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Abstract: Accessible design within the built environment has often focused on mobility conditions
and has recently widened to include mental health. Additionally, as 1 in 7 are neurodivergent (in-
cluding conditions such as ADHD, autism, dyslexia, and dyspraxia) this highlights a growing need
for designing for ‘non-visible’ conditions in addition to mobility. Emphasized by the growing disa-
bility pay gap and Scope’s 2018 study highlighting the Disability Perception Gap, people with dis-
abilities are still facing discrimination and physical barriers within the workplace. This research
aims to identify key ways of reducing physical barriers faced by people with a disability and thus
encourage more comfortable and productive use of workspaces for all. Analysis of key inclusive
design guidance documents highlights the lack of assistance when designing for non-visible disa-
bilities, and a clear gap in knowledge surrounding specific spatial needs. Literature was assessed
surrounding key performance-based goals (e.g., productivity and focus within a study space) and
prescriptive design features (e.g., lighting, furniture, and thermal comfort), whilst also considering
the inclusivity of these features. A survey was then circulated to students and staff at a large uni-
versity in the UK (working remotely from home) with the aim of understanding how people have
adapted their home spaces and what barriers they continue to face. Quantitative and qualitative
results were compared to the literature read with key issues emerging, such as separating work and
rest from spaces in bedrooms. The key conclusion establishes that to achieve maximum benefit it is
important to work with the users to understand specific needs and identify creative and inclusive
solutions.

Keywords: inclusive design; well-being; workspaces; accessibility; neurodiversity; disability; social
sustainability; interior design; environmental design

1. Introduction

To ensure the built environment contributes to an equal and inclusive society, we
need to ensure our spaces are being designed to be accessible and inclusive. Until recently,
the discussion regarding equality in the use of the built environment focused on physical
access; as this has improved, the discussion has only just widened to address mental
health and neurological conditions.

“If you do not intentionally, deliberately and proactively include, you will unintentionally
exclude”— Jean-Baptiste, (1)

Leading on from understanding the user, it should be noted that there is a strong
relationship between inclusive design and sustainability. As mentioned, successful

Sustainability 2021, 13, x. https://doi.org/10.3390/xxxxx

www.mdpi.com/journal/sustainability

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

31
32
33

34

35
36
37
38
39
40
41
42
43
44
45



Sustainability 2021, 13, x FOR PEER REVIEW 2 of 32

integration of inclusive design within the design process contributes to the overall usabil-
ity of the space, and thus improving the overall sustainability of infrastructure (2). Simi-
larly, by following the Social Model of Disability, designers must aim to remove barriers
experienced by the user, hence shifting the responsibility onto the designer to actively
design a better space. This responsibility shift is similarly seen in designing purely for
environmental sustainability; for example, designers actively implementing on-site re-
newables to reach net-zero. This appears to be a ‘big-picture’ approach, vital to including
and integrating sustainability and inclusive design into the overall process.

While sustainability can be quantified in physical terms, and therefore tools devel-
oped to support sustainable design, performance assessment of inclusive design requires
the involvement of the user (3). Thus, the user should have a more prominent part in
specifying inclusive design features, and hence a more effective balance between the opin-
ions held by the designer and user would appear more effective.

Disability Rights UK recommend that employers need to create cultures in which
people living with conditions feel more confident, and they should embed flexible work-
ing practices and thorough mental health services within companies (4). By creating more
comfortable and flexible work environments, we are in-turn designing for the future; to
create socially and physically sustainable spaces, contributing to long-term usability and
economic viability (CEM, 2010) but also making best use of the workforce.

This paper aims to add to this discussion, by analyzing existing research on the de-
sign of workspaces from an inclusive design perspective, focusing on non-mobility con-
ditions.

2. Inclusive Design & Workspaces

Workspace adaptations for people with disabilities, have often focused on physical
adjustments for people with mobility related conditions, such as implementing ramps and
lifts. Studies highlight that accessibility is an ongoing process that should be incorporated
within policy. A key issue highlighted in research regarding the implementation of work-
space adaptations is the dependence on good-will and a dedicated senior leadership team
(5, 6). This implies stricter inclusive regulations to improve the overall baseline (ibid.).

Within the last year, research has been published specifically identifying workplace
adjustments for people with autism (7, 8). Nevertheless, there is still a large gap in research
regarding neurodivergent workspaces. While studying autism is a large step in designing
inclusively, it still disregards a spectrum of conditions aligned to the term neurodiver-
gence. Overall, improving and assessing the baseline in regulations and policy, by consid-
ering neurodivergence, can help to improve inclusive design.

2.1. Inclusive Design applied in the Built Environment
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As shown in the FRS data, the demand for accessible and inclusive spaces has been
prominent for many years. Although the Equality Act imposes duties to make reasonable
adjustments and provide equality of service, it does not say how the built environment
should be altered. This is provided through the Building Regulations; approval of these
regulations is mandatory for all new buildings, extensions, and material changes. This is
currently one of the ways inclusive design is integrated into the built environment. Fig. 1
below shows a breakdown of key laws, standards, and organizations that further feed into
integrating inclusive design into the built environment within the UK.
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Figure 1. Overview of influential Inclusive Design organisations, guidance, and legislation.

As shown in the diagram, there are many standards and guidance documents that
aid adjustments within the built environment. The Approved Documents are a series of
guidance documents in the UK that provide practical advice on ways to comply with
building regulations, and access and inclusive design professionals most commonly re-
fer to Approved Document M: Access to and use of buildings (ADM), often also refer-
ring to BS 8300-2:2018 that provides additional guidance.

These guides are useful at providing minimum criteria for the design of buildings,
and are largely developed via lived experience. For example, after the Grenfell Tower dis-
aster, the government issued a review of the building regulations and fire safety (9), which
would not have occurred without the tragedy and the lives lost. These building
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regulations have been described as the ‘least acceptable solution’ (10) and seem to largely 102

hold issues at their creation; as Imrie states: 103
104

“The requlation is based on a medical conception of disability that assumes that the primary 105
problem for disabled people, in gaining access to dwellings, resides with their impairment” — 106
(Imrie, 2004, p.421) 107
108

This describes a sense of blame to the person with the disability; an idea that Imrie 109
goes on to highlight as a widespread view amongst the industry, hence disregarding of 110
the Social Model of Disability. 111

It should be noted that designing for wellbeing is not prominent in the approved 112
documents; terms such as ‘well-being’ and ‘mental health” were searched for throughout 113
ADM,, finding no occurrences. Furthermore, terms used to represent some non-visible dis- 114
abilities, including conditions such as ‘autism” and ‘dyslexia” also found no occurrences. 115

This highlights a clear lack of mandatory guidance surrounding non-visible conditions. 116
117
3. Neurodivergence and the Workspace 118

The need for accessible workspace design can be justified by considering de- 119
mographics, and thus the users to design for and with. For example, in England, Scotland, 120
and Wales, and under the Equality Act 2010, a person is considered to have a disability if 121
they have a physical or mental impairment that has a ‘substantial’ and ‘long-term’ nega- 122
tive effect on their ability to do daily activities. The Family Resources Survey (FRS), an 123
annual report providing statistics about the incomes and living circumstances of house- 124
holds and families in the UK, reported that in 2019/20, 22% of people reported a disability, 125
roughly equivalent to one in five (12). Mobility conditions appear to prevail, with mental 126
health conditions rising from 25% to 29% of the total reported cases. Thus, the sector of 127
people that have reported a mental health related disability is very large, equating to ap- 128
proximately one in fifteen of the population. Designing without proactively considering 129
the broad range of disabilities, is therefore, not acceptable. 130

Furthermore, the breakdown per age group shown in Fig.2, highlights, in more de- 131
tail, the distribution over ‘visible and non-visible” disabilities, i.e., mobility and mental 132
health conditions, respectively. It concludes that for working-age adults (16-64), 42% re- 133
ported a mental health condition; further emphasizing the need to provide inclusive 134
workspaces. The age groups also do not add to 100%, implying respondents reported 135
more than one condition; reinforcing a need for intersectional and broad inclusive design. 136
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Figure 2. Family Resources Survey, 2020, Percentage of people with a disability per age and 138

condition. (12) 139
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When considering workspaces, we should also consider neurodiversity. This term 140
refers to the different ways our brains work and interpret information; most people are 141
neurotypical, which means their brain functions in the way society expects it to. About 1 142
in 7 people are neurodivergent (13), meaning that their brain functions, learns and pro- 143
cesses information differently; this includes attention deficit disorders (ADD or ADHD), 144
autism, dyslexia, and dyspraxia. It should be noted that most forms of neurodivergence 145
are experienced along a spectrum; the associated characteristics vary from person to per- 146
son and can change over time (ibid.). Beyond the large number of people reporting being 147
neurodivergent, most neurodivergent people are highly functional individuals, occupy- 148
ing different roles in the workforce, hence this is relevant in the design of workspaces. 149
Considering the limited research on the way in which neurodivergent people operate in 150
workspaces designed for neurotypical people, it is essential to explore this further. 151

3.1.Perception and the Social Model of Disability 152

Additional to the physical environment, social attitudes regarding disability mustbe 153
considered to improve workspaces. As mentioned by Disability Rights UK, the perception 154
of a disability is still a barrier faced by many people with disabilities. The disability equal- 155
ity charity, Scope, published a report in 2018 (14), highlighting the Disability Perception 156
Gap. Their research shows the public continuing to stereotype and negatively view people 157
with disabilities; it reported, one in three people see disabled people as being less produc- 158
tive than non-disabled people (14). Furthermore, one in three disabled people feel that 159
they face a lot of prejudice, however, only one in five non-disabled people say thereisa 160
lot of prejudice towards disabled people (ibid). Scope states that workplaces must tackle 161
attitudes and misconceptions to encourage more disabled people in work. 162

One way Scope proposes to tackle these attitudes is using the Social Model of Disa- 163
bility which is part of their ‘Everyday Equality Strategy’, aiming to change attitudes to- 164
wards disabled people. Scope describes it as follows: 165

166

“The model says that people are disabled by barriers in society, not by their impairment or 167

difference. Barriers can be physical, like buildings not having accessible toilets... removing these 168

barriers creates equality and offers disabled people more independence, choice and control”. — 169
Scope, 2018 170
171

This highlights the importance of removing barriers within daily life; and thus re- 172
flects the mentality that designers should embody when designing. Thus, a key principle 173
of design is to create spaces where such barriers are removed, this is how designers think 174
of ergonomic features or systems that aid the occupants (ex. lifts, lightning, acoustics, etc.). 175
So, while the principles of design are not being changes, most of these features need tobe 176
reconsidered in a more inclusive way. 177

3.2. Recent Trends in Workplace and Library Design 178

To identify the inclusivity of current workspace design, a consideration must firstbe 179
made regarding current trends in workplace and library design, identifying the overlaps 180
between obtaining optimum productivity and happiness, with a focus on inclusivity. 181

The design of workplaces aims to improve work performance both in quantity and 182
quality (15). The most recent feature of most contemporary offices is the increase of open 183
plan working and “hot-desking’. Open-plan working, where smaller office spaces have 184
expanded to encompass open grids of desks, (16) has shown negative and non-inclusive 185
impacts; work performance in terms of information flow and cooperation became less 186
pleasant and workers missed their privacy (17, 18). Similarly, hot-desking, where employ- 187
ees can work wherever a space is available, also shows negative impact on employees due 188
to the uncertainty when seeking a new space each day (19), the lack of personalisation of 189
a space and increased levels of distraction and distrust amongst colleagues (20). Re- 190
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emphasising its lack of inclusivity, additional to the induced high levels of stress and mo- 191
bility demands of moving regularly through the space. Similarly, this implies a lack of 192
spatial efficiency, refraining from maximising the current layout effectively, impacting the 193
overall sustainability of the internal space. 194

Promisingly, serious considerations of different student learning styles has begun to 195
influence the interior design of libraries (21); such as the importance of creating comfort- 196
able, quiet and safe environment for self-regulated learning activities (22). Li et al, also 197
suggest separating self-study areas into purely reading and purely working, this feature 198
is representative of the recent trend of quiet spaces in building design, which aim to tackle 199
stress and sensory overload (8). Sadia (8)also identifies that there are contradictory user 200

needs; this aligns with the College of Estate Management (2010): 201
202

“For example, dropped kerbs, essential for wheelchair users, can confuse visually impaired 203
people unless tactile surfaces or audio signals are incorporated.” — (CEM, 2010, p.4) 204
205

Although both papers (Sadia’s and CEM’s) identify the conflicting nature of design- 206
ing for specific needs, Sadia’s report is driven by the mentality of designing with a specific 207
end user, whereas CEM speaks to the broader picture (with examples such as the one 208
above). Sadia has thoroughly analysed responses from people with autism in designing 209
quiet spaces, however this has detached the qualitative nature of responses and has relied 210
more on quantitative values, reducing the personalisation and adaptability provided by 211
individual thoughts and comments. 212

3.3. Individuality and Spaces 213

As mentioned in the design of libraries and workplaces, there is a demand for per- 214
sonalisation and privacy. Similarly, when considering the goal of maximum inclusionand 215
work performance, the importance of individuality when achieving these goals must be 216
noted; every person works and studies at different speeds. 217

Bossaller et al, proposes that the two concepts of ‘ba’ and ‘flow” should be used to 218
design library spaces based on the human need for concentration. ‘Ba’ describes the ideal 219
physical and mental conditions for knowledge management; representing a contextual 220
space where knowledge is exchanged and shared and relationships emerge (23) and ‘flow’ 221
(24, 25) describes the state of absorption and intense concentration (26). Together they 222
identify a positive and productive performance criterion. An important physical takea- 223
way from this research is the importance of ‘zoning’ and its relevance to individual work- 224
space and play (27). 225

However, the effort assigned to a task is ultimately subjective; it is representative of 226
multiple factors including physical and cognitive abilities, and well-being of the person 227
carrying out the task. This raises the question of how we can create and understand spaces 228
for a spectrum of needs. One way of developing our understanding of people and space 229
is through working with people with a disability. For example, a phenomenological in- 230
quiry into how people with a visual impairment use their space highlighted key details 231
that may not have been reached by someone without this condition; key conclusions were 232
met, such as the person’s reliance on familiarity of a space to use it more comfortably, and 233
installing a window upside down for ease in opening (28). Familiarity of a spaceis alsoa 234
need for many people with dementia (29); hence the transferability of inclusive design. 235

Conclusively, understanding the spectrum of needs and barriers experienced by peo- 236
ple is most effectively reached by working with the end-user and recognising that achiev- 237
ing optimum inclusion and work performance is achieved through individuality and 238
adaptability. 239

3.4. Future of Workspaces 240
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Spending a prolonged amount of time within a space ultimately impacts how the 241
space is used. Due to the COVID-19 pandemic, many bedrooms and living rooms have 242
been adapted to be home offices and study spaces. From a business perspective, home- 243
based ‘teleworking’ (remote-working using technology) has become an urgent solution 244
with minimal cost (30), however it thoroughly depends on the type of activity, ex. activi- 245
ties that require model-making may require access to specific equipment in a workshop. 246
It is too early to identify whether this will continue into the future, however many offices 247
are beginning to propose flexibility in work environments; over 87% of people stated their 248
desire to work from home for at least part of the working week (31). 249

Furthermore, from a spatial design perspective, the post-pandemic office and home 250
space may adapt, with the increased demand for more garden spaces and internal parti- 251
tions (32). To understand this further, two approaches have been taken; a thorough iden- 252
tification of relevant literature and a survey understanding how people have adapted 253
their spaces. Through these, alignment, and conclusions can be drawn (see section 7, Anal- 254
ysis and Discussion). 255

Looking forward at the ways in which inclusive design and accessibility are changing 256
in the digital world provides an interesting exploration into the mentality of the design 257
process. This will update the design process to actively promote inclusive design and re- 258
frame how disabilities are displayed. 259

3.5. Persona Spectrum 260

The concept of the ‘persona spectrum’ is commonly used in digital design and could 261
lead to a positive impact that aligns with the design of physical spaces. In summary, the 262
Persona Spectrum is a mentality and method of considering a range of users to inform 263
solutions. Microsoft’s Inclusive Design Toolkit (33) reinforces the idea that “points of ex- 264
clusion’ (i.e. where users may find difficulty in using a product), helps designers to gen- 265

erate new ideas and design inclusively, mentioning that: 266
267

“Designing with constraints in mind is simply designing well” — Shum et al. (33) 268

269

To reiterate: this focuses on mapping human abilities on a spectrum to inform solu- 270
tions that inevitably benefit everyone, as shown in Fig. 3 (34). 271
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Figure 3. Persona Spectrum — Microsoft’s Inclusive Design Toolkit (33) 273
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This focus on studying user-interaction is replicated in community consultations that 275
take place in the design of physical spaces. The aspect that seems to demand improvement 276
in consultations is this understanding that studying the strategies and solutions devel- 277
oped by people with disabilities and those in the persona spectrum, can stimulate the de- 278
sign process and is vital in promoting innovative and effective spaces (2); conclusively 279
what we design is a result of how we design (33). Potentially, we need to re-assess the 280
regulations provided a spectrum of users and scenarios; leaning into the realistic wider 281

range of users we design for. 282
283
4. Summary of Design Features 284

To further aid the methodology, a summary of the most commonly addressed factors 285
relevant to the design of an inclusive workspace and the relevant literature have been 286

listed below. 287
4.1. Interior Design 288
Furniture 289

The relevance of furniture within inclusive design lies heavily in the study of ergo- 290
nomics i.e. the interaction of people and elements of a system (35). For example, a good 291
ergonomic chair would have an adjustable seat and arm rest that aids comfort and pro- 292
motes wellbeing (36). These features are important when considering the intersection of 293
disabilities and designing for adaptability (adjustability and independence). 294

Furthermore, the design of workspace furniture can impact health. For example, the 295
distance to a computer monitor affects eyestrain, and poor chair design/setup can lead to 296
incorrect posture and musculoskeletal problems (37). It should be noted that the standard 297
IS0-9241 — which covers the ergonomics of human-computer interaction — has been criti- 298
cised for not including the expected variation in body size among user populations, being 299

too abstract and not representing an inclusive mindset (38). 300
301
Layout 302

As mentioned earlier, the familiarity of a space is vital for certain user needs. People 303
with dementia are known to benefit from a sense of familiarity (39, 40). This is similar for 304
those without dementia — a familiar environment filled with physical memories ‘promotes 305
a sense of coherence... supporting the continuation of self (40). This importance of familiarity 306
with physical memories (such as photos and memorabilia) reiterates the earlier mentions 307
of the value of personalisation in a space. 308

There’s also a demand for separation through the introduction of partitions to divide 309
specific spaces for specific uses (22). Colour can be used to create this separation by paint- 310
ing borders or presenting clear signage; this is important for wayfinding and informs peo- 311
ple of how to use a space (41). It is also suggested to incorporate multiple types of signage, 312
i.e., text should be provided alongside an audio option, and/or tactile labelling; for arange 313
of sensory impairments as well as temporary and situational needs (see Persona Spec- 314

trum, Fig. 3). 315
316
Room Decoration 317

Similarly, to the familiarity of space provided through memories and objects, calming 318
images and artwork can influence wellbeing. A study in 2003 of chemotherapy patients 319
who were exposed to rotating art exhibitions, showed reductions of 20% in anxiety levels 320
and 34% in depression (42). It should be noted that people could experience sensory over- 321
load depending on the colours and contrast used in the artwork (43), hence involving us- 322
ers in these decisions is vital. 323

Furthermore, biophilic design (using nature to increase user connectivity to the nat- 324
ural environment) has appeared to positively impact work productivity; a report in 2018 325
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showed a decrease in negative emotions and better short-term memory performance (44). 326
Sadia’s study of quiet spaces as mentioned earlier, also shows preferences for nature-ori- 327
entated quiet spaces for people with autism (8), re-iterating the calming impact of biophi- 328

lic design. 329
4.2. Environmental Design 330
Lighting 331

As lighting affects our circadian rhythm (the natural internal process that regulates 332
sleep-wake cycles), when unregulated, it can induce fatigue and mental drowsiness. Rep- 333
licating the typical daylight rhythms proves to be most effective at creating productive 334
environments by regulating the circadian rhythm (45). Recreating daylight with artificial 335
light is still under-developed, however certain settings, amounts and temperature of light 336
can be used to emulate daylight, though it still emotionally impacts occupants (ibid.) due 337
to its artificiality. 338

There are also positive effects of having control over the lighting of a space; inastudy 339
where a company gave full control to the employees over the internal environment, 340
productivity increased by approximately 15% (46, 47). Similarly, this sense of independ- 341
ence and autonomy is re-affirmed by individual conflicting preferences; someone may 342
prefer to work in cooler light as opposed to warmer, hence returning to the earlier point 343

of the value of personalisation within a space. 344
345
Thermal Comfort 346

Similarly to Kroner’s study of control, the ability to open windows for natural heating 347
and cooling, as well as ventilation, also showed positive impacts on productivity and re- 348
duced stress (45). However, this could lead to conflict in the workplace due to differing 349
temperature desires; although, like lighting, individual appliances (such as lamps and ra- 350
diators) could accommodate for this. Similarly, Grigoriou describes the conflicting feeling 351
from hot and cold spots near glazing, similarly below certain parts of a HVAC system. 352

Expected air temperatures can then be used to plan workplace areas, where this is 353
also clearly signed to ensure people are aware of the differing temperature. For example, 354
people experiencing menopause or who are sensitive to temperature imbalance may de- 355
sire clear signage of how the internal environment has been set and where they could 356
work comfortably. Furthermore, a study carried out in 2013 showed that the majority of 357
women working through menopausal symptoms found hot flushes particularly difficult 358
and impacted their work performance, similarly a sense of discomfort when disclosing 359
this to managers (48). This provides evidence to improving independence and control 360

within the workplace, whilst also improving perceptions of conditions. 361
362
Acoustics 363

Sound appears to largely impact learning; lower background noise levels increases 364
speech audibility and clarity, and this can be implemented by avoiding high ceilings and 365
reverberant surfaces (49). A study into the effect of sound on office productivity further 366
affirms the importance of lowering background noise; it found that as a whole, limiting 367
the sounds of doors closing and human activity can improve productivity (50). As men- 368
tioned in the limitations of the study, hearing impairments across age was not considered, 369
however, the results showed less environmental impact on productivity of the younger 370
age group (ibid.). 371

Although silence appears to prevail regarding acoustic design, recent research into 372
the idea of ‘sound masking’ poses a second option to ‘mask’ the typical murmur of HVAC 373
systems with calming sounds to also increase sound privacy (51). This is confirmed by a 374
study into the restorative quality of nature; by highlighting the improved wellbeing of 375
enjoying biophonic sounds (52). However, this can be distracting and confusing for people 376
with a visual impairment or who rely on their hearing for wayfinding. 377

378
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5. Methodology 379

5.1. Overview and Goals 380

Following on from the literature review highlighting how we work and study, and 381
how our space can further support this, the aim of this study is to better understand our 382
demands of our work/study spaces, and how we can independently adapt them. Given 383
the prolonged period people are spending within their remote-working spaces during the 384
COVID-19 pandemic, this provides an abundance of information regarding how we inde- 385
pendently adapt our spaces. This method is very similar to a study carried out in 2018 386
titled ‘How do you work?’; understanding user spatial needs within a university (53). The 387
researchers sent out a survey with a mix of open-ended and multiple-choice questions, to 388
aid the design of a library. However, the analysis was largely quantitative and fell short 389
of qualitative analysis; reaching the conclusion that their library could be anywhere, alt- 390
hough contradictory to the greater separation/zoning effect presented by a library. 391

In this study, a mix of qualitative and quantitative survey questions was sent to var- 392
ious members of staff and students at a large university in the UK; to allow for further 393
understanding of attitudes and drivers. From this, a sequence of coding (the process in 394
which words and/or themes are taken from the qualitative data and used as ‘codes” or 395
labels to categorise and organise data) was undertaken, to extract themes and quotes, and 39
analyse conclusions into prescriptive and performance design factors; to aid the design of =~ 397

inclusive workspaces. 398
5.2. Method of Data Collection 399
5.2.1. Survey Overview 400

The full survey can be seen in Appendix A and the survey received institutional eth- 401

ics approval. As mentioned in the overview, the main goal was to increase understanding 402
of users and further confirm the literature findings. A Mixed Method approach has been 403
taken, with both quantitative and qualitative results. This is due to the likelihood that 404
many parts of the results will contradict themselves (54) and so having the original 405
thoughts and text, aids the quantitative results. 406
Two samples have been collected; both consist of people either working or studying, 407
mostly remotely (as opposed to on campus) as per UK Government guidelines. Sample A 408
consists of 60 students and staff within the same department. Their relevance to the main 409
goal applies to understanding users and their work/study setting. 410
Sample B consists of 15 members of staff at UCL, who are part of the Neurodivergent 411
Staff Network (the members of the network identify as autistic or dyslexic, have Tourette 412
syndrome or ADHD) and Enable@UCL (a staff network open to any disabled person 413
working at UCL as well as non-disabled person with an interest in promoting disability 414
equality at UCL). Choosing a variety of networks allows a larger scope for identifying 415
conflicts between disabilities and user needs, there is also a noticeable gap surrounding 416
research of neurodivergence and the built environment. 417
The survey was circulated via the course administrator and the individual network 418
contacts listed on their university page. Both surveys were circulated once and closed after 419
three weeks, to reduce the risk of fatigue and prevent duplicates (although these were 420
removed in the first stage before assembling results). 63% of respondents from sample A 421
work/study in their bedrooms; this is different to the spread demonstrated by sample B. 422
However, this may be related to the demographics of the samples and the comments 423
made; Sample A consisted largely of 18-24 year olds who, based on the circulation of the 424
sample, are likely to be students in family homes (as many universities have switched to 425
remote-learning) (55). 426
427

5.2.2. Method Strengths 428
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The mixed method approach should prove effective at ensuring answers are thor- 429
ough and relevant to the question; the quantitative results (e.g. lighting impacting well- 430
being the most) will be compared to the qualitative (e.g. how certain levels of lighting 431
keeps the respondent feeling awake and alert) allowing more succinct user understand- 432
ing. Similarly, the method of cross evaluating these responses with literature should high- 433
light key factors going forward into the design of workspaces and understanding how we 434
work. Thus, another strength is the sample size; Sample B allows for a thorough analysis 435
due to fewer responses. The questions focus more on attitudes as opposed to physical 436
design features as these are largely covered within the literature. Although this makes it 437
more difficult to find alignment in the abundance of literature surrounding these features, 438
it explores a relatively new angle to the overall design of workspaces (focusing on perfor- 439
mance as opposed to prescriptive goals). 440

The two samples also have a diverse set of expected activities: ranging from working 441
to studying to creative tasks. This additional information provided by recognising the 442
value in individual responses is new, due to the limited exposure to this level and inten- 443

sity of remote working. 444
445
5.2.3. Survey Questions 446

As mentioned, the full list of survey questions can be seen in Appendix A. The survey 447
questions were aligned to the goals of the methodology. 448

When creating the survey, it was also important to consider survey response fatigue, 449
a sense of overwhelm due to a growing demand for responses, and survey taking fatigue, 450
which occurs during the survey and a result of very long surveys with little application 451
from the respondent (56-58) . To avoid this, shorter survey questions and mixed methods 452
are suggested, this is to reduce the open-ended questions and ensure the survey is doable 453
in five minutes. From an inclusive design perspective, it is also important to be mindful 454
about the questions being asked and the language used, and provide reasons regarding 455
demographic questions (59). 456

Appendix A Table A.1 shows a breakdown of the questions regarding the overall 457
theme (with a brief reasoning) and question details and type. As the table shows, there 458
are more multiple-choice questions (to avoid fatigue) and they are also used to break up 459
the open-ended questions. Multiple choice questions are also used to ease the respondent 460
into the survey to understand the overall scope without unconsciously impacting their 461
response; later in the survey, specific spatial features such as acoustics, furniture and ther- 462
mal comfort are used to generate more ideas and space-evaluation. Similarly, the demo- 463
graphic questions are placed at the end as this is in line with the Social Model of Disability; = 464
this information is additional to the main understanding of their space as opposed to be- 465

ing the focus. 466
467
5.3. Method of Analysis 468

As a mixed method approach, two overarching methods of analysis are used, one for 469
the quantitative questions and one for the qualitative. The quantitative analysis method 470
would encompass the multiple choice and checkbox questions, and the qualitative analy- 471
sis method will focus on the open-ended questions. 472

The quantitative analysis method largely focuses on demographics and identifying 473
extremities regarding user preference, e.g., their age and highlighting what aspects of their = 474
space contributes the most to their wellbeing. This method quantifies the responses, to 475
show whether there is correlation in what features respondents want most in their spaces 476
or the overall adaptability of their space, these will then be graphically presented to see 477
trends (see section 6, Results). 478

The qualitative method focuses on the open-ended questions; using ‘coding’, also 479
known as labelling the data, to identify key repeated themes (54). Through labelling the 480
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data, key mutual themes are identified that describe relationships between the survey re- 481
sponses. There are multiple ways to do this; either quantifying repeated words across all ~ 482
responses, or intuitively reading and extracting themes (ibid.). 483

The first cycle of coding (i.e. the researcher’s first level of reading and analysing the 484
data) is to typically quantify the repetition of themes or words, although this may be more 485
time-efficient for the larger sample, it risks limiting users to numbers as opposed to spe- 486
cific experiences and thoughts. Thus, it is more beneficial, especially for sample B, to keep 487
the original content and search for alignment in addition to quantification; this is done by 488
counting and providing corresponding examples. This is known as ‘In Vivo coding’, using 489
the participant’'s own language as the code (ibid.). The second cycle of coding aims to 490
identify key conclusions and more critical evaluation; by reconsidering new themes and 491
alignment from the quantitative results. This is done by comparing codes from the first 492
cycle and condensing into smaller units such as themes and concepts; focusing on ques- 493
tioning the results of the first cycle to aid explanations or patterns. The data will also be 494
compared to the literature read to identify whether there is clear alignment with previous 495
research and reinforce conclusions. 496

Furthermore, there will be significant overlaps and contradictions between data due 497
to the overlapping themes mentioned in the survey (60); and hence the importance of the 498
mixed-method approach and considering the responses from both quantitative and qual- 499
itative analysis (61). The qualitative data is presented as explanations or patterns, whereas 500
the quantitative is visually represented through graphs and figures; ultimately when anal- 501
ysis takes place and the methods are integrated, one takes slight priority of the other 502
(likely qualitative for a more user-focused approach) (62). The mixing of the approaches 503
occurs in the study design stage at the start, and during the interpretation of the outcomes 504

of the entire study during discussion (ibid.). 505
506
5.3.1. Potential Limitations 507

The abundance of data from sample A (60 respondents) may prove difficult to ana- 508
lyse; the literature review highlights the importance of individuality in workspace design, 509
however this larger sample risks generalising experiences (63). Although this allows fora 510
larger scope of information for the quantitative responses, it limits the attention each per- 511
son receives (64, 65). Creating a personalised approach, much like the Persona Spectrum, 512
could be more effective. Overall, this can be mitigated by spending more analysis timeon 513
evaluating the qualitative data and extracting key quotes using the method explained 514
above. 515

Some of the questions are also broad; although this prevents survey fatigue, the re- 516
sponses are limited by the restraint implied by the question. For example, having a more 517
response-based survey may be more effective, i.e., if the respondent states lighting as most ~ 518
impactful to their wellbeing, asking more related questions specifically to this. This also 519
suggests a focus group approach, however, would require more time from the participant. ~ 520

6. Results 521

For fluidity in presenting the results, the themes have been arranged in the same or- 522
der to Appendix A, Table A.1. Furthermore, chart formatting has additional labels and 523
outlines, different levels of bar darkness in the charts, with clear section themes, for im- 524
proved clarity. Discrepancies in total percentages are due to + 1% rounding error. 525

6.1. Spatial Context & Ouverall Use 526

The survey first interrogated where the participant worked and if they worked at 527
home, they were then asked where in the home they worked. As shown by Fig. 4 and 5, 528
most respondents in sample A worked in a bedroom at home, whereas in B, there was 529
more diversity in where they would work. The quantitative data is missing information 530
regarding overall room availability, however participant responses to ‘why have you 531
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chosen this area?’ (Table 1 and 2) should highlight personal availability. Furthermore, 532
comparing the left and right graphs shows that regardless of available space (i.e. the mul- 533
tiple rooms in a house), most participants in Sample A work/study in their room. Overall, 534
the location is less the purpose of the study than understanding how the space, even if 535
limited, is used. 536

f Sample A

In which space does most of your working/studying take If you are at home, which space do you mostly
place? work/study in?

ovse Y s - I

Living room _ 18%
Other - 8%
Student Accomodation - 10%

Home office - 7%
External office (not in home) j 3% Kitchen j 3%

0% 10% 20% 30% 40% 50% 0% 10% 20% 30% 40% 5S0% 60% 70%

Responses Responses

.

537
Figure 4. Location of work/study amongst respondents. (Sample A) 538
f Sample B
In which space does most of your working/studing take If you are at home, which space do you mostly
place? work/study in?
rouse | s3> Uvivs oo | 7
r—— R sedroor: | 7
External office (not in home) - 13% Home office _ 27%
otner [ 7% oer N 5%
Student Accomodation 7% Kitchen 7%
0% 10% 20% 30% 40% 50% 60% 0% 5% 10% 15% 20% 25% 30%
\\ Responses Responses
Figure 5. Location of work/study amongst respondents. (Sample B) 539
540

Most of the participants did not vary where they work (Fig. 6 and 7) i.e.,, remained in 541
the same space for most of the day; again, this may link to limited availability. In the 542
‘other’ category, a respondent mentioned occasionally working in the library if available. 543
Most also did not share this space with anyone, highlighting a desire for privacy and sol- 544
itude. 545

\

Sample A

Do you vary where you work? Is this space shared with others?

__Sometimes,
[

| 27%

- Sometimes,

No,57%
18%

No, 50%
“\_ Other, 2%
\ ves, 22% \_ ves, 25%
Figure 6. Further context regarding overall space. (Sample A) 546

547
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Sample B

Do you vary where you work?
v v v Is this space shared with others?
Sometimes,

27%

No, 73%

Sometimes
o )
Other, 7% < 7%
' Yes, 7%

Yes, 20%

No, 60%

\

Figure 7. Further context regarding overall space. (Sample B)
The respondents were then asked why they had chosen this space (Table 1 and 2).

These responses were split into a variety of themes (‘codes’ as described in section 5); the
most common being ‘convenience” amongst A, and the ‘location of furniture’ for B. This
begins to answer the questions of availability raised earlier, and raises questions regarding
design drivers within workspaces, i.e. quiet space, natural light, views.

Table 1. Why have you chosen this space? (Sample A)

Category/key theme

Count

Examples

Convenience

14

Only free space in the house
The only big enough space in the house, don't like being in a small room
It's my only choice at the moment
Little other choice

Lighting

11

Good natural lighting
It has a desk and some natural light
Larger room, big window: natural light
Because of the view, natural light and privacy

Sound

10

Quietness and comfort
It's the only quiet space that is not shared'
well ventilation and lighting with low noise

Furniture

It has a large desk with a monitor to work at
nice desk set up with extra monitor and mechanical keyboard
It has a desk and some natural light

Solitude

most private space there is
It's the only room in the house where I can be alone (no other people/pets to dis-
tract me). When I'm in London I work in my student accom bedroom as well.
It's a room not used by other people in the house

Size of space

quiet and large space
larger room
it was a room not occupied by someone else. It also gives a lot of daylight and is
spacious enough to work in.

Not being alone

space for desk, well lit, i prefer to be around others not alone

Struggle to work alone so it's nice to be in the kitchen where people come and go.

Also struggle to keep still so always moving between rooms

548
549
550
551
552
553

554

555

556
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Table 2. Why have you chosen this space? (Sample B)

Category/key theme

Count Examples

Furniture

6 it has a table to work at — nowhere else does
it has my enlarged monitor (I have a visual impairment)
the living room is the only room in my flat with space to set up a desk
already has a desk in it

Lighting

control over lighting
natural light and no distractions
it is at the top of the house, quiet with lots of natural light

a N

6.2. Spatial Changes & Individual Use

Once easing the participant into contemplating their workspace; further questions
were asked regarding their overall use. The respondents were asked whether any changes
had been made over the past year (Fig.8), this identifies specific categories that hold bar-
riers to the use of their space. By asking this, we also begin to learn the priorities of the
user, identifying what they can physically change by themselves and what matters the
most to them to change. The most common category was ‘furniture” with 36 responses for
Sample A and 13 responses for B.

Sample A ( Sample B

Have you changed any of the below within your

Have you changed any of the below within your work/study space over the past year?

work/study space over the past year?

Furieore | 3

sound | 7
tgheing - | 7

Room decoration [ 6
Thermal comfort - [T
ermal comfor 17 Thermal comfort :| 6

No changes have ————— 11
been made Other 3
j 3 No changes have been —
made -

Lighting ‘ 30

Other 1

0 10 20 30 40 0 5 10

\ Responses )\ Responses

— Nl

Figure 8. Recent changes made by respondents.

In-light of the previous question, respondents were then asked why they carried out
these changes (Table 3 and 4). The most common driver from sample A was their mood;
with the aim of becoming ‘more motivated and concentrated to study’ and improving
their overall work efficiency. For sample B, furniture, room decoration and mood, played
a larger factor in why they carried out changes. From this and the previous results, we
begin to understand the user’s beliefs in what generates a positive work environment, and
how they have created this for themselves.

Table 3. Regarding the previous question, why did you carry out these changes? (Sample A)

Category/key theme

Count Examples

Mood

28 more positive work environment
improve work efficiency and health
more motivated and concentrated to study
to make it feel more like home

Furniture

14 furniture was added to accommodate ergonomic working conditions

when I get bored I tend to rearrange my room
less seating because no guests

557

558

559
560
561
562
563
564
565
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566
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575
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Lighting 9 with online university, light was important for the camera

lighting because it used to make me sleepy

it was freezing

Thermal Comfort 7 a winter garden the room is not designed to sit still in all day during winter
months, so a heater has been added to make up for that
576
Table 4. Regarding the previous question, why did you carry out these changes? (Sample B) 577
Category/key theme  Count Examples
Furniture 3 Laptop stand to relieve neck and shoulder pain
I changed my chair as I was very uncomfortable
new office chair to help with back
Room decoration 3 Painted walls for a change in scenery and to brighten room up
being able to see houseplants
to make the space more friendly and able to stay and work for longer peri-
Mood 3
ods
to handle better the 'work in prison' setting (12m2)
Lighting 5 tend to only work with angle-poisec% lamp on next to me now, no overhead
light
Thermal Comfort 2 Needed to buy a heater as it was freezing
Sound 2 noise-cancelling headphones to block out noisy neighbours either side
578

The respondents were also asked whether any barriers continue to exist within their 579
space (Table 5 and 6). This question reiterates the Social Model of Disability, but also bla- 580
tantly requests areas of improvement from the participant. The most common response 581
for sample A was the separation aspect; ‘can’t seem to relax as my home is also where I 582

work’. Sample B reiterated the previous answer with a focus on furniture. 583
Table 5. Similarly, are there any specific barriers you continue to experience in your space? (Sam- 584
ple A) 585
Category/key theme Count Examples
Mood 13 distinction between work and relaxation
staying in a single space makes me feel a bit constrained
loneliness

can't seem to relax as my home is also where I work
motivating yourself to do work in the same space you sleep
not a separate space where I can detach myself from others

not enough space for me to be organised as I would want to be (additional
cupboards, shelves, bigger bookcase)
tiny desk
chair is not very comfortable
could use more desk space
Thermal comfort 6 still freezing
no heating systems so can get quite cold

Furniture 10

Sound 5 lack of complete quiet for studying (I live with other people)
noise anywhere in the house
sound clashes if me and my roommate are both in calls

Lighting 4 direct sun in eyes in the mornings
too much daylight at times
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586
Table 6. Similarly, are there any specific barriers you continue to experience in your space? (Sam- 587
ple B) 588
Category/key theme Count Examples
) Chair is uncomfortable and no room for proper office chair
Furniture 3
desk height isn't ideal either
limited desk space
. There are also issues with the light from the window in my room at certain
Lighting 3 .
times of the [day]
Thermal Comfort ’ On the few cold days, we had there was t.he issue of heating coming off during
a short window
Sound 2 noise, at home I have the three kids, 2 dogs and 2 cats making noise.
It's my bedroom so I sleep and work in the same space - it has a negative effect
Mood 1
on my mental health
589
6.3. Wellbeing 590

The respondents were also asked about wellbeing within their space (Fig.9 and 10). 591
Again, this aims to identify key personal drivers in improving wellbeing within work- 592
spaces. Lighting appeared to be the most influential within sample A’s space, however for 593
B, furniture prevailed, and lighting was one of the least influential. This contradiction re- 594
fers to the previous raised question of priority; many of the qualitative responses from B 595
focused on ergonomic work conditions as opposed to daylight. B were also asked which 596
contributes the least, where room decoration was the most common. The data lacks com- 597
parison from both samples regarding the barriers to positive wellbeing due to the question 598
only offered to Sample B. In “other’ both made references to having a ‘fixed place to work” 599

and having family around. 600
e ™~
Sample A
What contributes the most to your wellbeing within your
space?
Lighting 38%
Thermal comfort 25%
Furniture 16%
Room decoration 13%
0% 10% 20% 30% 40%
\\,, Responses ,,/"‘
Figure 9. Most impact on wellbeing (Sample A). 601
602
603
604

605
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What contributes the most to your wellbeing sample What contributes the least to your wellbeing
within your space? within your space?
Furniture | 339% Room decoration - | N 7%
Thermal comfort |GG 20% other [N 14%
other NN 13% Furniture [N 13%
Sound T 13% Sound N 13%
Lighting I 13% Thermal comfort | 7%
Room decoration | 7% Lighting | 7%
0% 5% 10% 15% 20% 25% 30% 35% 0% 10% 20% 30% 40% 50%
Responses Responses

Figure 10. Most and least impact on wellbeing (Sample B).

6.4. Flexibility/Adaptability

Respondents were then asked about the adaptability and flexibility of their spaces
(Fig.11 and 12). This was varied across all results; largely both samples did not describe
their space as adaptable, however sample A appeared to be more in favour of more adapt-
ability than B. This is contradictory and Tables 7-10 aim to further analyse this.

606
607

608

609
610
611
612
613
614

/

Sample A

Would you describe your space as adaptable? Would you benefit from more adaptability?

Maybe, 34%

No,14% ‘ '

\_ Yes, 52%

__Maybe, 27%
No, 39%

L Yes, 34%

N J
Figure 11. Adaptability within their space (Sample A). 615

4 B N

ample B
Would you describe your space as adaptable? Would you benefit from more adaptability?
No, 53% No, 40%
' - Maybe, 13%
Yes, 47% Yes, 47%

- /
Figure 12. Adaptability within their space (Sample B). 616
617
The next question then asked the respondent to expand on this; asking why they 618
thought their space was flexible/inflexible (Tables 7-10). This was largely to do with the 619
furniture within this space, and the moveability amongst a fixed room size; ‘limited con- 620
figurations’, using furniture to ‘compartmentalise’, ‘restrictive space for moving furni- 621
ture’. Although these results do not reassure the previous question, it begins to highlight 622
innovative spatial considerations that improve flexibility (such as furniture with wheels) 623
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as well as further determines barriers in achieving adaptability (such as room size or fur- 624

niture weight). 625
Table 7. If yes, what makes it flexible/adaptable? (Sample A) 626
Category/key theme Count Examples
desk can be altered, moved
Furniture 23 the fact that the room has a rectangular size

and not a squared one helps much more to
make it more flexible/adaptable
I can push my furniture to the corners
move the desk as it's quite portable

three walls are openable glazing...for an in-

Mood 2
00 door/outdoor feeling
it's personal so I can make more changes to it
Lighting 1 can add more lights
627
Table 8. If no, what makes it inflexible/unadaptable? (Sample A) 628
cfdategory/key theme Count Examples
heavy and large furniture
Furnit 20 .
Hre bed and desk and shelves are all fixed
I can't really move the desk around as there's lim-
ited space
limit configurations of furniture in the space
Lighting ’ desk must stay close to the wi.ndow in order to get
enough daylight
Mood 1 simple/minimalist design
630
Table 9: If yes, what makes it flexible/adaptable? (Sample B) 631
Category/key theme Count Examples
it is technically very open plan so I use furniture to
Furniture 6 compartmentalise
wheels and ability to move the table
sometimes I sit on the other side of my (centrally lo-
cated) table just for a change!
632
Table 10: If no, what makes it inflexible/unadaptable? (Sample B) 633
Category/key theme Count Examples

the table and chair cannot realistically be moved
restrictive space for moving furniture around and
Furniture 8 there's quite a few pieces of furniture that would need
to be moved including a double bed
had repetitive injury and eyesight problem because
there was not enough space for a monitor, office chair,
larger desk.




Sustainability 2021, 13, x FOR PEER REVIEW 20 of 32

Lighting 1 Lights are not dimmable
Sound 1 No door to room so cannot shut out noise
634
6.5. Control 635

A limitation of the previous questions regarding adaptability is the assumption re- 636
garding personal control over space. The respondents were then asked about the levels of 637
control they had within their space (Fig.13). There appeared to be a consensus from both 638
samples, identifying lots of control over their spaces; hence confirming the assumption. 639

640

Sample A | Sample B

How much control do you have over your space? How much control do you have over your space?

Little control,
9
27% Little control,

7%

No control,
Lots of Lots of 7%

control, 63% control, 87%
No control,
11%
N )
Figure 13. Levels of control. 641
6.6. Miscellaneous 642

The last few overarching questions focus on what works well and overall comments 643
(Tables 11-14). Furniture is the most common answer from both samples; ‘height adjusta- 644
ble chair’, ‘nice setup easy to connect to my laptop’, ‘dedicated space for certain tasks’. At 645
this point in the survey, we notice more repetition in responses; although this is beneficial 646

in strengthening key design drivers, it may also be a sign of fatigue from respondents. 647
648
Table 11: What works well in your work/study space and why? (Sample A) 649
Category/key theme Count Examples
Furniture Height adjustable chair makes things feel different when it's not

Everything I need - bathroom, kitchen
Can work in different locations, desk, floor, bed etc. which is nicer than sitting
40 in one spot all day
curtains to reduce distraction and lift up for relaxation
room divider is used around my desk
two tables between which I like to move around

lights at night are warm coloured creating a beautiful atmosphere
daylighting and privacy create a good study environment

Lighting control over the thermal and lighting conditions in my space because I don't
28 have to share the space with anyone else
lamps ... since they were put in different places on purpose... windows are
double glazed and let a lot of light come in
lots of natural light for day and lots of lamps for night
Mood clear boundaries with others in shared spaces and quiet time when I have it to

myself allows me to do work
fixed and personal workspace... having everything set up exactly how I
need/want it

10
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works well since it is a personal space and less distractions
well-being: plants, bird sounds from outside, nature view from my window

Thermal Comfort good comfortable temperature
10 once the heating is up it is a pleasant space to inhabit
own control over the thermal and lighting conditions

Sound 3 quiet enough to focus

Table 12: What works well in your work/study space and why? (Sample B)

Category/key theme Count Examples
a nice setup easy to connect to my laptop
large desk space is vital. I also have another desk area for creative work so I can
Furniture 9 split my brain! It is hard to break tasks down as a dyslexic so dedicated space for
certain tasks is key for me. As is two large screens. I need the desktop space for or-
ganisation.
Desk arrangement by window - enables taking visual rest breaks and changing fo-
cus from screen to distance.
Having raised monitor screens

Lighting 4 French doors to one side that allows natural light in
lack of windows (it is a basement room) means daylight doesn't create glare
I have natural light which helps my conditions

Room decoration 2 dark wall colour cuts down on glare in space
Having art and plants nearby which bring me moments of joy and inspiration

Th | Comfort 5 I can control the temperature
ermal Comfor . . .
Being close to heater for when it's very cold which counteracts the draught for the

window at the same time.

My resilience and positivity and capacity not to focus on material circumstances. I
have a lot of creative activities in the same space when I am off. Being on my own
rather than coping with the nuisance of colleagues around me works definitely
well.

Mood 2

Sound 1 I have the room to myself so I can control the noise levels

The overall comments presented in Tables 13 and 14, provided a bit more clarity on
the rest of the responses, highlighting key features such as ‘desk height” and the impact of
‘online lectures’ and ‘ergonomic changes’ in their remote working space.

Table 13: Any other comments about your space? (Sample A)

Category/key theme Count Examples
I do not find a need to adapt it since it has been well-designed and optimised for
this configuration (e.g. outlets and lights/light switches in correct places)

I find desk height makes quite a big difference on comfort as my desk is really quite
low and so I'm always leaning forward and for hours at a time, so often have an
achy back from it.
developed RSI in hands, arms, elbows due to lots of computer works so had the
desk, mouse and keyboard adapted to reduce pain when working online (which is
always!)

Furniture 3

Lighting 3 would be improved with more natural daylight

650

651

652
653
654
655
656

657
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online lectures.... Better when light is coming from the side or in front than behind
me... quite a lot of glare on my computer screen

not too much sunlight, it's very bothering specially when spending all this time in it

having too much control has made me change things more often than necessary to

Mood 3 procrastinate from work

very cosy and positive to be at home compared with at uni

Table 14: Any other comments about your space? (Sample B)

Category/key theme Count Examples

I have recently made ergonomic changes like getting an external keyboard and
mouse so I can position my laptop screen more effectively and that has been help-
ful. Biggest issue has been limited internet bandwidth available in my area and
when my partner and I both have meetings so one of us has to move to a different
space.
I've been thinking about adapting the desk in my office to become a standing height
worktable
Other issue has been figuring out how to adjust lighting and computer screens to
1 avoid triggering migraines - benefit of more flexibility but there is less lighting in
general than on campus spaces which makes it harder for me to work in the eve-
nings

Furniture 2

Lighting

It's not very nice working where you sleep
Mood 2 I didn't choose to work here (i.e. only because of pandemic). I would prefer to be in
my office so that I can have more separation between my personal and professional
life

6.7. Demographics

Lastly a few details regarding the demographics for each of the samples (Fig.14 and
15), this reconfirms the original participant information and sample descriptions. Sample
A was predominately 18-24 with fewer conditions, whereas B was more varied across age,

with a majority of neurodivergent respondents.
S le A
Age Range ample Conditions
18-24 88% None of the above 53
25-34 8% Neurodivergence 7
35-44 2%
Other 2
45-54 2%
Mobility
55-64 2% conditions . 2
Sensory sensitivity I
65andover 0% or impairment 1
0% 20% 40% 60% 80% 100% 0 10 20 30 40 50 60
Responses Responses

Figure 14. Demographics (Sample A)
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Age Range Sample B
55-64 | 27% Neurodivergence
3544 7% orher
2534 I 20% Sensory sensitivity
or impairment
4as-se [ 13%

Mobility
1824 [N 7% conditions
None of the

6sandover [ 7% above

0% 5% 10% 15% 20% 25% 30%
Responses

Conditions

E

o
~N

4
Responses

Figure 15. Demographics (Sample B)
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7. Analysis & Discussion 670
7.1. Interior Design 671
Furniture 672

The responses from Sample B heavily aligns with the literature findings; the most 673
frequent responses regarding recent changes were related to furniture and specifically the 674
repetition of ergonomic chairs and desks. This is further confirmed by Helander, describ- 675
ing the aid in comfort and wellbeing provided by adjustable seats and armrests (36). Fur- 676
thermore, furniture appears to work the best in most respondent’s work/study spaces, 677
with many creative solutions such as ‘curtains to reduce distraction and lift up for relaxa- 678
tion” and ‘two tables between which I move around’. 679

Having an additional desk for a different purpose suggests a positive solution to hot- 680
desking; rather than creating limitless options, perhaps allowing employees the option of 681
switching occasionally. A respondent in sample B mentions ‘I also have another desk area 682
for creative work so I can split my brain! It is hard to break tasks down as a dyslexic so 683
dedicated space for certain tasks is key for me.”. In terms of neurodiversity, research shows 684
higher levels of creativity amongst neurodivergent individuals; creating this separation 685
along with dedicated quiet and private spaces, encourages and supports more comforta- 686

ble working environments (66, 67). 687
As the students in sample A appear to work on a variety of different activities that 688
require a lot of material and space, the repetition of desk size is prominent. 689

Furniture contributed the most to the wellbeing of sample B. It does appear that 690
although many positive responses were made for the furniture within their spaces, it was 691
one of the most common barriers experienced; regarding ‘limited desk space’, “desk height 692

isn’t ideal’, “not enough space for me to be organised as I would want to be’. 693
694
Room Decoration 695

Overall, how their rooms were decorated, contributed the least to both sample’s well- 696
being within their spaces (13% for sample A, 7% for sample B, with 47% of sample B also 697
stating it contributes the least). Additionally, most of the responses directly related to 698
room decoration were from sample B; one respondent mentioned how they ‘painted walls 699
for a change in scenery and to brighten room up’; although a creative solution to this sense 700
of ‘captivity’, it could be a temporary solution requiring additional planning and mobility. 701

However, there are few mentions of plants, largely from sample B; ‘the plant allows 702
me to feel a sense of freshness’, ‘being able to see houseplants while I'm working makes 703
me happy’, ‘having art and plants nearby which brings me moments of joy and inspira- 704
tion’. Overall, the impact of plants does appear positive, aligning with biophilic research 705
(44, 68, 69), however potentially the lack of specific questions regarding this may have 706
prevented the respondents from delving into this ‘joy and inspiration’. 707

Nevertheless, comparatively to the ergonomics of their furniture, the decoration of 708
their room did not appear to influence their overall positivity as much, although did ap- 709
pear most acknowledgeable by sample B (potentially relating to the higher levels of crea- 710

tivity mentioned above). 711
712
Layout 713

There were frequent mentions across both samples of the lack of separation from 714
work and rest; this confirms the influence of ‘zoning” and its importance in achieving con- 715
centration and knowledge absorption (26). It was the most frequent response to barriers 716
experienced within the respondent’s workspaces, regarding the lack of ‘distinction be- 717
tween work and relaxation’ or the difficulty in ‘motivating yourself to do work in the same 718
space you sleep’, and this creating ‘a negative effect on my mental health’. 719

There appeared to be a few creative solutions like the curtain idea, in the sense of 720
optimising all corners of a space to create a different environment; ‘my height adjustable 721
chair makes things feel different’, ‘the room is divided up into different sections through 722
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furniture allowing one part to be adapted easily into a workspace whilst retaining its orig- 723
inal purpose as well’. This use of furniture to stimulate different environments is conflict- 724
ing as this could impact wayfinding; preventing clear routes through spaces and creating 725
trip hazards which could increase stress when travelling around. However, creating this 726
semi-open boundary provides safety and increases concentration (70); this separation bar- 727

rier demands creative solutions due to its shared response across both samples. 728
7.2. Environmental Design 729
Lighting 730

Lighting contributed the most to the wellbeing of sample A. It was also one of the 731
most common drivers across both samples for choosing a space; ‘good natural lighting’, 732
‘natural light and no distractions’, ‘control over lighting’. 733

There were lots of conflicting comments regarding daylight, ‘there are also issues 734
with the light from the window in my room at certain times of the [day]’, ‘less lighting in ~ 735
general than on campus spaces which makes it harder for me to work in the evenings’. 736
The second comment is interesting because although it’s good to prevent long work hours 737
due to the impact on well-being (70, 71), it suggests their ‘flow’ period is much later in the 738
day. However, potentially more details regarding work/study schedules would be re- 739
quired to align daylighting and “flow’ periods. 740

Many mentioned conflicting opinions regarding workspace placement in relation to 741
windows; ‘glare into my eyes because it’s next to the window’, ‘direct sun in eyes in the 742
mornings’. One respondent suggested a holistic solution to glare by using a ‘dark wall 743
colour [to cut] down on glare in the space’, this could also provide clear visual contrast 744
between lighter furniture/flooring, supporting clearer wayfinding. 745

Lighting was also used to increase motivation and prevent tiredness; ‘daylight really 746
increases motivation at times’, one respondent mentioned changing their lighting ‘be- 747
cause it used to make me sleepy’, ‘daylight is very important to feel fresh and ready to 748
work’. However, a conflicting comment ‘not too much sunlight [as] it's very bothering 749
especially when spending all this time in it’, refers back to the external lack of control and 750
prolonged exposure. Furthermore, this comment does contradict the literature that states 751
the positive impacts on wellbeing from bright light (72, 73), highlighting the individuality 752
of workspace design, and lack of inclusion considerations in previous research. 753

Control over lighting was extremely important, many respondents enjoyed having 754
‘control over lighting” and by using ‘lamps... put in different places on purpose’; ‘lamps 755
were installed to make it usable after dark’. Furthermore, one respondent mentioned ‘the 756
lights at night are warm coloured creating a beautiful atmosphere’. 757

Overall, lightning preferences and needs were related to individual factors, as op- 758
posed to the separate samples (i.e. daylight, workspace placement, motivation and con- 759

trol). 760
761
Thermal Comfort 762

The largest influence on thermal comfort across both samples was the increased lev- 763

els of control; when asked what works well within their workspace, one respondent re- 764
plied, ‘I can control the temperature’ similarly to another stating, ‘I can control the heating 765
so that it doesn’t get too cold or warm which is useful as it keeps me awake and alert’. 766
This confirms Grigoriou’s suggestions mentioned in the literature review, that control 767
produces positive impacts on productivity, however, this may only work well in an indi- 768
vidual setting; within a larger workplace, shared with others, this could cause conflict (45). 769
Furthermore, across both samples, thermal comfort proved a large contributor to 770
wellbeing; ‘once the heating is up it is a pleasant space to inhabit’. Overall, both samples 771
appeared homogenous in the impact of thermal comfort. 772
773

Acoustics 774
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Quietness is prevalent through two respondents in sample B purchasing noise-can- 775
celling headphones; one mentioning ‘to block out noisy neighbours either side’. However, 776
like thermal comfort and lighting, one respondent mentioned ‘I have the room to myself 777
so I can control the noise levels’, this suggests limited background noise, and re-iterates 778
the demands of ‘solitude’. 779

A respondent (from sample A) mentioned a barrier that ‘sound clashes if me and my 780
roommate are both in calls’, similar to respondents (across A and B) mentioning family 781
members at home. This is similarly representative of the ‘open-plan’ office and could con- 782
tribute to sensory overload. The idea of the semi-open cubicle to provide physical bound- 783
aries could be a feature integrated with additional acoustic panels, preventing sound 784
clashing. Overall, the impact of acoustic design across both samples, emphasises the im- 785
provements in workspace design as improvements for all. 786

7.3. Summary and Implications 787

The survey within this research encouraged the respondent to personally consider 788
their own workspace (due to the demand of remote working); the data from the survey 789
allowed more succinct and individual responses, understanding the user. 790

Overall, the aggregation of both qualitative and quantitative data did prove contra- 791
dictory but resulted in more indicative conclusions, such as the innovative solutions that 792
arose from respondents who had optimized their space across both samples. Many sug- 793
gested creative solutions to the issue of zoning, suggesting adding curtains to separate the 794
space, or using different desks for different activities. This reinforces the effective practice 795
of learning from the user, identifying what can be incorporated/removed from existing 796
workspaces to productively remove barriers, improve perceptions, and achieve comfort- 797
able working conditions. This also enhances a balanced relationship between user and 798
designer; through mutual under-standing and influence, a long-term, supportive, and 799

comfortable space can be created and improve the sustainability of the project. 800
7.4. Methodology Evaluation 801
7.4.1. Researcher Bias Statement 802

During the analysis of the data, it is important to identify potential areas of bias. In 803
the feedback question for the survey, one respondent mentioned that some of the ques- 804
tions seemed similar; this is noticeable from the repetition of the ‘why’ questions. This 805
could lead to habituation bias; where respondents provide similar answers worded in 806
similar ways (74). This effect was mitigated by shortening the survey to reduce fatigue; 807
while making it stimulating enough to prevent the respondent from running out of en- 808
ergy. Nevertheless, this bias can lead to repetition of some of the results — providing fur- 809
ther confirmation but extended analysis time. 810

There could also be wording bias (75); where the wording of a question impacts how 811
a respondent replies. This may be the case in the examples provided in this survey, e.g., 812
mentioning the movement of furniture in respect to flexibility in the room, did appear to 813
impact the responses (see Appendix A for whole survey). 814

External to this there’s researcher bias; many different variations of this exist suchas 815
confirmation bias, where a researcher’s judgement and analysis is purely based on con- 816
firming a belief/hypothesis as opposed to evaluating and criticising (76). This shall be re- 817

duced by challenging pre-existing assumptions and re-evaluating responses. 818
819
7.4.2. Data limitations 820

A few questions appeared influenced by wording bias, specifically those focusing on 821
adaptability with the example of moving furniture. Although the intention is to provide 822
clarity to the question, this appeared to sway the answers. One improvement could be by 823
providing images of typical ‘adaptable spaces” and allow the respondent to be more visu- 824
ally stimulated (to prevent fatigue) and less influenced by specific words. 825
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Overall, the stress of the global pandemic swayed many of the responses. This re- 826
striction is prominent amongst Sample A and there are many mentions of limited options; 827
‘no other space’, “only place I have’, ‘there’s nowhere else’. Similarly, one respondent men- 828
tioned that they would “prefer to work at their office...but this is not allowed’. Regardless 829
of spatial barriers, the overall influential factor appears to be a lack of control externally 830

to their space. 831
8. Conclusion 832
Standards and guidance on the design of workspaces include methods to improve 833
productivity and overall comfort; but contain limited information on inclusivity. 834
The Social Model of Disability holds designers responsible for creating or removing 835
the barriers experienced by the user. 836

Quantitative data from surveys confirmed that lighting and furniture (specifically 837
the ergonomics of furniture) had the greatest contribution to the wellbeing of participants, 838
providing alignment with the literature. 839

Qualitative survey data presented more specific personal needs in relation to indi- 840
vidual workspace, such as the relationship between mobility disabilities and ergonomics, 841
and between neurodivergence and zoning/partitioning. The data also began to suggest 842
positive responses to room decorations and layout to be related to creativity in neurodi- 843
versity. 844

The mixed-method approach highlights homogeneous responses between both sam- 845
ples and data; design features such as thermal comfort and acoustics require improve- 846
ments that would benefit all, e.g. added thermal comfort control and acoustic panelling. 847

A major factor influencing workplace satisfaction across both samples was the con- 848
trol over one’s environment. Participants used lamps and blinds to control lighting; and 849
adjusted heating to keep them awake and alert. This reinforces the effective method of 850
learning from the user. 851

The diagram below has been created, taking into account the responses and litera- 852
ture, to identify the prescriptive and performance needs emerging from this research. Pre- 853
scriptive highlights key design features, many provided by respondents to the survey 854
alongside literature, and performance relates to the demands mentioned in the survey and 855
overall drivers for workspace design. Overall, the importance of interacting with users 856
and understanding the drivers behind workspace design can provide clear solutions that 857
actively include all users. 858
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Appendix A

Table A.1: Overview of survey questions and type.

859
860

861

862
863
864
865

866

867
868
869
870

871

Theme Survey Question Question Type

In which space listed below does most of your
working/studying take place?
Do you vary where you work?

Spatial Context & Overall Multiple choice

Use Multiple Choice

If you are at home, which space do you mostly Multiple Choice
work/study in?
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(Context regarding location, Is this space shared with others? Multiple Choice
what draws them to this How long have you been working/studying in this Multiple Choice
space) space?
Why have you chosen this space? Open-ended question
Spatial Changes & Have you changed any of the below within your
. Checkbox
Individual Use work/study space over the past year?

(Regarding specific changes
within their space, whether
barriers exist that they cannot

Regarding the previous question, why did you carry out
these changes?

Similarly, are there any specific barriers you continue to
experience in your space?

Open-ended question

Open-ended question

change)
Wellbeing
Which contributes the most to your wellbeing within . .
(Identifying what brings them your space? Multiple Choice
the most joy and happiness)
Flexibility/ adaptability Would you describe your space as flexible/adaptable? Multiple Choice

(Extending on the barriers
question, identifying whether
they can change their space

Le. can you adapt it to suit your needs?
If yes, what makes it flexible/adaptable?
If no, what makes it inflexible/unadaptable?
Would you benefit from more adaptability in your

Open-ended question
Open-ended question

based on their needs) space? Multiple Choice
Control
(Limitations include being in How much control do you have over adapting your Multiple Choice

student accommodation, or
mobility conditions)

space by yourself?

Miscellaneous

(Conclusive questions, any
final comments)

What works well in your work/study space and why?

Any other comments about your space?

Open-ended question

Open-ended question

Demographics

Do you have any of the below? (This is to further

understand any previous preferences mentioned) Checkbox
(Could be relevant to previous (relating to specific conditions)
ZZ;S:;:;tabr;zgt;;dmg control Which age range are you in? Multiple Choice
Feedback Any feedback on the survey? Open-ended question
872
873
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