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Abstract

The integration of interactive public displays into urban regeneration is a dynamic re-
search area, extending beyond traditional screens to offer accessible, alternative interac-
tions in outdoor settings. These displays not only provide users with a wealth of infor-
mation but also provide in depth emotionally charged interactions, evoking nostalgia and
re-engaging people with a space.

In the ever-evolving urban landscape, this thesis addresses the challenges posed by
adapting spaces and the effect this can have on the way people engage with these spaces,
highlighting a need for innovative interventions to help communities to remain engaged
with their local spaces. This work centres on integrating interactive public displays into
urban environments, with a primary focus on evoking nostalgia (an affectionate feeling
for the past [54]) and topophilia (emotional connections to a space [271]).

This thesis embarks on a journey, engaging a diverse range of users, including de-
signers, children, regeneration experts, and community members. It commences with a
nine-month deployment of a tangible embedded interface into a dynamic urban context,
receiving over 10,000 session interactions. This real-world experience shows the impor-
tance of incorporating aspects of cultural heritage and immersive content into informative
designs. Subsequently, the journey explores uncharted territories, navigating the land-
scape of cocreation methods and collaborative efforts, culminating in the development of
a multisensory installation, that integrates olfactory, auditory, and visual elements. This
exploration delves into the intricacies of community engagement, technology integration,
nostalgia, and the dynamics of urban regeneration. As these chapters unfold, valuable
lessons are drawn from field experiences, guiding a reflective journey through the design
process with an aim to advance interactive public display creation by addressing gaps in
design tools and methodologies. Resulting in feature requirements for an overarching
master design suite, this contribution advances the field of HCI within urban regener-
ation. It brings together valuable lessons learned and recommendations for integrating
novel multimodal installations of the future, while also addressing the need for adapt-
able tools to facilitate their design. This holistic approach underscores the transformative

potential of technology in shaping urban environments and community engagement.



Acknowledgements

I would like to express my gratitude to the many people and organisations who have
supported me throughout this PhD.

First, I would like to thank Jennifer Pearson and Matt Jones, my supervisors. I thank
them both for their guidance, encouragement, and wisdom which pushed me forward.

I would like to thank Alan Dix and Miriam Sturdee, my mentors for their collab-
orative spirit and enrichment of this research, broadening my horizons. To my fellow
collaborators a big thank you for your support and input in shaping the direction of this
research, with special thanks to Gavin Bailey, Marianna Obrist, Elizabeth Churchill and
Tiffany Knearem for you ongoing support.

To my funding support EPSRC and Swansea Council and in particular Jonathan
Hicks and Spencer Winter, I would like to thank for their shared expertise and vision
throughout this process.

To my friends and fellow CDT members at Swansea University who made my time
completing this PhD so enjoyable. Thank you for the support, coffee breaks, much
needed distractions to chat and encouragement. You made this journey much more
enjoyable. To my family, I am profoundly grateful. Your belief in me has been a source
of strength.

Lastly, to my amazing husband, Kyle, who has been my rock, my confidant, and
my biggest cheerleader, I can never thank you enough for your unwavering support and

understanding. Your love and encouragement sustained me through every challenge.

Vi



Contents

List of Figures

List of Tables

1 Introduction

2

1.1
1.2
1.3
1.4
1.5

Research Objectives . . . . . . . . .. ... ... ... .. ... ... .
Methodologies . . . . . . . . . ..
Research Questions . . . . . . . . .. . . .. .. ... . ... . ...,
Chapter Outlines & Contributions . . . . . . . . ... ... ... ...

Contributing Publications . . . . . . . ... ... ... oo,

Literature Review

2.1

2.2

23

24

Topophilia and Nostalgia . . . . ... ... ... ... .. .......
2.1.1 Cultural Heritage and Topophilia . . . . . ... ... ... ...
2.1.2  COVID-19 Pandemic and Topophilia. . . . . . ... ... ...
Engagement in Urban Environments . . . . . . ... ... ... ....
2.2.1 Incorporating Children into Urban Technology Design Through
Sketching . . . . .. .. .. ... ...
Cocreating Installations for Urban Environments . . . . . . . . ... ..
2.3.1 Cocreation and Topophilia . . . . ... .. ... ... .....
2.3.2 Cocreation of Urban Probes . . . . . .. .. ... ... ....
Alternate Modality Experiences and Urban Regeneration . . . . . . ..
2.4.1 Multisensory Experiences . . . . ... ... ... ... ....

2.4.2 Exploring the Potential of Olfactory Integration . . . . . . . ..

vii

xiii

xviii

0 ~J N



2.5 Exploring the Landscape of UX Design Tools in Evolving Interaction
Contexts . . . . . . e
2.5.1 Current UX Design Tool Ecosystem . . . . ... ... .....
2.5.2 Design Tools for Alternate Modalities . . . . .. .. ... ...

2.6 Summary . ... ... e e e

2.6.1 Gapsinthe Literature . . . . . . .. ... ... L.

Empowering Urban Engagement: The Lookout - A Tangible Embedded
Interface for a Transforming Cityscape in the COVID-19 Era
3.1 Introduction . . . . . . . . . ...
3.2 Cocreational Design Process . . . . . ... ... ... .........
3.2.1 Virtual Workshops . . . . . .. ... ...
3.2.2  Socially Distanced Workshop . . . . . .. ... ... ... ...
3.2.3 Involving Extraordinary Users . . . . . .. ... ... ... ..
3.2.4 Cocreational Adaptations . . . . . . .. ... ... .. ... ..
3.3 Adapting Blueprints for Deployment . . . . . ... ... ........
33.1 Hardware . .. ... ... ... ...
3.3.2 Software Design . . . ... ... ... ... .. ...
3.3.3 Surrounding Environment . . . .. .. ... ... ... ..
3.4 Deployment Evaluation . . . . . ... ... ... ... ... ......
34.1 UserInteractionData . . . . . ... ... ... ... ......
3.4.2 Behavioural Observations . . . . . . .. .. ... .. ......
3.4.3 Participant Interviews . . . . . . .. ...
35 DiscussSion . . . ... e
3.5.1 DataCollection . . . . ... ... ... ... ... ... ...
3.5.2 Resilience and Inclusivity . . . . . .. ... Lo
3.5.3 Multilingual Accessibility . . . ... ... ... ... ..
3.5.4 User Behaviour Insights . . . . .. .. ... ... ... ....
3.5.5 Sense of Place and Community Identity . . ... ... ... ..
3.5.6 Limitations . . . ... ... .. ... ...

3.6 Lessons Learnt from the Deployment . . . . . . .. ... ........



3.7 Conclusion . . . . . . . . .,

3.7.1 Chapter Contributions . . . . . . . ... ... ... ......

Exploring Future City Technologies: From Sketching to Multisensory

Prototypes

4.1 Introduction . . . . . . . . . ...

4.2  Designing Next Generation Technologies with Primary School Pupils
4.2.1 Innovation and Sketching WorkshopPlan . . . . . .. ... ..
4.2.2 Innovation and Sketching Workshop Analysis . . . . . ... ..

4.3 Exploring Possibilities for Multisensory Innovations in Urban Regener-

4.3.1 Focus Group with Regeneration Experts . . . . . ... .. ...
4.3.2 Sensory Association Questionnaire . . . . . . ... ... .. ..
4.4 Prototype for a Multisensory Rig . . . . . ... ... ... ...
4.4.1 Design Considerations . . . . . .. ... ... .........
4.4.2 First Iteration Prototype . . . . . . . ... ... ... ......
4.5 Pilot Study of a Multisensory Rig . . . . . ... ... ... ... ....
45.1 Procedure . . ... ...
452 Results . .. ...
453 Pilot Study Overview . . . . . . ... .. ... ... ...,
4.6 Lab Study of a MultisensoryRig . . . . . ... ... ... ... .. ..
4.6.1 Procedure . . . . . .. ...
4.62 Results . ... ...
463 LabstudyOverview. . . . . . .. ... . ... ... .....
47 DISCUSSION . . . . . . .ot e
4.7.1 Diverse Perspectives to Foster Innovation . . . . ... .. ...
47.2 Measuring Effectiveness . . . . . .. ... L L.
4.7.3 Navigating Challenges in Multisensory Design . . . . . . . ..
4.8 Conclusion . . . . . .. L L

4.8.1 Chapter Contributions . . . . .. ... ... ... .......



5 Making Sense of Outdoor Public Places: Advancing Multisensory Design
through Deployment, User Engagement, and Recommendations
5.1 Introduction . . . . . . . . . ...
5.2 Multisensory Deployment Rig for a City Centre . . . . . .. ... ...
5.2.1 Design Considerations . . . . ... .. .. ... .. ......
522 CityCentreRig . . . . .. . .. .. . o
5.3 City Deployment of a Multisensory Rig . . . . ... ... ... ....
5.3.1 Implementation Guidelines and Constraints . . . . . . . .. ..
532 Procedure . . . .. ...
533 Results . . ... ..
5.3.4 Overview of Multisensory Rig City Centre Deployment . . . . .
5.4 Engaging Pupils in Exploring SALIly’s Potential and Inspiring Future
City Technologies . . . . . . . . . . ... ... ... ...
5.4.1 Structured Workshop Format . . . . . .. ... ... ... ...
5.4.2 Insights from School Workshop . . . . ... ... ... .. ..
5.4.3 Insights from Multisensory Sketching Analysis . . . . ... ..
544 Summary ... .. ... e e
5.5 Lessons learnt from from Multisensory Integration into Public Spaces
5.6 DiscusSiOn . . . . . ... e
5.6.1 Designing a Multisensory Rig Fit for City Deployment . . . . .
5.6.2 Insights from the City-Based Study . . . . .. ... ... ...
5.6.3 Fostering a Sense of Shared Heritage and Community . . . . . .
5.6.4 Engaging Youthful Perspectives: Interactive Workshops with
School Children . . . . . . . . ... ... ... ... ...
5.7 Conclusion . . . . .. .

5.7.1 Chapter Contributions . . . . . . . ... ... ... ... ...

6 Exploring New Paradigms in User Design Tools
6.1 Introduction . . . . . .. . . .. ... ...
6.1.1 Motivations Leading from Previous Chapters . . . .. ... ..

6.2 Procedure: Navigating the Future of UX Design Tools . . . . . . . . ..



6.2.1 Phase One: Pre-Study Questionnaire . . . . . . . ... ... .. 175

6.2.2 Phase Two: Preliminary Tasks - Current Tool Use . . . . . . . . 176

6.2.3 Phase Three: Demonstration of Prototypes . . . . . . . ... .. 178

6.2.4 Phase Four: Tools of the Future . . . ... ... ... ..... 181

6.3 Results. . . . . .. . 182
6.3.1 Pre-Study Questionnaire . . . . . . .. .. .. ... ... .. 182

6.3.2 Participant Design Tool Survey . . . . . .. ... .. ... ... 184

6.3.3 Affinity Diagramming . . . . ... .. .. ... ... ... 185

6.3.4 Thematic Analysis . . .. .. ... ... ... ... ..., 197

6.3.5 Requirements for the Master Design Suite . . . . . .. ... .. 212

6.4 Discussion . . . . . . ... e 216
6.4.1 Accessibility & Education . . ... ... ... ... ...... 218

6.4.2 Collaboration . . . . ... .. ... ... .. ... .. ..... 219

6.4.3 NovelInteractions. . . . . . .. .. .. ... ... ....... 219

6.5 Conclusion . . .. ... ... ... 220
6.5.1 Chapter Contributions . . . . . ... ... ... .. ...... 222

7 Conclusion & Future Work 223
7.1 Revisiting Aims and Objectives . . . . . . . .. .. ... ... ... .. 223
7.2 Chapter Summaries . . . . . . . . . ... ..o 226
7.3 Major Insights and Themes . . . . . . . ... ... ... ... ..... 228
7.3.1 Sense of Place, Nostalgia and Interactive Public Displays . . . . 229

7.3.2 Advances in Multisensory Design . . . . . ... ... ... .. 230

7.3.3 Looking towards the installations of the future . . . . . . .. .. 231

7.4  Future Directions for HCI Research and Practice . . . . . ... .. ... 232
7.4.1 Multisensory Installations for Future Urban Environments . . . 232

7.4.2 Envisioning the Future: Shaping Inclusive and Innovative De-

signPractices . . . . .. ... oL 236
7.4.3  Future Directions for the Broader HCI Community . . . . . .. 237
7.5 Concluding Remarks . . . ... ... ... ... ............ 239

Bibliography 241



Appendices

A

B

Sensory Cue Questionnaire

Java Program Example: Activation of Multisensory Devices for Case-
Based Outputs

Multisensory Study Questions
City Centre Sensory Experience Questionnaire
UX Design Tool Data: Prices and Compatability

UX Design Tool Usage throughout the Design Process

274

275

281

283

285

287

291



List of Figures

1.1

1.2

2.1

3.1

3.2

33

34

3.5

3.6

PhD Timeline (2020-2023): This timeline summarises the four contribution
chapters of the PhD, alongside COVID-19 regulations and supplementary
activities encompassing lab visits, stakeholder engagement, publications,
and Centre for Doctoral Training (CDT) events. . . . . . . . .. ... ...

Breakdown of research questions addressed in the thesis. . . . . . . . . ..
Future tools for existing interactions and tools for future interactions. . . . .

Virtual map of Swansea city centre’s regeneration project, displaying all
major developments, as showcased through the Lookout device. . . . . . .
Storyboard showing a user discovering the device in a public setting, engag-
ing with it through foot-based interaction, and selecting various features of
the software design, including the car park. This storyboard was the second
interaction evaluating whether foot-based interaction would be effective. . .
a) Completed Lookout rig for children and wheelchair users; b) Backside of
Lookout, resembling binoculars with curved roof and pop-out circles.

Final deployment of the Adult Pedestrian and Children’s/Wheelchair-
accessible installations, positioned approximately 1 metre apart. . . . . . .
Schematic diagram providing an overview of the Lookout software, divided
into a holding screen and four stages, each requiring interaction to progress
to the subsequent stage . . . . . . . . ... ..o

Lookout surrounding environment, with benches used to provide a border. .

Xiil

4

35

41

43

47

48

50
51



3.7

3.8

3.9

3.10

3.11

3.12

4.1

4.2

4.3

Graph showing the number of participants interacting with the Lookout
across a nine-month period. The graph shows the difference in usage for
the two devices, the Adult Pedestrian (Top) and Children and Wheelchair
Users (Bottom). It also includes the labelling of significant events across
this time frame including, national lockdowns, out of order times, week-
ends and shopclosures. . . . . . . ... ... ... L L.
Combined average usage patterns over nine months for the Adult Pedestri-
ans device by Time and Day of the Week. . . . . . . ... ... ... ...
Combined average usage patterns over nine months for the Children and
Wheelchair Users device by Time and Day of the Week. . . . . . . ... ..
The average visit duration for locations over nine months, categorised by
installation type: Adult Pedestrians device and Children/Wheelchair Users
device. . . . . ..
Line graph showing the number of interactions that occurred for all lo-
cations for both the Adult Pedestrians (solid line) and Children and
Wheelchair Users (dashed line) installations. . . . . . . . ... .. ... ..
Participants interacted with Lookout installations. On the left, Swansea
Council leader Rob Stewart used the Adult Pedestrian device during the
installation opening [108,286]. On the right, two participants engaged with

the Children and Wheelchair users device, taking turns to select content. . .

Schematic diagram showing the session overview for the one hour Techno-
camps workshop including: Innovation, Sketching 1 & 2, Show and Tell
andaQuiz. . . . . ... e
The images shown for each technology within the workshop Quiz. a)
Alexa [9]; b) iPhone [123]; ¢) Virtual Reality headset [73]; d) Talk Tech-
nologies [263]; e) Nike Joyride [295]; f) Paro [180]; g) Luminotherapy [69];
h) Police robot [226]; 1) Interactive Light Cube [187] j) The Lookout [43]. .
Bubble Scatter Graph showing the frequency of technologies mentioned

across eight workshops observed by pupils within city centres. . . . . . . .

64



4.4

4.5

4.6

4.7

4.8

4.9

4.10

4.11

4.12

5.1

5.2

53

Classification of technology usage environments, with each design earning
a point for every potential technology placement. . . . . . . .. ... ...
Classification of technology types, with each design earning a point for ev-
ery potential technology placement. . . . . . .. ... ... ........
Pupils designs, redrawn to ensure anonymity. LEFT: An air-purifying fly-
ing robot that transforms pollution into nutrients, nurturing tree growth.

RIGHT: A global network of buttons, deployable at various worldwide lo-

cations, capable of producing pizza upon activation to combat global hunger.

Classification of sensory inputs and outputs used, with each design earning
a point for every potential technology placement. . . . . .. ... .. ...
Aromajoin Device Overview - a) Labelled diagram of external features; b)
Interior view with six scent capsules and magnetic lid clasps. . . . . . . ..
Pilot study multisensory device set-up, showing labelled device layout
(LEFT) and the Coffee Shop experience in effect (RIGHT). . . . . . . . ..
The average weighted ranking of multisensory cues (auditory, visual, olfac-
tory and tactile) across four different scenarios. . . . ... ... ... ...
Lab study prototype device reconfiguration with scent devices at head
height, and a participant seated 0.5 metres from the device. . . . . . . . ..
The average weighted ranking of multisensory cues (auditory, visual, olfac-

tory and tactile) across four different scenarios. . . . . ... .. ... ...

Reconfigured devices for city deployment: Two Aromajoin devices at dif-
ferent heights, a central speaker, and an LED light strip added. Left: Device
Layout, Right: Final Deployment Housing. . . . . . ... ... ... ...
City deployment rig setup in designated location including: Two Aromajoin
scent devices, a central speaker, an LED light strip on a height-adjustable
pole and a battery. Next to it, a university poster informs passersby of the
research study (as per ethics committee request). . . . . . . . .. ... ...
An overview of the SALly deployment location. On the left is the pedestrian
bridge where the rig was deployed, while on the right is an overview of the

regeneration area for comparison. . . . . . . ... ...

88

89

90

91

100

110



54

5.5

5.6

5.7

5.8

59

5.10

5.11

5.12

The Four Steps of the Interactive User Journey 1. Passersby are encour-
aged to interact with the multisensory rig. 2. Participants received detailed
information and were asked to complete a consent form, ensuring no aller-
gens or breathing difficulties existed. 3. The interaction commenced with
two 8-second deployments of sensory cues. 4. Participants were invited to
complete the post-study questionnaire, either with a researcher or via a QR
code, with the chance to win an Amazon voucher. . . . . . . . . ... ...
Participant interactions with SALly. a) A participant standing within the
marked 1.5-metre box, facing the device for interaction. b) Participant en-
gaging with the device, featuring the deployment of the seaside experience.
Cards distributed with QR codes for the city deployment post-study ques-
tionnaire. LEFT: Back of the card, which contains contact information for
researchers in case participants need to reach out. RIGHT: Front of the card
featuring a QR code that directs users to the Google Form link and provides
details about incentives for participation. . . . . . . . .. ... ... ...
The ranking of multisensory cues (auditory, visual, and olfactory) across
three categories: Seaside, Sweet Shop, and Other, denoting Broad Themes. .
Schematic diagram illustrating the session overview for the 1.5-hour Tech-
nocamps workshop, comprising Innovation, Sketching, Deployment, and
Feedback of the Multisensory Rig, along with a Show and Tell session. . . .
The distribution of participants who correctly recognised the scenarios
across four workshops. . . . . ... oo oo
Redrawn pupils’ design for a candy maze with various olfactory outputs,
enabling participants to gamify the search for their favorite sweet. Upon
locating it, the sweet transforms from a hologram into physical sweets. . . .
The sensory cues used by pupils in their designs across each workshop, with
Olfactory, Auditory, Visual, Tactile, and Taste modalities. . . . . . . . . ..
The emerging functionalities for the designs across the four workshops,

with culinary designs emerging as the most commonly used. . . . . . . ..

136

137

149



5.13 The emerging technologies for the designs across the four workshops, with
automation and public displays leading as the most frequently employed

technologies. . . . . . . . . . . ...

6.1 Overview of design workshop board 3, with task sections highlighted and
numbered from 1-7. . . . . . ..o
6.2 The Scenario Viewer showcases the use of a smart screen fridge door within
the context of the user’s kitchen, featuring sketches by Miriam Sturdee,
implemented by AlanDix. . . . . ... ... .. ... L.
6.3 Overview page for PhysProto. A model boat represents the remote-
controlled fishery protection ship. The user is shown a physical boat-shaped
prototype of a control device with a closed hatch. The user selects to open
thehatch. . . . . . . ..
6.4 Affinity Diagram for Ideation Phase Showing Tools Categorised into Prob-

lem Definition and Context Building Themes, with tools colour coded by

6.5 Affinity Diagram for Design and Development Phase Showing Tools Cate-
gorised into General, Storyboards/Wireframing and Wizard of Oz Themes,
with tools colour coded by type. . . . . . . ... ..o

6.6 Affinity Diagram for Prototyping Phase Showing Tools Categorised into
General, User Interfaces, Speech Interfaces and 3D Modelling Themes,
with tools colour coded by type. . . . . . . ... ... ...

6.7 Affinity Diagram for Demonstration and Feedback Phase Showing Tools
Categorised into General, Demonstrating, Personas/Scenarios and Cus-
tomer Experience Mapping, with tools colour coded by type. . . . . . . ..

6.8 Overview of Final Grouped Post-its from the first thematic analysis session
(Left) and Specific Example of “Tangible, Physical & 3D” (Right). . . . . .

B.1 Java program snippet illustrating case-based configuration for three scenar-
10s (Seaside, Sweet Shop, Forest) with Aromajoin device setup and syn-

chronised audio outputs. . . . . . . . .. ..

194



List of Tables

1.1

3.1

4.1

4.2
4.3

4.4

4.5

4.6
4.7

4.8

5.1

5.2
53

6.1

Publications, Their Relevance to Thesis Chapters, and Author Contributions 18
Usage Statistics of Sessions by Day of the Week for the Lookout . . . . . . 56

The seven multisensory scenarios and corresponding multisensory cues: Vi-
sual, Auditory, Olfactory and Tactile. . . . . . ... ... ... ....... 94
Demographic Data for Sensory Scenario Questionnaire Participants (n=62). 97
The five most common words provided for each sense and scenario. The
words were collected based on the questionnaire responses of 62 people. . . 98

Product specifications for selecting the olfactory device in the multisensory

rigdesign. . . . ... e e 101
Pilot study sensory design for each scenario divided into the four deploy-

ment types: Olfactory, Auditory, Visual and Tactile. . . . . . .. ... ... 103
Sum and Median Rank for each of the sensory cues (Pilot Study). . . . . . . 106
Lab based user study sensory design for each scenario divided into the four

deployment types: Olfactory, Auditory, Visual and Tactile. . . . .. .. .. 112
Sum and Median Rank for each of the sensory cues (Lab Study). . . . . .. 115

City centre deployment sensory design for each scenario divided into the
three deployment types: Olfactory, Auditory and Visual . . . . . . . .. .. 132
Sum and Median Rank for each sensory cue (City Deployment). . . . . . . 144
Sensory deployment design for the Technocamps workshops with each sce-

nario divided into the three deployment types: Olfactory, Auditory and Visual 152

Participant Demographics and Current Focus . . . . .. .. .. ... ... 183

xviii



6.2

6.3

6.4

Top ten UX design tools used by the participant sample, showing annual
price, educational price, whether there is a free trial, if it has cross-platform
compatibility, and the number of participants whouseit. . . ... ... ..
General feature requirements for a Master Design Suite UX design tool
showing different levels of granularity from top level features to in-program
INEeractions. . . . . . . . . . . ...
Specific design features relating to 3D and physical interactions, voice and
sound, and animation and video, suggesting major areas of focus needed for

the Master Design Suite. . . . . . . . .. ... ... oo

213



Chapter 1
Introduction

In a time marked by urban revitalisation and technological advancements in 2019,
Swansea Council embarked on a journey to revamp Swansea city centre. This extensive
project, supported by the substantial £1.3 billion City Deal Investment Program [59],
aimed to breathe new life into the heart of the city. While involving users in the overall
design of the urban regeneration was of interest to the author, this was not possible as the
building was already underway when the PhD began. However, as stakeholders in the
author’s work at the EPSRC Centre for Doctoral Training (CDT) [276], Swansea Coun-
cil provided the researcher with three key objectives to enhance the redevelopment: de-
velop, implement, and evaluate interactive public installations with diverse modalities,
explore ways of providing connection to the space through coherent digital interactions,
and ensure these efforts were rooted in community engagement and cocreation. This
urban revamp took place against a backdrop of shifting urban dynamics, heightened by
the rise of online alternatives impacting traditional activities like shopping and office
work [221,225,227], and the challenges imposed by the global COVID-19 pandemic.
These factors limited activities that traditionally drew people to cities [37,235], making
the demand for innovative solutions to rejuvenate urban spaces evident. Swansea Coun-
cil’s revitalisation initiative for the city centre exceeded mere redevelopment; it was a
response to these changing urban landscapes, a step toward a more vibrant, community-

centred, and technologically empowered future.



1. Introduction

Therefore, this thesis explores how cocreated multimodal public installations could
help people to re-engage with Swansea city centre - a journey at the intersection of urban
design, participatory cocreation, and novel technology integration. Here, the city centre
is not just a backdrop of the work but an active participant in the narrative, a canvas
upon which innovation, inclusivity and community engagement unfold. Fundamentally,
this thesis tackles with the question: How can urban designers, researchers and planners
effectively harness the power of cocreation and technology within their unique contexts
to invigorate city centres? The answer does not lie in a single path but in a journey
of intensive participation with a wide range of users, creation and iteration of multiple
novel displays, rigorous evaluation, and the proposal of tools that can transform the way
designs are envisioned and technologies are experienced within our urban environments.

Some of this work was initiated during the onset of the COVID-19 pandemic and,
consequently, had to adapt and align with these challenges (see Thesis Timeline 1.1).
The evolution of Swansea’s urban landscape, fuelled by the extensive redevelopment
efforts and the challenges brought on by the pandemic, created a need to explore in-
novative approaches to ensure community engagement, enrich cultural heritage, and
harness the potential of technology. Additionally, this thesis studies the intersection
between nostalgia, an effectionate feeling one has for the past [54] and topophilia, a
concept that explores the emotional bonds and connections individuals form with their
surroundings [271]. While these notions have been widely examined in various dis-
ciplines, its application within the context of interactive, outdoor, multisensory urban
installations represents a captivating dimension. Understanding how topophilia and nos-
talgia can influence people’s relationships with their urban environments is particularly
pertinent during the transformations occurring in Swansea city centre. The study of
these concepts in this context especially while undergoing major redevelopment offers
a perspective on how the design of these installations can authentically resonate with
the community’s emotional connections to their city centre spaces. It also highlights the
potential for these installations to foster a sense of belonging, ownership, and cultural
identity within a changing urban landscapes. By unravelling the intricate dynamics of
nostalgia and topophilia, this research contributes to the enrichment and sustainability

of city centre environments.



1. Introduction

Furthermore, this thesis explores the development of interactive, outdoor installa-
tions that embrace multiple modalities, such as scent, audio, lighting, and elbow inter-
actions, to prioritise inclusivity. The project’s scope extends to working with individuals
of diverse abilities, encompassing the visually and physically impaired, as well as chil-
dren, to ensure the accessibility and enjoyment of these installations for a wide range of
users. Iterative design processes will be incorporated, allowing for ongoing refinement
and optimisation based on real-time feedback. One intriguing aspect of this research
is the exploration of scent within a city context, introducing a unique layer to the mul-
tisensory experience of these urban installations. This inclusion of scent within a city
deployment represents an unexplored experience in the field.

Figure 1.1, presents a thesis timeline, encapsulating the entire doctoral research
project. This timeline is segmented into the four contribution chapters, encompassing
interactive elbow-based installations, cocreation workshops, multisensory urban instal-
lations, and the blueprint for the redesign of design tools. Moreover, the significant
impact of COVID-19 regulations in Wales, UK during this research period is indicated,
signifying the adaptability required to overcome these challenges. Furthermore, this fig-
ure highlights collaborative endeavours that extend beyond the scope of this thesis but
were completed within this time frame and served as extensions of the work described
here. These collaborations underscore the interdisciplinary nature of the research and
its promising prospects for future exploration. Additional opportunities were also incor-
porated, highlighting the uniqueness of the CDT program, which facilitated lab visits
(Prof. Marianna Obrist Multisensory Lab, UCL) and engagement visits with stakehold-
ers (Elizabeth Churchill, San Francisco, Google and Tiffany Knearem, Boston, Google).
The program also provided support for the organisation and setup of conferences (Festi-
val of Ideas, EICS), as well as retreats and launchpad crucibles to enhance cross-cohort
integration, collaboration and improve research skills.

In the next section, this thesis will explore its objectives, guiding the journey towards
a vibrant, inclusive, culturally rich urban future, empowering communities, engaging
with cultural heritage, and enhancing urban engagement. Each chapter reveals insights
and innovations uncovering the potential within urban centres. The research extends

beyond this thesis, inspiring those envisioning revitalised city centres.
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1.1 Research Objectives

Based on the research gaps identified in the section above, this work had an overall aim
to advance the field of alternate modality technology design for urban regeneration and
community engagement by investigating, developing, and evaluating innovative interac-
tive installations, tools, and methodologies. This thesis has addressed these challenges

through the following:

1. To investigate and demonstrate the pivotal role of user feedback and active par-

ticipation in the cocreation process of urban regeneration projects

Exploring the significance of user feedback and active participation in the
cocreation process is paramount in the realm of interactive technology design
[161,185,230]. It places the user at the centre of innovation, ensuring that designs
are not just technologically advanced but also resonate with the needs and desires
of the community they serve. User feedback during cocreation also fosters a sense
of ownership and empowerment amongst all the cocreators, cultivating a collabo-
rative spirit that enriches the final product. Moreover, contributing to the creation
of more inclusive, user-centric, and culturally relevant technologies, enhancing
their effectiveness and impact within urban regeneration settings. Through this
approach inclusivity has been at the forefront, trying to ensure that marginalised

voices were heard in the development of interactive technologies.

2. To conceptualise, design, and deploy novel interactive installations, that lever-

age diverse sensory modalities to create immersive and captivating experiences

In today’s society, community ties can erode, particularly during urban redevel-
opment, a process currently underway in Swansea city centre. Investigating how
technology can fast-track the process of reconnecting people with each other and
their changing environments, can reinvigorate community bonds. Developing and
designing interactive public displays with alternate modalities (moving away from
screens) for urban regeneration is an endeavour that stands to benefit cities and
communities in numerous ways, from enhancing public spaces and community

bonds to promoting innovation and cultural vibrancy. Interactive displays not
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only offer engaging experiences but also bridge the gap between the physical and

digital worlds, making cities more inclusive and technologically advanced.

3. To assess the real-world impact and effectiveness of alternate modality urban

installations in city centre environments

Do interactive public displays have the potential to breathe new life into urban
areas undergoing regeneration? Can they help people to re-engage with these
spaces? The aim is to, leverage the tools of empirical analysis and user feedback
to uncover insights, confront challenges, and distill best practices. Also seeking
to answer the question - how can these interactive displays offer opportunities
for residents and visitors alike to connect, share experiences, and engage in com-
munal activities? With the ultimate goal of strengthening the social fabric of the

urban communities.

4. To address the lack of accessible tools for designing alternate modality tech-

nologies

Researching and developing practical design tools that facilitate iterative design
processes in context responds to a pressing need that resonates across multiple
domains. It is the need for practical design tools that can seamlessly integrate
alternate modalities, thereby unlocking the doors to innovation and the creation of
inclusive user-centric solutions. The absence of such tools has presented a barrier
to progress and innovation. Thus, this thesis embarks on a mission to bridge this

gap through rigorous research and development.

These research objectives align with the overarching goal of advancing the field
of cocreative technology design in the context of urban regeneration and community
interaction. They encompass the practical design and deployment of installations, user

engagement, expert collaboration, tool development and versatile methodologies.
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1.2 Methodologies

The experimental chapters in this thesis used the following methods in unison:

A User-Centred Design (UCD) approach, as advocated by experts like Miiller et
al. [184, 186], held a pivotal role within the research methodology. This approach en-
sured that the community and stakeholders remained not only active participants but
were deeply embedded in every phase of prototype development and interaction design.
It entailed a comprehensive commitment to understanding the unique needs, prefer-
ences, and perspectives of the intended user base. Through iterative design processes,
usability testing, and ongoing feedback collection, the UCD approach fostered a sense
of ownership and cocreation among the community and stakeholders. This collaborative
engagement was central to crafting interactive solutions that were not only technolog-
ically advanced but also truly resonated with the community’s values and aspirations,
ultimately contributing to the success of the thesis.

Additionally, the user-centred design approach embraced a diverse array of method-
ologies across the design and deployment phases of each prototype. The user’s per-
spectives remained paramount, as evidenced by the use of questionnaires to grasp the
problem’s scope, gather user insights, and inform initial design decisions. Rigorous
focus groups, lab studies and interviews assessed prototype usability, driving iterative
design processes that led to a series of prototypes, each tailored to address identified
issues. Subsequent city-based deployments evaluated solution effectiveness and charted
the way forward for potential interaction types. This commitment to user-centric design
not only fulfilled the research objectives but also provided a robust framework for the
entire design journey.

A Context-Centred Design (CCD) approach, influenced by experts such as Chen
et al. [48] and Barry [23], became a cornerstone of the research methodology. This
approach elevated the context of interaction and the environment to a central position
in the design philosophy. As the projects detailed within this work, were based within
the specific context of Swansea city centre (Swansea City Council stakeholders of this
thesis), CCD was used to explore the intricate web of factors to be considered includ-

ing those that surround the user, including the physical environment, social dynamics,
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cultural influences, and the broader context in which the technology was situated.

The CCD approach prompted a deep dive into the specific context of each interaction
and the environment where the prototypes would be deployed. This involved extensive
field studies, ethnographic research, and in-depth environmental assessments. The goal
was to create interactive solutions that seamlessly integrated into the fabric of the user’s
world, enriching their experiences in a meaningful and contextually relevant manner.
This approach provided the necessary framework to ensure that the research outcomes
were not abstract technological advancements but practical, contextually aware solu-
tions that resonated with the users and their environment.

A Research-through-design (RtD) approach, guided by experts like Frayling [93]
and Zimmerman et al. [299], was fundamental to the research methodology. RtD seam-
lessly integrates design practices and research activities, allowing the generation of
knowledge, insights, and innovative solutions. RtD is characterised by its iterative na-
ture, involving cycles of design, prototyping, testing, and refinement. Design is not just
an outcome but a means of inquiry, enabling the gain of a deeper understanding of com-
plex problems. It excels in tackling open-ended and multifaceted real-world challenges
and can produce various outputs, from prototypes to simulations.

Cross-disciplinary collaboration is often integral, bringing diverse perspectives into
the process. While RtD results in practical solutions, it also contributes to theoreti-
cal knowledge, enriching the discourse in relevant domains. In essence, the Research-
through-design approach has been used to leverage design thinking and to explore com-

plex problems, generate insights, and develop innovative solutions.

1.3 Research Questions

The overarching research question this thesis addresses is:

How does context-specific cocreation enhance interactive technology de-

sign for community engagement in public spaces?

This main question guides the exploration of how cocreation, technology design, and

community engagement connect in city centres undergoing regeneration.
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Figure 1.2: Breakdown of research questions addressed in the thesis.
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To address the complexities of this central question, this thesis embarks on a mul-
tifaceted journey consisting of four distinct research projects. Each of these projects is
a stepping stone that contributes to the larger narrative. Together, they form a cohesive
narrative that delves into the design, construction, and evaluation of interactive public
displays. Furthermore, this journey reimagines and proposes innovative design tools,
crucial for crafting multimodal technologies and their contextual applications. Figure
1.2 provides a visual roadmap of the breakdown of the four research questions, detailed

as follows:

1. How do people engage with a COVID-influenced urban interactive public instal-
lation, and what insights can inform future technology design?
(Addressed in Chapter 3)

2. How can a diverse cocreative process impact the development and effectiveness
of a multisensory interactive installation, fostering inclusive urban technology and
influencing memory recollection (nostalgia) and sense of space (topophilia)?
(Addressed in Chapter 4)

3. How can multisensory technology be effectively integrated into outdoor public
spaces to enhance urban environments, foster community engagement, and enrich
city life?

(Addressed in Chapter 5)

4. How can UX design tools adapt to evolving designer needs in a dynamic digital
landscape, including multisensory and contextual aspects?
(Addressed in Chapter 6)

1.4 Chapter Outlines & Contributions

This thesis is divided into five results chapters, each addressing an aspect of the re-
search questions. Together, they provide a detailed exploration of how context-specific
cocreation can enhance the design of interactive technologies for community engage-

ment within public spaces. Each chapter has its own approach, and is subsequently

10
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self-contained in respect to methodology and discussion. The final chapter takes the
from of a meta-discussion, pulling together the themes from each chapter, and consol-
idating the work contained within the thesis. An overview of the whole thesis can be
seen in Figure 1.2: with a breakdown of the chapters and contributions (beginning with

the first results chapter) for each research question detailed below:

1. How do people engage with a COVID-influenced urban interactive public in-

stallation, and what insights can inform future technology design?

Chapter 3 investigates user engagement and interactions with the “Lookout”, an
innovative interactive device designed to disseminate information about a civic
project amidst the challenges posed by the COVID-19 pandemic. Recognising
the crucial role of public engagement in urban redevelopment, it explores how
interactive public technologies can evoke nostalgia and foster topophilia, partic-
ularly within urban spaces where physical and digital interactions converge. By
fostering inclusivity and involving both community members and civic project
developers in urban planning, this chapter aims to shed light on how this inclusive
approach can positively impact community engagement, strengthen community
bonds, and promote emotional connections to places. In addition, this exploration
led to two significant paths that continue throughout the remainder of the thesis:
first, an aspiration to involve children in the design process to cultivate captivating
interactive displays; second, a critical examination of the contextual design pro-
cess departing from conventional screen-based approaches, emphasising the need
to adapt existing tools to better support these innovative design methodologies.

The major contributions of this chapter are as follows:

a) Comprehensive Deployment Analysis: Examining the final deployment
designs of a tangible embedded installation, analysing the nine-month de-
ployment period, incorporating logging data from over 10,000 sessions, in-
terviews, and observations to explore user preferences for urban technolo-
gies. This exploration also considers the implications for community-driven

initiatives and the potential of public installations of the future.

11
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b) Navigating Nostalgia & Sense of Place: Exploring the dynamics of sense
of place and recollections of that space’s past during a city centre deploy-
ment in the midst of a global pandemic, and examining the role of public
installations in shaping this experience. This chapter offers insights and

lessons learned from this challenging context.

2. How can a diverse cocreative process impact the development and effectiveness
of a multisensory interactive installation, fostering inclusive urban technology

and influencing memory recollection and sense of space?

Chapter 4 takes a different path, focusing on touchless displays and sensory ex-
ploration. Building on insights from the Lookout deployment, where a desire for
immersive experiences, especially for children, became evident, this chapter in-
vestigates the cocreation of an interactive multisensory installation. Motivated
by the belief that such displays can enhance city centre engagement, especially
among young citizens, and inspired by the observation that children’s interac-
tions can inspire others to engage with urban technology, this chapter focuses
on designing a multisensory installation incorporating olfactory, auditory, tac-
tile and visual elements. The chapter emphasises the significance of community
involvement in context-specific deployments, showcases community-tailored de-
signs, and highlights the possibilities for multisensory experiences. Feedback
collected during this process significantly contributes to refining the final design
deployed in a city centre setting, as explored in Chapter 5. The major contribu-

tions of this chapter are as follows:

a) Collaborative Design Workshops: Involving children, regeneration ex-
perts, and the broader community in the cocreation process to emphasise
the importance of inclusive design and expert collaboration in shaping fu-

ture urban landscapes.

b) Expert Input and Questionnaire Analysis: Detailed multisensory scenario
creation, engaging regeneration experts and analysing feedback from a ques-
tionnaire with 62 participants to refine and validate the sensory cues of the

scenarios, contributing to the development of a multisensory prototype.

12
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¢) Proof of Concept Multisensory Prototype: Designing, implementing, and
evaluating a proof of concept multisensory prototype through iterative stud-
ies, showcasing the feasibility and potential impact of multisensory tech-

nologies for urban regeneration.

3. How can multisensory technology be effectively integrated into outdoor pub-
lic spaces to enhance urban environments, foster community engagement, and

enrich city life?

Chapter S explores the cocreation of a multisensory rig for outdoor public spaces,
marking an exploration into the realm of interactive urban experiences in the con-
text of the outdoor environment. Building upon insights gained from the col-
laborative efforts of experts, children, and the broader community (Chapter 4).
This chapter reimagines the potential of outdoor urban spaces by envisioning im-
mersive multisensory installations as an alternative to conventional screens. It
contributes to our understanding of multisensory technologies in outdoor public
spaces, an area previously under-explored within the literature. The combined
efforts result in the development of a multisensory prototype, tested in controlled
lab scenarios and refined for real-world deployment. Gathering feedback from
young citizens, who played a role in the initial design phase, completes the circle.
The lessons learnt can be used as a guide for cities, offering insights and practical
recommendations to leverage multisensory installations for enhancing urban en-
vironments, fostering community engagement, and enriching city life. The major

contributions of this chapter are as follows:

a) Outdoor Multisensory Exploration: Explores multisensory installations
in outdoor urban spaces, providing a fresh perspective on design and appli-

cation.

b) Comprehensive Implementation Guidelines: Offers cities a comprehen-
sive guide for seamlessly incorporating multisensory technologies into out-
door public spaces, facilitating the enhancement of urban landscapes and the

promotion of vibrant, inclusive communities.

13
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¢) Community-Centric Approach: Collaboration with experts, children, and
the broader community, highlighting the importance of community involve-

ment in the integration of multisensory technology in public spaces.

d) Lessons Learnt: Synthesising the extensive work and analysis conducted
across Chapters 4 and 5 to generate a comprehensive set of lessons learnt

from incorporating multisensory installations into outdoor public spaces.

4. How can UX design tools adapt to evolving designer needs in a dynamic digital

landscape, including multisensory and contextual aspects?

Chapter 6 examines the changing paradigms of UX design, recognising the need
to adapt to individual user capabilities and the multifaceted world of technol-
ogy. This work emerges from the challenges encountered in previous chapters in
designing multimodal interactions within a specific context, leading to the moti-
vation to explore the challenges of designing in a contextual, multisensory, and
rapidly evolving digital environment. Completing workshops with a range of de-
signers, researchers, and students led to findings that assess the alignment of UX
design tools with recent advancements in interface and application design. Fur-
thermore, it explores the integration of multisensory elements into design prac-
tices. The contributions of this chapter include insights into the evolving needs
of the design community and recommendations for the future of UX design tools,
addressing the demands of designing whole experiences, environments, accessi-
ble technology, and individual user needs. The major contributions of this chapter

are as follows:

a) Evolving UX Design Needs: Identifies the changing needs of the UX design
community, shifting from screen-based and application design to designing
holistic experiences, environments, and technology that caters to individual

users and designers.

b) Futuring UX Design Tools: Through four exploratory online workshops,
this work presents the concept of contextual and environmental cues in UX
design, laying the groundwork for future tools that support full context and

environment design.

14
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¢) Qualitative Analysis and Insights: A detailed qualitative analysis of work-
shop data offers insights into the future of UX design tools, providing valu-
able guidance for industry professionals, academic researchers, and students

in navigating the evolving UX landscape.

d) Community-Centred Exploration: Underscores the importance of ad-
dressing the evolving needs of the UX design community and advocates
for user-centric advancements in UX design tools, aligning them with the

ever-changing technology landscape and user expectations.

5. What does this body of work mean for the field of cocreation and community

engagement in public spaces?

The discussion presented in Chapter 7 underscores the significance of user feed-
back and active participation in cocreation processes during real-world deploy-
ments. It reflects on the outcomes derived from the deployment of two interactive
installations in bustling outdoor city centre settings. This introspective analysis
assesses both the efficacy of public engagement and the lessons learnt from the
challenges encountered along the way. The chapter then analyses the outcomes
of expert workshops, where collaborative insights have yielded recommendations
that resonate across a spectrum of contexts and disciplines. It establishes linkages
between the research’s achievements and the overarching theme of cocreation
within an urban regeneration. In essence, the chapter showcases the evolutionary
journey from a nine-month deployment analysis to the real-world deployment of
multimodal installations to the requirements for designing these technologies in
the future, covering lessons to shape the future of urban revitalisation and com-

munity interaction.
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1.5 Contributing Publications

The works below include published material from this thesis as well as additional pub-

lications that build upon this research.

1. Anna R L Carter, Gavin Bailey, Jennifer Pearson, Matt Jones, Simon Robinson,
Dani Kalarikalayil Raju, Jonathan Hicks, Spencer Winter. 2022. Designing and
Embedding a Tangible Public Interface in the Covid Era. In CHI ’22: ACM CHI
Conference on Human Factors in Computing Systems Extended Abstracts, April
30 — May 06 2022, New Orleans USA. ACM.

2. Anna R L Carter, Miriam Sturdee, Alan Dix, Dani Kalarikalayil Raju, Martha
Aldridge, Eunice Sari, Wendy Mackay, Elizabeth Churchill. 2022. InContext:
Futuring User-Experience Design Tools. In CHI *22: ACM CHI Conference on
Human Factors in Computing Systems Workshops and Symposia, April 30 — May
06 2022, New Orleans USA. ACM.

3. Anna R L Carter, Miriam Sturdee and Alan Dix. 2022. InContext: Exploring
New Paradigms in User Experience Tools. In Proceedings of the 2022 Interna-
tional Conference on Advanced Visual Interfaces (AVI 2022). Association for

Computing Machinery, Rome, Italy. ACM.

4. Anna R. L. Carter, Marianna Obrist, Christopher Dawes, Alan Dix, Jennifer
Pearson, Matt Jones, Dimitrios Zampelis and Ceylan Besevli. 2023. Scent In-
Context: Design and Development around Smell in Public and Private Spaces.
In Designing Interactive Systems Conference (DIS Comapnion ’23), July 10-14
2023, Pittsburgh, PA, USA. ACM.

5. Alan Dix, Anna R L Carter, Miriam Sturdee: “Where, Who Why? Tools to
Encourage Design In Context” In EduCHI 2021 Workshop, part of CHI 2021.

6. Jennifer Pearson, Gavin Bailey, Simon Robinson, Tom Owen, Chi Zhang,
Thomas Reitmaier, Cameron Steer, Anna R L Carter, Matt Jones, Deepak Ran-
jan Sahoo, Dani Kalarikalayil Raju.l 2022. Can’t Touch This: Rethinking Public
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Technology in a COVID-19 Era. InCHI *22: ACM CHI Conference on Human
Factors in Computing Systems, April 30 — May 06 2022, New Orleans, USA.
ACM.

7. Craig MacDonald, Olivier St-Cyr, Colin M Gray, Leigh Ellen Potter, Carine
Lallemand, Anna Vasilchenko, Jaisie Sin, Anna R L Carter, Caroline Pitt, Eu-
nice Sari, Deepak Ranjan Padhi, Ajit G Pillai. 2022. EduCHI 2022: 4th Annual
Symposium on HCI Education. InCHI ’22: ACM CHI Conference on Human
Factors in Computing Systems Workshops and Symposia, April 30 — May 06
2022, New Orleans USA. ACM.

8. Colin M Gray, Craig M. MacDonald, Carine Lallemand, Alannah Oleson, Anna
R L Carter, Olivier St- Cyr, Caroline Pitt 2023. EduCHI 2023: 5th Annual
Symposium on HCI Education. InCHI *23: ACM CHI Conference on Human
Factors in Computing Systems Workshops and Symposia, April 23 — April 28
2023, Hamburg, Germany. ACM.

9. Brian O’Keefe, Tom Flint, Miriam Sturdee, Andrea Resmini, Anna R L Carter,
Mike Mastermaker and Andrea Chirico. 2023. Dancing with Technology — To-
wards a Choreography of Blended Experiences at ACM IMX ’23. In IMX’23:
ACM International Conference on Interactive Media Experiences. Workshops,
June 12-15 2023, Nantes, France.

17



Table 1.1: Publications, Their Relevance to Thesis Chapters, and Author Contributions

Publication Contributing Chapter

Chapter Association

This Author’s Contributions

1 Chap. 3
2 Chap. 6
3 Chap. 6
4 Chap. 5
5 Chap. 6

An overview of the cocreational process
and minor data analysis of the nine-month
deployment of the Lookout.

Delving deeper into the future of design
tools, in a workshop format at CHI building
upon the analytical groundwork laid out in
Chap 6.

Introduction and explanation of two
prototypes for prototype design tools for
futuring design tools, and minor
workshop analsis.

Building upon discoveries in Chap 5,
this workshop at DIS sought expert
collaboration to formulate
recommendations for the integration of
olfactory devices into various contexts.

An examination of the absence of
contextual design tools in HCI education,
progressing using examples e.g., Lookout
to prompt discussion (EduCHI session).

Project lead, blueprint design creation, data logging, interviews,
obeservations, analysis, and paper writing (exception of minor
editing) conducted by AC. (Deployed installations created by
Tom Henderson and GB).

Project lead, writing (exception of minor editing), call for
participation, workshop organisation, website design and
maintenance, conducted by AC. Activity planning and paper
reviews, completed collaboratively with AD and MS.

Project lead, writing (exception of minor editing), and
analysis completed by AC. Prototypes and designs created by
AD and MS.

Project lead, writing (exception of minor editing), call for
participation, workshop organisation, website design and
maintenance and paper reviews conducted by AC. Activity
planning completed collaboratively with CB and CD.

Overall editing, and writing about physically situated designs
(relating to Lookout) and the lack of tools in this area
completed by AC.



Publication

Contributing Chapter

Chapter Association

This Author’s Contributions

6

Chap. 3

Chap. 4 & 6

Chap. 4 & 6

Chap. 4

Explores the possibilities of touchless
interactions within public spaces, particularly
in response to the challenges posed by
COVID-19.

Initiating discussion on enhancing HCI education.
Invited to collaborate following Publication 6

with personal motivation in integrating cocreational,
and accessible design principles into HCI education
following work completed in Chap 4.

The same association as described
for Publication 8.

Exploring the notion of designing in
Blended Spaces as a means for working
across the physical/digital divide.

City deployment, interviews, observations and analysis
of a facial recognition voting system, conducted by AC
(system created by CZ).

Accessibility Chair, overall editing, serving as the
accessibility contact point, ensuring content accessibility,
and chairing of a session conducted by AC.

The same as Publication 8 with the addition of paper
reviewing (joint with all co-authors) and documentation
of the symposium via social media conducted by AC.

Overall editing, design, writing, organisation and
completion of collaborative thinking ’outside-the-box’
exercises completed by AC.



Chapter 2
Literature Review

In the following sections, this chapter presents key literature relevant to the work com-
pleted throughout the four exploration chapters. Through these explorations, the the-
sis seeks to uncover gaps and ultimately contribute to a more inclusive and innovative
approach to urban regeneration, underpinned by the enhancement of topophilia, user-
centred design principles and the integration of emerging technologies.

Throughout this thesis, several key concepts will be frequently referenced, establish-

ing a framework for understanding and analysing the literature and findings presented:

Topophilia: The emotional bond that individuals develop with a particular place or

setting, encompassing sentiments of attachment and connection.

Nostalgia: Emotional recollections of the past, often tied to specific locations, fostering

feelings of longing and sentimentality.

Cocreation: The inclusion of collaborative input and feedback from participants in the
design process leading to adaptations and changes that resulted in new iterations

and deployments shaped by collective contributions.

Engagement: An increased involvement, interest or interaction that an individual or
group demonstrates towards a specific area, space, or regeneration project, reflect-

ing active participation and a heightened sense of connection previously absent.
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2.1 Topophilia and Nostalgia

Sense of place is a complex and multi-layered notion, which underpins topophilia [138].
Topophilia, plays a crucial role in city centre settings, significantly influencing the suc-
cess of public installations in urban settings. Tuan [271] characterises sense of place as
“the affective bond between people and place or setting”, while Scannell et al. describe
place attachment as “the bonding that occurs between individuals and their meaning-
ful environment” [231]. Although it has been extensively studied in fields like psy-
chology [251], geography [115], urban design [39, 182, 205], environment [17, 47],
tourism [144], planning [74, 193, 290], and architecture [211], the HCI community
has not extensively explored this idea within outdoor public spaces. Instead, the fo-
cus within HCI has primarily revolved around differences in space and place [114] and
spatiality [72].

In conjunction, nostalgia, is a complex phenomenon oriented around both emotional
feeling and recollections of the past, it is an interesting concept to explore in relation to
sense of place and changing urban spaces. While nostalgia has been evaluated within
Geography [22,99] and Urban Studies [2, 152], there is limited exploration of its use
in evoking nostalgia through interactive technologies or within the field of Human-
Computer Interaction (HCI).

Understanding the context of a place and nostalgia is essential when exploring the
intricate relationship between individuals and their surroundings, as it significantly in-
fluences individual responses [17]. This concept is closely tied to urban identity, which
encompasses the awareness of people’s intimacy with places and their familiarity with
place-related facilities and activities [97, 144, 148]. Place attachment, the emotional
connection individuals form with places filled with meaning, is typically a positive re-
lationship with the environment [8,231,271] and is a concept intrinsically related to a
person’s sense of nostalgia for a place.

Houghton et al.’s [127] categorisation of place-based technology in urban planning
and community engagement provides a framework for understanding the various di-
mensions of technology’s role in shaping urban environments, defining the possibilities

for urban interaction and sense of place as: (a) technology for analysis of place; (b)
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technology to enhance peoples experience of place; and, (c) technology for community
engagement of place. This framework guides our exploration of technology’s impact on
urban spaces and the sense of place.

Through this thesis, the aim is to show that technology can serve as a potential
catalyst for individuals to recharge their emotional connection with urban spaces even
amid extensive transformations. As urban landscapes undergo developments such as
regeneration projects, it becomes increasingly important to sustain community involve-
ment and emotional bonds with the evolving space (nostalgia) [42, 52, 147]. Failure
to do so may lead to people losing their emotional connection with the place, empha-
sising the significance of this work, particularly in light of the influence of COVID-19
on these dynamics. Urban environments are inherently dynamic, where communities
continuously interact with various facets of their surroundings. Scholars like Carr et
al. [41] have highlighted the potential for public spaces to serve as canvases for novel
discoveries and interactions, thereby fostering innovative forms of engagement. One ex-
ample is the Augurscope, deployed in Nottingham, which introduced a portable display
capable of overlaying historical architectural structures onto contemporary urban land-
scapes [232]. These self-directed approaches have been shown to significantly heighten
topophilia [233].

2.1.1 Cultural Heritage and Topophilia

In the context of heritage, familiarity with a place involves an intimate connection with
its physical environment, encompassing both tangible and intangible aspects [62], in-
cluding historic structures, landmarks, traditions, and collective memories [20,240,294].
Heritage interpretation serves a critical function, aiming to enrich visitors’ sense of
place and place identity [277]. This approach is exemplified in a study that assessed a
museum’s effectiveness in enhancing visitors’ sense of place and their awareness of a
town’s heritage [277]. Heritage interpretation plays a pivotal role in elevating people’s
awareness, understanding, and appreciation of time and place [277]. Vong [284] fur-
ther explored how heritage tourism in Macau positively influenced the sense of place
among local residents, drawing from Jorgensen et al.’s [139] three dimensions of sense

of place: place attachment - relating to an individual’s reliance on a particular place;
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place identity - involving the emotional and symbolic attachment an individual has to a
specific place; and, place dependence - the emotional bond and affection that individuals
develop for a place over time, which can lead to a feeling of nostalgia.

In cultural heritage, cognitive perception is central to the formation of place iden-
tity, involving processes like observation, knowledge, and thought, particularly evident
in historic places [62]. The expression of identity through heritage encompasses both
past and ongoing human experiences [246], with even the landscapes themselves rep-
resenting a repository of knowledge for preserving societal memory and identity [124].
Smith [245] underscores this by highlighting that places not only represent past human

experiences but also shape current perceptions and experiences of the world.

2.1.2 COVID-19 Pandemic and Topophilia

The initial deployments explored within this thesis were carried out in a city centre
during the COVID-19 lockdowns, and the impact of the pandemic had significant im-
plications for these urban spaces [50, 87,215]. Many businesses, particularly small
retailers and hospitality establishments, faced financial hardships and closures, causing
economic instability [88]. Moreover, the enforcement of social distancing measures
exacerbated feelings of isolation and loneliness among residents [132]. Consequently,
there arose a need for the creation of spaces that promoted social interaction and help
users to re-engage with their sense of place while adhering to stringent health guidelines.

The rise of remote work as a pandemic response prompted a shift in the traditional
role of city centres as bustling workplace hubs. In response, city spaces had to adapt
to accommodate hybrid work models [78, 101] and begin to think about ways to fortify
themselves against future epidemics [102,217].

Despite these challenges, the pandemic also offered opportunities for re-imagining
city centre spaces [197]. Vacant commercial spaces provided opportunities for adaptive
reuse, such as the transformation of empty storefronts into art installations [58, 198],
community hubs [179] and vaccination sites [141]. These adaptive reuses offered a
source of re-engagement, especially when other conventional city centre attractions,

such as clothing stores were closed.
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Furthermore, there was a renewed emphasis on outdoor spaces and open-air venues,
as they allowed for safer gatherings, rekindling appreciation for outdoor amenities [170]
some of which have remained popular, such as outdoor movie screenings [259]. The
pandemic also accelerated digital innovation, fostering the emergence of virtual events
like virtual comedy nights [55], a global 8-hour concert [202], and augmented reality
experiences for previewing items, such as luxury fashion [210], effectively expanding
the scope of city centre activities.

In essence, the COVID-19 pandemic effected many aspects of life including city
centres, which arguably have returned almost to pre-COVID interactions but have left
space that is intriguing to explore. The transformation of vacant spaces, the embrace
of outdoor amenities, and the integration of digital experiences have all contributed to

how city centres can be reshaped into more adaptable environments for the future.

Summary

This section explored the concept of Topophilia (Sense of Place) and Nostalgia empha-
sising the significance of considering a place’s context in urban planning, history and
community engagement. It has also examined the connection between cultural heritage
and topophilia, underlining the role of heritage interpretation in evoking nostalgia and
enriching the sense of place. The thesis’s objective is to discover how technology can
strengthen the bonds between individuals and evolving urban spaces. The prior studies
mentioned in this section laid the foundation for integrating citizen engagement into
the design process and deploying technological experiences into Swansea city centre,

particularly in the context of topophilia.

2.2 Engagement in Urban Environments

Engagement in urban spaces refers to the active involvement of community members,
stakeholders, and residents in decision-making processes that directly affect the design
and development of their city centre [121, 156]. It entails a collaborative approach that
seeks to bridge the gap between urban planners and the public [28]. This collaborative

aspect is central communities becoming co-designers of public installations.
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Factors for success include, effective communication strategies, transparent
decision-making processes, and mechanisms for collecting and incorporating commu-
nity feedback [18,133,156]. Engaging residents through workshops, surveys, and public
meetings, can build trust and a sense of belonging [63, 109, 252], fostering a sense of
ownership and pride among community members regarding the installations [16]. These
workshops can bring together diverse viewpoints and foster consensus-building among
participants [94]. Such convergence is essential for placemaking, which pays particular
attention to the physical, cultural, and social identities that define a place and support
its ongoing evolution [89]. However, the effectiveness of community’s engagement de-
pends on the readiness of citizens to partake in urban development [204]. This work is
relevant to the thesis as it emphasises the importance of engaging people in the process
and ensuring that it fosters a sense of belonging and trust, an aim within the thesis.

Terrenghi et al. [266] introduced a taxonomy for multi-person display ecosystems,
offering a structured framework that informs the design of interactive elements within
urban spaces. Their taxonomy provides an approach to understanding these ecosys-
tems, which are prominent in settings such as interactive public displays, collaborative
workspaces, and entertainment environments [266]. Therefore aligning with a broader
shift toward more democratic and inclusive processes, empowering communities to
actively participate in shaping their urban environment. Whereas, Rantala et al.’s re-
search [147] emphasises open innovation-based strategies and methods in reshaping
collaboration practices within the context of community engagement and urban plan-
ning. This exploration helps ensure that the engagement process is appropriately scoped

and the community input is maximised [1,98].

2.2.1 Incorporating Children into Urban Technology Design
Through Sketching

Participatory design (PD) principles, rooted in Scandinavian workplace contexts, advo-
cate for users’ control over design processes [191]. Building on this, cooperative inquiry
extends this approach to children, positioning them as equal partners in design [76]. In

this context, sketching plays an important role [272], serving as a cornerstone in the
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design process and forming the basis for low-fidelity prototypes known for generating
design solutions [272], an approach that will be further explored within this thesis. Be-
yond its design capabilities, sketching empowers children to actively engage with their
urban surroundings and articulate their ideas [128]. This active involvement is a starting
point for fostering innovative technological solutions [183]. Furthermore, sketching of-
fers an alternative means of expression, fostering creativity, especially for children who
may struggle with verbalising their thoughts [76].

Furthermore, during sketching workshops, Shokeen et al. [238] observed that chil-
dren use sketches to communicate their expectations, experiences, beliefs, and knowl-
edge. Whilst Hourcade [128] emphasised that sketching effectively facilitates children’s
experiential knowledge construction through interaction with their environment. There-
fore, sketching sessions not only offer insights into children’s preferences, informing
improved technology design, but also nurture valuable skills such as collaboration, and
innovation [238]. This holistic view of sketchings role underscores its significance in
the context of children’s active engagement with technology design.

It has been shown that children can play a role in urban planning, offering a unique
perspective due to their extensive use of technology [136]. Their proficiency with
interactive technologies, as emphasised by Antle [14], underscores the need for tailored
design approaches that align with their distinct needs and preferences. In today’s
technology-driven landscape, it is important to empower children to actively shape
these technologies to suit their interests and requirements [26,117,145,169]. Moreover,
nurturing early engagement and positive experiences with STEM subjects is vital for
economic development [168, 189]. Encouraging children to invent and think creatively
can lead to valuable innovations, while sharing and discussing classmates’ inventions

can further inspire their inventive potential [237].

Summary

This section explored the concept of engagement in urban environments, emphasis-
ing the active involvement of community members, stakeholders, and residents in the
decision-making processes that shape city centres. Understanding this concept was cru-

cial to foster trust, belonging, and a sense of ownership among community members -
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essential for their engagement with deployed technologies. The research discussed here
forms the basis for integrating citizen engagement into the cocreation process of public

installations, shaping the thesis’s direction and methodology.

2.3 Cocreating Installations for Urban Environments

In the realm of urban development and placemaking, the creation of vibrant and engag-
ing public spaces fosters community identity and enhances the quality of life for resi-
dents and visitors [63, 109]. Within this context, the concept of cocreation has gained
prominence, emphasising the active involvement of diverse stakeholders in the design
and development of urban installations aimed at enhancing sense of space [92,231]. The
concept of cocreating designs with a community is a practice used in the development of
designs tailored to specific community needs and preferences [230]. e.g., commitment
levels and technological proficiency [33].

Cocreation has been reported as a key tool within the development of visually im-
mersive [229] and auditory displays [215], especially when the content was tied to a
specific location [215,229]. Collaborating with the community has been found to play
a pivotal role in seamlessly integrating the installation into the urban landscape [256],
not only as a tool for garnering local support but also to spark enthusiasm among res-
idents, enticing them to explore the interactive experiences and share its merits with
others [256].

For example, Frohlich et al. [96] implemented a substantial interactive audiovisual
display in Budikote, India with the primary aim to empower the local community to
craft and share stories with each other. It not only led to valuable insights for further
iterations within the community but also offered valuable lessons for innovations in
using storytelling in more technologically advanced settings [96].

The implementation of cocreation within city centre settings has demonstrated sig-
nificant impact on the quality of public spaces [111]. Urban planning and design have
evolved beyond aesthetics and functionality; they have been reported to be expressions
of the collective identity and aspirations of the communities they serve [6]. Cocreation

allows residents to actively shape their urban environment, fostering a sense of belong-
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ing as it supports the gathering of knowledge and requirements needed for innovation
and creativity towards achieving an equitable community for social sustainability [28].
This could then also lead to the preservation of cultural heritage by celebrating history
within a modern context.

Furthermore, the concept of “Participatory Urbanism” reported by Paulos et al. [212]
aligns with a cocreative approach and underscores the importance of active participation
from the community in shaping urban spaces. Overall, the aim is for designers to not
just focus on the production of new knowledge and understanding but in parallel analyse
this new understanding to inform new iterations of design [91]. This literature collection
not only reinforces the need for a multidisciplinary perspective but also offers different
lenses through which to view the cocreation of urban experiences, enriching the research

context and approach.

2.3.1 Cocreation and Topophilia

Forlano [90] suggests that place can be cocreated through sociotechnical practices in
three distinct ways: visualisation, lived experience, and imagination. In addition,
Frantzeskaki et al.’s [92] longitudinal case study on urban living labs emphasised the po-
tential of collaborative place narrative creation, knowledge co-production, and meaning-
ful place co-design to facilitate sustainability transitions in evolving urban spaces [92].

Some scholars have shifted their focus towards highlighting privacy concerns within
urban centres and exploring ways to empower communities in navigating these chal-
lenges [236]. For instance, Shepard et al. [236] adopted design fiction to envision inno-
vative tools such as an umbrella designed to be visible only to CCTV systems and Radio
Frequency Identification (RFID)-detecting underwear. In contrast, this work seeks to
reignite participants’ connection with their city and the opportunities it offers.

User interactions with public installations are inherently nuanced, influenced by per-
sonality traits and the presence of other users in the vicinity [185]. The responses and
behaviours of interacting users can significantly impact another user’s willingness to en-
gage with an installation. For instance, a user displaying excitement about an interaction
can encourage others to feel more comfortable attempting the interaction without hesi-

tation or apprehension [33] (i.e. creating a more accepting space). Peltonen et al. [216]
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conducted a study involving a large multi-touch display in Finland and found that users
were more hesitant to use the display when they did not observe other users interacting
with it. Understanding these nuances in user interactions becomes particularly crucial
when designing and deploying tangible installations in a city centre, as it allows us to
create engaging and user-friendly experiences that encourage community participation

and enhance the overall impact of the installation.

2.3.2 Cocreation of Urban Probes

Participatory design approaches have been used to facilitate the cocreation of installa-
tions within city centres by actively engaging the community in decision-making and
encouraging their input to shape urban projects [10], as will be explored within this
thesis. Collaborative workshops provide a platform for residents to contribute their per-
spectives, fostering consensus-building and a sense of ownership [94]. Furthermore, the
concept of "Technology Probes," as discussed by Graham et al. [104], offers a means to
involve users in the design and enhancement of city centre installations. These probes
are deployed to align technologies with user needs and desires, facilitating data collec-
tion and increasing participation [27].

Urban probes, introduced by Paulos et al. [213], use thought-provoking urban
proto-tasks to encourage direct discussions among residents about their urban land-
scape. By integrating probes into the context of city centre installations, urban planners
and designers can leverage the insights gained from user engagement to create more
responsive, community-centric, and innovative installations [213]. Probes can bridge
the gap between the designers’ vision and the lived experiences of the community,
contributing to the enhancement of city centre spaces [171]. This holistic approach
emphasises the importance of community involvement in the design and development

of city centre installations, resulting in more meaningful and relevant outcomes.

Summary
This section discussed the concept of developing designs tailored to specific commu-
nity needs and preferences through cocreation. This participatory approach has been

found to actively engage participants through collaborative workshops and technology
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probes, successfully bridging the gap between designers and the communities lived ex-
periences. While it was not feasible to directly involve participants in the cocreation
of the urban regeneration itself in Swansea, these insights served as a valuable models
for integrating citizen engagement into the design process of public installations. This
theme is explored throughout this thesis, highlighting the significance of participatory

approaches in shaping inclusive and innovative urban environments.

2.4 Alternate Modality Experiences and Urban

Regeneration

Transitioning from a more general exploration of cocreation and topophilia, this section
explores specific design deployments, exploring a move into alternate modality installa-
tions. Here, "alternate modality’ refers to designs that do not primarily rely on visual or
screen-focused elements, encompassing a broader range of sensory experiences. Many
studies in the field of urban regeneration have traditionally used digital screens to as-
sess public engagement, often relying on large touchscreen displays (32"+) to collect
feedback on urban renovation initiatives [7, 126, 135]. For instance, Hosio et al.’s [125]
project enabled community members to visualise proposed urban designs, resulting in
increased public engagement.

Additionally, Memarovic et al. [176] emphasised that designing public spaces to
meet human needs involves elements of passive engagement, active engagement, and
discovery. The rising prevalence of multisensory experiences in private entertainment,
including the adoption of 4D technologies in theme parks [122,287], educational class-
rooms [200], galleries [64, 160], museums [157], restaurants [296], and even space ex-
ploration [268], underscoring the growing interest in this domain [199,280]. However,
as cities progress towards more autonomous and "Smart" spaces, the integration of di-
verse technologies from various contexts becomes crucial. These smart spaces are char-
acterised by the incorporation of digital technologies, data, and connectivity to enhance
efficiency and sustainability [56]. While controlled walk-through [21, 84,239,283] and

ride-through [68,269] sensory experiences have gained popularity in private settings, the
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application of such experiences in outdoor public spaces remains relatively unexplored.
Whilst outdoor public spaces are often graced by art installations, they typically rely on
visual cues, overlooking the potential of multisensory engagement [154, 172,207]. In
contrast, sound artist Suzuki has created sonic installations in London, demonstrating

the possibilities of multisensory displays in dynamic urban environments [257,258].

2.4.1 Multisensory Experiences

In our daily lives, people encounter a rich array of multisensory experiences that ex-
tend beyond touch-based interactions to include smell, taste, sound, and various tactile
senses like temperature [75,279]. These multisensory encounters hold potential, not
only for shaping society and consumer markets but also for revolutionising marketing
communications [195,288]. They have the ability to create richer, more memorable,
and emotionally charged experiences for consumers by engaging a broader range of
senses [196]. This sensory engagement goes beyond traditional approaches, promising
innovative ways to connect with and influence consumers in a rapidly evolving market-
place [15]. In fact, Winograd [291] underscored the idea that software should not only
be functionally efficient but should also provide a pleasant and meaningful sensory ex-
perience to users. Previous work has suggested that this is something difficult to achieve
with only visual outputs [291]. In conjunction, Michel et al. [279] emphasise the pivotal
role of multisensory experiences in forming lasting memories and their potential impact,
with their findings suggesting that enhanced memory performance results from the in-
tegration of information across multiple modalities. Despite this potential, research into
the use of multisensory technologies within outdoor public spaces is scarce, with lim-
ited guidance available for designing beyond traditional visual and audio displays [166].
Hence, the work in this thesis aims to bridge this gap by leveraging insights from indoor
multisensory deployments and extending this knowledge to the outdoor context.
Multisensory experiences have shown their versatility by their ability to both en-
hance existing spatial experiences and create new ones [174]. Smell has been shown
to influence attraction or repulsion towards objects or spaces, aiding recognition [165].
For instance, Maggioni et al. [165] developed a Virtual Reality (VR) scenario where

users located spatial sources within the VR environment using olfactory, auditory, and
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audio-olfactory cues. However, applying multisensory cues effectively in public settings
presents challenges that necessitate a multidisciplinary approach encompassing Human
Computer Interaction (HCI), psychology, neuroscience, and sensory science [165,195].
The successful integration of multisensory experiences necessitates a deep understand-
ing of how different sensory cues interact with one another and with human cognition
and behaviour [196]. This multidisciplinary collaboration ensures that the design and
deployment of multisensory installations are not only engaging and immersive but also
culturally sensitive and inclusive, promoting a deeper connection between individuals
and their urban environments.

Engaging multiple sensory modalities, offers a more inclusive interaction approach,
potentially widening the audience [280]. Evaluating these experiences in public spaces
within this thesis is significant as it extends technology’s accessibility to a broader range

of individuals, including those with varying sensory preferences and abilities.

2.4.2 Exploring the Potential of Olfactory Integration

A relatively underused aspect within Human-Computer Interaction (HCI) is olfaction
(sense of smell [297]) [11,165]. While olfactory displays have generated interest in var-
ious contexts, digital adaptations have primarily been confined to indoor spaces and
indoor ticketed entertainment venues (e.g., museums) [196]. Olfaction’s immersive
potential, emotional [34, 49, 142] and memory-evoking capacity [120, 166, 289], and
potential benefits for well-being [106, 129, 267] and safety make it a compelling area
for exploration [36, 175]. This presents a unique opportunity to investigate the poten-
tial of olfaction in enhancing the urban experience in outdoor settings, providing new
insights and perspectives on its impact in public spaces. Furthermore, various scents
have the ability to stimulate diverse neurons and trigger a wide range of memory re-
sponses [34, 49, 142]. The emotional richness of scent-induced memories can forge
remarkably robust connections in our minds [120, 165,289], offering potential benefits
for individuals affected by conditions such as Alzheimer’s disease [129]. This is rele-
vant to this research as it aims to explore the use of alternate modality installations in
engaging citizens within their city centre while facilitating scenario recognition infused

with emotional depth.
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In the context of city centres, calming scent technologies hold promise for alle-
viating the stress experienced by many individuals [273]. Lavender, for instance, is
widely recognised for its stress-reducing properties, ability to enhance sleep quality,
and empowerment-evoking effects [106,267]. In addition, scent-based wearables, such
as necklaces that release scents tailored to the user’s needs, have found applications
in fashion [267], stress relief within indoor environments [11], and even in enhancing
teamwork during collaborative writing tasks [175]. In fact, research has shown that par-
ticipants wearing such scent necklaces tend to engage more openly in discussions [175].
Drawing inspiration from these insights, this work will explore olfactory outputs within

public spaces to explore its potential in the context of outdoor public spaces.

Summary

This section examined the concept of alternate modality experiences in the context of
urban regeneration, highlighting the transition from traditional screen-focused designs
to multisensory installations, broadening the scope of sensory engagement within urban
spaces. It has emphasised the relevance of such experiences, particularly in the con-
text of smart cities and the need to integrate diverse technologies. The lessons learnt
from multisensory installations within private settings was used as a basis for explor-
ing alternate modality installations within outdoor urban spaces, a relatively unexplored
application. Furthermore, this thesis will explore olfactory outputs to investigate its

potential in the context of outdoor public spaces.

2.5 Exploring the Landscape of UX Design Tools in

Evolving Interaction Contexts

The focus now turns toward examining the extensive field of tools used in the design
of these experiences. This landscape encompasses a wide spectrum of academic liter-
ature that critiques, designs, and proposes fresh approaches to thinking, designing, and
executing. It is worth noting that this work predates the release of ChatGPT and other

Al tools, which are not discussed here. This exploration is relevant as an aspect of this
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thesis focuses on the state of current design tools and how they can be reimagined to

support physical and multisensory designs.

2.5.1 Current UX Design Tool Ecosystem

The annual UX Design Tools Survey [209] serves as a valuable resource for gaining
insights into industry needs. In 2022, this survey collected responses from 4,260 par-
ticipants worldwide and showed Adobe, Figma, Sketch and Axure as prominent tools.
The survey addresses various aspects of UX design, encompassing prototyping and user
testing, highlighting the diverse toolkit required for different design activities. This
survey underscores the complexity of the UX design process, with varying require-
ments for different projects. The market for UX design tools is expected to continue
its growth, particularly with the emergence of new interaction hardware (e.g. [43,214]).
McCarthy et al.’s [174] framework emphasises the importance of the user experience,
encompassing four key dimensions: compositional, sensual, emotional, and spatio-
temporal. While current tools address most of these aspects, there is still room for
improvement in achieving a coherent whole, especially in newer interfaces that inte-
grate different modalities alongside existing 2D interactions. An increasing number of
designers are working on physical and multimodal experiences, as evidenced in prior
sections [44, 164,206,222], indicating a growing market for such design tools.

Offline methods like collaborative sketching, paper prototyping, and physical proto-
typing continue to play a role in the design process, despite the wide variety of digital
tools. In fact, Khan et al. [143] propose the possibility of complementing traditional
physical methods, such as sketching and paper-prototyping, and digital tools with un-
conventional approaches. In parallel, some have used familiar methods to reimagine
complex challenges, like designing shape-changing interfaces (3D physically manipu-
lated interfaces with actuation) using nature-inspired card decks [220]. The repurposing
of the familiar has potential to support the ongoing development of new interfaces and
their applications, particularly in the realm of designing alternate modality installations.

In light of these trends, there are two directions to consider: future tools for exist-
ing interactions and tools for future interactions (see Figure 2.1). These directions are

not mutually exclusive. On one hand, new interaction technologies will emphasise the
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Figure 2.1: Future tools for existing interactions and tools for future interactions.

limitations of existing design tools. On the other, shifting design tools away from a
screen focus towards a broader context, while enhancing the overall user experience,

will increase their adaptability to evolving technologies and shifting usage patterns.

2.5.2 Design Tools for Alternate Modalities

Within UX research there is a lack of multimodal prototyping techniques that enable
users to create designs without manual sketching which does not require the user to hand
sketch the design. Sinha et al. [241] claim to have a multimodal prototyping tool that
enables the design of perceptual user interfaces. However, the tool focuses on screen-
based usage and uploaded hand sketches. Their command transitions mainly focus on
standard computer-based transitions with the exception of an occasional speech-based
command [65,242]. Nevertheless, the main focus for the uploaded sketches is to show-

case screen-based multi-device prototypes with no physical aspects incorporated.
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In contrast, Klemmer et al. [146] created an interfacing tool for speech-based proto-
types — SUEDE which allows users to create response-based speech interfaces using
the Wizard of Oz technique capturing test data which the participants can then analyse,
something which would be more useful for a speech-based prototype.

Tools such as the Telling Board enable interaction with a physical prototype to drive
creative thinking and in this case encourage children to practice verbal communication
[219]. This emphasises the need for physicality within computer-embedded devices,
something rarely seen within prototyping tools [113]. The ability to add this type of
tool online where users could add different sections of the board into a virtual version
with a selection of different aspects would enable a wider range of children to interact.

Defining what qualifies as a 'novel’ or future interface can be a complex task. In
this context, prototyping often serves as a platform for innovative thinking rather than
problem-solving, as it seeks to emulate hardware that remains on the horizon. However,
it is important to also address theoretical problem spaces, such as the implications
of introducing new technology [224] and ethical considerations [298]. Artificial
Intelligence, while offering efficiency, brings its own set of challenges, reliant on the
quality of data and human input [228]. Therefore, the development of new design tools
must adapt to the evolving environment and technologies, taking into account these

ongoing changes and challenges [224,228,298].

Summary

In this section, the landscape of UX design tools for creating user experiences across
various contexts is explored. The discussion covers the current state of UX design tools,
the need for a variety of tools to meet different project requirements, and the growing
market for such tools. The lack of multimodal prototyping tools in UX research is high-
lighted, along with the importance of addressing physical and multimodal experiences,

a concept that will be explored within this thesis.
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2.6 Summary

Through the explorations of existing research, this thesis seeks to uncover gaps and ul-
timately contribute to a more inclusive and innovative approach to urban regeneration,
underpinned by user-centred design principles and the integration of emerging technolo-
gies. The main themes and identified gaps are detailed below.

The role of topophilia within the context of urban design emphasises the impor-
tance of understanding the context of place, which can influence individuals experiences
within urban settings. Furthermore, it shows the technologies possible role in shaping
urban environments and sense of place, ranging from analysing place to enhancing ex-
periences and fostering community engagement.

Following this, cocreation was shown to be a central approach to urban engagement
as it led to more vibrant and meaningful public spaces. Engagement techniques such
as workshops, surveys and focus groups were found to build trust and instill a sense of
belonging leading to a sense of pride for urban installations. Additionally, urban probes
were found to result in more responsive, community centric urban spaces.

The exploration then shifted to the examination of alternate modality experiences.
The research shows that multisensory experiences have the ability to create memo-
rable and emotionally engaging interactions. The exploration of olfaction - the sense of
smell, within this context shows the potential for memory evocation, despite its deploy-
ments being primarily limited to research settings and indoor deployments. Moreover,
it demonstrates a potential for alleviating stress and providing a unique approach for
engaging people within city centres.

Finally, this chapter covers the current state of user experience design tools with an
emphasis on their use for designing user experiences. It shows that a wide variety of
tools are used across the design process but that there is no one tool that can be used
across the entire process. Additionally, it is highlighted that there is a growing market

for tools that cater to physical and multimodal experiences.
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2.6.1 Gaps in the Literature

Through an exploration of existing research, this thesis aims to identify and address
key gaps in the field, contributing to a more inclusive and innovative approach to urban

regeneration. Here are the main identified gaps:

1. Evoking Nostalgia & Enhancing Topophilia in Outdoor Public Spaces: There
is a research gap in using technology to evoke nostalgia and enhance topophilia
within HCI and in particular, outdoor public spaces, especially in the context of
the challenges and opportunities presented by the COVID-19 pandemic. Chap-
ters 3 and 5 will address this gap by deploying and analysing interactive tangible
installations in a regenerating city and exploring the role of multisensory outputs

in enhancing a sense of place.

2. Aligning Cocreation with Topophilia Enhancement: The literature lacks ex-
ploration of the alignment between cocreation for engagement and enhancing
topophilia. The potential of collaborative place narrative creation, knowledge
co-production, and meaningful place co-design to facilitate engagement and

topophilia is explored in Chapters 4 and 5.

3. Engaging Multiple Senses in Outdoor Settings: While digital screens have tra-
ditionally been used for public engagement in urban settings, there is a gap in
considering the engagement of multiple senses within outdoor settings. This work
bridges the gap by drawing insights from indoor multisensory deployments and
extending them to the outdoor context. Chapter 4 explores the cocreation of a
multisensory rig, including scent, while Chapter 5 analyses its deployment and

suitability for outdoor public spaces.

4. Lack of Adequate Design Tools: Current design tools do not fully support the
prototyping of all modalities within their specific contexts or the incorporation
of physicality within designs. Additionally, they may not accommodate emerg-
ing technologies and shifts in usage patterns. Chapter 6 addresses this gap by

conducting a series of workshops with designers, researchers, and students, col-
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lecting extensive data on current usage patterns and the required features for a

comprehensive tool capable of designing physical and multimodal experiences.

In the field and literature, this thesis highlights the potential of cocreation in dy-
namic urban environments. Through the development and implementation of several
cocreated installations in a city undergoing regeneration, it provides participatory ex-
periences that offer insights into urban design, community engagement, and cultural
heritage enhancement. These installations serve as technology probes for innovative
approaches, exploring how technology can enhance the urban experience. The research
also goes beyond practice, examining the creation of tools and methodologies to facili-
tate and enhance the cocreation process, aiming for more inclusive and responsive urban
development. This contribution adds depth to academic discourse and provides practi-
cal solutions for urban planners, designers, and policymakers working to create vibrant,

culturally rich, and sustainable city centres in a constantly evolving urban landscape.
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Chapter 3

Empowering Urban Engagement: The
Lookout - A Tangible Embedded
Interface for a Transforming Cityscape
in the COVID-19 Era

3.1 Introduction

This chapter explores user engagement and interactions with the “Lookout”, a device
designed to share information about a civic project amidst the challenges posed by the
COVID-19 pandemic. Research has shown that engaging the public in urban redevel-
opment projects is essential for community integration in urban planning, fostering a
convergence of ideas [42, 52, 147]. The focus here is on how interactive public tech-
nologies can enhance topophilia (emotional connections to places [271]), particularly
in urban spaces, where physical and digital interactions intersect. Involving both com-
munity members and civic project developers in urban planning can positively impact
community engagement and promote topophilia [52, 140, 147]. Additionally, this work
departs from the reliance on public screens for disseminating city-based information,
as previous evaluations have explored [7, 125, 126, 135]. Instead, it aims to evaluate an

interactive installation cocreated with community members and regeneration experts.
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3. Transforming Cityscape: The Lookout

The cocreation of a tangible, embedded device for deployment in Swansea city cen-
tre was the culmination of a Masters project, documented as a thesis [42] and a CHI case
study [43]. While the thesis delved into detailed design processes and blueprints, the
case study provided an overview of the process and a limited analysis of the deployment.
This chapter, in contrast, offers a comprehensive presentation of the final deployment
designs, coupled with an in-depth analysis of the nine-month deployment period. This
analysis incorporates logging data, interviews, observations, and the implications of this

installation.

Garden
Complex

Arena

Housing
Complex
Pedestrian
Bridge

CarPark

Lookout
Location

Figure 3.1: Virtual map of Swansea city centre’s regeneration project, displaying all
major developments, as showcased through the Lookout device.

The project originated from sandpit discussions with Swansea Council, envisioning
the deployment of a Virtual Reality headset-like device in the city for users to explore the
new regeneration site. However, as the COVID-19 pandemic unfolded after the thesis
work commenced (see Figure 1.1), the design was adapted to incorporate elbow-based
interaction, ensuring safe engagement despite the challenges posed by the pandemic.
The council’s primary aim for this aspect of the PhD was to integrate technology into the
city to enhance public understanding of the forthcoming regeneration. While the author
found the idea of cocreating the regeneration site intriguing, it was not feasible due

to finalised designs. Instead, this chapter focuses on leveraging technology to provide
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insight into future changes and foster public awareness and participation in the urban
transformation process.

At the time of this deployment, residents were confined to their homes due to mul-
tiple COVID-19 lockdowns. Simultaneously, the city was undergoing a regeneration,
including the construction of an Arena, Pedestrian Bridge, Coastal Park, Housing Com-
plex, and Car Park. Therefore, this work presents the evaluation of an interactive instal-
lation across an unprecedented time. Figure 3.1 illustrates the anticipated locations of
these elements, with the Lookout device marked at the end of the walkway on the right,
these elements form the major content explored by participants on the Lookout device.

Furthermore, there is an exploration into user preferences for urban technologies,
shedding light on the future of community-driven initiatives and the potential of public
installations for topophilia. This project not only serves as a case study for designing
public displays with a unique COVID-19 perspective but also involves the analysis of
interactions from over 10,000 sessions during a time when people were cautious about
using public technology [31,214,275,285]. Additionally, the evaluation of this nine-

month deployment sparked the work completed throughout the remainder of the thesis.

3.2 Cocreational Design Process

The detailed cocreational process was written and described within the author’s
Master’s thesis [42] for clarity an overview of this process will be provided to explain
the decisions made in the final deployment which are detailed here. Over three months,
a set of seven cocreational design workshops were completed with community mem-
bers, stakeholders, and extraordinary users; five were zoom based, one teleconferencing
and one in person. The aim of the workshops was to retrieve feedback about both the
physical and digital aspects of the deployment design with a particular focus on ensur-
ing inclusivity within the design for as many users as possible with differing abilities. A
further underlying theme was the need to recreate a sense of place for people re-entering
the city centre, therefore focusing on new aspects of the regeneration design. This was

achieved by creating a series of storyboards illustrating the interactions a user would
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have with the physical and digital aspects of the display whilst describing the context of
use and interaction to provide prompts for discussion (see Figure 3.2). The storyboards
underwent seven iterations upgrading from pencil-paper sketching to an Android Studio
prototype application and spanning from a Virtual Reality headset to foot-based inter-

actions and finally elbow based movements.

Figure 3.2: Storyboard showing a user discovering the device in a public setting, engag-
ing with it through foot-based interaction, and selecting various features of the software
design, including the car park. This storyboard was the second interaction evaluating
whether foot-based interaction would be effective.

3.2.1 Virtual Workshops

A team of 10 people external to the research team were involved across the project
from the regeneration team, with five or more present at each online workshop. Their

backgrounds ranged from cultural developer, regeneration specialist, major events
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leader, and project director. The participants broad spectrum of understanding provided
us with an inclusive overview of Swansea city centre and its community, the redevel-
opment project, building and development, and the previous deployment successes and
failures within the city centre. The online workshops were between 1 and 1.5 hours in
length, where the digital and physical design of the Lookout was discussed using sto-
ryboards as prompts. As we were unable to complete the session in person due to the
COVID-19 pandemic this was the most effective way to demonstrate to the stakehold-
ers the possible interactions that could be had with the Lookout. After each workshop
the storyboard designs were iterated leading to final changes in the digital and physical
design of the display.

3.2.2 Socially Distanced Workshop

A further on-site workshop was completed with the redevelopment contractor, site
manager, engineer, and project director. This workshop focused on the physical design
of the encasing of the Lookout, including the possible dimensions, robustness, and the
area in which it would be located. The original heights were reduced by 10cm to ac-
commodate for the average height of females, and a robust metal (E.g. aluminium) was
suggested to prevent vandalism (see Figure 3.3a). The installations were placed at the
bottom of the city’s high street to maximise foot traffic and also offer a good view of the

regeneration site.

3.2.3 Involving Extraordinary Users

A teleconferencing workshop was held with 15 members of Sight Life, a charity
that aims to help the partially and non-sighted to live independent lives [159]. The
participants provided a perspective which enabled changes to be made to ensure safety
for them and the remainder of the community [153]. The concept, content and physical
design of the Lookout were provided as verbal explanations to the group and based on
the storyboards discussed above. The discussions focused on two aspects: the physical
design of the Lookout and the location it would be based in. For the physical design of

the Lookout, the use of elbow-based and foot-based levers were evaluated.
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3.2.4 Cocreational Adaptations

The following adaptations were implemented based on discussions and feedback re-

ceived during workshops:

Elbow Levers: The final design was adjusted for COVID-19 safety, using elbow-based
levers for navigation and buttons for actions like picture-taking. This was the
COVID-19 friendly adapted design that the stakeholders, extraordinary users and
our own research team believed would provide the safest COVID-19 friendly in-
teractions whilst still enabling a physical interaction with the device and being

less hazardous for the partially sighted.

Differing Abilities: The final deployment was adapted to include two installations at
varying heights: one at Im for wheelchair users/children and another at 1.4m for
adult pedestrians. This adjustment aimed to eliminate the need for assistance,

ensuring all users could interact independently.

Surrounding Design: To create a safer area around the installation, colour and texture
contrasts were used to distinguish from the main walking path and planters/chairs

to create a boundary for walking canes to pick up on.

Pictograms: Pictograms were added to guide users on interacting with the design,
demonstrating the use of elbows instead of hands or touching the screen for
COVID-19 safety.

Timer: Considering users may approach the content at different times, a timeout fea-

ture was implemented to ensure consistent interaction for all.

Personalisation: The participants requested a more immersive and personalised expe-
rience. This led to two adaptations: the incorporation of a picture-taking oppor-
tunity including Augmented Reality (AR) filters and drone footage with telepor-

tation filters to provide a sense of the scale of the regeneration project.
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3.3 Adapting Blueprints for Deployment

In this section, an overview of the deployed designs for the Lookout installations
will be provided. These designs were shaped by the cocreation process detailed in the
previous section, which contributed blueprints for two interactive elbow-based instal-
lations. It is worth noting that the final deployment designs, which were not part of
the original Masters thesis [42], were developed subsequently (i.e., during the work for
this PhD thesis). Also due to the constraints imposed by the COVID-19 pandemic dur-
ing the Masters work, the testing carried out and reported in that thesis was conducted
solely in controlled lab environments and online via Zoom. Given the device’s need
for extended, unsupervised deployment in public spaces, ensuring the prototype’s ro-
bustness and quality was of utmost importance. Therefore, the final deployable designs
were outsourced to Tom Henderson for the physical designs and Dr. Gavin Bailey, for
the software components. Additionally, the surrounding environmental design, initially
conceptualised by the author, was further adapted and executed by Swansea Council.
These final designs, which were not part of the Masters thesis form the groundwork
for deploying the device, with the author’s analysis of the prototype’s extensive outdoor

deployment usage presented within this chapter.

3.3.1 Hardware

The Lookout’s physical design for its exterior drew inspiration from seaside binoc-
ulars commonly found near Swansea’s coastal city centre and was based on the re-
searcher’s initial blueprints and concepts. The design aimed to make the concept relat-
able to the community, emphasising the city centre’s future. The design included:

* A long, slender pole to conceal wires from power sockets beneath the installation

* A rotating centre atop the pole, allowing the elbow levers to move the device

30cm in each direction (60cm total, left to right)

* An additional aluminum rod welded onto the rear of the pole for stability and

vandalism prevention
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* The use of robust, waterproof aluminum to withstand the Lookout’s permanent
deployment in a bustling city centre for several months, without interfering with

the magnetometer readings

The top box, encasing the Samsung tablet, mimicked the shape of binoculars with
pop-out circles at the back, creating the illusion that the device was looking into the dis-
tance (see Figure 3.3b). The tablet was safeguarded by a shatterproof, anti-glare glass
screen securely bolted in place. To address the diverse needs of the community, two
physical versions of the Lookout were created. The first version, for Adult Pedestrians,
had the height at 1.4 metres, while the second version for Children and Wheelchair users
had the tablet at a height of 1 metre (see Figure 3.4). Additionally, in the second ver-
sion, the supporting pole was placed further back, and longer elbow levers were added
for ease of accessibility (see Figure 3.3a). An elbow button, similar to disability ac-
cess buttons, allowed interaction and featured a copper-coated surface, aiming to reduce

concerns during the COVID-19 pandemic about public touch interactions [177,214].
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Figure 3.3: a) Completed Lookout rig for children and wheelchair users; b) Backside of
Lookout, resembling binoculars with curved roof and pop-out circles.

3.3.2 Software Design

The software design, initially based on this author’s designs, underwent refinements to
align with the hardware and user interactions. The visual component of the installation

was developed using an Android app, on a Samsung Galaxy Tablet. The choice of
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this tablet was deliberate, as it featured a highly accurate inbuilt magnetometer, which
enabled the content on the screen to respond to the movement of the elbow levers. For
instance, the design was configured to allow participants to shift the elbow levers from
left to right and vice versa, thereby navigating through the available selections. This
interaction would enable a participant to select various options, such as the Coastal
Park, which was positioned on the far left of the panoramic construction and could only

be accessed through physical movement.
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Figure 3.4: Final deployment of the Adult Pedestrian and Children’s/Wheelchair-
accessible installations, positioned approximately 1 metre apart.

To ensure a consistent experience for all users, the content automatically re-centred
to the starting screen after each interaction, and it would timeout after 15 seconds of
inactivity. The 15-second timeout period was determined through lab testing. It was
deemed to allow users enough time to interact with a location but also ensured that if

someone stopped an interaction quickly, the device would timeout before another user
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potentially saw the previous user’s picture, a scenario we aimed to prevent. The software
design remained consistent across both installations to maintain continuity. Pictograms
were incorporated above the screen to instruct users on how to interact with the design,
emphasising the use of elbows instead of hands or touchscreen interaction, in line with
COVID-19 safety measures.

Figure 3.5 illustrates a user journey, divided into four stages, commencing with a
holding screen. The design was structured so that participants initiated their experience
with a historical photo slideshow, triggered by interacting with the elbow levers or a
designated button, leading them to Stage 1. In this phase, users made two selections:
their preferred interaction language (English/Welsh) and preferred Augmented Reality
(AR) filter. Users were presented with a range of filters, such as virtual sunglasses,
which were superimposed over their live video feed in real-time. They could either cap-
ture photos with their selected filter or proceed directly to the primary content. Photos
captured during interactions were displayed at each visited location and automatically
deleted at the end of each session (after 15 seconds of inactivity), returning the system
to the historical slideshow.

Stage 2 provided a current day regeneration site view with selection buttons for
predicted visuals, courtesy of Swansea Council. Stage 3 offered participants the op-
portunity to select one of the four main panoramic views: Arena, Bridge, Garden, and
CarPark (see Figure 3.1). Upon selection, the application seamlessly transitioned users
from their current position to their chosen location, such as the Arena, by displaying
drone footage from the installation area to the target location. Each Stage 3 location
could further lead participants to Stage 4, where they could view more detailed aspects
of each location. For instance, if the Arena was initially selected, users could choose
from three alternate Arena views (Hendrix Skin, Foyer, Stage) by panning the screen
using the elbow levers and selecting a new viewpoint. From Stage 4, participants had
the option to return to Stage 3 and then to Stage 2, allowing them to select another loca-
tion to explore, or they could choose to conclude the session. At each stage, a 15-second

timeout would appear so that the participant knew to interact if they wished to continue.
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Holding Screen
Stage 1 Language Selection
Welcome Screen , .
Filter Selection
Stage 2

Stage 3 |

Stage 4

v v v
Figure 3.5: Schematic diagram providing an overview of the Lookout software, divided

into a holding screen and four stages, each requiring interaction to progress to the sub-
sequent stage
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Figure 3.6: Lookout surrounding environment, with benches used to provide a border.

3.3.3 Surrounding Environment

The design of the context and environment surrounding the installation was as important
as the Lookout’s design. The installation location positioned the display at the cross-
roads of the city’s high street and the new regeneration site. This strategic placement
ensured that the display would be situated in an area with a high pedestrian traffic and a
viewpoint for observing the ongoing developments within the regeneration site.

Figure 3.6 illustrates the final deployment area, featuring AstroTurf beneath the in-
stallation. This choice served two purposes: it created a noticeable colour and texture
contrast compared to the surrounding concrete, aiding users with partial sight in dis-
tinguishing pathways. Additionally, an arrangement of chairs and planters along the
AstroTurf boundary provided tactile indicators, guiding users from the pathway to the
installation area. Surrounding display boards offered information accessible to diverse
visitors, ensuring everyone could benefit from the content, regardless of their ability to

interact with the Lookout.
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Lookout Usage Counts Over 9 Months (Adults)

Lookout Usage Counts Over 9 Months (Children and Wheelchair Users)
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Figure 3.7: Graph showing the number of participants interacting with the Lookout across a nine-month period. The graph
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3.4 Deployment Evaluation

From November 2020 to July 2021, the Lookout was deployed and evaluated within
Swansea city centre. This evaluation encompassed the analysis of three distinct types
of data collection: logging data to gain insights into user interactions with content (with
a strict policy of not collecting personal data), passive observations to document user
behaviours during interaction, and interviews to evaluate engagement effectiveness and
collect user perspectives on future city-based technologies. It is important to emphasise
that this evaluation represents a new contribution, as the Lookout deployment occurred

subsequent to the completion of the Masters thesis.

3.4.1 User Interaction Data

Over the course of the nine-months, the Lookout logged a total of 10,991 sessions.
Among these, 6,514 sessions were logged on the Adult Pedestrians installation, while
4,477 sessions were logged on the Children and Wheelchair Users installation. A ses-
sion was defined as the initial interaction with the installation, commencing from the
moment a participant progressed beyond the welcome screen until the installation timed
out after 15 seconds of inactivity.

The data collected from both installations for each session encompassed information
such as the date and time of usage, total interaction duration, locations visited, time
spent at each location, end of session location, language chosen, and selected filter.
13% of users opted to interact with the minority language version, highlighting the
significance of offering alternative options to enhance accessibility, particularly in the
context of research involving multilingual public displays.

Figure 3.7 provides an overview of the Lookout’s usage over the nine-month
deployment period. This deployment took place during a period marked by fluctuating
lockdown measures due to the ongoing COVID-19 pandemic. The first two months of
deployment (November and December 2020) accounted for 26% (2,858) of the overall
usage, with a particular interest in viewing the Arena during this period. Subsequently,
Wales entered a national lockdown from 16th December 2020, to 19th February 2021,

which included the closure of non-essential shops from 19th December 2020, onwards,
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and restrictions on non-essential travel. In addition, due to a power outage caused by
water damage, the Lookout was out of order from the 17th December 2020, to 7th
January 2021, and again from the 22nd February 2021, to 12th March 2021. Although
interactions continued during the lockdown period, it was evident that the number of
people in the city centre significantly decreased. Lookout interactions were 44% lower
for the Adult Pedestrians installation and 58% lower for the Children and Wheelchair
users installation compared to the non-lockdown months. Following the second power
outage, two significant factors could have influenced usage. First, following the
installation of the pedestrian bridge directly in front of the Lookout’s location the
overall usage increased by 43%. The data suggests that the bridge’s installation piqued
the public’s interest in the regeneration site, which was challenging to observe before
this addition, particularly during lockdown. While the public could not walk through
the site, they could see the bridge from the main road, which could have motivated
them to interact with the Lookout to explore the changes in the city centre. Second,
the reopening of non-essential shops in the city on 12/ April 2021, led to a 14%
increase in sessions on the Adult Pedestrians device and a 25% increase in sessions
on the Children and Wheelchair users’ device, following the installation of the bridge.
This usage pattern underscores the unique nature of the Lookout’s deployment and its

potential as a research and engagement tool, even in challenging circumstances.

Usage Patterns and Social Dynamics

Over the course of the nine-month deployment, the Lookout exhibited a trend in usage,
with weekends, especially Saturdays, standing out as peak interaction times. Figure 3.8
displays a heatmap depicting the total usage of the Adult Pedestrians device throughout
each day of the week within the operating hours of 8am to 8pm. The data highlights
that the highest volume of interactions consistently occurred on Saturday afternoons,
typically between 12pm and 4pm, with slightly fewer interactions observed at the same
times on Sundays. Similarly, the Children and Wheelchair users device experienced its
peak interaction period between 1pm and 3pm on Saturdays, with Sundays following

closely behind (as illustrated in Figure 3.9).
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Number of People on Each Day of the Week and Hour of the
Day using the Adult Pedestrian Installation
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Figure 3.8: Combined average usage patterns over nine months for the Adult Pedestrians
device by Time and Day of the Week.

Throughout the week, both devices had the highest average interactions between
Ipm and 2pm, indicating users engaged with the Lookout during lunch breaks, while
heading to get food, or during leisure moments. Increased weekend usage may be due
to higher weekend city footfall for shopping, socialising, and family outings.

The increased weekend interactions aligns with the findings of Malone [167], who
observed a similar trend in a study involving a large multi-touch display. Malone’s re-
search highlighted a social feedback loop, wherein users were motivated to engage with
the display due to the direct influence of others’ interactions [167]. This social rein-
forcement promoted further engagement and interaction, creating a positive cycle. This
observed pattern in the Lookout’s usage underscores the role of social dynamics and
the communal aspect of public installations, indicating the potential for such devices to
foster community engagement and interaction within urban spaces, particularly during

peak social hours.
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Furthermore, Table 3.1 shows the average usage in minutes per day, based upon
the overall 199 days of usage. It reveals that, on average, the Lookout was in use for
roughly 15% of its overall operational time. This level of engagement is notable given
the reduced population within the city during the COVID-19 pandemic. Despite the
challenges posed by the pandemic, the data suggests significant use of the Lookout,

underscoring its possibilities for increased usage in post COVID conditions.

Table 3.1: Usage Statistics of Sessions by Day of the Week for the Lookout

Day of Total Number Avg. Number of Avg. Usage per Percentage Use
Week of Sessions  Sessions per Day  Day (Minutes) (%)
Monday 1370 50 89 13
Tuesday 1242 44 79 11
Wednesday 1152 43 77 11
Thursday 1185 43 80 12
Friday 1450 51 94 13
Saturday 2708 94 198 28
Sunday 1879 66 130 18

Photograph Taking Opportunity

The inclusion of a photograph-taking opportunity was influenced by the desire to pro-
vide a personalised aspect for each participant, a feature requested during community
cocreation sessions [42]. Originally, the plan involved emailing these pictures to partic-
ipants after their interaction, offering them a memorable keepsake of their engagement
with the installation. However, technical constraints, including Wi-Fi/data limitations
within the deployment area, halted this plan. Despite these limitations, the photograph-
taking opportunity remained popular, with 93% of participants choosing a filter.

The "mask" filter emerged as the top choice among available filters, selected by 32%
of participants. This popularity could be attributed to its convenient positioning as the
first filter, requiring no physical movement to select, thereby ensuring easy accessibility
for users. A similar pattern was observed for the second and third most favoured fil-
ters: the crown (19.5%) and glasses (14.4%) filters, respectively, positioned to the right
and left of the central selection point. The remaining filters (Moustache, Masquerade,

Beard, and No Filter) were each selected by approximately 10% or fewer participants.
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Figure 3.9: Combined average usage patterns over nine months for the Children and
Wheelchair Users device by Time and Day of the Week.

The data suggests that the filters themselves were not particularly important in the se-
lection process. Instead, the data indicates that the locations in relation to the centre of
selections and the ease of choosing them played a more significant role. Furthermore,
the preference to favour the right-of-centre filters (6% more than left-of-centre) aligns
with the tendency for approximately 90% of people to favour their right hand for manual
tasks [40].

The user preferences and interactions with the filters in the Lookout installation
emphasised the joy of personalisation and the understanding that users prioritise easily
accessible selections. This discovery highlights the importance of user-centric design
and accessibility in interactive urban installations. It ensures these installations engage
a diverse audience, providing a personalised experience that ultimately enhances the

overall impact and success of urban interventions.
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Average Time Spent at each locartion by all users
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Figure 3.10: The average visit duration for locations over nine months, categorised by
installation type: Adult Pedestrians device and Children/Wheelchair Users device.

Comparing Interactions and Average Viewing Times
Over the nine-month deployment, participants engaged with the Adult Pedestrian de-
vice for an average of 2 minutes 40 seconds, while the Children and Wheelchair users
device had a slightly lower average interaction time of 2 minutes 20 seconds. These
durations are higher than the average interaction times of approximately 23 seconds
typically observed within other interactive displays (e.g., [100, 185, 278]). However,
it’s challenging to establish a definitive correlation due to the unique deployment of the
Lookout. Nonetheless, it demonstrates promising potential for future civic probe de-
signs focusing on urban regeneration, indicating that up to 2.5 minutes of content can
be generated for interaction.

On average, users explored six locations, with the Arena attracting visits from 94%
of all participants. The distribution of average time spent at each location revealed

that participants using the Children and Wheelchair users device spent an average of 2
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seconds more at each location compared to Adult Pedestrians device (see Figure 3.10).
This observation suggests that Children and Wheelchair users device may have been
more likely to engage participants in group interactions, leading to longer periods of
content exploration. The observations of numerous multi-person interactions within
the installation further supports this hypothesis. These observations highlighted the
complexity of user interactions with interactive installations and provide insights into
user behaviour and preferences, which can inform future design and content decisions.

To gain a broader perspective on user interactions, the individual location data
was aggregated and categorised into five main areas: Construction Panoramic, Arena,
Bridge, Garden, and CarPark (see Figure 3.10). The overall interactions for the con-
struction panoramic locations showed that during the lockdown period, there was a de-
crease (64%) in selection screen interactions, which continued to remain at lower levels
post-lockdown. While the number of interactions did not return to pre-lockdown levels,
they did increase (37%) following the installation of the bridge in March and continued
to increase exponentially until data collection ended in July. It is interesting to note
the differences in user behaviour between the two installations. While the number of
interactions on the Children and Wheelchair users device was lower (see Figure 3.11),
the average time spent at each location was higher (see Figure 3.10). This suggests
that although there were fewer interactions, the engagement with the content was more
extended, possibly indicating a deeper level of interest or exploration.

The majority of locations had higher interaction numbers on the Adult Pedestrian
device, but a shift occurred during the summer. The Adult Pedestrians device saw ex-
ponential growth in usage, coinciding with shop reopenings and people returning to the
city centre following lockdown. During this period, the Children and Wheelchair device
also experienced a substantial increase in usage (46% from April to June), particularly
for the Arena. This trend highlighted the influx of people into the city centre follow-
ing shop reopenings, attracting a diverse range of users and contributing to the overall
engagement success for the Lookout.

Additionally, the data revealed trends regarding specific content locations. For ex-
ample, the Arena had the highest interactions (Figure 3.11) but the shortest average
viewing time (Figure 3.10). This suggests users quickly engaged with the Arena but
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didn’t explore it deeply. The Arena was a focal point in the regeneration development’s
advertising efforts, and this emphasis was reflected in the initial location selections. In
November, it garnered substantial engagement, with over 800 interactions on the Adult
Pedestrians device and 600 interactions on the Children and Wheelchair users device
(see Figure 3.11), with an interaction constituting the user selecting to view a loca-
tion for 5 seconds or more. In fact, the Arena maintained high interaction numbers
throughout the deployment, even during January and February when external factors
like lockdowns and power outages affected half of this period. During these months, the
Arena still received over 300 overall interactions.

In contrast, the Bridge and CarPark locations had the lowest number of overall
interactions, but the highest average viewing times. This implied that participants’
lower knowledge about these areas could have led to fewer users and longer interaction
times. Conversely, Car Park-based content had the lowest number of interactions
overall, possibly due to the more mundane nature of the content. However, the usage
patterns for Car Park content were distinct for Children and Wheelchair Users device
as while the interactions increased slightly following the bridge installation (=~ 10%),
the opening of shops in April led to a 100% increase in interactions from April to June
(see Figure 3.11). In comparison, the bridge installation and the end of lockdown in
March had a more pronounced impact on the Adult Pedestrians device, resulting in a

42% increase, compared to the 4% increase from April to June (see Figure 3.11).

Data Analysis Summary

The data analysis of user interactions and engagement with the Lookout during the
COVID-19 pandemic yielded insights. It highlighted the fact that, despite the disrup-
tions caused by the pandemic, aspects of the regeneration, such as the Arena, managed
to sustain substantial user engagement. This data underscored the resilience and en-
during appeal of public installations, even when faced with challenging circumstances.
Furthermore, the substantial number of sessions logged on both devices emphasised
the role of accessibility and inclusivity in public installation design. It showed that
accessibility-focused installations can serve diverse user groups, including those with

varying mobility needs.
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Figure 3.11: Line graph showing the number of interactions that occurred for all locations for both the Adult Pedestrians (solid line) and Children and
Wheelchair Users (dashed line) installations.
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The Lookout recorded over 10,000 sessions across a nine-month period, making it a
source of data for comprehending user behaviour and preferences in public installations.
This dataset holds significance as it encompasses interactions spanning the COVID-19
pandemic and its aftermath. This time frame had been relatively unexplored in existing
literature, making the dataset a valuable resource for investigating the effects of this
period. The data highlighted how user interactions adapted in response to lockdowns
and other pandemic-related challenges, providing insights into the adaptability and re-
silience of public installations in the face of external disruptions. The heightened usage
of the Lookout on weekends, especially on Saturdays, underscored the role of public
installations in engaging people with their urban spaces during their leisure hours. A
comprehension of these usage patterns can aid in optimising installation locations and
operating hours.

In summary, the data garnered from the Lookout installation stands as a contri-
bution to the advancement of research in the realm of public installations and urban
development, particularly within the unique context of an extended deployment dur-
ing the COVID-19 pandemic. It offers insights into user behaviour, preferences, and
the robustness of public installations in confronting unprecedented challenges. This
data, ultimately, enriches our understanding of how accessible public installations can
catalyse engagement, inclusivity, and the rejuvenation of urban spaces, even in times of

adversity.

3.4.2 Behavioural Observations

Logging data from every interaction was a pivotal aspect of the Lookout deployment,
as it allowed the installation to function without the need for constant supervision. In
comparison, this approach ensured the continuous collection of valuable data about user
interactions while minimising the potential for the Hawthorne effect, where individuals

alter their behaviour when they are aware of being observed [163].

Observational Study Procedure
The aim of the observational studies was to gather insights into how individuals engaged

with the Lookout, while maintaining social distancing due to the ongoing COVID-19
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pandemic. To alleviate any concerns of passersby who might have been uncomfortable
with others being too close to them, which was a significant concern at the time [80,103].

The observation procedure was as follows:

1. Maintain a minimum distance of two metres from the installation and participants

to adhere to pandemic-related safety measures

2. Conduct observations during months with fewer pandemic-related restrictions

(e.g., March and April) to minimise potential influences

3. Group Dynamics: Document whether users interact alone, with children, or in

pairs/groups

4. Observational Learning: Record instances where individuals observe others inter-

acting before engaging themselves

5. Conduct observations with respect for individuals’ privacy and without interfer-

ence in their interactions

The chosen procedure diverged from a more ethnomethodological approach due to
time constraints, which limited the author’s ability to observe participants extensively.
Employing an ethnomethodological study would have introduced complexity to the
understanding and analysis, posing challenges in interpretation. Thus, the adopted
procedure aimed to provide insights into how users’ interactions with the Lookout were

influenced by others, particularly in post-lockdown circumstances.

Observational Study Analysis

Observations were conducted over 10 days in March and April, averaging 5 hours
per day. These observations highlighted how different user groups engaged with the
Lookout and contributed to the understanding of the installation’s impact on the public
space. This process involved reviewing the observations to identify recurring patterns,
behaviours, and interactions among different user groups at the Lookout. Key elements

such as group dynamics, observational learning and social dynamics were scrutinised.

63



3. Transforming Cityscape: The Lookout

Figure 3.12: Participants interacted with Lookout installations. On the left, Swansea
Council leader Rob Stewart used the Adult Pedestrian device during the installation
opening [108, 286]. On the right, two participants engaged with the Children and
Wheelchair users device, taking turns to select content.

The analysis revealed interesting trends, such as the tendency for adults to inter-
act in pairs or groups (as proposed within the data analysis) not only created a shared
experience but also promoted a sense of togetherness and community, reinforcing the
Lookout’s role in enhancing topophilia (see Figure 3.12). On the other hand, children
and their families inadvertently created an inviting and inclusive environment by their
individual interactions and uninhibited playfulness, encouraging others to participate
without hesitation. This aspect of the research underscores the Lookout’s potential to
enhance social connections and revitalise urban spaces.

While the photograph-taking opportunity was popular and used by 93% of partici-
pants, it was observed that the more elderly participants encountered challenges when
trying to interact with this feature. They were more inclined to tap the screen to engage
with the content directly, avoiding the elbow-based interactions. However, a passersby
would often stop to offer assistance, explaining how to use the device. Interestingly,
elderly participants frequently chose to interact with the Children and Wheelchair users
installation. When asked about their preference for the smaller installation, they men-
tioned that it appeared to be designed for children, implying it might offer more narra-
tion or explanations and be easier to use. This discovery highlights the importance of

designing for users of varying abilities, technology literacy levels, and age groups.
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Furthermore, it was observed that children often engaged with the installations in
creative and unexpected ways, deviating from their intended purposes. For instance,
one group of children transformed the installations into props for a dramatic play. Two
children moved the installations as if they were movie cameras, while others acted out
scenes on the other side. This unanticipated usage showcased the potential for inter-
active and imaginative play within the regenerating urban space. These observations
underscore the importance of inclusive design for public installations, particularly for
elderly users. They also shed light on how design choices can influence user pref-
erences and how interactive installations can encourage creative and spontaneous play,
contributing valuable insights to the fields of urban design, technology, and public space
use. Additionally, the presence on families and particularly children was shown to pro-

vide a more inclusive feeling environment.

3.4.3 Participant Interviews

Interviews completed at the Lookout installation served as a valuable tool to gauge the
effectiveness of its content, inform future enhancements, and explore users’ visions
for technology integration in city centres. They offered an understanding of user
engagement and contributed to the broader discourse on public installations’ role in

urban revitalisation and community engagement.

Interview Procedure

The interviews sought to assess the informativeness of the Lookout content and gather
insights into users’ visions for future interactions within the city centre, leveraging the
Lookout as a probe, as described by Paulos et al. [213]. Given the ongoing pandemic
and the prevailing concerns about interpersonal interactions beyond one’s household,
these interviews adhered to strict social distancing guidelines, maintaining a minimum
distance of over two metres. The interview process at the Lookout involved two ap-

proaches:

1. Participants Who Used the Installation Without Prompting: In this approach, in-

terviews were conducted with individuals who engaged with the installation with-
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out any verbal encouragement. Users who engaged with the Lookout without any
prompting were selected randomly for interviews and were offered the choice to

decline participation.

2. Prompted Participants: As a result of the constrained capacity for the researcher
to engage in face-to-face interactions, primarily due to pandemic-related restric-
tions, prompted participants were identified based on their interest in the Lookout.
More specifically, individuals who glanced toward the Lookout were approached

for interviews.

Overall, a total of 20 users (10 from each group), were interviewed across 5 days.
The interviews aimed to explore participants’ knowledge of the redevelopment site be-
fore and after their interaction with the Lookout. Additionally, participants were asked
about their hopes for future technologies in the city centre. It is noteworthy that partic-
ipants who engaged with the installation without prompting tended to be more enthusi-
astic about answering questions and often expressed curiosity about the Lookout project
and the larger regeneration initiative.

Navigating the representativeness of interviewee’s throughout the deployment
proved challenging, particularly given limited interview access time. However, their
random selection over several days implies they likely reflected the average demo-
graphic of daily users. Nevertheless, the author acknowledges the constraints of the

small interviewee sample size and the potential for broader demographic representation.

Interview Analysis
The interview transcriptions underwent content analysis, a method selected because of
the limited sample size. This process involved identifying crucial elements within the
interviews, which were then highlighted and noted on post-it notes. These post-it notes
were subsequently organised into five themes, as outlined below:

Knowledge of the Regeneration: User feedback suggested that due to their inability
to enter the city centre during the pandemic the participants had little to no knowledge
of the regeneration project, prior to using the Lookout, with 80% not knowing of a re-

generation occurring in the city before entering the city that day, with the remainder
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focusing on the installation of the Pedestrian Bridge. Overall, the interviewee’s found
the Lookout to be informative and enjoyed the interactive nature of the design. Inter-
estingly, even as the structures were erected and became more visible, the users only
expressed knowledge and interest in the installation of the new Pedestrian Bridge, with
concerns about how it would affect the use of other bridges across the city. The majority
of participants suggested that they were using the Lookout to discover more information
about the buildings being installed, with 20% having a main interest in the Bridge based
content. This interest was reflected in the increase of interactions shown in Figure 3.11
and is intriguing to see how users adapted their usage based on the aspects they could
visually see being built throughout the deployment.

Successful Features: A favourite feature for the participants was the drone footage.
They were fascinated to see the scale of the project from a bird’s-eye view and the
ability to see the progress that had been completed so far from above. This aspect in
particular was perceived as one of the most useful aspects of the design to disseminate
information about the regeneration site, as it not only showed the overall scale of the site
but also the progress that had been made so far within the real world context, with old
locations removed and new locations being formed. This aspect shows the importance of
providing users with a real life context. For the participants that might not have grown
up in Swansea and did not understand the changes being made, this aspect showed
them the overall location, what had changed and helping them to further understand
where exactly the new locations would be located. Therefore, helping the participants
to immerse themselves into those new locations more thoroughly.

Interactions for the Future: Finally, the users were asked about the types of tech-
nologies they would like to see within the city centre in the future. All were initially

reticent due to their perceived lack of technology expertise. For example, one user said:
“I don’t know I’'m not good with technology™.

However, after further prompting and explanation of the purpose of the Lookout,
several mentioned that they particularly enjoyed interactive technologies placed within
an urban space for all to use but had no suggestions about what these technologies would

do. Several users also mentioned that if new technologies were to be incorporated, they
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would like them to be aimed around Swansea city’s activities such as the annual air
shows, re-emphasising the need to make public interactions with and for the commu-
nity. The most inquisitive users were families. When asked about the technologies they
would hope to see in the city’s future, they said that they would like to see technologies
for children/teenagers to interact with.

Sense of Place: The feedback gathered from users underscored the Lookout’s role
in enhancing the sense of place and community pride within Swansea. Prior to their
interactions with the installation, 80% of participants had little to no knowledge of the
city’s regeneration project, exemplifying the Lookout’s capacity to bridge the informa-
tion gap. While the Pedestrian Bridge garnered significant attention, users found the
Lookout’s informative content to be a resource for understanding the broader context of
the regeneration.

Drone Footage: The drone footage feature emerged as a highlight, allowing users
to grasp the project’s scale, evolution, and real-world impact. This immersive experi-
ence contributed to a deeper connection with the changing urban landscape, particularly
for those with long-standing ties to Swansea. Furthermore, participants’ interest in fu-
ture technologies aligned with the Lookout’s potential to serve as a hub for community
interaction and engagement. Their desire for technology integrated into city activities
underscored the importance of public installations as catalysts for community-focused
innovation and showcased the Lookout’s role in fostering a sense of pride and belong-
ing within the evolving cityscape. These insights have far-reaching implications for
urban revitalisation projects and their ability to create meaningful connections between

residents and their urban environments.

3.5 Discussion

In summary, the impact of the Lookout installation within Swansea during the COVID-
19 pandemic has been explored. This chapter evaluated a nine month deployment,
offering a lens through which to examine the installation’s influence on the sense of
place, community identity, and urban revitalisation. As the intricacies of this discussion

are navigated, the unraveling of how the Lookout, amid social distancing and evolving
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restrictions, emerged as a source of information, connection, and community pride be-
comes apparent. The exploration extends to the broader implications of the findings for
urban planning, public installations, and the importance of community-driven initiatives

during times of adversity.

3.5.1 Data Collection

The Lookout’s extensive dataset, comprising over 10,000 sessions over a nine-month
period, stands as a resource for comprehending user behaviour and preferences in pub-
lic installations. Its significance is magnified by its capture of interactions during the
COVID-19 pandemic, a context scarcely explored in the existing literature.

The data analysis undertaken here underscores the possibilities for effective commu-
nity engagement in urban regeneration projects, particularly when countering the grad-
ual decline of traditional retail establishments. While the overall community’s involve-
ment in the civic design had its limitations, the cocreated design facilitated a renewed
connection between the community and their urban space, reinstating a sense of owner-
ship over their city - as discussed by Carr et al. [41]. Moreover, the installation of the
Pedestrian Bridge brought about a surge in foot traffic, benefiting both the Lookout and
the local shops essential to the city centre. By involving the community in the design
process, it created an accessible interactive information hub. These interactions not only
supplied helpful information to rekindle the community’s connection with their space
but also delivered a fun experience that heightened excitement for the regeneration’s un-
veiling. The impact of the bridge’s installation and subsequent interviews underscored
the lack of knowledge regarding the regeneration site and its attributes, reinforcing the
necessity of the Lookout device.

This deployment occurred within an extraordinary timeframe, hopefully not to be
replicated in the foreseeable future. It occurred in a city centre undergoing regenera-
tion while the community grappled with a global pandemic that confined them to their
homes. This unique convergence not only offered a rare glimpse of the regeneration’s
development, hidden from the view of the population, but also highlighted the dispar-
ities in the usage of public displays and underscored the vital role city centres play in

the lives of communities. The experience emphasised the importance of building on the
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presence of these urban spaces to foster community engagement and revitalisation, an
aspect that merits further exploration in the context of urban studies.

The data regarding user interactions and engagement with the Lookout during the
pandemic provided important insights. It showed that despite the pandemic’s disrup-
tions, certain locations, like the Arena, continued to attract substantial user engage-
ment. The data demonstrated the resilience and enduring appeal of accessible public
installations, even in challenging times. Additionally, the fact that a significant num-
ber of sessions were observed on both the Adult Pedestrians and Children/Wheelchair
users installations underscored the importance of accessibility and inclusivity in pub-
lic installation design. It demonstrated that accessibility-focused designs can cater to
diverse user groups, including those with different mobility needs. In addition, it em-
phasised that this extensive data collection within such a unique time frame provided a

contribution to the literature.

3.5.2 Resilience and Inclusivity

The data emphasised the significance of accessibility and inclusivity in the design of
public installations, as it recorded a substantial number of interactions across both the
Adult Pedestrians and Children/Wheelchair users installations. This observation un-
derscored the capacity of accessible installations to accommodate diverse user groups,
including individuals with varying mobility needs, a critical consideration for urban
planners and designers.

However, elderly users encountered challenges when attempting to interact with the
Lookout devices, primarily due to their discomfort with technology. The lack of writ-
ten instructions and the unfamiliar nature of technology exacerbated their unease. Age
UK estimated that 65% of users aged 75 or older have never used the internet [274],
highlighting the importance of ensuring resilience and inclusivity in technological inno-
vations for public spaces. Consequently, promoting transparency about the technologies
deployed in our cities becomes even more critical. For instance, an effective approach
to enhance transparency with the Lookout could have involved incorporating a scrolling
information panel within the installation. This panel would provide detailed descrip-

tions of the interaction types. To cater to users with different levels of technological
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literacy, audible explanations of these technologies’ functions and data collection prac-
tices could also be included. This multimodal approach could ensure that even those

less familiar with technology could engage.

3.5.3 Multilingual Accessibility

The inclusion of a minority language version, used within 13% of sessions, highlights
the importance of offering alternative choices to enhance accessibility in public installa-
tions, including multilingual options. Whilst work has been completed within inclusive
design (e.g., [5, 25, 53]), this work delves into the realm of user diversity and inclu-
sivity, shedding light on the importance of embracing linguistically diverse settings,
moving beyond language preference. This finding extended the understanding of how
public installations can cater to a broader audience by accommodating linguistic diver-
sity. While conventional approaches might focus solely on the dominant language or
languages, this work highlights the value of embracing linguistic inclusivity as an es-
sential aspect of enhancing user engagement, which is something to be explored further
bearing in mind that 17.5% of adults in the UK are bilingual and approximately 33 mil-
lion people globally [105]. Furthermore, this aspect has the potential to contribute to
broader discussions surrounding language preservation, cultural representation, and the
role of technology in bridging linguistic divides within diverse urban communities.

The successful integration of a minority language version within the Lookout’s in-
teractive design demonstrates the adaptability and responsiveness required in modern
public installations. It reflects a forward-looking approach to technology’s role in fos-
tering inclusive urban spaces, a concept that holds promise for the future developments
in this field.

3.5.4 User Behaviour Insights

The observations of user behaviours offered a perspective on the various ways differ-
ent user groups can engage with public installations, enhancing the understanding of
the installation’s impact on public spaces. Whilst Peltonen et al. [216] found that users

were more hesitant to interact when they did not observe others interacting. In addition,
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children and their families inadvertently created an inviting and inclusive environment
through individual interactions and uninhibited playfulness, thereby encouraging others
to join without hesitation. This in conjunction with the interviewee’s interest in tech-
nologies for children in cities, led to a series of design innovation workshops in schools
across Wales (discussed in the following chapter).

Furthermore, these observations emphasise the impact of shared experiences in pub-
lic spaces. The presence of a companion to create and share memories with, can influ-
ence a person’s perception of a space. Additionally, the study highlights the transforma-
tive effect of children’s play and camaraderie on the overall ambiance of a space, sug-
gesting the significance of creating interactive environments. These findings underscore
the importance of environmental and emotional spaces in public interactions, often sur-
passing the significance of the device itself. Universally accessible surroundings and the
presence of non-judgmental participants can significantly alter an individual’s percep-
tion of a device, motivating increased interaction. Moreover, the research underscores
that accessibility encompasses not only physical needs but also the varied perceptions
of technology literacy. Users’ perceptions of their own limitations and apprehensions
about technology, particularly in public spaces, were evident during interviews, where
participants often hesitated to share ideas, citing limited technological knowledge to

avoid appearing uninformed or embarrassed.

3.5.5 Sense of Place and Community Identity

Within this context, it is evident that new and intriguing interaction types are paramount
for engaging users with public installations. Individuals are inherently drawn to fresh,
innovative experiences, a concept substantiated by the works of Ojala et al. [201] and
Creswell [60]. The incorporation of drone footage within the design played a pivotal
role in offering users a comprehensive understanding of the development site’s scale and
its evolving aspects. This approach empowered users to perceive the site in both its en-
tirety and granular detail. Their overwhelming satisfaction with this feature underscored
its role in conveying comprehensive information about the new site. Of particular sig-
nificance, this feature resonated deeply with long-term residents of Swansea, enabling

them to join their existing memories with the evolving urban landscape.
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The feedback collected from users underscored the Lookout’s significance in en-
hancing the sense of place and fostering community pride in Swansea. Interestingly, as
mentioned earlier 80% of participants interviewed had limited to no prior knowledge
of the city’s regeneration project before engaging with the installation. This under-
scores the Lookout’s capacity to fill an information void. Moreover, while the Pedestrian
Bridge garnered significant attention, users found the informative content provided by
the Lookout to be a valuable resource for understanding the wider context of the regen-
eration initiative. The unique and informative nature of the content made it a worthwhile
experience for users, offering them insights that would have been otherwise inaccessi-
ble, thus adding substantial value to their interactions with the installation.

In the realm of civic engagement, this study contributes a novel perspective by shed-
ding light on how technology, even in the face of a global pandemic, can serve as a
powerful tool for fostering community bonds and enriching the urban experience. The
Lookout’s success in engaging diverse user groups, including those with varying de-
grees of technological familiarity and age groups, underscores its potential as a catalyst
for positive change within urban regeneration projects. Coupled with the detailed cocre-
ation work completed within the author’s masters, this work provides a jump off point
for urban developers to incorporate their own Lookout’s into city regeneration’s glob-

ally.

3.5.6 Limitations

As previously mentioned the COVID-19 pandemic caused a number of challenges.
Whilst not described within this thesis the limited ability to conduct preliminary stud-
ies involving users’ interactions with prototypes prior to deployment prevented early
adjustments to enhance accessibility, which could have been beneficial within the de-
ployment. Additionally, given the difficulty in demonstrating physical designs using
online tools (explored further in Chapter 6), testing interactions with the community
and as shown particularly with the elderly demographic was constrained.

Furthermore, a mid-deployment lockdown significantly reduced the number of peo-
ple in the city centre and subsequently impacted Lookout usage. However, the closure

of non-essential shops provided the opportunity to observe two distinct user groups:
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key workers commuting within the city centre and all users returning to the city centre
post lockdown. The limitations mentioned here highlight the importance of adapting re-
search methods to accommodate unforeseen circumstances and the need for future stud-
ies to explore strategies for engaging diverse user demographics, especially in times
of crisis or restrictions. These considerations offer insights into the evolving field of
public installations during extraordinary circumstances, an area that remains relatively

unexplored in existing literature.

3.6 Lessons Learnt from the Deployment

Based on the findings and insights from the research conducted, several lessons can be
incorporated for future public deployments. These lessons can be divided into positive
feedback and benefits derived from the Lookout, as well as negative aspects stemming
from missed features or considerations:

These are the positive insights gained from the deployment and analysis:

Communication Potential: The Lookout showed that there is an ability to facilitate
greater awareness and understanding of urban regeneration projects among the

public using interactive technologies.

Multilingual Accessibility: Embracing linguistic diversity by providing multilingual
options in public installations to cater to a broader audience not only recognises
the value of linguistic inclusivity in enhancing user engagement but also fosters
a stronger sense of belonging within diverse urban communities, making it a rec-
ommended approach to ensure inclusivity by enabling users to interact in their

first language.

Community Engagement and Ownership: Promoting community involvement in the
design and planning of public installations to foster a sense of ownership and pride
in the local community is a recommended strategy, as it recognises the potential of
public installations as effective tools for building social connections and strength-
ening community bonds, particularly during challenging times, and thus should

be encouraged in future urban planning endeavours.
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Innovative Technology Integration: Exploring innovative ways to provide a wider
overview of urban developments by integrating technology, such as drone footage.
As it can offer users unique and engaging experiences, fostering a deeper connec-

tion with their sense of space (topophilia).

These are the insights gained which showed areas for improvement from the deploy-

ment and analysis:

Enhancing Accessibility and Transparency: The observations revealed a demo-
graphic overlooked during the design of the Lookouts: the elderly. Strategies
should be developed to enhance the accessibility of interactive installations for el-
derly users, those with limited technology literacy, and those with differing abil-
ities. This includes incorporating clear instructions, promoting transparency to
alleviate concerns and build trust, and ensuring a wider demographic can effec-
tively engage with and benefit from such installations. Additionally, providing

installations of varying heights can improve ease of access.

Community Engagement and Ownership: Encouraging community participation in
the design and planning of urban regeneration can foster a sense of ownership
and pride within the local community, recognising the potential of participants
themselves. While the Lookout effectively informed users about the new area,
there was a missed opportunity to directly involve them in the redesign of the

regeneration process. Though this was of interest to the author, it wasn’t possible.

The lessons learnt can help urban planners, designers, researchers and community
organisers to create more resilient, inclusive, and engaging public installations. They
also emphasise the importance of adapting to unique challenges, such as those posed by
a global pandemic, and the potential of technology to facilitate positive change within

urban environments.
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3.7 Conclusion

In conclusion, in this journey spanning nine months, the deployment of two interactive
Lookout installations in Swansea’s city centre stood as a testament to the potential of
technology in enhancing urban regeneration. Through collaborative workshops with
diverse stakeholders, the installation emerged as a beacon of community engagement,
rekindling the public’s connection to their evolving urban space. In fact, not only are
the Lookouts still in place, but two additional installations have been developed and
installed as part of a seperate project, offering glimpses into Swansea’s past, in another
area of the regeneration.

The extensive analysis of over 10,000 sessions shed light on the impact of a global
pandemic on public engagement and the preferences of residents. It revealed that
inclusive design principles, wheelchair accessibility, and safe interaction zones were
paramount for creating interactive, immersive experiences tailored to a diverse commu-
nity. The addition of personalised elements, such as the photograph-taking opportunity,
underlined the importance of customisation in public installations.

The findings highlighted the significant role played by children and families in infus-
ing energy into public spaces. Inclusive and enjoyable interactions within these spaces
not only catered to young citizens but also positively influenced others’ comfort in en-
gaging with public displays. Furthermore, the observations uncovered the missed demo-
graphic of elderly users, emphasising the need for clear instructions and transparency in
technology deployment, especially in public spaces.

The incorporation of real-life content, such as drone footage, proved instrumental
in helping users grasp the scale and features of the Swansea regeneration project. Par-
ticipants left the Lookout with a newfound understanding of their city’s transformation.
Looking ahead, the public expressed a desire for engaging installations that captivate
children’s imagination which will be explored in the following chapter.

Two overarching lessons emerged from this work. First, the importance of involving
a wide range of demographics, with specific attention to children and the elderly, in the
design process of public displays to ensure equitable interaction opportunities. Second,

the Lookout’s success in engaging the public underscored its potential to foster positive
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engagement with civic projects, such as the Swansea regeneration initiative.

The integration of intriguing technologies into urban regeneration represents an abil-
ity to redefine how communities can engage with and contribute to their environments.
This proposition, aims to inspire urban developers to explore new ways in which tech-

nologies can be used to enhance topophilia across a multitude of contexts.

3.7.1 Chapter Contributions

A comprehensive assessment of a nine-month urban deployment has unfolded explor-
ing user engagement and interactions with the "Lookout," an interactive device de-
signed to disseminate information about a civic project amidst the challenges posed
by the COVID-19 pandemic. This exploration recognised the fundamental role of pub-
lic engagement in urban redevelopment and showed how interactive public technologies
could foster topophilia, especially within urban spaces where physical and digital inter-
actions converge. In summary, this chapter contributed an extensive analysis of log-
ging data from over 10,000 sessions, interviews, observations, and their implications,
deepening the understanding of user engagement and informing subsequent research
directions. Leading to an exploration of user preferences for urban technologies, par-
ticularly in the context of community-driven initiatives and public installations. Finally,
providing insights into the design considerations necessary for future urban technology

projects.
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Chapter 4

Exploring Future City Technologies:
From Sketching to Multisensory
Prototypes

4.1 Introduction

In the previous chapter, the evaluation of the Lookout was explored, offering an in-
teractive experience within Swansea city centre. However, in this chapter, a different
journey unfolds—one that explores the realm of touchless displays and sensory explo-
ration. Building upon insights gained from the Lookout deployment, where observations
and interviews highlighted a growing desire for immersive experiences, particularly for
children, this chapter explores the cocreation of an interactive multisensory display.
The author’s aim behind this exploration stemmed from two key factors: first, the
belief that such interactive displays could infuse more joy and engagement into the
city centre. By incorporating multisensory elements into an interactive prototype, the
intention was to create a dynamic urban environment that sparked curiosity and possibly
foster a sense of connection with the city. Second, the observation that interactions
initiated by children and families could inspire and encourage others to engage with

urban technology installations.
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Additionally, the council’s aims were to increase awareness about events occurring
in Swansea and to provide interactive experiences that excited people about the new
aspects of the city. By creating interactive experiences, the council aimed to attract
new visitors and stimulate new economic acitivity in the city centre. As a result, the
focus of this chapter is on the collaborative design and development of an interactive
multisensory device, incorporating olfactory, auditory, visual and tactile elements. The
feedback collected during this process contributes to the iterative refinement of a final
design that was deployed into Swansea city centre (explored in Chapter 5).

Through the Lookout interactions, a discovery was made: the presence and interac-
tions of children can provide accepting spaces where others feel more at ease to inter-
act. Their fearless and uninhibited approach to interacting with technology in outdoor
spaces can create an atmosphere of acceptance and encourage others to join in with-
out fear of embarrassment. In essence, children not only represent the future of our
communities but also play a role in fostering more inclusive and accepting urban envi-
ronments. Therefore, the process of cocreation was facilitated through a series of work-
shops involving children, regeneration experts, and the broader community, leading to

the creation of a multisensory prototype.

4.2 Designing Next Generation Technologies with

Primary School Pupils

During the interviews conducted at the Lookout device, there was a desire expressed
by the participants for the development of technologies to enhance the experiences of
children within the city centre. This emphasis was underpinned by two primary moti-
vations. First, there existed an aspiration to provide children with more engaging and
immersive experiences in the city. This aspiration was grounded in the recognition of
the significance of creating memorable and enjoyable moments for children, adding to
the vibrancy to the city centre. Second, an observation emerged during the deployment,
highlighting that when children interacted with the technology, it had a positive effect on

other members of the public, making them more inclined to engage as well. This find-
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ing expanded the focus beyond children alone and underscored a broader commitment
to inclusivity and accessibility for all user groups.

As a result, there emerged a strong motivation to engage children in the design
process of crafting a new interactive installation for the city. With Child-Computer
Interaction (CCI) steadily growing as a field [155] it was intriguing to understand how
CCI could play a role in the cocreative design of interactive public installations. This
chapter’s motivation also aims to inspire the next generation of designers to explore the
potential of city centres and technology.

Therefore, a collaboration was organised with Technocamps [261], a digital pro-
gram with a goal to increase young people’s engagement with Science, Technology, En-
gineering and Maths (STEM) subjects across Wales. Organising these workshops with
Technocamps ensured all regulations were covered when entering schools (e.g., Disclo-
sure Barring Service (DBS) checks) and that the content would not only complete the
research objectives but also inspire and engage the students. Technocamps organised
the dates and timings with the schools for each workshop whilst the content was created
and hosted by the author, with a Technocamps assistant present to help manage. The
workshop content was reviewed by Technocamps with an aim to discover the types of
technologies the children would like to see in the cities of the future but also inspire
them about the possibilities for technology in the future.

In addition, each class to complete a workshop was presented with a Sphero Robot
Ball, designed to inspire exploration into creativity, coding skills and inventiveness
[249], to help them to continue their interest in STEM. This initiative aimed to provide
the children with an introduction to coding and STEM concepts through the integration

of a user-friendly coding device which they could continue to explore, post-workshop.

4.2.1 Innovation and Sketching Workshop Plan

In each class, a one-hour workshop was designed to accommodate both in-person and
virtual participation via Zoom. The workshop comprised five stages: (1) innovation,
encouraging out-of-the-box thinking; (2) sketching 1, focusing on technology sketches
envisioning cities of the future; (3) sketching 2, exploring contextual considerations

for these concepts; (4) show and tell, providing a platform for participants to present
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their ideas to the group; and (5) a concluding Quiz segment, providing aspirations for
the future. This structured workshop format aimed to engage and stimulate creative
thinking among participants while fostering collaborative discussions and idea sharing.
Each stage would take roughly 10 minutes, leaving a further 10 minutes to allow room
for pupils setting up, registering etc. Figure 4.1 provides an overview for the five stages.
Stage One would provide the students with a basis to help them feel comfortable in
innovating and thinking outside-the-box. In this stage, the workshop aimed to inspire
pupils to think beyond current technological boundaries without biasing them with ex-
isting examples. Therefore, the innovation stage began with a short overview of who the
researcher was and the workshop agenda (see Figure 4.1). The workshop then moved
into discussing the types of technologies they had seen throughout city centres. The
aim of this exercise was to prompt thoughts both about current available technologies,
but also where those technologies were located, to help them think of technologies they
would want to see in these spaces instead. To further evoke innovation and out of the
box thinking a video was displayed: The World’s Future In 2100 [79]. The purpose
of this video was to demonstrate a range of areas within cities that could benefit from
technological enhancement, with out-of-the-box examples which were not currently in
production but may be created in the next 100 years. For example, building underwater
cities to help with the housing crisis and tangible holograms to help with loneliness.
Stage Two, moved the pupils into the first stage of designing their own city centre
based technology with the first steps including sketching their technology and naming
it. The sketching requirements included labelling the main features of the designs and
keeping the design to one A4 sheet of paper. Within this section, the pupils were encour-
aged to create as many designs as they would like (each on a separate sheet of paper),
with only their favourite design moving forward to the next stage. Stage Three required
the pupils to focus on their favourite sketch, adding explanations for how it could be
used, and what types of users could interact with it (e.g., children only). Following
this, the children were asked to describe what their technology could do and where they
would like it to be located in Swansea city centre. To complete the designing section
(Stage Four) of the workshop the pupils were given the opportunity to present their

favourite design to the rest of the class and explain what it could do.
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- What have you seen?
- What will cities look
like in 21007
1 - Thinking outside of
the box

- Draw a piece of
technology you want to
see within cities in the 2
future

- What would its name

be?

- Write about how
someone would use it?
+ Write about what it
3 does and where it

T -

+ What did you draw? 4

- What can it do?

- What do you think these
technologies are?
5 - What do you think they
do?

Figure 4.1: Schematic diagram showing the session overview for the one hour Techno-
camps workshop including: Innovation, Sketching 1 & 2, Show and Tell and a Quiz.
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Stage Five of the workshop was comprised of a quiz with a range of technologies to

inspire them about the technologies of the future, as shown in Figure 4.2. This activity

served solely to engage and encourage pupils about the possibilities for new technolo-

gies and was not intended for analytical purposes. The pupils had 30 seconds per tech-

nology to write what they thought the name of each technology was and what it could

do, followed by the answers. The quiz was inclusive of the following ten technologies:

(a)

(b)

(c)

(d)

(e)

®

Amazon Alexa [9] - A virtual assistant Al that uses speech recognition to under-
stand spoken commands, meaning it can answer questions and execute specific
tasks, such as playing music (see Figure 4.2a). Alexa was selected to introduce
a well-recognised technology that showcased the capabilities of voice-activated,

hands-free interfaces.

Apple iPhone [123] - A handheld screen-based multi-functional device that com-
bines a phone, camera, multimedia player and computer into one compact pack-
age (see Figure 4.2b). The iPhone was chosen to introduce a familiar and highly
popular technology, whilst being able to refer to its major capabilities particularly

given its small size, such as the extensive app ecosystem.

Virtual Reality headset [73] - A cutting-edge device that immerses users in a dig-
itally simulated 3D environment, covering the eyes and occasionally the ears (see
Figure 4.2c). The VR headset was chosen to introduce immersive experience

possibilities within digital realms.

Talk Technologies [263] - A privacy microphone designed to enable a user to
speak in privacy, even in noisy environments (see Figure 4.2d). It was selected for
its innovative design and forward-thinking approach that addresses the evolving

needs of its customers, making it a practical and timely technology choice.

Nike Joyride [295] - A set of immersive games to inspire users to run, jump,
bounce and laugh (see Figure 4.2¢). It was chosen due to its innovate approach to

fitness and well-being, providing creative and entertaining ways to stay active.

Paro [180] - A therapy robot equipped with the ability to sense a user’s emotions

and movements, offering companionship and support in a unique way that can
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(@

(h)

(1)

@)

sense a users feelings and movements (see Figure 4.2f). The choice was driven

by its ability to show an intriguing way robots can be integrated into daily life.

Luminotherapy [69] - A series of interactive loops where users could immerse
themselves and control the lighting to promote happiness (see Figure 4.2g). The
decision to include Luminotherapy was based on its ability to demonstrate how
alternate visual cues (lighting) could be used to create an interactive environment,

enhancing experiences within outdoor public spaces.

Police Security [226] - A police robot deployed within California to reduce crime
by patrolling the streets (see Figure 4.2h). It was chosen to showcase a vision-
ary approach to policing, highlighting how robots could contribute to community

security.

Light Cube [187] - A giant, 3D illuminated cube that responds to people’s indi-
vidual movements (see Figure 4.21). It was chosen as it provided an example of

the possibility for relationships between the physical and the digital.

Lookout [43] - A public installation that offers elbow-based interactions and the
ability to glimpse into the future of Swansea city centre (see Figure 4.2j). This
technology was chosen to represent a new approach to public engagement and
interaction, showcasing an interface that could provide new ways to engage with

city information, with the pupils local city.

4.2.2 Innovation and Sketching Workshop Analysis

Eight hybrid workshops were conducted across four primary schools in South Wales.

These workshops were structured according to the detailed plan outlined in the previ-

ous section. In total, these workshops engaged 248 pupils, ranging from 7 to 11 years

old, involving an average of 32 students in each class. Due to COVID-19 regulations,

the initial three workshops were conducted fully remotely via Zoom. However, for the

remaining five workshops the pupils were able to attend school in-person whilst the

Technocamps representative and author were remote via Zoom, as COVID-19 regula-

tions still prevented non-school staff, from entering the schools.
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Figure 4.2: The images shown for each technology within the workshop Quiz. a) Alexa
[9]; b) iPhone [123]; c) Virtual Reality headset [73]; d) Talk Technologies [263]; e) Nike
Joyride [295]; f) Paro [180]; g) Luminotherapy [69]; h) Police robot [226]; 1) Interactive
Light Cube [187] j) The Lookout [43].

’
’
.
L
£
8 .
.
.

85



4. Future City Technologies

Having the pupils within their classrooms enabled them to collaborate and chat
about the designs they were creating more easily and ensured they were able to access
the same stationary which may not have been present at home. As the first three
workshops had the pupils sketching at home, it was not possible to collect and analyse
their sketches. Hence, a content analysis was conducted on the 158 collected sketches.
Each sketch was categorised based on predominant themes integrated by the pupils,
and points were assigned accordingly. After identifying all predominant themes, the
author reanalysed each sketch to ensure comprehensive coverage of points, including
types of technology and their primary usage. The age distribution of these 158 pupils
was: 7—8 yrs: 22%, 8 — 9 yrs: 37%, 9 — 10 yrs: 41%.

Innovate

The innovation session elicited a range of technological suggestions the pupils had
noticed within city centres with 44% of the technologies converging around screen-
based technologies, such as announcement boards in bus stations. A further 31%
focused on transport-based technologies such as, electric vehicles and bikes. These
emerging products are relatively new, and it’s likely that children had some awareness
of their capabilities. Since these products are still emerging, they hold the potential
to spark curiosity and excitement among both children and adults as they explore
their functionalities and possibilities together. Figure 4.3 shows the distribution of
technologies that the pupils mentioned observing in city centres across the eight
workshops. This shows the prominent use of screens within public spaces, and whilst
clearly effective at grasping attention, the majority focused on individual, limited

interactivity technologies e.g., bus announcement screens have no interactive modality.

Sketching

The agency for innovation within the sketching sessions was very popular with the
pupils. The children enjoyed creating their own additional criteria for the designs, with
one class adding price tags to each design and another specifying the shops in which
they would be happy to sell their technologies from. The sketches were collated and

analysed using content analysis which led to the classification of the sketches into three

86



4. Future City Technologies
Technologies Mentioned by Pupils
8 ’ Categories
4 Screen-based
7 ® Traffic and Transportation
Health and Fitness
Robotics

n 6 . B Automation and loT
[
<} A Entertainment
c
D
=5 ®
S

3

g4 o

>

g
©3 @ | 4

2 ® & A O

1 B 8 A B a

] N\ <l

FEFLELFLFSF LSS T EESTE S

N SV T S DS I S S PSR- Y L S & AT &®

& & & F P F F K Q& o B S Q\Q“ <€
s <@ © ® < 6‘\& CQ\ & @g é\\z = Q¥ &

& QO & @ 2
(¢} \\z(\‘ <

Technologies

Figure 4.3: Bubble Scatter Graph showing the frequency of technologies mentioned
across eight workshops observed by pupils within city centres.

categories, with each sketch able to cross over several of the classifications. e.g., a voice

assisted robot designed to clean rubbish out of the sea would receive one point each

for

: Robot, Outdoors, Touch, Sight and Audio. The three categories to emerge from the

analysis are given as follows:

1. Location: Classifying the environment where the technology would be used
within, with technologies able to be classified into multiple locations, inclusive
of: Shops, Home, Wearable, Indoors and Outdoors. The overall points for each

location type are shown in Figure 4.4

Type of technology: Classifying the type of technology used within the design,
with technologies able to be classified into multiple types, inclusive of: Tangible,
Robot, Wearable, Transport, Screen-based. The overall points for each technol-

ogy type are shown in Figure 4.5

. Sensory Outputs: The types of sensory outputs created by the technology, with
one point for each sense used, inclusive of: Taste, Smell, Touch, Sight and Audio.

The overall points for each sense are shown in Figure 4.7
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As shown in Figure 4.4, the majority of pupils (89%) preferred outdoor technologies
for public use. In conjunction, 51% designed transportable technologies that could be
placed within more than one location. For example, one student designed a pram able
to follow a parent using a wearable tracking device, which would need to able to be

transported across all of the location categories, so received one point for each.

Locations in which the pupils would place their designs

S n ‘
o - - — - —
5 VAW wawiy
% Wearable t’:’:”&:‘.
(&}
£ Inside
0 20 40 60 80 100 120 140

Number of Designs

Figure 4.4: Classification of technology usage environments, with each design earning
a point for every potential technology placement.

As with this example, 38 pupils (25%) designed a wearable technology including
clothes, watches and necklaces. Several of these designs would have the wearable de-
vice transform into another technology, such as from a Smart Watch into a flying car.
One pupil created this design as their Father often struggled to find a place to park and
therefore wanted to be able to click a button which could be worn.

Many of the children’s designs resembled the imaginative innovations often seen in
science fiction, similar to the imaginative concepts found in Transformers. These de-
signs went beyond current technology, imagining everyday objects and wearables that

could transform into entirely different forms or functions with a simple action or but-
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ton press. These creative and forward-looking ideas seemed to stem from the students’
innate curiosity and limitless imaginations, reflecting their excitement to explore pos-
sibilities beyond what technology currently offers. This connection to sci-fi highlights
the impact of popular culture on young minds and suggests that these imaginative ideas
could potentially influence the future of technology as these young innovators continue
to explore STEM fields.

Figure 4.5 illustrates the distribution of technology categories, where robots and
transportation emerge as the most prevalent choices. However, the categories of trans-
portation and wearables showed overlap, with 30 of the wearable designs transforming

into various forms of transportation, for instance, a flying therapy taxi.

Technology Types utilised by the pupils within their designs

5 e
% Transport
Screen-based _
0 10 20 30 40 50 60 70

Number of Designs

Figure 4.5: Classification of technology types, with each design earning a point for
every potential technology placement.

It was entirely possible that the children found the process of creating these de-
signs particularly engaging, especially if they had pre-existing interests in wearables and
transportation. Their enthusiasm may have primarily centred around the tangible and

interactive aspects of these products, while the more technical or information-related
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aspects, such as planning and data management, may be areas typically handled by
their caregivers or adults. This underscores the importance of tailoring technological
experiences to align with children’s interests and developmental stages. Furthermore,
even though screens were prominently observed in the centre, only 25% of the students
opted to incorporate screens into their designs (as depicted in Figure 4.5).

The designs were often dependent on the children’s experiences with aspects of the
city centre especially experiences they had encountered recently, with family members
often inspiring their designs. For example, one pupil often walked to school through a
park with their Mother who had spoken to them about how walking instead of driving
would reduce the volume of car emissions in the atmosphere. Therefore, the pupil
designed a flying robot that could remove pollution from the air and convert it into
nutrients to support tree growth (see Figure 4.6a). Furthermore, the students displayed
a keen interest in developing technologies that seamlessly integrated into their existing
routines, enhancing these routines in a manner that was both enjoyable and interactive.
This pattern highlights the students’ natural inclination to engage with technology in
ways that harmonised with their lifestyles and interests, seeking solutions that felt like
natural extensions of their world, augmenting their experiences without disrupting their
established habits. This underscores the importance of designing technology with a keen

understanding of user context and preferences, particularly when the users are children.

Figure 4.6: Pupils designs, redrawn to ensure anonymity. LEFT: An air-purifying flying
robot that transforms pollution into nutrients, nurturing tree growth. RIGHT: A global
network of buttons, deployable at various worldwide locations, capable of producing
pizza upon activation to combat global hunger.
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Senses utilised by the pupils within their designs
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Figure 4.7: Classification of sensory inputs and outputs used, with each design earning
a point for every potential technology placement.

Another trend to emerge were designs that focused on helping those less fortunate
within the city. For instance, one student noticed people that were hungry in the city
and in response designed: a button placed on buildings that, when pressed, produced
pizza for free (see Figure 4.6b). This demonstrated how innovation prompting could
help young minds to think about and address real-world problems.

Using multiple senses was popular, with 38% of pupils opting to design a multi-
sensory technology using all five senses (see Figure 4.7). Although sight was a predom-
inant sense to be used (95%), many of the designs were moving away from screen-based
interactions, with a predominant number of shape changing vehicles and robots.

More unusual sensory outputs such as scent were also integrated (41% of designs)
such as, smell-dispersing flying robots designed to combat littering. These robots would
release pleasant scents into the air, thereby discouraging littering behaviours and foster-
ing a cleaner and more environmentally friendly urban landscape. These ideas not only

highlighted the pupils creative thinking but also shed light on the issues and concerns
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that mattered to them. These young minds viewed technology not just as a tool for con-
venience or entertainment but also as a potential solution to address real-world problems
and make a positive impact on society.

In summary, in this section, a workshop plan overview has been provided to pro-
mote innovation and encourage out of the box thinking for designing new technologies
with school pupils, specifically for cities of the future. However this procedure could be
adapted and used for a variety of technology based creation workshops. The analysis of
eight workshops with the 158 collected sketches demonstrated that children would like
to see futuristic/novel technologies within the city that they had not had the opportunity
to interact with before, as these would be the most fun and interesting to interact with.
Most technologies had features that could incorporate and be associated with memo-
rable experiences, especially with family members. Moreover, designing technologies
that made use of a variety of senses and were novel often went hand in hand. This was
intriguing because the children observed that a significant portion of the technology
available in city centres consisted of large screens but were designing novel tangible
installations with multiple sensory outputs. By completing these workshops it was pos-
sible to interact with children from a range of ages and discover the technologies they
would hope to see in the future. The workshops uncovered three themes: the desire for
new and uncommon technologies, technologies that make use of a variety of senses (not
just sight) and finally a focus on technologies to aid social issues, such as pollution and

mental health.

4.3 Exploring Possibilities for Multisensory

Innovations in Urban Regeneration

In the previous section, design workshops were conducted with children, revealing that
the children’s design concepts prominently featured multiple sensory elements. Fur-
thermore, after a recent visit to Disney [68], where the integration of some multisensory
outputs was observed, discussions around the concept of multisensory experiences, par-

ticularly those involving olfactory designs, were initiated with the supervisory team.
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To explore this area further, the author visited several immersive experiences, such
as Shrek’s Adventure in London [239] and the Harry Potter photography experience
[293]. Additionally, a research placement with Professor Marianna Obrist at University
College London (UCL), an expert in the field of multisensory experiences, was initiated.
This placement spanned six months, as outlined in the thesis timeline, and aided towards
the design thinking for the city-based prototype (Chapter 5) as well as the submission
of a workshop to DIS 2023 about olfactory design within a variety of contexts [44].

Collectively, these experiences and insights inspired the idea of incorporating a form
of multisensory experience into outdoor public spaces. This section outlines a two-
fold approach: the development of a prototype for a multisensory installation through a
collaborative focus group with urban regeneration experts, followed by a survey-based

exploration of sensory cues.

4.3.1 Focus Group with Regeneration Experts

The next phase of the design process involved convening a focus group comprising ex-
perts in urban regeneration who were the stakeholders for the overall work completed
within this thesis. This diverse group included a cultural developer, a regeneration spe-
cialist, a leader experienced in major events, and a project director. The primary objec-
tive of this focus group was to explore the potential of multisensory technologies within
public spaces, with a specific focus on intergrating this type of technology into Swansea
city centre. The focus group initiated the discussions by presenting the findings of the
analysis conducted on the sketches generated during the innovation and sketching work-
shops with the children and by detailing existing immersive experiences, as detailed in
the previous section. In addition, they were presented with a set of seven scenario-
based prompts that encompassed various sensory elements, including visual, auditory,
olfactory, and tactile components. The seven sensory scenarios were crafted by the
researcher to centre around typical experiences grounded in Swansea, serving as foun-
dational points for discussion and as prompts to ignite further exploration. The seven
scenarios were inclusive of; Guy Fawkes Night, Seaside, Coffee Shop, Sweet Shop,
Forest Walk, Rugby Match and Airshow, with the sensory output possibilities shown in
Table 4.5. For example, Guy Fawkes night would be inclusive of flashing lights with
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the sound of the explosions slightly delayed representing firework explosions, the smell
of gunpowder and smoke getting stronger as the experience continues, representing the
volume of fireworks that had been released and a burst of air, representing, chilly wind.
These prompts aimed to enhance an individual’s experience within a central space, fos-

tering a more immersive and engaging environment.

Table 4.1: The seven multisensory scenarios and corresponding multisensory cues: Visual, Au-
ditory, Olfactory and Tactile.

Scenario Visual Auditory Olfactory Tactile
Guy Fawkes  Bright lights Bang & Crackles Gunpowder  Cold Wind
Seaside Warm light Beach waves Seaweed Warmth
Coffee Shop  Cosy lighting Coffee grinder Coffee Cold to Warm
Sweet Shop  Multicoloured Rattling Sweets ~ Strawberry Cold to Warm
Forest Walk  Sparse green Trees moving Eucalyptus & Wind

in the wind fresh dirt
Rugby Game Bright White lights Cheering Fans Hot Dogs &  Cold

Beer

Airshow Bright Yellow Jet Planes Petrol Warmth

The experts unanimously shared the belief that incorporating a multisensory expe-
rience had the potential to significantly enhance user engagement with the city centre.
Their focus was on ensuring the crafting of an unforgettable, innovative, and multisen-
sory interaction that would create enduring and cherished experiences for visitors. They
were particularly excited about the prospect of introducing an innovative technology
that could offer something to captivate visitors in a way they had never seen before. The
olfactory aspects piqued their interest, as it represented a distinct dimension of sensory
engagement. Having discussed the variety of scenarios to recreate, a unanimous con-
sensus was reached where experiences intricately tied to Swansea and the regeneration
site held the experts’ keenest interest. This came as no surprise, as the experts’ work
was centred within this location, and it was where the installation would ultimately be

deployed. Their close connection to the city centre underscored their commitment to
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enhancing the local environment and creating a transformative experience for both res-
idents and visitors. Furthermore, the regeneration experts considered that using a lower
number of scenarios would prevent over stimulation and confusion, ensuring a more
clear and effective approach. Hence, although the rugby game and airshow scenarios
were indeed related to Swansea, they were not consistently accessible for participants
to engage with.

Consequently, two of the experts raised concerns that including these scenarios
might be confusing for visitors to the city centre. In contrast, the majority of par-
ticipants would have likely experienced a Guy Fawkes night celebration somewhere,
and they could directly engage with the scenarios related to the seaside, coffee shops,
or sweet shops within the city. Additionally, it was suggested by one expert that the
Forest Walk scenario closely paralleled the seaside experience. Therefore, the group
unanimously decided to remove this option as well. They all agreed that the remaining
scenarios offered the highest possibility of creating an immersive and engaging impact.
As a result, the focus moving forward narrowed to four possible scenarios related to

Swansea city centre:

1. Guy Fawkes Night - an annual crowd-pleaser on Swansea Beach with food stalls,

a big bonfire on the beach and fireworks

2. Seaside - characterised by the city’s proximity to a number of beautiful sandy

beaches

3. A Coffee Shop - reflecting Swansea’s array of independent cafes, including a

sustainable cafe opening within the regeneration site

4. A Sweet Shop - mirroring Swansea’s vibrant assortment of confectionery assort-

ments, with a new shop also opening within the new site

During discussions with the experts, it became evident that the Guy Fawkes night
experience held strong memories for them, albeit with differing recollections. For in-
stance, one expert reminisced about standing on a chilly promenade in Scotland, ea-

gerly awaiting the commencement of fireworks. In contrast, another expert’s memory
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was centred around an event on Swansea beach, complete with food stalls, minimal
wind, and a greater emphasis on the bonfire than the fireworks. This dialogue revealed
the variations in sensory cues that held personal significance for different individuals.
Recognising this diversity, it was concluded that conducting a comprehensive question-
naire would be beneficial. Such a questionnaire could yield a deeper insight into the
diverse range of potential sensory cues that resonate with people, informing how the

design could effectively cater to varying sensory associations.

4.3.2 Sensory Association Questionnaire

Following these initial exploration phases, a survey was conducted to understand which
senses the members of the public associated with the four scenarios (Guy Fawkes Night,
Seaside, Coffee Shop, and Sweet Shop). The questionnaire was structured into five sec-
tions. The first section collected participants’ demographic information, while the fol-
lowing four sections focused on questions related to the four scenarios (see Appendix
A). The questionnaire was distributed via a Google Forms link across various social
media channels and community groups to gather responses from participants of diverse
backgrounds and ages, resulting in a total of 62 responses. The demographic informa-
tion for these 62 participants is summarised in Table 4.2, which includes data on Age
Group, Gender Identity, Country of Origin, Employment Type, and Employment Sec-
tor, each of which also had a "Prefer not to say’ option. The demographics show a slight
dominance of participants from the education sector, which could have introduced dif-
ferences between the questionnaire users and the final user group. However, the focus of
the questionnaire was on urban experiences which suggests that participants’ feedback
was still relevant for understanding broader user needs.

Before completing each scenario section, participants confirmed their prior expe-
rience with the scenario. The participants who answered ‘no’ would pass to the next
scenario. The distribution of participants with experience in each scenario is as fol-
lows: Guy Fawkes Night - 90%; Coffee Shop - 97%; Seaside - 97%; and Sweet Shop
- 79%. Succeeding the confirmation of experience, the questionnaire asked the user to
provide a minimum of one word that reminded them of the scenario for each sense;

i.e. What words come to mind when you think of the Smell/Taste/Sounds/Lighting
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Table 4.2: Demographic Data for Sensory Scenario Questionnaire Participants (n=62).

Demographic Information

Age Range Gender Identity Country of Origin
18 -29 21% Female 55% United Kingdom  92%
30-39 21% Male 43% India 4%
40 - 49 10% Non-Binary 2% USA 2%
50-59 19% Transgender 0% Belgium 2%
60+ 29% Other 0%
Employment Type Employment Sector
Employed 39% Education 35%
Full-Time Student 24% Public Services & Administration 15%
Retired 23% Engineering & Manufacturing 10%
Self-Employed 8% Healthcare 9%
Homemaker 4% Government 8%
Unemployment 1% Creative Arts & Design 7%
Sick 1% Charity & Voluntary Work 7%
Business, Consulting & Management 5%
Retail 2%
Social Care 2%

and Colours/Physical Feelings/Emotional Feelings of Scenario X? (e.g., Seaside), with
Physical and Emotional Feelings separated to help the participants to separate feelings
such as warmth with feelings such as happiness. For each scenario and sense, the words
were categorised using content analysis to determine the presence of certain words or
themes for each sensory cue. Words with close resemblances would be grouped to-
gether, such as ‘Smoke’, ‘Smoky’ and ‘Smokiness’, into a single category (i.e. Smoke).
After analysis, it was decided to keep the five most frequent words for each sense. This
decision stemmed from the limited instances of other words, which hindered drawing
conclusive findings from them. The results for the top five words of each scenario and
sense are shown in Table 4.3. The results indicated that there were opportunities for
combining olfactory, audio and visual (lights) experiences to present a particular sce-
nario. The ‘physical feelings’ and ’taste’ aspects of the design would be more difficult
to create due to the current digital tools that were available, so were not part of the

prototype.
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Table 4.3: The five most common words provided for each sense and scenario. The words were collected based
on the questionnaire responses of 62 people.

Guy Fawkes Night Coffee Shop Seaside Sweet Shop
Number refers to times a Scent was mentioned
Smoke 42  Coffee 38 Salt 32 Sweet 21
Burning Wood 12 Cakes 14  Sea 22 Sugar 20
Gunpowder 11 Tea 4 Fish and Chips 20 Chocolate 10
Hot Dogs 7  Pleasant 2 Seaweed 15 Liquorice
Fire 6  Chocolate 2  Fresh 12 Fruit 3

Number refers to times a Sound was mentioned

Bang 49 Background Chatter 34 Waves 39 Sweet Weighing 13
Crackle 30 Foaming Milk 12 Seagulls 24 Children 12
Crowd Chatter 28 Clashing 12 Laughter 13 Laughter 9
Whizz/Whoosh 18 Loud 11 Children 10 Cash Register 5
Loud 17 Grinding Beans 6 Wind 8  Rustling 4
Number refers to times a Light was mentioned
Bright 16 Bright 13 Blue 30 Bright 24
Red 15 Brown 13 Bright 27 Rainbow 18
Yellow 9 Dark 10  Yellow 14 Dark 4
White 8  Warm 8  Grey 12 Vibrant 4
Orange 7  Relaxing 8  Sunshine 8  Happy 2
Number refers to times a 7aste was mentioned
Hot Dogs 20 Coffee 24 Salt 29 Sweet 38
Smokey 12 Cakes 15 Ice Cream 26 Sour 13
Toffee Apples 11 Bitter 14 Fish and Chips 26 Chocolate 10
Fried Onions 10 Sweet 13 Candyfloss 5 Liquorice 6
Marshmallows 9  Chocolate 7  Vinegar S5 Strawberry 4
Number refers to times a Physical Feeling was mentioned
Cold 32 Warmth 25 Warm 16 Excitement 7
Warm 17 Comforting 16 Cold 12 Hunger 6
Excitement 14 Relaxed 10 Relaxed 10 Happy 5
Cosy 4  Happy 3 Sand on Feet 6  Relaxed 4
Wet 2 Hunger 2 Wet 6  Sticky 2
Number refers to times a Emotional Feeling was mentioned
Excitement 24 Relaxed 15 Happiness 28 Happy 14
Happiness 21 Happy 9  Relaxation 13 Excitement 11
Fun 7 Calm 8  Enjoyment 15 Enjoyment 5
Anxiety 5  Warmth 5  Peace 13 Childhood 4
Wonder 4 Comfort 4 Family 4 Nostalgia 4
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Following initial motivations, this section explored the realm of multisensory in-
teractions within urban regeneration, employing a two-fold approach. The exploration
included a focus group session with regeneration experts using scenario-driven discus-
sions. Through this collaborative session, a set of four scenarios emerged, which pro-
vided opportunities for multisensory exploration. Next, a comprehensive questionnaire
involving 62 participants was administered, revealing trends in sensory cues related to
olfactory, auditory, and visual possibilities. The analysis of these associations enabled

the creation of a first iteration prototype, discussed within the next section.

4.4 Prototype for a Multisensory Rig

This section explores the aspects contributing to the design behind the hardware and
software of the first multisensory prototype. These designs emerged following the
cocreation sessions as outlined throughout the beginning of this chapter. The objec-
tive behind this prototype encompassed the construction of a multisensory rig, tailored
for in-lab testing, with the overarching goal of substantiating a proof of concept, i.e.
can multisensory cues be used to recreate the intended scenarios? The central aim was
to create an easily modifiable prototype that would enable swift iteration and flexible

adjustments to facilitate participant feedback.

4.4.1 Design Considerations

The process commenced by determining the types of sensory cues to be recreated and
the devices to be employed for these scenarios. The sensory cue questionnaire revealed
that visual, auditory, tactile, and olfactory cues would be the most effective moving for-
ward with the design. Due to previous projects within the laboratory, existing resources
were available, including a fan, LED lights, and a Bluetooth speaker, which could be
adapted for the design. Consequently, there was a need to identify an accurate olfactory
device and heaters for purchase, in order to incorporate olfactory elements and intro-
duce heated aspects. Acquiring heaters was relatively easy as there was a wide range

of options readily available. However, acquiring an olfactory device within budget con-
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straints was a more challenging task due to the limited availability of on the market,
pre-made devices due to them being such specialised equipment.

A number of devices were evaluated as possibilities for the olfactory aspect of the
design (see Table 4.4). The choice was narrowed down to two options available on the
market: the Olorama [262] and the Aromajoin [19], as these both had software devel-
opment kits (SDK) to enable development. Although both devices exhibited similar
qualities, the Aromajoin device stood out for several reasons. It offered a more com-
pact design, the opportunity to collaborate with their research team for custom scent
cartridges to align with the designed scenarios, compatibility with a broader range of
software development kits (SDKs) for seamless integration, and a notably lower cost.
In Figure 4.8, the Aromajoin device is depicted. This device has the capacity to ac-
commodate up to six scent pods simultaneously. Its operational mechanism involves
the propulsion of pressurised air through the scent cartridges, subsequently releasing
the scent via the diffusion gate, covering a distance of approximately 60cm. The com-
pact dimensions of this device permitted the inclusion of multiple units within a single

installation, and its lightweight nature minimally impacted the overall rig’s weight.

Diffuse gate

SDK call

number
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Tripod
mount
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USB-C Port Serial Number

Figure 4.8: Aromajoin Device Overview - a) Labelled diagram of external features; b)
Interior view with six scent capsules and magnetic lid clasps.

Upon testing the integration of heaters into the design, it was determined that they

would not be feasible to integrate within the design because the adaptation of the heaters

to enable them to be attached to the Arduino would involve bypassing safety features,
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presenting a potential safety hazard and fire risk. As a result, these elements were

removed from the design to prevent any safety concerns.

Table 4.4: Product specifications for selecting the olfactory device in the multisensory rig design.

Device Price (£) Size (cm) SDK Custom Scent’s Scents per device
Olorama 2097.00 26.0x19.0x13.0 4 Y 10
Aromajoin 660.30 6.0x6.7x8.2 11 Y 6
AromaPrime 1439.99 26.0x13.6x34.5 1 Y 3
Ecoscent 699.00 20.0x17.0x55.0 O N 1

Furthermore, tests were conducted with a fog machine which was integrated within
the LED lights device, as an experiment to introduce smokiness to enhance the Guy
Fawkes night experience. However, this addition was promptly removed from the de-
sign because controlling the volume of smoke emitted by the device proved challenging,
resulting in excessive smoke clouds. This raised concerns about the potential impact on
individuals with asthma. Moreover, due to the lab’s limited ability to open windows,
operating the fog machine triggered the fire alarm and led to a building evacuation. Ad-
ditionally, the impracticality of using such a device in outdoor public areas was evident.
As even brief operation of the fog machine for a few seconds would disperse substantial
amounts of smoke over a wide area, making it incompatible with public spaces, due to
the possible effect to those sensitive to air pollutants and the ability for smoke to de-
grade air quality possibly creating a hazard to people within the vicinity [67,110,203].
The potential ramifications of dispersing large quantities of smoke, both in terms of
safety protocols and the potential distress it could cause to individuals, necessitated the

elimination of this option from consideration.

4.4.2 First Iteration Prototype

The first prototype design consisted of two Aromajoin devices, one speaker, one fan,
and a set of LED lights (see Figure 4.9). A laser-cut screen was used to minimise visual
distractions, and participants sat roughly 0.5 metres from the table setup, with a typical
study taking approximately 30 minutes. The chosen distance was a decision made for

two key reasons. First, it aligned with the specified distribution area of the scent devices
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Figure 4.9: Pilot study multisensory device set-up, showing labelled device layout
(LEFT) and the Coffee Shop experience in effect (RIGHT).

(60cm), as indicated by Aromajoin [19]. Second, it was essential to ensure participants’
comfort. This distance not only allowed participants to effectively receive the sensory
outputs from the olfactory, auditory, visual and tactile devices but also considered the
need for personal space. It was crucial to acknowledge that participants might be in-
teracting with a device they had not encountered before, and providing a comfortable
space for this interaction was a priority.

The LED lights and fan were connected to an Arduino - a micro-controller board
which could take inputs and create outputs. Control over the lights was established
using an infrared transmitter - an electronic device that sends out pulses of infrared light.
A full spectrum of colour combination codes were gathered using an infrared reader
in conjunction with the LED lights controller. Subsequently, a binary infrared code
sequence was created, transmitted via an Arduino infrared transmitter to the LED lights,
resulting in a digital signal sent to the LED infrared reader to produce a specific light
combination (e.g., blue). The fan featured three intensity levels and could be controlled
for activation and deactivation using the Arduino device. Given the Aromajoin device’s
compatibility with multiple SDK languages, integration into the multisensory rig was
streamlined. The selection was made to use the Java SDK, allowing for the passage of

control through the Arduino and management of Java aspects (Olfactory and Audio).
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In the initial prototype, the goal was to establish a Wizard of Oz setup with
researcher-controlled outputs. The Java program could activate all devices to perform
their respective functions upon case selection, (example in Appendix B). Each case had
controls for visual, olfactory, auditory, and tactile outputs. The researcher selected a
case from 1 to 4, triggering the corresponding output controls (1: Guy Fawkes Night,
2: Seaside, 3: Coffee Shop, 4: Sweet Shop). For example, Case 1: Guy Fawkes night
generated smoky scents, firework sounds, strobe lighting, and a breeze for 5 seconds.

The sensory outputs were guided by the top five words linked to each cue from
the questionnaire (Table 4.3). Compatibility with the employed devices was also taken
into consideration. e.g., Guy Fawkes night featured premade scent *"Wood Smoke’ and
a custom ’Gunpowder’ scent capsule. Additional scent capsules were tailored for the
experiences, including 'Fishy Water’ (evoking a salty fish water aroma) and ’Coffee’
(evoking ground coffee). Lighting effects were based on the pre-existing options of the
LED lights, aligning with the five most common lighting descriptors. Furthermore, the
auditory elements were fashioned by the researcher using freely available sound effects

and recordings captured at specific locations, such as Swansea Bay Beach.

Table 4.5: Pilot study sensory design for each scenario divided into the four deployment types:
Olfactory, Auditory, Visual and Tactile.

Guy Fawkes Night  Seaside Coffee Shop Sweet Shop
Olfactory Wood Smoke, Ocean, Fishy Coffee Peppermint, Chocolate
Gunpowder Water Strawberry, Citrus,
Hot Apple Pie

Auditory  Firework explosions Beach waves Chatter & OId cashier till &

and crackles & seagulls clattering children playing
of crockery
Visual Strobe of random Yellow, orange, Dim orange Strobe of random
colours and blue colours
Tactile Fan on low Fan on low Fan onlow  Fan on low
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4.5 Pilot Study of a Multisensory Rig

The aim for the pilot study was three-fold, to (a) discover the types of digital sensory
experiences the participants had taken part in before; (b) verify the efficacy of the for-
mulated scenarios and corresponding sensory cues; and, (c) iterate the prototype based

upon the feedback received from participants.

4.5.1 Procedure

Recruitment was accomplished through a combination of email distribution and social
media outreach. Ethical approval was secured for the project with conditions including
the disclosing of any allergens/breathing difficulties prior to attendance and the preven-
tion of use by any children or vulnerable adults. Participants were advised not to partake
if allergens or breathing difficulties were indicated. The study was conducted following
a discussion aided by an information sheet, ensuring that informed consent was obtained
from all participants. Additionally, participants were provided with the chance to par-
ticipate in a prize draw for a £25 Amazon voucher as an expression of gratitude for their
involvement. The study’s primary objective was to ascertain the potential of a multisen-
sory installation in eliciting sensory outputs that trigger the retrieval of past memories

and its suitability as a public installation. The study was structured as follows:

1. Every participant engaged in a brief pre-study questionnaire (Appendix C) aimed
at collecting demographic information. Furthermore, participants were asked to
provide insights into any prior encounters they had with multisensory activities,

encompassing both research-oriented and entertainment-driven experiences.

2. The participants were seated roughly 0.5 metres from the multisensory rig to en-

sure they could both smell the olfactory cues and see the visual outputs.

3. Participants were requested to observe three successive rounds of sensory output
for four distinct scenarios (Guy Fawkes Night, Seaside, Coffee Shop, and Sweet
Shop), with each deployment lasting a duration of five seconds. After the conclu-

sion of the final round for each scenario, participants were presented with a series
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of inquiries (see Appendix C) regarding the respective scenario. These inquiries
encompassed aspects such as the degree of prominence associated with each scent

and whether the sensory outputs had triggered any recollections or memories.

After completion, the participants were given the opportunity to discuss their ex-
perience and any further feedback they would like to provide regarding the device or

overall experience.

4.5.2 Results

Pre-study Questionnaire

The pilot study included eight participants, aged 23 to 58, representing four work
sectors, including two females and six males. Following the demographic retrieval
questions, the participants were asked about their past experiences with multisensory
activities. 38% of participants had experience with Virtual Reality (VR) studies, and
63% had been to a 4D experience (e.g., Heineken experience, Amsterdam [118]) or a
4D cinema viewing (e.g., Ironman 4D [82]). However, none of the participants had

experience with interactions including olfactory outputs before.

Scenario Deployment
Following the questionnaire, the prototype deployed three rounds of output for each
scenario, lasting five seconds per deployment. Participants were asked to share their
perceptions of the stimulation’s across the multiple sensory modalities, prompting them
to identify any experiences or associations they recalled in relation to the specific sce-
narios. Additionally, they were asked to discern the relative prominence of each sense,
ranking olfactory, audio, visual and tactile cues from the most to least prominent.
Weights were assigned to each level of prominence, with the highest rank receiving
the greatest weight and the lowest rank receiving the least weight. A weighted average
of participant-assigned ranks were calculated for each sense and scenario, resulting in
the average prominence values illustrated in Figure 4.10. For instance, audio received
the highest weighted average from 85% of participants. Consequently, audio held the

highest prominence, closely trailed by light. During the course of the study, it became
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evident that the olfactory component of the design lacked sufficient intensity, making it
challenging for the majority of participants to differentiate and perceive distinct olfac-
tory cues. The tactile cue (wind) exhibited the lowest prominence. This observation was
largely attributed to the participants’ belief that the fan’s purpose was to propel the scent
forward, rather than providing tactile feedback. To determine whether or not there was
a significant difference between the prominence of each scent the non-parametric statis-
tical Friedman Test [95] was completed. This analysis aimed to understand whether the
scenario deployments had any effect on the recognition’s of the different sensory out-
puts. The results for testing the difference in each sensory cue across the four scenarios

yielded the following statistics:

Friedman Test Statistic (Q) = 11.77; p-value = 0.0082;

Because the p-value for the prominence data is less than the significance level of
0.05, the analysis rejects the null hypothesis and concludes that at least one of the four
senses had a significantly different sensory effect. In addition, whilst the median ranking
for Olfactory (1.60) was close to the overall median (1.75), the median response for
Audio (3.05) was substantially higher, at over double the overall median rank (see Table
4.6). These results indicated that the audio had a more effective prominence than other
types of sensory cues across all four scenarios. In contrast, the results for testing the
difference in scenarios provided a non-significant result of p —value = 0.97. Therefore,
it can be concluded that, for the pilot study, the different scenarios had no effect on the
sensory prominence as can be seen from the average weighted rankings in Figure 4.10

and insignificant Friedman’s test results.

Table 4.6: Sum and Median Rank for each of the sensory cues (Pilot Study).

Sensory Cue Sum of Rank Median

Audio 12.30 3.05
Visual 8.90 2.30
Olfactory 6.40 1.60
Tactile 4.40 1.00
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Prominence of Sensory Cues Across Pilot Study Scenarios
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Figure 4.10: The average weighted ranking of multisensory cues (auditory, visual, ol-
factory and tactile) across four different scenarios.

In addition to evaluating the prominence of each sensory cue, the study also aimed
to assess the effectiveness of the sensory outputs derived from the collaborative formu-
lation based on the sensory cue questionnaire (see Section 4.3.2). The objective was
to determine the extent to which these outputs successfully conveyed understandable
experiences to the participants and elicited recollections of previous memories and

experiences.

Guy Fawkes Night: All participants recalled some form of memory, with 75% de-
scribing experiences reminiscent of a Guy Fawkes night or Fireworks Display. Three
participants specifically recounted a fireworks event held on a beach. For instance, one

participant shared,

“This reminds me of a Fireworks display a few years ago with my children
on Swansea Beach where it was very cold but somebody had set fire to a

sofa on the beach and it smelt really smokey.”
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The remaining participants evoked a diverse range of memories, including a
military encounter in Bosnia. They associated the firework explosions with gunfire,
while another was reminded of a monsoon during their childhood in India, where
they engaged in a game of banging on tables until the rain ceased. Whilst, 90% of
the participants accurately identified the olfactory output as a blend of smoke and
gunpowder, some found the combination of audio and visual strobe lighting perplexing.
They suggested that fireworks typically feature bursts of colour, whereas the proto-

type design had continuous strobe lighting prompting them to focus more on this aspect.

Seaside: The seaside experience successfully evoked memories for all participants,
with 75% of participants recognising it as a seaside experience. Several provided
personal anecdotes, for example, three participants who owned dogs recounted the
joy of walking with their dogs along a beach during the warmer months of the year.
Remarkably, the memories that diverged from the seaside theme, still exhibited paral-
lels with a seaside experience, with the additional participants recounting experiences
relating to local parks and leisurely walks along the cliffs with their partner, as the
bird sounds within the audio and fresh sea scent reminded them more of a breezy walk

under the trees than of waves.

Coffee Shop: In contrast, the coffee shop scenario encountered comparatively lower
recognition among participants, with a mere 38% eliciting any recollections. Among
these, only 25% related the experience to a coffee shop, while the remaining respon-
dents drew parallels with a school cafeteria. The discrepancy in recognition might be
attributed to the dominant sulfuric or eggy note in the coffee scent, which led to some

discomfort. One participant remarked,

“Oh gosh, it smells like (gone) off sandwiches. It’s hard to focus on any-

thing else.”

Sweet Shop: The sweet shop scenario exhibited the lowest level of stimulation, as
none of the participants were able to draw any reminiscent connections. This outcome

might be attributed to the subtle nature of the scent, which participants struggled to
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identify, coupled with the challenge of deciphering the audio component. Several
participants recognised the sound of a cashier bell but encountered difficulty discerning
other elements. Another potential factor could be the potential over stimulation from

previous experiences, potentially complicating the interpretation of the final scenario.

Post-Study Feedback

Following the conclusion of the study, participants were offered the opportunity to pro-
vide supplementary feedback, encompassing both the device itself and specific sensory
outputs. Overall, the participants were intrigued as to how it could be utilised within
public spaces. Several participants, suggested varying the lighting to intermittently il-
luminate and dim, to replicate natural sunlight. In addition, a unanimous consensus
emerged among participants regarding the need for enhancement of the sensory aspects.
Specifically, participants advocated for either intensifying the scents with stronger vari-
ations or increasing the volume of distributed scents. The same sentiment was echoed
in the context of audio, where participants recommended increasing the volume.

The only scenario that received specific recommendations was Guy Fawkes night,
where one participant recommended adapting the audio and visual lighting to have dis-
tinct gaps and crackling sounds to make it appear like a more authentic Firework display
where lights would explode in the sky, disperse and then another would appear, instead

of continuous lighting.

4.5.3 Pilot Study Overview

The pilot study provided insights for future prototype iterations, showing that partici-
pants found the experience novel and engaging, with a focus on memory stimulation,
particularly for those concerned about memory loss. Additionally, accurate scenario
recognition was perceived as enjoyable by some participants, contributing to their en-
gagement with the study.

The results indicated scope for refining the accuracy of scenario recognition, ful-
filling the second aim. The participants’ engagement was most influenced by the audio
component, with a substantial impact on their immersion, when the audio deviated

from expectations it was harder for participants to engage with their other senses. This
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observation introduced an intriguing paradigm, contrasting with the assumption that
the olfactory stimulation would take precedence over other sensory inputs. Instead, the

study found that audio had the greatest impact on participants.

Aromajoin
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@ = == BoXx
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Figure 4.11: Lab study prototype device reconfiguration with scent devices at head
height, and a participant seated 0.5 metres from the device.

Adaptations for the Second Iteration Prototype

Regarding the studies third aim, several adaptations were implemented in response to
the feedback received from participants in the pilot study. To address the insufficient
potency of olfactory outputs across the majority of scenarios, two adaptations were
implemented. First, the olfactory devices were re-positioned to a height closer to head
level and in front of the fan, in the hope of a more effective scent dispersion, (see Figure
4.11). Second, the quantity of scent capsules per scenario was increased from two to
four capsules per scenario, with the fan intensity also being increased from low to high.
These adjustments aimed to enhance the olfactory experience and its impact on sensory

perception.
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Furthermore, the scents were adjusted based on feedback to align more closely with
the corresponding experiences. For instance, ‘Hot Apple Pie’ was introduced to the
‘Guy Fawkes Night’ scenario to emulate food stalls. It was also incorporated into the
‘Coffee Shop’ scenario alongside chocolate to mitigate the strong coffee scent disliked
by participants and to introduce sweeter aromas reminiscent of cakes. Additionally, the
number of scents in the ‘Sweet Shop’ scenario was reduced to two to facilitate easier
scent discernment and prevent overstimulation. Given that all scents were created and
supplied by Aromajoin in Japan, customising individual scents for greater accuracy,
such as in the case of the coffee scent, within the timeframe was not feasible. Therefore,
adjustments were made within the available options to align the scents as closely as
possible with the intended experiences.

To attempt to solve the confusion arising from continuous lighting, adaptations were
made to the Guy Fawkes night scenario by introducing synchronised flashing lights ac-
companied by delayed audio bangs. This modification aimed to enhance participants’
comprehension of the scenario, addressing the specific feedback received. The sen-
sory output that attracted the most feedback, likely due to its perceived prominence,
was audio, resulting in requests for adjustments to be made for each scenario’s audio
components. To elaborate, the Guy Fawkes night scenario necessitated the inclusion of
additional ambient noises such as sparklers, to compliment the explosions of individual
fireworks. In the case of the coffee shop scenario, participant feedback prompted the
addition of sounds associated with a coffee machine in operation, along with the omis-
sion of clattering crockery to reduce its similarity to a cafeteria. In contrast, the seaside
audio evoked diverse feedback, reflective of the numerous beaches within the Swansea
area each offering distinct sensory stimuli. To address this, the decision was made to
amplify the crashing waves and seagull sounds, enhancing differentiation from a park
environment. Finally, the sweet shop scenario required audio elements that would effec-
tively distinguish it from a typical store. Consequently, sounds like rattling jars, pouring
of sweets into scales, and the ringing of an old-fashioned till were integrated.

In response to the feedback and analysis detailed above, the design of each scenario
and physical location of the devices were adapted. The adapted device locations can be

seen in Figure 4.11 and the final sensory outputs are summarised in Table 4.7.
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Table 4.7: Lab based user study sensory design for each scenario divided into the four deploy-
ment types: Olfactory, Auditory, Visual and Tactile.

Guy Fawkes Night Seaside Coffee Shop Sweet Shop
Olfactory Smoke, Gunpowder, Ocean, Fishy  Coffee, Chocolate, Strawberry, Citrus
Hot Apple Pie Water Hot Apple Pie
Auditory Whistle, Bang, Crashing waves Espresso machine Jars opening, pouring
Pause x2 & Seagulls & chatter sweets, old-fashioned
cash register
Visual  Red with Bang 1,  Blue Dim orange Dim orange
Green with Bang 2
Tactile  Fan on high Fan on high Fan on high Fan on high

4.6 Lab Study of a Multisensory Rig

The aim for the lab study was three-fold, to (a) discover the types of digital sensory
experiences the participants had taken part in before; (b) verify that the adaptations
made following the pilot study feedback were effective leading to a higher efficacy of
the formulated scenarios and corresponding sensory cues; and, (c) discover the iterations

necessary for the prototype to be adapted for a city based deployment.

4.6.1 Procedure

As described for the prototype testing, recruitment was accomplished through a com-
bination of email distribution and social media outreach. Ethical approval was again
secured for the project with conditions including the disclosing of any allergens/breath-
ing difficulties prior to attendance and the prevention of use by any children or vulner-
able adults. Again, as for the pilot study, participants were advised not to partake if
allergens or breathing difficulties were indicated. The study was conducted following a
discussion aided by an information sheet, ensuring that informed consent was obtained
from all participants. Additionally, participants were provided with the chance to par-

ticipate in a prize draw for a £25 Amazon voucher as an expression of gratitude for their
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involvement. The study’s primary objective was to ascertain the potential of a multisen-
sory installation in eliciting sensory outputs that trigger the retrieval of past memories
and its suitability as a public installation. Confirmation of the improved efficacy based
on adaptations made due to the pilot study was a central focus. The study followed the
same structure as the pilot study outlined in section 4.5, except for one key difference:
the duration of each scenario was extended from five to eight seconds to allow partic-
ipants more time to fully experience the sensory outputs. Following the completion of
the study, participants were offered the chance to engage in a discussion about their ex-
periences. They were encouraged to share any additional feedback they had regarding
the device and to suggest any modifications they believed would make it more suitable

for deployment in a city setting.

4.6.2 Results

Pre-study Questionnaire

The lab study involved 18 new participants (8 females, 10 males), aged 23 to 57,
from seven different work sectors, each dedicating roughly 30 minutes to the study.
Following the demographic questions the participants’ were asked about any prior
experiences with multisensory activities. Two of the participants had previously
participated in a VR research study that involved both audio and visual cues. Addi-
tionally, one participant had taken part in a taste test research study within the field
of sport science. The majority of participants (73%) reported having encountered
entertainment-based multisensory experiences. These experiences included attending
4D immersive experiences, such as the London Dungeons [77]. Furthermore, none
of the participants had prior experience with multisensory activities in outdoor public

spaces, or those involving olfactory outputs.

Scenario Deployment

After experiencing the three rounds of sensory output for each scenario the participants
were asked to identify any experiences or associations they recalled in connection to
the specific scenarios. Furthermore, participants were tasked with assessing the relative

prominence of each sense by ranking olfactory, audio, visual, and tactile cues from the
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most prominent to the least prominent.

Within the lab study, each level of prominence was assigned a weight, with the
highest rank being assigned the greatest weight and the lowest rank receiving the least
weight. Participants’ rankings were then used to calculate a weighted average for each
sense and scenario (see Figure 4.12). As the same method was used for the pilot study
experiments, the data can be directly compared. A comparable pattern emerges when
examining the auditory cues, which maintained their position as the most prominent
sensory elements, although at a slightly lower percentage of 68%. However, there was a
shift in the ranking of olfactory cues, now occupying the second-highest position, com-
pared to their third-place ranking in the pilot study. This shift signified a distinct trend in
the significance of auditory cues and underscored the successful enhancement of olfac-

tory output intensity, resulting in a more substantial impact during the user interactions.

Prominence of Sensory Cues Across Lab Study Scenarios
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Figure 4.12: The average weighted ranking of multisensory cues (auditory, visual, ol-
factory and tactile) across four different scenarios.

Throughout the study, it became evident that while audio was consistently ranked as
the most prominent sense, the olfactory component of the interaction held a particularly

intriguing aspect. Many participants expressed a strong interest in knowing whether
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they had correctly identified the scents, highlighting the fascination associated with the
olfactory experience during the study. Additionally, the tactile cue, consistently demon-
strated the lowest prominence among participants. Several participants explicitly noted
in the feedback section of the study that the tactile cue was a distraction and had a
lesser impact on their sensory experience compared to other cues. In some cases, it was
perceived as more of a hindrance than a meaningful sensory output.

As in the pilot study, the Friedman Test [95] was conducted to assess whether there
were significant differences in prominence among the various senses. This analysis
aimed to again ensure that the scenario deployments did not effect the recognition of
the different sensory outputs. The results for testing the differences in each sensory cue

across the four scenarios yielded the following statistics:

Friedman Test Statistic (Q) = 11.77; p-value = 0.0082;

With a p-value for the prominence data less than the significance level of 0.05, the
null hypothesis was rejected, indicating that at least one of the four senses had a signifi-
cantly different sensory effect on the overall experience. Moreover, although the median
rankings for Olfactory (5.25) and Visual (4.00) were relatively close to the overall me-
dian (4.65), the median response for Audio (6.65) remained substantially higher (see
Table 4.8). Consequently, the results suggest that auditory outputs continued to be the
most effective and prominent sensory cue compared to the other types of sensory cues

across all four scenarios.
Table 4.8: Sum and Median Rank for each of the sensory cues (Lab Study).

Sensory Cue Sum of Rank Median

Audio 26.30 6.65
Visual 16.60 4.00
Olfactory 21.00 5.25
Tactile 9.20 2.30

In contrast, the results for testing the differences between scenarios yielded non-
significant results with a p-value of 0.75. Therefore, it was concluded that, in the context

of the lab-based study, the scenarios had no discernible impact on sensory prominence,
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as evidenced by the prominence rankings in Figure 4.12 and the insignificant results of
the Friedman Test.

In addition to evaluating the prominence of each sensory cue, the study also sought
to assess whether there was any improvement in the effectiveness of the sensory
outputs. These outputs were initially developed based on the sensory cue questionnaire
(as outlined in Section 4.3.2) and were then refined based on the feedback from the
pilot study. The primary objective was to determine to what extent these refined outputs
successfully conveyed understandable experiences to the participants and triggered
recollections of previous memories and experiences with increased accuracy compared

to the pilot study.

Guy Fawkes Night: The Guy Fawkes night scenario demonstrated greater accuracy
in the second study, with 89% of participants recalling memories of Guy Fawkes night.
The remaining 11% (two participants) had never attended a fireworks display. One of
these participants shared an experience of watching a James Bond movie in a cinema
for the first time and related the audio in the movie to the sound of gunshots, with
the smell reminding them of gunpowder. The scenarios adaptations, synchronising
lights and audio so that lights flashed and paused with the audio bang, as opposed to
continuous lighting in the previous iteration, which led to the participants focusing

more on the olfactory outputs.

Seaside: The seaside recognition rose from 75% to 83%. Furthermore, 67% of the
participants specifically recounted memories associated with a beach. For example, one

participant shared,

“It reminds me of walking along the beach towards the Mumbles on the

bike path, ready for an ice cream”

Similar to the pilot study, participants who did not recognise the scenario as the
seaside still recalled memories closely related to the seaside theme. For instance, one

participant was reminded of a calming spa experience.
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Coffee Shop: While the recognition accuracy for the coffee shop scenario did in-
crease from 38% to 44%, the adaptations made were not notably successful in evoking a
coffee shop environment. Among those who did recognise the scenario, it was primarily
due to the sweet scent output reminding them of a franchise coffee house such as, Star-
bucks. Additionally, the adaptation of the audio output appeared to remind participants
more of metal machinery than a coffee machine. The remaining 56% of participants
had their memories triggered by the sensory outputs, but these memories were entirely

distinct and unrelated to one another. For instance, one participant recalled:

“I’'m broken down on the motorway, there are red lights on the dashboard,

something smells bad and the cars making funny noises”

Sweet Shop: The sweet shop scenario exhibited the most significant increase in
recognition accuracy, increasing from no participant recognition to a 78% recognition
rate. The significant improvement in accuracy could be attributed to the deployment
of a higher number of scent capsules and the reduction in the variety of scent types.
Although adjustments were made to the audio, it was the sweet scent, particularly the
strawberry scent, that participants most frequently mentioned, with 65% specifically
recalling moments of eating sweets with their grandparents, indicating its prominent
role in enhancing the overall experience. Furthermore, this scenario emerged as
one of the most popular among participants, further highlighting the effectiveness
of scent in shaping user perception. For the remaining participants, the sensory
cues brought to mind a country cafe or farm shop. The old-fashioned till in the sce-

nario reminded them of a small local business, which was less likely to have a digital till.

Post-Study Feedback

Upon the conclusion of the study, participants were given the opportunity to provide ad-
ditional feedback, including for the device itself, specific sensory outputs, and potential
adaptations for deployment within a city setting. Overall, participants expressed great
enthusiasm for their participation in the study and their interactions with the multisen-
sory device. This time, feedback regarding adaptations to sensory outputs was more

limited, possibly due to the improved recognition of sensory cues.
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The tactile aspect of the experience was noted as being distracting for several users.
As with the pilot study, some participants were again unsure whether the tactile compo-
nent was intended to push the scent forward or serve as a standalone sensory cue.

In terms of lighting, it was rarely mentioned throughout the study, with approx-
imately 70% of participants not referring to it unless prompted with specific ques-
tions. When suggesting adaptations for city-based deployments, all participants, rec-
ommended relocating the LED lights. They suggested that, in real environments, the
lighting would typically be positioned above the participants’ heads, shining downward,

rather than below their eye line, as was the case in the study setup.

4.6.3 Lab study Overview

The laboratory study provided insights and highlighted potential adjustments necessary
for the city-based deployment of this prototype. Regarding the studies first aim, partici-
pants’ responses further confirmed that the experience was innovative, as none had pre-
viously engaged in a similar study. Furthermore, the accuracy recognition significantly
improved, with an average recognition rate of 74% across all scenarios, compared to the
47% observed in the pilot study, completing the second aim.

The study results underscored the importance of auditory and olfactory cues work-
ing in harmony to stimulate memory recollections, with the increased olfactory output
making it more prominent than visual cues. In addition, olfactory cues dominated in
discussions among participants who wanted to identify scents accurately.

Looking ahead, it became evident that adaptations were necessary for the city-based
deployment. The tactile cue, found to be distracting, and the lighting, which was chal-
lenging to perceive at its current height, both needed adjustments to enhance the overall
experience rather than detract from it. These findings served as guidance for refining
the prototype for real-world city deployments which will be explored in Chapter 5, com-

pleting the third aim.
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4.7 Discussion

Whilst research has previously evaluated the creation of visual and speech based public
displays (e.g., [87, 215, 229]), the process of cocreating a multisensory prototype of-
fers new insights and contributions to the field. It represents a convergence of creative
ideas from children, practical wisdom from regeneration experts, and feedback collected
through extensive questionnaires, collectively leading to the creation of the initial pro-
totype. The feedback received led to substantial changes and adaptations, ensuring that
the prototype evolved in response to real-world experiences and user preferences.

The process of cocreation, as demonstrated in this chapter, played a central role in
shaping a multisensory prototype developed as a proof of concept, laying the ground-
work for its evaluation in the subsequent city-based deployment chapter. The iterative
studies, commencing with a pilot study and evolving into a more comprehensive lab
study, proved instrumental in the refinement and adaptation of the prototype. This mul-
tifaceted cocreation approach aligns with the principles of human-centred design and
participatory urbanism (e.g., [148,185,186]), underscoring the value of diverse perspec-
tives and active engagement in shaping technology for urban spaces. It contributes to the
existing literature by showcasing the practical implementation of cocreation methodolo-
gies in the development of multisensory urban installations, highlighting the effective-

ness of such an approach in creating technology that is both innovative and user-centric.

4.7.1 Diverse Perspectives to Foster Innovation

By actively engaging a diverse spectrum of contributors, as advocated by Bradbury [30],
including children, regeneration experts, and community members, a multisensory rig
could be made. Each group brought to the table a unique set of ideas, experiences, and
solutions, contributing to the development of a prototype that was both innovative and
effective.

This work underscores the importance of integrating children into design processes
as previously advocated [76, 128, 237], introducing a comprehensive process for en-
gaging children in workshops aimed at enhancing technology design for public spaces.

Children, unburdened by conventional thinking, introduced a fresh and imaginative lens
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through which to view urban technology installations. Their boundless creativity led to
ideas that pushed the boundaries of traditional design. However, it is worth noting that
the children’s involvement with the ongoing prototyping was constrained. Although the
author aimed to have them involved throughout the entire process, ethical restrictions
imposed by the university ethics restricted any scent-based research with participants
under the age of 18 outdoors. Consequently, while children played a role in the ini-
tial stages of the prototype design, it was not possible to consult them throughout the
subsequent phases of the prototyping studies. To address this gap, the final design was
revisited and tested with pupils towards the conclusion of Chapter 5, where an alternate
ethical review was completed.

In contrast, regeneration experts offered practical wisdom, rooted in their deep un-
derstanding of the specific context of Swansea’s urban regeneration. Their insights en-
sured that innovative concepts could be translated into feasible and contextually relevant
solutions. Their insights served as a bridge between imaginative ideation and pragmatic
application. These exploratory workshops highlighted the differences in memory rec-
ollections associated with various sensory experiences. This revelation prompted the
subsequent creation of a comprehensive questionnaire, which provided feedback to un-
cover variations in the words and phrases linked to different sensory experiences.

Community members, representing a diverse cross-section of end-users, provided
critical feedback, aligning the prototype with the needs and preferences of the wider
community. This collaborative approach highlighted the significance of integrating di-
verse facets to optimise the design of urban technology installations, making them more
creative and practical.

The aggregation and analysis of these responses formed the basis for refining and
validating the sensory cues intended for incorporation into the initial multisensory pro-
totype. This contribution demonstrates the significance of incorporating user feedback,
especially concerning multisensory experiences, to enhance the effectiveness and reso-

nance of urban technology installations.
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4.7.2 Measuring Effectiveness

The multifaceted evaluation of the multisensory prototype contributed to the under-
standing of its effectiveness and usability. The increase in average recognition accuracy
(47% to 74%) across the four scenarios, demonstrated the impact of iterative develop-
ment and user-centred design on enhancing the prototype’s performance. In addition, it
showcases the value of ongoing refinement based on user feedback [186].

Furthermore, the inclusion of users’ recollections, and emotional responses in the
evaluation process provided an understanding of the prototype’s ability to create mem-
orable experiences and engage the senses effectively. This holistic feedback not only
measured the prototype’s technical functionality but also its capacity to elicit emotional
and sensory responses from users.

Moreover, users’ voices were not only heard but also valued in the iterative devel-
opment process. Overall, this multifaceted evaluation contributed to an understanding
of the multisensory prototype’s effectiveness and its potential to create engaging and
memorable experiences in urban spaces, a process which could be adapted and inte-

grated across multiple contexts.

4.7.3 Navigating Challenges in Multisensory Design

This research encountered several challenges, including the impact of the COVID-19
pandemic [88]. Conducting children’s workshops online due to the pandemic presented
obstacles, leading to a reduced collection of student designs (37% less) and limited in-
person engagement. Additionally, the project encountered a diversity of perspectives
on sensory cues and their associated triggers. The varying interpretations from different
participants emphasised the intricate and sometimes subjective nature of sensory experi-
ences. It highlighted that what one individual might associate with a particular sensory
cue, another might perceive differently. Navigating these diverse perspectives was a
balancing act, one that required careful consideration and adaptability to ensure that
the prototype could resonate with a broad range of end-users. In summary, these chal-
lenges underscore the importance of flexibility and creativity in addressing unforeseen

obstacles in research, enhancing our understanding of multisensory urban installations.
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4.8 Conclusion

The cocreation process undertaken in this research described how diverse groups can
influence the development and effectiveness of a prototype designed for multisensory
engagement. By involving a wide range of users in the design process, it was acknowl-
edged that urban technology should be inclusive, meeting the diverse needs and pref-
erences of the entire community. In particular, children brought fresh perspectives,
unbiased creativity, and a unique sense of curiosity to the table.

Furthermore, engagement with regeneration experts and participants from the wider
community, steered the research towards a comprehensive and contextually relevant
approach. This engagement facilitated a link between imaginative ideation, practical
applicability, and a deeper understanding of the intricate relationship between sensory
experiences and memory recollections in the context of urban regeneration. In essence,
the process of cocreating the multisensory prototype encapsulated the essence of user-
centric design, where the community’s input and diverse perspectives were not only
acknowledged but actively integrated into the development process. Which lead to the
creation of a multisensory prototype with olfactory, visual, auditory and tactile outputs.
Whilst recognition was low at first the feedback led to an increased recognition rate and
a starting point for adaptations into a city-based prototype (Chapter 5).

In summary, the evaluation of the multisensory prototype extended beyond mere
recognition accuracy. It embraced an understanding of how the prototype resonated with
users, the emotional connections it fostered, and the valuable input users provided for
continuous improvement. This multifaceted evaluation approach produced a prototype
that not only performed well but also resonated deeply with the community members.
In the upcoming chapter, these designs will undergo a transformation, evolving into a

city centre-ready prototype.

4.8.1 Chapter Contributions

In this chapter, the impact of a diverse cocreation process on the development and ef-
fectiveness of a multisensory interactive prototype was explored, with a particular focus

on fostering inclusive urban technology and influencing memory recollection and sense
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of space. Building upon insights from the Lookout deployment, where a desire for im-
mersive experiences, especially for children, became evident, this chapter explored the
cocreation of an interactive multisensory prototype. Motivated by the belief that such
devices could enhance city centre engagement, particularly among young citizens, and
inspired by the observation that children’s interactions could inspire others to engage
with urban technology, this chapter concentrated on testing a multisensory prototype
incorporating olfactory, auditory, visual and tactile elements which could be adapted for

city deployment (Chapter 5).
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Chapter 5

Making Sense of Outdoor Public
Places: Advancing Multisensory
Design through Deployment, User

Engagement, and Recommendations

5.1 Introduction

In the heart of bustling city centres, screens have long held sway as the primary medium
through which people interact with technology, connecting people to a multitude of
digital experiences [107,130,244]. While undeniably effective, these screens have often
been accused of isolating us from the vibrant environments that surround us [184]. In
response to this challenge, a journey was embarked upon to reimagine urban spaces,
envisioning a cityscape where screens give way to immersive multisensory installations.
This chapter marks a contribution to the understanding and exploration of multisensory
installations within outdoor public spaces.

In the previous chapter, the process of cocreating a multisensory prototype using
olfactory, auditory, visual and tactile outputs unfolded, involving regeneration experts,
children, and the broader community. This collaborative process laid the foundation

for the design and development of the multisensory rig explored here. While previ-
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ous research has primarily focused on multisensory technologies within indoor settings
(see [32, 165, 166, 200]), this work enters a new landscape in this context — i.e., mul-
tisensory technologies in the outdoor urban environment. This shift in focus provides
a perspective into multisensory and urban installation design. This work highlights the
potential of multisensory technology to transform public spaces and make cities more
engaging and vibrant.

The combined efforts from the previous chapter culminated into the development
of a multisensory prototype, which then underwent rigorous scenario testing in a con-
trolled lab environment. In this chapter, the prototype will be refined and deployed in
a city setting. To bring the process full circle, the young citizens who participated in
the initial design phase were revisited. All of these phases contributed to the creation of
a comprehensive set of recommendations for seamlessly integrating multisensory tech-
nologies into any outdoor public space.

In essence, this chapter provides a comprehensive guide for cities looking to lever-
age multisensory installations as a means of enhancing urban environments, fostering
community engagement, and enriching overall city life. By embracing the lessons learnt
outlined in this chapter, cities have the building blocks to create vibrant, inclusive, and
immersive public spaces that resonate with the diverse preferences and needs of their

citizens.

5.2 Multisensory Deployment Rig for a City Centre

This section describes the factors influencing the design of both the hardware and soft-
ware components of a multisensory deployment rig intended for use in a city centre
environment. These designs were formulated based on insights gathered from cocre-
ation sessions and laboratory studies, as discussed in the previous chapter (Chapter 4).
The primary goal of developing this prototype was to create a versatile multisensory rig
tailored for urban deployments. The overarching objective was to establish the viability
of engaging participants within city centre settings, answering the question of whether
individuals would be interested in interacting with such a multisensory rig in a public

space and its efficiency within that space.
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5.2.1 Design Considerations

Deploying the prototype within an outdoor public space brought with it design con-
siderations that played a role in shaping the final design. When designing interactive
devices for outdoor environments, not only must the creation of an engaging experience
be considered but also the intrinsic navigation of the complexities and challenges posed
by deploying in outdoor urban settings. A description of the key design considerations
are presented:

Addressing Overstimulation: The design took a comprehensive approach to mit-
igating overstimulation, by offering a diverse range of sensory experiences. Instead of
overwhelming participants with intense sensations of one sense, such as blinding lights
or deafening sounds, the rig incorporated a blend of visual, auditory, and olfactory ele-
ments. This diversity aimed to distribute sensory input evenly, preventing any one sense
from becoming overloaded.

Guiding Interaction: Following the lessons learnt from the Lookout deployment
(Chapter 3), clear and instructive auditory communication was integrated into the in-
teraction design to guide participants through their multisensory experience. This ap-
proach set clear expectations and empowered individuals to make informed decisions
about their level of engagement, reducing the likelihood of feeling overwhelmed (fur-
ther details provided in Section 5.3).

User-centred Development: Extensive user testing and feedback collection were
integral components of the design process, as discussed in Chapter 4. Diverse groups
of participants including children, regeneration experts and community members pro-
vided valuable insights that helped refine the rig’s design and functionality, narrowing
down the number of scenarios and removal of tactile senses ensuring that it met the di-
verse needs of the community. This approach would remain central moving forward in
assessing the compatibility of multisensory experiences for outdoor public spaces.

Accessibility: Accessibility was a fundamental principle throughout the design pro-
cess. The multisensory rig was thoughtfully crafted to accommodate individuals with
sensory sensitivities or disabilities. Features such as adjustable heights and a variety
of multisensory elements were incorporated to ensure inclusivity and to accommodate

users with sensory impairments. For example, for individuals with visual impairments,
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the inclusion of auditory and olfactory cues provided a more accessible experience, as
the installation was not limited to a single sensory modality. This multisensory approach
aimed to create a more inclusive urban environment, where individuals with diverse sen-
sory capabilities could participate and enjoy the installation without the risk of sensory
overload.

Foot Traffic Considerations: Collaborative discussions with Swansea Council re-
sulted in a strategic positioning that enhanced rather than impeded foot traffic flow.
Factors like pathway width, common walking routes, and congregation areas were con-
sidered. The rig’s flexible and transportable design allowed for easy relocation, ensuring
it did not disrupt pedestrian movement and would not be interacted with without a re-
searcher present. This adaptability was crucial in maintaining harmony within the urban
environment.

Weather Resistance: Considering Swansea’s unpredictable weather [247], weather
resistance became paramount. The design incorporated protective measures, including
waterproof enclosures and covers, to shield sensitive components from rain. Stability
mechanisms, such as weighted bases and secure anchoring, were implemented to ensure
the rig remained steady during wind and precipitation fluctuations. Regular maintenance
plans were established to monitor and address any weather-related wear and tear. This
comprehensive approach guaranteed the rig’s reliability, allowing it to operate effec-
tively regardless of the prevailing weather conditions.

Simplistic Design: The decision to opt for a simplistic dressing for the rig was mo-
tivated by practical considerations. The selection of a grey outer box and the adherence
to a minimalist design were deliberate choices made to enhance the ease of transport
and ensure that the rig remained lightweight. This decision was particularly crucial due
to the deployment site’s distance of approximately 0.3 miles from the nearest avail-
able parking. Furthermore, the purposefully compact and slender dimensions of the rig
further aided the transport of SALly.

Mitigating Bias: Keeping the design simple was also chosen to avoid biasing users’
perceptions of the rig’s purpose or contents and to maintain the rigs appearance as a
prototype. This decision was informed by previous deployments, where users’ comfort

in providing feedback was observed to be influenced by their perception of prototypes
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completeness. By retaining a prototype-like aesthetic, the rig subtly communicated to
users that it was a work in progress, encouraging them to engage and provide valuable
feedback without reservations.

In summary, the design considerations for deploying the multisensory rig for the
outdoor public space in Swansea was a multifaceted process that integrated user-centred
principles, accessibility, weather resilience, and pedestrian flow considerations. The
result was a design that aimed to enhance the city centre experience for a diverse range

of participants while withstanding the challenges posed by the outdoor environment.

5.2.2 City Centre Rig

A number of adjustments were made to the multisensory rig design, driven by both the
feedback obtained from the lab study, as detailed in Chapter 4, and the considerations

highlighted in the previous section. These adaptations are detailed below:

1. Fan Removal: While the fan initially seemed beneficial for scent perception,
it was found to introduce distracting noise during the lab study. Additionally,
practical considerations emerged, as transporting a sufficiently powerful fan and
the extra size that would need for outdoor deployment became impractical and
outweighed any potential reduction in scent dispersion. Consequently, the final
deployment design omitted the fan entirely. This decision was further supported
by the presence of natural ambient wind outdoors. This strategic choice ensured

the rig’s functionality and ease of deployment in real-world settings.

2. Repositioning of Lights: Participant feedback revealed that having the lights
positioned below head height was disorienting, as people are accustomed to over-
head lighting, such as sunlight. To address this, the design was adapted to incor-
porate a longer set of LED lights placed above the other sensory devices. This
new configuration aimed to create a more familiar lighting experience (see Figure
5.1).

3. Colour Code Adaptations: With the introduction of the new LED lights, a re-

vised set of colour combination codes was developed using an infrared reader.
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These codes were used to control the new lights, aligning them with the concept

of sky or ceiling-based lighting, as suggested within the lab studies (Chapter 4).

4. Refining Scenario Selection: As the project transitioned to the city deployment
phase, a re-evaluation of scenarios was completed. The Coffee Shop scenario ex-
hibited accuracy issues during the lab studies, with some participants finding the
scent unpleasant and not reflective of the intended experience. Similarly, the Guy
Fawkes scenario, while achieving high recognition rates, raised concerns due to
references to gunfire within the scenario, which could potentially cause distress
in a public setting. In response to these concerns, the decision was made to ex-
clude both of these scenarios from the city deployment to prioritise participant
comfort and well-being. As a result, the city deployment focused exclusively on

the Seaside and Sweet Shop scenarios.

5. Enhanced Scent Capsules: To account for the outdoor environment and natu-
ral wind, the number of scent capsules for each scenario was increased to six,
with three scent capsules placed in the top and bottom olfactory devices for both

scenarios (see Figure 5.1).

6. Device Housing: To enhance durability and protect the components from outdoor
conditions, all the sensory devices were re-positioned within a waterproof, sealed
box (see Figure 5.1). This box accommodated the two Aromajoin devices, one
speaker, associated wiring, and the Arduino. The Arduino connected the infrared
transmitter for the lights, and the Java SDK again allowed the passage of con-
trol through the Arduino and management of Java aspects (Olfactory and Audio)

within the Java program (as described in the lab-based studies).

7. Height Variability: To accommodate individuals of varying heights, the design
was adjusted to incorporate Aromajoin devices at two different heights, one at
the top and one at the bottom of the installation box. Furthermore, the rig was
attached to an adjustable pole, allowing for height adjustment to suit the prefer-
ences and needs of users (see Figure 5.2). This configuration aimed to provide

effective scent dispersion for participants of different statures.
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Figure 5.1: Reconfigured devices for city deployment: Two Aromajoin devices at different heights, a central speaker, and an LED light strip added. Left:
Device Layout, Right: Final Deployment Housing.



5. Advancing Multisensory Design

8. Stability and Mobility:The height-adjustable pole was affixed to a weighted base
housing a 12V caravan battery, ensuring device power and stability. The bat-
tery, enclosed in a waterproof casing to protect against environmental factors
(see Figure 5.2), provided a 24-hour operational lifespan, eliminating the need
for mains power during outdoor deployments, with daily recharging. Integrated
rolling wheels ensured prototype stability and easy city centre transport, aided by

the detachable pole design.

These adaptations collectively aimed to optimise the multisensory rig for outdoor
deployment in a city centre setting. The goal was to address practical considerations,
enhance user experience, and ensure the rig’s accessibility and stability, with the aim of

contributing to a more effective and user-friendly installation.

LED
Aromajoin. Lights
Devices Speaker
Computational Foundry 4 y 4
£31m world class | N Height
/ Adjustable
Pole
University
Poster Flowndri Gyfrifiadurol
radd flaonaf gwerth £31m
= = Battery

Figure 5.2: City deployment rig setup in designated location including: Two Aromajoin
scent devices, a central speaker, an LED light strip on a height-adjustable pole and a
battery. Next to it, a university poster informs passersby of the research study (as per
ethics committee request).
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Bringing all of these design adaptations together led to the creation of a new iteration
of the prototype, nicknamed SALIly (Scent, Audio, Lights). The final design adaptations

for each sensory scenario output are shown within Table 5.3.

Table 5.1: City centre deployment sensory design for each scenario divided into the three de-
ployment types: Olfactory, Auditory and Visual

Seaside Sweet Shop

Olfactory Ocean, Fishy Water Strawberry, Vanilla

Auditory Crashing waves, Jars opening, sweets pouring,
children playing scrunching of bags, happy children
& seagulls & an old fashioned till

Visual Bright Yellow Dim Yellow

5.3 City Deployment of a Multisensory Rig

The aim for the city-based deployment encompassed several objectives: (a) to ascertain
whether individuals would engage with a multisensory installation in a public setting;
(b) to assess the effectiveness of such an installation within a rengenerating city; (c)
to examine its impact on participants’ sense of comfort within the space; and, (d) to
formulate a set of recommendations for the integration of multisensory installations

into public spaces, informed by the feedback received from participants.

5.3.1 Implementation Guidelines and Constraints

The author secured approval from the University’s ethical review and Council Risk As-
sessment, which granted the necessary permits. To obtain this approval, adherence to a
set of limitations was required:

Participant Restrictions: The university ethics board expressed concerns about
potential reactions to the olfactory element of the design, despite content assurances
from Aromajoin. Consequently, deployment of the prototype for children or vulnerable

adults within a city-based setting was prohibited to prevent potential discomfort. To
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gather feedback from young citizens, the prototype was introduced to schools in collab-
oration with Technocamps, aligning with the cocreation process’s foundation in ideation
workshops. Their insights into the installation will be detailed in Section 5.4.

Random Interaction: Spontaneous interaction with the device by passersby was
prohibited due to the olfactory element. Consent forms and device explanations were
required before any interaction. A designated area, marked on the floor, was also re-
quired to represent the region the scent device could disperse into (= 2.25 square me-
tres). Only participants who completed the consent form could enter this area. This
precaution aimed to mitigate the potential risk of passersby casthma or allergies. Ad-
ditionally, a poster indicating that a study was being conducted as part of university
research was displayed as an extra precaution to inform users that new technology was
being tested within the space (see Figure 5.2). While this reduced the possibility of ran-
dom interaction, it deviated from the typical practice of leaving installations for users to
interact with freely.

Location: The council selected the pedestrian bridge as the deployment location to
minimise the risk of disrupting pedestrian traffic (see Figure 5.3). The device was placed
in an area with partial covering, slightly mitigating the influence of natural wind, which
could have had a more pronounced impact on the deployment if located elsewhere.
There were limited options to reduce the effects of the council’s chosen location on the
device’s effectiveness.

This location, positioned in the centre of the new regeneration could have had an in-
fluence on the emotional responses to the rig. Being situated in a historically significant
location for the city may have evoked feelings of nostalgia for participants. Addition-
ally, the proximity to pedestrian traffic and the surrounding urban environment may have
heightened the immersion and connection to the different sensory outputs presented by
the multisensory rig.

Deployment Time: To secure a council permit, submission of preferred deployment
dates for the device within the city centre, along with the desired duration of each de-
ployment, was required. The permits duration was limited to weekends. However, due
to project changes and a three-month ethical approval process, the council granted only

one weekend for a permit.
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SALly
Location

Figure 5.3: An overview of the SALIly deployment location. On the left is the pedestrian
bridge where the rig was deployed, while on the right is an overview of the regeneration
area for comparison.
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5.3.2 Procedure

The user journey within this project was mapped out in four stages (see Figure 5.4).
In the initial stage (Stage 1), participants were encouraged to engage with the installa-
tion if they displayed interest. This interest could be expressed by either staring at the
device or approaching it to inquire about its purpose. Moving on to Stage 2, each par-
ticipant was provided with a brief explanation of the device and received a participant
information sheet for additional context. Furthermore, individuals were advised not to
participate if they indicated any allergies or breathing difficulties. After confirming their
suitability, participants were requested to sign a consent form. Stage 3 was dedicated to
the interactive experience with the multisensory deployments of the installation, where
participants could engage with SALIly. Finally, in Stage 4, participants were asked to
complete a post-study questionnaire. This questionnaire aimed to gather feedback and
insights from the participants regarding their experience with the installation.

The multisensory rig was positioned at a location within the city centre that had re-
ceived approval from Swansea Council. It was situated at the entrance to a new pedes-
trian bridge, placed behind a metal bar to prevent any disruptions caused by foot traffic.
This location was outdoors and lacked upper rain cover, as it was positioned at the be-
ginning of the bridge.

The entire study, from the initial explanation to sensory deployment, lasted ~ 3 min-
utes. Subsequently, participants were given an additional 3 minutes to complete a ques-
tionnaire either in their own time (via QR code) or with the assistance of a researcher.
The purpose of maintaining the interaction under 10 minutes was to allow participants
to engage quickly and continue with their day, with flexibility for longer engagement
as desired. For instance, if a participant wished to experience the deployment a second
time, that option was available. Additionally, the brief interaction time-frame aimed to
avoid queue formation, given that individuals rarely walked through the city alone, as
observed during the Lookout study (see Chapter 3). As a gesture of gratitude for their
participation, participants were offered the opportunity to enter a prize draw for one of

four £25 Amazon vouchers. The study was structured as follows:
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SALly

4. Questionnaire

1. Attracting passer-by

Figure 5.4: The Four Steps of the Interactive User Journey 1. Passersby are encouraged
to interact with the multisensory rig. 2. Participants received detailed information and
were asked to complete a consent form, ensuring no allergens or breathing difficulties
existed. 3. The interaction commenced with two 8-second deployments of sensory
cues. 4. Participants were invited to complete the post-study questionnaire, either with
a researcher or via a QR code, with the chance to win an Amazon voucher.

1. Participants were instructed to stand within a defined area on the floor, which
was marked out with silver tape and measured 1.5 metres from the rig. Only
individuals who had completed a consent form were allowed to participate in the

study. This area is illustrated in Figure 5.5.

2. Participants were asked to observe two consecutive rounds of sensory output from
one of two distinct scenarios, labelled as Seaside and Sweet Shop. Each deploy-
ment of these scenarios lasted for eight seconds. Participants were given the
choice to select which scenario they wanted to experience by asking whether they
preferred scenario one or two. After each scenario deployment, participants were

requested to describe what they believed the scenario represented.
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3. Following the sensory experience, participants were tasked with completing a
post-deployment questionnaire, which is detailed in Appendix C. They had the
option to complete this questionnaire either with the assistance of the researcher
(if they had the time) or independently using a Google Form. To facilitate
this, printed cards containing a QR code linking to the questionnaire were pro-
vided (see Figure 5.6). The questionnaire encompassed multiple-choice ques-
tions to gather demographic information and assess the prominence of different
sensory elements (e.g., olfactory, visual, auditory). Additionally, it included free-
form questions that allowed participants to provide more detailed insights about
the memories triggered by the scenarios and the potential future applications of
SALly.

a)

Computational Foundry =7

£31m world class

o b compon s s

Dispersion @
Space

Figure 5.5: Participant interactions with SALly. a) A participant standing within the
marked 1.5-metre box, facing the device for interaction. b) Participant engaging with
the device, featuring the deployment of the seaside experience.
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Complete our survey for the chance

P "i A to win 1 of 4 £25 Amazon vouchers
\/ rifysgo bl .

Anna Carter ¥ (i e

Figure 5.6: Cards distributed with QR codes for the city deployment post-study ques-
tionnaire. LEFT: Back of the card, which contains contact information for researchers
in case participants need to reach out. RIGHT: Front of the card featuring a QR code
that directs users to the Google Form link and provides details about incentives for par-
ticipation.

5.3.3 Results

The city deployment was held across a weekend, with approximately 5 hours per day.
Over the two day period 55 participants (26 females and 29 males) interacted with
SALly, with an additional four participants wanting to take part but were prevented due

to epilepsy or severe allergies.

Scenario Deployment

Following the signing of a consent form, participants were guided to stand within a
designated area where SALIly would initiate the participants selected scenario twice,
each lasting for 8 seconds. The Seaside experience was deployed 28 times, while
the Sweet Shop experience occurred 27 times. After these deployments, participants
were prompted to provide brief descriptions of the scenario they believed SALly was

delivering and whether it had triggered any associations.

The seaside scenario was recognised by 79% of participants, with one individual
recalling visiting their Grandfather in Ireland. The remaining participants predomi-
nantly associated it with a children’s swimming pool, citing audio cues resembling a

children’s party and a scent reminiscent of chlorine rather than the ocean.
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The sweet shop experience yielded a recognition rate of 67%. Some participants
struggled to identify the scent, possibly due to environmental factors such as wind,
which was unusual as the sweet shop scents had been quite distinct during the second
lab study. Many of the participants who did not recognise it thought the experience
represented a children’s playground, likely influenced by the cheerful sounds of
children enjoying sweets. Interestingly, there seemed to be some overlap between the
sweet shop and seaside scents, with participants occasionally detecting seaside scents

during the sweet shop scenario dispersal.

Post-Study Questionnaire

In this study involving 55 participants, 34 individuals, comprising 11 females and
23 males, completed the post-study questionnaire. 88% of the respondents chose to
complete the questionnaire on the day with the researcher, while the remaining 12%
opted for the convenience of a QR code. The participants covered a wide spectrum of
age, ranging from 18 to 85 years, with an average age deviation (o) of 2.67. These
participants were from three countries, with the majority (94%) originating from the

UK, while 3% each represented Canada and Nigeria.

Scenario Relation

Following demographics, the participants were asked to write down in more detail about
what they believed the scenario to be and if it had reminded them of a particular mem-
ory. The responses from the 34 participants were then classified into three categories:
Seaside Related, Sweet Shop Related and Broader Theme Related.

Within the Seaside Related, which included 50% of the responses, participants fre-
quently recalled their strong connections to coastal settings, where the olfactory and
auditory cues had an ability to stir nostalgia, particularly for residents from Swansea.
For many, the sensory experience of the seaside transported them to a place of profound

longing and belonging. A participant’s remark, such as,

“It made me think of home as that’s what the beach represents for me”
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showcased that the scenario was more than just sensory stimulation. It could act as
a gateway to a deeper connection—a sense of home and self. In this context, the seaside
ceased to be merely a physical location; it symbolised cherished memories and a portal
to one’s personal history.

These responses shed light on the remarkable influence of olfactory and auditory
cues as pathways to the past, and the potential to ignite place-based nostalgia. They
demonstrated how our senses serve as powerful triggers, capable of transporting us to
another time and place, where moments can be relived that hold deep sentimental value.
Furthermore, they underscored the ability of sensory experiences to establish profound
emotional bonds, offering participants a means to revisit and rekindle their most beloved
memories.

For the sweet shop category, which included 41% of responses, participants fre-
quently mentioned cherished memories with loved ones, and in particular Grandparents.

For example, one participant wrote
“Going to old sweet shops with granny as a child”

The olfactory and auditory cues of this scenario were able to rekindle, multi-
generational bonds for the majority of participants. This was particularly interesting
in the context of a public city centre deployment, as it suggested that sensory experi-
ences could evoke not only personal memories but also a sense of collective nostalgia,
specific to a place (e.g., Swansea).

This aspect of the study showed that sensory experiences could unite residents in
shared memories of loved ones and cherished traditions, enriching the city’s emotional
fabric. It emphasised that public spaces could be enriched not only by the sensory
engagement themselves but also by the profound connections they foster, making city
centres not just vibrant hubs of activity, but also repositories of collective memory.

The remaining 9% of comments fell into the Broader Themes category. These par-
ticipants went beyond the immediate scenarios and delved into broader themes related

to sensory perception, offering insights like,

“It makes me think about how our smell and sound feelings can transport

us to another place”
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Their comments reflected a more indepth level of engagement with the multisen-
sory installation, indicating that such installations have the potential to stimulate deeper
philosophical and contemplative discussions. In a city centre, where diverse populations
congregate, installations that encourage reflection on sensory perception could serve
as focal points for public engagement and intellectual discourse. This concept aligns
with the research of Spence [248], who explored the cognitive and emotional evolution
of multisensory approaches within architecture. They provide possibilities for inviting
people to pause, think, and share their thoughts with others, thereby fostering a sense of
community.

In essence, the Broader Themes category underscored the capacity of multisensory
installations in city centres to engage individuals on a deeper level, fostering intellectual
discussions, and contributing to the overall cultural and artistic landscape of the urban
environment. It shows a potential to transform city centres into spaces where sensory
experiences are not just enjoyed but also contemplated, encouraging a richer and more
meaningful interaction between residents and their surroundings.

The classification of participants’ interpretations of sensory outputs, not only
within specific scenarios but also within broader considerations, provided valuable
insights into the depth to which sensory stimuli could evoke thought and exploration.
It illuminated the intricate interplay between sensory perception, memory, and the
process of personal meaning-making. It emphasised the importance of considering
the broader context and individual differences in interpreting sensory inputs, offering
valuable insights for fields such as psychology, neuroscience, and human-computer

interaction.

Sensory Cue Prominence

Following the scenario-related questions, participants were asked to assess the promi-
nence of sensory cues within the scenarios. Initially, they were queried about which
senses they had perceived in the scenarios, yielding the following observations: 94%
noted the presence of audio cues, 74% noted the presence of visual cues, and 62%
noted the presence of olfactory cues (see Figure 5.7).

Next, participants were tasked with evaluating the relative prominence of each sense
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by ranking olfactory, auditory, and visual cues from most to least prominent. Each rank
level was assigned a corresponding weight, with the highest rank receiving the great-
est weight and the lowest rank the least weight. A weighted average of the ranks, as
assigned by participants, was then calculated for each sense and category: ‘Seaside’,
‘Sweet Shop’ and ‘Broader Themes’ (represented as ‘Other’ in Figure 5.7) as the sce-
nario that the ‘Broader Themes’ category had experienced could not be discerned. To
account for unequal sample sizes in each scenario, weights were further applied based
on the proportion of participants in each group. Each weight was divided by the to-
tal number of responses. For each scenario, the ranks were adjusted according to their

respective weights to compute the weighted ranks. For example, for the seaside theme:

Number of ‘Seaside’ responses

weight_seaside = 5.1

Total number of responses

new_seaside_weight = (sensory_cue) x (weight_seaside) (5.2)

Here, the ‘sensory_cue’ represents each sense within the list (e.g., Auditory, Ol-
factory, Visual), and the ‘weight_seaside’ signifies the weight factor assigned to each
theme.

As in the lab studies, the Friedman Test [95] was conducted to assess whether there
were significant differences in prominence among the sensory outputs. This analysis
aimed to understand whether the scenario deployment had any effect on the recogni-
tion’s of the different sensory outputs and in this case specifically if that changed when
deployed outdoors. By employing this statistical test, we sought to ensure reproducibil-
ity for others who may wish to adopt and adapt the designs for their own cities.

The results across the three categories for each sensory cue yielded the following

statistics:

Friedman Test Statistic (Q) = 6.00; p-value: = 0.0498

The analysis of the data yielded a p-value below the significance level of 0.05, lead-
ing to the rejection of the null hypothesis. This finding indicated that at least one of the

sensory cues investigated had a discernible impact on the overall participant experience.
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Prominence of Sensory Cues Across City Deployment Scenarios
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Figure 5.7: The ranking of multisensory cues (auditory, visual, and olfactory) across
three categories: Seaside, Sweet Shop, and Other, denoting Broad Themes.

However, it is worth noting that the result was in close proximity to the significance
threshold (= 0.05), suggesting that the observed differences were not substantial.

Further examination of the data revealed intriguing insights into the role of sensory
cues. In the study, Visual cues had a median ranking of 1.17, Olfactory cues matched the
overall median ranking at 1.28, and Auditory cues had a median ranking of 1.56. While
Auditory cues still held the highest ranking, the difference was not as pronounced as
the lab studies (see Table 5.2). This variation in the influence of sensory cues becomes
particularly apparent when comparing outdoor environments to a controlled indoor lab-
oratory setting. This was not surprising, considering the presence of background noise
and outdoor elements such as, wind that differ from the quiet, controlled environment
indoors.

An interesting finding was the resilience of Olfactory cues, which maintained their
impact even within the outdoor setting. This suggests that the increase in scent capsules
introduced was effective, reinforcing that the fan was unnecessary in this context.

Due to only two scenarios being deployed within this study, the statistical T-test
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Table 5.2: Sum and Median Rank for each sensory cue (City Deployment).

Sensory Cue Sum of Rank Median

Audio 4.51 1.56
Visual 2.95 1.17
Olfactory 3.89 1.28

[254] was conducted to assess whether there were significant differences in prominence
among the two scenarios, compared to the Friedmans test previously used, which re-
quires four or more. The results for testing the differences yielded the following statis-

tics:

T-Test Statistic = 3.48; p-value: = 0.0737

In contrast to the sensory results for testing the differences, the scenarios yielded
non-significant results. Therefore, it was concluded that within the context of the

city-based study, the scenarios had no discernible impact on sensory prominence.

Comfort and Wellbeing

Furthermore, it was important to understand how the experience affected participants’
emotional states within the public setting. To assess this, participants were asked to rate
their comfort levels during the scenarios using a multiple-choice answer format, which
included the options: ‘Very Uncomfortable,” ‘Uncomfortable,” ‘No Change,” ‘Comfort-
able,” and ‘Very Comfortable.” The results indicated that the experience had no negative
effects on the participants, with 15% reporting feeling ‘Very Comfortable,” 64% feeling
‘Comfortable,” and 21% experiencing ‘No Change’ in their comfort levels.

In a public setting, assuring participant comfort was important, re-emphasising why
the Guy Fawkes and Coffee Shop scenarios were removed from city deployment. The ab-
sence of negative emotional impact, with many participants reporting comfort and even
very high comfort levels, indicated that the multisensory experience was well-received.
These findings suggested that the design and execution of the experience were success-
ful in creating a positive and enjoyable atmosphere for participants. Additionally, they

implied that the multisensory experience was accessible and inclusive, with none of the
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participants feeling alienated or uncomfortable—crucial considerations when designing
experiences for diverse audiences in public spaces.

Ensuring that participants’ emotional well-being was safeguarded within a public
setting was not just a matter of enjoyment but also one of safety. The absence of adverse
emotional effects suggests that the experience did not induce psychological discomfort
or distress in participants, highlighting its inherent suitability for public installations
and aligning with the examination of passive and active engagement in public spaces
conducted by Memarovic et al. [176]. This suggests that a multisensory experience is
likely to be embraced by the public, especially in scenarios where such experiences are

intended to enhance public spaces or events.

Exploring the Potential Applications of Multisensory Experiences in Public Spaces
In this deployment, a key objective was to understand the feasibility and desirability of
implementing multisensory experiences within public spaces. To achieve this, a dia-
logue was initiated with participants to discern their perspectives on the potential appli-
cations of this technology within public realms. SALIly served as a technology probe,
acting as a starting point for exploring possibilities for future technologies. The use of
SALly as a probe to initiate discovery discussions was based on the concept defined by
Boehner et al. [27]. The responses were collated and categorised using content analysis
by highlighting phrases throughout and grouping them into common themes, revealing
three distinct categories.

18% of participants envisioned the use of these experiences to create comforting
havens within public spaces, catering to individuals who may find the environment over-
whelming. A participant suggested the concept of “relaxation pods in busier areas”,
highlighting the potential for these sensory installations to serve as sanctuaries of tran-
quillity amid the hustle and bustle of public settings.

A further 15% of participants regarded these experiences as valuable informational
and promotional tools for the city. Their suggestions included employing this technol-
ogy to spotlight new visitor experiences, offering directional guidance to local land-
marks, and stimulate tourism. This underscores the versatility of multisensory installa-

tions in enhancing a city’s identity and engaging both residents and tourists.
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In the final category, 12% of participants envisioned the technology as a source of
amusement and engagement for children. One imaginative idea involved using the de-
vice in a treasure hunt-style game, where it would serve as a set of clues. This inventive
response underscores the capacity of multisensory experiences to captivate and entertain
younger audiences, potentially transforming public spaces into interactive playgrounds.

In addition to understanding potential applications, the aim was to assess how SALly
could enhance participants’ city-visiting experiences. The responses to this query were

once more categorised using content analysis, revealing three prominent themes:

Memories, Mood, and Comfort, were prominently featured in combination within
participants’ feedback, emphasising SALIly’s potential to offer tranquility in
bustling cityscapes. Moreover, participants believed it could evoke nostalgic
memories relating to the city, elevate moods, and foster a deeper sense of con-

nection within the community.

Behavioural Change, unveiled the perception of SALly as an agent for positive
change within the city centre. Participants envisaged its use in deterring litter-
ing through immersive experiences simulating the sights and sounds of rubbish
dumps. Additionally, they believed SALly could contribute to the reduction of
anti-social behaviour by promoting positive messaging and using scent as a means

of influence.

Information Prompts, centred on the notion of dispersing SALIly across the city cen-
tre to serve as interactive hubs for information dissemination. Participants saw
this as an exciting and engaging way to provide local information, with potential
experiences ranging from guided information sessions to directional advertise-
ments for tourist attractions, wherein participants could follow sensory trails to

their destinations.

5.3.4 Overview of Multisensory Rig City Centre Deployment

The multisensory deployment demonstrated that there is a significant interest in public

interactions facilitated by systems like SALIly. It not only piqued the curiosity of the
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community but also exhibited effectiveness, achieving recognition rates of 73% on av-
erage for the two scenarios deployed. These scenarios, deployed within Swansea city
centre, provided a sense of comfort to participants and spurred contemplation about
future deployment possibilities for the system.

The city-based study yielded insights into the potential of multisensory deployments
in outdoor public spaces. Participants’ responses indicated a prevalence of comfort and
satisfaction, indicators of the experience’s success. These outcomes not only elevated
the quality of the interactions but also have broader implications for acceptance, acces-
sibility, and the overall well-being of individuals within the public sphere.

The data underscored how sensory experiences, even in a controlled urban environ-
ment, could elicit strong emotions and a sense of belonging. This emotional resonance
could be harnessed to establish a deeper and more meaningful connection between city
residents and their urban surroundings, due to its abilities to prompt nostalgia.

Just as participants associated specific scents and sounds with their personal history
and identity, urban sensory elements can become synonymous with a city’s identity. In
addition, it showed the ability of the sensory cues to evoke nostalgia and emotions with
possibilities to be used for enhanced public engagement initiatives of the future.

In the city context, the data suggests that multisensory installations hold the potential
to cultivate a sense of shared heritage and community. e.g., the deployment replicating
the sensory ambiance of old sweet shops, served as a reminder of the city’s history and
its inhabitants’ shared experiences. It emphasised the ability of sensory engagement
to transcend individual encounters and become a communal narrative, celebrating the
significance of loved ones and cherished traditions.

In summary, although limitations were encountered, helpful insights emerged re-
garding the potential of multisensory experiences within public spaces. This compre-
hensive exploration not only aides the understanding of the versatility of multisensory
experiences in public spaces but also underscores their potential to enhance comfort, en-
courage positive behavioural change, and serve as interactive information hubs within
urban environments, something that has not been explored before within the literature.
To further explore the device’s efficiency and possibilities, and considering the limited

deployment time, workshops were organised with 99 school children.
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5.4 Engaging Pupils in Exploring SALIly’s Potential
and Inspiring Future City Technologies

Following the deployment of SALIly within the city centre, the aim was to introduce the
rig to the pupils who had contributed to its initial design. These workshops aimed to
observe the children’s interactions and engagement with the device, assessing its appeal
to a younger audience. Moreover, the workshops aimed to pinpoint areas for enhancing
SALly’s appeal and interactivity. As only a limited number of pupils could interact
with SALly at any one time, an additional sketching exercise was conducted with the
students, enabling them to envision and design their own multisensory technology.

Due to the timing, which coincided with the end of the school year, there were
limited dates availabile to complete workshops. Consequently, the team could only
work with two schools and four classes. Technocamps (an organisation working with
schools to improve STEM enagement) again liaised with the schools to determine suit-
able dates and timings for each session. Meanwhile, the content and structure of the
workshops was created and hosted by the author. To ensure the smooth execution of
these workshops, a Technocamps assistant was on hand to provide support and manage
any logistical challenges that might arise.

Crucially, at the time of these workshops, COVID-19 restrictions had been lifted,
enabling the team to conduct in-person workshops directly within the classrooms, as
opposed to the previous online format. This in-person interaction allowed for real-
time feedback and hands-on engagement, crucial in evaluating SALly’s potential for

engaging with children.

5.4.1 Structured Workshop Format

In each class, a 1.5-hour workshop was designed to be completed in person in the class-
room. The workshop comprised four distinct stages, occurring simultaneously, where
pupils would complete the sketching exercise (Stage Two) until requested to interact
with SALIly (Stage Three) which was completed table by table. An outline of the proce-

dure is provided:
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Figure 5.8: Schematic diagram illustrating the session overview for the 1.5-hour Tech-
nocamps workshop, comprising Innovation, Sketching, Deployment, and Feedback of
the Multisensory Rig, along with a Show and Tell session.
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1. Innovation (10 minutes): Encouraging out-of-the-box thinking and excitement

about multisensory technologies
2a. Sketching 1 (40 minutes): Focusing on multisensory technology sketches

2b. Sketching 2 (20 minutes): Exploring the contextual considerations for these con-

cepts.

3a. Deployment (1 minute per pupil): Explanation and deployment of two SALIly

scenarios with pupils selected to come forward table by table

3b. Feedback (1 minute per pupil): Questions and feedback from the pupils about the

deployments (assuming 30 students per class)

4. Show and Tell (10 minutes): Providing a platform for the pupils to present their

ideas to the class

This structured workshop format was designed to not only engage and stimulate cre-
ative thinking among participants but also to foster collaborative discussions about mul-
tisensory engagement and idea sharing. Responding to the schools’ request for longer
sessions of 1.5 hours (compared to the previous 1-hour sessions), the plan was adapted
accordingly. During these extended workshops, approximately one hour was dedicated
to the combined activities of sketching and multisensory deployment. In this phase, the
researcher took charge of deploying the sensory device placed at the front of each class-
room, while the Technocamps representative handled any sketching-related queries that
arose.

The timing for multisensory deployments was based on the information provided by
Technocamps, which indicated that each class would have approximately 30 pupils. If
fewer students were in attendance, more time would be available for each student. For
a more detailed breakdown of the workshop stages, refer to Figure 5.8, which provides
an overview of each of the four stages.

Stage One aimed to provide students with a solid foundation for feeling comfortable

in the process of innovation and thinking creatively. The innovation section began with
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a brief introduction to the researcher and an overview of the workshop agenda. Dur-
ing this stage, students were reminded of the sketches they had previously created in
workshops with the researcher in 2021, emphasising the value of their input in shaping
the design presented during the workshop. A discussion about the participants’ senses,
highlighting how many senses they had, and prompting them to consider sensory expe-
riences they might have noticed in the city centre was conducted. The objective here
was to encourage participants to think outside-the-box, introduce them to the possibili-
ties of sensory technologies, and prompt ideas about the technologies they could design
using their senses. It was explained that two activities, sketching and SALIly interaction,
would run concurrently throughout the workshop.

Stage Two transitioned students into the sketching phase, where they were tasked
with designing their own multisensory technology for deployment in a city centre.
Given that only one or pairs of pupils could interact with SALly at any given time,
sketching provided a productive way to occupy the rest of the class and provide insights
into the multisensory technologies the students would like to see in the city. The sketch-
ing requirements included labelling the main features of their designs, specifying which
senses were involved, giving their creations names, and keeping all designs on a sin-
gle A4 sheet of paper. Students were encouraged to generate as many designs as they
wished (on seperate sheets). After 40 minutes of sketching, students were prompted to
add explanations detailing how their designs could be used and where they would be
located within the city centre.

While the sketching phase was underway, Stage Three unfolded simultaneously,
inviting students to interact with SALIy either in pairs (to reduce issues with shyness)
or individually, table by table. Students with asthma or allergies had previously been
identified in coordination with the teacher and were advised not to participate. Those
engaging with SALIly received a brief explanation about the device, including its olfac-
tory, auditory, and visual outputs, which represented different scenarios.

During the interactive experience, students were instructed to position themselves
approximately 0.5 metres away from the device. They were then presented with a choice
of scenarios: (1) Seaside, (2) Sweet Shop, or (3) Forest. The forest scenario was added

to complement the sustainability lessons being conducted in the classes. The inclusion
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of this forest scenario was intended to provide a thought-provoking resource that teach-
ers could use to inspire students to reflect on critical topics related to environmental
sustainability, conservation, and the importance of safeguarding natural habitats. Each
of these scenarios were created to offer unique sensory outputs, creating distinct and im-
mersive experiences for the students. The specific sensory output designs corresponding
to each scenario are outlined in the Table 5.3.

Table 5.3: Sensory deployment design for the Technocamps workshops with each scenario di-
vided into the three deployment types: Olfactory, Auditory and Visual

Seaside Sweet Shop Forest

Olfactory Ocean, Fishy Strawberry, Vanilla Eucalyptus, Forest
Water

Auditory  Crashing waves, Jars opening, sweets Wind moving through

children playing pouring, bags scrunching, the trees and
and seagulls happy children and old birds chirping
fashioned till
Visual Bright Yellow Dim Yellow Dim Yellow

The students were then prompted to describe their sensory perceptions in response
to the scenarios and how they would react if they encountered such a device in the city
and what, if anything, it would require to facilitate interaction if a researcher were not
present to explain its purpose.

Finally, Stage Four of the workshop concluded the design phase. During this seg-
ment, students had the opportunity to present their favourite design to the rest of the
class and explain its functionality. The sketches were then collected and handed over to

the researcher for further evaluation and analysis.

5.4.2 Insights from School Workshop

This section provides a comprehensive overview of the analysis conducted, drawing
from the four workshops that took place in two primary schools in South Wales in July

2023. These workshops were structured according to the detailed plan outlined in the
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previous section, with one exception. The final workshop was shortened by 20 minutes
as the teacher needed to prepare the students for sports day. Consequently, the ‘Show
and Tell’ stage (Stage Four) was omitted for this session, while the remaining activities
could be continued, due to the smaller class size of 23 pupils.

In total, these workshops engaged 99 pupils (52 females and 47 males), with ages
ranging from 9 to 11 years old. On average, each workshop involved 25 students (W1:
23, W2: 27, W3: 26, W4: 23). The lower student turnout was influenced by the end of
the term, as some students were absent due to their schools hosting sports day events

during the researcher’s visit.

Insights from Multisensory Rig Deployments with Children
The analysis of the multisensory rig deployments within the set of four workshops with
school pupils revealed intriguing insights into their perceptions and reactions:

Enjoyment and Engagement: 44 pupils found the multisensory rig experience to
be ‘fun’ or ‘cool’, indicating a positive and enjoyable experience. In a city centre, where
there are numerous distractions and competing activities, having technology that can
captivate the attention and interest of a passersby is highly valuable, especially children
bearing in mind the observations at the Lookout (Chapter 3) showing their importance
in producing a space of acceptance within public spaces. Hence, this data suggests that
the interaction could serve as an attraction point, drawing people into the experience
and making them more likely to engage with it.

Fun and enjoyable experiences tend to be memorable. In the context of a city centre,
where people come for diverse experiences, a positive memory associated with a multi-
sensory deployment can linger in the minds of those who interacted with it, contributing
to the city’s overall reputation as an exciting and engaging destination. Furthermore, this
shows the potential to revitalise city centres, making them more appealing and ‘cool’
destinations, particularly for young people, by offering innovative and captivating urban
experiences - something established as a major positive for cities [94].

Desire to Share: Twelve students expressed a desire to share their experience with
friends or siblings who were not present in the class. The desire to share, was a testa-

ment to the technology’s appeal and the impact it had on the students. It went beyond
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personal enjoyment and reflected a desire to extend the positive experience to others,
allowing them to partake in the excitement and wonder that the multisensory rig of-
fered. It also hinted at the multisensory rig’s ability to foster a sense of community and
connectedness, by providing a shared experience that could bond individuals.

Mixed Reactions to Novelty: Six students described the technology as ‘weird’
or ‘unusual’ highlighting its innovative design, with four of the six, while finding it
odd, still liking it. In a city centre, where the urban landscape is often characterised
by familiarity [83], the presence of something perceived as new and different can be
intriguing and attention-grabbing.

A further six students mentioned that they would not initially walk up to the mul-
tisensory rig within a public space but two said they were open to interaction upon a
second encounter, indicating that familiarity may encourage participation. In contrast,
the enthusiasm of 88 students to engage with the technology in a city setting signified a
strong inclination for interactive and participatory experiences in the urban landscape.

Scenario Recognition: To evaluate how effectively the pupils recognised different
scenarios presented by the multisensory rig, the recognition rate was calculated across
the four workshops with an average of 74% as depicted in Figure 5.9. This analysis
considered the total number of pupils who experienced each scenario: Seaside (55),
Sweet Shop (71), and Forest (64). The pupils were given the choice of which two
scenarios they would like to experience to provide an added element of anticipation and
to help them feel in control with this new technology.

It is important to acknowledge that there existed variance in the abilities, ages and
circumstances among the pupils. This variance may have influenced the recognition
levels of the scenarios, potentially resulting in differing levels of recognition among the
workshop groups. Factors such as prior experience with similar environments, individ-
ual interests, and events ongoing at the schools on the day (such as sports day) which
pulled several students in and out of the workshops, especially in the first workshop,
could have contributed to this variability.

In addition to these quantitative findings, qualitative comments from students

provided deeper insights into their perceptions of the multisensory scenarios:
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Successful Recognition Count across the Four Workshops
Workshop

J . . N
o O N O

Successful Recognition Count
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Seaside Sweet Shop Forest
Scenarios

Figure 5.9: The distribution of participants who correctly recognised the scenarios
across four workshops.

Forest: Among the presented scenarios, the forest scenario emerged as the most
easily recognisable, with 82% of pupils recognising the scenario. This high recognition
rate underscored the effectiveness of the multisensory rig in conveying the essence of the
forest scenario to the pupils, allowing them to readily identify it. The pupils’ fondness
for this scenario was evident, with several drawing connections to Plantasia - a tropical
rainforest zoo with a variety of tropical plants and animals to experience in Swansea’s

city centre [218]. One pupil described it by saying,
“It’s a flowery forest, like Plantasia in town”

Sweet Shop: The sweet shop scenario demonstrated a lowest recognition rate of

69%, with one pupil offering a vivid description, stating,

“Its like I'm going to buy sweets with granny before watching movies at

her house”

Some participants who did not immediately recognise this as the sweet shop

experience likened it to the festive atmosphere of Christmas. Pupils in Workshop 3,
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in particular, referenced Christmas time, noting that the LED lights reminded them of
Christmas lights rather than dim yellow lights (these workshops were completed in the
summer, making these recollections even more surprising). This could be attributed
to the use of LED lights that alternated between orange and green to produce the
overall dim yellow hue. This alternating lighting scheme may have led some pupils

to associate it more with Christmas rather than identifying it as a sweet shop experience.

Seaside: The seaside scenario also achieved a strong recognition rate, with 71% of

pupils accurately identifying it. One participant expressed their perception, saying,
“It was like listening into a seashell”

These descriptions and recognition rates underscore the multisensory rig’s ability
to effectively immerse pupils in diverse scenarios. The pupils’ ability to connect these
experiences to real-world settings and their detailed descriptions highlight the rig’s ca-
pacity to convey sensory elements convincingly to the pupils as well as the adults within
the city deployment. These scenarios not only engaged the senses but also triggered nos-
talgic memories and associations, enhancing the overall impact of the multisensory rig
within the city centre.

Overall Experience: The pupils’ overall experience with the multisensory rig was
positive, and they expressed enjoyment during their interactions. They were particularly
enthusiastic about experiencing it with their friends in pairs. In fact, 42 students, opted
to interact in pairs. This choice not only provided an enjoyable social aspect but also
allowed ample time for students to have another turn if they wished.

In Workshop 1, where the class size was smaller (23 pupils), all pupils had the oppor-
tunity for a second interaction, further enhancing their overall experience. Workshops 2
and 3 accommodated 6 and 8 pupils, respectively, who had the chance for a second in-
teraction. Due to the reduced time frame in Workshop 4 imposed by the teacher, pupils
there were required to interact in pairs, and additional interactions were not possible. It
is difficult to determine the exact impact this had on the students, but it is worth noting

that they still expressed great joy and engagement during their interactions.
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Feedback from the pupils regarding the device was overwhelmingly positive. Some
students even offered valuable suggestions on how to adapt the design for city use. For
instance, they recommended adding a large ‘X’/sign on the floor to indicate where to
stand if no one was available to guide them. They also suggested incorporating pic-
tograms to illustrate what would happen during the interaction, or including a small
information box that they could read for context. The following section will evaluate

the pupils sketches, which were created simultaneously to SALly deployments.

5.4.3 Insights from Multisensory Sketching Analysis

During the sketching sessions, innovation proved highly engaging for the pupils, who
enthusiastically crafted their multisensory technology designs, sharing their creations
with their peers and the researcher. The resulting sketches were collated and categorised
into three distinct groups using content analysis, with each sketch often spanning mul-
tiple classifications (1 point per classification). For example, a sketch depicting a candy
maze (see Figure 5.10) with varying scents to follow, leading to specific sweets, received
a point each for ‘Game,” ‘Shape Changing’, ‘Transportation’, ‘Olfactory’, ‘Visual’ and
‘Tactile’. Additionally, 20 students designed multiple technologies, contributing to a

total of 119 designs. The categories include:

1. Sensory Outputs: The types of sensory outputs created by the technology, with
one point for each sense used, inclusive of: Taste, Smell, Touch, Sight and Audio.

The overall points for each sense are shown in Figure 5.11

2. Technology Functionality: Classifying the emerging functionality of the tech-
nology, with designs able to be classified into multiple types, inclusive of: Culi-
nary, Health, Scenario Creation, Socialising, Game, Shape Changing and Tele-

port. The overall points for each technology type are shown in Figure 5.12

3. Technology Type: Classifying the emerging technology type, with designs able
to be classified into multiple types, inclusive of: Transportation, Virtual Real-
ity, Wearable, Hologram, Mobile Application, Robot, Public Installation and Au-

tomation. The overall points for each technology type are shown in Figure 5.13
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Figure 5.10: Redrawn pupils’ design for a candy maze with various olfactory outputs, enabling participants to gamify the search for their
favorite sweet. Upon locating it, the sweet transforms from a hologram into physical sweets.
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As shown in Figure 5.11, students primarily incorporated tactile and visual elements
into their sketches. Approximately 85% integrated tactile cues, while 71% included vi-
sual cues. This aligns with expectations, as real-world technologies often require both
visual and tactile aspects for user interaction. Additionally, only 13% of the designs
featured screen-based interfaces, with visual elements focusing on dynamic transfor-
mations and robotic movements. This trend aligns with previous findings (see Chapter
4), emphasising the importance of innovative, non-screen-based interfaces for public
spaces to engage users in novel ways.

Moreover, the presence of the multisensory device may have had an impact on the
students’ design choices. For instance, sketches, such as a memory calendar designed
by one student, were specifically tailored to use the features of the multisensory device.
The calendar enabled users to experience various events happening in the city for a
given month by clicking on specific dates. The immersive experience included elements
such as dynamic lighting, audio enhancements, and scents, creating a multi-dimensional
encounter that enriched the calendar’s content. This exemplifies how the introduction
of multisensory interactivity not only influenced the students’ designs but also inspired
innovative and imaginative concepts that leverage the full potential of such technology.

Whilst used less often, the olfactory and auditory cues were still used by 65% and
64% consecutively, with a major focus for these cues occurring within workshop 2 (see
Figure 5.11). This workshop also saw the highest number of additional sketches, with
12 of the 27 pupils in this session creating more than one design. These designs were
some of the most outside-the-box ideas ranging from culinary integration’s to socialising
abilities. For example, one pupil designed a real time hologram that could be produced
from their watch to speak to their friend who had moved far away, they would not only
be able to see them but also smell and hear them. Another example featured a Virtual
Reality Headset design, allowing participants to select food items from a restaurant
menu, experience their preparation through sensory cues, and make their dining choices.

Among the emerging functionalities of the designed technologies, culinary experi-
ences stood out as particularly intriguing to the participants (see Figure 5.12). However,
as evident in Figure 5.11, taste-related output was the least used among the sensory

elements. Instead, the focus shifted toward harnessing other senses to craft items that
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Sensory Outputs used by pupils when designing across four Technocamps Workshops
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Figure 5.11: The sensory cues used by pupils in their designs across each workshop,
with Olfactory, Auditory, Visual, Tactile, and Taste modalities.

could be consumed later. This preference may result from the close link between the
senses of smell and taste, both of which can strongly trigger autobiographical and col-
lective memories [281]. It is noteworthy that this workshop took place shortly before
lunchtime, likely influencing the culinary themes in the designs.

Sensory vending machines emerged as a prevalent and innovative theme within this
context, with approximately 80% of the culinary designs centring on some form of culi-
nary vending machine. For instance, one design envisioned a ‘make your own chocolate
machine’, where users could select the colour and scent of the chocolate, with audio
cues facilitating a touchless interaction. Subsequently, the machine would craft the de-
sired chocolate bar to the user’s specifications. Similarly concepts included vending
machines for crafting candles, pizzas, Lego, and various types of sweets.

It 1s worth noting that over the past year, the city of Swansea has witnessed the
emergence of interactive vending machines that dispense milk and milkshakes. Initially
introduced during the lockdown period to minimise the need for on-site cashiers, these

machines have gained popularity and continue to be in high demand. It is possible
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Emerging Functionalities of the Pupils Designs
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Figure 5.12: The emerging functionalities for the designs across the four workshops,
with culinary designs emerging as the most commonly used.

that the presence and success of these interactive vending machines may have exerted
some influence on the design concepts generated by the students during the workshops.
Their exposure to these real-world examples of interactive vending machines could have
sparked their creativity and prompted them to explore similar concepts, such as culinary
vending machines, within the context of the workshops.

Additionally, the participants expressed a strong affinity for scenario-based tech-
nologies, which allowed them to explore and interact with immersive narratives and
experiences. For example, the interactive calendar, as mentioned earlier, would pro-
vide visitors with information about events and activities happening in the city on spe-
cific dates. Moreover, interactive scenario-based games were popular among the pupils.
These games, often offered users the opportunity to participate in interactive story-lines
and adventures. The students’ preference for scenario creation technologies under-
scores the value of multisensory interactivity in enhancing engagement and immersion,

whether for informational purposes or entertainment, as demonstrated in Figure 5.12.
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Emerging Technologies from pupils designs
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Figure 5.13: The emerging technologies for the designs across the four workshops, with
automation and public displays leading as the most frequently employed technologies.

The final group focused on the emerging technology type, with vending machines
and automated machines being the most popular, followed by public displays (see Fig-
ure 5.13). Transportation was again popular with the pupils but mainly focused around
transporting through game environments compared to the flying cars designed within
the initial design workshops.

In the few instances where screens or mobile apps were incorporated, participants
integrated scent and audio cues to enhance the functionality and engagement of these
existing technologies. This underscores the students’ aptitude for re-imagining and im-
proving upon traditional screen-based experiences. This trend could be due to students

seeking more innovative sensory design.

5.4.4 Summary

In summary, this section has provided a comprehensive overview of the workshop plan,

designed to integrate prototype deployment, feedback collection, innovation, and design
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sessions. The outcomes of four workshops involving 99 pupils have been analysed,
encompassing both multisensory rig deployments, feedback collection and multisensory
sketching analysis.

The analysis of the multisensory rig deployments unveiled a positive response from
the participants. Many students eagerly embraced the opportunity to interact with the
device, often opting for repeated engagements when time permitted. The pupils demon-
strated a keen understanding of the presented scenarios, with an average recognition
rate of 74% across the three scenarios. Their expressions of joy and the desire to share
their experiences with friends underscored the device’s potential for intrigue and nov-
elty in its design. Furthermore, the participants contributed valuable insights for the
placement of the device in the city on a more permanent basis, suggesting the addition
of informational prompts or pictograms to facilitate user interaction.

The multisensory sketches continued to showcase the students’ enthusiasm for mul-
tisensory technologies, yielding imaginative and unconventional ideas. These concepts
ranged from visual and tactile cues to the integration of olfactory and auditory ele-
ments, illustrating the students’ broad creativity. Public displays and culinary expe-
riences emerged as prominent themes within the sketches, with real-life prompts and
experiences serving as inspiration for many of the students’ designs.

Collectively, these findings highlight the potential and promise of multisensory tech-
nologies, not only as sources of engagement and enjoyment for users but also as cata-
lysts for innovative installations in the cities of the future. The workshops gathered
insights and fostered creativity, laying the foundation for the continued exploration and

development of multisensory experiences in public spaces.

5.5 Lessons learnt from from Multisensory Integration

into Public Spaces

Based upon the comprehensive analysis of design sessions, discussions with city regen-
eration experts, sensory discovery questionnaires and the lab studies explored in Chapter

4 and the city centre deployments and school-based deployments, here are eight lessons
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learnt from the integration of multisensory installations into public spaces:

User-Centric Design: Involving citizens in the design process, especially young in-
dividuals, proved to be effective in gaining insights into their preferences and re-
quirements. This approach not only fostered a sense of ownership but also ensured
that the multisensory installations were custom-tailored to meet the expectations
and desires of the target audience. Consequently, the installations delivered an

enhanced and more engaging experience for users.

By embracing these user-centric design principles, cities can proactively engage
their communities and align their efforts with the needs of their residents. This
not only fosters a sense of belonging but also contributes significantly to urban
revitalisation endeavours, resonating with the community and fostering a stronger
connection between citizens and their cityscape. This discovery underscores the
impact of incorporating multisensory installations in future urban development,

where user engagement and satisfaction are paramount.

Expert Collaborations: Drawing upon insights gathered from discussions with city
regeneration experts, the importance of fostering close collaboration between ur-
ban planners and specialists in the field when deploying within urban areas was
underscored. A multidisciplinary approach, combining perspectives from both
the research side, focused on user research and innovative installations, and the
regeneration side, focused on urban development, led to a realistic and innovative
deployment. This lesson emphasises the pivotal role of collaboration in ensuring
the successful incorporation of multisensory installations in urban development,
wherein expert perspectives align installations with the broader goals of urban

revitalisation and enhancement.

Diversifying Public Displays: The value of offering a wide array of sensory experi-
ences to cater to diverse preferences and age groups has been highlighted within
this work. These data-driven insights hold potential to enhance the urban expe-
rience. By incorporating sensory elements into a wider range of public displays,
cities can create multisensory installations that are inclusive and multifaceted, en-

gaging multiple senses, from sight and sound to touch, smell, and even taste. In
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future work it would be intriguing to understand how these displays could render
public spaces to be more inclusive and enjoyable for individuals of all abilities.
Thus, this lesson underscores the possibilities for inclusivity and diverse sensory

engagement in elevating the overall allure and accessibility of public spaces.

Scenario Testing: The deployments of multisensory installations offered insights into
users’ recognition and emotional responses when encountering various scenarios.
Through testing and evaluation within controlled lab settings, scenarios effec-
tively conveyed the intended sensory experiences to users. This systematic and
methodical approach allowed for the fine-tuning and optimisation of the installa-
tion, resulting in the creation of more immersive, engaging, and impactful sensory

encounters within public spaces.

Moreover, this testing and evaluation process served as a bridge between the ini-
tial design concepts and the final implementations within the city. It played a
role in aligning the installations with the city’s broader goals and objectives for
urban development, ensuring that they seamlessly integrated into the urban fab-
ric and resonated with the local community. Consequently, the research not only
contributed to the enhancement of sensory experiences but also played a role in

elevating the overall urban environment.

Public Awareness: Multisensory installations hold the potential to serve as a market-
ing assets for promoting upcoming events and attractions within cities. By inte-
grating these installations into promotional campaigns and city branding efforts,
cities could leverage multisensory experiences to generate heightened interest and
anticipation. These installations could become captivating focal points that draw
the attention of both residents and tourists. Whether it is an art installation, a
sensory teaser for an upcoming event, or an interactive landmark, multisensory

installations can pique curiosity and create a buzz.

Community Engagement & Nostalgia: Multisensory installations present an oppor-
tunity for fostering community engagement and strengthening their sense of place
through nostalgia. By actively encouraging users to share their multisensory ex-

periences and stories related to these installations, cities could initiate a narrative
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that weaves together the diverse threads of community life. These installations,
designed to be interactive and thought-provoking, have the ability to spark conver-
sations and curiosity. They could become conversation starters, drawing people
from different backgrounds and walks of life into a shared sensory journey. By
actively promoting user engagement and storytelling, cities can create a sense of
shared heritage and community identity. This not only fosters a sense of nostalgia

but also highlights the richness and diversity of the community’s experiences.

Ethical Compliance and Regulatory Adherence: The successful implementation of
multisensory installations within urban landscapes hinges on strict adherence to
ethical standards and regulations. Safety and regulatory compliance require the
consideration of electrical, structural, fire, and accessibility standards. By ensur-
ing these installations meet or surpass these requirements, ensures that the safety
and well-being of all participants is a priority. Furthermore, ethical approval and
regulatory compliance are vital in installations involving data collection or human
interaction. Obtaining ethical clearance guarantees ethical data handling and user
privacy, while addressing legal and permit requirements ensures smooth integra-
tion into public spaces. This commitment fosters trust, signaling a dedication to

creating an engaging and secure urban environment.

5.6 Discussion

Typically, research in this domain has predominantly concentrated on single-sensory or
visual-centric installations within public spaces (see [7,104,126,135]). Conversely, mul-
tisensory research has primarily focused on indoor installations, examining their impact
and applications in controlled environments (see [32, 165, 166,200]). The contribution
of this work emerges from its exploration of multisensory experiences in outdoor public
spaces, an area that has remained relatively uncharted in the existing body of literature.
This research transcends the boundaries of conventional sensory installations, pushing

the boundaries of design and engagement in urban environments.
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5.6.1 Designing a Multisensory Rig Fit for City Deployment

The process of designing a multisensory rig fit for deployment in a city presented a
series of complex challenges. These challenges encompassed various factors, including
user-centred design principles, accessibility, resilience to adverse weather conditions,
and considerations related to pedestrian flow in the outdoor public space of Swansea.
The design changes implemented in response to these considerations addressed sev-
eral critical aspects, ultimately resulting in a more practical, user-friendly, and resilient
installation. Some of the key design enhancements included the removal of a fan, reposi-
tioning of lights, modifications to the device housing to enhance weather resistance, and
the implementation of accessibility features such as an adjustable height pole and de-
vices placed at different heights. These adaptations not only addressed practical consid-
erations but also contributed to an improved user experience, making the multisensory

rig more inclusive and accommodating to participants of varying statures and needs.

5.6.2 Insights from the City-Based Study

The deployment of SALIly garnered public interest, sparking curiosity and achieving a
73% average recognition rate across the deployed scenarios. This success raises the
opportunity for future deployments in similar settings. In addition, the participants’
comfort and satisfaction indicated a positive experience, with broader implications for
acceptance, accessibility, and overall well-being in public environments. These sensory
cues also demonstrated their ability to trigger nostalgia and emotions, offering opportu-
nities for enhanced public engagement initiatives. e.g., memories of eating sweets with
Grandparents. Therefore, this work provides a new possibility for the growing interest in
enhancing urban engagement and revitalising public spaces. Existing research often em-
phasises the importance of technology in transforming urban environments [13,38,190],
but the multisensory properties of the installation evaluated here add another dimension
by appealing to multiple senses simultaneously. This could lead to more immersive and

memorable urban experiences.
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5.6.3 Fostering a Sense of Shared Heritage and Community

Whilst exploring the possible roles of multisensory outputs for shared heritage within
Augmented Reality [12, 81, 270], such as memory mapping [265] and museum ex-
hibits [264] has been explored, this work provides an exploration of its role within public
spaces. This discovery serves as a foundation for cities worldwide to integrate multi-
sensory installations specific to their urban landscapes. This exploration demonstrates
multisensory installations potential to enhance comfort, promote positive behaviours,
and function as interactive information hubs within urban environments.

Furthermore, the exploration of multisensory installations in urban contexts unveiled
their potential to foster a shared heritage and a sense of community with scenario re-
lation showing strong emotions and revealing the ability to build a sense of belonging.
For example, by recreating the sensory atmosphere of historic sweet shops, this research
has evoked reminders of the city’s rich history and the collective experiences shared by
its inhabitants. Highlighting the power of sensory engagement, transcending individual
encounters to weave a communal narrative that celebrates traditions and cherished mem-
ories. This emotional resonance has the capacity to forge deeper connections between

city residents and their urban surroundings.

5.6.4 Engaging Youthful Perspectives: Interactive Workshops with
School Children

Incorporating interactive workshops to involve school children in the process of urban
design aligns with the user-centred design principles advocated in the existing literature
(e.g., [29,134,260]). This approach not only underscores the importance of involving
diverse user groups in the design and evaluation of multisensory technologies within
public spaces but also places a particular emphasis on the role of younger generations
in shaping the future of urban technology. By actively seeking the perspectives of these
young participants, this chapter contributes to the existing body of literature by show-
casing how multisensory installations can engage and inspire the next generation of
technology users and innovators.

Having both the pupils and researcher within the classroom facilitated a highly in-
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teractive and collaborative environment throughout the sessions. This setup allowed
for easier creation of designs and enabled pupils to seek feedback throughout their cre-
ative process, if they desired. This was in contrast to the workshops conducted over
COVID-19, where remote interactions were less conducive to such real-time collabora-
tion. Conducting these workshops also provided the opportunity to interact with pupils
spanning a range of ages, gathering their feedback not only on SALIy but also on the
types of multisensory technologies that would pique their interest in an urban setting.
Furthermore, the feedback received from the school children not only highlighted
their enthusiasm for the SALIly rig but also revealed their imaginative ideas and ex-
pectations for multisensory technologies in the future. This enthusiasm and creativity
underscored the potential of multisensory technologies to capture the imagination of the
younger demographic, fostering an early interest in interactive and tactile experiences

within urban environments.

5.7 Conclusion

Prior to this research, the exploration of multisensory installations in urban environ-
ments remained largely unexplored. Through evaluations detailed in the previous chap-
ter, the design was refined to ensure optimal performance in an outdoor public space.
The journey continued with the deployment of SALIly into Swansea city centre, where
the device was not only implemented but also a set of considerations and limitations
for its effective operation were established. e.g., indepth scenario testing and the incor-
poration of a range of users including experts, children and community members. The
procedures employed in this deployment were documented, facilitating comprehensive
analysis and ensuring reproducibility and adaptability for future multisensory rigs. This
real-world application highlighted the adaptability and versatility of multisensory in-
stallations in engaging urban communities with their surroundings.

While this chapter has emphasised the prominence of audio as a dominant sensory
cue, it is vital to highlight the broader value of a multisensory approach. The poten-
tial sequential absorption of audio and olfactory cues by the brain, influencing their

perceived dominance, is a captivating aspect. Acknowledging the synergy among mul-
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tisensory cues allows for the development of more immersive and effective memory-
triggering experiences (nostalgia), enhancing the overall impact of audio-visual inter-
actions. Therefore, although audio is undeniably significant, adopting a comprehensive
sensory approach, including olfaction, holds great promise for crafting more engaging
and memorable experiences.

Engaging with pupils to evaluate SALIly revealed its potential and appeal to a
younger generation. Their innovative ideas and excitement for multisensory technolo-
gies underscored the possibilities for future advancements in the field.

Collectively, these efforts have paved the way for a wide range of new and excit-
ing multisensory installations that can be seamlessly incorporated into public spaces,
enriching community engagement and enhancing urban environments. The compre-
hensive nature of this research — from design and deployment, positions it as a new
contribution in the realm of multisensory technology integration in public spaces. This
approach has implications for the future of cities worldwide, offering opportunities for
multisensory engagement in urban settings.

Additionally, this chapter has demonstrated that multisensory installations provide
a distinctive method for nurturing community engagement and enriching residents’ per-
ception of their surroundings by evoking nostalgic sentiments. By encouraging individ-
uals to share their multisensory encounters and interactions with these installations and
environments, cities could initiate a narrative that interweaves the diverse aspects and
experiences of communities. It has been illustrated here that these installations have the
potential to spark discussions and generate interest in urban transformations and multi-
sensory design. Through actively promoting user participation and narrative exchange,
cities could leverage the insights gained to foster a collective heritage and communal
identity through multisensory installations. These installations not only have the ability
to evoke nostalgia but also to strengthen the bonds of shared heritage.

In conclusion, this chapter has undertaken a comprehensive exploration of multisen-
sory installations in outdoor public spaces, drawing insights from city centre deploy-
ments and workshops with pupils. This multifaceted approach along with the cocreative
process completed within Chapter 4 has yielded recommendations for the seamless in-

tegration of multisensory installations into urban environments.
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5.7.1 Chapter Contributions

Chapter 5 explored the deployment of a multisensory rig in an outdoor public space for
two days, as well as a set of interactive workshops with 99 children, informing a com-
prehensive set of lessons for seamlessly integrating multisensory technologies into any
outdoor public space. These lessons endeavour to guide cities in harnessing the poten-
tial of multisensory installations to enhance urban environments, promote community
engagement, and enrich the overall quality of city life. By embracing these recom-
mendations, cities can create more vibrant, inclusive, and immersive public spaces that

resonate with the diverse preferences and needs of their citizens.
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Chapter 6

Exploring New Paradigms in User

Design Tools

6.1 Introduction

When designing the Lookout, explored in Chapter 3, several aspects of the design were
highly situation specific, and custom hardware had to be developed alongside the screen
content. Physical actions on the device had an impact on the screen display, and there
were no point-and-press interactions due to COVID-19 safety concerns. Crucially, com-
munication with stakeholders regarding the physical situation was vital, including estab-
lishing the need for a second ‘child and wheelchair-friendly’ device. Visual mock-ups
were created through hand drawing and photo-editing tools, but this was not supported
by UX tools. This issue resonated with educators questioned in an EduCHI focus group
(beyond the scope of this thesis) [70], where they detailed difficulties in encouraging
their students to consider the broader context of their designs: who is using the device?,
where are they?, and what are they doing? This challenge is less pronounced when
designing desktop applications like spreadsheets but becomes apparent with mobile ap-
plications that might be used while walking or in a car.

Therefore, the overarching goal was to realign user-experience design tools with the
latest developments in interface and application design. This was achieved through col-

laborative efforts involving designers, researchers, educators, and students to explore,
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catalogue, and critique existing public-facing design tools. The discoveries can be used
to inform future features and changes to existing technology. Collaboration with indus-
try and academic users has also been explored to gain insights into the state-of-the-art
and the needs of both commercial and ‘future’ groups, at the forefront of digital devel-
opment and design.

Digital technology exists within a continually evolving landscape of innovation and
use. UX design tools encompass everything from pen and paper to programmed offer-
ings, but none appear to support the entire process, or developing technology which sug-
gests multisensory, contextual, and environmental interactions. It is uncertain whether
the existing paradigms of user experience design [234] and their tools can keep up with
the fast-moving, contextual and often multisensory world of technology. Therefore, if
existing user-experience design tools do not serve the purpose of an evolving digital
landscape, then their future must be considered.

In this chapter, a two-fold exploration is undertaken. First, a series of workshops will
evaluate the current landscape of tool use across various design needs. These workshops
scrutinise prevailing practices, dissect tool strengths and limitations, and reveal unmet
needs of designers within this domain. Concurrently, a suite of proof-of-concept pro-
totyping tools will be introduced as potential solutions to identify challenges, infusing

innovation into the design process.

6.1.1 Motivations Leading from Previous Chapters

Throughout the previous chapters, experiences were gained which led to motivations to
further explore the works within this chapter. In Chapter 3, complexities arose whilst
sharing designs with stakeholders and communities, especially amidst the challenges
posed by the COVID-19 pandemic. The inability to physically demonstrate prototypes
and gather feedback through direct interactions, was challenging and could not be rec-
tified through online tool usage as design tools predominantly focused on screen-based
interactions only. Therefore, demonstrating a non-screen based interactive design to
stakeholders was not possible through currently available design tools. Additionally, the
Lookout’s design and surrounding area design was influenced and needed to be tailored

to Swansea’s environmental context, something that was not possible to design through
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UX design tools. This spurred a motivation to investigate how others approached sim-
ilar design processes for both multimodal interactive designs and contextually-based
designs using different tools and methodologies.

Furthermore, the process of demonstrating low-fidelity/wireframe multisensory pro-
totypes, which inherently require tangible demonstrations rather than conventional
methods, was not possible. Traditional design tools, often centred around software
and screens, were not suitable to effectively represent the different outputs of a mult-
sensory device like SALly or an elbow-based interactive device like the Lookout, de-
signed specifically for interactions within Swansea city. In the absence of tools for
scent-based or unconventionally shaped interactive device prototyping, traditional de-
sign phases often were not possible to complete. Consequently, essential stages like
low-fidelity prototyping were often bypassed, resulting in simple errors or adaptations
that could have been addressed in these phases needing to be rectified later on. This pro-
cess was both time consuming and cost-ineffective for completing iterative prototyping
and further motivated the author to discover the different work around other designers
and researchers had found to complete similar prototypes.

Through these experiences of designing interactive multisensory displays, while
considering the contextual nuances of their interactions across various projects, fueled a
desire to explore deeper into how industry professionals and researchers navigated such
spaces, and how mutual support and collaboration could be fostered. Discussions with
Prof. Alan Dix (Cardiff Met University) and Dr. Miriam Sturdee (St Andrews Univer-
sity) further highlighted the limitations of existing design tools in capturing the context
of use. This realisation, combined with the challenges amplified by the pandemic, un-
derscored the urgency for innovative approaches in the HCI design field [46].

To address these challenges and expand the project’s scope, a collaboration was
formed and supported by additional funding by the Cherish-DE project. While con-
sulting support was provided by Prof. Dix and Dr. Sturdee, the author took the lead
in the majority of the project’s work. Throughout this process, acknowledgments were
included where necessary to recognise the contributions of collaborators and stakehold-

€rs.
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6.2 Procedure: Navigating the Future of UX Design

Tools

Four online workshops were hosted online to explore the present and potential future of
user experience (UX) design tools. The prototypes were used during these workshops
as probes to inspire ideation. The workshops were designed to engage with a diverse
group of participants, including practitioners, educators, students, and academics. The
primary objectives were to gather insights into their current usage of UX tools and to
inspire discussions and innovative thinking within the field.

These workshops were conducted on Zoom due to the COVID-19 pandemic, with
live transcription. A dedicated Miro board was created to enable collaborative innova-
tions. For example, Figure 6.1 provides an overview of Workshop 3 with different task
areas highlighted. To accommodate participants from various time zones, the workshops
were conducted over two hours and offered at four different times. This approach aimed
to ensure that designers, researchers, and industry members worldwide had the oppor-
tunity to engage with the workshops. The workshop schedule was presented on each
Miro board, facilitating participant navigation through for key phases: (1) Pre-study
Questionnaire; (2) Preliminary Tasks: Current Tool Use; (3) Demonstration of Proto-
types; and (4) Tools of the Future (see Figure 6.1). Each phase was carefully designed
to collect insights, share current practices, showcase prototypes, and explore innovative
concepts for future design tools. Further details on each phase will be provided in the

subsequent sections.

6.2.1 Phase One: Pre-Study Questionnaire

The demographic study encompassed a range of questions aimed at gaining a compre-
hensive understanding of the participants’ backgrounds and roles within the field of

design and were based upon the design tool survey [209]. Key questions included:

1. Profession Description: Participants were asked to describe their profession, en-

abling the categorisation based on professional design responsibilities, helping to
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ensure that the respondents were from a diverse range of groups within the design

community.

2. Experience in Design: The number of years of experience each participant had
in the design field, providing valuable context for understanding the participants

expertise and seniority levels.

3. Types of Designed Experiences: To capture the diversity of design work, par-
ticipants were asked to specify the types of experiences they typically designed.

e.g., digital interfaces or physical products.

4. Primary Design Platforms: The respondents were asked to specify their pre-
ferred design platforms, shedding light on the software and technologies used in

the design community.

5. Tool Preference: The participants were asked to detail the software tools they
used across the design process to provide an overview of participants’ software

preferences and workflows. The questions were divided into design phases in-

cluding:
a. Brainstorming and Ideation; e. Developer Handoff;
b. User flows and site maps; f. Managing Design Systems
c. Interface Design; g. User Testing;
d. Ul Prototyping; h. Versioning and File Management

The participants were required to complete this pre-study questionnaire before at-
tending to the workshop, in order to provide an opportunity to adapt the workshops to

participant preferences if necessary and to save in-workshop time.

6.2.2 Phase Two: Preliminary Tasks - Current Tool Use

Following the completion of the pre-study questionnaire and consent forms, which were

also sent and returned prior to the workshop (via email), each workshop began with a
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short introduction to the project rationale, during which the schedule was outlined. Des-
ignated areas were provided within the Miro board for all workshop tasks to guide par-
ticipants through the process (see Figure 6.1). Participants were encouraged to explore
the board and share their thoughts throughout the session, engaging in discussions with

fellow participants. The Phase Two tasks were designed as follows:

Task 1: Current Tool Use and Tool Sorting into Types/Activities The first task built
upon the question about current design tool use from the demographic and UX
Design Tools Survey [209]. Each participant was asked to select an area at the
top of the board (7ask 1), label it with their initials, and list all UX tools (software
and tangible) they were currently using or had used within their UX or HCI work
on sticky notes. Sticky notes were made available next to Task I for ease of
use. Following this, each participant was tasked with identifying at what point in
their process they used each tool and duplicating sticky notes if they were used at

multiple stages of their work (i.e. Brainstorming and User Testing).

Task 2: Evaluation of Existing Design Tools After identifying which tools were used
at each stage, participants were given the opportunity to assess the best and worst
features (pain points) of each tool and provide reasons for their choices. These in-
sights were again added as sticky notes to the Miro board and could be duplicated

for the next task.

Task 3: Pain Point Categorisation Participants sorted the pain points into three ‘swim
lanes’ (a diagram used to illustrate steps in a process [86]): High-Level Design,
Low-Level Design and Sharing and Collaboration, through discussion and col-

laboration with other participants.

Task 4: Group Evaluation of Existing Design Tools Following this, the participants
were asked to work together to clarify how the pain points could be mitigated/re-
moved, and if there were any global improvements that tools could implement for

better usability tool wide.
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Figure 6.1: Overview of design workshop board 3, with task sections highlighted and
numbered from 1-7.

6.2.3 Phase Three: Demonstration of Prototypes

After a ten-minute break, participants returned to the workshop for a demonstration of
two proof-of-concept prototypes, ‘Scenario Viewer’ and ‘PhysProto’, created by Prof.
Dix. These prototypes aided issue understanding and acted as technology probes, as
described by Hutchinson et al. [131], bridging the gap between currently available tools
and possible futures. Initially, they were developed as throw-away prototypes for ex-

ploring design possibilities, with a specific focus on UX tool design [45].
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Scenario Viewer — Internet Fridge

<« /| next> >> Step:1of7
Embedded screen on the fridge helps you keep up to date with perishable foods

Context Device: Screen on Fridge Door

In Use | Scan | More
Fridge | Soon | Out

Milk 2
Cream 0.5 +
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@9 Oranges 1 [+
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Figure 6.2: The Scenario Viewer showcases the use of a smart screen fridge door within
the context of the user’s kitchen, featuring sketches by Miriam Sturdee, implemented
by Alan Dix.

Scenario Viewer
The Scenario Viewer (Figure 6.2) was designed to envision how a tool could be inte-
grated into storyboard-style views of context with Figma-like screen mock-ups.
Funcitonality: Figure 6.2 shows a stage in a scenario depicting the use of an
internet-enabled fridge. The beginning of the scenario is shown, with the fridge located
in the kitchen and an image of the screen that would be displayed on the fridge. Subse-
quent stages portray the process of ordering items through a mobile app connected to
the fridge while sitting in an armchair, using the app in a supermarket, and reviewing
purchases at home via the fridge app on a smart TV. This design scenario transitioned
across different physical devices (fridge display, phone, smart TV) accessing the same
system, as well as using the same device (phone) in various physical settings (home
and supermarket). Additionally, the screen mock-ups in Figure 6.2 are presented in
miniature within the respective context scenes, emphasising their presence within the

context.
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Device State

Rockall Fishery Protection

hatch closed
flag stop
Device only Device+System wheel centre <= left

Available User Interactions

Project Brief Select your next action on the device

Rockall has recently been granted independence and has approached >>> tum wheet left

our consultancy to design a remote control device for their fleet of >>> turn wheel right

digitally controlled steam-powered fishery protection vessels. >>> move flag to full steam
Play >>> open hatch
Video

Video

Figure 6.3: Overview page for PhysProto. A model boat represents the remote-
controlled fishery protection ship. The user is shown a physical boat-shaped prototype
of a control device with a closed hatch. The user selects to open the hatch.

Physical Design Prototype (PhysProto)
PhysProto was developed to assist users in creating interactive physical prototypes vir-
tually, a task that posed challenges during the Lookout project (Chapter 3). It initially
arose out of a workshop on the use of video in HCI education during the early part of
the COVID-19 pandemic [292]. While it was possible to create a simple demonstra-
tion video, this did not allow stakeholders to experiment or ask questions like, “What
happens when I move this?”. In the process of creating a video-based prototype tool to
partially address this issue, it became clear that this tool could also serve as a means to
share early prototype concepts for physical devices in a professional setting.
Functionality: The PhysProto (Figure 6.3) tool was used in addition to the low-
fidelity physical prototype, such as a small corrugated card controller shown in Figure
6.3. The example resembles a boat-shaped remote controller for a semi-autonomous
ship, with various controls like a miniature steering wheel, a switch-like flag, and a

red button under a flap. In this design tool, it is possible for designers to produce a
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demonstration video and short clips of potential device actions. Designers can then
create a physical behaviour model based on physigram notation [71], describing the
device’s states and behaviours without electronic effects. The completed PhysProto can
be shared with users who can interact with the device virtually by simulating physical
actions. Video clips corresponding to physically possible actions are shown, considering
device states (e.g., flap open). Designers can also include videos showing the effects on
other systems, like the remote-controlled ship. This provides remote demonstration and

experimentation capabilities, especially useful for fragile prototypes.

6.2.4 Phase Four: Tools of the Future

After providing an overview and demonstrating the concept prototypes as described

above, the remainder of the workshop was structured as follows:

Task 5: Ideation for Combination Approach 7Task 5 Participants collaborated as a
group to explore how inspiration and feedback from the prototypes could be in-
tegrated with solutions to current tool issues, with a specific focus on identifying
valuable features from existing tools. The Miro board included screenshots of
the design-context prototypes (detailed within the previous section) to facilitate

feedback and comments.

Task 6: Feature Brainstorming and Paper prototyping Following this, participants
completed a solo brainstorming activity aimed at generating individual features
considered as essential for anew UX design tool (i.e. functionalities). Participants

were encouraged to sketch their ideas to convey complex concepts effectively.

Task 7: Group Discussion To complete the workshop the resulting features were col-
lectively discussed, and any supplementary notes were added to the board in the

Task 7 section (see Figure 6.1).

This four-phase workshop structure allowed valuable insights and input from a di-
verse group of participants to be gathered, facilitating an exploration of the future of UX
design tools. Fundamentally, this approach navigates a path that blends innovation and

empirical investigation, resulting in the exploration of the future direction of UX design
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tools. This journey combines the tangible with the conceptual, the analytical with the
creative, ultimately providing a road-map for the development of tools that will shape

the future of UX design.

6.3 Results

A website (https://hcibook.net/incontext/) was created providing up to date information
on the project. In addition, mailing lists and social media were used to promote the
workshops to a diverse audience. Following their workshop participation, each partic-
ipant received a £20 incentive, which they could choose to receive in the form of an
Amazon voucher or as a donation to a charity of their choice. Except for the thematic
analysis, which is detailed in Section 6.3.4, all the described analyses were conducted

by the author.

6.3.1 Pre-Study Questionnaire

In total, 28 participants were recruited, and 24 of them actively engaged in one of the
four design workshops (W1:7,W2:5 W3:6,W4:6). Out of the initial 28 participants,
the age ranged between 18-60 (18 —25:3,26—36:13,37—47:5,48—60:7) with a
standard deviation ¢ = 4.36.

The participants significantly represented academia and experienced designers with
over 10 years of experience across diverse company sizes (see Table 6.1). The partic-
ipants were completing work on a variety of projects with a high number of web/app
designs and study designs. Furthermore, Mac emerged as the dominant platform. All
the collected data exhibited patterns that closely mirrored those observed in the UX
Design Tools survey.

From the initial 28 participants, four were unable to take part in the workshops after
completing the demographic questionnaire. Consequently, the data analysis and insights

beyond here were derived from the responses of the remaining 24 participants.
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Table 6.1: Participant Demographics and Current Focus

Demographic Information

Participant Role Sector

Researcher 12 Higher Education 16
UI/UX Designer 6  Tech Industry 4
Student 4  Government 2
Design Product Manager 3 Freelance 2
Design/Interaction Researcher 1 Media 2
UX Founder 1 E-commerce 1
Professor 1

Current Work Years of Experience
Web/Apps Design 8 <lyr 6
UX Study Design 8  1-2yrs 3
User Interfaces (UI) 5  3-Syrs 7
Tangible Interfaces 4 6-10yrs 2
Product Design 3 104yrs 12
Social Media Content 2
VR/AR 2
Conversational Ul 2
Escape Room/Immersive Entertainment 1

Company Size Number of Designers
1 2 1 5
1-10 4  2-10 7
11-100 1 11-20 6
101-500 4  21-50 6
501-1000 2 51-100 0
1000+ 15 100+ 4

Primary Platform Gender Identity

Mac 17 Female 14
Windows 9 Male
Linux 2 Prefer Notto Say 1
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6.3.2 Participant Design Tool Survey

This section presents a comprehensive analysis of the design tools used by the 24 par-
ticipants, offering insights into the diverse tool preferences and usage patterns within
the study cohort. In Task I, participants were instructed to list all the tools they used
throughout their entire design process. After the workshops, the frequency of tool men-
tions was aggregated and ranked from most to least used. Subsequently, the accessibility
of each tool was assessed by gathering information regarding the necessity of a subscrip-
tion, annual pricing, educational pricing, free trial duration, and compatibility with both
Mac and Windows platforms.

Collectively, participants used a total of 164 distinct tools throughout their design
process, averaging seven tools per person. This count includes a research tool named
DENIM, which is unavailable for open access use, making its inclusion unusual. Con-
sequently, freelance and industry designers would, on average, incur an annual cost
of £954.27, while educational licenses would incur a lower average annual expense of
£209.39.

Table 6.2: Top ten UX design tools used by the participant sample, showing annual price, edu-
cational price, whether there is a free trial, if it has cross-platform compatibility, and the number
of participants who use it.

Tool Subscription  Annual  Educational Free Trial Cross Platform Users

Required  Price (£)  Price (£) Duration = Compatibility

Paper — — — — —
Miro Y 79.00+ - oo Y
Figma Y 132.00 - 30 Days Y
Adobe XD Y 623.76+ 194.88+ 7 Days Y
Balsamiq Y 105.00+ Request 30 Days Y
Post-it Notes - - - - -
ProCreate Y 10.51 10.51 0 Days N
Sketch Y 87.42+ - 30 Days Y
Axure RP Y 246.00 Request 30 Days Y
Google Docs Y - - ) Y
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The ten most popular tools used, which include two non-digital tools (out of a total of
five non-digital tools), are shown in Table 6.2. A full overview of the 78 tools is provided
in Appendix E. Among the top ten digital tools, 88% were compatible with both Mac
and Windows and offered some form of a free trial, with 75% of them providing trial
periods of 30 days or more.

Tangible tools emerged as the most popular category of tools, with 79% of the partic-
ipants incorporating paper into their design process, often using it across several stages.
Moreover, 71% of the participants stated that they used at least one other tangible tool,
such as sticky notes. This suggests a demand for tangible tools and processes to facili-

tate and enhance the design process.

6.3.3 Affinity Diagramming

As noted in Section 6.2.2, participants were asked to specify at what stage of their de-
sign process they used each tool and duplicated these sticky notes to represent their
use across different design stages. Following this initial data collection, the author per-
formed Affinity Diagramming - a qualitative content analysis process. The aim of this
process was to condense the raw data into categories or themes through valid inference
and interpretation. Affinity Diagramming uses inductive reasoning, allowing themes
and categories to emerge from the data through careful examination and constant com-
parison. An example of best practice for using Affinity Diagramming in HCI was de-
scribed by Lucero [162], the analysis and results were completed following a similar
methodology to provide a comprehensive overview of the data. The diagramming pro-

cess was carried out in four stages on a Miro board:

1. Creating Initial Notes: Initially, notes were created by extracting the processes
from each user’s sticky notes along with the respective tools used. Each partici-

pant’s contributions were colour-coded for clarity.

2. Clustering: In this stage, common themes and trends that emerged throughout
the processes were identified and grouped together. This clustering helped in

identifying overarching patterns in which tools were used across which processes.
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3. Re-clustering: During this phase, process categories were re-analysed, and sticky
notes were re-categorised as needed. The goal was to ensure that the themes
and subcategories within those themes were accurately identified and represented.
This iterative process allowed for a deeper understanding of the data and was

completed in a separate sitting to ensure no previous bias of categorisation.

4. Colour Classification: An additional step was included which involved assigning
specific colours to tools based on their types. This approach was adopted to gain

insights into the variety of tools used throughout the design processes.

5. Documentation: The final stage involved documenting the results of the Affinity
Diagramming process. This documentation included creating visual representa-
tions of the clustered data, summarising key findings, and providing insights into

the identified themes and subcategories, as described below.

Results

As a result of the Affinity Diagramming process, four overarching themes were identi-
fied: (1) Ideation, (2) Design and Development, (3) Prototyping, and (4) Demonstration
and Feedback. These themes encompassed various subcategories, such as Wireframing
and Problem Definition, providing a detailed understanding of how participants used
tools in their design processes. The tools within these subcategories were then colour
coded based on tool type, with each code serving a specific purpose for designing, help-
ing to address the different types of tools used across their design processes. Here are

classifications for each colour code:

Orange: Development and Programming Orange tools included software develop-
ment tools and programming environments used to implement design solutions.
e.g., Microsoft Visual Studio [178] - an integrated development environment

(IDE) used for software development and programming tasks.

Pink: Animation and Multimedia Pink tools focused on tools for creating anima-
tions, graphics, and multimedia content, to enhance the visual appeal and engage-
ment of user interfaces. e.g., Adobe After Effects [3] - used for creating motion

graphics, animations, and visual effects.
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Blue: Design and Planning Blue tools focused on tools for creating visual represen-
tations, diagrams, and layouts to structure and organise ideas. e.g., Miro [181] -
an online collaborative whiteboarding platform that enables teams to brainstorm,

plan, and visually organise their ideas with diagrams, flowcharts and mind maps.

Green: Prototyping and Interface Design Green tools focused on developing inter-
active prototypes and designing user interfaces. Designers use these tools to cre-
ate mockups, wireframes, and visual elements that define the user experience.
e.g., Figma [85] - a cloud-based design and prototyping tool that allows designers

to create interactive prototypes and design user interfaces collaboratively.

Purple: Communication and Collaboration Purple tools supported team communi-
cation, collaboration, management, task coordination, and effective teamwork
during the design process. e.g., Slack [243] - a team collaboration platform that

facilitates communication, file sharing, and project management.

Yellow: Research and Documentation Yellow tools helped designers document their
findings, manage data, and maintain project-related documentation. e.g., Zotero
[300] - a reference management tool designed for collecting, organising, and cit-

ing research materials.

Theme 1: Ideation

The first theme, labelled Ideation, encompassed a variety of activities aimed at fostering
and refining ideas for design projects. This theme provided the foundation for the sub-
sequent stages of the design process. Within this theme, activities were geared toward
nurturing creativity, problem-solving, and idea generation to shape the early phases of
design concepts. The resulting affinity diagram for this theme was subsequently divided

into two additional subcategories, as elaborated below:

1. Problem Definition: This category involved activities related to defining the
problem statement, its context, and the challenges that needed to be addressed.
Participants frequently mentioned using design and planning tools (14 out of 30)
for activities such as, mind mapping and brainstorming, with particular emphasis

on idea generation tools such as Paper, Pinterest, and Miro.
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2. Context Building: In this category, participants focused on outlining the ba-

sic design structures, layouts, and functionalities. Sketching and drawing played

a dominant role, with designers relying on visual representations to clarify and

communicate their design concepts effectively across 18 sketching/drawing tools.

Tool Type
. Development and Programming

~ Animation and Multimedia

- Design and Planning

Prototyping and Interface Design
Communication and Collaboration
_ Research and Documentation

Adobe

Fusion

Adobe

lllustrator 360 lllustrator Adobe XD
Lego Camtasia Figma
Mira Fusion
Marvel pop Miro MS Excel 360

MS Notes

Roam

Trello

Research

Zotero

ProCreate  Sketch -

Zotero

Figure 6.4: Affinity Diagram for Ideation Phase Showing Tools Categorised into Prob-
lem Definition and Context Building Themes, with tools colour coded by type.
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The resulting affinity diagram can be seen within Figure 6.4. Among the 39 tools
used by participants in this phase, 17 were categorised as design and planning tools,
with seven of them being non-digital tools like paper and post-it notes. This obser-
vation underscores the importance of quick and tangible creation during the ideation
phase, with a particular emphasis on sketching. Iterative design, occurring often during
ideation, benefits from the ease and low cost of non-digital tools.

In this theme, designers engaged in activities that fostered creativity, problem-
solving, and idea generation. Two main categories, Problem Definition and Context
Building, emerged, emphasising the importance of defining problem statements and
creating visual representations of design concepts during ideation. The dominance
of sketching and tangible tools in this phase highlighted the preference for quick and
tangible creation, often using non-digital tools like paper and post-it notes. Overall, the
design ideation phase was characterised by an interplay between problem definition
and context building, with designers using a diverse set of tools to nurture creativity

and innovation, ultimately driving the development of user-centred design solutions.

Theme 2: Design and Development

The Design and Development phase bridged the gap between the ideation phase (Theme
1) and the prototyping phase (Theme 3) in the participants’ design process. It involved
a transition from conceptual ideas to detailed design concepts. The process entailed
creating low-fidelity prototypes for issue identification and resolution before progress-
ing to higher-fidelity prototypes. Key activities in this phase included storyboarding,
wireframing, and the application of the Wizard of Oz (WoZ) technique. A total of 27
tools were used with a shift in tool usage towards prototyping and interface design tools,
marking the transition from initial ideas to the early stages of prototype development.
The resulting affinity diagrams from this phase can be seen within Figure 6.5. The

Design and Development phase was further divided into three subcategories:

1. General: This category encompassed general design and development activities
that did not specify particular techniques. There was an emergence of anima-
tion and multimedia tools and documentation tools within this phase, indicating a

transition to more robust and comprehensive designs.
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Figure 6.5: Affinity Diagram for Design and Development Phase Showing Tools Categorised into General, Storyboards/Wireframing and Wizard of Oz
Themes, with tools colour coded by type.
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2. Storyboarding/Wireframing: This category focused on context based designing
and functionalities with storyboarding tools for creating designs with fictional
users interacting and wireframing tools helping to visualise the possibilities for
screen based designs. Within this phase the move away from tangible tools such

as paper into digital tools such as Figma begins to show.

3. Wizard of Oz (WoZ): This category focused on the application of the WoZ tech-
nique, simulating automated system responses through manual task execution for
rapid iterative design. It involved a return to tangible tools like Arduinos, high-

lighting the need for testing user experiences before full-scale development.

This phase acted as a bridge between ideation and prototyping, focusing on refining
initial ideas into concrete design concepts. The subcategories emphasised context-based
design and functionalities and quick iterative design and functionality testing. Tool
usage shifted from the predominantly sketch-based designs and planning tools observed
in the Ideation phase to an increasing reliance on prototyping and interface design
tools. This shift indicated the transition from initial ideation to the early stages of
prototype development, ensuring that designs aligned with user needs and expectations

before building high fidelity prototypes.

Theme 3: Prototyping

In the Prototyping phase design process, where designers shifted their focus towards cre-
ating robust prototypes ready for user interaction and feedback (Theme 4). This phase
built upon the foundations laid in the earlier phases and introduced subcategories that
reflected the diverse range of prototypes being developed. Across the 42 tools used, this
phase exhibited a noticeable shift in tool usage patterns, with an increase in the adop-
tion of development and programming tools (10 tools), which were more time-intensive
and geared towards creating functional and interactive prototypes. Additionally, com-
munication and collaboration tools became more prominent (7 tools), emphasising the
importance of team collaboration and sharing among participants during this phase. The
resulting affinity diagrams from this phase can be seen within Figure 6.6. The Prototyp-

ing phase was further divided into four main categories:
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Figure 6.6: Affinity Diagram for Prototyping Phase Showing Tools Categorised into General, User Interfaces, Speech Interfaces and 3D Modelling
Themes, with tools colour coded by type.
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1. General: This category encompassed a broad spectrum of prototyping activities
where the type of design being created was not mentioned. The prototypes created
in this category served as the final representations of their design concepts, with a
dominance of tools returning back to design and planning tools (12 tools) which

could display the prototypes created.

2. User Interfaces (UI): Within this subcategory, designers concentrated on crafting
prototypes that specifically addressed Ul aspects. These prototypes aimed to fine-
tune the visual and interactive elements of their designs, ensuring a user-friendly
experience, with development and programming tools to achieve these functional

designs being the dominant tools (6 tools).

3. Speech Interfaces: The emergence of Speech Interfaces as a distinct subcategory
in the Prototyping phase signified a noteworthy shift in design projects. Design-
ers in this category concentrated on developing prototypes that introduced voice
interaction elements, allowing users to interact with the system through spoken
commands or incorporating auditory outputs as part of the user experience. Lim-
ited tools are available for incorporating speech interfaces of this kind and the

tools that are available are collaboratively oriented.

4. 3D Modelling: In this subcategory, creating prototypes that provided tangible
and immersive user experiences, particularly projects involving physical products

or virtual reality applications.

Overall, the prototyping phase showed the diverse nature of prototypes created
across UX design and highlighted the adaptability and innovation demonstrated
by designers in preparing their designs for user testing and refinement. The four
subcategories focused on covering various prototyping activities, fine-tuning visual and
interactive elements, introducing voice interaction and, exploring three-dimensional
and immersive experiences. There was a significant increase in the use of development
and programming tools, highlighting the shift towards functional and interactive

prototypes.
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Figure 6.7: Affinity Diagram for Demonstration and Feedback Phase Showing Tools Categorised into General, Demonstrating, Personas/Scenarios and
Customer Experience Mapping, with tools colour coded by type.
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Theme 4: Demonstration and Feedback

The Demonstration and Feedback theme marks the final stage in the design process,
concentrating on the tools used within user feedback sessions. e.g., interviews and fo-
cus groups. Additionally, this phase encompassed the tools used to demonstrate any
prototypes created within the previous phase. Overall 30 tools were used in this phase,
returning to the dominant use of design and planning tools (18 tools), which were intrin-
sic to the designers user feedback sessions. There was also an increase in collaborative
design tools (6 tools) like Miro with several mentions of their increased use in the con-
text of the COVID-19 pandemic when these design workshops were conducted. The
resulting affinity diagrams from this phase can be seen within Figure 6.7. The Demon-

stration and Feedback theme was divided into four subcategories:

1. General: A wide range of tools used in various aspects of user feedback sessions
and prototype demonstrations. Whilst there was an emphasis on design and plan-
ning tools, many of these tools were also collaborative tools, with collaborative

tools also in high use within this section (e.g., Miro).

2. Demonstration: Designers focused on tools that aided them in the demonstration
of their prototypes and design concepts to stakeholders, users, or team members,
with tools used to create the prototypes within the previous phase (Theme 3) com-

monly used to also demonstrate those designs within this phase. e.g., Figma.

3. Personas/Scenarios: Designers emphasised the importance of providing contex-
tual help when describing prototypes. They used tools that helped create and
present user personas and scenarios, enabling a deeper understanding of the user
experience, all of which were design and planning tools, with emphasis on paper

based sketching.

4. Customer Experience Mapping: This subcategory was centred around tools
used to visualise and map the customer experience, providing insights into how
users interact with products or services, with animations mentioned consistently

throughout this subcategory as the most useful in providing these for participants.
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The Demonstration and Feedback theme underscores the importance of effective
communication and collaboration with stakeholders and users to gather valuable
feedback and insights. It highlights the role of collaborative design tools, especially
in a remote or socially distant working environment, where tools like Miro played a

crucial role in facilitating these activities.

Affinity Diagramming Summary
Completing affinity diagramming provided insights into the diverse and dynamic land-
scape of tool usage within the UX design process for the 24 participants. Through in

depth analysis, four main themes emerged, providing the following insights:

1. Diverse Tool Ecosystem: The findings underscore the diverse set of tools used
throughout the UX design process, emphasising the need for designers to be pro-
ficient in various tool categories, including design and development, prototyping,

and collaboration tools and also emphasising the lack of one tool for all processes.

2. Iterative Nature of Design: The prevalence of iterative design practices, espe-
cially in the Design and Development and Prototyping phases, highlighted the
importance of tools that enabled the refining and iterating design concepts to en-

hance usability and effectiveness.

3. Remote Collaboration: The COVID-19 pandemic’s influence on tool usage was
evident, with collaborative and remote-friendly tools like Miro playing a piv-
otal role in maintaining effective communication and collaboration during remote

work scenarios.

4. Emerging Trends: The emergence of speech interfaces and 3D modelling tools
indicated a shift towards incorporating more novel interactions with multimodal-

ity and immersive experiences into UX design projects.

Overall, the analysis of tool usage within the UX design process offered valuable
insights into the evolving landscape of design tools, iterative design practices, and the
role of collaborative tools, which can inform and enrich the existing literature in the

field of human-computer interaction and UX design.
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6.3.4 Thematic Analysis

This section focuses on the third stage of analysis, which focuses on thematic analy-
sis and qualitative requirement creation. Through meticulous analysis of the data har-
vested from the online workshops, themes, trends, and unmet needs were discovered.
This qualitative exploration provides a comprehensive understanding of the evolving de-
mands and expectations of UX designers. This is where the blueprints for the future of
design tools starts to form, guided by insights and experiences of designers navigating
this ever-evolving space.

Thematic Analysis (TA) was chosen to analyse the transcriptions recorded during the
four workshop sessions due to its user centred approach and compatability with work-
shop data. Braun et al. [S1] recommend conducting “four or five” in-depth interviews
or data samples for this process. After exploring best practices for applying thematic
analysis in an HCI context [250], the subsequent analysis and results are presented in
a similar manner, offering a comprehensive overview of the findings. Moreover, col-
laborative analysis is often recommended for thematic analysis to incorporate diverse
perspectives, mitigate researcher bias, and improve the validity and reliability of identi-
fied themes and patterns in qualitative data [66, 119]. Therefore, the author conducted
the analysis collaboratively with Prof. Dix and Dr. Sturdee during two in-person ses-
sions to ensure a comprehensive approach. The coding was completed manually with
print-outs of the transcriptions and highlighters, where the highlighted sections were
converted into post-it notes and then codes for sorting and discussion.

Below, the six stages followed for thematic analysis are outlined, with an additional
sub-stage™ in the process that involved coding and sorting information from Workshop 1
as an initial standalone step to consolidate the thematic analysis process in the minds of
the researchers. This was done before returning to Stage I to complete the final coding

and theme development.

1. Familiarisation: The full transcription for all workshops were printed and bound,

and each researcher conducted a careful read through, making notes if needed.

2. Initial Coding: This exercise was done inductively. On an individual basis, each

researcher highlighted potential items of interest, and noted down ideas for codes.
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The transcriptions and notes were then discussed, line by line, and codes gener-
ated collaboratively. These were transcribed onto post-it notes during the process.
Examples include items such as: use of pen and paper, screen bias, hacking ex-

isting software, experience design, or multimodal support.

3. Theme Search: The codes on post-it notes were spread out in a large room and
an initial card-sorting of codes into affinities was conducted. Initial themes were

then generated,(e.g., Complex World) with photographs then taken of the result.

4. *Sub-stage: Here, a break was taken, with the researchers returning to the tran-
scripts to complete the note-taking and code discussion phase in a second sitting
(see Thesis timeline 1.1), having become more confident in the process. Codes
from the remaining three transcripts were generated, and merged with the initial
codes, having de-linked the initial theme headings. A second Theme Search was

then conducted.

5. Theme Review: The themes were reviewed within the context of the transcrip-
tions, to consolidate thoughts, avoid *bucket themes’ and check the background of
each code to ensure it had been interpreted correctly. The themes were adjusted
if needed (including the addition of sub-themes), to better reflect the contained

codes, and any outliers discussed until consensus was reached.

6. Naming & Definition: The codes, themes and sub-themes were transcribed into
a spreadsheet, and further refinement took place (e.g. merging duplicated codes,

making connections between themes, and considering the bigger picture).

7. Report: Writing up and any final development and refinement of the themes was

completed.

In the sections below five themes and corresponding sub-themes, in line with exam-
ples from the transcription data are described. In addition, the inclusion of a separate
subsection on Requirements in Theme 5 (One Tool To Rule Them All) is provided, as
during the Theme Review it was identified that a "bucket theme’ (Wishlist) had been

formed where participants simply stated what they wanted from a new interface. This
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was not picked up upon in the initial coding, but was realised during sorting and discus-
sions, as whilst of interest, it does not provide the same qualitative and analytical depth
compared to the other themes and sub themes. Following its separation from the main
themes, the review stage was continued, of which the results are described below. The
requirements/wishlist codes were then subject to a second review and sorting process
and are reported at the end of the results section for Theme 5.

This thematic analysis resulted in five themes: (1) Complex Process, Complex
People, (2) Growing Pains, (3) Barriers to Access, (4) Supporting a Multimodal
World and (5) One Tool to Rule Them All. The theme and sub-category names were
created collaboratively. The *One Tool’ theme also includes tables of requirements
which elaborate on the needs of the user base that were interrogated. In Figure 6.8,
an overview of the final grouped post-its, as well as a specific example illustrating the
"Pain Points’ group can be seen showing how the final post its were congregated into
groups which could be easily adapted. These visual representations help convey the
structure and content of the thematic analysis findings, offering a glimpse into the key

themes and patterns that emerged from the workshop discussions.
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Figure 6.8: Overview of Final Grouped Post-its from the first thematic analysis session
(Left) and Specific Example of “Tangible, Physical & 3D” (Right).
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Theme 1: Complex Process, Complex People

UX processes are well documented but increasingly complex, and can incorporate many
designers and developers, stakeholders and user groups, all with different expectations
and needs. The diversity of participants in terms of role and experience illuminated the

range of use cases and applications and the tensions between stages and stakeholders.

Who Does What & How (1a)

“A lot of the pain points are people issues, how to manage people, how

to take data from one place to another place and analyse it there” P4, W1

“I do all of the diagramming in the same tool, and then the designers

use different tools, and basically everyone uses different tools.” P3, W1

When working with design tools, different people have specific preferences and meth-
ods of working that are often ingrained — such as the preference of some users to go ’the
long way around’ rather than learning a new technique or tool (mindlessness trumps
efficiency). Furthermore, beyond tool use, there are often problems with communica-
tion, conversion between stages, and commentary, and some participants stressed the

difficulty with both people management and data transfer.

(13

. working with a big team of designers and using lots of different
tools for different stages of the design process, but it’s hard to move from
one to another” PI, W3

“When you work with projects, [we] don’t like to tell people what
they have to use which is why they use so many tools.” P5, W4

The issues appeared to be either person centred, or tool centred, with the UX
process appearing to be a free-for-all when working across teams, sites and stages.
These issues could be solved in theory, with a Master Design Suite (Theme 5) but only
if all stakeholders adopted it, which presents its challenges. People have diverse needs,

wants, and desires, and the UX process is intricate, leading to a complex interaction.
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The Collaboration Conundrum (1b)

“When collaborating it’s a pain to join the different tools you use to-
gether.” P3, W4

Collaboration was consistently discussed during the workshops, in differing contexts.
Showing that the UX process is not an insular one, and incorporating multiple points of
view, allowing feedback, and communicating requires careful management and organ-
isation of time and resource. Participants often found themselves using unrelated tools
at the same time to support collaboration (e.g., using Miro, Zoom and Google Docs
simultaneously), which could then cause issues with documentation and integration for
the next stage, or when producing client reports.

The mismatch between online and in-person can also produce different results, with
no clear path to a solution. The COVID-19 pandemic led to an “emergency response”
(P2, W4) in the UX world:

“...we use zoom, teams, and miro but its so different to in person user

experience” P2, W4

This forced response however led to the rapid development and iteration of tools
such as Zoom and Miro, as well as remote conferencing and interaction spaces such
as Gathertown, which are now still in regular use despite the gradual return to an ’in
person’ environment, with the factor of the rise in remote working: “Design teams [are]
dispersed across the world!” P6, W2. There is an increasing need to rely on digital
collaboration within the UX process, both for client and team interaction, but also for

user research and testing.

Theme 2: Growing Pains

Due to the nature of the workshop and its tasks, many of the attendees used the
discussions to complain about the existing design tools. One reason for the expansion
of UX design tools is the gaps in the market for specialised offerings that tailor to the
niche, to be used alongside more ’all-round’ tools such as, Figma. However, this has

already led to a bloat in the market, and the creation of tools that are not fit for purpose.
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Hacking for Functionality (2a)

(13

. the [Balsamiq] scroll function must be hacked to use, but is just

about good enough to show wireframes but nothing more” P3, W3

“I Hacked Denim to let you add buttons and the ability to link things
across and add in the RFID... ” P4, W4

Some users either used their proficiency in coding to make workarounds, re-
appropriated non-UX tools for their specific purposes, or used multiple UX tools for
small, specific parts of their workflow. This increases the time taken to complete
projects, and also does not always provide a complete solution.

There is also a barrier to most users taking advantage of hacking, as it requires
a high level of proficiency in code and sometimes complex knowledge of hardware
capabilities (in the physical prototyping space). In the latter quote, P4, W4 is not only
hacking a system, but the system itself is experimental (DENIM [192]).

There, and Back Again (2b)

“[1] start off with pens and paper, [with] a huge piece of paper [it] is
easier to capture things. Working on multiple projects at the same time and
having a big piece of paper means being able to cross over and have

multiple ideas at the same time.” P6, W3

Some UX innovation and design processes were supported by low-fidelity approaches
such as sketching and paper prototyping which do not require complex tools or func-
tionality. However, there are still issues with the physical/digital divide however, and
despite advances in digital sketching, and image conversion, many practitioners fre-
quently return to paper — especially for paper prototyping, which gives a tangible sense
to moving through a user pathway.

Paper-based interactions were used as a timeless offline method for designers. The
tangible act of sketching on paper can bridge the gap between designers and stakehold-

ers, facilitating communication during the design process (a concept the author regularly
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used themselves with their stakeholders). Sketching on paper is known for its speed, ac-
cessibility, affordability, and ease of use. Furthermore, it can be applied across various
stages of the design process, both in industry and academia continuously [158]. Never-
theless, as mentioned by participant seven in Workshop 3 and questioned by participant

four in Workshop 4:

“ How to turn paper into something online or photograph for scanning
is hard” P7, W3

“ Paper prototyping, how do you move from that more smoothly into
the next stage?” P4, W4

These tangible paper-based processes were well liked, and behaved in an expected
fashion due to their non-digital nature. However, there are issues when it comes to inte-
grating offline resources with online functionality, especially when working remotely.
Some paper based tools (e.g. dotted notebooks which can be easily converted) and
digital ’paper-like’ tools (e.g. Remarkable [223]) attempt to bridge this divide, but
are still stand-alone offerings in a digital world. In an ideal world, paper-based and
offline approaches would be seamlessly integrated into the digital world (see Theme
5 One Tool to Rule Them All), enabling users to switch between approaches at will.
The need to interact with the physical and tangible world not only with paper, but with
objects and environments is also integral to future UX design (see Theme 4 Supporting
a MultiModal World).

Cognitive Load (2c)

“[1I] Don’t want to be worrying about which project is where and

whether the project is in the correct place.” PS5, W4

“...you don’t want to have to use two different apps at the same time.”
P3, W4

The intricacy of certain multifunctional tools, such as Figma, can result not only in

a steep learning curve but also in a substantial cognitive load, as users need to recall
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how each feature functions and how they integrate with one another. This heightened
mental burden is exacerbated when designers are required to use multiple tools to ac-
complish their objectives. This problem is interconnected with sub-theme 1b, where
multiple users collaborate across various tools, and the hand-off between these tools

can introduce additional complexity.

“An easy tool that does not require registration or steps to get onto
collaboration would be good.” P2, W2

“[Use] lots of beta meeting, zoom, teams but [there are] struggles with
letting people view at the time and not making them feel overwhelmed.”
P4, Wi

Associated with the necessity of using multiple tools was the challenge of managing
numerous subscriptions, handling various log-ins, and keeping track of file formats and
storage locations (whether in the cloud or on local drives). Usability principles are typi-
cally aimed at minimising cognitive load (“Don’t make me think!” [150]), but ensuring
usability across different tools is not a priority for companies primarily focused on their
individual products.

Moreover, the internal intricacies of these tools and their demanding hardware pre-
requisites can pose challenges for individuals lacking high-end equipment, such as
someone attempting to run Adobe Premiere Pro on an older computer. The strain placed
on the machine’s processing capacity can also be considered a form of cognitive load.
This complexity-related issue further extends to the time required to accomplish tasks,

as indicated by one participant who noted:

“it requires a significant amount of time to export a design into Miro”
(P1, W4)

Theme 3: Barriers to Access
Accessibility is a critical concern within the realm of digital UX design tools. His-
torically, users could obtain single licenses by purchasing physical disks and a license

key. However, the landscape has evolved to include digital subscription models, which
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may deactivate access if the user fails to log in regularly. For individual users, partic-
ularly those in self-employment, this subscription-based model can be cost-prohibitive,
especially when multiple tools with specific functionalities are required.

Moreover, accessibility issues extend beyond economic considerations. Many
complex UX design tools are not developed with the needs of all users in mind,
rendering them incompatible with assistive devices such as screen-readers or voice
activation. Designing for the inclusivity of all users also necessitates addressing the
learning curve associated with software, recognising that not all users possess expertise

or programming skills (see 2a).

The Cost of Doing Business (3a)

“Miro is quite expensive, lots of the tools are expensive for start ups”
P3, W4

Individual freelancers and small businesses often operate within constrained soft-
ware budgets. While some software providers offer free trials or limited-functionality
free versions, these options typically come with short expiration dates or restricted fea-
tures (see Appendix E for an overview of free trials by tool). Additionally, some larger
enterprises may mandate specific tools that they expect contractors and freelancers to
use. This requirement can create a high barrier to entry for pitching new jobs and main-

taining multiple clients.
“...0OptimalSort is overpriced for what it offers” P5, W4

Users often face a trade-off between cost and functionality when choosing software
and tools. They must weigh the price of a tool against the features it offers, evaluating
whether the investment justifies the cost. Additionally, users need to consider whether
they can sustain a subscription over time or if a one-time purchase can be reused for
future projects. This decision-making process requires users to assess the value they
receive from their chosen software and its long-term viability for their needs. For
example, Adobe XD [4], required for adding ALT text to conference submissions, costs

623.76 annually but may not be needed for other projects.
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Design for ALL and ALL for Design (3b)

“[We need] voice activation and annotation. Making sure that the

tools aren’t just focused around expensive equipment.” P7, W3

Ensuring usability for all users goes beyond just providing accessibility support; it in-
volves making the tool easy to learn and use without requiring extensive commitment
or causing unnecessary difficulty. Usability principles emphasise the importance of cre-
ating user-friendly software, and these principles should extend to the tools used by

designers and developers.

“Using Miro at first there is a high entry bar for people who are not
designers. People who have not used it before requiring a bit of training.”
P4, Wi

The learning curve associated with some UX design tools can be a significant bar-
rier. Tools that have steep or lengthy learning curves may not be practical for short-
term projects, students, or individuals who do not have coding skills. While tools with
broader appeal, like Miro, may take these factors into account, specialist tools such as
D3 [61] for data visualisation often have a high barrier to entry for users outside their
specific domain of expertise. It is essential to address these challenges to make UX
design tools more inclusive and accessible to a wider range of users.

Many UX design tools, including both free and paid ones like Miro and Adobe, lack
support for screen readers. This deficiency, which may be attributed to the complexity of
these tools, creates a significant barrier to use for individuals who rely on screen readers
for accessibility. Additionally, despite advancements in Conversational User Interfaces

(CUISs), voice activation remains an under used interaction method in these tools.

“[1] want a master design centre ... also supporting non-visual like audio

and brail, more focused around accessibility.” P2, W/

To ensure true accessibility, it is not enough to just provide support for access;
UX design tools should be designed with accessibility in mind from the outset.

This approach involves considering the needs of all users, including those with
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disabilities, and implementing features and interactions that accommodate a wide
range of users, including those who rely on assistive technologies. Designing for ac-

cessibility is a crucial step in making these tools more inclusive and usable for everyone.

Theme 4: Supporting a MultiModal World

“[We] Need some more help focusing on multimodal design tools™.
P4,W2

The emergence of novel interfaces such as, VR, AR, large-format surfaces, conversa-
tional user interfaces (CUIs), tangibles, shape-changing interfaces, interactive surfaces
and environments, and even brain-computer interfaces has expanded the design land-
scape far beyond the traditional 2D, planar screen-based experience design. This evo-
lution necessitates a shift in thinking, moving from a focus on designing for 2D screens
to considering the diverse needs of humans as multimodal beings.

While there are already commercialised offerings in some of these domains, such
as Amazon Alexa [9] as a CUI or various medical innovations like the SecondSight
eye implants [253] (despite their discontinuation), many of these developments have
occurred without adequate support from UX design tools. Even sound design, a funda-
mental aspect of many user experiences, is inadequately supported by current tools. As

Participant 4, in Workshop 2 points out:

“Sound design is a critical component of user experience, and it’s
surprising that there are so few tools that cater to this aspect of design.” P4,
w2

This underscored the pressing need for UX design tools to evolve and adapt to the
changing landscape of user interactions, encompassing both traditional and emerging
modalities. This finding is in line with the design work explored within the previous

chapters where new approaches had to be sought to build multimodal rigs.
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You Can’t Touch This! (4a)

“combining customer blueprints with 3D objects, inspired about mod-

elling interactions with physical objects in a virtual space...” P2, W3

Tangible interfaces are a prominent and evolving area of interest in Human-
Computer Interaction. In numerous instances, tangible interfaces have been deployed
in public spaces, and some of these installations continue to be operational long after
the conclusion of their initial research projects [42]. Additionally, there are tangible
interfaces being developed within various industries, often without the aid of dedicated
commercial UX design tools. The pursuit of bridging the gap between the physical
and digital realms is a highly relevant and widely discussed theme. This bridging
can extend to the realm of prototyping, encompassing both on-screen and ’in-hand’

interactions simultaneously.

The Sound of Silence (4b)

“I have not come across any low-level design tool for speech inter-
faces” P5, Wi

There’s nothing to represent conversational technology which is

mainly what were working on. P4, W2

Considering the widespread adoption of voice assistants and Conversational User
Interfaces (CUISs) in today’s digital landscape, it is somewhat surprising that commonly
available design tools do not provide adequate support for vocal and audio interactions.
This deficiency could be attributed to the use of proprietary technology by some com-
panies or, perhaps, the fact that the demand for such features is not yet widespread, po-
tentially limited to academic and niche circles. Nevertheless, it is noteworthy that audio
support and sound design emerged as recurring topics of discussion during the work-
shops, with relevance to both accessibility concerns (as discussed in 3b) and speech

output functionalities.
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“Everything is tailored to visual design; sound is not considered at
all” P1, W3

It is important to recognise that designing for speech interfaces and addressing
sound design for music or environmental audio output are distinct yet interconnected
aspects of UX design. As the design landscape evolves to accommodate multimodal
interactions, comprehensive UX design tools should incorporate support for both of
these facets. This would ensure that designers could effectively craft experiences that
involve not only vocal interactions but also the broader auditory context, which includes

music, sound effects, and environmental audio elements.

Designing Experiences, Not Screens (4c)

“...there are multi-channel ways of making a prototype, but only to

make a screen” P2, W4

The evolving landscape of technology and user interactions calls for a broader per-
spective on design, moving beyond the traditional screen-based interfaces. The future
of design encompasses a holistic approach to experience design, integrating various in-
terfaces and modalities seamlessly. This includes transitioning between screens, VR en-
vironments, audio interactions, and tangible interfaces to craft immersive and engaging
user experiences that transcend the limitations of any single medium [208]. Designers
must adapt to this dynamic environment by leveraging versatile UX design tools capa-
ble of accommodating these diverse modalities and fostering creativity in multimodal

experience design.

“...1dea, prototyping sound in 3D: how to prototype a whole environ-

ment not just a string.” P1, W3

Immersive experiences present unique challenges in the design process. The inability
to effectively prototype and test these complex interactions can hinder iteration and
innovation. However, as technology continues to advance, designers must explore new
frontiers, including sensory dimensions like smell [44], and emerging technologies such

as Brain Computer Interfaces (BCI) [116]. Incorporating these elements into the design
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process requires innovative tools that can support the ideation, prototyping, and testing
of multisensory and brain-computer interactions. By developing such tools, designers
can unlock new possibilities for creating truly immersive and inclusive user experiences

in the digital realm.

“[Need] Lots of items with a range of different tools so that you can
do lots of different environments that don’t just focus on web based or
app-based things.” P3, W4

A case study involving Participant 4 from Workshop I provides a compelling exam-
ple of the challenges faced by designers working in innovative and multi-dimensional
environments like escape rooms. In such contexts, designers must seamlessly integrate
digital interactions with physical objects within a physical space. This integration re-
quires consideration of various interaction modalities, including tangible, sound-based,
and screen-based interactions. Additionally, there is the potential to incorporate AR
and VR functionality into the overall experience. This case underscores the need for
design tools that can accommodate the complexity of such multimodal, environmental
interactions, enabling designers to create cohesive and immersive experiences that

blend the digital and physical realms seamlessly.

Theme 5: One Tool to Rule Them All

“ ... adigital tool that as a team you can log in and all the tools are in
the same place, everyone can access everyone’s stuff in a streamline, not

having to log into different applications.” P1, W3

The workshops clearly highlighted the demand within the design community for a
comprehensive, user-friendly, and cost-effective tool that addressed a wide range
of needs. This tool should offer a seamless experience, support both current and
future requirements, facilitate digital-to-physical and vice versa interactions, consider
context and environment, provide open-source options, and include extensive libraries
for diverse situations. While theoretically, such a tool seems feasible, the question

that arises is whether it is plausible to develop and implement such a tool given the
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complexity of these requirements and the evolving nature of design technology.

Magical Realities (5a)

“There is no single tool or device that can do all the processes. Move

from paper, to iPad, to computer, to laser cutter/ 3D printer.” P5, W2

The aspirations and criteria for a Master Design Suite are theoretically achievable given
the current state of technology. However, bringing such a tool to life would demand
an unprecedented level of resources, time, and collaboration between industry and
academia. While existing multi-function tools like Figma and suites such as Adobe
Creative Cloud are making strides in this direction, there are still gaps to be filled,
especially in accommodating novel technologies and innovative design approaches, as
well as addressing the challenges of bridging the physical and digital realms. Whether
such a suite or tool will become a reality is another matter, despite the anticipated

demand.

Viewing the Big(ger) Picture (5b)

“Branching narratives at different levels, surface map to storyboards

to wireframes.” P3, W1

In addition to the environmental design discussed previously, there are other support-
ing processes that involve discrete interaction modalities and presentation methods.
Through the use of contextual prototypes, it is possible to explore the possibility of
extending design thinking beyond a mere storyboard. This envisions a tool that could
seamlessly transition from storyboards to the libraries supporting them and the scenar-
1os that inspired them. The UX design process is inherently interconnected rather than
strictly linear (as shown within the Affinity Diagramming analysis), and an ideal master
tool should facilitate communication between these different facets, providing a top-
level view that allows designers to navigate between various levels of detail with ease.
The integration and consideration of the big picture must also encompass people and

their diverse perspectives. Visual storytelling is a significant aspect of the UX process,
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and while there are numerous tools available (including traditional paper-based meth-
ods) to support this, there is a growing demand for seamless integration that connects

the narrative with all the intermediate steps in the design journey.

“In a complex world of different modes of interaction, the context of
the user should be central to the software that we are using with every-

thing else surrounding around that.” P5, W]

This final quote underscores the idea that the user remains central to the design
process. Consequently, a tool that revolves around the central concept of a user node,
mapping interactions, environments, and narratives, could be a viable approach for the

envisioned master tool.

6.3.5 Requirements for the Master Design Suite

The outlined requirements for the Master Design Suite represent the collective aspira-
tions and needs expressed by the participants across the four workshops. These require-
ments span from high-level ideals to more specific desires, reflecting the participants’
vision for an ideal design suite.

At the highest level, participants hope for features such as a unified dashboard, seam-
less cross-platform access, and the capability to work offline, providing support for par-
ticipants’ diverse work environments - of particular interest as these workshops were
completed during the COVID-19 pandemic where participants had less ability to vary
their working spaces.

On the mid-level, participants requested features such as integrated video calls, ver-
sion management across multiple stages, and linked note-taking tools to enhance col-
laboration and communication among diverse teams.

At the lowest level of granularity, participants requested features such as layer sup-
port and version tracking history, where designs could be re-evaluated from the initial
to final stages of the process. These requirements collectively reflect the participants’
hopes and expectations for a comprehensive Master Design Suite that caters to their
interdisciplinary needs. The overall requirements for the Master Design Suite are pro-
vided within Table 6.3.
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Table 6.3: General feature requirements for a Master Design Suite UX design tool showing
different levels of granularity from top level features to in-program interactions.

Master Design Suite

Top Level Mid Level Low Level
(Granular Details)

Single dashboard Integration of video call software Layers
Open any file type Different version downloads Merge
Master log in Note-taking tool (linked) Adaptable top level map
Share without registering Multimodal support Annotation and feedback
Personalisation Multi-device designs Jump between design level
Cloud usability Low to high fidelity continuity  Version History
Open source Analysis tools for design data ~ Dynamic panel choice
Offline availability Easy data transfer Code alongside visual
Preset Component library Support for secure design Multi-person spotlighting
Legacy management Device/software conversion
Easy to use Backend analysis

Constantly evolving interface Al: Text to multiple formats
Cross device compatibility ~ Al: Adjustment for user testing
Customisable element bank Converting paper to digital
Links to software repositories Screen share
Individual library purchase =~ Multiple editor feedback
Tool for sharing ideas
Collaborative sketching
Link databases to designs

Multimodal Support
A prominent theme that emerged from the requirements analysis centred on the exten-
sive demand for multimodal support within the envisioned Master Design Suite, cate-
gorising it into three key areas: 3D/Physical, Voice & Sound, and Animation & Video.
Within the 3D/Physical category, participants expressed a strong emphasis on physi-
cal prototyping and modelling. They highlighted the need for tools that support physical
interactions, including the ability to conduct Wizard of Oz (WOZ) studies. This require-
ment reflects the importance of bridging the gap between digital and physical design,

enabling designers to explore and test ideas that involve tangible and spatial elements.
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Table 6.4: Specific design features relating to 3D and physical interactions, voice and sound,
and animation and video, suggesting major areas of focus needed for the Master Design Suite.

Multimodal Support
3D/Physical Voice & Sound Animation & Video
3D Modelling & Printing Support 3D sound environment ~ Animation capability
Physical prototyping Voice/Audio annotation Quick video examples
Data physicalisation Transcription automation Out of scene modelling
Support for product/vehicle design Regional accent support Multiple state viewing
Different viewing perspectives Speech to prototype Modelling motion interaction
Support for superimposing objects Speech activation Hypermedia comics
RFID support Support for CUI

Premade environments templates Speech interaction
AR/VR compatibility (editing)

Environmental contexts

WOZ support

The Voice & Sound discussions were a major point of focus during the workshops,
particularly in Workshop 2. Participants emphasised critical requirements such as tran-
scription automation and speech activation. These features were deemed essential by
several participants, underlining the significance of integrating voice and sound interac-
tions into the design process. This aligns with the growing importance of voice-activated
interfaces and the need for designers to create and test such interactions effectively.

The requirement for Animation capabilities highlighted participants’ desire for ad-
vanced features related to animation and video. This included the need for out-of-scene
modelling to prevent contamination of perfected models. Designers expressed the need
for tools that support rich animations and video integration, enabling them to create
more dynamic and interactive user experiences.

These requirements collectively underscore the importance of incorporating diverse
modalities and designing abilities within the Master Design Suite. Currently, there is
a gap in design tools that offer comprehensive support for these various modes of in-
teraction and expression. Addressing these needs is essential to ensure that designers
have the tools and capabilities required to meet the evolving demands of the field, where

multimodal experiences are becoming increasingly prevalent and important.
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Summary

The detailed layout of requirements for the Master Design Suite represents contribution
to the research in several ways. First, it provides a comprehensive and granular insight
into the specific needs and aspirations of UX designers, which has not been done in such
depth and detail before. This level of specificity is crucial for guiding the development
of future UX design tools and ensuring that they align with the real-world demands of
professionals in the field.

Second, the layout of requirements serves as a valuable resource for both academia
and industry. Academically, it contributes to the growing body of knowledge in the field
of Human-Computer Interaction (HCI) by offering a structured and empirically derived
set of requirements that can inform future research and development efforts. This can
help researchers explore new avenues for creating more effective and user-centric design
tools.

From an industry perspective, this detailed requirements layout provides a clear
roadmap for tool developers and companies looking to create or improve UX design
software. It offers insights into the features and functionalities that are highly sought
after by UX professionals, potentially leading to the development of more competitive
and user-friendly tools. In an increasingly competitive market, having a detailed under-
standing of user needs can be a significant advantage.

Furthermore, this contribution demonstrates the importance of incorporating user
feedback and perspectives into the design and development process of UX tools. By
actively involving UX designers in the workshops and eliciting their input, this research
highlights the value of user-centred design practices, emphasising that the best tools are
those that directly address the challenges and requirements identified by the end-users
themselves.

In addition to the detailed layout of requirements, another significant emphasis that
emerges from this research is the pressing need for incorporating multimodal support
within the Master Design Suite. This represents a crucial aspect of the contribution to
the research. The participants consistently highlighted the evolving landscape of user
interactions, moving beyond traditional 2D, screen-based interfaces. The emergence of

novel modalities such as Virtual Reality (VR), Augmented Reality (AR), conversational
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user interfaces (CUIs) and tangibles, underscored the importance of designing tools that
cater to these diverse interaction modes.

Furthermore, participants stressed the significance of seamless integration between
these modalities within a single design suite. Designing for multimodal experiences
often involves integrating elements like physical objects, audio, and spatial interactions.
Therefore, a tool that could seamlessly bridge the gap between these different modalities
and provide designers with the means to ideate, prototype, and test across these varied
interfaces is highly desired.

This emphasis on multimodal support represents a forward-looking perspective that
acknowledges the rapid advancements in technology and the increasing demand for user
experiences that transcend traditional screen-based interactions. It underscores the need
for UX design tools to evolve and adapt to this changing landscape, offering designers
the capabilities to craft holistic, multisensory experiences.

In summary, the detailed requirements layout is a contribution that advances the
field of HCI research by providing a comprehensive understanding of UX designers’
needs and expectations. It bridges the gap between academia and industry by offering
valuable insights for both researchers and tool developers, ultimately aiming to enhance

the quality and effectiveness of UX design tools in the future.

6.4 Discussion

The field of technology is on the brink of another technological leap, which, hopefully,
will create a renewed interest in the development and adoption of new guidelines, tools,
and ongoing research in User Experience Design. Within HCI, the UX community is
large and dynamic, constantly generating novel prototypes and methodologies to assist
designers in innovative ways. Many of these tools are developed and rigorously tested,
yet they often fail to transition into widespread commercial adoption, despite offering
excellent ideas and interactions (such as the case of Longboard [137]). This suggests
that the pipeline from research to end-use requires better support and facilitation.

In the early stages of user interface development, Myers et al. [188] recognised the

impending need for tools to support the evolution of user interfaces. Although their
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primary focus was on software development rather than design tools, it is worth revis-
iting the UI trends they foresaw at that time. These trends encompassed a widening
array of devices beyond the conventional screen, keyboard, and mouse interfaces. This
expansion included grappling with the physical challenges posed by large screens, the
proliferation of ubiquitous computing devices in various environments, the advent of
recognition-based interfaces, and the imperative to rapidly prototype not just software
but also physical devices. Of particular note is the attention they paid to issues related
to the physical context, such as interacting with large screens, as well as the emergence
of diverse physical devices. While some of their observations align with contemporary
software development toolkits and frameworks, the realm of UX design tools, especially
those implemented at scale, has yet to fully embrace these insights.

Through the analysis of this work, a notable theme emerged: for many of the par-
ticipants, their needs and wishes for future design tools lay more in the realm of inter-
action design than in the intricacies of system design, echoing the principles advocated
by Beaudouin [24]. Tactile, auditory, and alternative modality interactions were at the
forefront with traditional interface design, while undeniably crucial, often only focusing
on visual elements of user-system interaction. This approach, at times, results in inter-
faces that are overly intricate or inflexible, failing to resonate with end-users or adapt
to evolving requirements and technologies. Consequently, the data suggested the need
for a shift in perspective, one that elevates the context of interactions above the narrow
focus on visual aspects alone.

Prioritising the contextual dimension of interactions underscores the importance of
creating intuitive, responsive, and natural designs that transcend the confines of specific
interface elements [24]. This shift encourages the development of systems that not only
fulfill functional requirements but also consider where and how users engage with these
systems. For instance, a participant expressed the desire for their design students to not
only envision the aesthetics of a washing machine but also contemplate the context in
which it operates — whether within a student’s cramped apartment, or a hotel laundry
room, a difficult task with current tools.

In practice, designing interactions entails a holistic approach, encompassing factors

like user context, workflow, feedback mechanisms, and the integration of innovative
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interaction modalities such as voice, touch, or gestures. It calls upon design tools to
help designers to anticipate and accommodate diverse user preferences, abilities, and
needs, fostering inclusivity and accessibility. By shifting the focus towards interactions
rather than rigid interfaces, designers gain the flexibility needed to adapt to evolving user
behaviours and emerging technologies, thereby enhancing the prospects of commercial

adoption.

6.4.1 Accessibility & Education

Prioritising accessibility is paramount. It is essential for both the designs being created
and the designers themselves that accessibility is incorporated. Accessible software
means usable by anyone, and this is not the case with much of the current software
in this design space. Accessible design is intrinsically linked to multimodal design, in
terms of offering a range of interaction modalities to support a diverse user base [194].
However, this is very much a situation where one is needed to help design the other —
there is a gap in the market to design and develop accessible technologies such as CUISs,
tangibles and interactive surfaces and spaces. Many who experience differing abilities
in using computers have to use hacks or work-arounds, get bespoke support, or suffer
via systems that are not fit for purpose. If design tools could be developed to support
both the interaction itself and the design for that interaction, then this would be a great
leap forward for usability.

In terms of education, focus should be placed not only on the designs being created
but also on nurturing designers who understand the importance of accessibility, which
can have far-reaching effects across all disciplines [70]. Unfortunately, the current tool
landscape falls short of the necessary features to enable educators to effectively empha-
sise the significance of inclusive design, potentially limiting their capacity to cater to the
diverse needs of all their students. Furthermore, cost-effectiveness is a pressing concern,
given the substantial financial barriers associated with existing design tools, even with
educational discounts. Despite reduced prices, affordability remains an issue. More-
over, improving the learning curve for these tools is vital for effective education [70],
emphasising intuitive, user-friendly options that cater to a diverse range of users. This

is particularly crucial as students may enter industries where collaborative stakeholders
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have limited knowledge of HCI and UX processes. Integrating these implications will
enrich HCI and UX education fostering inclusivity, affordability and ethical responsi-

bility among students.

6.4.2 Collaboration

The analysis highlighted that the concept of a single, all-encompassing master tool
would be ideal — but had its impracticalities. However, a potential alternative solu-
tion lies within encouraging UX tool companies to explore ways of promoting cross-
compatibility while protecting their intellectual property and unique selling points
(USPs). This approach could facilitate a more seamless integration of diverse tools,
accommodating the needs of interdisciplinary collaboration within the community. It
was discovered that, interdisciplinary collaboration has become and integral part of this
community, necessitating the incorporation of collaborative tools into the design pro-
cess. Design teams frequently comprise professionals from various fields, which can
pose significant challenges if each stakeholder relies on different, potentially less intu-
itive tools for their work.

Moreover, the recent surge in remote work [282] has further emphasised the im-
portance of tools that enable global accessibility and collaboration. Such tools would
engage designers, researchers, industry professionals, and students from diverse back-
grounds to collaborate effectively across various design platforms. This adaptability
is crucial in addressing the evolving needs of the community and promoting efficient,

inclusive and innovative design practices.

6.4.3 Novel Interactions

The initial motivation for this author stemmed from the realisation that existing design
tools were ill-equipped to handle the creation of multimodal devices and interfaces,
which were encountered while developing a series of such devices (see Chapters 3.,4,5).
This limitation was further corroborated by discussions during the workshops, where

participants frequently highlighted the absence of support for tangible, environmental,
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or unconventional interfaces that extended beyond traditional screens and incorporated
various modalities.

These novel interfaces, originally conceived in research settings, are gradually mak-
ing their way into public and commercial applications [42,215]. They are also appear-
ing in community spaces as potential permanent fixtures [43] and even finding utility in
industrial contexts like factory production lines [112]. This evolving landscape of in-
teractive technology underscores the need for more flexible and adaptable design tools
capable of accommodating these emerging and innovative interaction types.

Looking to the future, it becomes apparent that the current list of requirements, while
comprehensive, is not exhaustive. Nonetheless, it offers invaluable insights into the
work practices and requirements of a diverse user base. It is worth recalling Vannevar
Bush’s concept of the Memex [35], which might have seemed like wishful thinking at
the time but is now a reality. In a world where data can be offloaded onto devices and
machines, it prompts the pondering of what else might be possible in the realm of UX
design tools. This chapter aims to contribute to the blueprint for the future of these
tools, ensuring they evolve in step with the dynamic landscape of interactive technology
and continue to empower designers to create exceptional user experiences across a wide

spectrum of modalities and interfaces.

6.5 Conclusion

In conclusion, this exploratory chapter has explored the current landscape of practices,
usage patterns, and interactions with UX design tools. It has revealed a diverse user base
comprising researchers, practitioners, educators, and students, each with their unique
interests and objectives. These users used a hybrid approach to digital design for user
experience, adapting available tools to meet their specific needs.

Two proof-of-concept prototypes were created by Prof. Dix to demonstrate both
the idea of contextual or environmental cues, and also integrating physicality into UX
prototyping tools. These tools were presented during four exploratory online workshops
where the futuring of UX design tools was explored. A detailed qualitative analysis of

the data revealed that needs of the UX community are complex, but that advances are
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needed to support novel technologies and interactions, such as integrated software, and
support for full context and environment design.

The findings suggested that the needs of the design community are changing, mov-
ing away from screen-based and application design, to designing whole experiences,
environments, accessible technology, and pinpointing the needs of the individual user
and designer. Demonstrating the need to consider the context and deployment of tech-
nology, in order to design better futures. The contributions centre around the evolving
needs of the user base, and the identification of novel features and methods to improve
UX design tools to benefit their community of users.

An overarching message from this work is the evident market gap. There is a clear
demand for a comprehensive Master Design Suite that can effectively support the multi-
faceted and intricate requirements of both the people involved in the UX design process
and the process itself. However, the realisation of such a tool remains a significant
undertaking and is yet to be translated into actionable steps.

Nonetheless, this exploration has highlighted tangible opportunities for immediate
improvement in the realm of UX design tools. These concrete steps can be taken to en-
hance the accessibility, collaboration, and multimodal capabilities of existing tools. By
doing so, these tools can be better aligned with the evolving technology landscape and
the changing needs of the user base, which, in turn, benefits the end users themselves.

Presenting these areas—accessibility, collaboration, and multimodality—as vital fo-
cal points for the future development of UX design tools underscores the potential for
immediate improvement. This exploration can serve as a catalyst for interest and action
within the research community. Researchers can further investigate and recommend in-
terventions that will drive the evolution of UX design tools towards greater usability,
effectiveness, and user-centredness.

The core message remains constant: the user should always be the focal point of
our design efforts. While acknowledging that modern users engage with the world in
diverse ways, extending beyond traditional screens, the commitment to prioritising the
user in UX design remains unwavering. This commitment drives the evolution of tools,
practices, and methodologies to adapt to the changing landscape of human-computer

interaction and user experience design.
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6.5.1 Chapter Contributions

Chapter 6 explored the evolving paradigms of User Experience (UX) design, emphasis-
ing the adaptation to individual user capabilities and the dynamic technology landscape.
Rooted in prior chapters’ challenges, it presented workshop findings that assessed the
alignment of UX design tools with recent interface advancements and navigated the
challenges of contextual, multisensory, and rapidly evolving digital design. Addition-
ally, it investigated integrating multimodal elements into design practices. To summarise
the contributions of this chapter began by identifying the shifting needs of the UX de-
sign community, moving from screen-based design to holistic, user-centred experiences.
Followed by the introduction of the two proof-of-concept prototypes, demonstrating the
incorporation of physicality into UX prototyping tools and enabling support for novel
technologies and interactions. Furthermore, through in-depth qualitative analysis of
workshop data, valuable insights into the future of UX design tools were provided, ben-
efiting industry professionals, researchers, and students in navigating the evolving UX
landscape. Finally, the chapter underscored the importance of addressing the evolving
needs of the UX design community and advocated for user-centric advancements in UX

design tools, aligning them with evolving technology and user expectations.
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Chapter 7
Conclusion & Future Work

This thesis presents research which has been conducted to investigate how collaborative
design can be employed to create installations in partnership with communities, foster-
ing long-lasting engagement opportunities. This concluding chapter revisits the aims
and objectives laid out in Chapter 1, reaffirming the contributions of this work to the
field of urban planning, design and HCI. Additionally, it offers a contextual discussion

of key points from Chapters 3, 4, 5, and 6 and possibilities for future work.

7.1 Revisiting Aims and Objectives

The Introduction states four research objectives for this work. Below, a description of

how the work contained within Chapters 2-6 complete these objectives.

1. To investigate and demonstrate the pivotal role of user feedback and active par-

ticipation in the cocreation process of urban regeneration projects

Throughout this research journey, the objective of investigating and demonstrat-
ing the role of user feedback and active participation in the cocreation process of
urban regeneration projects has been thoroughly addressed. The cocreative ap-
proach detailed throughout this thesis, involving a diverse range of participants,
including children, regeneration experts, and the wider community, exemplified

the significance of user feedback and active involvement. Insights from partici-
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pants played a central role in shaping the design and development of interactive
public installations. This dedication to cocreation fostered a sense of ownership
and empowerment, which, in turn, enriched the final deployments. This approach
also ensured inclusivity, with careful consideration given to marginalised voices in
urban design. The outcomes of this thesis illustrates the power of user-centricity,
resulting in technologies that are not only advanced but also resonate with the
needs and desires of the communities they serve. In essence, this work under-
scores the importance of user feedback and active participation in cocreation pro-
cesses, reaffirming their role in creating more inclusive, culturally relevant, and

impactful technologies within the realm of urban regeneration projects.

2. To conceptualise and design, and deploy novel interactive installations that
leverage diverse sensory modalities to create immersive and captivating expe-

riences

The overarching objective of redefining public engagement in city centres through
immersive interactive installations using diverse sensory modalities has been re-
alised through a comprehensive research journey. This journey began with the
development and deployment of the Lookout installation in Swansea’s city cen-
tre, illustrating the transformative role of technology in urban regeneration. An
analysis of over 10,000 sessions underscored the pandemic’s impact and the crit-
ical importance of inclusive design and user-centricity. The inclusion of children
in the design process marked a shift towards inclusivity, while stakeholder en-
gagement guided a holistic approach. Furthermore, the multisensory prototype,
assessed for emotional impact and user feedback, exemplified the potential of in-
clusive design and community involvement in urban technology. Simultaneously,
Chapter 5 successfully tackled the goal of designing and deploying innovative
interactive installations in city centres, reshaping public engagement through di-
verse sensory modalities. This contribution addressed a void in evaluating mul-
tisensory displays in outdoor public spaces, commencing with the design of a
city-centred multisensory rig, followed by its refinement through thorough evalu-

ations. Its deployment in a city centre provided practical insights and operational
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guidelines, while engagement with young citizens illuminated its appeal and in-

spired innovative possibilities.

3. To assess the real-world impact and effectiveness of alternate modality urban

installations in city centre environments

By actively involving a diverse range of stakeholders, including children, com-
munity members, and experts, in the cocreation and evaluation processes, this
thesis ensured that user feedback played a role in shaping the multimodal instal-
lations. Through extensive data collection, including an extensive dataset of over
10,000 sessions from the Lookout installation, this research gathered empirical
evidence that formed the foundation for assessing their impact. Additionally, data
from the multisensory installation provided insights into recognition rates, com-
fort, and memory recollection. These comprehensive dataset offered valuable in-
sights into user behaviours, preferences, and patterns, providing a comprehensive
understanding of how these installations were perceived and interacted with in
real-world urban settings. These insights, coupled with the collaborative efforts of
various stakeholders, allowed for a refined assessment of both the positive aspects
and challenges associated with alternate modality urban installations. Moreover,
the research translated these findings into practical recommendations and best
practices, enriching the field with actionable insights for future deployments. In
essence, this research represents a holistic and robust approach to assessing the
real-world impact of alternate modality installations, firmly establishing their role

in reshaping urban environments and community engagement.

4. To address the lack of accessible tools for designing alternate modality tech-

nologies

This thesis effectively addresses the objective of tackling the lack of accessible
tools for designing alternate modality technologies. Throughout the multi-chapter
journey, the work not only conceptualised and developed innovative multimodal
installations but also emphasised the importance of creating tools and guidelines
to enable their design and deployment. The comprehensive exploration of mul-

timodal technologies in urban environments, as demonstrated in Chapter 5, in-
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volved design considerations and practical evaluations, which served as the foun-
dation for accessible and user-friendly tools. In Chapter 6, the current landscape
of UX design tools was scrutinised, revealing gaps and opportunities for improve-
ment. The findings underscored the demand for a comprehensive "Master Design
Suite" to support the multifaceted requirements of UX design, addressing the lack
of accessible tools. While acknowledging the complexity of such an endeavour,
this research lays the groundwork for future tool development, ensuring that the
creation of alternate modality technologies is made accessible to a broader range
of designers and developers, ultimately fostering innovation in urban regeneration

projects and beyond.

In summary, this research journey has effectively achieved a set of interconnected
objectives aimed at advancing the field of urban regeneration and interactive technology
design. It has demonstrated the role of user feedback and active participation in the
cocreation process, emphasising inclusivity and community involvement. The work has
conceptualised, designed, and deployed immersive interactive installations, a novelty
for public engagement in city centres, leveraging diverse sensory modalities to create
captivating experiences. Furthermore, it has filled a gap in the literature by evaluating
multisensory displays in outdoor public spaces, contributing insights and guidelines.
Additionally, the research has addressed the lack of accessible tools for designing alter-
nate modality technologies, paving the way for future inclusive and user-centric design
practices. Lastly, it has assessed the real-world impact and effectiveness of two multi-
modal urban installations, unveiling insights, challenges, and best practices through em-
pirical data and user feedback. These achievements collectively position this research
as a contribution to the fields of urban regeneration, multimodal technology integration,

and user-centric design.

7.2 Chapter Summaries

From the development of immersive installations in city centres to the cocreation pro-
cess involving diverse stakeholders, the exploration of multisensory displays, and an

investigation into the landscape of UX design tools, each chapter contributes to the
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overarching goal of reshaping urban spaces, fostering community engagement, and ad-
vancing user-centric technology in urban regeneration projects. Together, these chapters
form a comprehensive narrative that underscores the potential of inclusive and innova-
tive approaches to urban development and can be summarised as follows:

Chapter 3: In this nine-month journey, marked by COVID-19 challenges and op-
portunities, the development and deployment of the interactive Lookout installation in
Swansea’s city centre exemplifies technology’s role in reshaping urban regeneration.
Collaborative workshops with diverse stakeholders resulted in a beacon of community
engagement, reconnecting the public with their evolving urban space. Analysis of over
10,000 sessions revealed the pandemic’s impact on public engagement and the impor-
tance of inclusive design, wheelchair accessibility, and personalised experiences. Chil-
dren and families infused energy into public spaces, while the overlooked demographic
of elderly users highlighted the need for clear instructions in technology deployment.
Real-life content like drone footage aided users’ understanding of Swansea’s transfor-
mation. This work emphasises involving diverse demographics in public display design
and the Lookout’s potential to enhance civic projects. Integrating technology into ur-
ban regeneration holds promise for reshaping community engagement in urban spaces,
marking a paradigm shift born from unique challenges and opportunities.

Chapter 4: This research highlighted the power of a cocreative process involv-
ing diverse groups in shaping an urban technology prototype designed for city deploy-
ment. Inclusion of children in the design process marked a shift towards user-centric
and community-involved development, recognising the need for inclusivity to address
diverse community needs. Stakeholder engagement, including regeneration experts and
community members, played a crucial role in guiding the research towards a compre-
hensive approach bridging creative ideation, practical applicability, and the interplay of
sensory experiences and memory in urban regeneration. This cocreative effort not only
embraced diverse perspectives but actively integrated them, exemplifying a commit-
ment to technology resonating with and serving the entire community. The evaluation
of the multisensory prototype went beyond mere accuracy, considering its emotional
resonance, fostering connections, and user feedback for ongoing improvement. This

multifaceted approach was instrumental in shaping a prototype connected to the com-
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munity it aimed to serve. These designs then evolved in the preceding chapter into a
city-ready prototype, deployed in a real urban setting to assess its effectiveness and im-
pact, reaffirming the promise of inclusive design and community involvement in urban
technology development.

Chapter 5: This chapter filled a gap in the use and evaluation of multisensory dis-
plays in outdoor public spaces. It commenced by thoroughly designing a multisensory
rig tailored for city centres, refining it through comprehensive evaluations. The deploy-
ment of this rig into a city centre established operational guidelines and constraints,
offering real-world insights into multisensory installations’ adaptability. It highlighted
the possibilities for multisensory technologies to evoke nostalgia and in doing so re-
engage people with these spaces. Engagement with pupils highlighted its appeal to
the younger generation, paving the way for innovative advancements. This research’s
holistic approach positions it as a contribution in multisensory technology integration in
public spaces, with implications for urban environments worldwide.

Chapter 6: This exploratory chapter surveyed the current landscape of UX design
tools, revealing a diverse user base with unique needs and objectives, ranging from re-
searchers and practitioners to educators and students. It has underscored the demand for
a comprehensive Master Design Suite to support the multifaceted requirements of UX
design, though its realisation remains a significant undertaking. However, this explo-
ration has highlighted immediate opportunities for improvement in existing UX design
tools, particularly in the areas of accessibility, collaboration, and multimodality. These
areas have been identified as focal points for future development, offering the potential
for immediate enhancement. This chapter serves as a catalyst for further research and
interventions within the UX design community, emphasising the enduring commitment
to placing the user at the forefront of design endeavours in an ever-evolving landscape

of human-computer interaction and user experience design.

7.3 Major Insights and Themes

By analysing the discussion points from Chapters 2—6 it was possible to identify the

insights for the future of cocreation for community engagement in public spaces. These
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insights underscore the exploration of how cocreation, specifically tailored to the con-
text, can enhance the design of interactive technology, ultimately fostering engagement
and inclusivity within urban communities in public spaces. These insights incorporate
the core focus of the thesis, unravelling the relationship between technology, community
involvement, and the design of public spaces, with a particular emphasis on cocreation
as a catalyst for positive change and innovation.

From the tangible interfaces deployed for extended periods to the cocreation of mul-
tisensory prototypes, and from the deployment of a multisensory rigs in city centre to the
exploration of possibilities for future design tools, the following discussion will delve
into the major overarching themes that have surfaced in this journey of research and
discovery. These insights explore the practical aspects of urban technology deployment
but also contribute to our understanding of how technology can be harnessed to foster

community engagement, inclusivity, and resilience in urban contexts.

7.3.1 Sense of Place, Nostalgia and Interactive Public Displays

Throughout this research journey, a recurring theme was the impact of public installa-
tions on the sense of place (topophilia) and nostalgia within urban environments. With
nostalgia referring to memories and recollections participants had due to the experience,
often related to Swansea, and then topophilia relating to their feelings with that space
following the experience. The deployment of a tangible embedded interface (Lookout)
and multisensory rig (SALly) into real-world settings shed light onto how these tech-
nologies can both enhance the physical environment but also contribute to the intangible,
but crucial, concept of sense of place, through nostalgia.

The deployment of the Lookout not only improved the users knowledge of the re-
generation space but also enhanced their topophilia and engagement through nostal-
gia. In addition, the multisensory installation revealed comforting abilities and was
described by some individuals as evoking a feeling of homecoming and a sense of famil-
iarity. These insights underscore how public installations, when designed and integrated
through cocreation, can become a cornerstone for enhancing topophilia, nostalgia and

community identity in urban spaces.
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Importance of Cultural Heritage

A notable finding from this work has been the recognition of the importance of cultural
heritage in the design of interactive installations for urban environments. Whilst cultural
heritage has been explored online and within indoor settings [240,264,284], this thesis
explored cultural heritage through alternate modality outdoor public installations. The
incorporation of cultural cues that resonated with the local community and evoked nos-
talgia was seen in both the Lookout (featuring a slideshow of images from Swansea’s
past) and SALIy (depicting a nostalgic sweet shop scenario), fostered deeper and more
meaningful connections with users.

This emphasis on cultural local heritage shows the powerful nature of the person-
alised designs for local contexts. Underscoring the importance of designing installations
that are culturally relevant. Such an approach can ensure that installations appeal to a
diverse range of users, enhancing their topophilia and cultural connection with the urban
environment.

To summarise, the real-world deployments explored within this work, have not only
provided insights into the role of public installation in enhancing topophilia and nos-
talgia but also underscored the significance of cultural heritage in design of context-
specific urban deployments. These contributions have the potential to be incorporated
across future of urban technology designs, promoting a deeper sense of community en-

gagement in public spaces.

7.3.2 Advances in Multisensory Design

The transition from the initial multisensory prototype to the deployment of the SALly
rig showcased the success of the project but also its implications for enhancing user
engagement and interaction within future city centres. Through numerous iterations
and collaborative efforts with a diverse range of stakeholders, the data demonstrated
the possibility of creating a dynamic, immersive, and sensory-rich urban experience
that transcended traditional forms of engagement. This accomplishment establishes
a solid foundation for future initiatives aiming to transform public spaces into hubs
of multisensory interaction and community engagement. Although, there are ongoing

discussions that are needed to enhance the viability of these installations, including
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the regulation of scent distributions and the advancement of technologies to meet the
demands of outdoor deployments.

Furthermore, this research advanced the field of multisensory design by exploring
the integration of olfactory, auditory, and visual cues within the urban environment.
These insights not only expand the boundaries of traditional design but also provided
valuable principles for future endeavours in this domain. The findings extend beyond
the immediate scope of this research and hold the potential to inform broader discus-
sions about the integration of sensory experiences in urban spaces worldwide. As cities
continue to evolve to meet the changing needs and expectations of their residents, the
outcomes of this project offer a compelling vision of creating vibrant, engaging, and
inclusive urban environments that cater to the diverse sensory preferences of their in-
habitants. While the SALly rig may not be immediately ready for in-situ deployment,
it has laid the groundwork, and the recommendations provided offer a clear path for

realising this vision when technology and infrastructure align to make it a reality.

7.3.3 Looking towards the installations of the future

As far back as 2000, Myers et al. began the process of evaluating the need for tools to
support a next generation of user interfaces [188]. The work undertaken in Chapter 6
not only sheds light on the possibilities of tools for designing multisensory installations
but also underscores the future of the design process itself. While the journey of crafting
these installations posed its challenges and limitations, the insights provided from this
endeavour have implications for the future of design in various contexts. The need for
tools that facilitate the design of alternate modality displays, as outlined in Chapter
6, has the potential to spark the introduction of new design tools and methodologies.
These tools, if implicated, could revolutionise the way we approach design in online
and interactive spaces, offering a more inclusive and immersive experience for all users,
even if this is across a variety of tools rather than one master design suite.
Furthermore, the importance of resilience and adaptability in design became
paramount. The process of creating alternate modality installations demanded flexi-
bility and an openness to iteration and adaptation. This lesson extends beyond the realm

of multisensory displays and serves as a reminder for all designers. In a rapidly chang-
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ing technological landscape, the ability to create designs that work with and for the user,
rather than against them, is imperative. The insights gained from this project emphasise
the need for designs that can evolve, respond to user feedback, and remain relevant in
dynamic environments both for tools to design and designs themselves. As we look
towards the future of design, these principles of resilience and adaptability will be es-
sential in crafting user-centred experiences that stand the test of time and continue to

engage and delight audiences.

7.4 Future Directions for HCI Research and Practice

In this section, we will explore two key future directions for research in the multisensory
field, alongside adaptations for shaping inclusive and innovative design practices, and

an overview of future directions for the broader HCI community.

7.4.1 Multisensory Installations for Future Urban Environments

Following the deployment of the multisensory rig in the city centre and the workshops
with school pupils, two directions could be explored. The first direction involves
evaluating the feasibility of modifying the SALIly rig’s design to enable independent
user interaction, eliminating the need for a researcher’s physical presence. This
adjustment could empower individuals to engage with the installation autonomously,
whether for accessing information or deepening their connection with the city centre,
potentially transforming it into a more enduring and self-sustaining installation for
extended deployment. The second direction entails investigating SALIly’s versatility

and its potential applications in various contexts.

Exploring Possibilities for Stand-Alone Deployment of the Rig

The technologies and approaches considered to achieve this goal could be explored,
along with the potential for SALly to become a more permanent installation for ex-
tended deployment. Exploratory work in this area was initiated during this thesis. How-

ever, given the current technological limitations, certain aspects remain open for future
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investigation. Based on this, three different approaches could be considered for future
integrations:

Proximity Sensors: One approach could be to integrate proximity sensors into the
installation. These sensors could detect people within a specific radius, triggering in-
teractions when someone enters that zone. However, this approach presents potential
issues, as it does not consider individuals with allergies or respiratory problems. Since
there is no viable way to address this concern currently, this approach may not be the
most immediate choice for future exploration.

Bluetooth: A second approach could involve integrating Bluetooth technology into
the design, offering two interaction methods: a) passersby could directly connect via
their own devices; and b) the installation could scan for open Bluetooth connections,
prompting users to download an app or visit a website for connection.

This concept has considerable potential. Future research in this domain may en-
counter challenges, such as the necessity for significant promotional efforts to encour-
age participation, which could prove impractical when requiring participants to engage
through QR codes or Bluetooth sign-up in public spaces can be in-practical [149]. Addi-
tionally, future investigations may need to scrutinise the reliability of Wi-Fi and internet
connections with these devices, as their performance could impact tracking accuracy
and user accessibility. An exploration into accessibility concerns is important as it
cannot be assumed that every person has a smartphone, potentially excluding certain
demographics from participation. Furthermore, considerations would be required to
factors such as allergens or breathing difficulties among nearby participants. Ethical
concerns, specifically regarding GDPR compliance in tracking participants’ locations
through their smartphones, should also need be acknowledged. Hence, this approach
may also not be the most suitable choice for all contexts.

Radio Frequency Identification (RFID): A third approach to be considered could
involve integrating RFID technology into the design, which appears to be the most vi-
able option among the three, aiming to address personal device tracking concerns. RFID
systems use special tags with transponders that communicate with RFID readers, typi-
cally containing ID numbers. These readers are more reliable than Bluetooth for further

development.
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Initial work completed within this thesis highlighted that a group of users who had
confirmed the absence of allergies/breathing difficulties could be equipped with RFID
tags and explore a predefined area. They could encounter various installations triggering
different sensory cues and audio prompts to navigate the city, potentially reaching an
endpoint. This concept could be valuable during city centre events, such as a comedy
performance at an arena. To achieve this, at each installation, audio prompts, scents,
and lighting could guide users through the city, evoking experiences enjoying lights,
hearing jokes, and smelling beer/food aromas, and concluding with warm wishes for
a great time. The mapped route could guide users through these sensory installations,
offering an engaging multisensory journey through the city.

The initial work carried out in this thesis highlighted the possibilities for future work
integrating RFID readers into the machine and using an RFID reader to monitor RDIF
tags carried by participants. This could allow participants to provide consent and ensure
that they were not negatively affected by the device. However, the following challenges
would need to be addressed for this approach to be viable. First, addressing the chal-
lenge of people in proximity to the device who might have allergies or sensitivities,
necessitating careful environmental design around the device. Creating a booth-like in-
teraction, where only one participant could enter at a time, could possibly mitigate this
issue, but this would require testing. Nonetheless, this approach could limit the pos-
sibility of paired or group-based interactions, which had previously shown benefits for
participants and still poses ethical concerns surrounding olfactory output.

While it is possible to consider an approach that would rely solely on audio and vi-
sual cues for crafting engaging and memorable experiences going forward, projects and
technologies have been successfully deployed using these two sensory cues within pub-
lic displays to engage users already [151, 173,255]. Furthermore, this research in this
thesis has shown that the inclusion of olfactory cues, in addition to audio and visual ele-
ments, can provide a unique and enhanced level of engagement and memory-triggering.
The synergy among multisensory cues, including olfaction, allows for a more compre-
hensive and immersive experience. Olfactory cues, in particular, have shown a strong
connection to memory and emotion, making them a valuable addition to the sensory

mix. So, while an approach using only audio and visual cues could be effective, the
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data suggests that incorporating olfaction as well can further elevate the overall impact
of audio-visual interactions and create richer, more memorable experiences.

In other future work, an exploration of the ethical dilemmas associated with inte-
grating olfactory devices into public spaces would also be required. This issue could
perhaps be resolved by using alternate scent dispersion types, such as essential oils.
However, these alternatives may also pose potential challenges. As a response to this
concern, the author organised a workshop hosted at DIS 2023, titled Scent InContext:
Design and Development around Smell in Public and Private Spaces [44]. This
workshop will aim to explore the roles of scent technologies within alternate contexts
of the future and explore potential solutions to the ethical and health-related challenges
posed by scent dispersion in public spaces. The in-depth analysis of this workshop,

however, falls outside the scope of this thesis and will be explored in future publications.

Versatility of SALly: Adapting Olfactory, Auditory, and Visual outputs for Diverse
Experiences

The second direction of research could explore the adaptability of SALIy’s design for
diverse urban contexts. This could include assessing how SALIly could be tailored to
meet the unique requirements of various cities and their inhabitants. The sensory outputs
could be fine-tuned to capture the essence of the chosen city, using distinctive aromas,
sounds, or visual characteristics.

The customisation of sensory outputs could help to capture the unique essence of
each selected city. Whether through the infusion of distinct aromas which could evoke
the city’s character, the harmonious symphony of sounds that could resonate with its
spirit, or the visual components that could mirror its visual identity.

This future exploration could showcase SALIly’s potential to transcend traditional
boundaries, offering innovative sensory interactions that resonate with diverse audiences
and settings. These endeavors may harness SALly’s capacity to enhance urban experi-
ences, unveiling new dimensions and establishing it as a transformative tool for cities

seeking unforgettable and engaging environments.
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7.4.2 Envisioning the Future: Shaping Inclusive and Innovative

Design Practices

The outlined principles for creating inclusive and accessible design tools have the po-
tential to reshape the very landscape of design. By moving away from an exclusive fo-
cus on screen-based interactions, designers could leverage alternate modalities to craft
more immersive, engaging, and user-centric experiences. This shift not only addresses
the evolving needs of users but also opens up new avenues for creativity and innovation
in the design process.

The data collection completed within Chapter 6 was conducted before the release
of tools such as ChatGPT, Dall-E and Midjourney. There is already evidence that UX
researchers are incorporating these tools and other Al processes into their workflow, as
time saving devices, or to generate ideas. This could be widely problematic for any
public facing constructs due to the ongoing copyright issues, but could save designers
time in early stage activities, where communicating with stakeholders or brainstorming
is the focus. Despite the current popularity of Al tools, it was interesting that there
was only two mentions of Al during the workshops and currently Al 'refinement’ is not
widely practiced to my knowledge, although current media suggests that Al can develop
logos, storyboards, and scripts.

Whilst it is anticipated that Al will be incorporated into many tools and become
part of professional practice, it is possible that the requirements, sketches and other
ideas generated throughout the course of the work described within Chapter 6 could
inform the design space. The next step for this particular body of work might be to start
imagining the practicalities of the Master Design Suite, to elaborate upon the contextual
prototypes, and instill features and layers of functionality to further explore the concepts
presented in the chapter. It may also be possible to use speculative design and design
fiction to model some of these concepts, as a method to explore not only interactive
potential, but the tool’s place in the world [57].

Alongside designing for the future, it is possible to expand the remit to give insights
as to future usability guidelines. Current ISO standards for Human Centred Design

rely on the current status quo of screen and web usability, unable to integrate tangible,
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multimodal processes directly. It should be possible to work together with industry on
“future proofing’ novel interaction, and help build instinctive, accessible, and universal

standards to guide future technology and its development.

7.4.3 Future Directions for the Broader HCI Community

These future directions serve as broader impacts and calls to action for the HCI com-

munity:

Digital Interventions and Urban Regeneration’s: This research highlights both the
potential and the necessity for digital interventions to assist communities in re-
engaging with evolving public spaces, such as Swansea’s regeneration project.
By offering interactive and informative installations, communities can access cru-
cial information to maintain their connection to spaces undergoing significant
changes. Despite the necessity of these changes for the area, they can still dis-
rupt emotional ties that individuals have with these spaces. Therefore, integrating
interactive information technologies into changing spaces should become a stan-
dard practice globally. This serves as a call to action to prioritise the implemen-
tation of such technologies to support communities in adapting to and remaining

connected with their evolving environments.

Sense of Place and Nostalgia: The exploration of sense of place and nostalgia as trig-
gers in interactive designs has unveiled promising possibilities. These insight
holds significant potential for adaptation and exploration within various contexts
across the HCI community. Integrating multisensory elements into interactive de-
signs to evoke nostalgia could facilitate deeper connections within a variety of
spaces and/or relationships, enabling its application in diverse projects seeking to
evoke nostalgia or foster a sense of connection with a particular environment or
social interaction. Furthermore this work has laid out a clear framework for build-
ing effective multisensory installations that can be adapted and deployed into a

variety of contexts.
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Cultural Heritage: Acknowledging cultural heritage and its influence on both sense of
place and nostalgia is essential. Cultural heritage is integral to community identity
and can significantly impact the quality of interactions within a space when it has
been acknowledged. Evaluating how cultural heritage and nostalgia can be incor-
porated into different contexts would be intriguing and could further advocate for
designing within specific cultural and historical contexts. This exploration could
lead to more culturally sensitive and contextually relevant designs that resonate
deeply with individuals and communities across a range of spaces, from public to

private to fully virtual.

Policy and Regulatory Engagement: Integrating scent-based technologies into out-
door deployments, whether for commercial or research purposes, currently lacks
regulation. As this research has revealed, scent is highly emotive and can be used
within interactive installations to evoke positive emotions and foster positive im-
pacts. However, its emotive abilities mean it is equally susceptible to manipulate
and potentially have negative impacts. Therefore, it is imperative to continue
the discourse on the necessity of policy and regulatory engagement regarding the
future of scent-based deployments. This discussion should include ethical con-
siderations surrounding allergens, as well as concerns related to manipulation and
behavioral change possibilities of scent-based interactions. By fostering dialogue
and collaboration among stakeholders, including policymakers, researchers, and
industry professionals, we can develop frameworks that ensure the responsible
and ethical use of scent-based technologies in outdoor deployments. This proac-
tive approach will help safeguard against potential misuse while maximising the

positive impacts of these technologies on individuals and communities.

Evolving Space of Design: The design landscape is continually evolving, driven by the
emergence of new technologies and interaction paradigms. It is crucial that our
design tools evolve alongside these advancements to ensure that we can create
experiences that remain relevant and impactful. In this work, a framework with
key features and requirements to guide the development of future multisensory

and contextual tools has been established. This call to action urges the HCI com-
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munity to collaborate and innovate, striving to create designs that are not only
technologically advanced but also contextually relevant. By fostering a culture
of continuous learning, exploration, and collaboration, we can ensure that our
designs meet the evolving needs and expectations of users in an ever-changing

world.

7.5 Concluding Remarks

In conclusion, this thesis has embarked on a journey through the realm of interactive
technology design for community engagement in public spaces. With a focus on cocre-
ation, alternate modality experiences, and the integration of diverse perspectives, the
research has uncovered insights that hold the potential to reshape the way we approach
urban regeneration, technology design, and community engagement.

The deployment of the Lookout over nine months provided vast data and highlighted
the resilience and inclusivity of such installations. It emphasised the importance of ac-
cessibility, user behaviour, and the profound impact of integrating aspects of cultural
heritage into interactive installations can have on the sense of place and community
identity. These insights lay the groundwork for designing technology that truly res-
onates with the communities it serves.

The creation of a multisensory prototype (SALIly) through cocreation further under-
scored the significance of involving diverse stakeholders, including children and urban
development experts. This collaborative approach not only led to innovative solutions
but also demonstrated the power of diverse perspectives in fostering creativity. The de-
ployment of SALIly in a city centre unveiled the potential for enhancing shared heritage
and community engagement. Recommendations based on this real-world deployment
provide a roadmap for future multisensory installations in urban settings and beyond.

Finally, exploring the possibilities for future design tools, the research emphasises
the importance of incorporating accessibility, collaboration, and novel interaction types
into design tools. Further illustrating the need for tools that can adapt to the evolving
landscape of technology and user needs.

Looking ahead, the insights gained from this thesis have far-reaching implications.
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They offer a blueprint for enhancing city planning, technology design, and community
engagement on a broader scale. By prioritising inclusivity, alternate modality experi-
ences, and cocreation, future projects can create vibrant and user-centric city environ-
ments that resonate with the communities they serve.

In conclusion, this thesis has contributed to the evolving landscape of interactive
technology design, emphasising the importance of cocreation, multisensory experi-
ences, and inclusive design. It is this author’s hope that these insights will continue to
inspire innovative approaches to urban regeneration and technology design, ultimately
fostering more vibrant, inclusive, and engaging public spaces for all for generations to

come.
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Appendix A
Sensory Cue Questionnaire

The appendix presented in this section served as a tool for collecting participant de-
mographics and their associations with sensory cues for four specific scenarios: Guy
Fawkes Night, Coffee Shop, Seaside, and Sweet Shop. The survey commenced by gath-
ering demographic information from participants and then provided a brief explanation
for each scenario. Subsequently, participants were asked whether they had prior expe-
rience with a given scenario. If they had not encountered the scenario, they would pro-
ceed to the next section, while those with experience would continue to answer sensory-
related questions. Additionally, participants had the opportunity to enter a draw for a
£25 Amazon voucher as an incentive for their participation. This data was used to gain
a deeper understanding of potential sensory outputs for each scenario, with the results
shown in Chapter 4.

Demographic survey questions capturing participant information:
* Which age group describes you?

- 18-29 - 40-49 - 60-69 — Prefer not to
- 30-39 - 50-59 - 70+ say
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A. Sensory Cue Questionnaire

Which of the following most accurately describe(s) you?

— Female — Non-binary — Prefer not to say

— Male — Transgender — Other

Country of Residence (258 Country Options)

Please select the Employment Type most relevant to you?

— Employed — Retired — Prefer not to say
— Self-Employed — Full Time Student — Other
— Homemaker — Part Time Student

Please select the sector most relevant to you

— Accountancy, banking and finance - Law

Public services and administration

— Business, consulting and manage-

ment

Recruitment and HR

— Charity and voluntary work Retail and Sales

— Education

Social Care

— Creative arts and design

Transport and logisitcs

— Engineering and manufacturing Prefer not to say

— Healthcare — Other

Scenario One: Bonfire Night Questions

Bonfire Night also known as Guy Fawkes Night/Fireworks Night is an annual event on
the 5th November in the UK. In Swansea, the event is held on the beach and prom and
can attract over 30,000 spectators every year. Many people will attend in groups to
experience the event together. Please envisage bonfire night and provide an answer to

the following questions.
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A. Sensory Cue Questionnaire

* Have you been to a Bonfire Night before?

— Yes — No

* What words come to mind when you think of the Smell of Bonfire Night? Please

separate words by a comma

* What words come to mind when you think of the Sounds of Bonfire Night? Please

separate words by a comma

* What words come to mind when you think of the Tastes of Bonfire Night? Please

separate words by a comma

* What words come to mind when you think of the Colour/Lighting of Bonfire

Night? Please separate words by a comma

* What words come to mind when you think of the Physical Feelings of Bonfire

Night? Please separate words by a comma

* What words come to mind when you think of the Emotional Feelings of Bonfire

Night? Please separate words by a comma

* Any other words that come to mind that do not fit into the above categories?

Scenario Two: Coffee Shop Questions
There are a number of local coffee shops within Swansea which enable a space for social
interactions. The community is able to congregate in groups to socialise over a beverage

or can sit and work with their laptop absorbing the background noise. Please envisage

your favourite coffee shop and provide an answer to the following questions.
* Have you been to a Coffee Shop before?

— Yes - No

* What words come to mind when you think of the Smell of Coffee Shop? Please

separate words by a comma
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A. Sensory Cue Questionnaire

* What words come to mind when you think of the Sounds of Coffee Shop? Please

separate words by a comma

* What words come to mind when you think of the Tastes of Coffee Shop? Please

separate words by a comma

* What words come to mind when you think of the Colour/Lighting of Coffee

Shop? Please separate words by a comma

* What words come to mind when you think of the Physical Feelings of Coffee

Shop? Please separate words by a comma

* What words come to mind when you think of the Emotional Feelings of Coffee

Shop? Please separate words by a comma

* Any other words that come to mind that do not fit into the above categories?

Scenario Three: Seaside Questions

Seaside towns and cities such as Swansea enable communities to take trips to the sea-
side. Many will take trips down to the beach to enjoy stunning views, fresh air, walks
on the beach or even BBQ’s in warmer months. The beach can enable people to join
together in a scenic place and interact by walking together, completing activities. Please

envisage your favourite coffee shop and provide an answer to the following questions.
* Have you visited the Seaside?

- Yes — No

* What words come to mind when you think of the Smell of Seaside? Please sepa-

rate words by a comma

* What words come to mind when you think of the Sounds of Seaside? Please

separate words by a comma
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A. Sensory Cue Questionnaire

* What words come to mind when you think of the Tastes of Seaside? Please

separate words by a comma

* What words come to mind when you think of the Colour/Lighting of Seaside?

Please separate words by a comma

* What words come to mind when you think of the Physical Feelings of Seaside?

Please separate words by a comma

* What words come to mind when you think of the Emotional Feelings of Seaside?

Please separate words by a comma

* Any other words that come to mind that do not fit into the above categories?

Scenario Four: Sweet Shop Questions

A trip to the sweet shop can enable a person to buy their favourite confectionery within a
layout that is unlikely to have changed over the years creating a warm and nostalgic feel
across a range of ages. The shops often have an assortment of different sweets some-
times causing an aversion of the senses. They are often frequented by family groups
and couples who look forward to going together. Please envisage your favourite coffee

shop and provide an answer to the following questions.
* Have you visited the Sweet Shop?

- Yes — No

* What words come to mind when you think of the Smell of Sweet Shop? Please

separate words by a comma

* What words come to mind when you think of the Sounds of Sweet Shop? Please

separate words by a comma

* What words come to mind when you think of the Tastes of Sweet Shop? Please

separate words by a comma
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A. Sensory Cue Questionnaire

What words come to mind when you think of the Colour/Lighting of Sweet

Shop? Please separate words by a comma

What words come to mind when you think of the Physical Feelings of Sweet

Shop? Please separate words by a comma

What words come to mind when you think of the Emotional Feelings of Sweet

Shop? Please separate words by a comma

Any other words that come to mind that do not fit into the above categories?
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Appendix B

Java Program Example: Activation of
Multisensory Devices for Case-Based

Outputs

Appendix B provides a snippet of the Java program used to activate the multisensory de-
vices, triggering their respective outputs (olfactory, auditory, visual, and tactile) based
on specific scenarios. The program operates on a case-by-case basis, and the exam-
ple presented here focuses on the first case, which corresponds to the seaside scenario.
Navigating through the code, three distinct cases are configured, each corresponding to
a particular scenario: (1) Seaside, (2) Sweet Shop, and (3) Forest. Within a loop, de-
tailed instructions for each case are established. The Aromajoin (Aromashooter) code
actively monitors device connections by identifying the serial port. It then determines
the number of ports containing scents and sets the percentage strength, with 100 repre-
senting the maximum pressure. Subsequently, the code specifies the diffusion process
for the Aromajoin devices, including the diffusion time (set at 15 seconds). Finally, the

audio outputs are configured to play for the same duration.
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B. Java Program Example

@Override
protected void loop() {

int choice;

do {

Scanner keyboard = new Scanner(System.in);
System.out.println("Chose a Scenario");
System.out.println("1");
System.out.println("2");
System.out.println("3");

choice = keyboard.nextInt();

}while(!(choice <= 3 || choice >= 1));
if (choice == 1) {
System.out.println("Seaside");

if ('a.getConnectedDevices().isEmpty()) {

for(AromaShooter b : a.getConnectedDevices()) {
System.out.println("AromaShooter: " + b.getSerial());

// Ocean and Ocean Fishy Water
Port portl = new Port(1,100);
Port port2 = new Port(2,100);

a.diffuseAll(15000, 100, 100, portl, port2);

try {
AudioInputStream ais = AudioSystem.getAudioInputStream(seasidesound);
Clip ¢ = AudioSystem.getClip();
c.open(ais);
c.start();
Thread.sleep((int)(c.getMicrosecondLength()*0.001));
}catch(Exception e) {
System.out.println(e.getMessage());

Figure B.1: Java program snippet illustrating case-based configuration for three scenar-
ios (Seaside, Sweet Shop, Forest) with Aromajoin device setup and synchronised audio
outputs.
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Appendix C

Multisensory Study Questions

The appendix presented in this section was used to obtain participant demographics,
prior experiences with multisensory studies and 4D experiences, and detailed percep-
tions and recognition of various scenarios for the multisensory lab studies. This data,
collected through the survey, was instrumental in shaping the analysis and understanding
of participants’ sensory experiences and associations with the scenarios under investi-
gation as explored in Chapter 4.

Demographic survey questions capturing participant information and previous sen-

sory experiences:
* Gender Identity:

* Age:

Job Title:

* Have you ever been part of a multisensory study before?

If so, what was it?

» Have you ever been to a 4D experience?

If so, what was it?

Questions from the sensory perception assessment survey, probing participants’ sen-

sory experiences, emotions, associations, and sensory prominence ranking:
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C. Multisensory Study Questions

What do you sense?

What do these sensory stimuli evoke?

What do you think it represents?

Does it make you think of an event scenario?

What made you think of that scenario?

Rank the senses from most to least prominent and what they were:

Is there anything you think could represent this scenario in a better way?
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Appendix D

City Centre Sensory Experience

Questionnaire

The appendix included in this section served as a critical component of the city-based
questionnaire, offering insights into participant demographics, sensory scenario
experiences related to Seaside and Sweet Shop, comfort assessments, and prospects
for future use. The survey encompassed a range of aspects, including partici-
pants’ personal characteristics, their sensory perceptions during specific scenarios,
their comfort levels, and their visions for potential future applications. This data
collection process, featuring questions and responses related to the Seaside and
Sweet Shop experiences, was instrumental in shaping the analysis and understanding of

participants’ perspectives and contributions to the research and is explored in Chapter 5.

Demographic survey questions capturing participant information:

* Which age group describes you best?

- 18-29 - 50-59 — Prefer not to say
- 30-39 - 60-69
- 40-49 - 70+

* Which of the following most accurately describe(s) you?
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D. City Centre Sensory Experience Questionnaire

— Female — Non-binary — Prefer not to say
— Male — Transgender
* Country of Residence:

uestions from the sensory perception assessment survey, probing participants’ sen-
yp p Y, P gp p

sory experiences, emotions, associations, and sensory prominence ranking:

* What do you think the experience on the bridge was trying to represent?

Was there a particular scenario/memory it made you think of?

Which was the most prominent sense?

— Scent — Sound — Light

Which was the least prominent sense?

— Scent — Sound — Light

Where else do you think this could be used within city centres?

How could these experiences improve you visitor experience to the city?

How did it make you feel?

— Very Comforted — No Change — Very Uncomforted

— Comforted — Uncomforted
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Appendix E

UX Design Tool Data: Prices and
Compatability

Appendix E provides a comprehensive overview of the 78 UX design tools employed
by the participant sample. This includes information on annual pricing, availability of
educational discounts, the existence of free trial options, cross-platform compatibility,
and the extent of user adoption. This compilation of tools and their associated attributes
serves as a valuable reference point, offering insights into the landscape of UX design

tool usage among the participants.

Tool Subscription Annual ~ Education Free Trial Mac Windows Users
Required  Price (£) Price (£)

Adobe After Affects
Adobe Audition

Y 239.64 194.88 7 Days
Y 239.64 194.88 7 Days
Adobe Illustrator Y 239.64 194.88 7 Days
Adobe Photoshop Y 239.64 194.88 7 Days
Adobe XD Y 623.76 194.88 7 Days
Affinity Designer Y 69.99 Request 30 Days

N 84.50 84.50 0 Days

Y - - 0 Days

Y 420.00 115.20 5 Days

Arduino (starter kit)

Asana

K KKK K K <X <K
K <K K K <K K <K
—_ = = NN = N = =

Atlas.ti
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E. UX Design Tool Data: Prices and Compatability

Axure RP
Balsamiq
Camtasia

Deck of Cards
DENIM

Draw.io

Figma

Figma Jam

Flip Charts
Fusion 360
Google Docs
Google Drawings
Google Jamboard
Google Tables/Forms
GoToMeeting
HTML/WEDbflow
IDE

InVision

iPad *Flow’

IRIS

Jupyter

Keynote

Lego

Lookback

Miro

MS Dev

MS Excel

MS Notes

MS Powerpoint
MS Stream

MS Teams

MS VBA

MS Visio

Ko K K R R K K ZZZ K KK Z K22 <<

246.00
105
29591

Up to £160 Up to £160 0 Days

Request
Request

105.04

132.00+ -
132.00+ -
25.00+ 25.00+
510.00 -
114.00 114.00
137.81+ -
39.99 -
13.99 13.99
Request  Request
35.00+ 35.00+
246.00 246.00
79.00 -
59.99 59.99
59.99 59.99
59.99 59.99
59.99 59.99
59.99 59.99
59.99 59.99
59.99 59.99
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30 Days
30 Days
30 Days

0 Days

0 Days

30 Days
30 Days
0 Days

30 Days Y
Unlimited Y
Unlimited Y
Unlimited Y
Unlimited Y
14 Days Y
30 Days Y
Unlimited Y
30 Days Y
14 Days Y
ODays Y
Unlimited Y
Unlimited Y
0Days N
60 Days Y
Unlimited Y
30Days Y
30 Days
30 Days
30 Days
30 Days
Unlimited Y
30 Days Y
30Days Y

Z KK <K K Z <K <X

T L

KKK KKK KK KK ZZAKAAHKZAAK AR A AR AR ZAEAR AR AKZ KKK
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E. UX Design Tool Data: Prices and Compatability

MS Visual Studio
Mural
Notability
Notion

Noun Project
OmniGraffle
Optimal Sort
Paper

Pin and Play
Pinterest

Plex

Plotly

POP Marvel
Post it notes
Principle
ProCreate
Proto.io

Real VNC
Roam Research
Sketch

Slack

Smaply

Smoke and Mirrors
Speech interfaces
SPSS

Stick IT

Trello

UXPin
UXpressia
Webcam
Whiteboard
Written Sys
Xcode

K Z Z 2 < < K ZAAKZAAAKAAAKAARZAARKKAKZ2ZAKZAKAKKKX

59.99 59.99
99.99 -
205.00 205.00
136.00 -

2.00+ 2.00+
£5.00+ £5.00+
Request  Request
Request  Request
96.00 -

2.00+ 2.00+
104.42 104.42
10.51 10.51
281.69 140.85
78.00 78.00
133.56 133.56
87.42 -
175.02 -
£5.00+ £5.00+
£20.00+  £20.00+
962.65 32.33
48.50 -
228.64+ -
12.50+ -

13.00 13.00
30.00 30.00
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14 Days Y
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14 Days Y
14 Days Y
30 Days Y
30 Days Y
Unlimited Y
30Days Y
0Days N
ODays Y
30Days Y
0Days Y
30 Days Y
14 Days Y
30 Days Y
0ODays N
0ODays N
0Days N
Unlimited Y
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E. UX Design Tool Data: Prices and Compatability

Zigbee Y - -
Zoom Y — -
Zotero Y - -
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Appendix F

UX Design Tool Usage throughout the

Design Process

Appendix F offers a comprehensive overview of how the 78 UX design tools were

used by the participants throughout various stages, including ideation, design and

development, prototyping, demonstration, and feedback. This compilation sheds light

on the landscape of UX design tool usage among the participants, providing valuable

insights for the future.

Tool Ideation Design and Prototyping Demonstration and
Development Feedback
Adobe After Affects - Y Y -
Adobe Audition - - Y -
Adobe Illustrator Y Y Y -
Adobe Photoshop - Y - Y
Adobe XD Y Y Y Y
Affinity Designer Y Y - -
Arduino (starter kit) - Y - -
Asana Y - - -
Atlas.ti - - - Y
Axure RP - Y Y -
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F. UX Design Tool Usage

Balsamiq
Camtasia

Deck of Cards
DENIM

Draw.io

Figma

Figma Jam

Flip Charts
Fusion 360
Google Docs
Google Drawings
Google Jamboard
Google Tables/Forms
GoToMeeting
HTML/WEbflow
IDE

InVision

iPad "Flow’

IRIS

Jupyter

Keynote

Lego

Lookback

Miro

MS Dev

MS Excel

MS Notes

MS Powerpoint
MS Stream

MS Teams

MS VBA
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=<
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F. UX Design Tool Usage

MS Visio

MS Visual Studio
Mural
Notability
Notion

Noun Project
OmniGraffle
Optimal Sort
Paper

Pin and Play
Pinterest

Plex

Plotly

POP Marvel
Post it notes
Principle
ProCreate
Proto.io

Real VNC
Roam Research
Sketch

Slack

Smaply

Smoke and Mirrors
Speech interfaces
SPSS

Stick IT

Trello

UXPin
UXpressia
Webcam

<< < <

=

=< =

=

<< <

£

<=

T L
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F. UX Design Tool Usage

Whiteboard
Written Sys
Xcode
Zigbee
Zoom

Zotero

Y
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