
On the textility of smell in spatial design
The ocular-centric approach predominant in the field of design, particularly textile and 
spatial design, focuses on visual aesthetics and visually mediated interactions. Whereas 
the non-visual materialities of a space, such as smells, are ignored in the design process, 
meaning that interior spaces with homogenously odourless environments lack interactions 
with the olfactory. However, multi-sensorial experiences are crucial to creating a holistic 
perception of an environment.The aim of this thesis is to investigate smell as a design 
material for spatial design. This research has been carried out using experimental design 
research methods, with the conceptual framework connecting smell as a design material 
to textiles and spatial and interaction design. Addition, modulation and subtraction of 
smells through textile surfaces and micro-climatic spatial zones have been investigated. In-
teractions with smells were explored through different modes of activation and dispersion 
of smells on two different scales; spatially near to body and far from body. The research 
findings show that atmospheric parameters play an important role in the detectability of 
smells, in that air flow carries smells and distributes them in a space. Humidity holds smell 
molecules in the air, and at higher temperatures smell molecules are extremely volatile 
and dynamic in their movements. Textiles have demonstrated to be good absorber of 
smells, and are breathable materials with regard to designing with plants and synthetic 
micro-encapsulated smells to create an olfactive dimension in spaces. These results have 
an implication for the design of spatial olfactive diversity and olfactory interactions, in that 
it is possible to disperse smells that are designed to transition from discrete to ambient, 
or vice versa. Interior textiles can be designed with the expressions of smells that add an 
olfactive dimension in addition to colours, patterns, and textures. The research presented 
in this thesis opens up for further interdisciplinary research with regard to developing the 
novel material systems proposed in this thesis – smell absorbers, dividers, and reflectors 
– which are responsive to existing smells and atmospheric parameters. Olfactory interac-
tions have important applications from two perspectives: firstly, in relation to subjective 
and individual connections to people, places, and events; secondly, with regard to provid-
ing information about the near environment that is comprehended through the olfactory, 
in addition to being perceived by the other senses. Therefore, spatial olfactory interactions 
are essential to (re)connect human to the environment in which they live and work. These 
interactions in the real physical world are slow and analogue in nature, in comparison 
to fast digital lifestyles; smells can improve feelings of social connectedness, improving 
wellbeing.
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ABSTRACT The ocular-centric approach predominant in the field of design, particularly textile 

and spatial design, focuses on visual aesthetics and visually mediated interactions. 

Whereas the non-visual materialities of a space, such as smells, are ignored in the 

design process, meaning that interior spaces with homogenously odourless environ-

ments lack interactions with the olfactory. However, multi-sensorial experiences are 

crucial to creating a holistic perception of an environment. 

The aim of this thesis is to investigate smell as a design material for spatial design. 

This research has been carried out using experimental design research methods, with 

the theoretical framework connecting smell as a design material to textiles and spa-

tial and interaction design. Addition, modulation and subtraction of smells through 

textile surfaces and micro-climatic spatial zones have been investigated. Interactions 

with smells were explored through different modes of activation and dispersion of 

smells on two different scales; spatially near to body and far from body. The research 

findings show that atmospheric parameters play an important role in the detectability 

of smells, in that air flow carries smells and distributes them in a space. Humidity 

holds smell molecules in the air, and at higher temperatures smell molecules are 

extremely volatile and dynamic in their movements. Textiles have demonstrated to be 

good absorber of smells, and are breathable materials with regard to designing with 

plants and synthetic micro-encapsulated smells to create an olfactive dimension in 

spaces.

These results have an implication for the design of spatial olfactive diversity and 

olfactory interactions, in that it is possible to disperse smells that are designed to 

transition from discrete to ambient, or vice versa. Interior textiles can be designed 

with the expressions of smells that add an olfactive dimension in addition to colours, 

patterns, and textures. The research presented in this thesis opens up for further 

interdisciplinary research with regard to developing the novel material systems pro-

posed in this thesis – smell absorbers, dividers, and reflectors – which are responsive 

to existing smells and atmospheric parameters. Olfactory interactions have important 

applications from two perspectives: firstly, in relation to subjective and individual 

connections to people, places, and events; secondly, with regard to providing infor-

mation about the near environment that is comprehended through the olfactory, in 

addition to being perceived by the other senses. Therefore, spatial olfactory interac-

tions are essential to (re)connect human to the environment in which they live and 

work. These interactions in the real physical world are slow and analogue in nature, 

in comparison to fast digital lifestyles; smells can improve feelings of social connect-

edness, improving wellbeing. 



ACKNOWLEDGEMENTS I wish to express my sincere thanks to the members of ArcInTex European Training 

Network; the coordinator, Lars Hallnäs; the network manager, Agneta Nordlund 

Andersson; the director of studies, Delia Dumitrescu. I also wish to thank Clemens 

Thornquist and Linda Worbin (supervisors at the Swedish School of Textiles), 

Norbert Palz and Katharina Bredies (UDK Berlin), Clare Johnston and Jo Anne 

Bichard (RCA London), Oscar Tomico (TU/e Eindhoven), George Stylios and Sarah 

Keith (Heriot Watt University Edinburgh), Eglė Ganda Bogdanienė (VAA Vilnius), 

Koen Van Os (Philips Eindhoven), and Dorte Bo Bojesen (Ludvig Svensson Kinna).

I am extremely grateful to be a part of this network, and performing my research as 

part of it has been a very fulfilling journey. I thank my PhD research colleagues for 

the continuous exchange of thoughts and interdisciplinary collaborations, leading 

to deeper friendships on a personal level: Daniel Suarez, Iva Resetar, Marina Castan 

Cabrero, Bastian Beyer, Ana Piñeyro, Svenja Keune, Sara Lundberg, Justė Pečiulytė, 

Ramyah Gowrishankar, Vidmina Stasiulyte, Troy Nachtigall, Angella Mackey, Ana 

Ines Rodrigues, and Maike Schultz.

I enjoyed being part of the design research department at The Swedish School of 

Textiles, and would like to thank my colleagues there for interesting discussions and 

inspiring moments: Linnea Bågander, Holly Mcquillan, Riika Talman, Erin Lewis, 

Karin Peterson, Anna Lidström, Stefanie Malmgren de Oliveira, Marjan Kooroshnia, 

Karin Landahl, Tonje Kristensen Johnstone, and Hanna Landin. Special thanks to 

the technical staff at the Knitwear Lab (Kristian Rödby, Tommy Martinsson, and Lars 

Brandin), the textile chemistry and Printing lab (Catrin Tammjärv and Ulrika Norén), 

and the Weaving Lab (Roger Högeberg). 

I am grateful for successful collaborations with Giedre Kirkilyte-Jankauskiene, Justė 

Pečiulytė, and Margareta Zetterblom at various workshops, performances, and con-

ferences.

I wish to particularly acknowledge my main supervisor Clemens Thornquist, for the 

continuous support and guidance that made this thesis possible, and my co-super-

visors Delia Dumitrescu, Margareta Zetterblom, and Norbert Palz, who provided 

valuable feedback and discussions throughout the course of this research. 

A special thanks go to my family and friends for their continuous moral support. 



CONTENTS PREFACE  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14

CONTEXT  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20

BACKGROUND . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22
SMELLS AND THE SENSE OF SMELL  . . . . . . . . . . . . . . . . . . . . . .  26
Emergence of the Sense of Smell  . . . . . . . . . . . . . . . . . . . . . . . . .  27
Perception and Stimuli of Smells  . . . . . . . . . . . . . . . . . . . . . . . . .  29 
Representation of Smells . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  32
Design Vocabulary of Smells . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33

INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  44
A MULTI-SENSORIAL APPROACH TO SPATIAL DESIGN  . . . . . .  46
Architecture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  47
Interior Spaces  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  55
EPHEMERAL MATERIALTIES AS DESIGN MATERIALS . . . . . . . .  58
Atmosphere as a Material  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  59
Energy as a Material  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  62

RESEARCH PROGRAMME  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   66

RESEARCH PROCESS AND METHODS  . . . . . . . . . . . . . . . . . . . . .  76
SMELL LAB  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  80
SMELL STUDIO  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  82
SMELL WORKSHOPS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   84
1. Exploring Textiles as Interactive Materials for 
    Spatial Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    86
2. Exploring Smells as Interactive Materials for 
    Spatial Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    88



3. Exploring Textile Expressions of Smells. . . . . . . . . . . . . . . . .    89

A THEORETICAL FRAMEWORK . . . . . . . . . . . . . . . . . . . . . . . . . . .    90
TEXTILE EXPRESSIONS  OF SMELLS . . . . . . . . . . . . . . . . . . . . . .    92
1. Textiles and Smells   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    93
Textiles  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    95
Smells . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  106
SMELLS AS INTERACTIVE MATERIALS FOR 
SPATIAL DESIGN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  140
2. Smells and Spatial Interactions . . . . . . . . . . . . . . . . . . . . . . . . 141 
SPATIAL INTERACTIONS INVOLVING SMELL-
EMBEDDED TEXTILES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  166
3. Smell-embedded Textile-Spatial
    Interactions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  167

EXAMPLES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  218
TEXTILE EXPRESSIONS OF SMELLS  . . . . . . . . . . . . . . . . . . . . . . 220
SMELLS AS INTERACTIVE MATERIALS FOR 
SPATIAL DESIGN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  238
1. Climatic Atmosphere as a Design Variable . . . . . . . . . . . . . .  241
2. Movement through Space  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  264
3.Textiles as Mediating Materialities  . . . . . . . . . . . . . . . . . . . . .  280

CONCLUDING NOTES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 310
REFLECTIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .311
DISCUSSION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   322
CONNECTING INTERIOR SPACES TO NATURE . . . . . . . . . . . . .   323
SMELL AS A DESIGN MATERIALITY . . . . . . . . . . . . . . . . . . . . . . .  326
New Materials . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  327

SMELL AS AN INTERACTIVE DESIGN MATERIAL . . . . . . . . . . .  330
Responsive and Adaptive Olfactory Environments . . . . . . . . .    331
Pedagogical Tools for Designing with Non-visual
Materialities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   332
DESIGNING WITH SMELLS FOR WELLBEING . . . . . . . . . . . . . .   334

REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   338

APPENDIX . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   348
PAPER 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   351
PAPER 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   365
PAPER 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   377
PAPER 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   397



  1514  

The research presented in this thesis was undertaken in relation to the ArcInTexETN 

research programme. This artistic research training network was initiated by the aca-

demic and industrial partners of ArcInTex, an international research-through-design 

network that focuses on the development of new forms of living from an interdiscipli-

nary perspective, combining architecture, textiles, and interaction design. Through 

a collaborative application for research funding, the ArcInTexETN received a grant 

from the European Union’s Horizon 2020 research and innovation programme under 

the Marie Skłodowska-Curie grant agreement No. 642328.

The consortium members of this project are the Royal College of Art, London 

(United Kingdom); Heriot-Watt University, Edinburgh (United Kingdom); Eindhoven 

University of Technology, Eindhoven (The Netherlands); Vilnius Academy of Arts, 

Vilnius (Lithuania); Berlin University of the Arts, Berlin (Germany); University of 

Borås, Borås (Sweden); and the companies Philips, Eindhoven (The Netherlands) 

and AB Ludvig Svensson, Kinna (Sweden). 15 early stage researchers (ESRs) are 

involved in this project with the goal of developing programmes, methods, and 

techniques for the design of adaptive and responsive environments for the body, the 

interior, and the building.

The common aim and focus of ESRs 1 to 5 within Work Package 2 is “to develop 

textile thinking for adaptive and responsive architecture to the scale of the building”. 

For the author of this research thesis (ESR 4), “designing adaptive and responsive 

textiles” is the given overarching goal. 

The research presented in this thesis has been conducted at the Swedish School of 

Textiles at the University of Borås, within the Smart Textiles research group. The 

focus of this research group is questioning traditional textile materialities in relation 

to new textile expressions that exhibit temporality and dynamic changes in design ex-

pressions (Dumitrescu 2016, Worbin 2017). Plant dyeing techniques and bio materi-

als such as moss and lichen, which are used for designing temporal visual expressions 

(Worbin 2013), have been a great source of inspiration for the author in exploring 

natural materials with regard to the inherent qualities of smells; these can become 

design expressions that exhibit an olfactory dimension when designing adaptive and 

responsive textiles, in turn pushing the research agenda for designing for and with 

the senses and creating meaningful, multisensorial, and experiential design forms for 

living environments.

PREFACE
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PREFACE

In the extensive philosophical essays of Juhani Palassmaa (2014), Maurice Merleau-

Ponty (1962), and Gaston Bachelard (1964), spaces are examined in relation to 

their perceptual qualities and connections to the body and mind. Aspects related to 

memory and space are discussed in these works with regard to the contemporary 

architectural context, and the use of spatial materials that create textured surfaces 

for haptic interactions is connected to cognition and the motoric. In the author’s li-

centiate thesis, Smells: Olfactive Dimension in Designing Textile Architecture (Kapur 

2017), olfactory interactions are explored through haptic ones, investigating ways 

of revealing, activating, and disseminating smells within a space. Smells were added 

using dyeing, coating, and printing methods to textile materials that did not possess 

inherent smells, resulting in designed artefacts with tactile surfaces and an olfactory 

dimension.

The appended publications are peer-reviewed. These publications present the re-

search work as it was developed over the period of doctoral study. 

List of appended publications:

1.  Kapur, J (2017), ‘Touch of Smell’, in Clemens Thornquist and Ricarda Bigolin 

(eds.), everything and everybody as material: beyond fashion design methods 2017 

(Borås: The School of Fashion and Textiles, RMIT University and The Swedish School 

of Textiles, University of Borås), 94–105.

2. Kapur, J and Peciulyte, J (2018), ‘Designing Sensorial Dialogues’, in Kelly M. 

Murdoch-Kitt and Omar Sosa-Tzec (eds.), DECIPHER (1. E-book; University of 

Michigan, Ann Arbor: AIGA DEC), 227–36.          

3. Kapur, J (2019), ‘Engaging with Sense of Smell through Textile Interactions’, in 

Streitz N. and Konomi S. (eds.), Distributed, Ambient And Pervasive Interactions. HCII 

2019 (Lecture Notes in Computer Science, vol 11587; Orlando: Springer Nature 

Switzerland AG), 241–57.

4. Kapur, J (2020), ‘Smells as an interactive material for spatial designing’, in Streitz 

N. and Konomi S. (eds.), Distributed, Ambient And Pervasive Interactions. HCII 2020 

(Lecture Notes in Computer Science, vol 12203; Copenhagen: Springer Nature 

Switzerland AG), 69–84.

Publication 1 describes a workshop performance that was held during the confer-

ence. The workshop involved an improvised performance, with three scenes that 

were acted out by the participants. The props provided were smell-embedded objects 

such as a container filled with rotten garlic, a jar filled with freshly picked moss from 

a forest, and a cup of freshly squeezed lemon juice. Touch and body movement acti-

vated the smells in the space, and this was intended to take place using not just the 

hands but the movements of the whole body. For example, walking on an object may 

require that the whole body balances, and can involve interacting with a material by 

dancing and jumping with it or carrying another object. The experiments conducted 

during the workshop focused on embodied spatial interactions with smells.

This publication relates to the chapters ‘A Theoretical framework’  and ‘Examples – 

Movement through space and Textiles as mediating materialities’.
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Publication 2 describes a workshop that was co-authored by the author and another 

ArcInTexETN researcher, Juste Peciulyte, and held during the conference DECIPHER. 

This publication was written following a collaborative studio process that involved 

developing artistic research presentation methods. Here, a ‘research studio’ was uti-

lised to present the research practice as a performance, allowing methods of staging 

and dialogue to be used to explore visual and non-visual design materials with regard 

to creating spatial atmospheres. Textiles were used as tangible materials to convey 

the intangible materialities of light and smell. 

This became the basis for a workshop performance at the conference that presented 

design research by addressing the idea of designing with visual and non-visual ma-

terialities. Embodied sketching, staging, and dialogues were explored by the authors 

and the participants, with a focus on the design materials of smell and light. The 

workshop explored these notions as ideation methods for spatial design. The dynam-

ic spatial arrangements created an installation consisting of atmospheric expressions 

of smell and light, opening up a dialogue between the practitioners that facilitated 

the articulation of the arrangement and expression of intangible materialities as part 

of the ideation process.

This publication relates to the chapters ‘Design research process and methods’ and 

‘Examples - Textiles as mediating materialities’.

Publication 3 describes design experiments in the form of spatial installations, an 

improvisational performance, and three-dimensional textile forms; in all of these, 

olfactory spatial interactions were explored through textiles. The focus of these 

design examples was the sense of touch and body movements as actuators of smells. 

The temporal textile expressions of smells proposed slow interactions and created 

opportunities for connection between the participants and the physical world. The 

design examples related to olfactory expressions, and proposed frameworks for 

future research in human-environment interactions through everyday objects and 

surroundings.

This publication relates to the chapters ‘Background – Smells and the sense of smell’ and 

‘Examples – Smells as interactive materials for spatial design’.

PREFACE

Publication 4 presents design strategies in which smells were used as interactive ma-

terials for spatial design. The design examples presented were created during design 

research workshops conducted with students at different design schools. The aesthet-

ics of interaction were defined by textile expressions of interactions with smells in a 

space, such as patterns, textures, fluidity, and soft boundaries. The research exam-

ples described in this publication show that designing with and for smell-diverse 

spatial atmospheres has the potential to create multisensorial spatial interactions, 

thereby adding olfactory encounters and experiences to spaces.

This publication relates to the chapters ‘Design research process and methods’ and 

‘Examples’.
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CONTEXT Ocular-centric design is predominant in our daily living environments. The spaces 

that we live and work in are highly stimulating in a visual sense, and are designed 

to focus our eyes, and thus our attention, primarily on the screens of electronic de-

vices. Due to the rut of being connected virtually, one is disconnected from the real, 

physical environment, and this is taking a toll on health in that connections to the 

physical environment and people are missing. Visual stimulation alone may not be 

enough to redress this imbalance and return the focus to our physical surroundings. 

Experiencing the environment through our senses is a holistic perception; therefore, 

our understanding of the world around us is multisensorial, and does not depend 

on only one sense – nor do the senses work sequentially. The interdependence of the 

senses allows us to make sense of what we see, hear, taste, smell, touch, feel, or walk 

on. 

Examining the opportunities to make multisensorial connections in environments 

such as homes, workspaces, and specialised built spaces including clinics, hospitals, 

and schools, sensory stimuli are limited to visual, auditory, and sometimes haptic; 

olfactory stimuli are not present in built spaces. In addition, in design education and 

research, particularly in the field of spatial design, teaching and applying non-visual, 

sensory-sensitive, and experiential ways of designing is quite uncommon. 

By focusing on olfactory stimuli, the research presented in this thesis addresses smell 

as an interactive material in spatial design. 
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BACKGROUND The discipline of spatial design engages with visual elements in a space and establish-

es a relationship with the surrounding environment in context. Böhme argues that if 

architecture is a field for designing a space it essentially does not belong to the visual 

arts due to the fact that space is invisible, and examines vision as a way of seeing, 

comparing it to a camera – which is “one-eye[d]” vision – and to “binocular[s]” – 

wherein the perspective constantly changes due to the eyes adjusting to the unclear 

quality of objects floating in space. Böhme identifies the paradox of this situation, in 

that the impression of objects in a space is conveyed even when their locations are 

not precisely defined (Böhme 2017: 137). Similarly, Exner argues that spatial design 

either for a room or landscape changes the perspective continuously. He suggests 

the space forms relationship between the elements and the body (occupant) in a 

sensorial way and that is also cognitively perceived (Exner 2009). When non-visual 

and visual elements are placed into the volume that has been created by a defining 

form, relationships between the space and these elements emerge. Space is formed 

through the perception of relationships between elements in the field (Ching 2004). 

Experiencing the materialities of and relationships between these and the individual 

causes interactions in the space to occur. An encounter in a space relates to sensory 

experience, wherein the “seven realms of architecture” interact and inform each 

other as part of a multisensorial experience; here, the qualities of matter, space, and 

scale are gauged by the eye, ear, nose, skin, tongue, skeleton, and muscles equally 

(Pallasmaa 2011: 42).

Spaces are experienced in relation to time. Physical materials are defined by time, as 

they are used and age with respect to spatial conditions such as exposure to sunlight 

or moisture. Changes in materials and space occur over time (Exner 2009), and space 

conveys atmosphere. Pallasmaa argues that architectural atmospheres are perceived 

through more than five senses, and that a multisensorial experience includes “the 

senses of orientation, gravity, balance, stability, motion, duration, continuity, scale, 

and illumination” (Pallasmaa 2014: 19). 

Spatial conditions are determined by physical and chemical conditions, including 

temperature, humidity, light, smell, and acoustics (Exner 2009). Architecture is 

about people, and buildings are not constructed in isolation; Böhme elaborates on 

this by describing the process of creating spaces with light or sound. Light filling a 

room can make it serene, exhilarating, gloomy, festive, or mysterious; music can 

make a room exciting, oppressive, or fragmented. He uses these adjectives in relation 

to the moods conveyed through the use of light and sound expressing the atmosphere 
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BACKGROUND

of a space and thus creating affects of wellbeing and comfort (Böhme 2017). Spatial 

design through different sensory modalities thus becomes an inevitable way of de-

signing spaces that are to be lived in and experienced with all of the senses. 

“We see only when there is light enough, taste only when we 
put things into our mouths, touch only when we make contact 

with someone or something, hear only sounds that are loud 
enough. But we smell always and with every breath”. 

- Diane Ackerman (Ackerman 1990: 6)
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EMERGENCE OF THE SENSE OF SMELL

Descartes divided the world into “the world of mind and the world of sense”, relying 

exclusively on the intellectual dimension and regarding sensory experiences as de-

ceptive. Locke, however, believed that the mind receives ideas through sensory expe-

rience, and argued that existence, as evidenced by thought, is preceded as experience 

through the senses (Classen 1993). 

Malnar examines the roles and hierarchy of senses in the works of Aristotle, Plato, 

and Descartes, concluding that the senses were not valued equally – specifically, 

smell and taste were valued least – and all were considered to be inferior to cogni-

tion. Thus, thinking was placed higher than feelings. Later, Hegel argued that only 

abstract senses, such as sight and hearing, were considered to be valuable with 

regard to the mental thought process (Malnar 2004). Ackerman, however, describes 

smell as the first of the senses; from an evolutionary perspective, the lump of olfacto-

ry tissue on the nerve cord grew into a brain – prior to this cerebral hemispheres were 

the buds of the olfactory stalks – and thus “we think because we smelled” (Ackerman 

1990: 20).

Both the significance of the sense of smell and the qualities smells are associated 

with differ vastly between societies. In the West, smells are usually associated with 

memories and emotions; for the Tukano tribe of the Amazon, smells are not individ-

ually tied and irrational, but rather part of an essential intellectual process relating 

to social norms and knowledge of the tribe and society (Classen 1993). Whether for 

communication within tribes or as a medicine to ward off diseases in the medieval 

period, usage of smells has been widespread and varied from a historical perspective. 

Cultural history brings out the emphasis on the olfactory (Diaconu 2007); for ex-

ample, when water was rare, perfumes were very important with regard to personal 

use, creating social hierarchies; however, not just bodies but clothes and indeed 

everything one used was drenched in perfume, and the language of poetry had a 

strong influence of smells such as using floral descriptions (Ackerman 1990). 

In Amazonian tribal culture tribes are defined based on odours, which in turn are 

dependent on their customary eating habits and hunting professions; in ancient and 

pre-modern societies, sense of smell was considered to be a higher sense of spiritual-

ity (Classen 1993), and the Egyptians and Romans were far ahead of their respective 

times with regard to the heightened use of perfumes in individuals’ beauty regimes 
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and architecture. The austere way of living of the early Christians, however, discour-

aged the personal use of smells and limited the use of peculiar scents to religious 

symbols (Ackerman 1990). 

How far have we, as a Western society, developed our understanding of olfactory 

experiences and encounters with smells? What differentiates us today from ancient 

societies in the pre-modern West with regard to olfactory acceptance?

With all of the synthetic smellscapes around us in urban environments – quite similar 

to the visual stimuli of marketed product advertisements with bold graphics and col-

ours – it is sometimes too tiring for the senses to interpret meanings from an aesthetic 

point of view. One can perhaps choose to not look at a large billboard for a product, 

but ‘closing’ one’s nose for a long period of time or not breathing is not an option. 

As Ackerman writes, the sense of smell is not a mute sense and we have no way to 

control what we smell (Ackerman 1990).

Thus, the smells of the city that we unconsciously breathe in are stored somewhere 

in the olfactory memory, as almost everyone has aromatic memories (Ackerman 

1990). Our associations are subconsciously based on smells and reminds us of past 

memories – painful and happy, places and people, and even encounters and events.  

Henry Lefebvre argues “where an intimacy occurs between subject and object, it must 

surely be the world of smell and the places where they reside” (Lefebvre 1991: 197). 

The term ‘smellscape’ – which describes a geographical dimension, and was coined 

by Porteous (Porteous 1985, Rodaway 1994) – is used to map the smells of a city. By 

applying crowd-sourcing methods, the urban planner Victoria Henshaw and artist 

Kate McLean developed city smellscapes (Henshaw 2014); these maps represent a 

collective memory of smells in different areas of a city. These smellscapes, just like 

any landscape, evoke places (Rodaway 1994) and make it possible to relate to a city 

in the context of its spatial presence.

PERCEPTION AND STIMULI OF SMELLS

Smells are volatile chemical compounds that are airborne, and act as sensory stimuli 

to create the sensation of smell through the smelling sensory organ. According to 

Rodaway, perception is not a reception of a single stimulus, nor is it isolated; rather, 

it is multisensorial and involves more than one sense organ. Perception involves an 

interaction between environmental stimuli, sense organs, and the brain. Rodaway 

argues that the environmental space in which stimuli reach sense organs is mediated 

by surfaces, textures, and other materialities, which affect stimuli and information 

as it reaches the brain (Rodaway 1994). Sensory stimuli experienced in a space and 

received by the brain influence behaviour patterns and how an individual feels and 

moves (Exner 2009); even when olfactory stimuli are not perceived consciously due 

to habituation, smells influence behaviour and mood (Köster 2002). 

Through the two vital sensing organs, i.e. the olfactory receptors and the trigeminal 

nerve, smells are detected and processed in the brain (Henshaw 2014). By detecting 

different smells and connecting these to associations and memories, Buck and Axel 

discovered a large number of olfactory receptor types; these are located in the recep-

tor cells, and each is highly specialised for detecting a few odour types. Through inha-

lation, smells pass through the receptors and the olfactory bulb, located at the emo-

tional centre of the brain. From here, information is sent to other parts of the brain 

as a pattern based on previous memories of that particular odour, which the brain 

recalls and recognises (Buck 1991). These olfactory receptors facilitate the detection 

and differentiation of approximately 10,000 different smells (Henshaw 2014).

By examining the physics, mechanisms, detection, and theory of smells, Ackerman 

explains J.E. Amoore’s theory of “stereochemistry”, whereby the geometrical shape 

of a smell molecule fits a specific neuron, in turn producing the olfactory sensation 

that informs the brain of what the smell is produced by (Ackerman 1990). This lock-

and-key metaphor has been contradicted by other two theories of smell, however: 

vibration theory, proposed by Wright in 1964, suggests that smell molecules have 

vibrational resonance in the infrared spectrum (Cigoj 2013), while in 1996 Turin 

proposed inelastic electron tunnelling (Jasper 2018). This latter theory is similar 

to the swipe-card model, which considers both the shape of the molecules and the 

vibrations to explain the different smells of molecules (Cigoj 2013). 
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The question then arises as to why smells are perceived differently by individuals. 

According to Rodaway, there are four distinct characteristics of the olfactory sense: 

First, it enables the detection and distinction of the source of a smell; second, it is 

both a chemoreception and mental activity wherein the associations and memories of 

past experiences are re-created. Third, it warns when the smellscape in the environ-

ment changes, as habituation and familiarity lead to adaptive sensitivity; thus, when 

any change takes place, there is a sensory alert. Fourth, it is strongly connected to 

the emotions and emotional responses, which relate to specific smells and intensities 

(Rodaway 1994). So-called ‘smell fatigue’ – or the over-familiarity of a smell – results 

from extended contact and causes the perception threshold of a smell to decrease; 

however, upon removal of the smell the perceived intensity recovers (Wilson and 

Baietto 2009). To be able to consciously perceive, detect, and aesthetically appreciate 

smells, intensity and frequency need to be modulated and experienced within a time 

interval, as adaptation to the environment is a constantly ongoing process: “Olfaction 

similar to vision, responds better to changes in stimulation than to steady stimula-

tion” (Cain 1988: 72).

Individual characteristics such as age, gender, odour training, culture, social class, 

and bodily state have an effect on one’s ability to smell, Henshaw (Henshaw 2014) 

argues, hence the difference in perceived smells between individuals.

Smells must be airborne to be percep-

tible, and gravity is required for us to 

smell volatile substances: where there is 

no gravity, as in space, molecules cannot 

be volatile, and so not being able to taste 

or smell food is a challenge for astro-

nauts (Ackerman 1990). 

With regard to the visual reception of 

an object, light acts as a stimulus by cre-

ating shadows and contrast; this latter 

clarifies the relationship of an object to 

its surroundings. 

Through the reflection of light from a 

surface and shadows, we are able to dis-

cern the shape and colour of an object. 

The precision with which one is able to 

discern an object’s dimensions, shape, 

and colour improves as the contrast 

between light and shadow increases, 

allowing an observer to discern the 

distance between an object and its 

background.

However, when a surface is heated by a 

heat source such as the sun, the smells 

on the surface increase in volatility and 

are detectable by the nose. Precision in 

terms of the sense of smell may exist; 

however, the direction of the smell may 

be vague owing to the dynamic quality 

of the air that carries smell molecules.
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REPRESENTATION OF SMELLS

Like atmospheres, the flows of odours cannot be precisely represented as there are no 

boundaries or any given perspectives; thus, they cannot be quantified in any measure 

nor can they be defined in an objective way (Diaconu 2011). 

Although smells are an interesting tool for designers, urban planners, and devel-

opers, identifying and describing them requires an olfactive vocabulary. Semantic 

methods involve documenting words (also called ‘descriptors’) when smelling a sub-

stance, which are then used to describe the similarity of an odour to other familiar 

and common odours (Zarzo and Stanton 2009). The basic classification of smells, as 

suggested by various researchers over the past centuries (World 1999), is quite varied 

and based on cultural and social beliefs (Henshaw 2014), as well as empirical classi-

fications such as ‘pleasant’ or ‘unpleasant’. Some of the descriptions of smells utilise 

the vocabulary of taste, the ‘feeling’ of something, or the source of the smell. Some 

classifications are purely botanical. In 1895, Zwaaredmaker designed a classification 

system of nine groups: “fragrant, ethereal, aromatic, ambrosiac, alliaceous, empyre-

umatic, hircine, foul and nauseous”; in 1986, Brud created an odour ring with twelve 

sectors: “floral, aldehydic-ozone, woody, conifer, mossy, green-herbal, spicy, citrus, 

balsamic, fruity, animal and lavender like” (Chastrette 2002: 104). Such systems are 

followed in the perfumery and whisky industries today. 

There is a limitation with regard to the vocabulary of smells, as Henshaw examines 

in her classification of odours, and many challenges in describing a smell are due to 

the difficulty in differentiating between the sense of smell, act of smelling, and smell 

itself (Henshaw 2014). Rodaway discusses the limitations of language with regard 

to an understanding of the role of the senses, differentiating between the senses of 

smell and taste and the visual, tactile, and auditory senses, which have a vast vocab-

ulary in the English language. Moreover, the sensory experience of the former two 

senses is often described through metaphors (Rodaway 1994).

DESIGN VOCABULARY OF SMELLS

At present, no technique has been developed that can measure the impact of volatile 

compounds on smells. Another approach to this is sensor systems or electronic 

noses, which works based on holistic rather than analytical measurements; these 

sometimes utilise gas sensor systems, which are less sensitive than the human nose 

(Bitter, Müller, and Müller 2010). However, quantitative analysis of smells for the 

purposes of control, hygiene, and city development is undertaken according to stand-

ards such as European Standards, which use human probands or experts to detect 

smells. When odours are considered to be offensive, the assessment is based on the 

FIDOL (Frequency, Intensity, Duration, Offensiveness, Location) system (Bull 2018). 

Environmental scientists measure odours to determine whether they exceed certain 

pre-defined concentrations, although there are certain differences between research-

ers with regard to quantifying the qualities of a smell. According to Schutz, smells can 

be described based on four major dimensions: “absolute threshold, supra-threshold 

intensity at a given concentration, the effective tone which is pleasant-unpleasant 

characteristic and the qualitative dimension that defines what the smell is” (Schutz 

1964: 517). Contrastingly, Wilson and Baietto state that “the four quantifiable qual-

itative dimensions of smells are its threshold, intensity, quality and hedonic assess-

ment” (Wilson and Baietto 2009: 5102).

The design qualities of smells are related to many other factors used in a spatial 

setting for making smells detectable and perceivable to humans. The following 

materialities of smells make us aware of our surroundings in their three-dimension-

ality, and materiality is an important aspect for a designer in relation to exploring 

and ascertaining the subtle differences between and variations in an object or spatial 

quality, in that the impact of these design variables helps relate to and interact with 

the surroundings, forming an aesthetic quality for living environments:

Threshold

Intensity

Volatility 

Duration

Quality

Frequency

Scale
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Threshold

The threshold value of a smell is the lowest concentration of the odourant at which 

it is detectable. This value varies between odours and individuals’ capacity of odour 

perception (Wilson and Baietto 2009, Chastrette 2002).

The lower the detectability of a smell, the lower the threshold value of a smell. Using 

a low concentration of a smell is one way to ensure that it goes undetected; however, 

an individual with a higher odour sensitivity may nevertheless detect its presence. 

Certain smells have a higher threshold value than others, depending on the chemical 

structures of the smell molecules.

BACKGROUND

Figure 1: Smell threshold. Figure 2: Smell intensity.

Intensity

The  intensity of a smell as defined by the FIDOL system relates to when an odour is 

experienced at an intensity above the smell threshold, has a strength greater than 

other odours present, and is considered to be a nuisance. In contrast, in perfumery 

the intensity of a fragrance is defined as a perceived sensation due to an increase in 

concentration (Teixeira et al. 2013, Wilson and Baietto 2009). Henshaw argues that 

odour intensity is the detectability of odours where some are detected at a lower 

concentration and some at a higher concentration; from an idiosyncratic perspective, 

some odours may be perceived to be repellent when experienced in high concen-

trations (Henshaw 2014). A high-intensity smelling experience may lead to fatigue 

of the olfactory, leading to a headache and an inability to enjoy or distinguish the 

fragrant smell.
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Volatility

Volatility, or rate of evaporation, is the rate at which an odour evaporates from a sur-

face (Henshaw 2014). A perfume has three levels of odour; the top note is the most 

volatile and the base note is the least volatile, while the middle note lies in between 

in terms of evaporation rate. By using volatility and other factors such as molecular 

structure and composition, and the interactions between the odourant materials 

used, a perfumer designs the structure of a perfume. However, evaporation rates 

differ between textiles, skin, and other substrates, impacting the perceived odour 

(Teixeira et al. 2013). The volatility of odourants is also influenced by the ambient 

temperature; it is more dynamic at higher temperatures and less dynamic at lower 

ones.

BACKGROUND

Figure 3: Smell volatility at higher temperatures.

Duration

For odours to be detected, they must be experienced for a sufficient amount of time 

(Bull 2018). Smells experienced over a duration of time may be perceived differently 

due to smell fatigue or familiarity with a smell. In addition, the volatility of molecules 

can cause the intensity of a smell in a particular space to change, making the odour 

lose its strength over time. 

The surfaces with certain material types such as textiles that have come in contact 

with smells or the surfaces as a source of smell may still carry smell for a longer du-

ration, due to changes in the ambient atmospheric conditions of a space or a physical 

interaction with the surface, it becomes detectable again at a later stage.

Figure 4: Smell duration over time.
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Quality

The quality of a smell is usually described in relation to its source. Different systems 

are used in the perfumery, winery, and fragrance industries. McGinley categorises 

odour descriptors for the quality of smells into eight groups: earthy – woody, floral – 

lavender, fruity – celery, spicy – coconut, fishy – amine, sewage – pungent, medicinal 

– menthol, and chemical – kerosene (McGinley 1998). 

Research into odour detection and evaluation is based on descriptors, such as the de-

tectability of odours, discrimination between odours, perceived odour intensity, pat-

tern of odour, and odour quality in terms of pleasantness or unpleasantness, which 

influences acceptability. These are tested with absolute threshold methods, e.g. the 

dilution of an odourant until it reaches a state of being odourless. However, these 

values vary widely, and theories do not accept the existence of absolute thresholds 

for odours. Recognition threshold includes discerning quality of smell and detec-

tion threshold detects the presence of the smell (Berglund, Berglund, and Lindvall 

BACKGROUND

Figure 5: A representation of a smell with a 
‘pleasant’ quality.

1986). Working from an olfactory psychophysical perspective, Cain suggests that 

the solubility and molecular size of an odourant play a vital role in determining how 

quickly it is sensed, and that the number of odourant molecules reaching the receptor 

membranes per unit of time determines the threshold value (Cain 1988). 

Figures 5 and 6 are visual representations of smells that are seen as pleasant (Figure 

5) or unpleasant (Figure 6); however, these do not represent the categories of smells.

The visualisation shown in Figure 5 features rhythmic and symmetrical patterns that 

address visual aesthetics more than formless and haphazard movement (as in Figure 

6), which create an unpleasant visual experience. 

From a design perspective, when creating a smell that matches visual aesthetics such 

as rhythm and symmetry and tempo and repetition over a period of time, certain 

environmental factors – the flow of air, ambient temperature, moisture, volatility, and 

threshold qualities – are essential spatial design variables. 

Figure 6: A representation of a smell with an 
‘unpleasant’ quality.
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Frequency

How often a smell reappears is measured in time (hours, days, etc.). A smell being 

continuous or appearing in a flash (for example if it is carried by moving air) allows it 

to be analysed based on its frequency, as per the FIDOL system. Smells can be repeat-

ed for a certain period of time. 

From a design perspective it is interesting to explore the rhythm of occurring smells. 

Rhythm can be designed to be equally paced over a period of time, or constitute an 

unexpected repetition followed by ways of interacting with smells either actively or 

passively.

BACKGROUND

Figure 7: Repetitive diffusion of smells in equal 
time intervals and intensities.

Figure 8: Random diffusion, frequency, and 
intensity of smells.

Scale

In relation to the body in space, the scales of smells vary. The source of a smell may 

be the wrist of a person on which perfume has been dabbed, in which case it remains 

very close to the body; however, a heavy spray of perfume means that a person enters 

a space accompanied by a gust of perfume that spreads in the space. 

With a source of smell such as a burning forest, as in recent cases around the world, 

the smell lingers long after the fire has been put out. Air as a medium can carry smells 

hundreds of kilometres. 

In the context of designing with smells, the scale of a smell is related to the size of 

the built space in which the smell diffusion takes place and the movement of air; both 

amplify the scale by reaching out beyond the source of diffusion. 

Figure 9: Distribution of a smell in a space.
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The movement and distribution of smells in a space takes place in all directions: 

length, width, and depth. Differing intensities within a space may occur due to the 

spatial climatic (flow of air, temperature and humidity) conditions and movement of 

people, both of which continuously move smell molecules.

BACKGROUND

Figure 10: Decreasing smell intensity over time. Figure 11: Increasing smell distribution over time.

Over time, the intensity of smells decreases at a specific point in space and they are 

spread across the space, creating volume.
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At present, architects are re-thinking and questioning the ocular-centric approach to 

architecture. It is not only about the solid, material elements of space; it is also about 

the invisible, immaterial, and intangible qualities, as well as the in-between – the 

volatile qualities between the solid and the fluid, ambiguous materialities such as 

sound and smell. Jun Aoki recounts his approach to designing a space wherein he 

asked himself a question: what did he want to do in terms of the atmosphere of a 

space, rather than the structural element of architecture? His emphasis is always on 

the atmospheric value that is felt, rather than the visual qualities of the architecture 

(Brownell 2011). 

What are the sensory-sensitive ways of design? How can a relationship between the 

body and the space be formed?

In this section, which explores multisensorial methods of spatial design, examples 

from the field of architecture, landscaping, interior living, and retail spaces are 

discussed. In the second half of this section, speculative concepts for designing with 

invisible materialities, such as meteorological atmosphere (Rahm 2014a) and materi-

al energies (Lally 2013), are discussed.

INTRODUCTION
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INTRODUCTION

ARCHITECTURE

Historically, the choice of architectural materials was very much dependent on 

aromatic qualities; Ackerman discusses the use of wood in architecture, in particular 

cedar due to its sweet smell and utility as a natural insect repellent. In those times, 

wood was not processed or painted, meaning that its natural fragrance was in the air 

at all times, and the mortar of many mosques was mixed with rose water and musk 

so that fragrances were emitted when the walls were warmed by the sun during the 

day (Ackerman 1990). Classen discusses scented indoor spaces during the sixteenth 

century, where fragrant flowers were grown in window boxes and spread around the 

house to perfume the space (Classen 1993).

Adding smells to a habitat through naturally aromatic materials and utilising the 

assistance of nature, just as a landscape architect uses fragrant plants and vege-

tation around built spaces, can create a design space for architects and designers 

who design with smells. In modern-day architecture, however, the sense of smell is 

often not considered. The reasons for this include the fact that current architectural 

materials such as stone, glass, and steel generally do not smell, as these materials are 

not volatile at room temperature (Ackerman 1990). In addition, anti-odour regula-

tions introduced as early as the nineteenth century created an olfactory policy within 

urban planning and modern architecture that played an important role in concep-

tualising, planning, and executing the deodorisation of cities, houses, and public 

spaces and ushered in the concept of hygiene and social status (Diaconu 2007) being 

linked to the odourless character of a space. Due to increasing industrialisation and 

the resultant pollution of cities, the 1930s saw new systems and technologies, such as 

air-conditioning and air purification, appear. Böer examines the agency and power of 

(clean) air in the fields of architecture and engineering; by using the odorometer as a 

tool to modernise understanding of living environments, air-conditioning engineers 

removed any possible odorous pollutants from the air in buildings (Böer 2016). 

Clean air thus became a commodity as engineering systems were being perfected, 

in that they could “capture the air, sanitize it, biochemically metabolize it and it is 

homogenised and standardized” (Ibid.: 92). The interesting aspect of this ascend-

ancy of ventilation systems over natural air is that these issues in buildings shifted 

from being architectural problems to technological problems (Böer 2016), and this is 

still the case today: built environments are devoid of an identity through odour, and 

according to Marc Augé are “non-places” that have little or no personality (Barbara 

2006: 91).

A MULTI-
SENSORIAL 

APPROACH TO 
SPATIAL 
DESIGN
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INTRODUCTION

In taking the agency of aesthetic atmospheric qualities away from the architectural 

engineers of air ventilation systems, how can designers design spaces that reflect the 

natural atmosphere – specifically the smells of the seasons outside a building – in 

order to create site-specific smellscapes as a part of the experienced environment?

Buildings 

Peter Zumthor designed thermal baths in Vals, Switzerland wherein the olfactory 

experience (among other sensory experiences) is an important part of the architec-

ture. In this building, the olfactory experience is created with the help of a vaporising 

mechanism that disseminates essential oils through filters embedded in the architec-

tural design (Hauser and Zumthor 2008). Among the various pools and baths, the 

“flower bath” (Ibid.: 34) has a specific atmosphere of marigold flower petals, which 

float in the water and combine with the pleasant smell of lavender. In his design, 

Zumthor used local materials for the whole construction, and it is designed such that 

it gives the impression of being carved out of the black rock. It is made out of feld-

spar, quartz, and mica, and the quarry-like structure is also known as “Vals quartzite” 

(Ibid.: 28). The different types of stone were processed differently to achieve differ-

ent textures and applications in the building. The thermal bath as a whole provides 

a multisensorial experience to the visitor, the aim being wellness and relaxation. 

These experiences are haptic in nature, with different stone surfaces providing rough 

and smooth textures and divisions between the areas in the bath house. The acoustic 

experience of the gurgling water running from the faucets in the pools is combined 

with the visual experience of the “fire bath” (Ibid.: 61), creating a colourful image of 

hot zones with a water temperature of 42°C in which the red stone walls glow. The 

architect designed this bath house keeping in mind the traditions of the Romans, 

wherein hot baths were used for relaxation rather than washing, and the experience 

of the body coming into contact with water at different temperatures and in different 

kinds of spaces was in focus. According to Zumthor, “every perception inside the bath 

seems intensified, one’s sense of hearing as well, or do higher temperatures amplify 

sounds? Or is it that they heighten the mood?” (Ibid.: 61).

Although the thermal baths in Vals employs a vaporising mechanism to create an am-

bient olfactory atmosphere, in this functional and specific architecture an interaction 

between body and space occurs that is multisensorial in nature. The materials used 

to create the atmosphere include the black stone and its textures, water (as well as 

steam and vapour), and heat; through these, an experiential setting is created. 

If sounds are amplified alongside temperatures, as in the case of the above example, 

what is the effect on smells? What about with changing the moisture content in the 

space?

Glass as a material does not smell and is primarily used for visual aesthetics in spatial 

design. However, an interesting design project in which the architects used glass 

for sensory inputs exemplifies the idea of approaching the design of spaces from 

an entirely different perspective. The architecture design team of Penezic & Rogina 

proposed a glass house for a blind person for the 1990 Shinkenchiku Residential 

Design competition (Vermeersch 2013); here, the focus of the design concept was 

providing an audio-tactile experience rather than a visual design. According to the 

designers, this concept, despite being conceptualised for a blind person, is equally 

inhabitable for a sighted person, as the design highlights inclusivity and goes beyond 

visual qualities (Ibid.).

The aspect of interaction is a vital thread in design concepts in that inhabitants 

interact with the built space on three levels: the natural, the technological, and the 

phenomenological.

The design of the glass house comprises a basic unit consisting of a hollow panel with 

moulded glass sheets on the outside. Tubes for air and water are placed between 

the glass sheets. A microprocessor, which is programmed to reflect and adapt to the 

outside environment, controls the flow of air and water in these tubes. The combina-

tion of glass as a structural element and the heated or cooled air and water provides 

a tactile experience. The changing frequency and flow rates of the water create 

acoustic experiences in different patterns (Ibid.), and so in this design air and water 

are materials for designing an audio-tactile experience.

These audio-tactile cubic units are placed in a linear configuration to fulfil the func-

tional aspect of habitation, and to surround the inhabitant’s body, from top (via the 

ceiling) to bottom (via the floor) and on all sides (the walls) (Ibid.). 

The concept of auditory and tactile thermal patterns created by air and water flows is 

very interesting as an approach to designing multisensorial spaces. A further devel-

opment of this concept would involve basic cubes being designed with discrete smells 

that can be activated through thermal interaction on the surface; the space would 

then provide an olfactory experience that had been designed through the environ-
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ment and mediated by the flow of air and water.

Veterans Affairs Palo Alto Polytrauma and Blind Rehabilitation Center was designed 

by The Design Partnership, in collaboration with Christopher Downey from Smith 

Group in California (Vermeersch 2013). For this project, Downey – an experienced 

architect – was hired as a consultant by the Smith Group due to his personal experi-

ence of losing his eyesight and sense of smell as a result of surgery to remove a brain 

tumour (Ibid.). Through this project, he investigated new ways of designing living 

spaces. The initial design briefing described the situation of the “orientation and mo-

bility Department”  (Ibid.: 138) of the rehabilitation unit, in which people who have 

recently lost their sight are taught to navigate the built environment using canes, 

orientation skills, physical conditioning, and computer training, among other skills. 

In this new working situation, Downey created new working tools that were based on 

haptic concepts, such as three-dimensional printed plans. 3D printers were adjusted 

to print in a resolution suitable for braille, and Downey drew on embossed drawings 

using wax sticks to create haptic line drawings. Through material surfaces and shapes 

in a spatial setting, he created interesting sensory experiences for his design pro-

posals and spatial experiences through kinaesthetic qualities (Ibid.). In this project, 

Downey questioned way-finding possibilities in buildings in relation to the Americans 

with Disabilities Act (ADA), which is written largely with physical disability in mind, 

and has no regulations regarding visual impairment (Ibid.). 

Downey’s approach goes beyond simply creating acoustic and tactile landmarks; in-

stead, he emphasises the multisensory aspects in his work, using his own (non-visual) 

perception of the space to investigate materials in relation to the placement of objects 

in the space, e.g. by altering the floor and ceiling materials. The form of the space 

was possible to change through a variable ceiling height, creating different acoustic 

qualities that were cues for way-finding and created soft boundaries with smooth 

transitions between spaces. Thermal, acoustic, and tactile boundaries helped with 

the overall perception of direction in the space, facilitating navigation. 

Adding smells into spaces such as that described above, in addition to haptic and 

acoustic sensory input, would add another layer to the process of sensing and 

navigating spaces. For example the rest zones in the rehabilitation centre could be 

marked using olfactive signage, such as freshly brewed coffee, at the beginning of 

the corridor leading to the rest zone. In built environments in which wayfinding is 

challenging for the visually impaired due to poor placement of braille signage, smells 

could be used as a navigation tool to the braille signage, that provides detailed infor-

mation regarding a space or its functional aspects.

Landscape

In landscape architecture, the use of olfactory aesthetics has been a tradition in the 

design of urban gardens, which have been known to utilise fragrances to augment 

retreat, recreation, education, and therapy. Fragrant gardens were first used in 1936 

in England, with certain herbs releasing odours only in response to touch; this facil-

itated the exploration of gardens by the visually impaired (Diaconu 2007), creating 

the concept of tactile urbanscapes, in which interaction with and enjoyment of the 

physical environment takes place not just visually but using all of the senses. 

With regard to designing urban landscapes with plants, (Xiao, Tait, and Kang 2018) 

discuss the use of fragrant plants in combination with waterscapes in urban settings 

based on the four design principles of separation, deodorisation, masking, and 

dilution, as suggested by Moncrieff  (Ibid.: 85) for guiding the designing of urban 

smellscapes in order to enhance the aspect of smell. Henshaw argues that defining 

the scales and types of spaces in an urban setting is crucial to creating smellscapes 

that cater to all users (Henshaw 2014); smell intensity can be varied, and interac-

tions between people and environment can be designed (Xiao, Tait, and Kang 2018). 

In the examples discussed by Xiao, Tait, and Kang, it is evident that the functions of 

isolating traffic or unpleasant smells in an urban setting are accomplished by bushes 

and shrubs that dampen not only smells but noise, to an extent. Water can act as a 

reflecting surface, increasing the temperature of plants and thereby making fragranc-

es volatile, directly enhancing the olfactory landscape. Running water in the form of 

springs or fountains are used in cities and squares to mask sound pollution and create 

a pleasant acoustic atmosphere. In addition, running water increases ventilation and 

can ‘refresh’ the air, even in the absence of the natural fragrances of plants. 

This examination of landscaping in an urban setting shows that the design variables 

that can be used to enhance or modulate the olfactory experience are water, sunlight, 

and heat, in combination with various plants. The latter can vary in their aromatic 

qualities due to the fact that certain plants emit different odours dependent on the 

time of the day, or emit odours in response to sunlight, heat, or the absence of one or 

the other (Diaconu 2007). 
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What if interior smellscapes were to be designed based on the basic principles of de-

signing olfactory landscapes, wherein the source of smells is orchestrated by exterior 

landscapes and connected to interior spaces?

Public spaces 

In designing architectural spaces using senses other than the visual, Carlos Mourão 

Pereira, a Portuguese architect, practices multisensory architecture. He engages with 

his senses of hearing, touch, and smell in his architectural projects, collaborating 

with his colleagues and their visual inputs with regard to qualities and materials. 

Having been engaged in architectural practice for several years, Pereira lost his 

vision completely; however, he continues to use his other senses to develop non-

visual design methods. One of his projects, sea bathing facility in Lourinhã, Portugal 

(Vermeersch 2013), is an experience for all of the senses: based on his memory of the 

salty smell of the sea, feeling of algae, sounds of waves, and visual scenery, Pereira 

created a multisensory experience. This bathing facility is designed for use by people 

in wheelchairs, older people, the visually or cognitively impaired, children, pregnant 

women, and many others (Ibid.).  

The installation is situated on the coast of Lourinhã; it is invisible at high tide, and 

revealed at low tide. The location (between the cliffs and the ocean) makes it an 

interesting and sensory space, with the sound of the waves crashing on the coast and 

the wind carrying the smell of seawater. A strong kinaesthetic experience takes place 

while one enjoys the warmth of the sun, high temperatures, the air on the skin, and 

other sensations such as pressure, sounds, smells, and scenic visuals (Ibid.).

In designing spaces using the non-visual senses, Pereira finds his own tools and meth-

ods for sketching, modelling, and presenting the design concept. Sea bathing facility 

was made of milled wood, with the bath raised from the surface in a three-dimen-

sional form so that users can feel its shape. His design process involves drawing on 

onion-skin paper (making the sketch rise) to feel the lines, using cardboard cut-outs 

to create relief sketches, and utilising Lego bricks and clay for sketching. The archi-

tect uses the non-visual senses to collect information on the site, such as smells, 

acoustics, and textures, which he documents using photographs of textures (collected 

with the help of his team), haptic impression of textures, and audio notes. Video and 

audio recording devices are used to collect acoustic notes, and gestures are used to 

communicate between the team regarding spatial configurations.  

The non-visual design methods used in this project and many others like it are 

interesting to reflect upon with regard to the field of design, and textile design in par-

ticular, in which textures are a strong design element. In addition, re-thinking tools 

for design educations such that all of the senses are used to develop design methods 

is crucial with regard to the focus on sensory stimuli. 

In the research presented in this thesis, the sense of touch is explored in relation 

to olfactory stimuli; textile qualities are investigated in relation to designing using 

smells.

Urban Planning

Adding an olfactory element to urban spaces is not just about adding smells, but cre-

ating an environment in which a space becomes a place to be remembered due to its 

smellscape, among the other physical, tangible, and intangible landmarks. Henshaw 

states that olfactory design in urban spaces involves four processes (Henshaw 2014): 

separation, in which the sources of odours are separated from one another; deodor-

isation, in which odours are removed through e.g. waste management and cleaning; 

masking, in which stronger odours are used to mask odours that are undesirable; 

and scenting, in which new odours are used to enhance the olfactory experience. 

Henshaw argues for creating restorative odours and spaces in the urban environment 

based on statistics which show that the large number of people who are expected mi-

grate from rural spaces to urban ones in the near future will result in less space and 

thus perhaps tolerance within a multicultural environment. Citing other environmen-

tal psychology researchers, Henshaw discusses restorative experiences and the key 

factors that can reduce stress and increase the ability to recover and pay attention in 

a natural environment: being away, fascination, extent, and compatibility. Motivated 

by creating urban environments that fulfil regenerative or restorative purposes 

for the inhabitants of a city, Henshaw proposes design strategies for developing 

city smellscapes relating to the functions of separating, deodorising, masking, and 

scenting that can be undertaken with the help of air flow and microclimates, which 

channel and control both unpleasant and pleasant odours. Creating more pedestrian 

zones would prevent traffic in city centres and reduce the concentration of pollutants 

and unpleasant odours. Using trees and plants would mask odours and scent areas, 

as well as result in more parks and green spaces in cities. Water could be used in dif-

ferent forms to bring in freshness and deodorise unpleasant odours by diluting them; 

strategical placement of traffic stop points such as traffic signals, parking, and bus 
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stops could modulate and reduce the frequency, strength, and duration of exposure 

to unpleasant odours in a city (Ibid.)

The design tools proposed by Henshaw for designing urban smellscapes would be 

an interesting way to explore designing interior smellscapes. Enclosed and built 

architecture involve very different challenges, and creating an experiential olfactory 

interaction requires considerations of the materials and materialities of a space. The 

research presented in this thesis explores the addition, modulation, and subtraction 

of smells in interior spaces as experiential spatial design methods.

INTERIOR SPACES 

Living spaces

Inspired by nature, Petra Blaisse has designed interior spaces that incorporate smells, 

light, sound, and textures by re-inventing these phenomena and adding the element 

of surprise. Her work explores the boundary between the interior and exterior, and 

suggests that this be reconsidered by the design profession in order to encourage 

thinking regarding invisible and subconscious elements (Blaisse 2009). In her interi-

or curtain designs she creates the feeling of a garden inside through grass prints and 

an olfactory element, which is added to the curtains in the form of pocket-like struc-

tures at the bottom of the curtain that are filled with lavender buds; these add weight 

to the lightweight material and spread the smell of lavender in the space. 

In her works Blaisse connects the outside to the inside, and so two different scales of 

encounters and interactions occur. The boundaries created by the textile curtain are 

soft, and the transitions in the space are fluid. The smells of the curtains are ambient, 

yet it is quite possible for the patterns of smells to vary in frequency and intensity 

based on when and how air from the outside blows in, creating dynamic patterns of 

smells. Developing further on the dynamic qualities of smells, the research present-

ed in this thesis explores ways of designing with textiles and other materials to add 

smells to interior spaces. 

One way to have smells present in living spaces is through ambient nature; however, 

this may not always be desirable. The Brooklyn-based company Flavor Paper (Lipps 

2018) adds smells to environments in a discrete way through a wallpaper series that 

works in the manner of ‘scratch-n-sniff’. Using microencapsulated synthetic smells 

mixed with paints, Flavor Paper creates custom-designed, hand screen-printed 

wallpapers featuring pop art-inspired patterns and colours. This example of creating 

fun interactions in interior spaces is an interesting way to add smells. Similarly, the 

installations Touch of Smell and Sight of Smell (Kapur 2017) utilise microencapsulat-

ed smells which are coated on textiles; here, the revealing of the smells is softer and 

leaves no adhesive, as in the case of Flavor Paper’s wallpapers. While the research 

presented in this thesis explores ways to design with smells, the interactions de-

signed through the experimental design research look for ways to do so in a discrete 

manner. The design explorations explore a transition, mediated through interactions 

– from being discrete to ambient, or vice-versa. 
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Retail spaces

Research has been conducted in the area of psychological and cognitive responses to 

olfactory stimuli, which has shown the impact of sensory stimuli on human behav-

iour (Herz 2002). Similarly, Stohr (Stohr 1998) conducted a study on the role of 

scents in retail environments; the results stress the importance of the ‘atmosphere’ 

of a retail environment, which has a positive effect on consumers and ensures that 

they are ready to spend more time in there, which perhaps leads to increased sales. 

The study also emphasises the importance of the indoor air quality of shops. Through 

laboratory and field experiments, Stohr establishes the impact of ambient in-store 

scents, which lead to positive consumer-environment interactions. While acknowl-

edging the multisensorial input – smell, sight, and sound – this study suggests that 

atmospheric qualities add to the shopping experience. Several studies have utilised 

an experimental design approach (Spangenberg, Crowley, and Henderson 1996, 

Ward, Davies, and Kooijman 2003, Schifferstein and Blok 2002)to explore consumer 

experiences of retail environments under various ambient olfactory conditions, for 

example by adding or removing the background music, comparing the ambient pres-

ence of fragrance, or adding no smells at all to focus on the multisensorial experienc-

es of a shopping environment.

The impact of this study and further research in the area of scents in relation to 

human behaviour is quite evident in the retail industry today; odours are used to 

increase sales and an “experience” is sold (Spence 2018) not only in malls and bak-

eries but in the travel industry; for example, on Singapore Airlines flights signature 

perfume is used on the in-flight hot-towels and by the flight-attendants (Medway and 

Warnaby 2018), and in other areas scents are used as brand storytelling (Sokell and 

Barratt 2018). Smell as an atmospheric variable (Stohr 1998) and tool (Medway and 

Warnaby 2018) is used to enhance the consumer experience in the retail and service 

industries.

However, in order to achieve the experiential quality of a space in a physical archi-

tectural environment such as a shopping centre, the shops are designed as cubes 

within a big space, and due to the absence of windows to let in fresh air, the buildings 

are strongly dependent on ventilation systems to regulate the balance between the 

used air and fresh air from outside. There is no possibility for individual shops to 

adjust the ventilation systems to suit their specific needs, and as they are filled with 

merchandise the smells inevitably reflect these. To exemplify smells in a high-street 

fashion shop selling fast fashion demonstrates the economic model where competing 

with other shops’ on price points, merchandise is produced overseas and shipped to 

the point of sale. The process of shipping the goods involve the use of chemicals to 

keep away moths and other pests that could otherwise destroy the goods. Once these 

fashion products are put on shelves, a range of smells mixes with those of the materi-

als; anti-moth repellent, material smells, and sometimes the fragrance of the brand. 

This leads to a clash of smells, the threshold levels of which are very low; thus, the 

smells are easily detectable. This creates an unpleasant olfactory experience, and in 

some cases retailers use scents in high concentrations to cover up unpleasant smells 

in a space. In other cases, brand marketing in the form of a signature scent is used 

excessively in an attempt to present the brand image as strongly as possible; this is 

comparable to an aggressive visual marketing campaign, conducted in both physical 

and digital spaces. 

However, from an aesthetic perspective there is a lack in the design of the smells-

capes of interior spaces. Smell diffusers are often used to dissipate smells in shops or 

malls, but this is not a designerly way to design spaces as these devices lack adaptive 

qualities for achieving a balance of intensity and maintaining threshold levels of 

smells over time. Medway and Warnaby discuss the use of electronic devices de-

signed for controlled diffusion of aromas and fragrances in retail environments, and 

argue that there are serious concerns from an ethical point of view in that consumers’ 

freedom of choice may be violated through manipulation, in the form of scent diffus-

ers being installed without their knowledge (Medway and Warnaby 2018). Adding 

smells via air-conditioning ducts, as discussed by(Warren and Riach 2018), is a way 

of using the power of smells to increase work efficiency. 

Through these examples, it is evident that the retail industry recognises the power of 

smells, and that there exists a trend of providing an olfactory experience with regard 

to products, services, or physical shops, or to increase work efficiency. On the other 

hand, there is a lack of methods and tools for creating an olfactory experiential envi-

ronment that goes beyond the marketing and sales gimmicks of the industry. 

How might we design with smells in interior spaces? How can ambient smells be 

adapted to an environment in an unintrusive way? These questions are the points of 

departure for the research presented in this thesis.
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ATMOSPHERE AS A MATERIAL 

The meteorological, architectural, and astronomical (Scuderi 2014) aspects of a 

space are taken to be the fundamental concepts of design by Philippe Rahm. Rahm 

used the concepts of conduction, convection, and evaporation for his projects White 

Geology (2009), Interior Weather Installation (2006), and Convective Apartments 

(2010) (Ibid.), which explore the potential of designing with the climate. Rahm sug-

gests using temperature, light, and relative humidity as new tools for spatial design. 

When these elements change, microclimates are created that offer the diversification 

of a space and create varied climatic conditions and new spatial qualities; these sug-

gest new spatial practices that can impact social behaviour, urban and architectural 

forms. 

Rahm’s Evaporated Rooms installation (Rahm 2014a) focuses on reducing energy 

consumption in the built environment. Rather than designing floorplans for a space, 

atmospheric gradations are taken into account for designing different spaces for 

different activities. Without using physical walls, the spatial distribution of temper-

atures and luminosities were used to design spaces. As an example, a chair for a per-

son to sit in (lower activity) is placed vertically at the highest point in a space, where 

it is warmest; a sofa, where social activity between more than one person takes place, 

is placed at ground level, where it is cooler (Ibid.). 

Rahm argues that the dichotomy that once existed between the exterior as a natural 

space and interior architecture as an artificial space no longer exists. Due to pollution 

and global warming, the exterior is not ‘natural’, and is tempered by humankind; as 

a result, he proposes the “naturalization” of interior space. Rahm envisions a second 

form of nature that takes care of the geology and meteorology of interior spaces 

(Rahm 2014a, Scuderi 2014) by bringing in the natural elements and weather condi-

tions; here, smells are the inevitable choice of design material for spatial design.

Rahm agrees with Sloterdijk that the earth is now a big interior, and suggests that 

if we are to design the atmosphere of the planet, we should use meteorological phe-

nomena as design tools by bringing these into the house. He thus posits the phenom-

ena of convection, conduction, and evaporation as new tools for architectural compo-

sition, and vapour, heat, and light as the foundational elements of architecture. With 

these questions, Rahm focuses on the sensitive and invisible climate-related aspects 

of spaces by shifting away from the visual and functional aspect of architecture. His 
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concept of architecture as meteorology opens up variable, sensorial dimensions that 

explore the potential of new construction techniques in relation to ventilation, heat-

ing, dual-flow air renewal, and insulation using an atmospheric and poetic approach. 

Rahm suggest that his concept explores at a microscopic level, relating to perception 

through skin contact, smell, and hormones (Rahm 2014a). 

Smells are widely ignored, or even controlled, within the functional realm of 

architecture. However, the ‘smell-atmosphere’ or smellscape of a space relates to 

wellbeing, and this can be designed for using climatic design tools such as air flow, 

distribution of heat, humidity, and evaporation.

Using the thermal landscape as a part of a natural microclimate of a space and the 

principle of convection, interior spaces can be designed with smells as materials. 

For example, without adding or subtracting smells from a daily living routine, we 

find that many smells have a ‘zone’ in the house, such as the kitchen, laundry, or 

bathroom. Instead of using energy-consuming devices or harsh cleaning chemicals to 

get rid of smells or add new ones, meteorological thinking (Rahm 2014a) can allow 

spatial plans to be defined in new ways that allow inhabitants to enjoy smellscapes 

in the zones they wish to, in addition to ambient and diverse thermal boundaries 

(Heschong 1979) being used as atmospheric materialities. 

” [B]etween the infinitely small of 
the physiological and the infinitely 
vast of the meteorological, 
architecture must build sensual 
exchanges between body and space 
and invent there new aesthetical 
philosophical approaches capable 
of making long-term changes 
to the form and the way we will 
inhabit buildings tomorrow.”
Philippe Rahm (Rahm 2014b:7)
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Lally suggests that architects design using the stimuli in the environment, i.e. using 

one of the four forms of energy. Interactions should be designed to occur between the 

body and the space, i.e. mediated by the stimuli, and categorised as physical, infor-

mational, or trophic. He exemplifies the concept of material energies and interactions 

through street lighting – an informational interaction that differs from an aura and 

comfort control as it constitutes material energy: street lighting provides access to 

a space at night and the feeling of security, and defines an area that can be used for 

activities. In contrast, light as an aura could be defined as reflections that bounce off 

walls or surfaces; light as comfort control could be one that is quantified in lumens, 

used for particular applications and calibrated specifically to achieve ocular comfort. 

An example of a physical interaction would be an air curtain at the entrance to a 

building, where the air flow is not sufficiently strong to prevent a person from enter-

ing but strong enough to keep away raindrops. This interaction is also informational 

as it provides information on direction based on the flow of the air (Ibid.). 

Designing through chemical energies means amplifying this energy as a stimulus, 

which in the case of the research presented in this thesis is smells. Designing spaces 

where smells are involved in the formation of spaces through movements directs and 

defines the space in organisational patterns that differ from traditional organisational 

definitions. In an architectural space that touches or moves (Zumthor 2006) not only 

the designers of the building but its inhabitants, the invisible materialities of a space 

drive the embodied and related experiences within that space. 

Spatial qualities such as sound, light, smells, form, texture, and colour give an ar-

chitectural space an atmosphere – something that touches the senses of perception. 

Through “close and distance senses” (Exner 2009: 12), these spatial qualities affect 

human behaviour by triggering memories or inducing one to linger longer in a space 

than planned. 

Interactions with smells are informational, but could also be layered with physical 

behavioural interactions; soft and transitional boundaries could be created, at times 

deterring movement and at others facilitating or allowing it. In a metaphorical sense, 

smells close or open a space and allow for a multisensorial experience.

ENERGY AS A MATERIAL

Sean Lally works with the alternative approach, which involves already existing 

energies within architecture, such as shadows, reflections, infrastructure, urban heat 

islands, and energy dumps. Lally (Lally 2013) argues that we are surrounded by 

energies that are electromagnetic, thermodynamic, acoustic, and chemical in nature. 

He defines material energies as the amplified or intensified versions of electromag-

netic, thermodynamic, acoustic, and chemical energies, which are detected as stimuli 

by the human body and behaviour through interaction. The three bodily behaviours/

interactions are: physical energies that are assumed to remain constant, such as 

gravity; informational energies that provide cues for decision-making, such as street 

lighting, which provide information regarding the space one moves around in or out 

of without physical restrictions; and trophic energies that affect the metabolism, such 

as light therapy, which alleviates disorders relating to lack of sunlight (Ibid.) 

In architecture, materials and surfaces are defined by edges and borders; clean lines, 

points, etc. Material energies, however, are defined by waves and particles that create 

boundaries that are constantly moving and thus constitute gradient zones. 

Lally discusses the concepts of “aura” and “comfort control” in architecture in rela-

tion to material energies. Auras are created by lighting effects, atmospheric qualities, 

and moods, while comfort control is achieved through air conditioning, dehumidifi-

cation, and other forms of climate control. Lally questions the role of the surface and 

materials in creating auras and establishing comfort control, particularly in relation 

to the idea that a designer can make changes to the architectural profession. A mate-

rial’s properties, i.e. its structural strength, durability, etc., conventionally comprise 

selection criteria in architecture, and these choices have an impact on the activities 

carried out in a space that is constructed using these materials. This relates to how 

the movements are designed and interactions in the space occur, and the behaviours 

associated with the physical properties of boundaries, such as transparency, opacity, 

openings for movement, etc., and whether these connect to other activities. Lally sug-

gests that thinking in terms of material energies in relation to architecture opens up 

for considering which materials are used and enables reinterpretations of activities to 

be undertaken (Lally 2013). 
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” Whether material energies are 
electromagnetic, soundwaves or 
thermodynamics, their physical 
properties consist of waves 
and particles. The behavioural 
properties of material energies 
as well as the techniques for 
representing them cannot be 
understood as lines and surfaces, 
but must be seen as gradients – an 
alternative definition of a physical 
boundary that will, in turn, inform 
alternatives to the aesthetics, 
shapes and typologies of space.”

Sean Lally (Lally 2013 :122)
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On the textility of smell in spatial design                           

Research programme

Existing at the intersection of textiles, interaction design, and architecture, the re-

search presented in this thesis investigates smells as materials for spatial design. The 

research programme helped to organise the design research process, wherein smells 

were investigated as design materials in relation to textiles, spatial organisation, and 

creating interactions.

PROGRAMME 
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PROGRAMME

The research programme in this thesis focused on: 

a)    In designing textile expressions through smells, the materialities of textiles were 

taken to be semantic metaphors; these were used to create spaces, with a focus on the 

dimension of smells. The design research process investigated existing textile design 

methods to find ways to design textiles by adding smells. Ways of activating smells in 

textiles, and thus designing smell-activation methods, were also investigated.

Conventional textile design methods involve creating a textile as a structure, pattern, 

and texture. Surface design methods such as dyeing, printing, and coating are two-di-

mensional and visual approaches. Textile construction techniques such as weaving, 

knitting, knotting, braiding, embroidery, and stitching help to achieve textures that 

are biaxial and also triaxial. Materials and designs created using these methods are 

perceived through the visual and haptic senses. Materialities such as sound and smell 

are usually not considered by textile design methods. Even though the sounds and 

smells of materials are always present – the fluttering of a textile when it is unrolled, 

and the smells of the leather, resin, and glue used to produce hats, shoes, etc. – they 

often go unnoticed when objects are perceived. 

Through this research programme, outlined in the figure above (page 61), smells 

were investigated from three distinct perspectives on different scales. 

In the research presented in this thesis, the scale ‘spatially near to body’ is defined as 

an area that is reachable by extending the body, such as interaction in which a hand 

touches spatial elements.

The ‘spatially far from body’ scale is defined as an area that is not reachable by the 

body directly, and is between the body and the (defined) space. This could be an in-

teraction occurring through movement in a space, as when a body comes into contact 

with air molecules.

Through experimental design research methods, this research programme investi-

gated smells in relation to textiles, architectural spaces, and human-environment 

interactions.
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b)    The research programme explores methods of designing spaces using the 

sense of smell by understanding spatial concepts such as boundaries, openings and 

closings, passages, and paths of movement. It investigates established and new ap-

proaches to spatial design with atmospheric/meteorological(Rahm 2014a) variables 

in order to create spatial arrangements through smells, and proposes new ways of 

thinking about designing interior spaces through diversity of smell.

When designing architectural spaces, the mediating materialities or atmospheric 

conditions of relative humidity, temperature, and air flow play a very important role 

in making inhabitants feel comfortable.  However, there is no solution to suit all 

eventualities as each individual’s sensitivity is different. Architectural spaces created 

using visual design methods incorporate visual materialities to define corridors, 

enclosures, and openings. In the design explorations in the research presented in this 

thesis, elements designed with smells were used to investigate olfactory boundaries, 

openings, and corridors of continuity. The atmospheric conditions became the design 

variables in these investigations. By varying the intensities, strengths, and flows of 

smells through a space, passive interactions were created and spaces were defined 

in an non-visual way, creating open paths without any structural elements such as 

doors. 

In the research presented in this thesis, the foundation for designing textiles with 

smells has been exploring conventional textile design methods using smells as design 

materials. Smells were given the same prominence as visual design materials for 

textiles, such as a coloured print-dyeing material. 

The design examples bore smells in the form of ‘smell-dyed’ yarns and other textile 

materials, or as surface coatings. The ‘smell-dyed’ yarn was used in different con-

struction techniques, such as knitting, weaving, and tufting.

The design examples explored the notions of the ‘ambient’ or ‘discrete’ presence of 

smells as design aesthetics. These terms are used in the research presented in this 

thesis with regard to the sensory perception of smells in a spatial context. The term 

‘ambient’ in this thesis implies the presence and thus perception of smells that have 

spread in a space for an extended period of time. The ‘discrete’ nature of the smells 

discussed in this thesis focuses attention on smells that are only available or perceiva-

ble in a specific location in space for a short period of time.

PROGRAMME
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On the far from body scale, the interactions were explored through the movement 

of a body in a space where smells were encountered and dispersed. The movements 

traced the smells and, at the same time, the smells were affected by the movements 

– colliding, shifting, and fluidly moving in the space. The patterns of smells were 

formed by the patterns of movement almost in real-time.

The research programme investigated spatial interactions through the sense of smell, 

exploring emerging interactions with the mediated materialities of textiles and 

atmospheric conditions and opening up spaces for exploration of the aesthetics of 

interaction. The ephemerality of smells is a design driver to explore different forms, 

expressions of transformations, and interactions of smells.

Smells are perceivable in a space on different scales. Therefore, the interactions in-

vestigated in the research presented in this thesis were explored on the near to body 

and far from body scales. The investigations of these interactions were approached 

through the mediating materialities of a space. 

Interactions that occurred while engaging with sense of smell at the near to body 

scale explored touch as a method of actively participating in and interacting with the 

tangible materialities that are expressions of a smell in a space. In this process, the 

smells were actively actuated through touch and perceived, constituting  a synesthet-

ic way of designing and exploring the sense of smell through sense of touch. 

PROGRAMME
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Using an experimental design research methodology, this programme explored three 

areas, which then informed other areas, and thus created a feedback loop through 

experimentation, evaluation, and further questioning. 

1.    Textiles as interactive materials for spatial design: Textile materialities have  

        inherent structures, surface qualities, and visual and non-visual aesthetics that       

        are experiential and multi-sensory.

2.    Smells as interactive materials for spatial design: Smells add an olfactive      

        dimension to the design of spaces and spatial interactions that are inclusive and   

        facilitate embodied experiences in a multisensorial way.

3.    Textile expressions of smells: Designing materials with an olfactive dimension,  

        i.e. materials that are adaptive and responsive to environmental conditions by  

        dissipating, preserving, or collecting smells.
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RESEARCH 

PROCESS

Design research process and methods 

This artistic research process, which has explored the concept of design that incor-

porates an olfactive dimension, has not been linear, and started by the researcher 

engaging in a design practice that was led by the material. This is in line with 

Borgdorff’s suggestion that conceptual artistic practices are technically and material-

ly mediated, and are the centre and the motor of research in the arts; in comparison, 

scientific research has the experimental systems as their centre and motor (Borgdorff 

2013). The research presented in this thesis used an experimental design research 

methodology. 

The research programme defined the experimental approach, which was at the 

intersection of smells, textiles, architecture, and interaction design. As the research 

presented in this thesis was foundational in nature, the defining of the research 

programme, according to Lakatos, involved defining the core of the research, i.e. that 

which does not change, and surrounding the core with a ‘protective belt’, wherein 

precision can be achieved by modification (Godfrey-Smith 2003). Here, the core of 

the research was smells, and the protective belt around it consisted of the areas of 

textile design, spatial design, and modes of interaction; more specifically, these three 

areas constituted the basis for both the practice and the establishment of experimen-

tation with regard to textiles and spatial design on one hand and smells on the other. 
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RESEARCH PROCESS

The research process utilised three different scales and setups. Experiments took 

place in the smell lab, a studio, and workshops. In the context of artistic research, 

the research presented in this thesis used the term ‘experiments’, suggesting that 

the experiments were a “generator of knowledge” that was un- known prior to the 

experiments (Borgdorff 2013: 119). However, as Rheinberger argues, the unknown 

and not-yet-known cannot be enforced by strict methodological procedures; instead, 

serendipity, intuition, and improvisation are equally important in laboratory practice 

(Rheinberger 2005). 

The design experiments did not involve scientifically researching the chemical 

compositions of the smells in the smell lab; rather, the focus was on being aware 

of and working with different sources of smells that are either present in nature or 

created as forms of olfactory indulgence. The term ‘lab’ as used in this thesis is not 

synonymous with a scientific laboratory, as the knowledge that was generated was 

experiential (Slager 2004) and on a near to body scale. Smells from various sources 

were stored in mason jars and small bottles or present as a result of loose objects 

from the garden and the forest. This allowed smells to be observed and explored with 

regard to ways of releasing a smell in an environment. As is defined in the research 

programme, textile forms were explored through conceptual sketching and ideation 

methods. Haptic interactions were conceptualised through paper models, as in the 

design examples for designing haptic interactions with textiles through crumpling 

and folding.

In conversation with the materials (Schön 2003), the experiments conducted in the 

lab followed the materials in defining the nature of applications through inherent 

qualities, rather than the researcher imposing constraints with regard to how the 

materials were to act. Based on the knowledge generated and reflected upon, the 

explorations were scaled up to be carried out on the far from body scale. By activat-

ing spaces with smells, explorations were carried out on a larger scale than in the lab, 

e.g. exploring spatial boundaries through performance and dance improvisation, and 

navigating in a space using smells. 

The scale of a smell took on a form and order when placed in a studio setting, 

wherein spatial interactions with the body took place. As the studio space in which 

the explorations occurred was not just one physical place (Gramelsberger 2013), 

the different environments and collaborations informed (Rheinberger & Schwab 

2013) and directed the explorations in ways that were not known or planned at the 

outset. Embodied  (Dewey 2005) interactions through performance brought out new 

concepts and understandings of smells as design materials, and this was particularly 

the case during the collaboration with a fellow researcher, wherein light as a visual 

design material contributed to the formulation of concepts for designing with smells.

In the smell workshops, explorations were carried out on the near to body and far 

from body scales, based on the two categories presented in the design examples. 

The knowledge generated through the experiments in the lab and the studio were 

tested using larger numbers of participants in various different locations with the aim 

of inducing curiosity with regard to designing with smells and developing further 

concepts from interdisciplinary perspectives. Practical experience (Cross 2001) was 

gained and critical questioning of methods was undertaken during the workshops. 
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Smell lab – material explorations

Setting up a ‘smell lab’ was the first step in exploring different materials and their 

inherent smells. The smell lab has a physical collection of natural and synthetic 

materials, each of which is the source of a smell; aromatic wood splits and chunks 

from pine and apple trees, mosses, pinecones, dried and crushed kitchen herbs, fer-

mented garlic, sweaty and dirty socks worn for hours of training and enclosed in an 

airtight container, incense sticks, aromatic essential oils such as lavender, eucalyptus, 

and mint, and synthetic preparations of natural fragrances such as cypress wood, 

Japanese rice straw, and ocean breeze. 

These natural materials were explored for their inherent smells, as well as to create 

approaches to how smells are encountered and ways of interacting with the sources 

of smells. The smells were explored for characteristic attributes such as intensity and 

quality, along with ways of adding, activating, and removing them. The explorations 

in which smells were added to different textile surfaces and material compositions as 

substrates were conducted on a small scale, and the knowledge that was generated 

through the explorations in the smell lab was used to further investigate smells in 

relation to textiles, spaces, and the interactions that emerge on different scales. 

RESEARCH PROCESS

•    Textiles were explored in relation to their textures, patterns, and forms using  

       textile design methods.

•    Spatial concepts were explored in relation to sense of smell. Understanding of  

       smells in relation to a space in terms of scales was investigated. 

•    Haptic experiences involving an olfactory dimension were investigated. The  

       action of activating smells was explored.
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RESEARCH PROCESS

•    Textiles were designed using conventional methods such as printing, dyeing, and  

       coating to create textile structures using knitting, weaving, tufting, and sewing.

•    Boundaries and the navigational characteristics of smells were explored.

•    Through the spatial setup and using touch as an actuator for smells, modes of         

       interaction were explored.

Smell studio – scaling-up explorations

Textiles and textile objects were designed with smells using textile machinery, and 

printing facilities. The investigations of smells in different spatial conditions were 

conducted in a microclimate setup consisting of a tent made of a plastic membrane. 

This structure was placed in a large studio space, such that ventilation devices to 

centrally control room temperature, humidity, and air flow in the outer studio space 

had no effect on the ambient room conditions. The ambient conditions in the tent, 

such as a constant air flow, was achieved using a table fan; higher temperatures were 

facilitated using a portable heater, and higher humidity with a humidifier. Spatial 

and haptic modes of interaction were investigated in the studio setup using smell-em-

bedded textile props and other sources of smells.
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Smell workshops – designing expressions of transformation

The knowledge that was generated and the key findings of the explorations involv-

ing smells as design materials on different scales opened up the research theme for 

collaborations with other practitioners and students of design disciplines including 

textiles, interaction design, and spatial studies. In addition, the design expressions 

on the scale of the interior were used as interactive exhibits for the public to visit. 

Workshops were conducted as part of conferences, performances, exhibits, and 

classroom speculative design sessions to design with invisible materialities. The in-

vestigations on a larger scale involved collaborations with other actors such as design 

practitioners, researchers and dancers and explored the experiential forms of design 

when engaging with the sense of smell, among other sensory stimuli. 

The students who participated in the workshops described in this thesis were 

enrolled on programmes at The Swedish School of Textiles at the University of 

Borås; the School of Arts, Design and Architecture at Aalto University, Helsinki; and 

Taubman College of Architecture and Urban Planning at the University of Michigan. 

The project participants were Lisa Huels, Carolina Jerhov, Marina Gavrilenko, 

Lingfang Shen, Mervi Antila, Misri Patel, Maryam Aljomairi Alhajri, Shan Chun Wen, 

Apoorva Jalindre, Kazi Najeeb Hasan, Hana Nguyenky, Mike Foster, Mike Friese, and 

Ester, Joon, and Leon, who preferred that their last names be withheld. 

RESEARCH PROCESS

•    In this phase, the explorations combined all three areas – textiles, spatial design,  

      and interaction design.

•    Embodied spatial interactions with smells were designed and mediated through  

      the textiles and ambient atmospheric materialities. 
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1. Exploring textiles as interactive materials for spatial design

Textiles are versatile materials with many applications in the context of spatial design 

in various functional capacities. Textiles are experienced through multisensorial 

stimuli, varying based on the scale of interaction. With regard to visual aesthetics, 

textiles are perceived from a distance, i.e. far from body, such as when observing a 

printed pattern on curtains or colours on a carpet or upholstery. The haptic senso-

ry input of a textile is perceived on the scale near to body, in that hands can touch 

upholstery, feet can feel the pile of a woollen carpet, or skin can feel the warmth and 

texture of a blanket wrapped around the body. 

Certain textile constructions feel stiff and crisp, and the crispness of a textile can also 

be perceived through the sounds that result from interaction with it. Draping a textile 

so that it can be used as curtains creates a barrier or a room divider, yet allows for 

fluid movements across the space, creating transient spaces.

Beyond haptic textures, surface patterns, and motifs, textiles are also designed for 

interactions in spaces with visual and sonic materialities. For example, foldable and 

wrappable sheer fabrics can be created and used to form layers that allow or prevent 

light from passing through. Textiles are breathable; on the body, clothing creates 

pleasant climatic conditions for the wearer, and in a space a breathable textile used 

as a curtain provides an exchange of air, connecting the outside to the inside. Thick 

textile structures can be used as sound-absorbing structures. These are some exam-

ples of textiles creating passive interactions in a space. 

When designing textiles for different interactions, there are many materials and 

construction techniques to choose from. In addition, the structure of a textile varies 

depending on the technique of its construction; to create a sheer fabric, a relatively 

fine yarn is used. If a textile is to be used as structural material for a chair, the elas-

ticity and strength of the material and construction are crucial, and so knitting can 

provide the movement and resilience required to maintain the form of the structure 

even while simultaneously expanding to handle weight and pressure.

In the research presented in this thesis, different textile materialities – such as tex-

ture, pattern, form, layers, fluidity, and volume – were explored in relation to olfac-

tive interactions. Different textile design methods were used to investigate a variety 

of haptic interactions with textiles. 

RESEARCH PROCESS

By applying conventional surface textile design methods such as printing, dyeing, 

and coating to different textile materials, textiles were designed using smell as a de-

sign material. Textile construction techniques such as knitting, weaving, and tufting 

were investigated for various textures, and sewing techniques were used to create 

embodied interactions with textiles in spaces. 
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2. Exploring smells as interactive materials for spatial design

The design research process for spatial design with smells as design materials started 

by attempting to obtain an understanding of the characteristics of smells, with a 

focus on the psychophysical aspects and characteristics of smells, rather than their 

qualities or associative aspects. These include the threshold levels of smells (which 

constitute the boundaries of detection), intensity (which defines the strength at 

which smells are detected and perceived by the human nose), and duration (i.e. the 

persistence of smells that remain in a space or on a substrate with regard to being 

detected and perceived). 

In the research presented in this thesis, smells were perceived at ambient room 

conditions during the experimental design research investigations, and during 

subsequent workshops with design practitioners and students. The smells explored 

were both natural and synthetic. Natural objects included moss, pinecones, earth, 

ginger, garlic,  citrus fruits (oranges, lemons), herbs (mint, oregano), spices (cinna-

mon, cloves), fragrant essential oils (lavender, rice-straw), kitchen aromas (vanilla), 

and incense sticks. The synthetic smells investigated included cleaning liquids, shoe 

polish, deodorants, and scented candles. 

Smell as a stimulus is very dependent on the atmospheric qualities and microclimate 

of a built space. The research presented in this thesis focused on the effects of the 

atmospheric qualities of air flow, humidity, and temperature on the detection, disper-

sal, containment, amplification, and reduction of smells. Transient understanding in 

architecture opens up for architectural thinking (Dyrssen 2010) wherein the shifting 

and dynamic materialities of a space become part of the interactions through the 

body in the space. The materialities that come into being are the result of the combi-

nation of tangible materials and the intangible qualities of the space. The materiali-

ties connect the space and body in an experiential form of multisensorial interaction. 

Understanding ways of designing with the atmosphere and climatic conditions of 

spaces offers opportunities to approach spatial plans differently in relation to smells, 

materials, and the materialities of a space. Through newly defined spatial organisa-

tion with smells as an interactive material, body-space interactions were explored. 

These expressions were analysed for the aesthetics of interaction, either in an active 

mode of movement or haptic interaction or in a passive mode of modulation through 

climatic design variables.

RESEARCH PROCESS

3. Exploring textile expressions of smells

In comparison to descriptions of colours, descriptions of smells is an underdeveloped 

area. A similar absorption spectra to that of vision is missing for olfaction, making 

it challenging to establish an understanding of the relationships between structures 

and odours (Chastrette 2002). Smells as stimuli are detected, processed, and per-

ceived through the olfactory (sensory) organ. Similar to other sensory stimuli, the 

reception of smells is subjective and different for every individual. However, descrip-

tions of odours use word descriptors that are associative: those used in perfumery 

created by Jean-Claude Ellena, for example, are related to taste, tactile sensations, 

and affective responses (Chastrette 2002). 

In a dialectic approach to smells and textiles, materialities are interchangeable. 

Through textile thinking and the application of the concepts of patterns, textures, 

layers, fluidity, volume, soft boundaries, temporality, and dynamic qualities to smells, 

relationships between smells and space were established through textiles.

A sheer and fluid layered fabric used as a room divider offers varied visual stimuli. It 

opens up the space at a distance by sometimes being clearly visible and letting light 

through and sometimes being opaque, preventing clarity of vision and closing the 

space. A single smell when layered in a space might differ in intensity in terms of the 

time it takes to disseminate, from being strong and clear (easily detectable and distin-

guishable from other smells)  opens up a space to, as the molecules drift away, fading 

into a hazy nuance of the former smell, can also close the space. Alternatively, when 

two smells are layered, the volume of the space is filled with the smells. The random 

movement of the smell molecules in the space creates different patterns of smells in 

each and every corner. 

Textiles have a fluid nature and so offer soft boundaries when used as spatial divid-

ers; similarly, smells are fluid in the way that they flow and create soft boundaries 

which can act as spatial dividers. It is sometimes possible to navigate a smellscape to 

cross a space, but sometimes these soft boundaries act as spatial dividers and encour-

age movement around the zone of a smellscape. 
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A THEORETICAL FRAMEWORK 

This thesis presents a theoretical framework that connects smells as design materials 

to textiles, architecture, and interaction design. 

1. Textiles and smells – designing textile expressions of smells

2. Smells and spatial interactions – smells as interactive materials for spatial design

3. Smell-embedded textile-spatial interactions – spatial interactions involving             

     smell-embedded textiles 

FRAMEWORK
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FRAMEWORK

TEXTILE 
EXPRESSIONS  

OF SMELLS

1. Textiles and smells

Textiles as design materials in spatial design communicate through different sensory 

stimuli to create an aesthetic atmosphere. Not only do the colours, patterns, and 

textures of textiles create visual, haptic, and acoustic expressions within a room, but 

textiles also create soft boundaries for a space that define movement and transitions 

within it. Temperature can be modulated through the use or absence of textiles to 

adjust comfort levels. 

When applying these textile concepts to smells, however, new meanings and forms 

emerge due to the experiential quality of smells that are invisible to the eyes but 

perceptible to the olfactory. The dynamic expressions of smells can be articulated 

through design variables such as patterns, layers, textures, rhythm, volume, fluidity, 

temporality, and boundaries.

When juxtaposed with the expressions of smells, textile qualities create an overlap 

wherein a different viewpoint becomes evident. In a spatial context wherein smells 

are diffused and distributed, the scale of smells in relation to the body and space 

creates an atmosphere that turns a space into a place, thus creating interactions. 

These olfactory interactions redefine spatial concepts. Through the use of smells as 

design variables, the research presented in this thesis proposes new ways of concep-

tualising spatial organisations, where movements flow through the space and interac-

tions are the focus with regard to spatial design.
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Textiles

Fluidity

Textiles are known for their fluid nature. 

Creating drapes with textiles on the 

scale of the building has been very well 

exemplified by Christo and Jeanne-

Claude’s Wrapped Reichstag (Berlin), 

Pont Neuf (Paris), and Roman Wall 

(Rome); here, kilometres of textiles 

were used to wrap a building, bridge, 

and a wall, respectively. The duo also 

created exceptionally large installations 

on the scale of the landscape; Valley 

Curtain in Rifle, Colorado and Running 

Fence (Teschuva-Baal 2001) through 

the counties of Sonoma and Marin in 

California. 

A porous textile adds to the fluidity of a 

structure in that this makes the textile 

breathable. The structure of a textile – 

woven, knitted, or felted – allows air to 

pass through. 

However, the breathability of a textile 

remains constant, although this is influ-

enced by the arrangement of the fibres 

in the yarn and the density of the textile 

structure. 

FRAMEWORK

Figure 12: Running Fence, Sonoma and Marin 
Counties, California, 1972–76

Figure 13: Electron microscope image of a 
knitted woollen textile.
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Patterns

Textile surfaces and structures are de-

signed using a combination of material 

qualities or varied colours to create 

patterns. Symmetry, repetition, balance, 

and harmony are some of the design 

principles that can be used to create 

visual and haptic patterns on a textile. 

When designing the form of a textile, 

the same principles can be applied to 

create visually aesthetic forms and 

shapes on the scale of the body, interior, 

or building (such as façade systems). 

Adsorption is used to create surface 

finishes and visual patterns through 

the techniques of coating and print-

ing, respectively. Printing and coating 

substance adhere to the fibres and yarns, 

not just on the surface but also within 

the textile. 

FRAMEWORK

Figure 14: Top: A knitted pattern; middle: the 
pattern being created using a knitting software

Figure 15: Electron microscope image of a 
substance adsorbed on a knitted woollen textile.

Figure 16: Printed textile surface.

Figure 17: Coated textile surface.

Figure 18: Dyed textile.
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Layers

Sheer fabrics can be layered to create different visual aesthetics; they can be transpar-

ent, translucent, opaque,  or any of a range of visual modalities between. 

Layering textiles provides the possibility of mixing and adding different materialities 

to create an aesthetic final outcome. For example, layers of different yarns can be 

suspended to create a form that is soft and open, contrasting with a solid block of 

concrete. 

Layers can be formed using textile mate-

rials of different qualities and thickness. 

Different colours can be layered to cre-

ate a juxtaposition, giving an expression 

of a third colour. Layering a material 

that reflects light with another material 

that is less reflective can create visual 

textures such as a moiré effect.
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Volume

A volume of textiles in a built space that is devoid of any other materials alters the 

acoustic qualities of the space so as to let visitors perceive it as more familiar and 

homely. This can be achieved using textile drapes and other textile furnishings. 

Volume can be created in a textile structure using textile construction techniques. 

Forming a two-dimensional textile into a three-dimensional shape creates volume on 

either the scale of the body or that of the building or broader urban environment.

Textures

By using multiple material types, thicknesses, and surface qualities, textured textiles 

can be created. These textures are achieved using textile construction techniques or 

surface treatments such as coating following the completion of other processes. 

Surface textures are achieved using techniques such as felting, in which the yarns are 

entangled and re-locked. Three-dimensional structures integrated in a textile struc-

ture create patterns and textures, and give a three-dimensional form to a two-dimen-

sional textile. 

Figure 19: Electron microscope image of fibres 
and yarns of varied thicknesses.

Figure 20: Right: Electron microscope image 
showing a felted surface. 

Figure 21: Volume created by a three-dimensional 
knitted structure. 
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In addition, respective works of Ernesto 

Neto and Janet Echelman exemplify the 

creation of volume through textiles; the 

artists create textile sculptures that al-

lows walking in, above, and through the 

installation space, or are observed from 

a distance as they are suspended high up 

in urban areas respectively. 

With today’s technology, textiles can be 

used as membranes to create volume in 

built spaces; these can take the form of 

tent structures, for example. Frei Otto’s 

method of designing architecture by 

thinking about the dynamic models of 

textile forms exemplifies this, particular-

ly the new main train station being built 

in Stuttgart that he designed. 

The lightness of textiles means that they 

are ideal materials for temporary archi-

tecture such as tents, which have been 

used for centuries. 

Ambient nature

On a near to body scale, textiles are a second skin to us. The presence of textiles 

around us in living environments offers a familiarity and connection to the past. 

Memories are linked to textiles, people, and places. Textiles become part of a narra-

tive that stretches from the past to the present.

Textiles are all around us throughout the day: within or part of interior furnishings, 

transportation, office chairs, blinds, curtains, and cleaning materials used in living 

environments and for cars, trams, trains, etc. 

As a result of the advent of new technologies, textiles are used in the construction of 

hybrid lightweight materials in the aviation industry, which have the strength of steel 

but the weight of a textile.

On the scale of the building, textile structures can be used on exteriors as lightweight 

sunscreens that can be managed using pneumatic and/or dynamic controls. A textile 

can become a volume – a container in a space that is breathable through its inherent 

structure. 

One example of a volume was created by Christo and Jeanne-Claude: Big Air Package 

was an installation at Gasometer Oberhausen in Germany between 2010 and 2013 

(Jeanne-Claude 2010).

Figure 22: Volume, created by designing a 
three-dimensional form using a textile.
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Soft boundaries

Textiles create soft boundaries that can create visual discontinuity; this can be partial 

or complete, depending on whether the textiles are transparent, translucent, or 

opaque. However, these boundaries can be crossed by moving through the textile. A 

textile curtain that creates a boundary can also be seen as a connecting element, for 

example between the outside and the inside climates. 

A volume created using textiles in a space is a container of climatic and aesthetic 

atmosphere, creating its own microclimatic zone that separates one part of a space 

from the rest. 

Figure 23: Textiles in use as a soft boundary in 
a space.
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What if the fluidity of textiles is taken as a means of (re)defining spaces when design-

ing with smells? By opening up the spatial plan, movements and spatial organisation 

can be re-worked. 

Smells as design materials reflect the fluid nature of textiles, opening up spaces for 

encounters and interactions. As smell molecules arrange themselves in a space, paths 

of movement are created. A regular flow of air carries smells in a space; if the temper-

ature remains constant, smells are fluidly shifted by the movement of air. 

If two different smells with different intensities were to be diffused in a space at 

different points in time, they would follow their own paths if the direction of air flow 

and temperature are constant. 

Smells

Fluidity

In the Japanese architect Shigeru Ban’s Curtain House, the fluidity of textiles is cele-

brated; this contrasts with the structural thinking used in many other architectural 

projects, where textiles are used as form-giving elements and hardened to achieve a 

rigid structure.

In this project, curtains created visual transparency, openness, and a fluid transition 

between the inside and the outside of the space. Extending the idea of soft textile 

walls used by Shigeru Ban to further explore textile materialities in architecture; 

imagine a space that consists of a floor, ceiling, and pillars as the only structural 

elements. Here, fluid materialities such as smells define the space. 

FRAMEWORK

Figure 24: Fluid movement of smells, creating 
paths of movement.
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Patterns

Patterns are created as smells mingle in a space. These can be random or defined, 

based on the environmental conditions that draw, move, withhold, and distribute the 

smells.

In order to visualise defined smell patterns, materialities are presented as symbols in 

Figure 25. The matrix shows two different smells, marked with black and blue. If the 

smells were to be diffused simultaneously, the symbols used for both smells would 

be large (left column for Smell 1, right column for Smell 2). Conversely, if the smells 

were to be diffused with a time difference, the symbols used would be small (right 

column for Smell 1, left column for Smell 2). 

Figure 26  presents emerging patterns in the form of different combinations of 

diffused smells; smells released and diffused at the same time and intensities, or with 

different intensities. The pattern differs if the smells are diffused at the same intensi-

ties but at different times. As a result, the first smells to be diffused weaken in intensi-

ty more quickly than those released later. If both smells are released at the same time 

and intensities, this has a pronounced impact in the space in terms of detectability, 

and would perhaps create a combination of the two smells.

Gradually, the two smells would mingle. 

The one with the higher intensity would 

be detected and perceived more quickly; 

however, the smell with the lower 

intensity could potentially be perceived 

to be of equal intensity by someone for 

whom the threshold levels of the smell 

were low enough to make it detectable 

to their olfactory.

Textiles are formless materials that can 

as easily be allowed to flow smoothly 

within a space as be used in curtains, di-

viding e.g. interior and exterior spaces’. 

Textiles flow freely with the changing 

direction and intensity of air flows, cre-

ating sounds and making their presence 

felt, seen, and heard.

Smells are airborne and move smoothly 

with the flow of the air, creating invisi-

ble paths to follow. The fluid nature of 

smells means that they continuously 

form and re-form boundaries, and open 

up spaces as they are carried by the air. 

This ephemerality of smells is dynamic 

and fluid at the same time.

Figure 25: Symbols used to represent the materialities of smells.
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Figure 26: Various combinations of smell materialities used to create patterns.
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The naturally fluid dynamics of coloured inks were used to visualise the flow of 

smells, as shown in Figure 29. Although the temperature of the water was warmer 

than ambient air temperature (approximately 80°C), it was constant for a few mo-

ments, as is the flow of air in an ambient space. The difference with regard to the flu-

id movements of smells, represented by two different colours, is diffusion with a time 

difference. The diffusion of both colours (smells) is constant, and the inks created a 

detailed pattern that occurred naturally and featured fast and dynamic movements.

The complexity of the patterns is increased by combining the materialities further, as 

exemplified in the matrices above.

Using symbols, smells can be visualised to articulate patterns: In Figure 27, one smell 

is diffused at a constant air flow and the other is diffused at a low intensity; gusts of 

air frequently pass through the space.

FRAMEWORK

A smell being diffused in a space at a particular intensity and regular air flow can be 

visualised in a manner akin to Figure 28.

Figure 27: Visualisation of two smells diffused 
at different intensities and times.

Figure 28: Visualisation of a single smell diffused 
over a period of time.
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A textile such as a curtain in a space allows for movements that are intermittent and 

creates patterns of flow, openings, and connections. The transitional spaces created 

by textiles are quite similar to smells diffused in a space, creating paths of movement 

and connectedness, as well as sometimes closures.  

In order to visually represent the diffusion and distribution of smells for Figure 29, 

two smells were used at high and low intensities and were diffused at different times. 

As the temperature of the water was equally high (approximately 80°C) for both 

smells, that parameter is not considered in Figure 30.

FRAMEWORK

Figure 29: Using calligraphic inks to represent 
smells through fluid dynamic behaviour and 
movement in water.

Figure 30: Visualising the pattern created by 
the inks.
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Figure 31: Patterns of movement created by smells.
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Smells, which are carried by the air and held by moisture, are detected in warmer 

spaces, creating a volume and micro-zones within a space. The layering of smells can 

be achieved by changing the flow of air from mono-directional to multi-directional 

and increasing the presence of moisture particles, which hold the smell molecules in 

the space. 

The transparency of smells when layered adds to their strength, which constantly 

changes as the molecules move in the space. This dynamism of smells captures the 

lightness of the material, reminiscent of layers and layers of very fine textiles moving 

continuously in the air, creating random patterns.

Layers

What if textile curtains are layered? 

This would cause the flow of air to be modulated, forming a volume within the 

curtains that would constitute a temporal and transitional space that is continuously 

changing. An empty space is a container of atmosphere, creating its own microcli-

mate within the volume. The curtain helps to contain this volume of space. 
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Layers of smells can be created when smells are diffused at the same time at different 

points in space, with either the same or different intensities. In order to achieve and 

maintain layers of smells in a space, the strength of the air drafts must be adjusted to 

suit the desired intensities of each smell.

If the temperature of a room is constant, the volatility of smells will be different for 

low and high temperatures; for the latter, smells will be highly volatile.

Layers of smells could also be built if the frequency of smells is constant and they are 

emitted at consistent time intervals.

Layers of textiles can be visualised in aesthetic arrangements of forms, textures, 

colours, and patterns, where different textile materials have different weights, trans-

parencies, translucencies, or opacities - all of which assist in producing a visually 

interesting outcome.

Figure 32: Two smells diffused at the same time and intensity.

Figure 33: Two smells diffused at high intensities but different times.

Figure 34: Two smells diffused at different intensities and different times.

Figure 35: Two smells diffused at different intensities and different times.

Figure 36: Two smells diffused at the same time and intensity, in a constant flow of air.

Figure 37: The same smell diffused at a low room temperature and different intensities and times.

Figure 38: Two smells diffused at a high room temperature and the same intensity, and with a 
constant flow of air.

Figure 39: The same smell diffused at different intensities but at regular intervals and with a con-
stant flow of air.
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Smells become arranged in layers. In 

perfume design, the perfumer carefully 

chooses the odourants to be placed in 

relation to one another; one is the base 

note, one is the middle note, and the 

most important is the top note and gives 

a distinct character to the perfume. The 

three layers in combination are the ge-

stalt of the perfume, which is appreciat-

ed in its totality. 

Similarly, designing a spatial experi-

ence of smells would involve a selection 

of odourants of different molecular 

weights, threshold values, and volatil-

ities that could be layered and utilised 

in relation to ambient atmospheric 

conditions to dimensionally position 

themselves.

FRAMEWORK

Figure 40: Layers of smells created through 
continuous diffusion of smells over a period of 
time.
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Textures

As a smell is dispersed in a space, certain textures are created in relation to existing 

smells and the environmental conditions. These are spatial and multi-dimensional. 

Due to the difference in temperatures at which smells are diffused and distributed 

in spaces, the movement of smell molecules – dynamic, random, and quick at higher 

temperatures and fluid, soft, and slow at lower temperatures – creates textures that 

are a blend of different smell intensities and are distributed in space over a period 

of time. Some smells lose their intensity and fall below threshold levels for detec-

tion, while others remain strong and easily detectable. In addition, different air flow 

directions result in different textures, which are perceived on the skin of the nasal 

cavity. Shifting air, whether the result of air flow entering the space or multi-direc-

tional bodily movements within the space, causes smell molecules to become highly 

dynamic.

Textiles possess varied visual and haptic textures that add to their aesthetic qualities. 

These textures are a result of the relationships between materials and colours on a 

two-dimensional surface. 

Smells create textures that are of a spatial nature. Different smells are arranged 

differently in a space. Each smell has its own molecular character, weight, threshold 

values, and intensities. The atmospheric qualities of a space act as the design varia-

bles for arranging smells. 

FRAMEWORK

Figure 41: Textures created by a high temperature and smells of equal intensity (represented by inks).

Figure 42: Textures created by different air flow directions.
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Volume

The movements of smells through the air in a space are soft transitions that spread 

and gather, while simultaneously creating a volume and thereby a space within a 

space.

By holding the ends of a textile together against a flow of air, the textile quickly fills 

with air and thus rises like a balloon. This is similar to the mechanism used by par-

agliders to enjoy thermal gliding and steering their way along a valley using textile 

gliders. 

Smells, in a similar fashion, fill a space. They do not, however, literally and structur-

ally lift the space up, and instead metaphorically lift the space in an episodic fashion. 

Connections and associations with smells make one smile and lift one’s spirits due to 

memories and pleasant associations. 

A small quantity of smells can create a large volume and fill a space. This volume 

constantly shifts within the space through the movements of the body and shifting 

air flows. The intensity and strength of smells vary over time, and if smells have a 

high frequency the layers of smells, with varying intensities and movement, fill every 

corner of the space.

FRAMEWORK

Figure 43: A volume of space filled with a smell.
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Ambient nature

The highly dynamic nature of smells 

makes them ambient. The fluid nature of 

smells creates movements in space, and 

at the same time movements in space 

create the flow of smells. 

Affordances for smells as design mate-

rials are evident in that smells are ex-

tremely difficult to contain and control . 

Over a period of time, a smell slowly fills 

a space and is amplified in scale.

Textiles have an ambient presence in our 

daily lives in terms of not only clothing 

but the interior spaces of buildings, 

vehicles (such as cars, buses, planes, 

ships, etc.), and various other technical 

applications.

Each of us carry our own natural 

smellscapes with us and around us, and 

these mix with other smellscapes in 

the environments and surroundings in 

which we move. Smells are all around 

us; sometimes they are not consciously 

taken notice of, but their presence is 

processed subliminally. The ambient 

presence of smells creates invisible 

spatial atmospheres that provide us with 

information regarding our surround-

ings. This is processed in combination 

with other sensory input such as vision 

and sound in order to make sense of the 

surroundings, events, and people we 

encounter

FRAMEWORK

Figure 44: Smells scale up and create an ambient atmosphere.
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Temporality and dynamic movements

Smells are dynamic and temporal in 

nature. The dynamism of smells is ex-

perienced through their movements in 

space. As a single body moves in a space, 

there is a shift in the flow of air and the 

molecules of smells present in the air, 

and as these move in even more random 

ways as a result of the movements of 

several bodies, further shifts in the 

smellscape of a space occur.

The dynamic movements of smells 

create patterns and textures of different 

intensities; some smells linger while oth-

ers evaporate and disperse rapidly, cre-

ating a tempo. The movement of smells 

is amplified at higher temperatures and 

by multi-directional air flow. 

Smells are temporal as they shift and 

move away owing to the dynamic na-

ture. Higher temperature and movement 

causes displacement of smell molecules 

at a higher rate. Therefore smells lose 

their strength and detectability over 

time.

FRAMEWORK

Figure 45: Dynamic smell movements at a 
higher temperature.

Figure 46: Shifts in a smellscape caused by movement.
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Soft boundaries

Depending on the direction of air flow, a textile curtain opens up or closes a space in 

relation to air movements. 

Smells are airborne, and are carried into a space by the flow of air. The presence of 

smells can metaphorically open or close a space, depending on what one associates a 

given smell with. However, this still allows movement within a space, although it may 

change the path of this movement as smells, like textiles, provide fluidity in a space.

FRAMEWORK
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Arranging different smells in a space by ensuring that a flow of air has multiple direc-

tions may prevent smells from mingling with each other and maintain the smellscape 

and quality of a space.

Smells create soft boundaries in space, causing changes in movement or behaviour 

patterns as people go through these soft transition zones or avoid them. 

Textiles create soft boundaries in a space, allowing for fluid transitions. They also 

provide a sense of security or privacy when visual continuity is abruptly cut. In cer-

tain cases, these visual boundaries are transparent and allow for movement through 

them.

A body has its own smells when moving through an environment, creating an invisi-

ble boundary that traces movements and follows the body. With every addition of a 

smell to a space, the interactions change.

FRAMEWORK

These soft boundaries are constantly shifting and changing in intensity and strength 

as they are mediated by tangible and intangible materialities in the environment. 

Through past associations with smells, present-day encounters either create bounda-

ries that close a space or allow for easy transitions and movements through it, making 

it a welcoming experience and opening up the space.

Figure 47: Smells creating soft boundaries that are temporal in nature.

Figure 48: Paths of movement through the soft boundaries created by smells.
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As discussed above, combining textile materialities and smells creates new ways of 

designing spatial concepts. These open up for spatial interactions through experien-

tial qualities. 

FRAMEWORK
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FRAMEWORK

2. Smells and spatial Interactions

Human interactions can cause variation in the smells in a space. Through movement, 

as in the interactive installation Scents of Space (Haque 2002), smells can be made to 

mingle in a space and effect the smellscape in that they change from being discrete 

or localised to ambient; this, in turn, changes the olfactive spatial arrangement. 

Interacting through sense of touch, as in the case of the fragrant gardens that first 

appeared in 1936 in England (Diaconu 2007), adds an olfactory dimension to a 

space. Physical interaction through movement and touch can actuate smells. Creating 

smellscapes and thereby micro-zones of smells through interactions is an interesting 

perspective on designing spaces and materials for olfactory experiences. However, 

with what precision can these interactions be designed? What are the mediating 

materialities in a space for these interactions? 

Mediating materialities

-    Atmospheric parameters: As smells that are detected are airborne, there is a re-

lationship between atmospheric parameters such as air flow, humidity, and temper-

ature and smells. These atmospheric parameters are spatial qualities that can act as 

design variables to modulate the intensity, strength, volatility, frequency, and scale 

of a smell in a space. Spatial qualities are the intangible qualities of a space, and the 

interactions that arise through these materialities are passive in nature.

-    Movement through space: Whether from outside to inside, vice-versa, or within 

a built environment, the floorplan  and sequence of a space in combination with its 

form is related to smells and their distribution. Movement as an active actuator of 

interaction with smells helps to form body-space relationships. Circulation within an 

enclosed or semi-open space is a co-creator of spatial interactions, along with atmos-

pheric parameters and the olfactory.

-    Material surfaces: The built environment consists of different types of materials, 

surfaces, and textures. These offer tangible spatial materialities, which are experi-

enced through the sense of touch. As the material that was chosen for investigation 

in the research presented in this thesis, textiles are strongly present in living spaces. 

When touched, they can act as smell actuators, and the breathability of textiles is a 

bridge between the internal (built spaces) and external (natural) atmospheres that 

add the olfactive dimension to a space. Touch is an active actuator of interaction with 

smells.

SMELLS AS 
INTERACTIVE 

MATERIALS 
FOR SPATIAL 

DESIGN
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What if the air movements in a building were to be controlled and mediated so as to 

ensure that smell zones and smell-free zones could co-exist? The spatial planning 

would depend upon the creation of microclimatic zones with differing temperatures 

and moisture contents in order to establish a diversity of smellscapes.

The design proposal shown in Figure 49 focuses on air flow as a design variable. By 

connecting the outside to the inside through windows, different patterns of smells 

are created. Separate smellscapes in rooms such as the living area, kitchen, bedroom, 

and laundry room are made possible by utilising multiple different directions and 

intensities of air flow, which carry and retain smells from various sources. The smells 

in this case originate from an outdoor garden. This proposal suggests designing land-

scapes in parallel to designing interior smellscapes; rather than introducing artificial 

smells using ventilation systems, natural smells are incorporated via the landscape, 

constituting a solution that contributes to healthy living.

Air flow dynamics

Depending on the velocity, volume, and direction of flow of air, smells are carried or 

circulated within a space. Factors such as air renewal in buildings and living spaces 

also affect the way smells move and exist within spaces. In the context of the design 

of urban smellscapes, the flow of air is influenced by the built environment, which 

thereby influence the movement of smells (Henshaw 2014). In interior spaces, physi-

cal architectural elements influence air flow and thereby smells. 

FRAMEWORK

In the Filtered Realities: Air of Paris project by Philippe Rahm (Rahm 2008), the 

movement of air through the building determines the form and sensorial presence of 

the scents from the outside environment. The site specific project sought to recreate 

the smell of Paris, and so the architectural team used the limestone quarried from 

between the city and the ocean to obtain the olfactory element of the building mate-

rial, which was also mediated by oak trees planted in such a way that the air inlet in 

the architectural structure added to the smellscape. Through a breeze in the interior 

space, the exterior terrain was reconstructed. The air was constantly scented through 

the materials used and the olfactory landscape of the exterior (Ibid.).

Figure 49: Design proposal for creating diverse 
smellscapes by directing air flow.
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FRAMEWORK

The space is conceptualised by having pillars instead of walls, and has only floors, 

allowing a flow of movement in the space. The air flow acts not only as smell distrib-

utor, but also diffuser, and divider, as the direction of the flow is controlled in such a 

way that smells remain in specific areas and are thus detectable in that area or zone 

of the house. Thus, diverse smellscapes coexist in this proposal.

Through movement in space, the gradual overlapping of different fields of smells is 

experienced as one moves between zones.

The aesthetics of unfolding of smells is described with the range of sliders for the 

inclusion of smells, mode of activation and dispersal of smells respectively.

Air flow as an atmospheric mediating materiality activates the smells in an active 

mode, in that the dynamic movement of smells is due to the direction of air flow.

Additionally, movement of body in the space shifts the smells actively and distributes 

in all areas.

With the air flow smells get dispersed randomly and are present in an ambient way.
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Interior spaces such as laundry rooms, bathrooms, and kitchens have higher levels 

of humidity, particularly at the times of the day at which activities in these areas are 

performed.

Humidity

Humidity and smells go hand in hand as smells are suspended and linger in the air 

longer in the presence of moisture than in drier air. In addition, moisture is required 

for the physiology of the olfactory, in that nasal mucous dissolves smells so that the 

information can be transferred to the olfactory receptors (Henshaw 2014). 

FRAMEWORK

Studies show that a higher moisture content causes a significant increase in the rate 

of evaporation of odourants (Regnier and Goodwin 1977); thus, it can be assumed 

that smells are perceived more easily in a high-humidity atmosphere. With regard to 

both the human olfactory and odourant molecules being airborne due to evapora-

tion or being released from the surface of a material in an interior environment, the 

perception of smells is related to humidity.

Figure 50: Design proposal for creating diverse 
smellscapes using diverse humidity levels.
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FRAMEWORK

Layers of smells are formed as the humidity is maintained in specific parts of these 

spaces; the ambient and gradient effect of the humidity moves to the adjacent areas 

in a fluid manner. Although the intensity of smells varies over time and as activities 

unfold – causing the boundaries of individual zones to blur – the most intense smells 

remain in the areas of functions such as bathrooms, laundry rooms, and kitchens.

The inclusion of smells as described with the slider is amplified with the presence of 

moisture in the space.

Smells get activated at a higher rate in a space with a high moisture content.

Through movement of body in space, smells get actively shifted making dispersal of 

smells in an ambient way.
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As the intensity and the angle of the sun changes over the course of the day, different 

textures of smells would be created, with varying intensities of smells being diffused 

and distributed in the space. The source of smells in this proposal would be the gar-

den attached to specific zones or areas of the house, as well as interior surfaces such 

as textiles. 

Temperature

At high temperatures the volatility of odourants increases, and therefore the chances 

of perceptibility of odours is higher. With regard to designing urban landscapes 

(Xiao, Tait, and Kang 2018), bodies of water are used in parks to reflect the heat from 

the sun to surrounding plants, causing odourants to become volatile and airborne, in 

turn enhancing the smellscape. 

FRAMEWORK

Utilising the heat of sunlight through material choices allows smells to be mediated 

and modulated over the course of a day.

Figure 51: Design proposal for creating diverse 
smellscapes using smells activated by the heat 

of the sun.
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FRAMEWORK

Higher temperatures act as smell actuators, causing smell molecules to become high-

ly volatile and dynamic in their movements. As the different zones of the house are 

exposed to the heat of the sun at different times of day, the intensities of smells will 

vary, creating diverse patterns and textures of smells layered over the course of a day 

and its activities.

Smells are contained and get amplified as these get activated by the heat from the 

sun. Through movement the smells get activated such that these get shifted and 

reach every corner of the space. From being discrete, once activated the smells are 

present in an ambient way.
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An entrance to a built space relates to spatial continuity and opens up the space; 

smells offer a continuum through fluid movements within the space.

Movement through an enclosed space

The paths of movement in a space are usually defined by the spatial elements, 

wherein the relationship between these elements and one’s perception of being in 

these spaces is guided by the floorplan and time as one moves through the space. 

Entrances and thresholds mark a delineation between the outside and the inside, 

usually through a wall construction. However, smells establish this threshold without 

any physical barrier. 

FRAMEWORK

Figure 52: Varied smellscapes across a threshold. Figure 53: Spatial continuity experienced through the olfactory.
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Passages and corridors are more than linkages between spaces: movements through 

these zones mediate the creation of interactions. Through smells, spatial interactions 

can be designed to have linear or multidirectional movements, using one or more 

smells as navigators to create an olfactory passage.

The associative and episodic nature of smells can open up a space due to pleasant 

associations, or create a barrier even without any physical boundaries that are chal-

lenging to cross.

FRAMEWORK

Figure 54: Smells acting as a barrier at a threshold. Figure 55: : Linear movements (Ching 1996).
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The paths of movements through smells can be designed to be linear (single or bi-di-

rectional), radial (inwards or outwards), or a networked configuration.

In an enclosed space and in the absence of visual spatial elements, movements can be 

random and without structure. However, smells as design materials offer alternative 

paths of movement and places in which to pause or linger.

The organisation of a built environment and movements through, around, and along 

paths defined by smells can be used to mark out places as being for pause and reflec-

tion, create boundaries, or provide navigational tools. Smellscapes provide opp-

ortunities to change the direction of movements: As smells are three-dimensional, 

movement in height, width, and depth can be explored.

FRAMEWORK

Figure 57: Networked paths of movement 
(Ching 1996).

Figure 56: Radial movements (Ching 1996).
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FRAMEWORK

Smells remain contained in the space and keep shifting through different paths of 

movement. Where the movement of body through space further creates active inter-

action with smells. Such as smells shift and help navigate through the space. 

Air flow in combination to the movement through the space activates the smells. 

Released smells get dispersed in an ambient way.

Figure 58: Diverse smellscapes define paths of movement in an enclosed space.

Figure 59: Path of movement through smells in an enclosed space.
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Material surfaces

The adsorption capacities of textiles vary with the type of material; cotton (plant cel-

lulose), wool (animal protein), and polymers (synthetic) come from different sourc-

es. Both adsorption and absorption properties differ among textiles, as do desorption 

properties, making textiles interesting materials for exploring the addition, modula-

tion, and removal of smells in spatial design. Different textile construction tech-

niques create different textures, which are usually designed from visual and haptic 

perspectives. What if, however, textures induced other sensory sensations, creating 

a synaesthetic experience? Some herbs release smells in response to touch – what if 

the textural experience of a textile was designed to actuate smells? This would create 

haptic-olfactory interactions through the tangible materialities of a space. 

The explorations described in this section focused on making smells tangible and 

possible to experience in their different forms, patterns, and textures, using textiles 

as mediating materials. In order to design with smells and make their presence 

detectable in built spaces, textiles were chosen as the material to achieve this due to 

their widespread presence in living environments. Using established textile design 

methods, the investigations explored ways of adding smells. 

FRAMEWORK

Figure 60: Smells printed on a textile surface.

Figure 61: Smells coated on a textile surface.

Figure 62: Smells dyed on a textile surface.
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The modes of interaction with the textile expressions of smells were analysed as 

haptic and embodied interactions.

Design expressions were analysed for the aesthetics of the unfolding of smells. The 

design examples included smells and explored ways to modulate their intensity, such 

as amplifying, containing, or reducing them. 

FRAMEWORK

To engage with smells, interactions were designed using textile surfaces as mediating 

materialities. Different actions, such as rubbing and pressing the surface or fold-

ing, opening, and closing the textile were intended to actuate smells applied to the 

textiles.

Smells were introduced to a space through textiles using the textile design methods 

of printing, coating, and dyeing. The textile construction techniques of knitting, 

weaving, and tufting were used to design different haptic interactions to actuate and 

diffuse the smells, such that they changed from being discrete to ambient. Diffusion 

varied widely due to subjective perception of interactions, and the distribution of 

smells was modulated through the atmospheric (climatic) design variables. 

Figure 63: Modes of haptic interaction.

Figure 64: Smells being released from a textile surface as a result of haptic interaction.

Figure 65: A textile surface as a mediating materiality.

The ways of actuating the smells were active, rather than passive, for haptic interac-

tions. 

The design examples expressed ways of dispersing smells, and the interactions were 

designed such that discrete smells could be made ambient.
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SPATIAL 
INTERACTIONS 

INVOLVING 
SMELL-

EMBEDDED 
TEXTILES

3. Smell-embedded textile-spatial interactions

In order to design adaptable and responsive spaces in the context of smells as design 

materials, the research presented in this thesis proposes a diversity in terms of 

olfactory spatial experiences wherein mediating materialities are designed for het-

erogeneous spatial conditions that become the actuators of smells. The interactions 

that emerge in a space are either active or passive in nature, and act as co-creators of 

olfactory experiences in a space. 

Textiles as mediating materials create soft boundaries and aesthetic atmospheric 

qualities, which are interesting to design spatial interactions with because they en-

gage with the sense of smell (Kapur 2019). In design proposals, the function of tex-

tiles is not just to add visual aesthetics to the spatial atmosphere; rather, the concepts 

developed propose the addition, containment, and reduction of smells from a space, 

thereby contributing to the ambition of designing with and for olfactory experiences. 

The scale of spatial interactions with smells and textiles ranges from a near to body to 

a far from body scale.

The design proposals presented in this thesis focus on two aspects of designing with 

smells: the addition of smells, and the modulation of existing smells. 
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Addition and containment of smells

The addition of smells is two-fold: it occurs when textiles are a mediating materiality 

to be interacted with passively through climatic atmospheric parameters that actuate 

and disseminate smells, and actively through haptic interactions that actuate and 

disseminate smells.

Through the diverse climatic spatial conditions of air flow, temperature, and humid-

ity, smells are adaptive and responsive design features of textiles that are as dynamic 

as the changing environment. 

Haptic interactions are proposed as a way to interact with smells as one chooses. As a 

result of this approach, smells are present in a discrete mode until they are activated, 

at which point they become ambient on a smaller scale. 

Temperature, humidity, and air flow as actuators of smells

Interior spaces

Figure 66: Humidity and air activating and disseminating smells.
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FRAMEWORK

Climatic parameters are the co-creators of olfactory experiences in this design pro-

posal. By adding moisture to a textile spatial element that has been designed using 

smells, smells can be added and amplified. At higher humidity values, smells are 

amplified and strongly perceivable. Air flow disseminates smells in a space. 

In this design proposal, the addition of smells is undertaken in a passive way due to 

the placement of textile elements on the scale of the building. Here, interactions with 

smells are active, as the presence of smells is strong near to the source and path of 

movements. Shifting air molecules carry smells along with the movement of a body 

in a space.

Various smell patterns can be perceived as one walks along the path as sketched in 

the figure 66 . In a constant flow of air, smells mingle with other smells; intermittent 

gusts of air that come in through the opening and closing of entry points cause the 

creation of patterns of smells that vary in intensity and with room temperature, as in 

the case of a greater number of occupants or direct sunlight through glass walls.

Mode of activation of smells in this design proposal is atmospheric parameters and 

movement of body through the space. Whereby the smells remain contained and 

amplified by modulating the atmospheric conditions, making the presence of smells 

ambient.
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Exempel på bildtext. Placeras 3 mm (marginal 
finns i det här textblocket) från bild. Wismodip 
ea ad mod estrud.

FRAMEWORK

Because they are sensitive to heat and humidity, smells embedded in the textiles are 

actuated and released. Due to the pavilion’s placement in an outdoor environment, 

the smells are distributed in and around the space as a result of the multi-directional 

flow of air.

Exterior spaces

Figure 67 depicts an exterior textile structure with applied smells which could be 

used as a pavilion. The textile arches provide shade in the sun and protection from 

rain, and create an olfactory experience.

Figure 67: A textile pavilion with semi-open spaces. Figure 68: High temperature and humidity as actuators of smells.
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Exempel på bildtext. Placeras 3 mm (marginal 
finns i det här textblocket) från bild. Wismodip 
ea ad mod estrud.

FRAMEWORK

Smells from surrounding urban smellscapes mingle with the designed smell of the 

pavilion, creating a potpourri of smells that are highly temporal in nature. Different 

smells in different intensities pass by or stay in the pavilion, each varying in terms of 

strength as the temperature and air flow change.

Figure 69: Air as a carrier of smells. Figure 70: Mixed patterns in an urban smellscape.
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FRAMEWORK

The air and paths of movement flow around and through the circular spatial element. 

The air flow is linear and radial in this space. The smells that emanate from the tex-

tile element, which is on the scale of the building, are contained within the circular 

form of the textile element. Due to the discontinuity of the air flow within the circular 

spatial element, the smells remain within.

Air flow and movement as actuators of smells

Interior space

In the floor plan below, the path of movement is linear across the built space; the flow 

of air is linearly bi-directional, through the openings on either side of the space.

However, when a circular spatial design element is placed in the middle of the path, 

the patterns of movement and air flow are disrupted. In the sketch below, the circular 

textile spatial element that has smells applied to its interior walls is placed in the 

middle of the built space.

Figure 71: Designing with air flow and the form 
of a textile spatial element to contain smells.
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FRAMEWORK

Some smells drift out of the form due to shifts in the air flow or because of the 

movement of a body in the space. However, the spatial element is a micro-olfactory 

experiential zone within a built space.
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However, due to the form of the spatial element, air flows around it from all direc-

tions. The paths of movement are either around or through the spatial element. The 

smells applied to the textile walls in the spatial element disseminate largely within 

the element, although some smells spread out from it due to the flow of air and the 

movement of bodies, which cause the air to shift and thus smell molecules to move.

In the design proposal depicted in Figure 72, the smells emitted by the green plants 

in the area around the textile spatial element circulate in this space, around the circu-

lar element, and between the walls of the building. The smells from the green plants 

and the textile spatial element gradually enter the built space in different patterns. 

The patterns created vary based on movements and the flow of air across the paths of 

movement.

FRAMEWORK

Interior and exterior spaces

When a path of movement joins built spaces via an outdoor passage, smells are added 

in various different patterns indoors. By modifying the previous design example as 

sketched in figure 71, in this proposal  smells move indoors from outdoors. In previ-

ous design example, the pattern of movement, flow of air, and movement of smells is 

discussed from the perspective of an enclosed built space.

In this design proposal, two enclosed built spaces are linked by a path that crosses an 

open outdoor area lined with green plants.

When a textile spatial element that has smells applied to its interior walls is placed in 

the middle of the path of movement, and in between the two buildings, it is shielded 

on two sides from air flows.
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FRAMEWORK

Figure 72: Textile pavilion in an outdoor space, 
connecting to an indoor space via a path of 

movement.
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The heat that is harvested and stored in the sunroom activates the smells applied to 

the textile. The smell spreads throughout the sunroom and is eventually distributed 

beyond it , as shown in Figure 74.

Temperature, humidity, and air flow as actuators of smells

Interior spaces

Position 1: Design proposal with textiles designed with smells installed under the 

glass ceiling of a sunroom. 

FRAMEWORK

Figure 73: A textile designed with  smells installed under the glass ceiling of a sunroom. Figure 74: Temperature as a smell actuator.
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Due to the stack effect, hot air rises and thus so do smells, and so both move to the 

floor above. In the sunroom, the smells are concentrated near to their source and at 

the ceiling. 

The activation of smells takes place only when the glass ceiling is heated by the sun; 

as the sun’s rays move away, the temperature falls and the activation of the smell 

molecules applied to the textile gradually reduces. After several hours, the smells 

that have been emitted gradually lose their intensity and spread throughout other 

spaces in the house due to the flow of air and movements in the space.

The activation of smells can be synchronised with the rhythm of sunlight and heat, 

connecting the interior space to the weather and atmosphere outside. On a cloudy 

day, there would be reduced activation of smells as compared to a day of direct sun. 

When smells are not wanted, the textile awning can be rolled up in order to avoid 

smell activation.

FRAMEWORK
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FRAMEWORK

Position 2: Design proposal with textiles embedded with smells installed on the wall, 

from ceiling to floor, on both the top and ground floors.

Heat from the sun enters the top floor and activates the smells applied to the textiles. 

The smells are disseminated and contained on the top floor.

The textiles installed on the ground floor remain inert as they are designed to be 

activated by heat. Due to the stack affect, the heated air rises upwards and remains 

on the top floor.

Figure 75: Textiles designed with smells installed on the wall on two floors. Figure 76: Temperature as a smell actuator.
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FRAMEWORK

Position 3: Design proposal with textiles embedded with smells are installed on the 

wall, from ceiling to floor, on the ground floor in a bathroom and laundry room.

When in use for bathing or laundry purposes the humidity in this space rises. The 

smells applied to the textiles are activated by the high humidity.

The smells disseminated by the textiles remain largely in this space due to the higher 

humidity here than in  the other rooms. However, some smells are distributed to 

other parts of the built space.

Figure 77: A textile designed with smells installed on a wall on the ground floor. Figure 78: Humidity as a smell actuator.
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Exterior and interior spaces

Textile façade elements prevent the reflection of sunlight. However, if such textile 

elements were to have smells that are sensitive to sunlight and heat applied to them, 

the sunlight can be used to activate the smells. 

The angle at which the sunlight strikes the textile elements on the outside of the 

building varies. As the figures below indicate, the varying angle of the sun over the 

course of a day leads to the actuation of smells at different times and intensities.

Smells that are activated outside the building can be enjoyed in interior spaces by 

e.g. opening the windows. The textile façade elements provide shade, and in addition 

have an olfactory dimension. The textiles soften the boundaries, adds smells (fra-

grances), and ‘pull’ fresh air into the interior spaces.

Actuated smells are distributed in the exterior space by the flow of air. Other smells 

from the environment, such as those of plants, traffic, industrial work, etc., mingle 

with the smells actuated in and released by the textiles.

Textiles also offer a barrier to other smells in the form of providing a form of locking 

mechanism, which is discussed in the next section of this chapter. 

The textile façade elements can be designed so as to each carry a different smell. As 

each smell is actuated in a different way, there is a pattern or ‘symphony’ of smells, 

which is a combination of one or more smells at different intensities and durations.

FRAMEWORK

Figure 79: Textile façade elements for sun protection.
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FRAMEWORK

Figure 80: Sunlight falls on the upper parts of the façade. Figure 81: Actuated smells with different qualities and patterns.
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FRAMEWORK

Figure 82: Sunlight being reflected at midday by elements covering two-thirds of the façade. Figure 83: A broader activation of smells in different patterns.
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FRAMEWORK

Figure 84: Late-afternoon sunlight being partially reflected by the façade. Figure 85: Patterns of smells with lower intensities in the later-afternoon sun.
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FRAMEWORK

Figure 86: Multi-directional air flow. Figure 87: Varied patterns of smells formed over the course of a day.
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FRAMEWORK

The height of the pile of the carpet varies across the surface, and as the upper layers 

are worn away layers below are exposed. This proposal involves applying different 

smells to each layer and height of pile that is knotted or tufted in.

Haptic interactions as actuators of smells

This design proposes applying smells to carpet to create a spatial element; the smells 

are activated through haptic interactions. The pile of the carpet is designed such that 

the smells begin to be disseminated only after some wear and tear of the material has 

occurred.

Time-based actuation of smells through the rubbing of feet walking across the 

surface disseminates smells in the space. These smells are distributed through the 

movement of bodies and flow of air. The activation and release of smells in this de-

sign creates diverse patterns of smells and intensities over a period of time.
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Modulation of smells

When designing for existing smells in a space, textiles as spatial design elements can 

be used to modulate smells. As materials, textiles are proposed to have olfactory qual-

ities, and the concepts of smell absorbers, dividers, and reflectors are here proposed 

in relation to textile surfaces and forms in a built environment. Although these con-

cepts are borrowed from light and sound material design, the definition of materials 

with olfactory qualities varies from the usage within these fields.

FRAMEWORK

Figure 88: A close-up of the carpet, showing multiple 
pile heights and diverse smells activated over time.
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FRAMEWORK

Smell absorber

The material surface absorbs smells. There are many existing materials that absorb 

smells effectively; however, after they have been used they need to be cleaned, 

washed, or in some cases replaced entirely due to the impossibility of removing the 

absorbed smells as these are emitted out directly.

Speculating on a self-cleaning technology for a smell-absorber would create a sus-

tainable solution that would be applicable to many areas of the living environment. 

Where upon absorbing the smells, less smells are emitted.

Figure 89: A textile smell absorber that absorbs smells and emits fewer smells.
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FRAMEWORK

Smell divider

When an unpleasant smell is mediated by a material surface, the latter divides or 

diffuses the smell. Smells are absorbed by the material and retained in it, such that 

they are ‘eaten away’ and cleansed. The material surface does not smell due to the 

addition of existing external smells.

A three-dimensional textile structure provides a space between two surfaces that 

traps any residual smells, removing unpleasant smells but not replacing any others.

Figure 90: A textile smell divider that traps smells.
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FRAMEWORK

Smell reflector

When a material surface encounters one or more smells that are unwanted, the sur-

face reacts by emitting a different smell that is wanted. This concept proposes materi-

al development that would respond to existing unwanted smells, which are absorbed 

by the material. The material surface then self-cleans, and parallel to this process the 

material activates and releases another smell that is wanted.

New wanted smells that get reflected are contained in the space. Whereas the 

unwanted smells are reduced by being absorbed and treated. Through the material 

surface smells are activated or absorbed and reflected in this proposal, where the 

ambient smells are converted to their discrete presence in the space.

Figure 91: A textile smell reflector that absorbs (unwanted) smells and emits a new (wanted) smell.

(Unwanted) smells

New (wanted) smell
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Textiles as breathing buildings

FRAMEWORK

A textile exterior building structure would be a ‘breathable’ barrier between the exte-

rior and interior climates, filtering out pollutants but allowing in smells from nearby 

smellscapes, which would combine with those applied to the textile in the interior 

microclimatic zone. Creating a connection to the outdoors and the season, this textile 

structure would provide an olfactory experience.

Figure 92: Textiles as the exterior structure of a building.
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FRAMEWORK

The exchange of air and smells from the exterior surroundings is accomplished 

through the textile structure, which acts as a ‘lung’ for the building. This proposal 

focuses on re-thinking materials in relation to exterior building structures.

An integrated material with the functionalities of both a smell divider and smell re-

flector (as discussed above) would make the building breathable through the textile 

structure and its function.

Air renewal from the interior space is a process of ‘breathing out’, in that the stale air 

leaves the building through the textile structure. 

Figure 93: The ‘breathing in’ of air and smells from the exterior environment. Figure 94: Air renewal through a textile structure.
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FRAMEWORK

The movement of smells would vary based on differences in terms of the textile 

structures. With an open structure, the passage of air and smells from the exterior 

space to the interior would be pronounced. Although the function of a smell divider 

and reflector would be performed, the smell concentration would be higher than a 

compact textile structure.

Figure 95: An open textile structure ‘breathes 
in’ more air and smells.

Figure 96: A semi-open textile structure allows 
less air and smells in.

Figure 97: A compact textile structure prevents 
a larger volume of air and smells from entering.
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In this chapter, the design examples presented are organised into two main catego-

ries: 

 1. Textile expressions of smells 

 2. Smells as interactive materials for spatial design

The presented design examples establish the theoretical framework in each of the 

focus areas. Proposing smell as a spatial design material, the research presented in 

this thesis explored the addition, containment, amplification, reduction, and disper-

sal of smells through various design variables, which were either actively or passively 

actuated. 

EXAMPLES
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EXAMPLES

 TEXTILE 
EXPRESSIONS 

OF SMELLS

Textile expressions of smells

Textile materialities are conceptualised as design expressions for spatial design using 

smells. The aesthetics of expression are: 

 1. Visual and haptic: patterns, textures, and layers.

 2. Form: fluidity, volume, and soft boundaries.

 3.  Aesthetic atmospheres: ambient nature, temporal, and dynamic 
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Addition of smells through inherent material qualities 

EXAMPLES

Figure 98: Wood veneer with inherent smells.

Figure 99: Installation consisting of three differ-
ent veneers – birch, ash, and elm.
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The installation shown in Figure 99 is one of the projects produced by students 

attending one of the five design workshops at which the concept of the addition of 

smells was explored. Through an experimental approach, various materials were in-

vestigated for their inherent natural smells and ways to actuate these within a spatial 

concept.

Wood veneer was selected here for its strong inherent smells. However, these are 

not very predominant on a spatial scale, and the smells were amplified by adding 

moisture to the surface of the veneer, resulting in easily detectable smells in the 

immediate area. 

Three different types of wood – birch, ash, and elm – were selected on the basis 

of their distinctive smells for the creation of a diverse smellscape. The addition of 

moisture in the form of water droplets was intended to create an interaction with the 

suspended veneers. Water was dripped into a groove by a sponge mounted at the top 

of the veneer. Water dripped onto the surface, creating a unique pattern which varied 

depending on which part of the sponge was squeezed and the intensity with which 

this was undertaken. The resulting expression was seemingly random with regard to 

the different patterns of smells, which were released at different times. The textures 

of the smells were visualised as the wood veneers got twisted and shrunk being in a 

wet state.

EXAMPLES

Figure 100: Textures of smells created by the shrinking and twisting of the veneer as a result of 
interaction.
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EXAMPLES

The aesthetics of expression in this exploration were analysed as visual and haptic 

expressions of patterns, textures, and layers, along with atmospheric (aesthetic) 

expressions which were temporal and dynamic in nature.

Figure 101: The expression of smells as 
patterns.
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EXAMPLES

In this project, a team of students explored the idea of adding smells to bricks. The 

scents of orange peel, liquid soap, and freshly ground coffee were mixed with gypsum 

to create scented bricks. After they had dried, the bricks disseminated the smells, 

which were felt to be strong when the bricks were touched. 

The coffee brick was further explored with regard to ways of amplifying smells in a 

controlled manner. A lampshade was made using the coffee-gypsum mixture, and lit 

with a bulb that generated heat when switched on. This led to an intense, ambient 

smell of coffee in the room. When the light bulb was switched off, the smell slowly 

reduced in intensity over a period of time.

Addition and amplification of smells

In a spatial context, the smells created random patterns due to the presence and 

absence of heat, making them temporal. These patterns were created throughout the 

space in which the smells were disseminated by the shifting air molecules.

The bricks expressed the textures of smells. The source materials had a texture that 

was embedded in the bricks. The liquid soap brick had a bubbly texture due to the 

mixing of gypsum and water, the orange peel brick had a rough and organic texture, 

and the texture of the coffee brick was very fine and granular.

Figure 102: Left: Bricks made of gypsum mixed 
with orange peel(bottom), soap (centre), and 

ground coffee (top). Right: The coffee-gypsum 
lampshade containing a light bulb. 
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EXAMPLES

Figure 103: Changes in the pattern of smells as 
a result of the activation of the heat source.

Figure 104: The expressions of smell as 
patterns.
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EXAMPLES

Addition and containment of smells

This installation focused on using a micro-climatic zone within a larger space to 

contain smells. The students in the group designed a cotton gauze textile, panels 

of which were used as the mediators of smells. These textile panels were dipped in 

baths of orange, ginger, moss, and ground coffee respectively, then draped over props 

and arranged next to one another so as to act as a ‘smell tunnel’; outside this, a plastic 

membrane was fixed to prevent the smells from escaping to other areas of the room. 

When walking into the tunnel, one walked from one smell zone to the next, with the 

individual smells clearly detectable. The threshold of each smell was its respective 

textile zone, and so it was possible to clearly identify the border of each. 

As a further exploration, humidity was added to the tunnel, resulting in an increase 

in the intensity of the smells. As the tunnel was covered by the plastic membrane, the 

humidity was trapped inside. 

As regards boundaries and movement, the fact that the smells were placed in a se-

quential pattern in the tunnel, soft and invisible boundaries were created for a short 

period of time. After some time, the smells mingled to an extent due to the movement 

of bodies through the tunnel.
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EXAMPLES

Figure 105: The smell corridor, containing three 
distinct smells mediated by textiles.
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EXAMPLES

Figure 106: Expressions of smells.
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EXAMPLES

SMELLS AS 
INTERACTIVE 

MATERIALS 
FOR SPATIAL 

DESIGN

Smells as interactive materials for spatial 

design

In relation to smells, mediating materialities constitute design variables for creating 

interactions in a space.

    1. Climatic atmosphere as a design variable: air flow, humidity, and temperature

    2. Movement through space: continuity, navigation, and boundaries

    3. Textiles as mediating materialities: haptic surfaces
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1. Climatic atmosphere as a design variable 

Temperature as a design variable

EXAMPLES

During one of the workshops, a team of students created a speculative design 

scenario wherein smells could be embedded on material surfaces such as a painted 

wall. The smell molecules that would be mixed with the paint would be responsive 

to temperature changes, and activated by the heat of sunlight. As can be seen in the 

‘radiance map’ shown in Figures 107–112, the intensity and angle of the sunlight, 

along with how much of the wall would be covered by sunlight, would change over 

the course of the day. 

By mapping the surface of the wall to create a radiance map, different smells could be 

placed at specific points on the wall. 



  243242  

EXAMPLES

Figure 107: Radiance map – 6:00 am.

Figure 108: Radiance map – 12:00 pm.

Figure 109: Radiance map – 4:00 pm.

Figure 110: Radiance map – 6:00 pm.

Figure 111: Radiance map – 9:00 pm.

Figure 112: Radiance map – 10:00 pm.
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This design exemplified the temporal expressions of smells. The temporality of the 

smells would be matched by the dynamics and changing intensity of the sunlight. 

As the heat from the sun changes over the course of the day, certain smells would 

be activated, while others would return to an inert state; thus, specific smells would 

be present in the space at certain times, and each would be gradually followed by 

another.

The patterns of smells would be created as the day unfolds, and their constantly shift-

ing nature would mean that an ambient atmosphere would be activated passively 

rather than actively through physical interaction with the source of the smell.

EXAMPLES



  247246  

Working based on an existing project by Steven Holl’s Storefront for Art and 

Architecture organisation in New York, a team of students speculated with regard 

to new materials for façades during one of the workshops. The proposed building 

façade contains elements wherein the wall opens up, connecting the outside to the 

inside at different angles. 

EXAMPLES

The students’ concept was a façade made of hybrid materials, constructed such that 

the heat of the sun is absorbed by the metal outer surface, which activates an opening 

mechanism that operates based on the behaviour of metal when exposed to heat. 

This exposes the layer below, to which smells have been applied, and these smells are 

released. Natural flowers are used for the smells that are added to the ceramic tiles 

(the base of the façade elements), and these are activated by the heat of the sun. 

Based on the thermal response of the façade material, the smells are activated and 

released. As the dynamic wall elements open and rotate, the dispersal of smells rang-

es from being discrete to ambient. This addition of smells in a space is designed to be 

temporal, as the activation occurs as a result of the sun heating the façade. 

Temperature as a design variable

Figure 113: Dynamic wall elements with hybrid 
materials.
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EXAMPLES

Figure 114: The thermal response of the façade.
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EXAMPLES



  253252  

EXAMPLES

Air and temperature as design variables This exploration was undertaken together with a group of students in one of the 

corridors of a school building. The aim was to use smells as design materials in order 

to change the (aesthetic) atmosphere of a hallway so as to make it into a place for 

social interaction.

This exploration was undertaken together with a group of students in one of the 

corridors of a school building. The aim was to use smells as design materials in order 

to change the (aesthetic) atmosphere of a hallway so as to make it into a place for 

social interaction. 

The group selected a hallway in the school that serves as a locker area and is tran-

sitional in terms of activity and movement. It was felt that the space is not usually 

social as it is not well lit and does not have any purpose beyond storing materials in 

lockers. This was investigated by adding smells to the space to explore if any changes 

took place with regard to the activities of the people passing or stopping to put things 

in their lockers. 

The space was identified to possess specific material characteristics; concrete walls 

and floor, metal lockers, and glass panels for the mezzanine floor above. 
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EXAMPLES

Figure 115: Adding visual imagery and smells to 
a school hallway.

Figure 116: Dispersal of smells in the hallway.

In Test Phase 1, the smell of musk was added at both ends of the corridor and tea 

tree and peppermint oils were added in the middle. In addition to the smells, visual 

imagery was projected onto the floor from above; this was felt to be the most optimal 

placement with regard to catching attention based on the assumption that people 

would be looking at their electronic devices. The smells that were disseminated re-

mained perceptible only for a short period of time as they were quickly dissipated by 

the flows of air that entered the space via the two ends of the corridor, both of which 

opened up to entrances to the building.
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In Test Phase 2, the group disseminated a mixture of smells at the four origin points 

in the corridor (Figure 117) so as to maintain continuity with regard to smell types. 

In addition, a heater was added in place of the projected image. The heater amplified 

the smells, which were stronger on the mezzanine floor than at ground level; due to 

the stack effect hot air rises, and so the airborne smell molecules were more percepti-

ble higher up. 

The detection of smells was facilitated by the increased temperature. In addition, the 

intensity of the smells increased, and passers-by appeared to take more time to move 

through the hallway, and seemed to enjoy the smells.

The three smells used at different points in the corridor created soft boundaries that 

were dynamic and constantly shifting due to the flow of air and the movement of 

people in the space, both horizontally and vertically. Due to the stack effect the warm 

air rose, and thus so did the smells. Due to their greater volatility at higher tempera-

tures, the smells moved along the corridor and upwards to the mezzanine floor.

EXAMPLES

Figure 117: The temperature in the corridor was 
increased.

Figure 118: The smells were more intense at 
the upper level of the corridor.
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EXAMPLES
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EXAMPLE

Smells and thermal boundaries

As part of a collaborative project, this exploration investigated smells and thermal 

boundaries in a space. 

Wood charcoal, which is a source of a smell and heat, was used. A textile envelope 

was created around the skylight of a room; the hem of the textile was designed such 

that a piece of bark and burning wood charcoal pieces could be carefully placed in it 

without being in contact with the textile.
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This installation emulated the experience of a sauna. In addition to acting as a visual 

boundary, the textile also constituted an olfactory and thermal boundary for a short 

period of time. 

Within this enclosed textile space, a microclimate was created that was different to 

the climatic conditions in the space outside the textile envelope. The source of heat 

was placed at the bottom of the textile, and as the heated air rose so did the smell of 

burnt charcoal.

As the smells were amplified over time, an interesting discovery regarding scales was 

made: a medium scale, between the micro (defined in this thesis as near to body) and 

macro (far from body) scales. The micro scale was the textile itself, which contained 

the source of the smells, and the macro scale was the space outside the textile en-

velope; the medium scale was within the textile envelope, i.e. where the smells and 

heat were contained.

Heat as a design variable became evident when designing with smells in this explo-

ration. Through heat, the smells in the space were amplified; as the heat lessened in 

intensity, the smells were no longer volatile and were thus less detectable. 

EXAMPLES
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This exploration was intended to investigate smells as tools for navigating in a space. 

Using smells as stimuli within an environment, this investigation was undertaken in 

the form of a participatory workshop.

One of the large rooms in the school was selected, and all furniture was removed. 

The participants were asked to enter the space individually and spend two minutes 

walking in it, sitting down, lying down, or doing anything else that they felt might 

be useful in mapping the empty space using sensory stimuli. Each participant was 

instructed to use their time alone in the space to familiarise themselves with it and be 

comfortable to explore using her or his body and movements.

2. Movement through space 

Navigation using smells

EXAMPLES

After all of the participants had explored the space, they left the room; thirty minutes 

later, they re-entered it, this time blindfolded.

During the interlude, the author installed the sources of nine smells in the space, 

which had been planned in terms of arrangement in advance. As the room had a ‘C’ 

shape, the smells were arranged in a continuous arc. 

Jasmine, musk, pine wood, sea sand, sea breeze, coffee, orange, baby oil, and cinna-

mon were utilised in the form of diluted essential oil fragrances suspended from the 

ceiling in a bottle, along with a container containing freshly ground coffee, while sea 

sand was used as a texture through placement on the floor.

Figure 119: The positioning of smells in the 
space.

Figure 120: The smellscape of the room.
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EXAMPLES

The suspended sources of smells were placed at nose height (160–170 cm above the 

floor). The distance between each smell was approximately two metres.

The participants were again instructed to move around in the room, but this time 

they were to take cues only from the smells. As they were blindfolded and wearing 

earplugs, the author was in the space in order to guide them and prevent them walk-

ing into walls or pillars. 

This workshop had approximately ten participants. Each followed a different path 

within the space. Based on their affinity or disgust for the smells, the participants 

went closer to some and passed others. One of the participants explored the space by 

not only walking but sitting and crawling, following the smells.

Most of the participants felt that they could remember the smells after experiencing 

them, even if they could not recognise some, and felt that they had built a mental 

map of the space. Thus, when walking to the door to exit the space, the participants 

could follow a path consisting of smells that they had an affinity for. 

One of the results of the workshop was that many participants had a headache due to 

exposure to a mixture of strong smells in a confined space. Air flow and movement in 

the space amplified the mixing of the smell molecules.

Understanding the scale of smells in relation to the scale of space was one of the 

learning outcomes of this workshop. The dynamic and spatial nature of the smells 

was quite evident due to the distance between them being kept constant and too 

near. The boundaries of the smells became blurred after a few minutes, creating new 

and hitherto unencountered smells through the combination of two or more types of 

smell molecules. 

Other than the human olfactory, no piece of equipment exists that can quantify and 

assess the quality of smells in a space. This explains the differences in the perception 

of smells between participants, as their threshold levels differed and therefore so did 

their patterns of movements.

Although wearing a blindfold when navigating a space and focusing on the sense of 

smell was an unusual experience for the participants, they rapidly gained awareness 

of the space. Preventing the participants from using their vision focused the orienta-

tion of the body in relation to the space to a very small area. This led to the partici-

pants imagining that they were in a larger space than the reality, and thus they took 

slow, careful steps, constantly feeling with their hands to try to detect any possible 

obstacles. 
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EXAMPLES

Smell, space, and movement – a dance improvisation with smells
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The Performance

The dancer picked up the objects and began interacting with them in the space. 

These interactions were undertaken on two scales; the following scene was inspired 

by this exploration:

The same things on two different scales

Smells on different scales in a space in relation to the body

A scale that is near to the body 

is reachable with hands and feet and allows interaction

A scale that is far from the body 

envelops the body 

in its dynamism 

in its stillness

The two textile objects functioned as free objects in the space, and were not fixed at 

any point. The dancer interacted with these objects, creating an artistic performance 

by exploring them with regard to volume, shape, surface, size, and smell. She played 

with them – slipping, sliding, cuddling, curling, twisting, wrapping, fanning, pinch-

ing, pressing, releasing, rotating, and twirling, improvising her movements across the 

space. The movements of the dancer were based on the interaction with the textile 

objects, as the objects were bouncy in nature due to the materials used. The han-

dling of the textile objects and, more importantly, smells emanating from the sponge 

directed the movements of the dancer.

The textile objects allowed interactions to take place on a near to body scale, with the 

dancer improvising movements with the textile objects as guided by smells. Through 

her movements in relation to the textile objects, the air in the space shifted, further 

dispersing the smells.

This exploration was performed in collaboration with an improvisational dancer.

Through this performance, the actuation of smells through bodily movement in a 

space was explored. The dancer carried textile objects to which smells had been 

applied. The interactions were intended to disseminate the smells through bodily 

movement. The smells were applied to the textile objects and thus were not spatial; 

the movements of a body and objects were explored in relation to making smells 

spatial through active dispersal.

Polyamide monofilament yarn was used to knit two textile objects on an industrial 

flatbed machine. Object A was a tubular knitted panel which was four metres long by 

twenty centimetres wide. Object B was a four-meter length of fabric consisting of a 

three-centimetre wide vertical tubular structure alternating with a three-centimetre 

wide rib structure running the whole length. 

Several sponge strips which were two metres long by two centimetres wide were pre-

pared in a bath of tatami (rice-straw) scent, dried at room temperature, and inserted 

into the tubular structures in order to fill them. 

Object A was filled with two bunches of smell-embedded sponge strips, which were 

tied together at one end. The tied ends of the bunches were then attached together 

and drawn through the tubular structure, such that the sponge strips protruded from 

both ends. Object B had smell-embedded sponge strips inserted into the tubes across 

the width of the knitted panel.

EXAMPLES
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EXAMPLES

Due to the movement of the dancer, who was improvising with the objects, smells 

were dispersed constantly; these varied in frequency, rhythm, and intensity, such 

that there was a ‘smell orchestra’ in the space. As the dancer moved with the objects 

in the space and the textile objects were moved in the air, the smells were dispersed 

in the room at intervals; if one were to have closed one’s eyes and concentrated on 

the time difference between the gusts of smells, these could have been related to 

the dancer moving the textile object in the air. At time, the movement of the dancer 

was in harmony with the smells, such as when she walked with slow steps or moved 

the textile objects quickly and rhythmically. These changes in her movements had 

an immediate effect on the dispersal of the smells in the room, reminding one of a 

symphony orchestra. From the dancer’s perspective it was an intense interaction, as 

she could weave her way through the smells in the space and make smells follow her 

movements. In this way, her ephemeral movements changed from being perceived by 

the visual sense to being perceived by the olfactory sense.

Figure 121: Dispersal of smells in response to 
movements.
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Spatial boundaries of smells

EXAMPLES

Spatial continuity, boundaries, and opening a space through smells were explored 

in this investigation. The selected space was a vast open studio space with very little 

furniture. This was an ideal location for this exploration with regard to relating the 

scale of the smell source to that of the space in order to investigate olfactive spatial 

boundaries.

Incense sticks and portable table fans were used to disseminate the smells in the 

space. Five iterative setups were used, wherein the direction of the air flow was the 

design variable. 

The setup of the fans and smell source of each iteration is outlined in plan view over 

the following pages; the symbols used for these diagrams are outlined below.

The smell source (an incense stick) was kept behind the fan, which drew in the 

smell-imbued air and blew it away from the smell source.
Figure 122: Smells being distributed in four directions.

Figure 124: Smells being distributed at a right angle.

Figure 123: Smells being blown towards the centre of the space.
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In this setup the direction of the air flow was inwards, towards the centre of the space 

between the fans. The smells were thus concentrated in the centre, although they 

were not confined to this zone. After several minutes, the smells escaped in all direc-

tions due to the movement of people in the space and resultant shifting air, which 

carried the smell molecules away. The smell intensity outside the centre of the space 

was low as the smells were scattered randomly.

Setup 1 

EXAMPLES

In this iteration, the direction of the air flow of the fans distributed the smell of the lit 

incense stick outwards, in four different directions. The intensity of the air flow pro-

duced by the table fans was maintained at a constant rate, and at a certain distance 

from the fans the smells began to mingle in the space. The strength of the smells 

decreased with distance from the fans.

Setup 2

Setup 3

A right-angled arrangement was selected to distribute the smells, which moved with 

the flow of air in two directions. After some time and distance the smells mingled in 

the space; the concentration and intensity of the smells was, however, stronger in the 

direction of the air flow.

Setup 4

Two fans were placed back to back, meaning that the air flows were in opposite direc-

tions. The distance between the fans was the same as in Setups 1– 4. The smells were 

perceived as being less intense, possibly due to the scale of the smells in the space 

being smaller. The air flow carried the smells relatively far, but the strength of the air 

flow was reduced outside of the direct line of the fans.
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EXAMPLES

Setup 5

In this setup, all four of the fans faced the same direction, creating a smell concentra-

tion on one side of the room up to a certain distance from the fans. As time passed, 

the smells migrated in other directions due to the air flow. The intensity of the smells 

varied in the space based on the concentration of the smell molecules.

Each of the setups was conducted with a reasonable interval of time between, such 

that the smells of the previous setup had dissipated entirely. As a result, each setup 

had to be carried out on a separate day. This challenge of dealing with smells in a 

space, however, proposed an important aspect of the design material – duration. As 

a result, the investigation  demonstrated the dynamic and temporal boundaries of 

smells when compared with the visual boundaries.

Smell boundaries are fluid and dynamic; visual boundaries are rigid and static.
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EXAMPLES

Crumpling – pushing and pulling 3.Textiles as mediating materialities 

Active haptic interactions with textiles

The explorations described below investigated ways of designing haptic interactions 

with textiles. These emulated the ways in which natural objects such as spices, fruits, 

and other sources of smells are interacted with in everyday life. The expressions of 

the interactions were haptic gestures such as holding, pressing, folding, opening, 

closing, peeling, rubbing, pushing, and pulling. 

Some of the objects that were explored for their inherent smells were: 

Moss: pulled, rubbed

Cinnamon sticks: pressed, broken, stomped

Cape gooseberry peel: pinched, opened 

Vanilla bean: pressed, slid 

Lavender seeds: rolled, crushed

Lemon grass: broken, peeled

Passionfruit: cut, opened

Orange: peeled, squeezed 

Garlic: hit, pressed

Through these interactions, textiles to which smells had been applied were activated 

and the smells were disseminated in the space.

This exploration involved haptic interactions with textiles in the form of pushing and 

pulling. The way the open, three-dimensional knitted textile was designed allowed a 

stick to be pushed through it so as to allow haptic interactions in the form of pushing 

and pulling to create a crumpling effect on the textile – somewhat similar to the way 

in which fresh moss from the forest is handled or vanilla seeds are removed from a 

pod – which caused the smells that had been applied to the yarn to be released and 

distributed in the space
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EXAMPLES

Figure 125: The actions of pushing and pulling 
actuated the dissemination of smells from the 
textile surface.



  285284  

Smell was introduced through the yarn used as a spacer or filler yarn in the textile, 

and smells were not applied to the yarns on the outside. The form embodied the con-

cept of ‘playing-with’ and intensified smells through haptic interactions. The actions 

of folding, unfolding, re-forming, and laying flat released the smell molecules into 

the air, creating a multi-modal experiential setup that involved the senses of smell, 

touch, and vision.

Folding – opening and closing - 1

EXAMPLES

This investigation aimed to explore the opening and closing of a folded textile struc-

ture as a haptic interaction method for use with textiles.

The folding technique of origami was used to create a knitted textile with an inte-

grated folding pattern, allowing it to be opened and closed along the fold lines. The 

textile was knitted using an industrial flatbed knitting machine. 
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In this exploration, the smells that had been applied to the textiles were discrete, and 

were activated by physical interactions such as haptic gestures. 

Micro-encapsulated smells were applied to the textiles through printing, and were 

‘enclosed’ in the molecules and thus discrete. The foldable form of the textiles was 

achieved using the heat-set method, creating a permanent fold; later, cut squares 

were heat-set in a form and sewn to form an origami fold, as shown below.

Folding – opening and closing - 2

EXAMPLES
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EXAMPLES

The textile object created was possible to fold and open like an accordion.

The smells printed on the textile were discrete. By holding the folded object and 

opening and closing it, the textile surfaces rubbed against each other and the 

micro-encapsulation opened, releasing the smells. Each time the textile object was 

interacted with, different patterns of smells were created.
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EXAMPLES

Figure 126: The actions of folding, opening, and 
closing amplified the dissemination of smells.
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EXAMPLES

Holding and pressing - 1 Holding and pressing - 2

This knitted textile was designed as a three-dimensional textured object. Smells were 

applied to the yarn used as a filler between the front and rear surfaces of the textile. 

Interaction took place through holding and pressing; the cushion-like effect of the 

textile activated the dissemination of the smells. The expression of the textile was 

reminiscent of that of a forest, as it smelled of moss and had a soft and cushioned 

hand-feel. As soon as the textile was interacted with, the smells were activated and 

disseminated in the space. 

The haptic interactions with the texture of this textile were not limited to touching 

the textile with one’s hands; sitting on the textile or using it as a back rest scented the 

user or their clothes with smell molecules, which became airborne and so created an 

immersive experience. After being left in a space for a long time the textile did not 

emit smells, but when interacted with it immediately released smells to the surround-

ing space. The haptic interactions of this example were holding and pressing, and these 

actuated the smells. The textile object was a four-metre-long tubular form that was 

filled with strips of sponge embedded with the scent of tatami (rice straw). Through 

interaction, the smells were activated and became airborne.
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EXAMPLES

Holding and pressing - 3

In this design example, smells were incorporated using cotton tapes, which were 

suspended from a frame.  

The cotton tapes were coated with scents that had been microencapsulated so as to 

contain the smells until the tapes were physically interacted with. By holding and 

pressing the tapes, the micro-encapsulations were broken and the smells released.

Figure 127: The actions of holding and pressing 
actuated the smells.
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EXAMPLES



  299298  

EXAMPLES

Rubbing - 1

This textile surface was created through 

tufting. Smells were incorporated 

through the yarn. 

The selected yarn was 100% wool and 

had been ‘dyed’ with moss and lichen by 

Linda Worbin, who works with a meth-

od of plant-dyeing textiles to explore 

irreversible colour expressions (Worbin 

2013). 

The haptic experience of this tex-

ture varied based on the direction of 

movement of the hand – top to bottom 

or left to right, for example. The textile 

could also be walked on with bare feet. 

The more the textures were interacted 

with, the greater the quantity of smells 

that was released. Smells were present 

throughout the surface, though inter-

mittent, as the tufted textile had been 

designed such that one end consisted 

entirely of yarn that had been moss-

dyed and the other of yarn that had 

not been moss-dyed, with a gradient 

between; as a result, the intensity of the 

smell was proportional to the quantity 

of moss-dyed yarn where the interaction 

took place. 

Rubbing - 2

These textile examples were made using weaving; smells were applied to the weft 

yarns. 

Different herbs were used to treat the yarns in order to make them into smell sources. 

The yarns were individually woven on a handloom. The intensity of each herb was 

different but the materials and design process were identical for all of the yarns. The 

smells were disseminated constantly, but rubbing the textile caused dissemination to 

increase. 
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EXAMPLES

Figure 128: The action of rubbing caused 
increased smell dissemination from the textile 
surface.
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EXAMPLES

Peeling

The textile materials used were Velcro tapes, and the soft side of the black tapes were 

coated with microencapsulated scents.

In order to create a puzzle-like effect, only one side of the Velcro tape was coated, 

and these tapes were placed in an alternating pattern with the uncoated sides of 

other Velcro tapes on the two walls of a corner installation. The uppermost 10 cen-

timetres of the tapes were fixed to the wall, with the rest being left loose to interact 

with. The height of the tapes was 180 cm, which is an average height in a Swedish/

Scandinavian context.

This installation was designed to facilitate playful interaction with the Velcro tapes; 

by peeling and unpeeling the tapes, the microencapsulated smells were released.

The intensities of the smells could be experimented and played with by varying the 

length of tape that was being peeled and the speed at which this was undertaken. 
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EXAMPLES

Figure 129: Peeling apart Velcro released 
micro-encapsulated smells.
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EXAMPLES

Passive smell-embedded textile interactions In this design example, textiles were investigated in relation to their breathability 

with regard to smells, and the effect of geometry on the flow of smells.

The two series of experiments carried out for this design example used textile materi-

als with open weave structures to allow smells to penetrate the textiles easily. Vapour 

from a humidifier was used to represent smells in this experiment. 

The form of the textile meant that it deflected smells, and the penetration of smells 

through the open weave structure of the textile was seen to be minimal. However, the 

shape of the textile guided the flow of smells in the first series. Here, the textile was 

suspended from the ceiling and attached to the floor, and vapour was introduced on 

one side of the textile.

For the second series, the humidifier was placed in the centre of the studio and the 

textile form was a free-hanging object that was suspended above the humidifier. 

The sharp triangular form of the textile object intersected the path of the vapour, 

redirecting it. 

Figure 130: A cotton gauze textile used as a 
smell deflector. 

Figure 131: A folded origami form made of a 
polyester mesh textile. 
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EXAMPLES
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REFLECTIONS

The research presented in this thesis combined three distinct fields – textiles, inter-

action design, and spatial design – with smell, which is a sensory stimulus. Using 

experimental design research methods, the research programme explored textiles 

and smells as interactive materials for spatial design. 

Smells were applied to textiles using conventional and established textile design 

methods, and investigated with regard to interactions in space. Through textile 

thinking, i.e. textile materialities, smells were investigated for their interactive spatial 

qualities and in relation to designing textile expressions of smells. 

Smells as ephemeral design materials

Design-space explorations made the understanding of smells as design materials 

more tangible. The existence, characteristics, dynamic and temporal nature, thresh-

old, intensity, duration, and ambient presence of smells, along with ways of moving 

and directing them in spaces, were investigated using textiles and the ambient atmos-

pheric parameters of air flow, humidity, and temperature.

Various design examples showed that the intensity of smells is related to the scale of 

a space. Therefore, the concentration and quantity of smells could be modulated to 

achieve the desired results, e.g. including, modulating, or reducing the smells in a 

spatial setting. The investigations led to an understanding of the threshold values of 

smells in a space – the level of intensity or concentration at which a smell is detect-

ed. However, these thresholds can be modulated such that smells are contained in 

a zone through the use of moisture, making the molecules linger for longer, or are 

mingled and dispersed using either directional or random air flow. When a smell was 

disseminated in a space, its duration (lowest threshold level) varied depending on its 

volatility and the spatial conditions under which it was perceived. 

When designing by adding smells to textiles and other materials, it was difficult to 

contain in and subsequently disseminate smells from specific parts of the materials. 

Further investigations into the discrete presence and dispersal over time of smells  

nature is take as an inspiration by observing the ways that smells exist in natural 

environments. For example, in a forest the smells of moss, mushrooms, and pine trees 

are present in different intensities and forms, and are revealed in a natural process 

CONCLUDING

NOTES
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that unfolds slowly based on climatic, and biological factors. This understanding led 

to investigations of designing with smells that have a discrete presence within living 

environments. 

The material concepts of smell absorbers, dividers, and reflectors were used in spatial 

settings to modulate the existing smells in a space. In relation to other intangible spa-

tial design dimensions such as light and sound, these material systems may be able to 

divide and reflect smells. 

The explorations speculate on the possible functions of smell absorbers, dividers, and 

reflectors. These explorations were carried out with textile surfaces and forms, each 

of which was investigated within an experimental setup. The speculative definitions 

proposed at the outset of the research process could not be tested due to a lack of 

testing equipment and the impossibility of developing materials on a molecular level; 

however, the explorations expanded our understanding of absorbers, dividers, and 

reflectors from another perspective. Textiles as surfaces and geometries were inves-

tigated in relation to their ability to absorb, divide, and reflect smells, just as other 

materials are used to perform the same functions for light or sound.

The vapour produced by a humidifier was used to represent smells during the inves-

tigations due to its visibility; it was used to document the movement and flow of air 

with regard to textile surfaces and forms. Although the textile surfaces were porous, 

the vapour did not always enter the textile surface, which instead acted as a wall. 

When it was obstructed, the vapour changed the course of its flow and was reflected 

at certain angles. This was an interesting learning process, and led to speculation 

regarding the impact of the shapes and forms of spatial elements on the movement of 

smell molecules in a space. 

From both a molecular and geometrical point of view, the development of textiles 

as smell absorbers, dividers, and reflectors means that both pre-existing and newly 

added smells in a space can be passively interacted with.

Designing olfactory spatial interactions

Architecture and smells are both experiential, and so the possible interactions in a 

space should allow for multi-modal experiences that exist in addition to visual and 

auditory ones. Rahm argues that architects claim that “space” is the subject of their 

discipline, stating that the difference between sculpture and architecture is that 

the former is a work of art that the spectator maintains a distance from in observ-

ing, while the latter involves spaces that one can enter (Rahm 2014a). Moreover, 

architecture relates to the void – the atmosphere that is created through non-visual 

materialities. Similar to the concept of architecture as surroundings (Zumthor 2006), 

the concept of the void creates an environment in relation to living in a daily setting. 

The volume that a building constitutes is filled with materials and objects, but also 

with experiences and – more importantly – human interactions. The spatial quality 

that emerges from this volume of space is equally tangible, even when these are not 

perceptible through the sense of sight. As architecture creates given volumes or voids 

in a structure, it necessarily deals with atmosphere and the sensorial connections 

between space and the body. 

Space is experienced through time, movement, surfaces, textures, climatic spatial 

conditions, and atmospheres (Exner 2009). Based on these parameters for spatial 

design, the theoretical framework of the research presented in this thesis defined and 

focused on methods and tools for designing with smells as spatially interactive design 

materials (Kapur 2020). 

CONCLUDING NOTES
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Smell was examined from two perspectives: as textile expressions, and as interactive 

materials for spatial design. 

The defined aesthetics of expressions were: 

1. Expressions of connections through visual and haptic patterns, textures,   

     and layers.

2. Expressions of form through fluid movements and soft boundaries. 

3. Expressions of atmospheric aesthetics through the temporal, dynamic, and                 

     ambient presence of smells.

Materials with inherent or added smells were explored. The methods used to achieve 

the activation of smells on these materials resulted in patterns of smells; Figure 98 

shows one such example, wherein the wood veneer’s inherent smell was enhanced 

by adding water to the surface in a random fashion. This resulted in a partially wet 

surface, and those areas smelled stronger than the areas of dry surface. However, 

the pattern of moisture on the wood veneer dried quickly, leaving no marks on the 

surface, and thus the patterns of smell formed on the surface were as dynamic as the 

smells themselves. Figure 102 shows the bricks in which smells were embedded, each 

of which was made using one of three different materials. Physical interaction with 

the bricks caused the emitting of the added smells, and layers of smells were created 

by placing the bricks next to each other in a linear sequence. Alternatively, the smells 

could be activated sequentially to add to and amplify the cumulative smellscape of a 

space.

The challenging aspect of the explorations was recording and repeating the results 

of the experiments. As these took place within workshops held with students, more 

than one person experienced the designed interactions at any given time. The inabil-

ity to record smells in the same way as audio or video meant that it was not possible 

to repeat experiences. Due to the dynamic quality of smells, relatively quick changes 

in the smellscape were inevitable. In addition, the spaces in which the experiments 

were held underwent constant changes due to movements and changes in room tem-

perature caused by the amount of people in the space at any given point in time.

Articulating the experience of designing with smells involved learning regarding the 

terms of olfactory sensitivity; these were used to describe the intensities, strengths, 

thresholds, frequencies, and qualities of smells. With regard to the design of mate-

rials and spatial interactions, smells have not previously been used as a dimension 

for design. In the absence of digital or analogue methods for recording smells, the 

human nose differentiates the characteristics between smells from the perspective of 

aesthetics in order to design olfactory interactions. 

As an interactive material for spatial design, three method-based perspectives – inclu-

sion, activation, and dispersal – were analysed in relation to smells. 

CONCLUDING NOTES
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1. Inclusion of smells 

In order to investigate ways of interacting with smells in a spatial environment, inter-

actions were designed on different scales. The spatial inclusion or absence of smells 

were designed such that smells were amplified, or reduced through design variables 

and thus these were contained in the space by modulating in between the extremes 

of reduction and amplification of smells. 

 a. Amplification of smells (addition) 

 b. Reduction of smells (removal)

2. Modes of activating smells

 a. Immersive touch

 b. Movement

 c. Atmospheric parameters

The interactions designed for explorations on the near to body scale involved making  

smells accessible through touch, i.e. allowing textures to mediate the perception of 

smells. The interactions designed for the explorations on the far from body scale 

involved the activation of smells through movement. The interactions designed to 

create ambient experiences through atmospheric parameters incorporated both of 

the scales and activation methods.

CONCLUDING NOTES

The dynamic nature of smells poses a challenge with regard to their containment. 

However, modulating variables such as air flow, moisture, and temperature in a 

spatial setup allow a smell to be contained for a period of time. Modulating variables 

to prolong the presence and detectability of smells is defined here as amplification; 

when the variables are modulated such that the detection of smells is negligible due 

to their high threshold levels , this is defined as a reduction in or removal of smells. 

Smells are detected in a periodical manner due to human physiology, and smell 

familiarity and fatigue of the sensory organ causes low to no detection of smells.
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Immersive touch

Haptic interactions caused the dispersal of smells and modified their presence in 

space by changing their intensities, as with the rubbing of the tufted textiles embed-

ded with the scent of moss (Figure 128). In this case, the smells impregnated on the 

textile were natural and achieved using plant dyeing. In other explorations there was 

a dynamic change in the expressions of smells, from being discrete or absent to being 

revealed through interactions. This was the case with the cotton tapes, in that the 

micro-encapsulated smells were released through physical interaction (Figure 127). 

The micro-encapsulated smells were chemical compounds that are generally used in 

the dyeing and coating of paper napkins or the fragrances of cleaning liquids. Future 

research could utilise bio-polymers, which are better materials from practical, ecolog-

ical, and medical perspectives. Some of the haptic gestures explored were inspired by 

the ‘natural’ actions and resulted in the release of the inherent smells of objects. This 

was the case with the peeling of an orange, opening of a Cape gooseberry, or pressing 

and sliding of a vanilla bean. In addition to embedding textile materials such as yarns 

with smells, the construction of textiles was carefully considered so as to design inter-

actions with textile forms and surface textures in mind.

CONCLUDING NOTES

Movement

Movement in space lends perspective while being in it (Böhme 2017, Exner 2009), 

creating a distance from spatial objects that allows space to be perceived through 

vision, hearing, and the olfactory. This occurred during the explorations, in that the 

interactions activated smells on a far from body scale, i.e. through the movement of 

the body in space or of objects in space in relation to the body. Activating smells using 

movements and tracing movements through smells was an interesting expression of 

two-way interactions, and formed a relationship between the body and space. This 

was exemplified by the exploration of smells, space, and body movement shown 

in Figure 121. Navigating in the space shown in Figure 119 based on cues given 

by smells appeared to be a straightforward way to explore the olfactory through 

movement. However, the challenges faced during this exploration clarified several 

concepts that were taken into consideration prior to subsequent spatial explorations, 

such as the scale of smells in relation to the volume of space. Although there exists no 

formula for calculating this, threshold levels and volatility are important characteris-

tics of a smell that need to be considered in relation to the type and source of a smell. 

In addition, the spatial conditions of air flow, humidity, and temperature have an 

effect on the detectability of the smells. Most importantly, the presence of too many 

smells in a space stresses the olfactory organ, leading to headaches.
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CONCLUDING NOTES

Atmospheric parameters 3. Modes of dispersal

 a. Ambient presence of smells

 b. Discrete presence of smells

Interactions with smells in a passive mode do not involve the body activating smells; 

rather, the ambient conditions of varying air flow and changing humidity and 

temperature levels activate and modulate smells. Creating micro-climatic conditions 

by using humidity and temperature as design tools (Rahm 2014a) to achieve the 

spatial distribution of smells could create olfactory atmospheres that are aesthetically 

valuable and enhance quality of life. This was the case for the exploration that took 

place in a school hallway, wherein temperature and air acted as design variables that 

activated and dispersed smells in the space (Figure 118). During this experiment, 

smells that were dispersed on the ground floor rose due to the stack effect, resulting 

in higher threshold levels of smells at the ground floor and easily detectable smells 

on the upper level. This learning experience, however, led to the application of this 

natural phenomenon to the design of spaces, creating not only thermal comfort but 

an olfactory experience in a built space.

In relation to the presence of smells, the design examples explored ways of dispersing 

the activated smells that are added to a space. The dispersal of smells was intended 

to function such that the smells could be present in discrete or ambient modes, in-

volving either one-way (discrete to ambient) or two-way (discrete to ambient and the 

reverse) interactions with smells. 

During the design explorations, it became clear that it takes a long time for a smell to 

fade entirely, and some smells took hours or even days to become undetectable. The 

explorations resulted in the creation of one-way smell dispersal mode (from discrete 

to ambient), as in the action of peeling shown in Figure 129. Unlike light and sound, 

there is no on/off switch for smells.

It has not been possible to achieve a two-way dispersal mode on a material surface, 

and further research needs to be conducted in terms of materials and the properties 

of smells that can be modified. Explorations did however show that ambient smells 

can be changed to discrete in a spatial setting through various modes of interaction: 

for example, modulating the atmospheric conditions of humidity, temperature, and 

air flow impacted the presence and detectability of smells, which can be considered 

to have constituted changing the mode of smells from ambient to discrete due to the 

higher threshold levels achieved. This occurred during the explorations in which 

smells were activated through temperature change, which created temporal expres-

sions wherein the ambient smells became discrete over a period of time (Figures 110 

and 112). As this is a speculative work based on basic explorations in a smell studio, 

in which the smells were amplified by high temperatures, however, the concept needs 

to be applied to materials used in real interior spaces in order to test the responsive-

ness to changes in temperature. The challenge of making smells present in a space at 

the same intensity or for the same duration still remains. 
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DISCUSSION CONNECTING INTERIOR SPACES TO NATURE

In order to prevent further damage to the global environment, the building industry 

must re-think effects and approaches. One concept that must be considered is the 

“naturalisation of interior space” proposed by (Rahm 2014a), which critiques the 

manufactured and artificial climates created in built spaces (Roesler and Kobi 2018). 

This in turn questions the effect on the climate of increased carbon emissions from 

the energy usage that is required to maintain artificial climatic conditions.

From the perspective of designing adaptive and responsive living environments that 

are ecologically sustainable, spaces must be designed with rising temperatures and 

water levels and reduced air quality in mind. 

In recent years, the effects of these changes have been felt throughout the world. 

However, these effects are unevenly distributed; some continents and countries 

experience these effects in abundance while others do not, and there is a difference 

between urban and rural areas. Due to the changing climate some types of vegetation 

are thriving in colder climates due to warmer temperatures, and microorganisms 

(Cavicchioli et al. 2019) that were dormant under glaciers or in the soil are now 

becoming active. These changes create unforeseen situations, and require solutions 

keeping human health and the ecological balance of the planet in mind. 

Building further on the natural phenomena of climatic parameters, the research 

presented in this thesis speculates on and proposes ways of designing spaces with an 

olfactory dimension. The proposed concepts focus on the modulation, containment, 

and amplification of smells through climatic parameters. 

Through these methods there is potential to design spaces with diverse olfactory at-

mospheres and interactions, which would open up for new thinking regarding spatial 

planning tools and methods. 
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DISCUSSION

When designing diverse olfactory atmospheres, as discussed in the theoretical 

framework of this thesis, different climatic parameters and materials are used to 

create heterogeneous smellscapes, similar to the proposal to create a range of diverse 

microclimates rather than mono-climatic spatial qualities (Roesler and Kobi 2018). 

The findings of the research presented in this thesis are discussed below, and include 

contributions to the fields of textiles, spatial design, and interaction design from the 

perspectives of education, research, and practice.

Further this thesis facilitates the future goal of designing diverse olfactory atmos-

pheres by proposing further research in the areas of new materials with olfactory 

dimensions and designing environments that are responsive and adaptive to changes 

in temperature, humidity, and air quality. 
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DISCUSSION

New materials 

The potential of designing textiles and textile materials with the dimension of smell 

has been identified. These new materials will be responsive to environmental stimuli. 

The concepts of smell absorbers, dividers, and reflectors, as discussed in the theoreti-

cal framework, have the potential to constitute a new material system. Increasing the 

breathability of a textile and the functional aspects of separating unwanted smells, 

self-cleansing, purifying the substrate material, and releasing wanted smells as a 

responsive design characteristic are the foundations of this material system. Such 

materials would be applicable on both the bodily and spatial scales (with regard to 

the former in relation to medical textiles, for example). 

With regard to spatial design dimensions such as light and sound, detailed research 

has been carried out on a material level for designing absorbers, diffusers, and 

reflectors. However, with regard to smell stimuli, specialised materials are limited to 

absorbers. As exemplified by the textile smell divider and reflector shown in Figures 

90 and 91, respectively, the breathability of textiles can be used to define functions 

when technical textile materials are combined with textile construction methods. 

A building exterior consisting of textiles (Figures 92–97) constitutes speculation 

regarding the breathability of textiles with regard to the exchange of air and smells 

between the exterior and interior environments. 

Another goal for future research is to form interdisciplinary collaborations between 

the design and science fields in order to develop materials that further investigate 

developing smell absorbers, dividers, and reflectors. Bio- and nano-technologies that 

are responsive to ambient conditions could be used to activate or modulate smells as 

part of a two-way (reversible) approach. These concepts could be applied to textiles 

or other architectural materials in the context of spatial design.

The concept of breathable textiles could be extended to functionalities such as smell 

absorption, wherein fresh air from the exterior is absorbed and smells in the interior 

are contained. This, however, needs to be researched in great detail, as the materials 

and construction techniques used would have to negate the need for coatings that 

would hinder the breathability of textiles. 

SMELL AS
A DESIGN 

MATERIALITY 
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DISCUSSION

Such textiles could have varied applications in the interior spatial design context, 

as well as in the food industry for sustainable packaging solutions. Freshness and 

aromas would remain contained in the packaging material, which itself could be 

transformed for another usage. Additionally, the packaging being bio-degradable 

would address one of the issues relating to the lack of a circular economy within the 

food-packaging industry. 

Plant dyeing as a slow design method

Surface textile design with smells using natural materials places the focus on plant-

dyeing methods. As demonstrated in the design examples dyeing using moss picked 

from the forest and with dried kitchen herbs, the textiles were designed using smell 

as a design dimension. These methods have not been scaled up to industrial produc-

tion volume, however. At present, it is very important to re-think design processes in 

relation to sustainable practices. In relation to the issue of a lower volume of goods 

produced in order to slow down consumption, this method is best suited to small-

scale production. Where the focus is on extending the product life (Lacy and Rutqvist 

2015) through refurbishing, repair or upgrading the qualities of the product.

In supporting the goals of a circular economy further, the food industry could be a 

co-creator in the design of textiles, which could be treated with the (non-cooked) 

food waste that occurs anywhere between farms and kitchens to embed smells. 

Entrepreneurs could start with small batch processes to treat textiles with fresh or 

dried kitchen herbs that are past their expiry date for sale and/or consumption, for 

example. These aromatic textiles would add an extra ‘spice’ to the dining environ-

ment.

Design processes to retain inherent natural smells

When aromatic raw materials such as wood are processed for use in products, they 

often lose all of their inherent aesthetics except for the visual ones. These processes 

could be re-thought to add smells to the design aesthetics. 

If unprocessed wood was used to design spatial elements, the inherent smells could 

be modulated by changing the ambient room conditions such as humidity and tem-

perature, perhaps in interior spaces that are not dependent on an artificial climate. 

The soothing smell of the wood could mark the change of seasons by naturally chang-

ing as a result of ambient conditions, connecting the occupants to the natural world. 

Designing with such materials would offer a sustainable newness every season, in 

that the same spatial element could feel and smell different without needing to be 

replaced. Along with the visual and textural changes of the wood over time, the smell 

would change and add to the product’s design aesthetics.

Further research into hybrid materials that include the olfactive dimension would 

be interesting with regard to spaces connecting interiors and exteriors. This hybrid 

nature of the materials could be used on the exterior surfaces of a building. 

Materials such as aromatic wood are responsive to high humidity levels, resulting in 

the activation and release of the inherent fragrance. Were this wood to be combined 

with other materials for their strength, a novel concept for adding and modulating 

the smells in a space through the responses of materials to the environment would be 

created. 

The material aesthetics would not be limited to colour, shape, and pattern as an 

olfactive dimension would be added.
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Responsive and adaptive olfactory 

environments

Designing spatial interactions with smells that are analogue and slow places the 

focus on human-environment connectedness. Smells as design materials have inter-

active aspects and broad potential with regard to functioning as dynamic materials 

in the fields of spatial design, textile design, and human-environment interactions. 

This connection increases comfort and familiarity (homeliness), refreshes memories, 

creates new bonds and events, and promotes wellbeing. 

In the research presented in this thesis, the study of the flow and movement of smells 

through air and water opened up for the concept of ambient design variables. The 

identified design variables – air, humidity, and temperature – are existing spatial 

design tools from an engineering perspective; however, there is potential to explore 

them further with regard to designing spatial interactions with smells, in that smell-

scapes are designed to be adaptive and responsive to climatic design variables. 

In collaboration with air, the movement of a body in a space creates interactive olfac-

tive micro-spaces. Such interactions can be combined with the form and geometry 

of interior architectural elements, which may accelerate, slow, or direct the flow of 

air, together with surfaces to which smells have been applied. The circular spatial el-

ement shown in Figure 71 disrupts the flow of air and paths of movement in a space, 

creating a diverse smellscape in comparison to one in which the circular spatial 

element is absent from the middle of the path of movement. 

Adaptive materials to which smells have been applied could be part of the toolboxes 

of interior and spatial designers in addition to light and sound materials, such that 

creating time-based responsive olfactory environments would be a part of their 

design portfolios. A designer could have the aim of creating an olfactory rhythm in a 

space over the course of a day, given form by the activation of smells via sunlight and 

heat from architectural surfaces. 

This design concept could in turn create tailor-made olfactory spatial atmospheres 

that are well suited to inhabitants in the context of a habitat and its surrounding 

environment.

SMELL AS
AN 

INTERACTIVE 
DESIGN

MATERIAL 
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Pedagogical tools for designing with non-visual

materialities

Through the process of exploring and teaching design with smells, a need to develop 

pedagogical tools for designing with non-visual materialities (Kapur and Zetterblom 

2019) has been identified. During the workshops that were conducted with design 

students from schools across five countries, several simple teaching and learning 

methods were tested, including blindfolding to perceive a spatial atmosphere or 

understand a material in a non-visual way. These methods appear to have fostered an 

experimental approach among the students who attended the workshops, opening 

up for the development of further tools and methods for bringing sensory-sensitive 

potential into design education programmes. 

As the Bauhaus and Black Mountain College based their teaching[/instruction] on 

experimental education methods, their students were encouraged to undertake crea-

tive and explorative investigations individually (Bauhaus 2019, Miller 2018). Within 

the Bauhaus curriculum, which focused on form, colour, and matter in relation to 

both natural and constructed materials, Johannes Itten was convinced that the edu-

cation should be holistic in nature (Bergdoll & Dickerman 2009). This was one of the 

key principles of the Bauhaus manifesto (Droste 2018), wherein a total work of art 

(gesamtkunstwerk) is a result of the mind, body, and spirit. 

The second key principle of the Bauhaus manifesto was a way of life (lebenspraxis).  

To further the concept of lebenspraxis today, it is important  to critically review ex-

periential forms of learning, researching, and creating artefacts in relation to society, 

wellbeing, the economy, and the ecology. New ways of thinking are required to meet 

the urgent needs that have arisen in relation to sustainable solutions for living. To 

extend this agenda to educational contexts, existing design education curricula need 

to incorporate sustainable design thinking as one of the main pillars of the approach. 

Concept of gesamtkunstwerk is meant to be  meaningful – related not just to visual 

aesthetics, but adding to quality of life. The pedagogical philosophy of John Dewey 

(2005) stresses artistic practice as a way of expressing meaning rather than focusing 

on the ‘doing’ of the research. Dewey´s philosophy influenced the educational aims 

of the Black Mountain College (Miller 2018)

The focus in current design education programmes is visual materialities; haptic 

materialities are sparingly addressed, and the non-visual materialities of smell and 

sound are not considered except in specific fields, such as perfumery and sound 

design, respectively. During the workshops with the design students, focusing on 

the non-visual materialities of a space was challenging at first. However, by either 

blindfolding the participants when they explored a room in a building or taking 

them on a walk in a forest or green space caused different perceptions of smells and 

sounds. Here, passive perception became active perception, helping the students to 

discuss their individual experiences and articulate  their thoughts further regarding 

the situation and atmospheric conditions relating to smells or sounds. 

Bringing these experiences into design education programmes for spatial, textile, 

or interaction design will involve connecting perspectives through multi-modal 

sensory inputs. A practice-based methodology (Biggs & Büchler 2007) would create 

multi-sensory experiential learning, and guide students through material explora-

tions wherein methods are primarily dependant on the material (Mäkelä & Löytönen 

2015). An experimental design approach would foster interdisciplinarity in design 

education programmes, especially if the arts, design, and science fields collaborate in 

order to explore novel concepts, materials, and methods for a sustainable future.  
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  DESIGNING 
WITH SMELLS 

FOR 
WELLBEING

The pre-requisites for wellbeing as defined by Grigoriou are comfort and beauty as 

experiences in a living environment (Grigoriou 2019). In contemplating the olfactory 

dimension in the midst of an environment that is mediated in primarily visual terms, 

Benn and Mey stress the development of sensory abilities such as smell and touch in 

order to relate to other human beings (Benn and Mey 2011).

With regard to the need to design spaces with wellbeing and meaningful interactions 

that (re)connect us to the real natural world in mind, designing with smells creates 

an opportunity to build relationships and deepen bonds in human-to-human and 

human-to-environment interactions. 

In this thesis, the design of olfactory interactions is essentially a proposal to sup-

port human connection to the environment; thus, connecting interiors to exteriors 

through the olfactory dimension is proposed. Figure 49 proposes designing the land-

scape around the habitat in coordination with interior spatial design efforts, adding a 

natural smellscape to the living environment. 

In the current crisis relating to the outbreak of SARS-CoV-2, people have retreated 

back into their homes to find safe places that offer protection from the virus. In such a 

situation the practice of social distancing has become the norm, and the connections 

between people outside of the home has been disrupted, causing unease, anxiety, and 

in some cases loneliness. Moreover, within personal living situations there is a need 

to create an environment that not only provides connection through familiarity and 

tranquillity but functions as a space for rejuvenation from a health perspective – both 

physical and mental. This can be achieved through the proposals of this thesis; a 

constant exchange of air, nature surrounding the habitat, fragrant gardens for ther-

apeutic purposes, recreation, and retreat (Diaconu 2007), and interior spaces being 

designed such that they provide an adaptive and responsive olfactive environment. 

This would bring in enriching olfactory stimuli from nature, which would maintain 

a connection to the environment and the wellbeing of inhabitants. Similar measures 

could be utilised in public spaces such as offices and schools. 

Additionally, smells could be added to habitats through textiles embedded with nat-

ural smells. For example, when an older family member is moved to an assisted living 

facility and away from their loved ones, there is a need for elements of a familiar 

environment for reasons of wellbeing. Smells would help to rekindle memories of 

home, past events, and places that they have visited with their families. 
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Designing textiles with specific smells from a familiar environment would bring joy, 

happiness, and a sense of connectedness.

This thesis argues that design proposals for olfactory interactions are analogue, 

develop over time, and provide a slow pace of life when compared to fast digital 

lifestyles. This method of interaction with the physical environment adds quality to 

the way of living through connection, not only in habitats and working spaces but in 

urban and rural spaces. By applying textile thinking, textures of smells can be created 

that facilitate olfactory interactions through touch; for example, creating interactive 

walking paths and bike lanes in a city with embedded smells that can be activated. 

These textures are revealed as the pedestrian walks or cyclist rides over it. Different 

patterns of smells could emerge based on the differences between walking and 

cycling (Kapur 2019), creating spatial interactions that are playful and highlight ol-

factory expressions through everyday objects and activities in familiar environments.

This in turn promotes cleaner cities with fewer cars in the urban landscape and more 

green urban spaces. As cycling and walking become ways of living with a slower pace, 

it becomes essential to design urban spaces that have the relevance and potential to 

design for human-to-environment connectedness. 

This will involve not only physical interactions with the environment, but hu-

man-to-human ones. Designing public spaces while keeping multisensorial interac-

tions  that engage all of the senses in the foreground is an important aspect of culti-

vating and creating connectedness to the physical environment and people, while at 

the same time helping to disengage them from virtual environments. This in turn will 

lead to wellbeing and social connection.
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This publication describes a workshop-performance that was held during the con-

ference. The workshop involved an improvised performance, with three scenes that 

were acted out by the participants. The props provided were smell-embedded objects 

such as a container filled with rotten garlic, a jar filled with freshly picked moss from 

a forest, and a cup of freshly squeezed lemon juice. Touch and body movement acti-

vated the smells in the space, and this was intended to take place using not just the 

hands but the movements of the whole body. For example, walking on an object may 

require that the whole body balances, and can involve interacting with a  material by 

dancing and jumping with it or carrying another object. The experiments conducted 

during the workshop focused on embodied spatial interactions with smells.
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ABSTRACT 
The exploration of material is in a performance, that is 
investigating how human interactions develop when spaces 
are designed using smell as a design material. In the digital 
world, the touch and the sensation to the physical materials 
are lacking in everyday life. However, at the same time, the 
need to be connected to ourselves through our body is ever 
growing. This however is quite unlike to our affinity of 
moving fast in all aspects of life. As Juhani Pallasmaa 
(2012) points out that a haptic architecture brings about 
slowness and intimacy which is understood and appreciated 
only gradually with time. Also, written by Ezio Manzini 
(1989) touch being the most analytic of all the human 
senses, can help us explore the shapes and surfaces of a 
material better than the eyes. 
 
In an attempt to re-initiate the experience through the sense 
of smell and touch, this paper aims to question how can 
smells be used as a design material in our living 
environments. Speculating buildings and interior spaces, 
using invisible immaterial, this research is focusing on 
ways of designing interactions with smells and how these 
interactions open or close architectural spaces without 
having physical boundaries. In this paper, the design 
experiments are investigating how we will respond and 
interact with smell in architectural spaces. 
 
Performance done through a series of design experiments 
based on the improvisation and performance notes of 
Tufnell et al (1993). The text below is re-written as scenes 
of a performance keeping touch and smells in focus. These 
scenes are translated into real physical experiments using 
objects that are designed for olfactive interactions. These 
are presented in a form of a performance together with the 
audience and visitors as an interactive exhibition. The 
participants can select any one or all the scenes. These 
performances carry a sense of playfulness and that would 
make it engaging and interesting for the audience and 

participants. Along with the materials, objects and tools, a 
set of instructions for each scene would be provided to the 
audience. The examples below from fig. 1-3 are from a 
previous performance done in collaboration with a dancer. 
 
Choice of Materials in each of the three performances/ 
installations, materials selected, are either designed with 
smells or includes natural materials having strong smell 
attributes. The smells used are pleasant and un-pleasant in 
each of the installations. As few examples of these smell 
designed objects, balloons filled with smelly air that might 
burst during the performance and thereby changing the 
movement of the body in the space. A hypothesis that 
through the collective movement, it may also initiate 
forming of spaces within a space would be investigated. 
Some featherweight textiles dyed with smells is another 
example, to create an interaction in the space with the body. 
Using the existing flow of air through ventilation systems, 
temperature and moisture, these interactions with the 
material can be varied. Yet another example, carrying an 
unpleasant smell not in hands or arms, rather dragging it 
behind while walking, thereby changing the scale of smells 
from a body scale to a spatial scale that effects both 
participant and the audience.  
 
Interactions - To be able to understand how do spaces 
interact with us in an invisible way through smells, the 
focus in this research paper and in the performances, is laid 
on the “actions”. Primarily through touch and body 
movement these interactions are designed to activate the 
smells in an architectural space. The intended interactions 
are designed to be intuitive and are based on the actions for 
example like carrying, placing, rubbing, pressing, pulling, 
crushing or even breaking the material. The touch to the 
object is not just with the hands but also with movements 
of the whole body. As an example, walking on an object 
may call for balancing with the whole body and it may 
involve interacting with the material by dancing, jumping 
and carrying an object. Through various verbs and intuitive 
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actions, the smells are activated in the space, these design 
explorations are investigating ways to design interactions 
within everyday routines. 
 
The examples below in Fig 4-5 are the static installations 
with smell designed textiles which are experienced through 
haptic interactions with the materials. 
 
Scenes 
#1 Scale and quality of material in relation to the body 
 
The same thing at two different scales 
Smells at different scales in a space in relation to the body 
 
A scale that is near to the body 
is reachable with hands and feet 
allows interaction 
by holding in a hand 
by teasing with feet 
by rubbing your back 
 
A scale that is far from the body 
envelops the body 
in its dynamism 
in its stillness 
 
In this scene, the same smell would be presented in 
different scales in relation to the body. With a scale near to 
body the object is presented independent in a space and can 
be moved and carried in a hand or other parts of the body. 
Whereas the smell material presented for a scale far from 
the body is fixed in a space. The movements of the 
participants activate the smells in the space. This scene 
could be repeated with a pleasant smell in both scales and 
later with an unpleasant smell in both scales. This proposal 
is investigating the formation of spaces within a space 
when interacting spatially. At a scale near to the body, this 
investigates the engagement of a participant with the 
objects. 
 
#2 Let objects change you, how you move 
 
Let smells change you, how you move 
Let smells transform the interactions of you within a space 
Let smells change the space 
 
CARRY 
an object 
 
PLACE 
an object 

 
WALK ON 
an object 
 
ACTIVATE 
an object 
 
In this scene, the actions of carrying, placing, walking on 
and activating the smells is happening simultaneously. 
These actions can be interpreted in multiple ways, for 
example carrying an object is not just with one or two 
hands, it could be carried on head, shoulders or could even 
be dragged with the help of provided tools. Placing an 
object would vary based on different materials offered with 
different weight, volume and mass. Visual estimations 
could fail the reality and this creates interesting patterns of 
smell activation. This scene is investigating various 
intensities of smell that could be varied in space by 
changing the materials but repeating the actions as above. 
 
#3 Materials and material processes 
A floor covered in salt, moss, roses, feathers, rubber; a box 
made of plastic, of wood, or iron – materials raw or shaped- 
each has a quality or smells so distinct from each. 
Performance on material processes from day-to-day life 
routines are taken for activating smells. These can be used 
as imagination to revive the memory of these smells 
through past experiences or intuition. 
 
burn    wood    heap    feathers    roll up    textiles 
weave    bamboo    filter  out    coffee    polish    shoe 
squash   lemon   plant   jasmine   stack   lavender 
hold   sneaker   melt   sugar   tether   bast rope 
spread   garlic   wedge   wood   draw out   milk 
dissolve   essential oils   tangle   hemp   tie   flowers 
fold   fresh laundry   freeze   cheese c  luster   eggs 
bind   flowers   roll out   grass   hang   leather 
 
In scene 3, there are multiple actions and materials. These 
are bound to each other. The participants cannot change 
another action for a particular material or vice a versa. This 
performance happens simultaneously with all actions on the 
materials in a given space. Each action-material is 
interacted by one participant. There is a stipulated time for 
this scene. This scene is investigating multiplicity of smells 
in a particular space and thereby the scales, patterns, 
intensity within a particular duration of time. This scene 
also explores, if these smells when presented together could 
create invisible boundaries within a space. 
 
The above performances bring back the attention to human 
instinctive senses of touch and smell through the physical 
materials. The expected results of these are a multi-
sensorial experience and playful interaction with the 
objects and materials presented in each of the experiments. 
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The exploration of material is in a performance, that is 
investigating how human interactions develop when spaces 
are designed using smell as a design material. In the digital 
world, the touch and the sensation to the physical materials 
are lacking in everyday life. However, at the same time, the 
need to be connected to ourselves through our body is ever 
growing. This however is quite unlike to our affinity of 
moving fast in all aspects of life. As Juhani Pallasmaa 
(2012) points out that a haptic architecture brings about 
slowness and intimacy which is understood and appreciated 
only gradually with time. Also, written by Ezio Manzini 
(1989) touch being the most analytic of all the human 
senses, can help us explore the shapes and surfaces of a 
material better than the eyes. 
 
In an attempt to re-initiate the experience through the sense 
of smell and touch, this paper aims to question how can 
smells be used as a design material in our living 
environments. Speculating buildings and interior spaces, 
using invisible immaterial, this research is focusing on 
ways of designing interactions with smells and how these 
interactions open or close architectural spaces without 
having physical boundaries. In this paper, the design 
experiments are investigating how we will respond and 
interact with smell in architectural spaces. 
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based on the improvisation and performance notes of 
Tufnell et al (1993). The text below is re-written as scenes 
of a performance keeping touch and smells in focus. These 
scenes are translated into real physical experiments using 
objects that are designed for olfactive interactions. These 
are presented in a form of a performance together with the 
audience and visitors as an interactive exhibition. The 
participants can select any one or all the scenes. These 
performances carry a sense of playfulness and that would 
make it engaging and interesting for the audience and 

participants. Along with the materials, objects and tools, a 
set of instructions for each scene would be provided to the 
audience. The examples below from fig. 1-3 are from a 
previous performance done in collaboration with a dancer. 
 
Choice of Materials in each of the three performances/ 
installations, materials selected, are either designed with 
smells or includes natural materials having strong smell 
attributes. The smells used are pleasant and un-pleasant in 
each of the installations. As few examples of these smell 
designed objects, balloons filled with smelly air that might 
burst during the performance and thereby changing the 
movement of the body in the space. A hypothesis that 
through the collective movement, it may also initiate 
forming of spaces within a space would be investigated. 
Some featherweight textiles dyed with smells is another 
example, to create an interaction in the space with the body. 
Using the existing flow of air through ventilation systems, 
temperature and moisture, these interactions with the 
material can be varied. Yet another example, carrying an 
unpleasant smell not in hands or arms, rather dragging it 
behind while walking, thereby changing the scale of smells 
from a body scale to a spatial scale that effects both 
participant and the audience.  
 
Interactions - To be able to understand how do spaces 
interact with us in an invisible way through smells, the 
focus in this research paper and in the performances, is laid 
on the “actions”. Primarily through touch and body 
movement these interactions are designed to activate the 
smells in an architectural space. The intended interactions 
are designed to be intuitive and are based on the actions for 
example like carrying, placing, rubbing, pressing, pulling, 
crushing or even breaking the material. The touch to the 
object is not just with the hands but also with movements 
of the whole body. As an example, walking on an object 
may call for balancing with the whole body and it may 
involve interacting with the material by dancing, jumping 
and carrying an object. Through various verbs and intuitive 
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actions, the smells are activated in the space, these design 
explorations are investigating ways to design interactions 
within everyday routines. 
 
The examples below in Fig 4-5 are the static installations 
with smell designed textiles which are experienced through 
haptic interactions with the materials. 
 
Scenes 
#1 Scale and quality of material in relation to the body 
 
The same thing at two different scales 
Smells at different scales in a space in relation to the body 
 
A scale that is near to the body 
is reachable with hands and feet 
allows interaction 
by holding in a hand 
by teasing with feet 
by rubbing your back 
 
A scale that is far from the body 
envelops the body 
in its dynamism 
in its stillness 
 
In this scene, the same smell would be presented in 
different scales in relation to the body. With a scale near to 
body the object is presented independent in a space and can 
be moved and carried in a hand or other parts of the body. 
Whereas the smell material presented for a scale far from 
the body is fixed in a space. The movements of the 
participants activate the smells in the space. This scene 
could be repeated with a pleasant smell in both scales and 
later with an unpleasant smell in both scales. This proposal 
is investigating the formation of spaces within a space 
when interacting spatially. At a scale near to the body, this 
investigates the engagement of a participant with the 
objects. 
 
#2 Let objects change you, how you move 
 
Let smells change you, how you move 
Let smells transform the interactions of you within a space 
Let smells change the space 
 
CARRY 
an object 
 
PLACE 
an object 

 
WALK ON 
an object 
 
ACTIVATE 
an object 
 
In this scene, the actions of carrying, placing, walking on 
and activating the smells is happening simultaneously. 
These actions can be interpreted in multiple ways, for 
example carrying an object is not just with one or two 
hands, it could be carried on head, shoulders or could even 
be dragged with the help of provided tools. Placing an 
object would vary based on different materials offered with 
different weight, volume and mass. Visual estimations 
could fail the reality and this creates interesting patterns of 
smell activation. This scene is investigating various 
intensities of smell that could be varied in space by 
changing the materials but repeating the actions as above. 
 
#3 Materials and material processes 
A floor covered in salt, moss, roses, feathers, rubber; a box 
made of plastic, of wood, or iron – materials raw or shaped- 
each has a quality or smells so distinct from each. 
Performance on material processes from day-to-day life 
routines are taken for activating smells. These can be used 
as imagination to revive the memory of these smells 
through past experiences or intuition. 
 
burn    wood    heap    feathers    roll up    textiles 
weave    bamboo    filter  out    coffee    polish    shoe 
squash   lemon   plant   jasmine   stack   lavender 
hold   sneaker   melt   sugar   tether   bast rope 
spread   garlic   wedge   wood   draw out   milk 
dissolve   essential oils   tangle   hemp   tie   flowers 
fold   fresh laundry   freeze   cheese c  luster   eggs 
bind   flowers   roll out   grass   hang   leather 
 
In scene 3, there are multiple actions and materials. These 
are bound to each other. The participants cannot change 
another action for a particular material or vice a versa. This 
performance happens simultaneously with all actions on the 
materials in a given space. Each action-material is 
interacted by one participant. There is a stipulated time for 
this scene. This scene is investigating multiplicity of smells 
in a particular space and thereby the scales, patterns, 
intensity within a particular duration of time. This scene 
also explores, if these smells when presented together could 
create invisible boundaries within a space. 
 
The above performances bring back the attention to human 
instinctive senses of touch and smell through the physical 
materials. The expected results of these are a multi-
sensorial experience and playful interaction with the 
objects and materials presented in each of the experiments. 
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Although these experiments challenge the fast and the 
digital way of interactions with our environment, the 
playful nature of the performances is expected to keep the 
interest of the visitors and audience to engage themselves 
in. The proposed performances would lead to the 
interactions in a spatial context that opens up this research 
further for investigations in the area of spatial design. 
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This publication describes a workshop that was co-authored and held during the con-

ference. This workshop used a performance to present design research by addressing 

the idea of designing with visual and non-visual materialities. Embodied sketching, 

staging, and dialogues were explored by the authors and the participants, with a fo-

cus on the design materials of smell and light. The workshop explored these notions 

as ideation methods for spatial design. The dynamic spatial arrangements created an 

installation consisting of atmospheric expressions of smell and light, opening up a di-

alogue between the practitioners that facilitated the articulation of the arrangement 

and expression of intangible materialities as part of the ideation process.
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DOING DESIGN RESEARCH

Designing with volatile, invisible, and intangible materialities needs 
experiential methods. Through the experimental format suggestive 
of “through research,”1 in our previous collaborations, such as at 
the Annual Symposium on Artistic Research in 2017, we proposed 
various experiential setups and working scripts that were directed 
by our constant dialogue (Figure 1). We want to investigate further 
the potentials of designing through the speculative and embodied 
method for design research. 

With this proposal, we are addressing “doing design research” 
for the experiential forms through our project. We are interested 
in investigating ways of designing with invisible and intangible 
materialities, such as light and smell, which as experiential qualities 
are best explored through doing. The workshop proposed is aimed 
at opening up questions in design spaces with these atmospheric 
materialities using low-tech explorative and speculative ways.
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We seek experiential forms that go beyond graphic and model 
forms in spatial design. What are the processes, methods, and 
materials to design with intangibles through the tangibles? For 
instance, designing with tactile surfaces of textiles through a smell, 
sound or light setup; referring to our workshop-performance 

“Staging a Smelly Atmosphere,” we touch the “three principle 
types of experiential knowledge: explicit, tacit and ineffable.”2 
The interactions with the materials become the tacit component, 
smells are the ineffable,3 and the interpretation along with the 
representation of the practice is the explicit knowledge that is 
generated through our collaboration. 

BACKGROUND 

Our workshop proposal relates to the emerging design research that 
highlights the performative and processual dimensions of design 
practice and research4 as well as embodied ideation ways, which 
are actually difficult to convey.5 When working with intangible and 
invisible materials, visual methods become redundant. However, 
when combining embodied and experiential research methods 
with visual methods, there is a dialogue between the tangible and 
intangible materialities.

Through the practice, the dialogue emerges. “I shall consider 
designing as a conversation with the materials of a situation.”6 In 
this case, it is about not just the verbal dialogue between design 
researchers in cross-disciplinary settings but also the design process 
that allows materials and the ambient conditions to encounter each 
other in unexpected and unpredictable ways. It is also about the 
dialogue between the researcher and the materials in the space. As 
argued by Dyrssen, “Staging explorative experiments use invention, 
intervention and discovery as the main driving forces when setting 
up and actively examining specific situations. This may reveal the 
unexpected, repressed or hidden, and it trains the researcher in 
rapidly switching between associative and systematic thinking, to 
develop an intuitive precision and different types of logic.”7 

Figure 1: (left) Workshop-performance “Staging a Smelly Atmosphere” 
and public discussion, Swedish Research Council’s Annual Symposium 
on Artistic Research,  Stockholm University of the Arts, Stockholm, 
November 28–29, 2017.

C
O

N
F

E
R

E
N

C
E

 P
R

O
C

E
E

D
IN

G
S 

S
AT

U
R

D
AY

 S
E

S
SI

O
N

S

229

How does a researcher approach spatial design research with 
diverse materialities? What questions arise? As in Helgason (2016) 
regarding a speculative approach that initiates dialogue when 
working through different perspectives from various disciplines,8 
this workshop combines visual and non-visual design research 
methods that demonstrate a speculative approach to spatial 
designing. Also, to create atmospheric setups/models through the 
materialities that are invisible and intangible for spatial designing, 
we use design as a tool as suggested by Dunne9 to generate ideas. 

The common thread within any of the design fields is the visual 
methods of working. Due to application of different materials and 
different outputs, these methods vary and perhaps lead to creating 
boundaries within the disciplines. However, as Mitrovic and Šuran10 
argue, multidisciplinarity/transdisciplinarity thinking would allow 
dialogue and question these borders within the disciplines with a 
speculative practice. Can these dialogues become a design method 
or a communicative tool?

Figure 2: Visuals from explorations with light—surface interactions 
(indoor and outdoor).

WORKSHOP CONCEPT AND AIMS

The explorations within this workshop proposal deal with the 
visual, olfactory, and tactile senses. Through dynamic spatial 
arrangements with “textile artifacts,” the intangibles become 
materialized. For instance, light effects obtain tangible boundaries 
in relation to surfaces in space (Figure 2).  

Through drawing, sketching on paper, digitally or through scale 
models, it is difficult to grasp the intangible aspects of the 
space and their interactions. However, what if we are able to 
explore, represent, and articulate aspects like smells, light, and 
color through an embodied sketching, that is, doing research by 
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performing and staging with chosen materialities? The traditional 
spatial ideation techniques are challenged in this way through 
the immediate interactions with dynamic spatial arrangements, 
here being atmospheric setups such as integration of diverse 
shifting environmental conditions (e.g., changing lighting of a 
room, adding moisture, or changing temperature), characteristic 
bodily movements, and a variety of material props. In addition, 
we not only consider the more distant frontal or top view but also 
explore the inside and surround (various perspectives in 360°) in 
order to understand the atmospheric interactions of space and the 

“atmospheric expressions” that emanate. This is an opportunity to 
explore the potentials of designing with such analogue atmospheric 
setups in the context of computer-assisted design, human-
computer interaction (HCI), and artificial intelligence (AI). It is also 
an opportunity to articulate the unseen and unrealized atmospheric 
qualities that require senses other than visual and also the multi-
sensorial inputs that would bridge this knowledge to the latest 
technology for meaningful outputs.

With this workshop we invited the participants (designers and 
practitioners) to use a speculative approach to explore and 
negotiate the non-visual materialities of a space and to indulge 
in designing the sensorial dialogue with the body, materials, 
and space. The participants were expected to explore through 
embodied sketching using tangible (textile textures) and intangible 
materialities (smells and light) of the materials and space, 
respectively. Taking a speculative approach, the participants had 
to create and discuss the experiential setup. Our main claim for 
the relevance of this method and multimodal research display was 
that it enables participants to explore and discuss how designers 
arrange and express the intangible materialities as a part of 
the ideation process. In addition, such exploration can trigger a 
dialogue between materials and the designing environment.  

WORKSHOP OUTCOMES

The workshop was attended by design researchers, designers 
(graphic and communication), writers, educators, a new 
media artist, and a cine-ethnographer. With this diverse mix of 
participants, the explorations using the intangible and invisible 
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materialities for spatial design concepts made for an interesting 
workshop. The materials to be explored in this workshop were 
smell and light for spatial design research. The materials and 
setup was new to all of the participants; however, they were highly 
intrigued and motivated to explore these materials. There were 
two groups formed; one group had a focus on the smells, and the 
other group focused on the light (Figure 3). Both groups had textile 
materials that were either treated with smells or had inherent 
smells and were light reflective or light emitting, respectively 
(Figure 4). 

The group focusing on the smells started exploring the smells 
of different materials at hand (Figure 5) and created their own 
understanding of this material through the iterative process of 
combining the smell materials in layers or creating a pattern by 
placing them in a certain sequence. The group speculated on the 

Figure 3: Two “workstations” with textile materials. 

Figure 4: Two groups explore the given materials through the setups.
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ambient conditions, like air, that would add movement to the smells 
in space. They created an experiential setup with a narrative of 

“Smellengers (Scavengers) Hunt.” The concept was focusing on the 
olfactive sense; they provided olfactory stimuli to bring about the 
associations and memories through selected smells which in turn 
would trigger the imagery/visuals in the mind even if the visual 
stimulus for these situations was missing. 

The concept developed by this group speculated on smell acting 
as a trigger to other senses, especially the visual sense. Chosen 
smells by the group helped them correlate with their own certain 
memories. Even in absence of any visual stimuli for this memory, 
they could recall detailed imagery and visuals triggered upon 
smelling. This speculative concept fits into the goal of the workshop 
in that the experiential knowledge through the smells in a spatial 
design setup creates a sensorial atmosphere (Figure 6), and the 

Figure 5: Group exploring with smells.

Figure 6: Presentation of the setup with smells.
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dialogues in the form of nostalgia connect to a space and time from 
the past memories. 

The second group focused on light as the main element to create 
atmospheric expressions; the sensorial dialogue essentially 
happened between the designers and the experiential setting they 
built (Figure 7). The group worked in synergy in a particularly 
expressive way. In the short time given for the explorations, they 
combined textiles with different properties and distinct light 
sources through rapidly sketched shapes and structures and with 
little verbal communication on what the setting was supposed 
to be about and look like. The emerging remarks were about the 
unfamiliar material surface qualities, textures, and effects. The 

Figure 7: Group exploring with light.

Figure 8: Presentation of the setup with light.
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key element of the installation got the name of the “robotic light 
arm” or the “probe.” It was meant to be manipulated, in contrast 
to the rest of the structure that was a static arrangement of textile 
surfaces and other light sources. The group also explored with 
layering of materials in relation to varied depths of the installation. 
The outer layer surrounding the setting—a semi-transparent fabric 
wall—was given distinct perceptive qualities by adding a colored 
filter on one area. The setting  alluded to a puppet theater: the 
group mentioned the messy playful aspect of it and invited others to 
animate it with the light arm (Figure 8). During the exploration, light 
sources would be put in different places, turned on and off, thus 
creating shifts in the surface expressions. Therefore, the dialogue 
between the setting and the ambient conditions was also present, 
however not much pronounced, as the ambient lighting situation did 
not suggest several modes. 

At the end of the workshop, each group created an experiential 
setup: olfactory artifacts and visually stimulating artifacts in 
relation to light, respectively. By doing these explorations in a three-
dimensional form while dealing with the different materialities, the 
concepts brought in diverse viewpoints of each participant. 

Workshop participants were expected to get an understanding of 
how to capture and demonstrate the embodied research process 
through the performative workshop format. 

We also invited them to experience a method to tackle sensorial 
aspects of spaces (light and smells) in a design process and to use 
multimodal techniques to explore, represent, and design varied 
sensory expressions. 

By emphasizing the experiential knowledge through the tangible 
and intangible materialities at the forefront of designing, the 
research process becomes more situated. Usual ideation processes 
start with the concept proposals and essentially verbal and visual 
communication. Participants could bring in their individual ideas in 
a dialogue through this experiential setting to support the narrative, 
which, in turn, helped them rephrase and have another perspective 
in putting their concept forward. We can summarize that this 
performative-workshop methodology has a potential to be a part of 
the ideation process within the design research.
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This publication describes design experiments in the form of spatial installations, an 

improvisational performance, and three-dimensional textile forms; in all of these, 

olfactory spatial interactions were explored through textiles. The focus of these 

design examples was the sense of touch and body movements as actuators of smells. 

The temporal textile expressions of smells proposed slow interactions and created 

opportunities for connection between the participants and the physical world. The 

design examples related to olfactory expressions, and proposed frameworks for 

future research in human-environment interactions through everyday objects and 

surroundings.
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Abstract. This research paper discusses dimension of smell for designing
spatial interactions through textiles. The focus in these design examples is
combining the sense of touch to actuate the smells. Sense of touch is explored in
terms of different tactile sensations that include pressing, rubbing and movement
of the body. Through these tactile interactions smells embedded in the textile
objects are released. The temporal textile expressions of smells open up for
further investigations for designing spaces, as these design examples bring
forward the olfactory expressions and proposes frameworks for future research
in potential human-computer interactions through our everyday objects and
surroundings. The proposal of textile interactions that engage sense of smell and
create slow interactions with objects and situations from our daily lives opens up
the opportunity to encourage more social interactions within the physical world.
These interactions will include computational things, however, in a discreet
manner, helping build deep bonds between human to human and human to
environment.

Keywords: Sense of smell � Textile interactions � Movement �
Texture and haptics

1 Introduction

1.1 Sense of Smell

An introduction to our environment is through our senses. There is a deep and extensive
discourse by many philosophers on the senses and their classification. Differentiating
perception from sensation, Gibson emphasizes that a sense as a verb, has two meanings,
firstly it is “to detect something” and secondly “to have a sensation” [1]. He explains,
that the senses as perceptual systems, imply that senses detect something. Whereas
Rodaway´s definition of perception is two-fold. One, perception as sensation where
stimuli from environment gets mediated through senses and helps form a relationship
between human and the environment. Secondly, perception as cognition where in it is
culturally mediated in thinking processes, making associations and memories [2].

Smell molecules are usually invisible and are airborne. They come in contact with the
olfactory receptors (organ for smelling) in the nasal cavity.Whenwe inhale the air, we are
able to detect smell. Olfaction is a chemoreception, that means the chemosignals are sent

© Springer Nature Switzerland AG 2019
N. Streitz and S. Konomi (Eds.): HCII 2019, LNCS 11587, pp. 241–257, 2019.
https://doi.org/10.1007/978-3-030-21935-2_19
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attributes by using smell as a material in spatial designing? What kind of interactions
with smell will emerge in spaces? “Olfaction would seem to be largely extraneous to
the formulation of spaces, and yet a careful reading of cognitive, perceptive, cultural,
social, planning and anthropological phenomena would suggest that odors are not only
profoundly inherent components of places, but at times actually essential to defining
them” [6]. Smells can be a social tool for communication among human beings and
also to interact with our immediate environment, like navigating through a space.
Classen, suggests that in the ancient times, the senses were taken as a media for
communication as opposed to the present day thinking of senses as passive recipients
of the data. Especially the sense of smell in an Amazonian tribal culture by defining the
tribes based on their odours, since each tribe smelled differently based on their cus-
tomary eating habits and their hunting professions; such as one tribe did fishing and
another hunted animals for the meat and a third tribe looked for the roots and plants [4],
these social orders were communicated through the olfactory.

If the spaces could be designed using the sense of smell; boundaries, openings and
closings of a space defined by smells could be a navigation tool. As an example,
without having rigid hard walls, sometimes smells act like a wall, when it is foul
smelling and one can hardly enter in that zone. However, the same quality of the smells
could be used to create spatial cues for a visually impaired person and offer not just a
guiding tool but also help navigating in a directional way, since smells gives a sense of
position in relation to its source. Quoting Hall, Rodaway writes that different cultures
define their olfactory experience differently in the context of geographical experiences
[2]. The spatial concepts of depth, distance, openings and closing help to create a
composition of a space in a metaphorical sense, according to Tufnell et al. [7], but also
do so through subliminal and past experiences, wherein smells in a space may create
boundaries or open up a space, setting a stage for making relationships within that
contained space for example in a given space a particular smell reminds a person of an
associated event with particular person/s back in time may open or close up a space for
present and future encounters for the person.

Pallasmaa suggests that modern architectural theory and criticism has a strong
tendency to regard space as an immaterial object that is delineated by material surfaces,
instead of understanding space in terms of its dynamic interactions and interrelations.
Japanese thinking, by contrast, is founded on a relational understanding of the concept
of space [8].

Olfaction and its characteristics become a part of a smellscape, that in turn helps
make a space - a place through olfactory memory, as smells are associative of mate-
rials, people and events in a particular time. Adaptive sensitivity of smells make sense
of smell an important communication tool to respond to the changes in the near
environment [2]. Also, through the smells of our own bodies and the spaces around us,
we interact subliminally and communicate within our environment [9]. Smells make
one linger on longer in a space, rather than making hurried steps and moving from
point A to B in order to complete a business, spaces could provide an element of
freedom of movement and composure [10] and an opportunity to discover a space
which appears to be familiar due to its smells.

Using practice-based design research tools and methods, this paper explores
olfactive interaction at an intersection of textiles, spatial and interaction design. In this
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to the brain and in this process, the chemical composition is detected. On an average
human beings can differentiate between ten thousand different smells, according to the
pioneering works of Buck And Axel1 [3]. Each receptor has a specialized function and
detects some limited number of smells. According to Buck andAxel, the chemosignals or
the information is passed through the neurons to the receptors and the olfactory bulb that is
located in the limbic system which is known as the emotional center of the brain. The
information is passed to other parts of the brain to form a pattern and these patterns are
recognized from previous memories of encounters with that particular smell.

On a broadly classified way there are five senses, where in sight, hearing, taste and
touch comprised the four basic senses and the sense of smell according to Aristotle
took a middle place connecting sight and hearing with taste and touch [4]. Sense of
smell has taken a back seat in many areas and until today in the field of design there is a
lack in understanding, vocabulary, methods and tools to work with smells. Stating the
decline in importance of the sense of smell in the western culture since the start of the
modern period, Classen quotes the arguments of few of the scholars who emphasize on
the olfactory poverty and decline in the private and public spaces. Classen argues that it
is not only the olfactory sense but also all the non-visual senses have declined when
compared to sense of vision. She emphasizes the major difference in the sense of smell
that was once a higher sense of spirituality and medicine in the pre-modern Europe is
now being a “non-sense” in the modern western culture [3] and western culture is often
reluctant to consider other dimensions that are, nevertheless, fundamental to the
experience of architecture, design and habitation.

1.2 Smell and Space

Designing through the sense of smell means designing an experience. At this point, the
question we ask is, how far have we in the western society developed our under-
standing for olfactory experience and encounter with the smells itself ? What differ-
entiates us today in olfactory acceptance to the ancient societies in the premodern west?
Designing with the non-visual sensory sensitivity and experience is not a commonly
seen practice within the design studies and research that includes user experience
especially in the fields of architecture and spatial designing in public and private
spaces. However, Lally is convinced of the future areas of research that would
incorporate the increased human body sensory sensitivity and the material energy for
architectural applications [5]. Such as using artificial intelligence for augmenting the
human senses to be able to understand our surroundings near and far better than, we are
able to do so now. For example, to be able to hear certain frequencies that are below or
higher than normal human audible frequencies.

Designing spatial qualities through the tangible and intangible materials essentially
focuses on the human interactions in a space. Although the conventional choice of
materials are their physical and visual attributes like color, pattern and textures, where
invisible materiality like smell is seldom a design choice. What if we can add olfactory

1 Buck and Axel won a Nobel Prize in 2004 for the research investigating the olfactory system, written
in a paper in 1991.
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This expression of smell intrigues the senses and opens up the space for not only
the soft transitions of movements through it but also for the interactions in the space
through the tangible expression of smells.

2.2 Touch of Smell

How does it feel to touch a smell?

This installation is designed for a playful interaction through velcro tapes. Visitors
interacted with this installation by touching, rubbing, sticking together, and peeling the
loose ends of the velcro tapes across the corner of the walls, and thereby releasing the
smells. The intensities of the smell could be experimented and played with, by varying

Fig. 2. Expression of smell through haptic interactions

Fig. 3. Touch of smell installation at the exhibition speculate, collaborate, define – textile
thinking for future ways of living, the Textile Museum Borås, Sweden, 23 March–15 May 2017
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paper, taking smell as a design material, methods of designing interactions through
textiles in a spatial context are explored. The olfactive interactions are initiated by
activating smells through the touch or the body movement. Surface textile processes
like impregnation, coating and printing, are applied when investigating the applications
of smell on the textiles. By using these methods, different textile expressions of smell
for spatial interactions are proposed which can activate and release smells.

2 Design Examples

The following two interactive installations, Sight of Smell and Touch of Smell explore
olfactive interactions through the touch of textiles. These textiles are treated with micro-
encapsulated smells that gets released only upon physical interaction that break-opens
the smell molecules. In the design example of Temporal textile interactions through
dynamic forms, the final iteration combined smell induced yarns and the spacer knitting
technique, creating a temporal form of origami folded knitted textile that is imbued with
natural smells and embodies the concept of playing with and intensifying smells through
haptic interactions. And the performance - Smell, space and Body Movement was carried
out with a textile object that is designed by soaking the material in the synthetic smell
molecules and is interacted-with through improvised dance movements.

2.1 Sight of Smell

This lighted installation evokes a visual interest from a distance. Only once approached
inside in this created space, one realizes another spatial quality to it. The strings of
balloons become the object of curiosity and with an intuitive reflex one tries to hold the
strings (coated with microencapsulated smells) in the hand. Only with this physical
interaction and touch, that the smells get activated. Since the micro-encapsulations are
so designed that get broken with a physical abrasion, touch or rubbing, it then releases
the smells in the space (Figs. 1 and 2).

Fig. 1. Sight of smell installation at the exhibition speculate, collaborate, define – textile
thinking for future ways of living, the Textile Museum Borås, Sweden, 23 March–15 May 2017
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The soft side of the velcro tapes were coated with the micro-encapsulated smells.
The placement of these tapes alternated with the uncoated loop side of the velcro tapes.
This logic was followed also in the colors across the whole corner installation. As a
result, upon their placement from one wall of the corner to the other, the velcro tapes
physically created a space that was on one hand difficult to de-entangle but on the other
hand, quite inviting for further interaction (Fig. 5).

Combining conventional textile materials and smart paints with micro-encapsulated
smell molecules, these textile objects are designed to carry the smells in a discreet way.
As a result, only through bodily interactions of touch and movement, embedded
and enclosed smells on the textile objects are opened, released and transported in the
space. By changing the scale, the purpose and the context of a two-dimensional
material (velcro tapes) created an unexpected three-dimensionality; a space through the
smells.

2.3 Temporal Textile Interactions Through Dynamic Forms

The aim in this project with the origami folded textiles was to translate the action of
releasing smells through haptic interactions with the dynamic and playful origami
folded textile structures. The design sample was developed using flatbed industrial
knitting machine. The challenge was to design knitted textiles with integrated fold
lines so that when the fabric is laid flat, it automatically takes on a three-dimensional,
folded form, suggesting an interaction based around unfolding that releases the smells
(Fig. 6).

Fig. 5. Expression of smell through haptic interactions
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the length of the tape and the speed at which they were peeled apart. Eucalyptus smell
was used in this installation which was quite pleasant and almost all the visitors had
some associations with the smell, this however was not planned in the designing nor it
was important that the visitor is able to correctly determine what smell it is. However, it
was playful for some visitors to be able to determine the smell and in doing so, the
action of peeling and sticking across the tapes was multiplied (Fig. 3).

Fig. 4. (a–c) changes in installation over days “touch of smell”

246 J. Kapur
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This investigation followed on from an experimental workshop that explored
various hand gestures and actions performed on natural materials like whole spices;
cardamom, clove, cinnamon or fruits like oranges etc. to actuate smells. The action of
unfolding and folding a textile was initially explored on paper in the form of three-
dimensional sketches. Some of these were translated on the knitting software, wherein
the lines of folds were crucial to investigating the automatic folding action. The fabrics
were knitted using industrial knitting machines, with various stitch patterns and yarn
materials explored in relation to enhancing the folding action. Through various itera-
tions, it was then possible to define the folding pattern and combination of yarns that
induced the optimal folding of the fabric (Fig. 7).

In the final sample yarns were beforehand treated with natural moss and lichens as a
natural dyeing process for textile materials. These yarn was provided by textile
designer, Worbin [11]. The moss had been collected from the forest and therefore it did
have some soil attached to the roots. The smell of this bath is a combination of moss

Fig. 6. Temporal textile interactions through dynamic forms, origami paper fold sketches

Fig. 7. Process of treating yarns with natural moss for impregnating the smells

248 J. Kapur

greens, soil and some mushroom smells. The microorganisms present in soil could be a
reason for the mushroom like smell [12], however, it is a pleasant smell and transports
one back to the nature, in the forest. Provided one has experienced some walks in the
forest in the past and is familiar with the natural smells of the moss and mushroom.

The final iteration combined smell induced yarns and the spacer knitting technique
as shown in Figs. 8 and 9. Spacer technique involves knitting with yarn A on the two
outer sides of the fabric and using yarn B to fill-in between two sides. This construction
makes the fabric sturdy and gives it a structural character.

This technique helped create a temporal form that is able to stand on its own as
shown in Fig. 10, imbued with smells that embodied the concept of playing with and
intensifying smells through haptic interaction.

Fig. 8. Computer program for spacer construction of knitted textile

Fig. 9. Cross sectional view of the spacer knitted textile

Engaging with Sense of Smell Through Textile Interactions 249
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2.4 Smell, Space and Body Movement

Yet another method of activating smells; i.e. through movement, is explored through a
performance; Smell, space and body movement in collaboration with a dancer. As
ephemeral are the smells so are the movements. Smells trace the movements or
movement makes the smells perceivable. This exploration investigated actuating smells
through body movement in a space. A dancer performed with textile objects as a
medium to distribute the smells (Fig. 11).

Fig. 10. Folded knitted textile

Fig. 11. Performance smell space and body movement in collaboration with dancer, Giedre
Kirkilyte - Jankauskiene, at Vilnius Academy of Arts and presented at an exhibition at the VAA
Gallery, Vilnius, Lithuania November 28–December 2, 2016.
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The textile object functioned as a free standing object in a space, and was not fixed
at any point. The dancer interacted with this object, creating an artistic performance by
exploring the object with regards to volume, shape, surface, size, and smell. She played
with them, slipping, sliding, cuddling, curling, twisting, wrapping, fanning, pinching,
pressing, releasing, rotating, and twirling, improvising her movements [9]. The
movements of the dancer were based on the interaction with the textile object, as the
object was bouncy in nature due to the materials used. Handling of the textile object
and more importantly the smells emanating from the sponge directed the moves of the
dancer.

The textile object was designed and knitted on an industrial flatbed machine for this
exploration, and several two meter by two centimeter sponge strips were prepared in a
bath of tatami (rice straw) smell, dried at room temperature, and inserted into tubular
structures. The textile piece is a knitted tube and four meters long by twenty cen-
timeters wide. Polyamide monofilament yarn was used to knit the textile structure and
the textile object was made to be interactive. The tubular knitted panel was filled with
two bunches of sponge strips, each of which was tied together at one end. The tied ends
of the two bunches were then attached together head-on, and drawn through the tubular
structure, such that the sponge strips protruded from both ends. The textile object has a
spongy and resilient character to invite different ways of interactions with it.

The textile object allowed an interaction on a near-to-body scale, with the dancer
improvising movements with the textile object as guided by smells. Through her
movement in relation to the textile object the air in the space was moved and so the
smells were too. The frequency – as to how often, with what intervals and with what
intensity- these smells were spread in the space with the dancer’s movements seemed
like an olfactory orchestra in a space. As the dancer moved with the object in the space,
her steps back and forth and the textile object was swirled in the air, the smells get
dispersed in the room at the intervals - somehow if one were to close the eyes and
concentrate on the time difference between the whiffs of smell, one could relate that to
the time that the dancer swirled the textile object in the air. The movement of the
dancer were in harmony with the smells at times, where she walked in slow steps and at
times she moved the textile object in a rather persistently fast and rhythmic movements.
These changes in her movements had an immediate effect on the smells being dispersed
in the room and therefore it reminded one of a symphony orchestra. From the dancers
perspective, it was an intense interaction, as she could weave her way through the
smells in the space and make smells follow her movements. In this way, her ephemeral
movements transited to be perceived from being visual to olfactory sense.

3 Discussions

The above design examples are investigating tactile stimulations through textile tex-
tures, haptic gestures and movements of body to connect to the smells by actuating
them with physical interaction. These examples actuate the smells through the touch.
Different tactile sensations involved as muscle movements of skin, or the action of
rubbing, pressing etc. are akin to Montagu’s explanation of the term haptic, which is a
mentally extended sense of touch that comes to being through the experience of living
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in a space. Montagu argues that haptic is an acquired sense, in terms of the objects
already been seen, touched and acted upon [13]. Through the interactions in these
individual installations and design objects, although sensory stimuli are focused on
touch and smells, we assimilate and understand our environment not exclusively
through one sense, rather in a multi-sensorial way.

The sense of touch, is reaching out (extending oneself) with the body. According to
Rodaway, there is a reciprocity of the haptic system that is three-fold; simple contact,
exploratory activity and communication [2]. Through touch, one feels connected to the
surroundings, people and community. This relationship gets manifested through the
senses to (re)locate oneself geographically. In the above examples, touch is explored as
a simple contact which is just one directional and as exploratory activity, where the
visitor tries to find out how to explore with the textile installations. When the touch and
reciprocal activity of opening and disseminating of smells is present, it is a two way
process or communication in the interaction through touch.

Gibson argues that the senses should be conceived as active rather than passive.
These should be interrelated and not exclusive and be taken as systems rather than
channels for information of the environment [1]. Exemplifying the intimate relationship
between the sense of taste and smell or tactile consciousness of vibrations and auditory
experience, Rodaway writes that “sensuous experience is, in any case, often a complex
of sense working together offering a range of clues about the environment through
which the body is passing” [2]. Olfactory and haptic sensations are at an intimate
distance to the body, and these two senses are essential to locate oneself in a space,
distinguish danger in food or other beings (ibid). Also in certain ways there is an
interaction with smells and sense of touch [14] where the smell stimuli may be
experienced with facial nerves.

In the installation sight of smell, the visitors are moving through the space while
being constantly “in touch” with the ribbons induced with the smell. At times the sense
of touch is active and at times passive and so is the sense of smell. Very likely, both the
sense of touch and smell are involuntary and cannot be shut off as we can do when
closing our eyes or ears [14]. The interaction designed within this installation is an
analogue and slow interaction that induces fluid movements through the space. The
interaction can also be seen as time based, since the smell molecules upon being
released are dynamic and random in their movement also in relation to the movement
of the body (visitor) in the space. These smell molecules are perceived instantly and
with high intensity just as they get released and slowly the perception is reduced as the
molecules move away, and then randomly they appear again. Although, it is not just the
movement of the smell molecules but also the nature of sense of smell that is adaptively
sensitive due to familiarity [2]. These interactions are designed, to induce the move-
ment and explore the space around the installation, perhaps trace the smells outside the
installation space in relation to the thresholds and perception of smells.

Smell being an intimate sense, generates a local geography and also emotionally
creates a bond between the person and the environment, and quite similar to the sense
of touch there is a direct bonding between the body (chemical contact) and the space
[2]. Through the olfactory experience, there is a bond and olfactory memory that is
created and that is a relationship between the person to environment or person to person
or another being as in case of an animal pet. The olfactory notes taking subliminal cues
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in the near environment of what is in the way and navigate the way through these cues
would be of significance to the temporal spatial designing tools and methods.
Designing with olfactive dimension in urban setting, would add to the wayfinding
toolset for the people with visual disabilities where smells would help one navigate the
space. Although above design examples are designed specifically for interactions in the
interior spaces, the textural element that could be reached through the body (not just
the hands) to actuate the smells could offer potentials of creating patterns for walking in
a public space, where the smells get released by walking over the path in a similar
intensity and pressure, as an example; walking twice in this pattern in a difference of a
minute. This will not only create playful interactions in space, rather it would also lend
time for the passersby to enjoy few moments of walking and creating a “signature
smellscape”.

The design examples of tactile interactions in the installation touch of smell, and
textile interactions through dynamic forms exemplify experience of space through
olfactory embodied interactions. The Touch of Smell installation demanded from the
visitors to apply some force while detangling or peeling off the velcro surfaces.
Figure 4(a–c) shows difference in the installation as it had been interacted with over the
time. Although the aim of the installation was not to collect data from the visitors, yet
the installation was photographed randomly over days to watch if there are differences
to note if it has been interacted with. In the last picture (c) it is evident that the force
applied for pulling was sometimes even stronger than expected as some of the velcro
strips came out of the wall leaving a mark behind. Here the tactile sensations on the soft
side of the velcro (containing smells) are different than on the loop side of the velcro
(help peeling off micro-encapsulations). Active touching and peeling of the velcro tapes
leads to the dissemination of the smells in the space. Textile interactions through
dynamic forms, enables one to engage in the act of folding and unfolding through hands
and by that experience the smells that get disseminated from the textile object. The
perception of smells at this closer scale to the body would be varied depending on many
factors. Firstly, the act of folding and unfolding is each time different, and therefore the
dissemination differs. Secondly, the ambient conditions of flow of air, moisture levels
and room temperature would make a difference in the perception of smells. Thirdly, the
familiarity of smell would bring in the habitation and thereby reduce the perception of
smell. Unlike the embodied interactions as we know in ubiquitous way with the com-
puter systems, these are physical, analogue and embodied interactions with the materials
and backwards. It is to explore how to design responsive materials and design systems in
our living environment. Here both the sense of touch and smell are active during the
interaction with the textile and are equally motivating the visitor to engage themselves
interacting with the textile objects.

Through the active physical interaction with the textile objects combined with
ambient conditions where the sensory inputs of touch (texture, air flow, temperature
change and humidity) and smell create embodied interactions and spatial experiences.
This interaction is not a typical computer-human interaction, rather the information of
the environmental changes like in air-flow or temperature is delivered through visual
and non-visual cues [15] is interesting to design new digital experiences. Since the
sense of smell is passive and working in the background, this sensory stimuli can be
used to design subtle cues to help us navigate in our environment. As a future research,
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this could be explored by developing ‘tactile smell maps’ layered on digital street
maps. Adding the dimension of smells to the maps, for browsing the cities would make
it more interactive and attractive especially for pedestrians and cyclists, and add quality
to ways of living within Urbanscapes [9]. Such as creating real-time geo-mapping in
the pedestrian and biker lanes in an urban setting. The computational technology
informs of the olfactive walking or biking trail using augmented reality as an example
and where the biking tracks and walking paths are designed with embedded smells, so
that walking or riding on these paths would actuate the smells. In addition, natural
smells could be added by planting trees and floral beds around the pedestrian and
biking paths in the city. Taking inspiration from the fragrance gardens or the designed
gardens for the blind where certain herbs were planted that would release the odor only
upon touching specifically actions like either rubbing or crushing [16]. In this way, the
urban landscape or the real physical environment would be a collaborator with the
digital tools and computing systems to have an impact in experiencing the environment
in a multisensorial way. Playful interactions in the physical world would take prece-
dence over the digital interfaces, the computational tools are important guiding tools to
such experiences, however, by remaining in the background.

Also, through the body movements and the air that shifts around the dancer
interacts in the space with the smell as she follows the smells. This dual tracing of smell
movement is creating a relationship of the body and material in the space and also
opens the space for encounters. As Rodaway emphasizes on the role of smells in
geographical experience - which is the organization of space and spatial relationships,
orientation in the space and relationship to a place with its smell characterization. This
collaborative work with dancer, helps put the movement of smells in relation to the
body in perspective and this interactive relationship in a space is an interesting element
to designing spaces.

Smellscapes as designed by the urban planner Henshaw [17] and artist Mclean [18]
define and articulate the experiences of being in these particular cities through the joint
narratives and memories of the people, events and places. Although the combined mem-
ories of a place or the way one feels of being in a certain space and time are solely not very
idiosyncratic, rather these can also be a shared memory and space through the chemosig-
nals. Chemosignals through which animals and also humans communicate [19] are present
in our daily living environment and situations. Due to the perceptible connection of
chemosignals between the humans, when these chemosignals are left in the space by one
person and get picked up by another person even after a long difference of time, therefore
sometimes it canmake a person embody a certain emotion left in the space by someone else.
Utilizing sensory sensitive information [5] of near environments such as living andworking
spaces and perceived through our bodies and skins is the next step in designing spaces that
extend beyond the physical boundaries of architecture as we know it today.

4 Potentials of Designing Interactions Through Smells

Physical spaces today, are becoming more of a misfit in the light of changing human
behavior induced by new technology that keeps our sense of vision and hearing overly
stimulated and occupied, architectural elements or vegetation (bushes, trees etc.) in the
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public spaces become more like a hindrance when one walks while looking only
downwards to the digital device. The connections and bonding between the person and
the environment are not yet possible in human-computer interactions, since sight and
hearing are termed as abstract senses and miss the direct contact. As smell and touch
are intimate senses, as these are in reach of the body, whereas sight and hearing are
distant senses, where the perception of the environment happens beyond the reach of
the body [2]. In the definition of embodied interaction as defined by Dourish, an
interaction with the computer systems that occupy our world of physical and social
reality [15], the dimensions of smell and touch are a missing piece to make these
human-computer interactions as rich as our real physical world. As smell and touch are
intimate senses, they not only create a sense of position (geography) but also an
emotional bond between the person and the environment [2].

Human-computer interactions that only incorporate the visual and auditory stim-
ulants engaging the attention of the people through the smart devices, dis-engages
people from the real physical environment at the same time. Therefore designing
interactions for daily living situations, where the focus of the interaction design is on
the connectedness to the real physical environment, would be beneficial if the com-
putational technology is in the background rather than being in the forefront [20].

Akin to the above, Dourish uses tangible computing as an overarching term for the
computation that is embedded in everyday objects and experiences of the real physical
and social world. Among approaches in his suggested investigations, interacting
directly through the physical artefacts to inform the computational activities [15] is of a
great value for designing multi-sensory experiences that are tangible and also intangible
by the way of sensory stimuli.

With a perspective to design experiences in the physical public spaces made for
today’s scenarios where HCI, AI and AR/VR is a big part of our lives, these spaces
would be very different than the status quo. Here, the temporality of a space becomes
an interesting concept, as it can help engage the attention of the people with multi-
sensorial inputs in that little time and space (Fig. 12).

Fig. 12. Proposed expression of a smell scape in a space
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Spaces could have a deeper connection to the inhabitants and a perceptual depth
[21] when designing through sensory-sensitive thinking, where smell is an invisible
matter to the eyes, but not for the olfactory sense. It is highly intriguing to aesthetically
design with smells, with their movements and flow be orchestrated in the space in
relation to the body and spatial interactions. Understanding the dynamic characteristic
of smells, from their existence in nature, for example in trees, plants, flowers, fruits etc.,
smells are never obtrusive on the dimension of time, by being equally perceptible all at
the same time, rather, these get released as part of a natural process. It unfurls slowly
and gets carried away with the flow of air and the intensity of the smell varies when the
temperature and humidity level changes.

This paper proposes a potential framework for future research for new ways of
designing spaces where it is about slow technology. As an agenda for an interdisci-
plinary design research based on the design example of Smell, Space and Body
movement, can be tracing the patterns of flow of smell molecules in a given space with
the help of computational fluid dynamics. This research would be essential to design
smellscapes based on the presence of people and their movement in the space (interior
or outside). Also, by varying the design drivers such as airflow, temperature and
humidity these digital tools could add to the quality of life in terms of facilitating social
interactions in public spaces. Hallnäs suggests focus on presence of time to be essential
in designing of the computational things, where design is for reflective use rather than
for the efficiency which relates to disappearance of time [20] and where the human-
computer interactions could connect the physical spaces with the digital spaces, in
bringing about everyday life experiences through our senses mediated with the objects
and materials in our environment, tangible interactions based on familiarity similar to
the social interaction in the real physical world [15]. Through the textile interactions in
the discussed design examples, it is the expression of interaction [22] that brings
forward the olfactory expressions and potential interactions through our everyday
objects and surroundings.
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Abstract. This paper explores design strategies to use smells as a medium of
interaction between the body and the space. In a living environment, encounters
and experience of smells creates and manifests connections to the space. Along
with the other sensory stimuli, smells communicates information about the space.
Olfactory interactions can be expressed through its experiential relationship with
the body. Design examples as discussed in this paper, express the aesthetics of
interaction with smells that are dynamic and temporal. Human perception connects
through the patterns and weave the fluid movements across the soft boundaries
of smells. Over a range from discrete to ambient presence of smells, this paper
discusses tangible and intangible interaction with smells in the design examples.
Through active or passive actuation of smells, designing for smell diversity in a
living environment would create interactions at many different levels and will add
to experiencing spaces in a multisensorial way.

Keywords: Smells · Interaction · Dynamic patterns and textures of smells ·
Fluid and soft boundaries

1 Introduction

Beyond detection of smells in a space, there is an interaction in the environment through
olfaction. Virtual encounters happen in the imagination as the odour memories get trig-
gered with the real and immediate encounter in a space [1]. Through the smells, one
is placed in time and space. The encounter in a near environment that involves same
space through olfaction is quite similar to a haptic experience and therefore, Rodaway
emphasizes that the sense of smell is the most intimate sense, structurally smells create a
local geography (reference of a space) and emotionally it makes a strong bond between
the person and the environment. A direct bond between the smell and the body is formed
due to the chemical basis for the sense, whereas this relationship in the sense of hearing
or vision does not take place. According to Rodaway, olfaction is interactive as it is
communicating with the environment and since giving out the smells happen in a space,
therefore it is spatial or geographical [1].

© Springer Nature Switzerland AG 2020
N. Streitz and S. Konomi (Eds.): HCII 2020, LNCS 12203, pp. 69–84, 2020.
https://doi.org/10.1007/978-3-030-50344-4_6
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The emergence of smells in a space and its detection is dependent on the character-
istics of the smells, individual´s characteristics and the environment [2]. The intensity
of the smells, duration, rate of evaporation, volatility are some of the characteristics for
the smells that are influenced by the environmental factors such as flow of air, levels
of humidity and change in temperature. Where the familiarity of the smells, associa-
tions with the smells, gender and age, social class, bodily state and odour training [2]
are individual’s characteristics that would direct the odour detection. So where these 3
characteristics of smells, body (individual) and space (environment) overlap- there is the
perception of smell for anyone except with someone who has lost the ability to smell.
The levels of detection of odours are highly individualistic and varies immensely not
just because of differences in the smell receptors in the olfactory but also due to social
and cultural differences that strongly influences the associative aspect of smells.

On the characteristics of an olfactory space, Diaconu examines the phenomeno-
logical aspect of perception of a space for each sense as written by Merleau-Ponty,
well-structured and clear-cut fields or places by Hermann Schmitz and relationship of
a body to lived spaces along the axes as written by Husserl, she suggests the olfactory
and acoustic spaces are directional and specifically smellscapes are marked with shift-
ing patterns continuously being circulated by the air currents [3]. Rodaway presents
two styles of olfaction; a generalised olfaction or a passive encounter with smells in an
environment which is rich in details about the quality of the odour but not the location;
second style is a specialised olfaction, which focuses on a specific smells for the cause-
effect with associations and memories [1]. The odours perceived in a space are episodic
in nature and fail to give a continuous information about the environment, however it
does revoke memories of events, places or persons as the smells pass by. The interaction
with smells in space happens in three ways; the detection of the stimuli, descriptive
through the associations (psychological-social-cultural) and at an emotional level. As
Rodaway suggests, “olfaction gives a distinctive sensuous experience of space and dura-
tion; past, present and potential spaces; and this is both physiologically grounded and
culturally defined” [1: pp 71]. The relationship between the smells and the one receiving
the smells can be positive or negative. Unfamiliar odours gather negative descriptors and
associations as opposed to the familiar odours, which makes it complex to understand
the avoidance or pleasure seeking behaviours of the smells [2]. Also, odour sensitiv-
ity as discussed by Henshaw beyond the smell performance, could induce behavioural
changes [2], however, it is beyond the scope of this research to study the environmental
or chemical sensitivities to smells.

Similar to experiential qualities, interaction attributes define the shape of a particular
interaction [4], where smell as a material for designing interactions in a space demon-
strate the attributes through its experiential quality. Some of the basic responses or the
interaction attributes to the smells are; in case of a known or a pleasant smell, has positive
descriptors of associations and leads to indulgence in the essence of enjoyment or can
be seen as continuity. Also a pleasant smell is often described as open, fresh, wide, light
giving an illusion of space being open and welcoming, making one linger in a space;
taking time for an immersive experience. Based on the experiments by Weber et al.
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natural pleasant smells helped improve emotional states or mood and unpleasant smells
diminished the effective positive mood, calmness or alertness [5] demonstrating a pos-
itive response of certain pleasant smells on the wellbeing. An unknown smell, is often
deciphered as strange or an unpleasant smell and is described with negative connotations
and restrictions such as a sense of a hindrance like a wall or closing. It is also associated
with probable danger, which takes the olfactory function to its primitive human focus to
that of survival, reproduction and orientation [6].

These associations defines the movement in a space in relation to the source of
smells, as to embrace or avoid the smells and thereby be able to navigate in the space.
The (negative and positive) associations are based on the social-cultural factors, lead-
ing to the behavioural change and responses to any future encounters with the (same)
smells. Also the perception of smells is attributed to the spatial conditions of air-flow,
presence of moisture or relative humidity level and warmer temperatures in a space,
creating dynamic presence of smells. The meteorological spatial conditions help create
a soft border of a smellscape that one feels it, while going inside and outside of it, but
also the borders are created through the connection to the past encounter of the same
smell by associating it with a positive or negative experience. Time and duration are
equally influential on the intensity of smells that can be present for the nose to detect.
However, time does not make smell disappear completely, as certain studies that have
investigated communication via chemosignals or bodily sweat reveal that humans can
leave contagious emotional residue in physical spaces that linger long after the person
has left the space and that anyone who subsequently enters that space, is affected by
the residual ambient volatile substances. Guen R. Semin suggests that we communicate
with language and movements but unknown until now, we mysteriously communicate
through chemosignals [7], giving an opportunity for designing spaces for interactions
that are mediated through the embodied experiences [8].

The attributes of smell for an interaction gestalt [9] by reflecting on the “what the
thing/system does when we use it” [10], could be summarized smells as a continuum,
being open, unfolds, closes, allows movement, directs, is dynamic, creates boundary,
is ambient in nature, builds connection, is time based, has depth and intensity, tool for
communication, is responsive and helps navigation through the space.

Using textiles as an expression through its materialities, this section explores
metaphors [11] as a method to define the aesthetics of interaction with smells in spaces.

Gottfried Semper’s theories of architecture have a strong root in the textiles. He
defines textiles mainly for two purposes, which is firstly, to string or to bind and secondly
to cover or to enclose. According to Semper, ‘no material is more ephemeral than woven
fabrics’ [12]. Smells though being ephemeral, metaphorically and physically enclose or
wrap around in a space. Connoting the visual design attributes of colours with “warm”
or “cold” emote different habits or morale [11], these associations are metaphors for
a kinaesthetic experience of temperature on the skin. Similarly, connected with the
emotional aspect of smells, it renders similar feelings.
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1.1 Aesthetics of Interaction with Smells

Dynamic nature of smells can be related to the lightweight materials. Smells are volatile
without any particular form of moving molecules, constantly changing the intensity and
flow of smells with the passing time, flow of air and forms of space. Using the attributes
of smells, a designer creates “textile” expression of interaction [10], the term textile
used here is as a concept or “thinking”. Exploring textiles as an expressive identity of
materials [11], for expression of interaction in interior spaces offer sensorial, experiential
and temporal point of view. As established above in the interaction attributes, smells as
a design material present themselves to be spatially interactive in a direct way. Defining
aesthetics of interaction in this case, are the textile expressions of interactions with smell
in a space, which are categorised three-fold-

• Expression of connections through patterns and textures

The episodic perceptive quality of smells arranges patterns of memory and connects
the past to the present. Also it establishes connection to a space and people. The layers of
interaction with a smell over time add to the depth and intensity of the pattern it creates.

Smell is also textural, since the physiology of the olfactory is through the skin, where
the smell molecules gets detected and processed as perception.

The textile expressions of interactions are exploring patterns and textures through
the embedded smells, as a design element of interaction. The patterns are formed and
altered [13] in the way smells get added or revealed in the space through an interaction
over a dimension of time or using spatial design variables.

• Expression of fluid movements and soft boundaries

As smell unfolds itself, it moves fluidly in the space. Varied intensities of a smell
create soft spatial dividers and boundaries that are similar to textile dividers in the interior
spaces that allow fluid movements through and around them. Smell opens up a space
for further encounters and welcomes one to “feel-home” or can also close a space and
act like a barrier and walls, that compels to change the direction, even though this is a
temporal state, it is impactful and unexpected. The fluid nature of smells is continuously
forming and re-forming new boundaries and opening up spaces as the smells get carried
through the air.

• Dynamic and temporal expressions

Smells are not just dynamic in the sense of their movement rather also that the inter-
action with smells puts one in different time and space within flash of moments, creating
a real-virtual experiential encounter. Smell interactions are temporal. The dynamism of
the smells is experienced through the movements in the space. The quality of smells
in terms of its intensity changes dynamically, making it responsive of the time based
changes.
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In the speculative design ideas as discussed further, smells are activated through an
active or passive interaction. These expressions change over the dimension of time that
exhibits the dynamic and temporal nature of the smells.

2 Design Examples

Selected design examples presented within each category here are developed during
classroom workshops with students. These workshops were designed as experimental
workshops in the context of artistic research, where the students were asked to develop
speculative concepts for spatial interactions using smells as a design material. Workshops
were conducted in design schools. The students worked in the groups that were inter-
disciplinary, where different disciplines were mixed. The master and bachelor students
were from the design and health, digital material technology, spatial design, textiles,
product design and architectural studies.

The design examples explore the addition of smells or the inherent smells of the
materials to create expressions of connections through patterns and textures of smells.
These interactions create a dynamic relationship between the artefact, the user and the
space.

2.1 Design Example One

Using wood veneer from three different species i.e. birch, ash, and elm, this spatial
installation explores the interactivity of the material through the smells. Since each of
the selected wood types have distinct inherent smells, the explorations conducted with
this material focused on ways of activating the smells. After many explorations, moisture
was taken as a design variable to actuate the smells (Figs. 1 and 2).

Fig. 1. Expression of smells through patterns and textures of wood
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Fig. 2. Explorations with inherent smells of wood

The suspended three different kind of wood veneer had an interactive element made
of sponge on the top end to squeeze out water onto the veneer sheet (Fig. 3).

This expression created a random pattern of water droplets on the wood and actuated
the smells in this particular wet section of the wood. The physical change in the veneer
shrinks and creates a twist in the vertical section.

The three dimensional textures that emerge through the wet wood not only releases
the smells but also creates a haptic expression. The pattern and textures created are unique
to each interaction, that depends on the amount of water squeezed onto the veneer and
also on the room temperature for evaporating or drying the water off the surface over
the duration of time. There is a temporality of interaction and that can be repetitive due
to the choice of the material.
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Fig. 3. Textures of smells created by the shrinking and twisting of the veneer as a result of
interaction

2.2 Design Example Two

Adding smells to the structural element of a space, such as bricks, this design example
explores ways to activate the smells using spatial design variable of temperature.

Three different sources of smells are used to create bricks and building blocks such
as lampshade. Orange peels, freshly grounded coffee and soap detergent are individually
mixed with gypsum. When rubbed the smells are activated, however when exposed to
the higher temperatures the presence of smells is profound (Figs. 4, 5 and 6).
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Fig. 4. Expression of smells through patterns and textures of brick

Fig. 5. Smell diversity (reduced smells) based on activity in living environment

Fig. 6. Smell diversity (amplified smells) based on activity in living environment
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Speculating on the presence or absence of smells modulated by the temperature
differences, this concept creates a scenario where the room ambience could be designed
with smells based on the activity such as waking up in the morning with the touch and
smell of a coffee as one switches on the lamp, the heat of the lightbulb makes the smells
of coffee fill the room (Fig. 7).

Fig. 7. Smell patterns and textures

Different smellscapes could be designed in a living environment, by placing the
bricks with sources of smells in certain specified patterns that adds the smells to the
space. This design example brings attention to the haptic interactions with smells [14]
which becomes an active interaction with the smells. Dissipation of smells over a period
of time and mingling of different smells creates different patterns and textures that are
continuously shifting that create temporal expressions.

2.3 Design Example Three

Exploring the change in atmosphere of a space through intervention with the smells, this
design example investigates the locker space corridor of the school building which is
usually felt as a dull space lacking any social interactions and interest to linger on for
more than the required time to operate the lockers (Fig. 8).
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Fig. 8. Soft boundaries created by air and temperature differences

The corridor has two exits at the opposite far ends, which brings in the flow of air
and a constant movement of people passing by or the ones who operate the lockers in the
corridor. The intervention in this space is to add smells through visually-hidden source
and create a smell scape which might induce social interaction. Where passers-by also
might either change the speed of walk or linger a bit longer in the corridor due to pleasant
atmosphere created by the smells (Fig. 9).

Fig. 9. Intervention by adding smells to induce social interaction

The three smells used at different points in the corridor creates soft boundaries that
are dynamic and constantly shifting due to the flow of air and the movement of people
in the space. Not only horizontally in that space, rather also vertically up to the second
floor level. Due to the stack effect the warm air rises up and so do the smells.
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The temporal interactions created in the space changes over the duration of time,
based on the individual olfactory capacities and threshold levels of the smells. Also
the smells create boundaries, for some these are challenging to cross through based
on negative past experience and encounters with the same smell-causing to change the
walking path through or around the corridor in the building.

2.4 Design Example Four

In this speculative design concept, smells are embedded in the material surface such as
painting smell molecules that are responsive to temperature changes. In this design, the
painted smells get activated through the heat of the sunlight. Based on the radiance map
through the day as the sunlight falls on the wall, the intensity, the angle of light and
warmth, coverage of the surface of the wall is constantly changing.

Mapping the surface of the wall, different smells are planned and placed at certain
specific areas of the wall (Fig. 10).

Fig. 10. Dynamic and temporal expression of smells unfolding through the day

The temporal and dynamic nature of smells in this case unfolds itself over a course
of time duration before the new smell reveals itself in the space. With a natural rhythm of
sun’s heat as it changes through the day, smells are activated and allow a certain specific
smell to be present in the space for a time duration that then transcends slowly to the
next smell and allows for the next smell to unfold. There are different patterns of smells
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created repetitive each day and there would be a change in these patterns according to
the seasons.

Avoiding the clash of smells, this concept creates soft transitions into different smell
atmospheres, which could very well be used as an expression of passing time that is
analogue, slow although not precise as a clock. Leading to a slow pace of living and
perhaps emulating the outside seasons and their smells and creating a similar atmosphere
inside.

2.5 Design Example Five

This design example proposes impregnating smells on the ceramic tiles. Which are a
part of a dynamic façade system. The example speculates on the existing architectural
project by Steven Holl - Storefront for Art and Architecture in New York. This building
façade has elements of the wall opening-up and connecting the outside to the inside at
different angles, as designed through the width of the façade (Figs. 11 and 12).

Fig. 11. Adding smells to design dynamic and temporal expressions
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Fig. 12. Thermal temporality to create dynamic expressions of smells

The proposed design concept by the students is to build the façade in hybrid materials.
Upon the contact of natural heat of sun on the surface, this hybrid material reacts and
opens up at the triangular shaped cut sections. A natural material behaviour of the
composite metal sheet on the outer side of the façade element curls up upon being
heated. Once the top layer of the surface opens up it exposes the under layer that holds
embedded smells in the ceramic layer and releases these in the space (Fig. 13).

Fig. 13. Site specific radiation analysis
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Using the façade elements of the reference project, that can be opened and rotated
inside, where the smells from the outside can enter in the space and also through the
embedded smells on the façade, would add to the time based experience of these smells.

The temporal interactions with the smell, would create different patterns and textures
based on the façade elements that are rotated and on the atmospheric conditions of air
flow that drives the dissipation of smells in this space. Also change in temperature and
humidity on a daily or seasonal basis would create multiple patterns and expressions of
smells.

3 Discussions

The above design examples explore design strategies to use smells as a medium of
interaction between the body and the space. Quality of the designed olfactory interactions
can be expressed through the connections, movement and temporality in a space and its
experiential relationship with the body.

Through the materials inherent or added smells, the interactions are designed to
reveal, subside or modulate the smells. The revelation of the smells over a duration of
time is dynamic, as slowly the intensity changes and also the extent of the smells in the
space. Modes of activating the smells in the presented design examples are either active
or passive. Such as actively adding water as an actuator to the wood veneer would create
different patterns of smells. Each time the water drops, the volume and the path of its
movement is different. Also when the three distinct smells of the veneers are activated,
the release of the smells creates patterns and can be perceived variedly.

Passive interactions of the smells, as in the above design examples, actuated due to the
spatial variable, such as temperature, creates soft boundaries in the space. These bound-
aries are dynamic and constantly shifting. Body in relation to the shifting smellscapes
either relates to the smells thereby moving through these smellscapes or has a negative
association with the smells and movements are negotiated around these smellscapes.

Generally in a living environment, encounters and experience of smells creates and
manifests connections to the space or the immediate environment. Smells communicate
the information about the space, for an example, an underpass way (subway) commu-
nicates an atmosphere that is of an obscure nature, graffiti painted walls, lacking street
lighting in the dark, smelling of urine and other bodily fluids, echoing sounds, all making
the passers-by insecure. If the undesired smells from this pace is removed or camou-
flaged by use of desired fragrant floral scents and the street lights are added that glow
brighter sensing the movement of the passer by, graffiti is given perhaps a spotlight, this
space would then communicate a welcoming atmosphere.

An architectural space that touches or moves us [15] not just for the designers of the
building but as inhabitants, the invisible materialities of a space drive the embodied and
relational experiences within that space. Spatial qualities like sound, light and smells
including the form, texture and colour gives an architectural space an atmosphere, some-
thing that touches the senses of perception. Through close and distance senses [16] these
spatial qualities effect the human behaviour insofar that can trigger memories or induce
moments where one extends the stay and lingers longer in a space than planned. This
paper proposes smells as an interactive material to design spaces with. Where smells can
be present in an ambient fashion or discretely, connect humans with their environment.
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When designing the spatial atmospheres; aesthetical [15, 17] and metrological [18,
19], smells act as an interactive material similar to other sensory stimuli. Although there
is no perfect quality of smells that will suit to all. Quite similar to a perfect thermal
environment that is difficult to achieve [20], smells render a subjective and associative
experience.

Designing for smell diversity in a living environment would create interactions at
many different levels. As an explorative approach presented in this paper, expressions of
interactions are borrowed from textiles as a leitmotif. These are organised in categories
that on one hand render a tangible experience for a touch and visual delight of textures
and patterns. On the other hand the dynamism and the temporality of the expressions
offer the inhabitants soft boundaries and fluid movements through the space.

Referring to the definitions and etymologies of the term archi-textiles manifests the
understanding of the same subject; tek, which give ways to the words of textile, tech-
nology, text, texture, connection and context. Also, to weave, to connect or to construct
means in Latin, texere- which is the root of the words technology and textile. Body to
space connections are formed due to the embodied experiences of the smells. Textures
are experienced through the skin, similar to the thermal comfort and also smells as
experienced through the skin of the nose.

Connecting outside to the inside spaces within architecture to create fluidity and
continuity is not only a visual design challenge, rather also it is about bringing in the
aesthetics of other sensory stimuli. Creating a balance and connectedness to the outside
environment, including smells in the spatial design could add these soft boundaries
within the space. Designing spaces with the diversity of smells would create patterns of
movement and allow the openness or even enclosures of a space in a temporal manner.

The olfactory interactions can be designed through the tangible and intangible mate-
rialities of a space. Together with other sensory stimuli, a space is experienced in its
multi-dimensions. Also multi-sensorial interactions create powerful experiences with
the environment.
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