do not inhabit the
same space. We never have. Each of us
carries a personal field of perception.
A shifting, restless sphere shaped by
what we remember, how we move, and
what we choose to notice.

What we call reality is not a gift. It is
a craft. It is continuously interpret-
ed, filtered, reconstructed, and lived.
We move through the world, but the
world also moves through us. Every
step or pause changes how the room
unfolds around us, not in its physical
dimensions, but in how it feels, how
we experience.

This is not a limitation. It is just how
we are.

Instead of standing on the sidelines
watching space happen, we are part of
its becoming.

Our “bubbles” are not closed, isolated
hideouts. They intersect one anoth-
er, collide and overlap. Sometimes we
align for a moment, and we mistake

that brief, unstable spark for “objec-
tivity.” Although those moments are
not testimony of a shared world, they
are merely a temporary settlement of
our differences.

Nothing around wus is neutral. The
space we occupy is always in a quiet di-
alogue with who we are, how we move
and how we behave, interact.

Perception is not a camera frame. It
is an act. Experience is not something
we receive, but rather something we
produce. Once we accept this, a new
understanding may occur.

Space is not just a place we
enter. It is something that

emerges with us.




DESIGN MOTIVATION
AND CONCEPT

Contemporary architectural space continues to
be perceived largely as a static stage, a back-
drop, a space in which activity takes place. It is
a stable framework, optimised for performance,
efficiency, and utility, within which the human
body exists as a temporary occupant. Even
within emerging interactive approaches, spatial
systems often remain limited to reactive models,
where predefined inputs trigger predictable re-
sponses. In these cases, the user’s role is reduced
to activation rather than participation, which
limits the potential for meaningful engagement.
This project challenges this status quo by pro-
posing an expansion of architectural space be-
yond the boundaries of its static and reactive
paradigms. It positions architecture not as a
backdrop for human activity, but as an active
entity capable of entering into a reciprocal rela-
tionship with the participant. Within this frame-
work, interaction is understood not as control,
but as dialogue.

The conceptual foundation of the project lies in
introducing an alternative approach to interac-
tive spatial design. Unlike conventional respon-
sive systems, which operate through linear in-
put-output logic, the proposed system introduces
a bidirectional and interpretive flow of commu-
nication. Human movement is captured through
parameters such as position, speed, rhythm, and
proximity, and is subsequently interpreted and
translated into a response that informs the next
move and creates a communication loop between
actors and the system. This interpretation oper-
ates through a metaphorical recognition of the
affective and expressive qualities of movement,
allowing the system to respond in a way that is
legible but not entirely predictable.
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This shift from reaction to interpretation is
a core principle of the project. It introduces a
certain degree of autonomy into the system,
bringing it closer to a collaborative interface
than a controllable one. The interaction between
the participant and the space thus resembles a
form of improvisational exchange, where the
influence is mutual but never entirely predeter-
mined. Unpredictability becomes a key charac-
teristic that enables variability, complexity, and
sustained engagement.

The experiential dimension of the project is
structured around this relationship. The par-
ticipant is positioned not as an operator, but as
a contributor to an ever-evolving spatial state.
Through movement, the user influences visual,
auditory, and kinetic outputs while simultane-
ously responding to the system’s feedback. This
creates a dynamic feedback loop in which the ex-
perience emerges through ongoing negotiation
rather than predefined scenarios.

The form of the object strengthens this concep-
tual approach. The minimalist cubic exterior en-
closes an inner spherical environment, creating
an intentional contrast between external neu-
trality and internal immersion. This transition
introduces a moment of perceptual shift that
aligns with the project’s fundamental metaphor
of an individual “bubble.” Rather than being ex-
plicitly defined, this state manifests through spa-
tial qualities such as continuity, reflection, and
the dissolution of clear boundaries.

The project is conceptualised as an experien-
tial installation that operates at the junction of
architectural space and an interactive system.
[t integrates multisensory outputs, including
light, sound, projection, and kinetic elements,
to create an immersive experience that responds
to the physical presence of human subjects. Al-
though the current design does not implement

long-term system memory due to technical lim-
itations, it creates a framework that could be ex-
panded toward more complex data processing
and truly autonomous, adaptive behaviour.

Ultimately, the project aims to contribute to a
broader discourse on the expansion of architec-
tural space. By introducing interpretive interac-
tion and positioning space as an active partici-
pant, it proposes a shift toward a more affective,
performative, and engaging environment. In do-
ing so, it opens a discussion on how architecture
can move beyond the boundaries of static form
and reactive functionality to become a medium
for a collectively creative and embodied experi-
ence.

SYSTEM LOGICS

The installation operates through an intercon-
nected system consisting of motion tracking,
computational processing, audiovisual feedback,
and kinetic spatial elements. The system is de-
signed as a multilayered structure in which the
participant’s movement is translated into atmos-
pheric and spatial transformations. The overall
organisational logic of the system is illustrated
in the system diagram.

The primary input source of the installation
consists of a full-body tracking sensor that
continuously records the participant’s position,
body parts coordinates, movements, proximi-
ty relationships, speed, posture, and movement
intensity. The system processes both absolute
spatial position and relational conditions of mo-
tion between body parts, enabling it to distin-

guish between expansion, contraction, stillness,
rhythm, and direction.

Collected data are transmitted to a computa-
tional interpretation layer, where individual pa-
rameters are analysed, combined, and mapped
into behavioural outputs. Unlike isolated trig-
ger-based systems, this system combines multi-
ple simultaneous movement parameters, such as
the proximity of the hand affecting sound width
and tonal modulation, while the body influences
atmospheric lighting gradients and projection
behaviour. For example, the proximity of hands
influences sound width and tone modulation,
while the body influences atmospheric lighting
gradients and projection behaviour. Further-
more, velocity and rhythmic properties modity
parameters such as tempo, transition speed, and
response intensity.

The computational layer translates the pro-
cessed information to projection, sound, atmos-
pheric lighting, or kinetic output systems that
run in parallel and affect each other

The projection system controls visual masking,
atmospheric rendering, and visual transforma-
tions mapped onto the floor. The behaviour of
the projection changes in response to the partic-
ipant’s movements, selected atmospheric states,
and internally generated behavioural conditions
that influence the dancer’s conceptualisation of
relationships with the ground.

The sound environment operates through dy-
namic modulation of rhythm, tempo, tone qual-
ities, and the spatial width of the sound. Rather
than functioning as merely a background am-
bient environment, the sound acts as an active
acoustic feedback mechanism that directly re-
sponds to the movement conditions detected
within the physical space.
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The lighting system combines LED lighting and
ambient atmospheric lighting. Colour, rhythm,
variation, intensity of illumination, and light
transitions are continuously adjusted according
to the interpretation of dance and inner condi-
tions of the system. HSV colour logic and gradi-
ent mapping are used to generate smooth atmos-
pheric transitions instead of binary changes.

The kinetic ceiling system consists of a hex-
agonal grid organised into a circular shape and
of suspended elements capable of gradual, cho-
reographed movement along the Z-axis. The
ceiling’s spatial transformation is designed to
influence the overall atmospheric perception of
the environment. Various behavioural modes,
including choreographies like circular, radial or
linear waves, as well as disintegration mode, al-
ter spatial perception over time.

Apart from actions controlled by participants,
the installation also incorporates autonomous
behavioural operations. Randomisation of value
generation, timers, delayed transitions, and in-
ternal atmospheric states allows the system to
continue operating independently without direct
user involvement. Consequently, the installation
behaves more like an active environmental entity
than a controllable device.

The entire system thus functions as a constant-
ly evolving atmospheric structure in which
sensing, computation, and spatial response are
all functioning simultaneously and are interde-
pendent. Movement becomes not only a trigger
for interaction but also part of a broader behav-
ioural and spatial choreography.
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Figure 23.:Main Computational System Diagram
(Author, 2026)



BODY
X-coordinate

BODY
Y-coordinate

BODY
Z-coordinate

\ PERSON | | ACTIVATION (
DETECTION SWITCH \

PERSON ID

)

A\

W7

L HAND
X-coordinate

L HAND
Y-coordinate

L HAND
Z-coordinate

R HAND
X-coordinate

R HAND
Y-coordinate

R HAND
Z-coordinate

FACE
Z-coordinate

L FOOT
X-coordinate

L FOOT
Y-coordinate

L FOOT
Z-coordinate

R FOOT
X-coordinate

R FOOT
Y-coordinate

R FOOT
Z-coordinate

)

\\‘\IA/\\Q

MASK VISUALS
POSITION MASK
DATA
TONE INCREASE
Ty = 0.1 x round(5 ™ 2 ) MASK THEME PROJECTION
TONE DECREASE TSR HSV TO RGB
HIGH POSE Ty =0.5+0.1x round(5 ’"““:(HL*”;ﬁZZ:E:(HFL”" ) ) IMAGE HSV TONE C=Vx§ Ef{y?g? Gg“i Z z (13(2)0"
H — 970 — 60T X = C(1 - |(#/go:)mod2 — 1|) R o gy ) (0CX), 120°< H <180° LED LIGHT
§—1 m=V-C (R G BY) = (0,X,0), 180°< H < 240° COLOUR
ORIGINAL TONE V=1 (X,0,0), 240°< H < 300°
LOW POSE Ty =0,5 (C,0,X), 300°< H < 360"
CHANGED (R; G; B) = ((R’+m) x 255; (G’ +m) + 255; (B’ + m) x 255;)
SMALLER HANDS PROXIMITY TONE ATMOSPHERE
NEUTRAL WL (HD.: HL: L) LIGHTING
- £ Y z
POSE ZONE HR = (HR,; HR,; HR.) SCALING WIDTH
\HL — HE| < Nygy — ou GRADIENT LED LIGHT
W0 Pt i Sl
HANDS
CLOSER BIGGER HANDS PROXIMITY CHANGED
TOGETHER HL = (HL,; HL,; HL)) SOUND
HR = (HR,; HR,; HR,) WIDTH
FQSTNSESR  ’ \HL — HR| > Nypin = MOVEMENT
AR HI-HA|,,, SPEED
APART = W = 1+ 0,3 g e
NEUTRAL ORIGINAL SOUND WIDTH BEAT RHYTHM
POSITION | SONG R=BT.+8§
ZONE HL = (HL,; HL,; HL,) ¢ ¢ BT + Dmodll GRADIENT
HR = (HR,; HE,; HE.) BT, = BT, = {( ot lmodll @ # @i PHASE INTENSITY
|HL — HR‘ S [Nmin; Nmaz] =W = W() CHANGED BTt Tt = T+l
SONG S, = S,y = {(St + 1)mod11 Yt F Y1
‘ - Sy Yt = Yt11
TEMPO INCREASE SIXTEENTH
MOVING
CLOSER Bmin < By < By = .
= BPM e, = BPM®) + 5 x round ( Z2MausDPMZ o Bu- By )
MOVING
FURTHER \ TEMPO DECREASE
By < B, < Buar = CIRCULAR CEILING
NEUTRAL = BPMyey = BPM®) — 5 x round ( 220w x 0 ) CHANGED WAVES CIRCULAR
POSITION BPM MODE ON WAVING
ZONE \ CEILING
ORIGINAL TEMPO
By < B, < Byy = BPM,.,BPM® ,\I:;lépDL I(E) gﬁ
RANDOM ELEMENT
HANDS VELOCITY SELECTION
QUICK HAND |\Vi| = (HLgy41 — HLyy; HLyy \HLy;; HL,, . HL. ;) ]
MOVEMENT |  —  ————— [V&l= (HRy441 — HR,;; HRy 1 HR,; HR,, . 1HR,,) id ~ U{1,2,3,...,121}
\VL\‘;WR\ > Viin = Q =1
TIMER ON
RANDOMISED SWi =1 = Lig = 1 BLI-CI)%TA-I}?QG
LEGS PROXIMITY ON VALUE s=ua (sec.)
FL = (FL,; FL,; FL.) SOLO PIANO
FR = (FR,; FR,; FR,) ON
LEGS WIDE FLg= (FLga; FLy; FL,
ADART T = ey B Blo) FLORAL ELEMENTS OPEN SWITCH

PERSONS

|FL—FR‘2 > |FL0—FR0‘2$Psolo:1

Ay = NPy VONg
1, Ay # A(t—l)}

COUNT

SW iy =
© {0, Ay = Ay

CEILING
CHOREOGRAPHY




PHYSICAL DESIGN
AND CONSTRUCTION

Spatial Organisation

The installation is designed as a temporary cu-
bic pavilion with a central spherical interior with
a total building footprint of 35m® on a square
floor plan with dimensions 5.9m by 5.9m and a
maximum height of 6.8 m. The overall layout is
built on a regular asymmetrical floor plan with a
defined movement route leading from the exteri-
or to the main interactive space. This floor plan
separates the entrance corridor from the central
chamber, creating a transitional zone between
the outside world and the interior experience.

The entrance is oriented as a consiously de-
signed route, instead of a direct opening into
the centre of the installation. This creates a con-
trolled access sequence and prevents the imme-
diate visual exposure of the main interior space,
facilitating a gradual transition before entering
the central zone.

The central spherical room has 17m? with a cir-
cular active zone having a radius of 1.65m and
operates as the primary interaction area. It is de-
signed to allow for individual movement, dance,
and participation in small groups, while users
remain within range of the sensor, projection
surface, lighting systems, and ceiling kinetic el-
ements. The specific proposed space is designed
for one primary tracked participant, with the op-
tion for multiple users to participate in a group
of up to 8 members.

Figure 24.:Atmospheric Visualisations (Author,

2026)

Page 71



5900 mm
7m 7 mm
1270 mm 2280 mm 2280 mm
4320 mm
4120 mm
100.00 100 mi
£
£
~
ﬁ ¥ &,
g
£
< -
£ S - - _
o
3 ™~ R 1650mm
£
€
o
P G || 8
[ \
\
\\
+ .
g g g £ \
g g £ £ |
3 8 8 + b 4 3
& § g S
g ¢ g <
ACTB\VSE"%}ONE // AREA
g 17 me
€]
g ! ,
3 1200 mm 4480 mm
, I \ y, f :
|
\ I
£ ~o
£ _—
= — I
S
I
€|
£|
=
8
&
E— Ty ?m
£ £|
£ £|
=l
= N
& S
£
£
- b = n o
g
£
=
3
~—
1380 mm 3270 mm 1200 mm

Page 72

Figure 25.:Pavilion Spatial Organisation (Author,

2026)
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Figure 26.:Pavilion Section and Height Organisa-
tion (Author, 2026)
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Construction System

The structure consists of two major structur-
al systems, an inner wooden dome and an outer
modular aluminium frame. The inner spherical
skeleton is formed from arched glued-laminat-
ed timber beams, which allow for curved shapes
with controlled dimensional accuracy and suf-
ficient load-bearing capacity. The wooden ribs
are arranged in three directions and interlock to
form a stable dome geometry. Such system pro-
vides the required spatial rigidity and base for
interior finishes, cladding, and selected technical
components.

The outer frame is made of aluminium profiles.
This solution provides a systemic, modular, and
dismantlable supporting structure for cladding
panels, roof components, technical mounting
points, and secondary reinforcements. Alumin-
ium profiles, being lightweight, precise, and re-
usable, are well-suited for temporary structures
and allow for simple bolt joints without compli-
cated on-site fabrication.

Lightweight 6mm Parklex facade boards are
used as the primary panel material for cladding
on flat wall surfaces. They are mounted on an
aluminium frame to create a subtle, uniform and
consistent wall surface system. Their use allows
for quick installation, clean details, and, if nec-
essary, panel replacement. This modular system
allows the casing to be split into transportable
and manageable components. The cladding of
the enclosed space is designed using thin, flexi-
ble wall panels, either veneer or paper-based.

The roof is designed as a simple, lightweight
PVC tarpaulin cover stretched over the upper
support frame and secured through eyelets.
This solution was chosen since the installation
is temporary and does not require a permanent
roof deck. The membrane provides an effective,
economical, lightweight, and easily replaceable
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cover that can be quickly installed and removed
when no longer needed.

The structural design also includes an elevated
modular floor raised approximately by 150 mm
above the existing surface using adjustable legs.
This platform provides a consistent base for the
pavilion and creates additional service space for
cable routing and power distribution, while en-
abling the structure to compensate for uneven
terrain and facilitating installation at various
temporary exhibition sites. The floor is organ-
ised as a modular grid system, which simplifies
maintenance, assembly, and disassembly while
keeping the visible interior surfaces clean and
uninterrupted.

The whole structure is designed for assembly
and disassembly. Where it is possible, compo-
nents are grouped into repeatable elements such
as aluminium profile modules, Parklex panels,
floor panels, and linear wooden profiles. Most
junctions are designed for reversible connection,
primarily using bolts or mechanical fasteners.
This reduces construction time and allows for
the transport, storage, and reassembly of the
pavilion.

0 5000

Figure 27.:Assembly System (Author, 2026)
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Integrated Technical Infrastructure
The physical structure is designed to support
the installation’s technical systems, including
sensing, projection, lighting, sound, kinetic
movement, power supply, and data distribution.
Technical components are integrated into the
frame, ceiling area and raised floor to keep the
system organised and accessible.

The entire installation is designed for a single
sensor located in the frontal wall so that it cov-
ers the central interaction area without exces-
sive distortion. The placement must provide a
clear view of the participant’s body, ideally with
a horizontal viewing axis. The camera is mount-
ed at fixed structural points in the dome frame,

ers are placed to ensure balanced spatial audio
coverage in the interior. Cabling for audio, light-
ing, projection, sensors, and kinetic mechanisms
is channelled through raised flooring and a
load-bearing frame.

The ceiling zone contains the most concentrated
technical infrastructure. It supports 121 servo-
motors responsible for kinetic movement of sus-
pended elements, as well as cabling and service
access. The ceiling structure, therefore, requires
sufficient load-bearing capacity and adequate
maintenance spaces. Technical components are
grouped wherever possible to simplify wiring,
reduce visual clutter, and enable systematic in-
stallation.
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trollers, and data interfaces are located in acces-

Two projectors enable redundant projection, po-
sitioned in opposite corners in order to cover the
entire active floor area. Dome geometry requires
careful calibration of projection direction, mask-
ing, and alignment. The projectors are mounted
on the designated consoles attached to the struc-
tural frame. Their placement is coordinated with
the dome’s curvature and the participant zone to
minimise shadows and maintain consistent im-
age overlap. Due to the focal distance and pro-
Jection scale, the required lens has a focal length
of 0.9-1.2.

Lighting is divided into ambient lighting and re-
sponsive LED lighting. Ambient lighting is pro-
vided by enclosed suspended floral elements that
are part of the kinetic ceiling installation and
support the overall spatial atmosphere, while
LED elements provide colour variations, tran-
sitions, changes in intensity, and programmed
patterns.

The audio system is positioned to support
three-dimensional sound feedback. The speak-

sible service zones, preferably outside the main
interaction area above the ceiling or under re-
movable floor panels if necessary. This keeps the
central interior area clear while allowing for sys-
tem adjustment, repair, or recalibration during
installation.
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Figure 28.:Integrated Technical Infrastructure
(Author, 2026)




Kinetic Suspended Element Develop-
ment

The Kinetic suspended Element is developed
as a suspended mechanical lighting component
consisting of curved radial panels connected
to a central operating body. The element is de-
signed to open and close via motorised move-
ment, which gradually changes the appearance
of the ceiling in the interaction area.

The floral module consists of six lightweight
petals arranged around a central core. Each
panel is connected by a pivot mechanism that al-
lows for controlled rotation. The main body in-
cludes the key structural connection, the control
system, and the suspension point. The principle
of action is based on coordinated mechanical
opening, where the petals move together as a
single kinetic entity.

To test the mechanical principles and assem-
bly logic, a functional 1:1 scale prototype was
built. The chosen manufacturing method was
3D printing with PETG filament for core parts
and petals out of TPU-82A. The prototype al-
lowed for the evaluation of the panel’s geom-
etry, weight, pivot positions, friction, range of
motion, motor placement, and assembly details.
This testing was necessary to fully evaluate the
physical behaviour of the component.

The prototype demonstrated the importance of
balancing the panel’s weight, stiffness, motor ca-
pacity, and joint resistance. The panel material
needs to be light enough to be easily controlled,
yet strong enough to maintain its rounded shape
during movement.

The final element is designed to be suspended
from the ceiling structure and connected to the
control system. Electrical wiring for the motor
and control signal is routed along the suspen-
sion to the ceiling service space, and its oper-

ation is controlled systematically based on the
proposal’s computational logic.

This element functions both as a mechanical
outcome and as an architectural design detail.
Its development physically illustrates one in-
stallation part that was developed further in de-
tail, moving from abstract system logic toward
a modular component with defined material,
structural, and mechanical requirements.

Figure 29.:Kinetic Element Prototype Detail (Au-

thor, 2026)




DISCUSSION

Throughout this chapter, we will evaluate how
the project addresses the main research question
“How can interactive architecture be designed as
a co-performative spatial system that interprets
human movement and responds through multi-
sensory feedback ?” and its subquestions. The
discussion is not only about the technological
success of the project but also about the quality
of the relationship it creates between the body,
computation, and space. The pivotal problem
thus is not only whether the system responds
but simultaneously whether its responses create
a meaningful state of reciprocity, agency, and
transformation of the atmosphere.

My thesis builds on the premise that architec-
ture should not be understood merely as a stat-
ic container for human activity. Instead, it ex-
plores architecture as a dynamic spatial system
capable of sensing bodily presence, interpreting
the characteristics of movement, and return-
ing them as visual, auditory, and kinetic feed-
back. This position was elaborated theoretically
through a distinction between responsive, kinet-
ic, and interactive architecture, and practically
through a process of research-through-design.
Experimental work has gradually evolved from
basic motion detection and data mapping toward
more complex forms of audiovisual, kinetic, and
atmospheric feedback, intending to understand
architecture as an active collaborative partner
rather than a passively existing surroundings.

From response to interaction

One of the fundamental narratives of this
work is that responsiveness and interactivity
are not equivalent. During the initial experi-
ments, which involved operations such as hand
detection, servo activation, directional gesture
mapping, pose triggers, and the conversion of
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hand velocity colour translation, it was demon-
strated that body movement can be captured and
converted into visual or physical outputs, and
the project’s core technical workflow was es-
tablished. Motion detection, coordinate extrac-
tion, value calibration, threshold definition, and
linking data to output behaviour thus became
essential for creating the system framework of
the entire final design. These tests demonstrat-
ed that the body successfully functions as a re-
al-time trigger. However, such direct mapping
was limited to a unidirectional information flow,
which created a system mechanism of reaction
rather than interaction.

This distinction supports Lee et al.’s (2021) dif-
ferentiation between responsive and interactive
architectural behaviours, while also aligning
with cybernetic understandings of feedback as a
reciprocal rather than linear process. It is impor-
tant since a space that reacts to movement is not
automatically interactive in a meaningful archi-
tectural sense. If a single movement produces a
single predictable output each time, participants
may understand the system, but the relationship
can only be instrumental. The environment acts
more like an interface meant to be controlled
than a spatial partner. Initial tests, therefore,
confirmed the feasibility of responsiveness but
did not yet fulfil the project’s ambition of collab-
orative performance.

The project gradually progressed towards inter-
action during later experiments, which shifted
the focus from isolated positions to relationships
and tendencies within movement. The interpre-
tation of bodily action expanded from positional
coordinate data to a response to an interpreted
intention. In this step, we began to distinguish
whether hands were moving apart or towards
each other, whether hips generated intensity,
whether legs indicated expansion or contrac-
tion, whether posture indicated a specific per-

formative state, or whether the speed of move-
ment influenced rhythm and atmosphere. These
later experiments developed a richer vocabulary
of spatial reactions through the interpretation
of proximity, velocity, posture, direction, and re-
lational movement.

The most significant shift, thus, occurred from
reaction to interpretation. Reaction describes a
direct relationship between input and output.
Interpretation describes a more complex state
in which movement is filtered, compared, com-
bined, and transformed before it becomes spa-
tial behaviour. This transition is essential to the
idea of architecture as a co-acting agent. Such a
space then begins to develop behaviour via the
movement of the participant, and this behaviour
is returned as an altered atmospheric state that
prompts a new change in reaction.

However, the project achieves this form of inter-
activity only partially. The system still relies on
predefined mappings, thresholds, and designed
relationships. It does not yet feature long-term
adaptive memory that would allow it to evolve
independently through repeated encounters. For
this reason, the project should not be under-
stood as a fully autonomous interactive architec-
ture, but rather as a framework demonstrating
architecture’s shift toward interpretive spatial
exchange rather than direct reaction.

Movement as spatial information

The second key finding was that motion does
not automatically become meaningful data. It
must be constructed through calibration, scal-
ing, smoothing, filtering, thresholding, value re-
mapping, and repeated testing. Every change in
sensor position, camera angle, distance, framing,
or tracking method alters the numerical range
of the captured data. For this reason, calibration
has become an essential part of the design pro-
cess, as it specifies how the system understands

the body movement and how the body can influ-
ence spatial behaviour.

Crucial for interactive architecture also became
computation, but not as merely a layer of techni-
cal support, rather an integral part of the design
medium. Threshold, delay, smoothing value, or
mapping range directly influence the rhythm,
sensitivity, clarity, and emotional quality of the
spatial response. If the threshold is too low, the
system becomes unstable and produces false
triggers. If it is too high, the participant loses
the ability to make decisions because their move-
ment is no longer recognised. If the response is
too immediate, it can feel mechanical, but if it is
too delayed, the relationship between action and
consequence becomes unclear. Designing inter-
action, therefore, means designing the relational
sensitivity between movement, data, interpreta-
tion, and spatial expression.

Several movement parameters were found to be
particularly effective. Velocity allowed intensity
to be translated into colour, particle behaviour,
and sound modulation. Proximity enabled the
system to detect bodily expansion, contraction,
and relational movement. Direction allowed for
the organisation of wave-like kinetic behaviour.
Posture allowed specific bodily states to trigger
light, mechanical, or auditory responses. Posi-
tion allowed projections and atmospheric effects
to follow or surround the participant. Togeth-
er, these parameters demonstrate that the body
communicates with space not only through raw
coordinates but also through additional chang-
ing qualities.

Therefore, the project perceives movement as a
spatial language, but not in a literal or universal
sense. The system does not understand the hu-
man meaning of a gesture. Instead, it analyses
specific movement characteristics according to a
predefined computational logic so that the sens-
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ing is not suggestive but, on the contrary, suffi-
ciently open to the user’s own realisation. This
puts the designer in a key role. The designer
decides which bodily properties are important,
how they are measured, how they are combined,
and how they are spatially expressed.

This clarification is important for the academic
positioning of the master’s thesis. The project
does not claim to solve the problem of reading
bodily expression in general. Rather, it devel-
ops a contextual design method for translating
movement qualities based on dance into archi-
tectural behaviour. More specifically, this paper
aims to show how architecture can begin to
interact with embodied expression without re-
ducing the body to a mere controller of the sys-
tem, but instead understanding it as a medium
through which perception, action, and meaning
are produced (Simanowski, 2011).

Multisensory feedback and atmos-
phere

The most significant step from an architectural
perspective was when the response was no longer
limited to individual outputs but was distribut-
ed across projection, sound, lighting, and kinetic
movement. The final installation functions as a
multi-layered system in which full-body track-
ing captures the position, coordinates of body
parts, proximity, velocity, posture, rhythm, and
intensity of movement. These values are inter-
preted computationally, interconnected, and ex-
pressed through spatial systems that operate in
parallel and influence each other as well.

This is significant because the architectural ex-
perience is not created through a single sensory
channel. The project’s multisensory strategy
builds on Spence’s argument that spatial expe-
rience depends on the congruence of sensory
modalities rather than visual perception alone
(Spence, 2020). Projection, sound shifts, changes
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in light, or ceiling movement can each have an
effect, but the atmosphere arises through their
coordination. In the final design, the projection
alters the participant’s relationship to the floor.
Sound modifies rhythm, tempo, tonal quality,
and width. Lighting adjusts colour, intensity,
transition, and mood. The kinetic ceiling alters
the perceived volume and presence of the space
overhead. In combination, these outputs create
an environment that responds not as a set of de-
vices, but as an atmospheric field.

The system diagram emphasises this trend from
a linear response toward layered behaviour. It
does not depict a single input connected to a
single output, but rather a network of relation-
ships between body coordinates, the proximity
of hands and feet, pose zones, speed of move-
ment, tone, tempo, LED light colours, projection
masking, atmospheric images, value randomisa-
tion, blooming lights, and ceiling choreography.
The diagram is therefore not merely technical
documentation but also visualises the central
argument of the project, which states that in-
teractivity is created through interdependent
operations rather than isolated effects.

The spatial organisation of the installation am-
plifies this atmospheric logic. The minimalist
cubic exterior and spherical interior massing
create a transition from external neutrality to
internal immersion. The entry route gradually
reveals the central chamber to its entirety, as the
round room becomes the primary field of inter-
action. This supports the project’s metaphor of
an individual perceptual “bubble,” where space
Is not understood as a neutral container, but as
something shaped by perception, action, and
feedback.

From this point, the project moves beyond tech-
nical prototyping and becomes architectural.
The aim is not to simply force movement to gen-

erate effects. Proposal heads to create a spatial
state in which the dance choreography contrib-
utes to the evolving environment. The project’s
architectural quality therefore lies in the coor-
dination of sensing, computation, construction,
and multisensory feedback into a coherent ex-
perience.

Agency, uncertainty, and co-perfor-
mance

In interactive architecture, balancing readabil-
ity and unpredictability is a core challenge. If
the system is completely predictable, the partic-
ipant quickly learns how to control it, and the
interaction becomes repetitive. If the system
is too random, the participant loses motivation
because the response seems disconnected from
their movement. The most powerful moments in
the project occur between these extremes.

Later experiments showed that controlled un-
predictability can foster engagement when the
participant understands that their movement
has consequences but cannot fully predict the
exact outcome. This was particularly evident
in advanced auditory and multisensory exper-
iments where a number of parameters were
applied simultaneously. The body not only trig-
gered the sound but also modulated the tempo,
volume, pitch, and frequency through prox-
imity, position, and the relationships between
body parts. Since these parameters interacted,
the result became partially unpredictable, yet
remained linked to recognisable bodily activity
thanks to subconscious cognitive metaphors. In
this way, a person can automatically assign prop-
erties to certain tendencies based on experience,
such as the directions up and down, forward and
backwards, right and left, apart or together. The
concept became a critical strategy for the final

design.

The entire collaboration concept is dependent

on this balance. Space as interactive partner is
not a passive object, nor is it a fully controlla-
ble tool. It has its own timing, tendencies, and
behavioural variations. In the final design, this
condition is supported by randomisation of gen-
erated values, timers, delayed transitions, and
internal atmospheric states that allow the instal-
lation to continue operating even without direct
human input. As a result, the room begins to
behave increasingly as an active environmental
entity capable of independent existence. Partici-
pants’ agency is thus not based on complete con-
trol. It is based on negotiation. Dancers move,
observe the reaction, adjust their movement, and
explore new possibilities through feedback. This
creates an improvisational relationship in which
the experience is created between the body and
the space, and not just by one of them alone.
The performer is a contributor to the evolving
spatial condition.

A space that merely submits becomes an inter-
face. For interactive architecture, the meaning
of space is expanded by processes that partial-
ly delay, transform, reinterpret, or exceed the
participant’s movement, as it has the potential
to become performative. This aligns with Mun’s
(2023) concept of “imperfection to emergence,”
where uncertainty and partial loss of control
can encourage curiosity, interpretation, and en-
gagement (Mun, 2023). The role of controlled
unpredictability is therefore not merely decora-
tive. It is what allows the environment to feel
less like a machine and more like a partner in
creating the experience.

Material and technical integration

The final design also demonstrates that the sys-
tem proposal of interactive architecture cannot
be separated from the physical structure. The
system depends on the integration of sensors,
projectors, lighting, sound, kinetic components,
power supply, data distribution, service zones,
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and access for recalibration. The raised floor,
ceiling zone, dome geometry, structural frame,
and service spaces are not purely formal or
structural decisions, but simultaneously, they
support the technical infrastructure necessary
for interaction.

This is notably evident when looking at the ki-
netic ceiling. It contains the most concentrated
technical infrastructure, including 121 suspen-
sion motors, cabling, control hardware, suspend-
ed floral elements, and service access. Its spatial
effect depends on the coordination of mechani-
cal performance, structural stability, motor con-
trol, maintenance logic, and computational cho-

reography.

Designing a kinetic suspended light module
demonstrates this relationship at the detail lev-
el. The blooming component required testing of
geometry, mass, rotation angles, friction, range
of motion, motor placement, material stiffness,
and assembly details, which proved that archi-
tectural behaviour is not created by software
alone. It must be supported by material, struc-
ture, mechanism, and maintenance.

Interactive architecture is often discussed
through abstract diagrams of sensing and re-
sponse. The project, on the other hand, demon-
strates that the reliability of spatial behaviour
depends on construction details. The sensor
needs to remain stable after calibration. The pro-
Jjection has to be correctly mapped according to
the angles of device placement. Kinetic elements
should be light enough to move, yet robust
enough to retain their shape. Cables, motors,
and access points require careful organisation to
keep the central interactive space visually and
physically uncluttered. In this sense, the work
demonstrates that co-performative architecture
is both computational and tectonic.
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The project has several limitations that define its
scope. The first concerns the scale of the design,
which is intended to be more in a performative
installation dimension than a full-scale building.
This scale is suitable for testing embodied inter-
action as it allows for relatively controlled con-
ditions for sensing, projection, lighting, sound,
and kinetic movement within a short thesis
timeframe. However, this means that the find-
ings ought to be understood as a conceptual and
experimental framework rather than a directly
transferable building system.

A second limitation lies in tracking accuracy and
technical reliability, as the experiments depend-
ed on available tools such as webcam tracking,
Kinect, MediaPipe, TouchDesigner, Arduino,
Ableton, LED light strips, low-power micros-
ervomotors in experiments, and similar devices.
These tools enabled rapid experimentation but
also introduced noise, jitter, false triggers, data
loss, and sensitivity to the environment. The
project addressed these issues through filtering,
smoothing, clipping, thresholding, and recali-
bration, but it was not possible to eliminate them
entirely.

A third limitation involves autonomy. Although
the final system incorporates randomisation,
timers, delayed transitions, and internal states,
it does not include long-term adaptive memory.
This means that the installation can behave with
a certain degree of independence, but it cannot
learn deeply from repeated interactions over
time. Its autonomy is therefore partial rather
than complete.

A further restriction lies in the participation,
since the system, as it is now, is primarily de-
signed to follow one person, with the possibility
of a small group being present where focus is
shared. This promotes clarity in the interaction
but limits the exploration of collective behav-

iour. Future development could explore how
multiple bodily inputs influence the same spatial
system, how competing inputs are prioritised or
blended, and how group movement can generate
shared atmospheric states.

A final constraint is the sensory scope, with at-
tention primarily on visual, auditory, and kinetic
feedback. These outputs are well-suited to the
relationship between dance, movement, and at-
mosphere, but other sensory modalities, such as
touch, temperature, airflow, vibration, or scent,
could theoretically further deepen the embodied
experience, although the scope of the ongoing
project has, since the beginning, narrowed the
outputs to visual, auditory, or kinetic.

Rather than weakening the inquiry, these lim-
itations firmly situate the project within a re-
search-through-design framework that aims to
understand how interactive spatial systems can
be conceptualised, tested, and developed, instead
of presenting a finished autonomous architec-
ture.

Contribution to interactive architec-
ture

This work offers a conceptual contribution by
defining interactive architecture as a co-per-
formative relationship rather than a reactive
mechanism. The project demonstrates that the
mere presence of sensors, projections, motors,
or responsive eftects is not sufficient. What mat-
ters is the quality of the feedback between the
body, computation, and space. At the same time,
the thesis makes a methodological contribution
through a sensory-cognitive-expressive frame-
work. This framework clarifies how movement
can be captured, interpreted, and spatially ex-
pressed. It outlines a strategy for transition be-
tween theory, experiment, and design and links
technical processes with architectural experi-
ence. Theoretical Proposal presents this model

as a layered process of recognition, interpreta-
tion, and transformation between the body, the
system, and the environment. As a further spec-
ulative proposal for a pavilion, it offers a design
that demonstrates how motion tracking, projec-
tion, sound modulation, atmospheric lighting,
autonomous behaviour, and kinetic ceiling sys-
tems can be integrated into a coherent spatial
environment. The final design not only illus-
trates the theory but also tests how theory can
become architecture.

Perhaps one of the strongest contributions of
this work is the argument that interactive archi-
tecture becomes meaningful when it exceeds the
boundaries of direct responsiveness. The project
demonstrates how movement can be perceived
as a data set, interpreted through selected quali-
tative parameters, and reflected through the cre-
ation of a multisensory atmosphere. In this pro-
cess, the participant not only occupies the space
but also helps to shape it. Architecture is no
longer a mere stage for movement but becomes
an integral part of its unfolding.

The work, therefore, answers the research ques-
tion by demonstrating that architecture can be-
come co-performative when designed as a lay-
ered feedback system. It must be sensory in how
it perceives the body, cognitive in how it inter-
prets dance, and expressive in how it transforms
the spatial atmosphere. While this does not cre-
ate a fully autonomous architectural subject, it
opens up a clear framework for future interactive
environments that are more embodied, relation-
al, and affective. In this model, one does not sim-
ply enter a space. It is continuously negotiated
between body and environment.
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CONCLUSION

This master’s thesis explored how interactive ar-
chitecture can be designed as a co-performative
spatial system that interprets human movement
and responds through multisensory feedback.
Building on a critique of architecture as a static
container for human activity, this project instead
proposes that space can be understood as an ac-
tive participant in embodied experience within a
true interaction. Through theoretical research,
experimental prototyping, and speculative ar-
chitectural design, my thesis investigated how
the body, computation, and space can enter into
a reciprocal relationship.

The central argument of my thesis is that mean-
ingful interactive architecture depends on more
than just the ability to react. A reactive system
produces an output when it receives an input
stimulus. In this way, a co-performative system,
on the other hand, creates a feedback loop in
which movement influences the environment,
and the transformed environment influences
further movement, perception, and engagement.
The project thus distinguishes between respon-
siveness as a technical reaction and interactivity
as an embodied, relational, and atmospheric ex-
change.

Researchers have shown that movement can be-
come a form of spatial information when inter-
preted through specific qualitative parameters.
Early experiments confirmed that bodily move-
ment can be captured, calibrated, and linked to
visual or mechanical outputs. Later experiments
became more significant because they moved
beyond direct mapping and began to interpret
speed, proximity, posture, direction, rhythm, and
relational movement. This shift is key to the the-
sis because it shows that architecture can start
to interact with the body not only as a moving
object but also as an expressive medium.
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The sensor-cognitive-expressive framework de-
veloped in the thesis provides a structure where
the sensory layer captures bodily movement, the
cognitive layer interprets movement through
computational logic, and the expressive layer
translates this interpretation into spatial feed-
back. This context connects theoretical ques-
tions of embodiment, feedback, performativity,
and atmosphere with the practical development
of interactive systems. It also clarifies that com-
putations are not just a technical tool but a full-
fledged part of the architectural design environ-
ment. Thresholds, mappings, delays, smoothing
values, and calibration decisions shape how the
participant experiences agency, sensitivity, and
spatial presence.

The final installation design synthesises all these
findings into a speculative architectural environ-
ment. [ts cubic exterior and round interior create
a transition from external minimalistic neutral-
ity to internal immersion, thereby supporting
the concept of a personal perceptual “bubble.”
In this environment, movement influences pro-
Jjection, sound, lighting, and kinetic behaviour.
These responses are not intended as isolated ef-
fects, but as part of a multisensory atmospheric
field. The project, therefore, demonstrates how
interactive architecture can function less as a
controllable device and more as an environment
that listens, transforms, and participates.

Another significant finding of the research is
that controlled unpredictability is essential for
collaborative performance. If an interactive sys-
tem is entirely predictable, it risks becoming a
device. If it is entirely random, the participant
loses their agency. The project seeks and ex-
plores a middle ground in which the participant
realises that their actions are important but can-
not fully control the outcome. This encourages
the interaction to become exploratory, improvi-
sational, and reciprocal. The participant not only
controls the system but also negotiates with it.

It is clear from the proposal that interactive
architecture is as much computational as it is
material. Spatial behaviour depends not only on
software, data monitoring, and processing, but
also on structure, weight, friction, motor ca-
pacity, access, wiring, projection alignment, and
maintenance. The kinetic ceiling and suspended
elements demonstrate this particularly clearly.
Architectural behaviour must be designed with
an emphasis on material and tectonic decisions
as well as through digital logic.

Through its content, this master’s thesis con-
tributes to interactive architecture in three in-
terconnected ways. Conceptually, it rethinks
interactivity as a shared performance rather
than a reaction. Methodologically, it proposes
a sensory-cognitive-expressive framework as a
means of linking motion capture, computational
interpretation, and spatial expression and finally,
architecturally, it demonstrates how these ideas
can be translated into a speculative installation
where movement, atmosphere, and spatial be-
haviour are generated collectively.

The project’s limitations also define its informa-
tive value. The proposal remains more of a small
design-research installation than a complete
building system. Its autonomy is only partial,
and its interaction model depends on available
tracking, calibration, and output technologies.
These limitations make the work most useful as
a framework for future development, rather than
as a finished solution.

Future research could extend this work through
more robust tracking systems, adaptive cali-
bration, machine learning-based motion rec-
ognition, long-term behavioural memory, and
multi-user interaction. As well as expand the
sensory field through touch, temperature, air-
flow, vibration, or scent and test the framework
at larger architectural scales. Such developments

would bring the project’s ideas closer to truly
adaptive and socially responsive architecture.

In conclusion, this work argues that architecture
can become co-performative when designed as a
layered feedback system. As a sensory layer, it
perceives the body, as a cognitive layer, it inter-
prets movement, and as an expressive layer, it
transforms the atmosphere. Interactive architec-
ture becomes meaningful not when space sim-
ply reacts to the body, but when the body and
space begin to influence each other through con-
stant interpretation, feedback, and adaptation.
In this model, space is not merely entered. It is
constantly negotiated, enacted, and produced
through embodied experience.
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ChatGPT (OpenAl) for phrasing, structure revision, improving textual coherence, and for assistance in
writing and debugging scripts in TouchDesigner and Arduino IDE. | also used NotebooklLM (Google)
to organise and narrow the list of relevant references. All Al-assisted outputs were critically reviewed,
verified, and edited by me, and no Al system was used to generate original ideas, data, or analytical
results.
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