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ROUTLEDGE HANDBOOK OF
HIGH-PERFORMANCE WORKPLACES

This timely book focuses on an overview of the fundamentals behind high-performance workplaces
underpinning occupants’ satisfaction, health, and productivity. To this end, it covers human, environmental, and
organisational aspects proven to be of great relevance to the design of high-performance workplaces. Perhaps
most significantly it looks at these characteristics both before and after the start of the COVID-19 pandemic.

From the exodus from private offices to the rise of open-plan workplaces, where, how, and when people
work was changing rapidly pre-COVID. Post-COVID, pandemic-imposed restrictions banished workers
from offices into their homes fast, leaving organisations scrambling to keep workers functioning away
from HQ. After the immediate shockwaves set by the pandemic, workers and organisations have had time
to learn about the positive and negative aspects of remote working, with the vast majority now questioning
the need to go back to HQ and the purpose of offices. In this book, the contributors share and discuss
lessons learned from research conducted in workplaces pre- and post-2020 with a view to providing a clear
picture about what high-performance workplaces are about, including the key drivers behind workers’
satisfaction, health, and productivity. This handbook builds on a programme of applied research conducted
in workplaces led by the editors over the last decade which is aimed at understanding the synergies between
the design, performance, and experience of spaces. It examines ergonomics, biophilic design, acoustics,
indoor air quality, thermal comfort, diversity, leadership, psychological safety, culture, and much more.

Research findings are presented side-by-side with case studies selected from the research database led
by the editors. Industry experts add to the academic voice, reinforcing the authenticity of this book and
its relevance to other stakeholders found outside the academic arena, including the property and design
industry, students, government, and the community in general.

Christhina Candido directs the SHE (Sustainable and Healthy Environments) Lab at the University
of Melbourne Faculty of Architecture, Building and Planning. She leads a program of applied and
interdisciplinary research aimed at advancing knowledge about the design, performance, and experience
of the built environment. She has led Post-Occupancy Evaluation surveys in 250 workplaces located in
five continents. Findings from her work in workspaces have been used to inform changes in design and
operational practices around the world. She is member of expert advisory groups with the International
WELL Building Institute (IWBI), WELL Faculty, the Green Building Council of Australia (GBCA), and
the National Australian Building Rating System (NABERS).

Iva Durakovic is a lecturer and interior designer with over 10 years’ experience working on high-profile,
award-winning workplace design projects. She holds a Bachelor of Interior Architecture Hons from the
University of New South Wales. Her research focuses on behavioural impacts and phenomenology of
high-performance workplaces, evaluating the environments and their cultures to understand the human
factors at play across individual, physical, and organisational levels, particularly within emergent post
2020 workplace contexts. Her projects blend research, industry, and work-integrated learning to foster
knowledge exchange between leading practitioners, academics, and next-generation designers.

Samin Marzban is a lecturer with the School of Civil, Mining, Environmental and Architectural
Engineering at the University of Wollongong, Australia. She is an architect by training and holds a PhD
in Built Environment from the University of New South Wales, Sydney. Her research focuses on indoor
environmental quality, with a particular focus on post-occupancy evaluation and workspace well-being.
She is also interested and skilled in multi-disciplinary building-related research, including performance-
based design, optimisation, and energy efficiency.
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ABOUT THE
TRANSDISCIPLINARY
WORKPLACE RESEARCH AND
MANAGEMENT SERIES

In recent years workplace research and management topics became even more relevant due to many
changes that our societies experience. Businesses started to see the hidden value that thoughtful
management of workplaces can bring to organisations and people. More research is conducted
providing evidence of the impact that workplace interventions create. People more freely express
their preferences in the working environments they want to have.

We capture this growing interest for better workplaces also through our book series titled
‘Transdisciplinary Workplace Research and Management’. This is already the fourth book in our
book series since we started in 2021. Our aim as editors with this series is to bundle important
insights from the many different disciplinary fields that are involved in researching or managing
work environments and the workers using these spaces. Our first two books identified 40 important
workplace-related theories from many fields and integrated them into two holistic models. Book
3 presented an overview of workplace research methodologies that help collect essential infor-
mation on workplace design, use, and experience in practice. This fourth handbook again has a
unique contribution for everybody involved in studying, designing, or managing workplaces and/
or their users. Where Book 3, on methods, perhaps was more beneficial to researchers, this fourth
book provides a strong overview of the state of the art in scientific research for practitioners and
workplace researchers alike.

Every chapter provides valuable advice on how to create a high-performance workplace from
many different important design angles. First the physical environment is discussed regarding both
spatial design—related and indoor environmental quality factors, ranging from layout or biophilic
design to air quality and acoustic quality. What we particularly like is the complementarity of that
with the second section on human factors, where the authors try to clarify the ‘one-size-does-NOT-
fit-all’ problem of workplace design and management. Last, several case studies add insights on
how office organisations are trying to adjust their work environments to the ‘new normal’ of hybrid
working.

The first books already proved to be a success among researchers and practitioners. So, we are
delighted to add this fourth book to our series. We hope the transdisciplinary and holistic angle
will help create the high-performance workplaces that all workers worldwide deserve. We thank
the editors and authors of the fourth book for all their work and wish its readers many insights
for future studies and workplace projects. As you will see, this time most of the authors and the
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The transdisciplinary workplace research and management series

provided case examples are from the Pacific Rim region. But the issues discussed in the book are
no different from office workplaces in the rest of the world. It is a great example of how work-
places, employees, and organisations across the globe are concerned about the same things. So,
the findings provided here and discussions of international literature will be beneficial to every-
one worldwide. We support and encourage the development of an international community of
researchers and practitioners that focuses on developing workplaces further. To download the first
three books in the series, visit https://www.routledge.com/Transdisciplinary-Workplace-Research-
and-Management/book-series/TWR and look for the free download or order a print version.
Rianne Apple-Meulenbroek and Vitalija Danivska
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ABOUT THE EDITORS

The relationship between workers and the workplace is undergoing the most profound shift seen
in decades. Combined pressures of the COVID-19 pandemic, a global mental health crisis, and
increased pressure on organisations to report their social and environmental impact are challeng-
ing long-standing assumptions about where, when, and how we work. Workplaces that did not
prioritise well-being — for example with marginal indoor air quality and a lack of daylight — may
have found it challenging to convince workers to head back to the office. If they worked in a poorly
designed open-plan office, the chances of bringing them back are even lower. Evidence to date has
shown that home offices on average are better suited to the focused work most knowledge workers
spend a large percentage of their time doing (Gensler, n.d.), highlighting long-standing complaints
about workplaces that fail to meet the health and performance needs of their workers (de Oliveira
et al., 2023). All of these pressures have renewed attention on workplaces that are successful.
The stakes are high, with implications not only for the individual workplaces but for real estate
portfolios, urban planning, public health, and social and community impact. Given that we spend
approximately 90% of our time indoors, and much of our waking hours working, workplaces have
the potential to profoundly influence our health, well-being, and performance. Understanding how
they can do this is the focus of this book, and it could not be more timely or relevant.

From the early 2000s, Australian workplaces have been leaders globally regarding the design
of high-quality physical office spaces. This has largely been thanks to the emergence of the green
building movement and maturing industry associations, which created a mainstreaming of design
factors that raised the bar for the air, light, acoustics, and thermal comfort conditions for many
workplaces. In the 2010s, the focus of these physical factors shifted beyond design to measure-
ment and performance, thus setting Australian workplaces up well to make environmental, social,
and governance (ESG) disclosures. Other factors that have helped drive an increased national
focus on sustainability leadership include a highly competitive local property industry which is
open to collaboration, a willingness of building owners to go above and beyond in providing
amenities and experience to their tenants, and various standards and rating tools to drive different
parts of the market. Australia’s leadership in high-quality physical office spaces, combined with
their current focus on measurement and performance, makes them an excellent example for other
regions wrestling with how to address current health and sustainability issues in the workplace.
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About the editors

As evidenced by the fallout of the pandemic, however, a workplace consists of more than the
physical office and leadership in environmental design. Organisational culture, leadership, and
social relationships are crucial factors that can influence the health, well-being, and performance
of both employees and the organisation as a whole. Global data indicates that factors such as psy-
chological safety, diversity, equity, and inclusion, and an environment of care and support, are also
emerging as critical factors in the workplace (Abid et al., 2016; Office of the U.S. Surgeon Gen-
eral, 2022; Platform on Sustainable Finance, 2022; Rozovsky, 2015). Despite an appreciation for
much of the physical workplace factors by Australian industry, including psychosocial and organi-
sational factors in the understanding of high-performing workplaces has not been mainstream.
This is a missed opportunity to understand the full range of factors that impact health, well-being,
and performance in Australian workplaces. Understanding how our workplaces and our organisa-
tional structures can support the health and well-being of our workforce can potentially drive both
short- and long-term public health outcomes and lead to a happier, healthier, and more engaged
and inclusive workforce.

A/Prof. Christhina Candido, Iva Durakovic, and Dr Samin Marzban have been working to
understand these global and local factors impacting workplaces for over a decade. Their pio-
neering work in Australian and international workplaces has bridged research and industry and
provided concrete data exploring multiple facets of the worker—organisation office relationship.
A/Prof. Candido’s work on post-occupancy evaluation in particular has evolved over the last
decade from overseeing some of Australia’s first research-led post-occupancy evaluation surveys
focused on indoor environment quality (IEQ) to more recently being able to show links between
IEQ factors and self-reported health, engagement, and productivity outcomes (Candido et al.,
2019). As a pre-approved survey provider for the International WELL Building Institute (IWBI)
and the first research lab teaching WELL coursework, she and her team have provided essential
datapoints and evidence to support the global WELL Building standard, including the largest
case studies to date of WELL Certified buildings within the APAC region (Candido et al., 2020;
Marzban et al., 2023).

The national leadership of all three editors is also evidenced by their ongoing contributions to
standards and rating tools across Australia. Internationally, they have been selected to participate
in IWBI’s advisories of global experts, tasked to inform the development of the WELL Building
Standard, and identify current trends in research and industry. These have ranged from identifica-
tion of key research and implementation gaps for healthy buildings in the Global Research Agenda
to strategies for tracking, measuring, and reporting health across scales in the /12 Competencies
for Measuring Health and Well-being for Human and Social Capital. Importantly, all three edi-
tors recognise the significant opportunity of improving our workplaces to be environments where
people can thrive and are recognised globally for their expertise.

Given this level of expertise, it is not surprising that this book addresses key gaps in knowl-
edge using a holistic approach to high-performance workplaces that blends evidence on the
physical and psychosocial work environments. This approach is essential to understand what
constitutes a high-performance workplace. It is also needed to translate those findings into the
kinds of data industry needs to show that an investment in high-performing workplaces can lead
to financial, health, and social benefits for organisations and communities. Given the current
pressures on real estate, organisations, and workers themselves to balance performance with
social impact and well-being, this contribution to the field of workplaces studies could not be
better timed.

Angela Loder and Jack Noonan
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ABOUT THIS BOOK

Workplaces are complex ecosystems, playing a critical role in the success of organisations and
workers. Workplace experience, well-being, and sustained human performance have been key
priorities for organisations, with workplaces striving to create the optimal physical, cultural, and
operational environments for people to thrive. Decades of research documenting the evolution and
transformation have shown that culture, leadership, and social capital are key to sustaining organi-
sational talent, innovation, and productivity. Places where people work from enable, support, and
represent these critical elements by providing the physical and digital infrastructure needed by
workers to perform their activities.

The pandemic has challenged them all, highlighting the inadequacies of ways of working and
workplaces that were already fast emerging and accelerating trends around increased flexibility,
health and well-being, and workspace design and performance. The collective experiences during
the pandemic have fundamentally challenged a decades-long business model built around a 9-5
work week able to bring masses of people to our cities — everyday, rain or shine, they would be
there. This deterministic approach to a static, spatial-temporal work arrangement has profound
ramifications to workers’ financial commitments (mortgages, childcare), health and well-being
(commute times, stress, burn-out) and overall work—life balance (or lack thereof). Further, this
model also greatly influenced cities’ infrastructure and their subsequent environmental footprint,
liveability, and the business ecosystems built around central business districts (CBDs). Having
workers returning to centralised offices is pivotal to the economic recovery of cities, and therein
lies the challenge of closing the great divide between thriving, resilient workplaces discussed in
this book and the workplaces which some have called the age of 9-5 office obsolescence.

From a way of working perspective, the forced disconnection from the physical workplace
experienced by knowledge workers globally has illuminated how critical intangible factors are
to the success of our ways of working, and the value physical workspace holds in supporting the
physiological and psychological functions of employees. In many ways, the appetite for more
flexibility and autonomy was already there, being constantly captured in academic and especially
industry-led research focusing on workforce needs from different generations. For instance, mil-
lennials, the first digital natives, were under the spotlight because of their expectations, attitudes,
and beliefs towards work, including an unapologetic need for flexibility and wiliness to change
jobs to find a position with better work—life balance. Not surprisingly, when faced with the prospect
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About this book

of fulfilling their needs for flexibility, as the global working from home and elsewhere experiment
enabled, many are finding it difficult to let go. Whilst asymmetrical and country-specific, our col-
lective experiences have raised awareness of the importance of communities, work or otherwise,
to our psychological well-being, sense of safety, and resilience. For employees, the disconnection
from the office has illuminated its role in supporting their professional identities, social connec-
tions, and daily transition rituals, diminishing their sense of purpose and belonging, leaving simply
the work itself exposed bare for evaluation. By allowing workers to have more control of when
they work, they managed to better balance their individual needs whilst maintaining their produc-
tivity, though this has sometimes come at a cost to their health and well-being due to the increased
time spent seated and attending online meetings, challenges in consolidating a routine, and other
aspects. At the same time, managers are challenged to find an approach for navigating the new
ways of working and reconciling individual, team, and organisational needs.

From a physical environment perspective, the pandemic prompted generations of open-plan
office natives to experience the benefits of cellular offices when it comes to creating a bespoke
environment that suits their needs. This hyper-personalisation made an average home equal and
sometimes better than a premium-graded office in delivering people with environments they can
concentrate in and perform individual work. This has fundamentally shifted workers’ expectations
when returning to the office and with it the baseline of performance — what was deemed a nice
thing to have before is now very much a must have when it comes to experience and performance
of workspaces. The pandemic is the biggest disruptor in workplace history since the internet. At
this stage, the evidence shows that the very need of workplaces is not going away, but its shape and
size is likely to change, and the type of office people would like to go back to (if at all) will receive
further thought. In the evolving landscape of ways of working, leaders need to find approaches
to effectively navigate and manage the flexible parameters of when, where, and how people want
and need to work, to be truly inclusive of an ever diverse, connected, and globalised workforce.
We now find ourselves in a landscape where workers hold organisations accountable to action
and decisions which deliver positive impact on people, society, environment, and economy. The
understanding of what makes workplaces high-performance is more important than ever before.

Design is a powerful problem solver and critical conduit for the translation of knowledge
(research), needs (organisational, functional, and experiential/human) and requirements (per-
formance) into tangible physical places we occupy. Workplaces are powerful tools of work for
organisations, teams, and individuals enabling professional networks, communities, identities, and
cultures to thrive, but without skilful design solutions to fit the puzzle pieces together they cannot
function effectively. By understanding the factors critical to high-performance workplaces and the
mechanisms through which they interact with human motivations, behaviours, and experience,
we can more effectively apply this knowledge to create the responsive, supportive, resilient, and
sustainable environments that the broader issues of society, economy, and planet demand now and
in the future.

This book introduces the fundamentals behind high-performance workplaces and the challenges
of harnessing human, environmental, and organisational aspects that can make a positive contribu-
tion to workers’ satisfaction, productivity, and health. This publication builds on a programme of
applied research led by authors which is aimed at understanding the synergies between the design,
performance, and experience of spaces; knowledge which is pertinent and applicable to workplace
researchers, designers, and organisations globally. When combined, chapters provide a road map
to achieve high-performance in static, untethered, and adaptive workplaces, including reflections
on the needs of the unshackled workforce post-pandemic. This book places research findings and
case studies under the spotlight, celebrating the work of Australian-based academics and industry
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professionals, especially women from diverse backgrounds. The combination of industry and aca-
demic voices reinforces the authenticity of this book and its relevance to other stakeholders from
the property and design industry, students, government, and the community in general. It is the
fourth publication of the Transdisciplinary Workplace Research and Management Series led by
Prof. Rianne Appel-Meulenbroek and Dr Vitalija Danivska.

The book is structured around four parts: physical environment factors, human factors, organi-
sational management factors, and case studies. The first three focus on introducing fundamentals
behind each factor, why they matter, and how they contribute to achieving a high-performance
workplace from the workers’ perspective, including reflections around productivity, health, and
well-being. The fourth and final part of the book focuses on selected case studies of workplaces
built and occupied before or after the pandemic, demonstrating how high-performance workplaces
can be achieved in practice.

Christhina Candido, Iva Durakovic, and Samin Marzban
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ABOUT WAYS OF WORKING

‘Ways of working’ can be understood as the manner in which work is done by teams and indi-
viduals to meet organisational priorities and needs. The evolution of the contemporary workplace
where such work has been conducted has been well documented, especially in its transformation
from factory production to the intensively paper-based administration of colonial mercantile and
banking settings through to the open-plan landscape of the offices of 50 years ago. The invention
of the lift, air-conditioning, and the elevator simultaneously led to the possibility of stackable deep
floor plans contained within office towers as symbols of corporate image and identity. Since the
turn of the century, workers’ mobility prompted by advances in technology has enabled further
changes in the location, purpose, and design of the contemporary workplace. Throughout these
phases, there has been a symbiotic relationship between the development of ways of working
within the office, organisations, and the design and development of workplaces, with important
consequences for the overall performance of workplaces.

Adoption of various models of working have far-reaching implications that go beyond the
physical workplace to include individuals, culture, and the broader environment and as such
requires careful consideration. Indeed, at the organisational level, a high-performance workplace
is not only functional and fit for the purpose of facilitating the way in which work needs to be
carried out, but one that affords and supports workers’ productivity and health whilst enabling a
business to achieve their environmental, social, and governance (ESG) ambitions. Additionally, at
the worker level, ways of working can have a tremendous impact on how workers interact with
other colleagues and where they work from and when. To be effective, the adoption of any way of
working requires a negotiation of the interests of all parties involved.

The recent pandemic has resulted in a step change or evolution in how and where work is
done — there has been a significant shift from focus on the central physical workplace to the formal
workplace becoming part of an ecosystem of places to conduct one’s daily work-related tasks.
Pandemic-related restrictions prompted a seismic shift in ways of working: knowledge workers
were forced out of office headquarters and into their homes or elsewhere. Since then, workers
experienced changes in where, when, and how they worked, enabled by synchronous and asyn-
chronous ways of communicating with colleagues at a scale and pace never seen before. Once
unshackled from a ‘9-5’, centralised office routine, workers have been reluctant to relinquish the
freedom of choice to work from where and when suits them best. This new chapter in ways of
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working invites organisations to revisit the purpose of their ‘purpose-built’ office premises and
reconcile individual and collective needs.

This introduction commences with some background and highlights the drivers of change
regarding new ways of working. The evolution in ways of working and change is described,
commencing with the fixed address and fixed desking models through to the current practice of
hybrid and distributed working. Through the evolution of ways of working both in the interna-
tional and the Australian workplace contexts, we have seen many organisations seize the oppor-
tunity to address key agenda items of sustainability and the health and well-being of employees.
As such, implications and impacts of ways of working models are presented in this introduction
through the lenses of individual well-being, organisational impacts, and the broader environ-
ment. Finally, recommendations offering practical considerations for the way forward are also
discussed.

Evolution of the workplace landscape

While individual organisations may prioritise different aspects — key considerations in relation to
workplace location have typically related to effective utilisation of resources, including the physi-
cal footprint of the office space, rental and real estate costs, tapping into better city or precinct scale
infrastructure, getting the best out of employee time, and managing office rents, as well as ensur-
ing employee retention. Additionally, ambitions for a high-performance workplace mean that it is
imperative to consider how ways of working influence communication and connection, utilisation
of resources, leadership, team collaboration, worker flexibility and choice, worker health and well-
being, staff learning and development, and social cohesion and inclusion (see Figure 0.1). In this
section we consider how the evolution of ways of working have altered the workplace landscape
to raise challenges and opportunities for high-performance workplaces into the future.

Static working

The static way of working where people are bound to a specific location and undertake work
mostly synchronously with their colleagues has been present from the birth of the office. This
discreet spatio-temporal nature of the office has had significant impact on how the built environ-
ment of our cities is designed and experienced by people, with long-lasting ramifications to where
people work and live, their commute times, and the overall urban infrastructure needed to support
and get people in and out of central business districts (CBDs).

Indeed, the early CBD office workplace was characterised as the go-to location where work was
undertaken. The physical location, as well as the nature of the place where work is undertaken,
has been inextricably linked to the ways of working within organisations at multiple scales, and
a number of shifts have occurred in recent years. In Australia, the drive to distribute employ-
ment centres around transport nodes, reduce commuting for employees, attendant CO, emissions
(Thomas et al., 2015), and attract workers and companies with better infrastructure has also seen
the development of a number of work precincts and technology and innovation hubs in major
metropolitan cities and regional centres.

In addition to a fixed geographical address, settings within the office were developed on the
assumption of continuous desk-based tasks and the allocation of one desk for every employee. At
the office fit-out scale, static working styles means that people are bound to a given location and
they develop their work mostly from this same location. This way of working is often observed
in cellular offices and earlier versions of open-plan offices. These localised workplaces are often
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Figure 0.1 High-performance outcomes of effective ways of working.

characterised by clocking in and clocking out at fixed times, extensive paperwork, and tasks com-
pleted in person alongside other colleagues.

By performing several working tasks from the same location, workers and organisations main-
tained the expectation that work completed within a ‘line of sight” and heightened co-ordination
would yield better performance. However, with the mainstreaming of open-plan offices, there was
also the rise of the evidence of the unsuitability of these open-plan offices to support organisational
and individual needs. These included concerns of noise and distractions on the one hand and the
need to facilitate collaboration on the other, which led to the need for customisation of space to
suit tasks. Moreover, as more of the workforce engaged in both casual and formal meetings and
off-site tasks away from one’s desk, it has been estimated that desk occupancy is often as low as
60-70% in offices designed to support static ways of working. This raises several questions about
the cost-effectiveness and resource utilisation from a space perspective.
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The reliance on office-bound and synchronous communications raises challenges when imple-
menting diverse and inclusive workplaces. By having to commute to office headquarters every
day or most days at set schedules, workers have had to arrange their lives around the time they are
expected to be at the office. This could be challenging for primary carers, people with disabilities,
and many other workers, with some finding static ways of working a barrier to their participation
in the paid workforce.

Whilst many forms of flexible working arrangements, technology, and ways of working and
collaborating remotely are not new, working practices did not change enough to allow workers
to have more autonomy about when and where they work within some organisations. The expec-
tation of workers being tethered to office headquarters remains the backbone of static ways of
working as adopted by many organisations and leaders. As discussed next, the pandemic has been
a catalyst for questioning this assumption. However, static ways of working are likely to still be
prevalent, either through mandates, workers’ preferences, and/or other motivators. Unless fully
subscribed, static open-plan offices as we have known them are likely to underperform and will
need to be reconceptualised to be more adaptable to changing needs to maintain currency.

Untethered working

The decoupling of the employee from a ‘fixed address’ also facilitated alternate ways of concep-
tualising work. Untethered ways of working shift the focus from location to tasks. Whilst workers
may be still bound to the temporal aspects of office headquarters, they are free to choose to work
from a setting or space that is best suited to their task at hand. Going beyond the undistinguished
model of ‘hot-desking’ that was developed primarily as a space-efficiency measure to combat the
aforementioned low occupancy rates of static offices, Activity-Based Working (ABW) environ-
ments are developed to align the various workplace activities with the most supportive tools and
spaces, with the focus on team needs rather than individual work points. This type of flexible
working enhances workers’ autonomy and empowers the individual. However, some find it diffi-
cult to adapt to this ‘free address’ model, as it can reduce the sense of belonging, and the perceived
loss of line of sight poses challenges to mentoring and team building if not implemented and man-
aged effectively.

Research undertaken through a host of Post-Occupancy Evaluation (POE) studies indicated the
best outcomes for productivity are achieved with an integrated design approach to workplaces that
is cognisant of user needs for getting their work done effectively. For example, research undertaken
at the University of Technology Sydney between 2009 and 2011 tracked over 2,500 employees as
they moved from a conventional open-plan office into their new high-performance office and sites
of one of Australia’s first ABW environments (GBCA, 2013). The transition was managed through
pilots, mockups, and focus groups to communicate and co-design shifts from private offices to
open plan, removal of fixed addressing, and introduction of ABW. Participants in the study showed
an average of 15% net increase in perceived productivity for employees who had moved into the
new building. Importantly the research also underlined the need to continue the user-responsive
approach during the ongoing management of the workplace once it is in operation to gain the best
results for a high-performance workplace. The case study in Chapter 20 also highlights how adop-
tion of ABW as part of a holistic workplace strategy that allows for evolving work and workstyles
can enable resilience and HPW.

As more organisations test and customise the activity-based environments, many are finding
a hybrid model of neighbourhoods within the office efficient, as it enables better approaches for
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team building and collaboration. For example, employees in a department may remain grouped
together but with flexible seating and shared amenities, such as project-based spaces, libraries,
and breakout spaces. Careful design and management of the physical space that supports this
way of working is critical and discussed in detail in Chapter 1, ‘Office Layout’. Other aspects
that are critical relate to the provision of enabling infrastructure via digital technology and
space management as well as the development of workplace culture and practices to foster
more collaborative ways of working while also mitigating unwanted interruption (Candido
et al., 2021).

Adaptive working and implications of ways of working post-COVID

Even before the onset of COVID-19, new ways of working wherein ‘employees are able to work
independent of time, place and organisation, supported by a flexible work environment which
is facilitated by information technologies’ (de Leede, 2016) were already gaining traction as an
effective way of procuring a workforce. In addition to the simple distinction between working
from home and in the ‘office’, a number of alternate work locations have evolved in most Austral-
ian cities. These range from the neighbourhood café and co-working sites with shared amenities,
to carefully curated hub and spokes models where the spokes are envisioned as bespoke satellite
work locations aimed at attracting workforces from a wider geographical pool.

Nonetheless, accelerated by the government lockdown restrictions during the pandemic, work-
ers and organisations experienced the large-scale potential of untethered working and the transfor-
mation of the workplace from being a primary or central location for all employees to attend to one
that is greatly distributed or decentralised. In its wake, many organisations have adopted varied
blended or hybrid arrangements where their employees work partly in the office or remotely from
home or other locations.

In 2023 many organisations are juggling to balance organisational goals with individual needs
of employees in an uncertain and somewhat ‘post-COVID’ environment. Notwithstanding the
flexibility and autonomy discussed earlier that untethered working offers employees, the shift from
synchronous (online or face-to-face) modes of working to asynchronous modes results in a loss of
immediacy and a risk to overall effectiveness.

As many organisations shift to adopt some form of hybrid and blended ways of working, they
are grappling to achieve the right balance between face-to-face interactions and enabling potential
for remote working, and to develop the technology and infrastructure to support this. Forward-
thinking companies have begun trialling different models of working — some are real estate led
with set days in the office, while others are more flexible as individuals are empowered to nomi-
nate the location that best supports their work requirements.

It is widely accepted that some form or type of hybrid working is now ‘standard practice” and
now part of the working week for professional workers. These models will have mixed impacts
which require careful consideration to ensure both the organisation and individuals are supported
and can thrive as part of a high-performance workplace.

Studies (Rothe, 2020) suggest many respondents report they are more productive working from
home than in the office. It is now recognised that many individual tasks and some processing work
can be done anywhere and anytime. Advances in technology for communication, record keeping,
and digital storage have meant that many tasks can equally or more effectively be done in virtual
or remote settings. Research has also suggested virtual and digital ways of working offer potential
health benefits and improved employee satisfaction.
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Although not entirely written off, as feared by some (Berliner, 2020), the purpose of the physi-
cal office has fundamentally changed because of this distributed or hybrid way of working. It has
been recognised that team and collective work can be most effective when conducted in the office.
In relation to supporting effective ways of working, face-to-face interactions at the workplace are
noted to be critical for ensuring social connectedness, effective collaboration, staff development,
mentoring, and team building (see Chapter 16 for more on sense of belonging and professional
identity), as well as certain types of work, especially creative and strategic negotiations. Research
on individual needs within the office has also illustrated the need for quiet or private spaces for
concentrative work or virtual calls.

Technology tools that support and enable this new hybrid or distributed working are yet to fully
adapt. There is a clear need for software and hardware that allows users to have an effective and
equal experience for those in the office and those that are remote. Industry research by consult-
ants Six Ideas by Dexus and Warren and Mahoney found that current tech hardware is limiting
the benefits of effective hybrid collaboration. In addition to inadequate tools and spaces that have
not yet adapted, it has been identified that skills to use technology and interact in a hybrid format
are limited.

Ways of working: key considerations

The evolution of workplaces has shown there are varied and diverse influences that impact the
effectiveness and success of a high-performance workplace. It is recognised that post-COVID, for
many organisations high-performance workplaces will continue to involve a purpose-built physi-
cal office location. For those adopting hybrid and distributed working it becomes necessary to pay
attention to the wider ecosystem that constitutes the high-performance workplace. The following
section focuses on factors from the human to global perspective. Current ways of working have
well-documented impacts on health and well-being. A more distributed workforce brings new
challenges for organisations to ensure collaboration, knowledge transfer, and a cohesive culture
remain effective. Both of these individual and organisational considerations are part of the wider
environmental impacts requiring attention and holistic solutions.

Health and well-being impacts

Hybrid or distributed working presents new challenges and opportunities when it comes to health
and well-being, as employees are less ‘visible’ to their peers and managers and the remote working
environment is difficult to control and monitor (Ekpanyaskul & Padungtod, 2021). A recent study
of 1009 full-time Australian Workers (The Wellbeing Lab, 2022) reports that workers’ resilience
has waned, with 68.5% feeling like they were burning out at work. In 2021, 53.1% ticked the set
response of ‘living well despite struggles’, which has reduced to 43% in Sept. 2022. In addition,
62.4% of hybrid workers reported the psychosocial hazard of ‘unachievable job demands’ (The
Wellbeing Lab, 2022). A negative outcome of being distributed is the inability to physically see if
employees are feeling overwhelmed by workload or other work factors which could be addressed
by intentional and empathetic leadership. This report emphasises the need for multi-professional
approaches to workplace well-being and the need to recognise that perceptions, experiences, and
behaviours are diverse.

It is well-documented that the number of knowledge workers increases relative to other sectors
of the economy These include the health implications of sedentary work indoors (Sugiyama et al.,
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2020) as well as a number of measures adopted to promote active/health-focused ways of working,
including sit to stand; encouraging movement within the workday through change in location, use
of stairs, and access to nature’; emphasising the benefits of indoor environmental quality, such as
access to fresh air and natural light, all of which are noted to improve worker health and satisfac-
tion (Aristizabal et al., 2019). Many of these elements are discussed throughout Chapters 4-10
of this book. Whereas these aspects were solely addressed within the purview of purpose-built
offices until now, the shift to working from home and other locations calls for better education and
a shared responsibility between employees and the organisation to ensure safe and healthy work-
ing practices wherever work is undertaken. Ways of working can also play an instrumental role
in work-life balance and autonomy of time. The reduction in the daily commute with the advent
of hybrid or remote working allows many to engage with their families and have time for health-
promotive activities (Figure 0.2). However, evidence suggests that people are replacing the com-
mute time with longer working hours (Davis & Green, 2020). Blurring the line between work and
home life has inherent pitfalls; health may be impacted because working from home can reduce
social contact and cause social isolation, a risk factor for many health conditions (Meister, 2019).
Remote working means that some employees need to balance their caring responsibilities in their
homes, disproportionally affecting women (McPhail, 2020; Meister, 2019; Figure 0.3).

Hybrid working has also increased the levels of individual autonomy for many. Better out-
comes have been observed where employees perceived to have greater control over the physical
workplace, especially when things are not working well. From a strict control on working hours
where requisite hours were meticulously clocked, workplaces had already recognised the flex-
ibility in work hours, job sharing, and potential for some level of remote working. The pandemic
has created a further shift in workplaces underlining the development of trust and empowerment
of employees to undertake their tasks without having to be seen to be supervised or managed and
where autonomy over time is also highly valued.

Sum of 168 by No commuting to/from work

family

workday getter
SWItChf balange ésll?lllty

@)
workspace constralntg_:t(.)gr]ngzg)tl

focusedstart TyMe™™

mteractlons stress

hs are W k lleagues
: choice customizing
| Ife Ove r O positives

equment

Figure 0.2 Word frequency count of ‘Best aspects of flexible working arrangements during the COVID-19
pandemic’.

Source: SHE COVID survey database, 2023. Not published
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All things considered, which key challenges have you faced during the COVID-19 pandemic?
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Figure 0.3 Word frequency count of ‘Challenges of flexible working arrangements during the COVID-19
pandemic’.

Source: SHE COVID survey database, 2023. Not published

Organisational impacts

The challenge to develop communication and collaboration in relation to virtual ways of working
is evident. Not only is there the equity and access issues in relation to network connectivity and
ability to use tools provided (Jain et al., 2021) but also the need to create alternate approaches for
social connections and participation. This is increasingly important as organisations seek to create
truly diverse and inclusive workplaces in the absence of full-time face to face.

There are also concerns that company culture and team cohesion is negatively impacted when
individuals are remote for extended periods of time. Tech organisations such as Atlassian have
adopted their “Work Anywhere’ strategy, allowing individuals to work from any location for up
to 90 days at a time. However, it recognises the value of teams to be together in a structured and
organised manner. Atlassian has established a programme for teams to organise and host purposeful
engagements. Team leaders are provided with skills, suggested formats, and budgets to host varied
team events from social connection to problem-solving workshops (Atlassian Presents: Work Life).

These new ways of working or models require a different set of management and leadership
skills. If teams are distributed, ensuring engagement and cohesion remains within a team and
across an organisation requires thoughtful planning and an empathetic approach. Some leaders
have highlighted the need to move from ‘line-of-sight” management to leadership centred on out-
comes and trust. It is now recognised that high-value work and tasks can be completed in a sup-
portive home or remote environment, while activities such as mentoring and ideating are more
effective in person.

Pioneering work in post-occupancy evaluation in green buildings in Australia (Leaman et al.,
2007; Candido et al, 2016) established a longstanding culture of understanding and providing for
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employee needs and priorities in relation to the ways of working and high-performance work-
places. Research in Australian workplaces over this period (Candido et al., 2018; Candido et al.,
2021) has repeatedly shown the value of user participation and consultation/co-design between
organisations, design teams, and employees, especially where changes in working models were
envisaged. Such approaches are all the more relevant in the present unchartered post-COVID
scenario. The voice of the employee is arguably valued more today than ever, and many organisa-
tions are seeking to find the balance or optimal model that addresses the needs of the organisation
and individuals. However, there is a widening disconnect between what employees want and what
companies are prepared to offer. Adopted models range from office-focused, structured, or team-
based arrangement through to fully autonomous individual choice. Ultimately, an agile culture
with flexible and robust processes that fosters resilience while being nimble to adapt to future
unforeseen changes will be pivotal.

Environmental considerations

In the contemporary context of climate change, workplaces need to be environmentally sustain-
able, resilient, and adaptable to changing needs. With numerous extreme weather events, concerns
have also been heightened post-COVID as organisations compete for the hearts and minds of
environmentally savvy millennials.

Until recently, designing and operating workplaces to respond to environmental aspects and to
ways of working have largely occurred in isolation of each other. Attention with respect to sus-
tainable ways of working within a workplace has typically been limited to organisational office
practices, such as the use of paper, waste recycling, food composting, and reduction of travel miles
for work/meetings.

Attention to the size of the office footprint and consequential impact on embodied/operation
carbon and CO,/employee has meant that efficiency of the floorplate is also recognised as a signifi-
cant factor. While untethered forms of working offer a reduction in floor plate, the low utilisation
of offices post-COVID poses further challenges. Low utilisation of space, especially within a fully
air-conditioned contiguous floor plate, indicates the further challenge hybrid ways of working
place on resource efficiency and sustainability of the physical office building.

Post-pandemic, the churn and environmental impacts from changing fit outs, especially where
customised layouts are highly inflexible, is also exacerbated. Varied activities such as casual interac-
tions, taking breaks, and some forms of desk working, meeting, and collaboration no longer require
stringent environmental conditions compared to concentrated work. This recognition, coupled with
the ability of employees to exercise adaptive practices such as relocating work location and adjusting
clothing has enabled Atlassian to propose a drastically low-energy solution where 10% of its office
tower net lettable area (NLA) will be outdoor protected parks, and a further 15% will be naturally
ventilated spaces, while still offering regulated environment across 55% of its NLA (Holcim, 2021).

Conclusion

Over the past decades, we have witnessed a sea change in the workplace and ways in which work
is undertaken. Organisations have evolved from fixed locations with hierarchical management
focused on productivity and organisational gains to an ecosystem of places that encompass indi-
vidual needs, with leadership focused on outcomes rather than process.

It is clear that the rapid changes of the pandemic years have meant many organisations have had
to navigate uncharted territory. Embracing change and adopting best practice when designing and
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implementing a high-performance workplace relies on a strategic foundation or framework that
is holistic and flexible for continuous evolution and adaptation. This framework encompasses all
aspects of the workplace, including the people, the spaces where they work, and the tools required
to support a resilient organisation today and in the future.

Whether in determining particular modes of working or adapting to further and inevitable
changes in the workplace landscape, there is a need for employers to understand their employees’
needs and interrogate assumptions. The necessity for robust research and collaboration between
researchers and the industry to understand the ramifications of changes and collaborate to share
knowledge and insights is now more important than ever. As practitioners and researchers in the
field, we believe a collaborative approach built on evidence from the ground and robust research is
critical to creating resilient responsive and supportive high-performance workplaces.

When developing a framework for effective ways of working focused on resilience and agility
in a high-performance workplace, consider the following:

Leena Thomas and Kirsten Brown
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OFFICE DESIGN

Christhina Candido, Behnaz Avazpour, and Iva Durakovic

If the average home can support workers better than a premium-graded workplace, we know the
baseline needs to be lifted.
— Authors

Introduction

There is no denying that office design and layout have dramatically changed over the years. This
transformation was facilitated by advances in technology, including Wi-Fi, computers and mobile
devices, which then enabled workers to be unshackled from where and when they work, working
from anywhere, anytime, in office or elsewhere. These changes did not happen overnight, and
workers had to progressively transition and adapt to office layouts as they transformed.

First versions of open-plan offices were largely hierarchical, adopting a layout that identified
and segregated workers depending on their position within the food chain. Junior workers would
be assigned a desk at small, non-private, open environments. Mid-level workers would be assigned
a cubicle, likely with high partitions to allow for some visual privacy and sense of ownership
over their desk and space within the office. Finally, senior staff would be allocated an office, with
a door and walls, often a nice view and the opportunity to organise and furnish the space to suit
their preferences and needs — top dog gets the corner office kind of thing. This design segregated
workers and the once abundance of physical barriers (i.e. partitions or wall) were deemed not to
be conducive to learning, collaborative and innovative exchanges between workers. The response
was to remove physical barriers and individual offices to introduce open-plan layouts that could
facilitate a permanent flow of incidental opportunities for work, to learn from one another, col-
laborate, and ultimately innovate.

At a later stage, open plan became multizonal, landscaped layouts intended to support a variety
of work tasks and activities. By keeping desk ownership intact, these layouts seem to provide a
middle-ground transition between full to no ownership of space. More recently, these contem-
porary open-plan office landscapes were subject to even more curation, and desk ownership was
removed to support the activity-based working mindset.

In practice, these changes in office configuration were asymmetrical and were not absorbed by
all industry sectors at the same time, hence refraining from mentioning specific dates or decades.
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Whilst a significant portion of the workforce can be considered open-plan office natives, having
never worked from an assigned desk or individual office before the pandemic, many knowledge
workers have not transitioned into open-plan configurations yet. As a result, many types and vari-
ations of office layouts and landscapes are still present in buildings, and these spaces are likely to
continue to evolve, especially after the changes in ways of working and space and use needs after
the pandemic.

This chapter explores these changes in workplace layouts over time, from the inception of
open-plan office until today. It focuses on how workers use and engage with workplaces from a
mobility perspective, exploring the various workstyles and space still present at the time this book
was written. Authors explore the concept of workplaces as static, untethered, and adaptive, includ-
ing the challenges of harnessing the physical infrastructure to achieve high-performance layouts
that can make a positive contribution to workers’ satisfaction, productivity and health.

The physical evolution of open-plan offices: from static
to untethered and then adaptive

Office layouts must support, and are primarily driven by, the functional requirements of the work
being done. As such they both closely reflect and impact the ways of working of occupants, their
workflows and patterns of movement and interaction within the workplace environment having
direct effect on workers’ satisfaction, productivity and health. The planning, design and increasing
mix of space types/typologies these environments offer is discussed in relation to the evolution of
workstyles from static to adaptive in open-plan offices as well as their associated challenges with
respect to indoor environmental quality (IEQ), management, occupant satisfaction, productivity
and health. Whether static, untethered or adaptive, layouts must continually be allowed to evolve
to best support the work tasks intended and reflect the proportions of spaces the workstyles/teams
need.

Static

Static offices are those where workers are physically bound to the same location (a room or a
desk), thereby expecting to perform their work activities mostly from the same location. These
types of offices can be designed as cellular or open plan, and spaces are shared by multiple work-
ers. Open-plan layouts where people work from the same desk are the epitome of static offices.
Open-plan offices became the norm for large portions of the workforce over the last few decades.
The removal of physical barriers observed in open-plan office landscapes intended to foster inci-
dental collaboration, learning and innovation, with emphasis placed on creating opportunities
for interaction and socialization. Since its inception, open-plan office layouts changed through
time, moving away from cubicle farms to incorporate multizonal landscapes that could better
cater for work activities and tasks, giving rise to a plethora of informal and formal meeting
rooms, spaces for concentration, break-out spaces, call booths and other zones. But despite the
changes in the physical configuration of these workplaces, one aspect remains intact and that
workers are bound to the same location, usually a desk, performing a considerable number of
their work tasks from there. And that’s perhaps one of the biggest issues when it comes to these
offices — when multiple workers attempt to work from a shared space and location clashes will
inevitably happen.

The shortcomings of static offices are well known around the globe — just type open-plan
office in your browser and see the types of articles returned. Several studies have extensively
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documented issues around workers’ inability to concentrate for sustained periods of time greatly
stemming from interruptions from other colleagues (Hodzic et al., 2021; Kaarlela-Tuomaala et al.,
2009) and speech intelligibility (Lee & Aletta, 2019; Jahncke & Hallman, 2020). Studies also
show the negative effects of lack of visual and acoustic privacy may have on workers’ overall
dissatisfaction, stress levels and anxiety. Further, dissatisfaction about thermal comfort, glare and
Indoor Air Quality are also common. Not surprisingly, research has also documented decrease in
perceived productivity (Di Blasio et al., 2019), job satisfaction (Keller et al., 2020) and overall
health and well-being (Muzaffar et al., 2020).

Open plan has been used as an umbrella term for as long as the research in this space has been
conducted. This needs to change if we ought to address the shortcomings of these environments.
Further, despite a wealth of knowledge about issues observed in open-plan offices, shortcomings
of the static behaviour are often mute. Understanding and then reporting the layout configuration
of the space where findings are coming from is key to move the needle of these spaces. To improve
satisfaction in these offices, the overall quality of the interior design and layout is key (Candido,
Thomas, et al., 2019). If workers are still bound to the same desk, there should be clarity around
the rules of engagement with tasks that can be performed from the workers’ desk. Activities that
are deemed unsuitable to be performed from their desk should be performed elsewhere, but the
layout needs to clearly cater for them, which often does not happen, or workers do not engage with
the multiple zones available to them. As such, static layouts need to be checked from time to time
to fine-tune work zones and workers’ behaviour and needs. Zoning is crucial, and the curation of
a multizonal office landscape needs to be considerate of the amount of time people spend at their
desk and create appropriate locations for zones that won’t prompt clashes (i.e. concentration zones
next to a collaborative space).

Untethered

Untethered offices are open-plan landscapes where desk ownership is removed, and workers
are required to find the best location to perform their task at hand. These offices are commonly
designed to support activity-based working (ABW) and have been another sore point in the history
of workplaces from inception (again, just try the words on your browser and see what comes out).
Layouts cater for a variety of work tasks and activities, very much like those observed in contem-
porary, landscaped open-plan offices. Some may have neighbourhoods implemented to allow for
teams, departments, etc. to work together from the same area within a floor.

Untethered workplace layouts have been extensively researched (and loathed by workers), espe-
cially from a desk-ownership removal perspective (Babapour et al., 2018; Gao et al., 2022; Rolfo,
2018a). Desk-ownership removal can be confronting to many, and understandably so as they are
the very last piece of m2 allocated to a person for their exclusive use since the birth of open-plan
offices. Similarly to the issues raised earlier about the lack of contextual information about where
the research was conducted, the change in management process and how people engage with the
space need to be rectified in order to improve the design and performance of untethered work-
places. A recent literature review focusing on research conducted between 2010 and 2020 con-
cluded that key shortcomings transpire from the way of working implementation and/or transition
and how workers engage with it (Marzban et al., 2023). Despite the polarised nature of discussion
around untethered ways of working, findings are not in agreement, with some evidence of positive
impacts on workers coming from an interior design perspective (Rolfo, 2018b; Forooraghi et al.,
2023) and the negatives coming from an IEQ (Pollard et al., 2022), design and health perspective
(Engelen et al., 2017, 2019).
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Untethered environments can work if they are designed to allow workers the freedom to find
places within the office that cater for their needs and preferences in terms of space supporting
work tasks, Indoor Environmental Quality, increased ability to concentrate and reduce their time
spent seated (Candido et al., 2021a, 2021b). Research focusing on comparative analysis before and
after relocation to untethered offices found that these spaces can outperform static office layouts
in terms of worker satisfaction, perceived productivity and health if there is a structured change in
management process, authentic buy-in from leadership and workers, ongoing championing/train-
ing of the way of working and careful curation of landscapes informed by evidence to achieve a fit
between work and space (Bauer, 2020; Finch & Aranda-Mena, 2019; Khanna & New, 2008; Mor-
rison & Smollan, 2020; Wohlers & Hertel, 2016). Research also shows that the implementation of
neighbourhoods increases workers’ satisfaction with the space and way of working as it facilitates
communication and overall visibility of teammates, also grounding them to a location, diminishing
the sense of territoriality loss from desk removal (Ayoko & Hirtel, 2003; Gao et al., 2022; Zak &
Barraza, 2013). Further, the use of prototyping to expose workers to new spaces and ways of work-
ing, early in the engagement if paired with (i) data from workers and other sources and (ii) clear
articulation of how this data will then inform changes in the final design can also lift overall satis-
faction with the space post-relocation (Cobaleda-Cordero et al., 2023; Sanders & Stappers, 2014).

Adaptive

At the time this chapter was written, workplaces and corporate real estate (CRE) were being
shaken up by the pandemic, which was the most significant event since the internet. For the first
time in workplace history workers hold the power of choosing when and where they want to
work. The pandemic is a catalyst for change and acceleration, prompting a significant expansion
of the digital infrastructure needed to facilitate information flow, efficiency and productivity of
distributed teams, making location less of a constraint, unshackling people from the office from
a space and time perspective. Research found that managers expressed concerns about decreased
efficiency, workplace culture and workplace safety and health during the pandemic-induced lock-
downs. However, workers expressed concerns about their lack of social connections, internet con-
nectivity and increased work demands (and burn-out) (Marzban et al., 2021). Interacting with
colleagues in person was the primary reason for workers to return to the office HQ (Marzban et al.,
2021; Durakovic et al., 2023a). Nonetheless, both organisations and workers reported a high level
of trust and appreciation for one another. There is also a consistent increase in appreciation for
health and well-being in terms of overall ergonomics of homemade office set-ups, increase in time
spent seated, cognitive demands from constant engagement via videoconferencing, inconsistency
in routine and increased reporting of burn-out (Hayes et al., 2021; Niebuhr et al., 2022).

From a workspace perspective, the pandemic has posed significant challenges in terms of asset
management and provision of office space because of pronounced fluctuations in utilisation needs.
With people and teams coming to the office to socialise at an average of two or three days a week,
workspace layout needs to adapt to accommodate fluctuations in space demands, expanding or
shrinking in size and shape from one day to another, which is challenging considering the static
nature of fit-out and base-building provisions (power points, HVAC systems, etc.). Further, this
adaptive office layout should allow workers to modify the space in a way that can cater for their
work needs at different points in time during the week. Finally, this workspace can and should con-
sider how the infrastructure can be adapted to be used by permanent and non-permanent residents
of the office with the goal of maximising the use of the space and reactivating at the same time,
which is likely to generate a much needed ‘vibe’ and pull to the office.
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Figure 1.1 Links between interior design and performance aspects and considerations to workers’ satisfac-
tion, perceived productivity and health. (Adapted from Candido, Chakraborty and Tjondron-
egoro, 2019)

Novel research in collaboration with industry before the pandemic has shown the potential of
using robotic fabrication to generate ceiling-mounted structures that could address cabling issues
within an existing fit-out whilst helping to generate improved acoustic performance (Reinhardt
et al., 2019). This pre-pandemic research was already trying to respond to the clash between the
needs of an organisation around space reconfigurability and the fixed nature of an office fit-out and
base-building provision. Fast tracking post-pandemic, research conducted of a pilot workspace,
designed specifically for the hybrid worker and their teams” workstyles, reinforced the need for
responsive and dynamic environments free of the limitations of fixed power, data and furniture,
allowing occupants to ‘hack’ their workspaces. This test and learn approach to workspace lay-
out revealed that providing tools not available elsewhere organically increased and strengthened
demand for returning to work in the office by enabling spaces and tools to be utilised to maximum
benefit in connecting teams and aiding connective work for occupants (Durakovic et al., 2023b).
These early days in the chapter of adaptive workspaces are likely to perform well from the workers
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and teams’ perspective if they can constantly adapt to respond to their needs. Experimentation
guided by evidence from data is key in fine-tuning space needs in this ever-evolving phase of
workplaces.

Key design attributes observed in high-performance fit-outs

High-performance workplaces are those that can harness the design, performance and experience
of the workspace to positively impact workers’ satisfaction, perceived productivity and health.
From an interior design perspective, these spaces share the following:

Responsive, landscaped layouts

Office fit-outs must provide workers with spaces that can adequately support them whilst perform-
ing different types of work tasks. The freedom to choose where to work from can have a powerful
impact on workers’ satisfaction and motivation (Gagne et al., 1997; Ilardi et al., 1993; Durakovic
et al., 2023b; Marzban et al., 2021), productivity (Baard et al., 2004) and health (Haapakangas
etal., 2018; Rolfo, 2018b). By allowing them to seek spaces to concentrate for sustained periods of
time without interruptions (Wohlers & Hertel, 2016), that suit their thermal comfort preferences,
engage and collaborate with colleagues (in person or virtually) (Appel-Meulenbroek et al., 2021)
without concerns around disrupting others, to make/take a call, take a break to recharge and/or
simply work from a space that has a “vibe’ that matches their mood at that moment in time. Spaces
need to be zoned in such way that do not clash in terms of tasks performed. The layout should
be reconfigurable in at least some parts to allow zones to change to respond to different uses and
appropriation of space. The spaces also ride the wave of sensing technology to harness the power
of data to inform changes based on the evidence coming from actual use and performance of the
layout over time.

Brings the digital and physical tribes together

With workers working from different locations inside and outside ‘the office’, layouts need to
cater for the increased need for spaces that can support and bring the tribes of workers together
physically and virtually seamlessly. From a space perspective, this means an increased need for
spaces that can support teleconferencing of individuals and groups. This needs to consider spaces
that provide people with proper acoustic performance, seamless connection, and necessary infra-
structure to allow meetings to take place in hybrid fashion that can deliver good experiences to
those attending in person and online. Further, spaces need to allow visual access to greenery and
daylight, sit-stand workstations and ergonomic furniture.

Healthy and environmentally conscious

The health and well-being of workers has been front-of-mind due to the recognition of the effect
of workplace design and performance on people. Spaces that achieve high levels of workers’ sat-
isfaction, perceived productivity and health incorporate ergonomic, biophilic, active and universal
design principles. They take a user-centred approach that prioritises users’ well-being from incep-
tion. These spaces also leverage data to inform design decisions and then check results to fine-tune
results post-occupancy. The rapid uptake of the health and well-being certification globally reflects
the appetite to lift performance up to deliver healthy environments for people to work from on the
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back of the understanding of the tangible and intangible benefits to individuals, businesses and
communities. Post-pandemic, healthy (and safe) environments are a must have.

In addition to prioritising health and well-being, workers also value organisations that consider
its impact on the environment and society. From a space perspective, overall layout specifications,
operational practices, provision for e-waste collection/recycle options, provision of food in situ,
end of trip facilities to support green travel and other practices can have a significant impact on an
office’s overall environmental footprint.

Conclusion

Workplaces are organisms that exist in a permanent state of metamorphosis, forever changing to
respond to ways of working. The physical environment of a workplace is a blueprint to workers
about an organization’s values, culture and brand. Choices about the interior design of an office
also encapsulates work hierarchy and work styles from organisational leaders. Combined, these
intangible aspects of workplaces led to interior design choices and office landscapes intended to
support and influence the way people work, where they work and who they work with. As a result,
for decades workers had to adapt their way of working to the in-office infrastructure available to
them, regardless of if it suited their individual/team preferences and expectations and/or needs. In
addition, a mismatch between the in-office infrastructure available to workers and the way they are
expected to use and appropriate the space can also happen. These two issues can be used to explain
major workplace underperformance in terms of workers’ satisfaction, perceived productivity and
health, including the well-known backlash against static and untethered offices.

The pandemic prompted generations of open-plan office natives to experience the advantages
and challenges of choosing where and when they would like to work. Setting up their own work-
places at home (or elsewhere) meant that a portion of the workforce was able to come up with
bespoke solutions that suited their own needs in terms of office overall physical set-up and, most
importantly, control over interruptions, interactions and ability to concentrate. On the flip side,
workers also gained renewed appreciation of in-office exchanges and work activities better per-
formed whilst people are together at the same time and place, with this ringing true especially for
teams. Combined, these recent experiences have placed pressure to lift the baseline of fit-outs to
improve in-office experience for workers of all walks of life and can deliver a seamless experience
when bridging the digital and physical reams. Fit-outs need to adapt and respond to pronounced
fluctuations in utilisation over time and to provide workers with healthy and environmentally con-
scious environments they can thrive in and strive to return to (albeit not every day).

A ‘high-performance’ checklist for conceptualising layouts is provided here:

Principle Description

RESPONSIVE LANDSCAPED O User-centred, evidence-based approach to interior design is crucial to
LAYOUTS deliver high-performance and experience of spaces

O Curated, multizonal landscapes able to support a variety of work tasks
and styles

O Layouts should be able to respond to changes in space needs over
times

O Data must be harnessed to fine-tune changes over time by responding
to needs

(Continued)
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(Continued)

Principle Description

BRINGS THE DIGITAL O Workspaces needs to support the needs of the digital and physical
AND PHYSICAL TRIBES tribes through seamless interactions
TOGETHER

HEALTHY AND O Healthy and environmentally conscious workspaces are a ‘must have’
ENVIRONMENTALLY and need to respond to the rise in expectations from workers and the
CONSCIOUS society more broadly
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2
UNIVERSAL DESIGN

Imogen Howe and Andrew Martel

The universal design approach aspires to create spaces that are not just accessible or usable, but
inclusive for everyone.
— Authors

Introduction

The United Nations Convention on the Rights of Persons with Disabilities (UNCRPD) (2006)
establishes that parties to the convention recognise persons with disabilities’ right to work on an
equal basis and that parties will promote the realisation of this right to work. To actively support
increased employment, many workplaces will require upgrades enabling access and ensuring the
building is a safe and inclusive place where people can focus on performing their work tasks well.
When considering design for disability, it is worth keeping in mind that disability can be temporary
or permanent and can be experienced at any stage of life, either gradually or suddenly. Disability
is a natural part of human diversity, and people’s lived experiences can provide valuable insights
and rich creative opportunities for design.

There is a trend to create more inclusive workplaces (Moody et al., 2017), and as business own-
ers seek to upgrade offices to welcome a diverse workforce, designers require skills and knowledge
to ensure they can deliver high-quality spaces that are truly inclusive. Design to code compliance
is not the same as quality (or even adequate) design. Disability advocates generally agree that
high-quality outcomes result when inclusive design thinking is implemented from the very begin-
ning of project conception and integral to the design process throughout (Boys, 2014; Mace, 1985)
and that problems often come from assumptions made by designers about building users (Imrie,
1996; Reeve, 2019). To design for diversity, we need to be open-minded about the breadth of
diversity in the population. For example, inclusive spaces might consider people with physical
mobility or sensory disabilities, neurodiverse or psycho-social conditions, dexterity impairment
and chronic illnesses, arthritis, ageing or post-surgery impairments. The principles of universal
design (UD) can provide a framework to assist designers to develop these inclusive design skills
and generate a greater understanding of diverse lived experiences.

This chapter explains the UD framework developed by the Center forUD in 1997, and how it differs
from accessibility and usability. It breaks down each of the seven principles of UD (Connell et al.,
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1997) in detail, showing how they could be applied in workplaces. The chapter concludes with
reflections on some of the contemporary issues surrounding disability and inclusion that might
bear relevance to a UD approach today.

What is universal design?

UD was initially conceived in the 1980s by architect Ronald Mace through his work in disability
studies. Mace argued that the built environment is used by a diverse group of individuals of varied
ages, abilities and identities and therefore should be designed to be usable by everyone, accom-
modating their differences. Mace and other experts established the Center for Universal Design
(CUD) at North Carolina State University, where they focussed on the development of key prin-
ciples of UD to assist and guide designers in the creation of inclusive places. In 1997 the CUD
published the seven principles for UD: equitable use, flexibility in use, simple and intuitive use,
perceptible information, tolerance for error, low physical effort, size and space for approach and
use, along with guidelines for implementation (Connell et al., 1997). It is these seven principles
that form the framework for UD explored here.

How does universal design differ from accessibility or usability?

The concepts of accessibility, usability and UD are representative of different world views regard-
ing designing for disabilities, even though they are often used interchangeably. A key aspect of
their difference is the association of these concepts with historical disability models (Jackson,
2018) and the consideration of individuals in their development and application. These considera-
tions result in either objective or subjective approaches.

Accessibility is generally associated with the medical model of disability. It is premised on a
largely objective approach, seeking compliance of an object or environment with official docu-
ments which are measured against norms' and standards (Iwarsson & Stéhl, 2003). Iwarsson and
Stdhl (2003) argue that a key problem with this approach is that these norms have not been devel-
oped systematically and subsequently many are considered invalid. Hamraie’s work (2017) shows
that historically many of these norms or ‘normates’ were developed from idealised individuals,
typically white, youthful and male; as such, they deal only with the capacities of the individuals
from which these standards were developed and are not broadly representative.

The concept of usability is like accessibility but introduces a further component, the evaluation
and subjective judgements of the performance of an object or space in use. The concept implies that
the environment should be fit-for-purpose, usually described as the ‘person-environment fit’, and able
to be optimally used by the target individual or group (Appel-Meulenbroek et al., 2019; Iwarsson &
Stéhl, 2003). Common critiques of both accessibility and usability are that these approaches do not
recognise issues beyond access or functionality. An accessible or usable adjustment may comply but
can nevertheless be distressing to use and create psycho-emotional barriers to inclusion (Reeve, 2019).

While a key tenet of UD is to create products and environments that are usable, the concept is
broader than that of usability. UD was borne out of the social model of disability and is premised
on a more democratic, equitable approach to design. UD employs principles that encourage a
change of mindset, assisting designers to use their creativity and ingenuity when designing for dis-
abilities but also to consider the broadest possible range of users. For workers with undisclosed or
invisible disabilities, the decision to disclose can be difficult even though disclosure is necessary
to enable accommodations to be made (Prince, 2017). If a workplace employs UD principles in
the design process and in operations, it may reduce the need for accommodations or adjustments.
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UD seeks to enable designs that go beyond the minimum standards of access and functionality to
create inclusive solutions for everyone.

Universal design in the workplace

This section explains the concept of UD in detail and how it applies to workplace design. By
providing a detailed breakdown we endeavour to demystify the UD process and its principles
often criticised as vague (Alterator et al., 2019). The incorporation of built-environment-specific
descriptions and examples in workplace design can expand how we understand and include dis-
ability concerning spatial planning and design. The UD principles apply to assistive technology,
tools, organisational or operational decisions, as well as the physical space of the workplace,
and integration of this approach can benefit all workers (Harpur, 2019). In addition, the seven
principles are not mutually exclusive, and a particular design solution may cover several of them.
Appropriate design solutions can be multipurpose and multifunctional but can be used to make the
workplace more suitable for all workers, including those with invisible or undisclosed disabilities.

Equity ensures that resources are distributed where needed, resulting in an equal outcome. An
equitable work environment would ensure that everyone could perform their work equally well.
This might mean that more thought is put into the design at the beginning, to plan for and support
a broad diversity of workers. An equitable workplace would also be a place where everyone feels
they belong and are included regardless of their ability. Such solutions can benefit all people, not

ANNANDALE
VILLAGE
DENTISTRY

Figure 2.1 An inclusive reception desk for use by people of different heights or mobility.
Credit: Gordon Howe
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Figure 2.2 Ablind person trying to use a handrail that is situated on the same side of their body as their guide
dog. This is difficult and dangerous for the handler. Installing handrails on both sides of a stair
gives the user options for descent.

Credit: Imogen Howe

only those with disabilities (Miralles et al., 2011). The principle of equitable use describes equity
beyond issues of functionality or access to consider whether the design is appealing to all users.
This may include ensuring that areas like accessible bathrooms, ramps and lifts are as beautiful
and well-considered as their non-accessible counterparts. To make all design features equitable,
think about ease of use, movement, beauty, privacy and dignity for all parts of the design.
Flexible use means that spaces or objects can be used in many ways. Creating a workplace that
is flexible from the outset reduces the need for adaptations for employees and allows for flexibility
if any employee’s needs change (Pinna et al., 2020). For example, a handrail on both sides of a
stair enables people to grab a rail on either side of the body. This helps people with one-hand bias
or someone with a guide dog to grasp the rail. Such a minor consideration can make a remarkable
difference to a person’s everyday life by creating ease in acts of daily living, reducing the frustra-
tion or lost time experienced in trying to work around these restrictions or relying on others for
assistance. This is important even in fire stairs to give people independence in their movement.
Workplaces usually contain several cues that indicate how they should be used. These can be
harnessed to enable simple and intuitive use. Meeting rooms tend to be enclosed, acoustically
protected spaces. Kitchens are typically smooth and easily cleaned. All spaces can be designed
to make their use more intuitive. The logical proximity of uses can also assist with making work-
spaces simple and intuitive to use — for example, locating waste points near print rooms or kitch-
ens. Consider some simple things you could include in the design that provide intuitive clues to

16



Universal design

' ¢ Exit &= Transport

(W) Baggage Claim

V'

Figure 2.3  Airport wayfinding signage showing that signs can be simple and clear and often mostly pictorial.

Credit: Imogen Howe

Figure 2.4 A typical ‘Norman Door’ where the handle suggests it should be pulled to open, so a sign is
required to tell the user to push. Design for intuitive use could remove confusion.

Credit: Imogen Howe

navigate the space and indicate its use. These adjustments would help many employees, including
newcomers, to learn where things are without needing to ask.

To be perceptible, information needs to be provided in several different formats, including audi-
ble, tactile and visual modes. To make a space legible, it requires one to consider how it might be
understood, interpreted or navigated by people with different sensory requirements. Designs should
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also be considered for how they enable or foster different methods of communication; for example,
consider how contrast background colours might assist the legibility of sign language (Edwards &
Harold, 2014) or whether permanent signage is legible against the substrate it is fixed to.

Figure 2.5 Students at the University of Melbourne (Yizhi Zhao, Zhilin Mo, Ziyue Zhou, Xinyi Zhang,
Miki Ueda, Wenjie Sun) created tactile floor plans enabling the layout of their buildings to be
understood by someone with low vision.

Credit: Imogen Howe

Figure 2.6 lllegible room signage and glare from lighting make for difficult navigation and uncomfortable
work conditions. This signage is difficult to read against the background of the room.

Credit: Imogen Howe
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Unexpected adjustments are bound to be required as workplaces evolve and our communities
change. Therefore, it is essential to incorporate flexibility into your design, enabling it to accom-
modate retrofit solutions, adjustments or adaptations to meet changing needs.

Figure 2.7 Adjustable-height workstations allow for flexibility and tolerance for different user requirements.

Credit: Imogen Howe

Figure 2.8 Large rocker switches for lights and power outlets allow tolerance in use.
Credit: nkeskin
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A workplace of low physical effort is easy to move about and use, but also does not contribute
undue sensory stress or strain. This includes doors that can be easily opened with easy-grip handles or
automation but also includes comfortable light levels and targeted acoustic treatments. These additional
measures can make it easier for people to focus on their work. These distractions can often be designed
out with attention to artificial lighting design, natural light control, and acoustic treatment as well as the
functionality of doors, drawers, windows, blinds, locks and the like for people with low grasp or limited
mobility. When applied to workplace design, this principle would ensure that workplaces are spacious
enough to enable movement throughout the office, as well as within key areas, but also that furniture,
fixtures and equipment are designed and installed to accommodate users of varied sizes and reach.

Forty years on — what can we add to universal design?

The global pandemic has impacted and changed workplaces across the globe. In many instances,
workers were required to work from home and were unable to attend their regular workplace. This

Figure 2.9 Heavy doors like this can be difficult and tiring to open.

Credit: Imogen Howe
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Vision
Store

QSSQ) Vision Australia

Figure 2.10 Vision Australia Headquarters, Kooyong. Clear sightlines and wide circulation spaces allow
two people, or a person with a guide dog, to walk side by side.

Credit: Nicole Reed Photography

change exposed existing, but previously concealed, household inequalities, including internet con-
nection and speed; workspace size (linked to dwelling size) and capacity to accommodate work;
and workstation issues, including ergonomics and workplace equipment such as access to comput-
ers and phones (Adams-Prassl et al., 2020; Messacar et al., 2020). Where previously these physical
and technological responsibilities were the employer’s, including the provision and maintenance
of space and equipment, as well as footing the bill for phone and internet services, suddenly the
burden was placed on individual employees and their homes. For persons with disability, this was
further complicated by being at high risk of COVID-19 infection due to the nature of disability
support work. Isolation and segregation, an already fraught issue for this community, was also
exacerbated (Bolisani et al., 2020). However, for many people, the change to work from home
brought convenience by removing the struggle with daily commutes and spatial workarounds. As
work was moved online, people had access to opportunities previously unavailable to them. With
the ability to work from home, people could work at their own pace to manage energy levels and
capacity to work, a major plus for many workers with chronic conditions or disabilities. While
remote work has expanded opportunities for some people, we must recognise that providing work
from home opportunities for people with disabilities does not equal inclusion or equity in the
workplace. People with disabilities have a right to work from the office as well as a right to work
from home, as we all do (Martel et al., 2021).

The concept of UD is now over forty years old. During this time, ideas about disability and inclu-
sion have advanced. Since its introduction, many scholars and advocates have argued that the term
‘universal design’ is embedded in an outdated mode of thinking which relies on a belief that there
may be or could be a ‘universal’ experience, rather than recognising and celebrating difference.
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Scholar Aimi Hamraie provides an in-depth political-historical background of the critiques and
contentions around UD. Hamraie (2016) identifies that some narratives that universalise difference
feed into post-disability ideologies premised on the belief that through design and technology dis-
ability can be eliminated. Post-disability ideologies are highly problematic, as they are premised on
ableist beliefs that a preferable life is one without disability. Such beliefs fail to recognise the value
of disability or the unique cultural identities of disability communities, such as the Deaf commu-
nity. Hamraie also argues that UD does not go far enough, as it fails to tackle this pervasive ableism
embedded within society but also in our design processes and building codes. Historian David Gis-
sen (2022) pushes instead for a ‘practice of disability’ as a more empowered way for people with
disabilities to directly engage with the built environment, which he sees as a locus for constructing
impairment and disability and challenging its spatial relationships (Gissen, 2022).

These concerns deserve careful attention, but they do not render UD irrelevant. Ensuring its
ongoing relevance requires an agile and reflexive approach, to enable UD to evolve in response
to the social-cultural advancements. Today, the United Nations promotes a twin-track approach to
disability-inclusive development, combining both mainstream and targeted initiatives for people
with disabilities (United Nations, 2019). This twin-track approach combines both the social model
and human rights model approaches to disability. This might be a way forward for UD. A similar
approach could be taken when implementing UD, recognising that it is only one tool in a suite of
approaches to design inclusively for people with disabilities and that both mainstream and targeted
solutions are required.

Conclusion

Despite earlier restrictions during the pandemic, offices have now mostly reopened to workers,
and many businesses have introduced flexible work arrangements that allow employees to peri-
odically work from home. These types of arrangements will likely be a permanent change to
workplace operations for many businesses. Regardless of the perceived positives and negatives
of flexible and work from home arrangements, it is now clear that efficient and productive work
is not limited to office buildings in urban areas but can be networked across large territories that
include the home as a fundamental part of the workplace. Research shows that diversity adds value
to the workplace and that besides legal compliance, there are financial, productivity and cultural
incentives to hiring and retaining people with disabilities (Lindsay et al., 2018). The number of
workplace inclusion policies that are publicly available shows that employers recognise this value.
UD is a way that employers can ensure their workplace is considered by people with diverse needs
when seeking work (Leber et al., 2018).

The UD principles explained in this chapter can assist designers with the implementation of
inclusive thinking in their designs. Implementing these principles early in the design process is inex-
pensive and can result in more flexible, sustainable buildings that benefit all users (Harpur, 2019;
Pinna et al., 2020; Rostamiasl & Jrade, 2022). Armed with these principles, designers can confi-
dently and creatively design high-performance, inclusive workplaces within and beyond the office.

Designing for disability in the workplace should not be a compliance-based box-ticking exer-
cise. We must recognise the equal rights of people with disabilities, including their right to dignity,
joy, high-performance and wellness in good design. By adopting an inclusive and open mindset,
designers have the responsibility and opportunity to impact the everyday experience of individu-
als, to create a more equitable and just society where anyone can enjoy their work in a space where
they feel they belong.
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A ‘high-performance’ checklist for UD is provided here:

Principle

Description

THE SPACE IS DESIGNED
TO BE EQUITABLE

THE SPACE IS DESIGNED
FOR COMFORT,
EFFICIENCY AND
MINIMAL STRAIN

THE SPACE IS DESIGNED
FOR EASE OF USE
AND MOVEMENT

Entrances should be designed so that everyone can enter the
building the same way. Minimise or eliminate changes in level
(e.g. steps) by locating the lobby on grade or sloping the terrain to
provide level access.

Reception counters must accommodate people of different heights
and reach without the need to twist or strain.

Consider how to accommodate service animals in the space,
including toileting areas and how to keep them close to a worker
while off-harness to remove the need for prolonged restraint.
Bathrooms must be readily available. Many people who require
an accessible bathroom can need it urgently. It should be easy to
find and quick to access. An alternative option should be available
if needed during maintenance or if occupied.

Accessible solutions should be dignified. A bathroom design
should consider privacy and discretion. A ramp or lift should be
as joyful to use as the stair.

Ramps and elevators can be beautiful too. Where a grand
staircase is introduced, an equally beautiful lift or ramp must be
introduced nearby.

Heavy doors can be difficult to negotiate and painful to move.
Ensure doors are well hung with sufficient hinges to reduce their
weight, do not require twisting or are automated.

Introduce clear, easy-to-read and consistent wayfinding signage.
Poor lighting design and glare can cause issues including sensory
overload, eye strain, irritation and migraines.

Reduce reverberant, audible noise by introducing soft furnishings
and acoustic surface treatments throughout the workplace. This
is important for people who use text-to-speech or screen-reading
software to complete their daily work (e.g. JAWS, Window
Eyes).

Circulation pathways should be generous to accommodate

two people side by side (e.g. people using sign language to
communicate), people with guide dogs, wheelchairs, scooters or
other mobility devices.

Ensure there are clear sightlines on pathways or within the space
to see people approaching when you cannot hear them.

Ensure that appropriate handles are installed for easy use on all
doors, windows and drawers, including cabinetry.

Design cupboards, benches and desks to be used by people of
different statures and mobility by making them adjustable or
locating equipment at reachable heights. For example, install
kettles or boiler taps instead of wall boiler units. Cups, plates,
coffee, tea and snacks can be stored at a reachable height.
Provide sufficient storage and waste collection to ensure a clear
and tidy space for approach and use is maintained.
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Note

1 This touches on a key issue of discussion within disability studies and advocacy, which is the railing against
the process of normalisation. It is generally understood within disability studies that normalisation is a
reductionist notion that does not allow for difference or diversity, but instead perpetuates othering when
a body does not conform to the norm and the construction of disability as deviation (Davis, 2017; Imrie,
1996). As such, accessibility is problematic and can only deal with limited aspects of the problems of
exclusion within the built environment.

References

Adams-Prassl, A., Boneva, T., Golin, M., & Rauh, C. (2020). Inequality in the impact of the coronavirus shock:
Evidence from real time surveys. Journal of Public Economics, 189, 104245. https://doi.org/10.1016/].
jpubeco.2020.104245

Alterator, S., Cleveland, B., & Boys, J. (2019, December 3). Students with disabilities need inclusive build-
ings. We can learn from what’s already working. The Conversation.

Appel-Meulenbroek, R., Le Blanc, P., & de Kort, Y. (2019). Person-environment fit: Optimizing the physical
work environment. In O. B. Ayoko & N. M. Ashkanasy (Eds.), Organizational behaviour and the physical
environment (1st ed.). Routledge. https://doi.org/10.4324/9781315167237

Bolisani, E., Scarso, E., Ipsen, C., Kirchner, K., & Hansen, J. P. (2020). Working from home during COVID-
19 pandemic: Lessons learned and issues. Management & Marketing. Challenges for the Knowledge Soci-
ety, 15(s1), 458-476. https://doi.org/10.2478/mmcks-2020-0027

Boys, J. (2014). Doing disability differently: An alternative handbook on architecture, dis/ability and design-
ing for everyday life. Routledge.

Connell, B. R., Jones, M., Mace, R., Mueller, J., Mullick, A., Ostroff, E., Sanford, J., Steinfeld, E., Story,
M., & Vanderheiden, G. (1997). The principles of universal design [Poster].

Davis, L. J. (Ed.). (2017). Introduction. In The disability studies reader (5th ed.). Routledge, Taylor & Francis
Group.

Edwards, C., & Harold, G. (2014). DeafSpace and the principles of universal design. Disability and Rehabili-
tation, 36(16), 1350—1359. https://doi.org/10.3109/09638288.2014.913710

Gissen, D. (2022). The architecture of disability: Buildings, cities, and landscapes beyond access. University
of Minnesota Press.

Hamraie, A. (2016). Universal design and the problem of “post-disability” ideology. Design and Culture,
8(3), 285-309. https://doi.org/10.1080/17547075.2016.1218714

Hamraie, A. (2017). Building access: Universal design and the politics of disability. University of Minnesota
Press.

Harpur, P. D. (2019). Ableism at work: Disablement and hierarchies of impairment (1st ed.). Cambridge
University Press. https://doi.org/10.1017/9781108667371

Imrie, R. (1996). Disability and the city: International perspectives. Paul Chapman.

Iwarsson, S., & Stéhl, A. (2003). Accessibility, usability and universal design — Positioning and definition of
concepts describing person-environment relationships. Disability and Rehabilitation, 25(2), 57-66.

Jackson, M. A. (2018). Models of disability and human rights: Informing the improvement of built envi-
ronment accessibility for people with disability at neighborhood scale? Laws, 7(1), 10. https://doi.
org/10.3390/1aws 7010010

Leber, M., Bastic, M., Moody, L., & Schmidt Krajnc, M. (2018). A study of the impact of ergonomically
designed workplaces on employee productivity. Advances in Production Engineering & Management,
13(1), 107-117. https://doi.org/10.14743/apem2018.1.277

Lindsay, S., Cagliostro, E., Albarico, M., Mortaji, N., & Karon, L. (2018). A systematic review of the benefits
of hiring people with disabilities. Journal of Occupational Rehabilitation, 28(4), 634—655. https://doi.
org/10.1007/s10926-018-9756-z

Mace, R. L. (1985). Universal design, barrier-free environments for everyone. Designers West, 33(1),
147-152.

Martel, A., Day, K., Jackson, M. A., & Kaushik, S. (2021). Beyond the pandemic: The role of the built envi-
ronment in supporting people with disabilities work life. Archnet-IJAR: International Journal of Architec-
tural Research, 15(1), 98—112. https://doi.org/10.1108/ARCH-10-2020-0225

24


https://doi.org/10.1016/j.jpubeco.2020.104245
https://doi.org/10.1016/j.jpubeco.2020.104245
https://doi.org/10.4324/9781315167237
https://doi.org/10.2478/mmcks-2020-0027
https://doi.org/10.3109/09638288.2014.913710
https://doi.org/10.1080/17547075.2016.1218714
https://doi.org/10.1017/9781108667371
https://doi.org/10.3390/laws7010010
https://doi.org/10.3390/laws7010010
https://doi.org/10.14743/apem2018.1.277
https://doi.org/10.1007/s10926-018-9756
https://doi.org/10.1007/s10926-018-9756-z
https://doi.org/10.1108/ARCH-10-2020-0225

Universal design

Messacar, D., Morissette, R., & Deng, Z. (2020). Inequality in the feasibility of working from home during
and after COVID-19. Statistics Canada.

Miralles, C., Holt, R., Marin-Garcia, J. A., & Canos-Daros, L. (2011). Universal design of workplaces through
the use of Poka-Yokes: Case study and implications. Journal of Industrial Engineering and Management,
4(3), 436-452.

Moody, L., Saunders, J., Leber, M., Wojcik-Augustyniak, M., Szajczyk, M., & Rebernik, N. (2017). An
exploratory study of barriers to inclusion in the European workplace. Disability and Rehabilitation,
39(20), 2047-2054. https://doi.org/10.1080/09638288.2016.1217072

Pinna, F., Garau, C., Maltinti, F., & Coni, M. (2020). Beyond architectural barriers: Building a bridge between
disability and universal design. In O. Gervasi, B. Murgante, S. Misra, C. Garau, [. Ble¢i¢, D. Taniar, B. O.
Apduhan, A. M. A. C. Rocha, E. Tarantino, C. M. Torre, & Y. Karaca (Eds.), Computational science and
its applications — ICCSA 2020 (Vol. 12255, pp. 706-721). Springer International Publishing. https://doi.
org/10.1007/978-3-030-58820-5 51

Prince, M. J. (2017). Persons with invisible disabilities and workplace accommodation: Findings from a
scoping literature review. Journal of Vocational Rehabilitation, 46(1), 75-86. https://doi.org/10.3233/
JVR-160844

Reeve, D. (2019). Part of the problem or part of the solution? How far do ‘reasonable adjustments’ guarantee
‘inclusive access for disabled customers’? In Disability, spaces and places of policy exclusion. Routledge.

Rostamiasl, V., & Jrade, A. (2022). Integrating universal design standards and building information modeling
at the conceptual design stage of buildings. Open Journal of Civil Engineering, 12(4), 492-523. https://
doi.org/10.4236/0jce.2022.124028

United Nations. (2019). Disability inclusion strategy. UN. https://www.un.org/en/content/disabilitystrategy/

United Nations General Assembly. (2006, December 13). Convention on the rights of persons with disabili-
ties. A/RES/61/106. https://undocs.org/en/A/RES/61/106

25


https://doi.org/10.1080/09638288.2016.1217072
https://doi.org/10.1007/978-3-030-58820-5_51
https://doi.org/10.1007/978-3-030-58820-5_51
https://doi.org/10.3233/JVR-160844
https://doi.org/10.3233/JVR-160844
https://doi.org/10.4236/ojce.2022.124028
https://doi.org/10.4236/ojce.2022.124028
https://undocs.org/en/A/RES/61/106

3
ACTIVE DESIGN

Lina Engelen

Active Design refers to the integration of physical activity into buildings, workspaces and urban
environments through thoughtful design.
— Author

Introduction

Active design refers to the integration of physical activity into buildings, workspaces and urban
environments through thoughtful design. As a set of architectural principles and workplace strate-
gies, Active design creates spaces that encourage and support health and well-being.

Active design strategies that facilitate and provide opportunities for physical activity, particu-
larly for incidental movement integrated into usual daily work practices, are increasingly being
incorporated into public health and urban planning guidelines in many countries (The City of New
York, 2010; Heart Foundation, 2015; Sport England, 2015). These guidelines contain a set of rec-
ommendations around stair, lobby and lift design, as well as for internal walking routes, strategic
placement of amenities within buildings and provision of facilities such as bicycle storage, locker
rooms and shower rooms to encourage activity (The City of New york, 2010).

Active design hence works on the basis that behaviour can be influenced at an individual and
population level by altering the environments within which people make choices (choice archi-
tecture). Choice architecture refers to the design of the environment and presentation of options
that influence people’s decisions. In the office setting, choice architecture can be used to encour-
age physical activity by making it easier and more appealing for employees to engage in physical
activities during the workday, and thus may accomplish two things: it may make it easier for the
user/building occupant to navigate complex choices, but it may also influence the choices they
make. It is proposed that interventions, such as thoughtful design, provision and placement of
stairs, and kitchens typically require little conscious engagement on the part of the individual to
realise their intended effects, mainly working via non-conscious psychological processes (Hof-
mann et al., 2008; Marteau et al., 2011; Marteau et al., 2012).

The term Active design has been used differently in diverse disciplines. In architecture, the
term would refer to the structural elements and design of a building and might be called “build-
ing programming and design”, while in pssychology the concept refers to the environmental and
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organisational psychology of how people perceive spaces; and in the public health discipline the
term often encompasses physical activity interventions and sitting-reduction interventions (Zim-
ring et al., 2005; Nicoll & Zimring, 2009; Vischer, 2011). Each of these disciplines highlights
important aspects of the concept; however, in isolation, none of them are sufficient in applying
Active design principles across multiple levels effectively. The concept of Active design in the
office environment is hence a holistic approach that incorporates the structural design elements
necessary for promoting physical activity and well-being, as well as the policies, workplace cul-
tures, work styles and personal factors that promote these.

This chapter aims to explore the advantages of active design and its potential to enhance work-
place performances, whether in conventional office buildings or non-traditional settings. Addition-
ally, practical suggestions for integrating active design principles into these spaces are presented.

Why do we need active design?

Many people in developed nations spend up to 90% of their day inside buildings (Athes, 2016),
and much of that time is spent in inactive or low-active pursuits. Physical activity has a range of
great proven benefits to physical and mental health. Conversely, individuals who do not meet the
daily recommended levels of physical activity (called physical inactivity) have a greater risk of
developing obesity, chronic disease and premature death (Australian Institute of Health and Wel-
fare, 2018; World Health Organization, 2018). The annual estimated cost from physical inactivity
to health care systems is in the billions.

Excessive sitting has been found to be a risk factor for ill health and mortality (Bauman et al.,
2013; Giles-Corti et al., 2016). Both physical inactivity and sedentary behaviour are problems
exacerbated by modern work practices and workplaces, driven by rapid technological change over
the last 50 years (Buckley et al., 2015; Straker et al., 2016). We could reverse the trend by exer-
cising on a daily basis, but not everyone has the required time or discipline to do so. Luckily,
our daily routines offer plenty of opportunities to enhance physical activity and reduce sitting
time. Non-exercise energy expenditure (also called NEAT; activities we undertake in our daily
life, such as walking, lifting, household chores and shopping) contributes to the largest additional
daily energy expenditure (above the basal metabolic rate), even among avid exercisers (Levine,
2002); hence there are good reasons to target increases in NEAT during otherwise sedentary work
time. Research shows that office workers only walk on average 2.4 min/h at work (Spinney et al.,
2015) and that sedentary time in office workers at work is around 6h/workday (Chau et al., 2013;
Shrestha et al., 2016). There is clearly scope for increased movement during work time. Even
high-intensity short-duration activities, such as stair climbing, can confer health benefits at work
(Halsey et al., 2012).

The World Health Organization (WHO) recognises the workplace as a key setting for inter-
ventions to improve physical activity levels and advocates for changes in the built environment
that support healthier lifestyles and well-being (Quintiliani et al., 2007). Buildings are a good
place to start to make small changes in our daily routines; after all, this is where most people
spend the vast majority of their time. However, architecture has been anything but instrumental
for the active lifestyle. Modernity has brought us an architecture dominated by the efficient allo-
cation of (economic) resources, rather than by the physiological or psychological needs of the
human being. A human-centred design approach, on the other hand, makes us identify human
needs and allows us to nudge towards healthy behaviour. The approach towards active design in
offices can be divided into two lines: discouraging sedentary behaviour and encouraging active
behaviour.
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In addition, national building/construction codes and accreditation systems generally do not
directly support incidental physical activity within the building (e.g., restricted access to fire
stairs). In the current accreditation systems, a building with a premium quality lift (elevator)
ride receives a Premium rating, but the accreditation system does not reward an accessible, high-
capacity staircase. Although the construction codes do not prescribe requirements for structures
that support physical activity, building owners and/or tenants can opt for one of the several vol-
untary certification systems currently on the market that aim to create healthy, sustainable and
productive environments for occupants (such as Fitwel, WELL, etc.). These certifications have a
strong focus on health and well-being and require a number of structures and strategies related to
active design in order to grant certifications. The increased interest in these voluntary certifications
by organisations sends a clear signal to employees and building owners that support for health and
well-being is prioritised.

One could ask if an increase in incidental physical activity during work time would make any
substantial difference to health. I would say that it does. For the majority of adults who do not meet
the recommended guidelines for health, every active minute counts, and every opportunity to be
engaged in a less sedentary and more active lifestyle is likely to be beneficial. Stair climbing is par-
ticularly beneficial, as it is a short-duration, high-intensity physical activity (Skelly et al., 2014).
Walking and standing both may have benefits through reducing prolonged sitting and leading to
reduced musculoskeletal symptoms (Thorp et al., 2014) and a reduced risk of chronic disease
(Stamatakis et al., 2015). For many, movement that can be integrated in the normal workday and
that does not require sport gear or special equipment is a feasible method for incremental accumu-
lation of daily activity.

How can we implement active design in workplaces?

Many progressive organisations want their staff to feel healthier and more well by being at work.
One way towards this is to implement the active design principles. A building’s physical structure,
including its physical footprint and the number of floors, can influence the way the building is
used. In an active design environment, the built structure of the workplace provides employees
with the facilities necessary to undertake and encourage incidental and recreational physical activ-
ity. The building’s characteristics (facilities, layout, interior design, fit-out and technology) can
serve to either encourage incidental activity, such as a central and open stairwell, or discourage
activity through a lack of access (Zimring et al., 2005). When considering active design principles
in the office setting, it is important to consider creating destinations that are worth changing loca-
tions for.

The layout of the workplace is a contributing factor to the accumulation of incidental physical
activity and interruption of prolonged sitting time. Restructuring the physical layout of the floor
plan by providing more opportunities for incidental physical activity, in particular the number and
location of destinations, such as meeting rooms, printers, bathrooms and kitchens, may influence
walking time and characteristics of sedentary time (Smith et al., 2013). Communal areas, such as
central coffee places, eating areas and atria can influence incidental physical activity and social
networks through increased employee connectedness and interaction.

Stair climbing is an efficient way to engage in physical activity in everyday life. It is consid-
ered vigorous physical activity, and taking the stairs can contribute to the daily physical activity
recommendations. In accordance with the active design guidelines and building codes, it is recom-
mended that buildings have accessible (not just fire egress), conveniently located staircases in easy
to find locations. Improved stair design is associated with increased stair use, where attractive,
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open and well-lit staircases with outside views are used far more often than concealed, enclosed
fire stairs. However, it is not always sufficient just to provide the facility (in this case the stairs)
itself. Even in a building that provides centrally located, open, bright and attractive staircases
(such as in the Charles Perkins Centre at the University of Sydney), we found that the stair-to-lift
ratio was only 0.45, hence the lifts were used more than twice as often per day than the stairs were
(Engelen et al., 2019). When we introduced nudges in the form of signs, AV screen notifications,
and gamification, the stair-to-lift ratio increased to 0.55. This represents an increase of daily stair
climbing of 15%, illustrating the importance of the provision of a well-designed and strategically
located structure together with prompts and nudges for increasing physical activity.

When studying movement patterns of office workers, the main reasons for moving around were
found to be to complete paperwork tasks, such as printing, to access food/drink, and to be with
others. Centralised facility placement is hence a useful active design strategy to increase incidental
movement. This could include toilets, printers and bins that hit the sweet spot of being located far
enough from most workstations to contribute to incidental physical activity, while still being con-
sidered conveniently located. Studies have found that if printers and bins are placed too far away
from workstations, workers save up rubbish and/or print jobs and limit trips to once a day, defeat-
ing the purpose. Interviews have also revealed that toilets located too far away from workstations
(more than 60—70 m) have resulted in some drinking less water and hot drinks so as to reduce the
need for the bathroom. It is hence important to balance distance with convenience when designing
and fitting out active design workplaces.

Other facilities, such as cafes or kitchen/dining areas, can be located a further distance away
from workstations if they are attractive and practical, as these can become destinations worth walk-
ing to for meeting and spending time with people in. Movement patterns inside offices have indeed
been found to depend on, amongst other things, providing office destinations and well-integrated
spaces and thoughtfully designed corridors. Office destinations for collaboration and socialising
have become even more important post-COVID return-to-office, where remote and hybrid work-
ing have highlighted the importance of human contact and creating a sense of belonging at work.

Activity-based working (ABW) is a modern office design philosophy that prioritises flexibility
and collaboration in the workplace, by allowing employees to choose where and how they work
best (see Ways of Working). A workplace that supports ABW typically has design features such as
team desks, sit-stand workstations, quiet rooms, break-out and collaboration areas, meeting rooms
and lounge areas in ratios suitable to the organisation. In an ABW setting, a variation in work
tasks would lead to performing these tasks in various work settings. ABW and active design are
related, as work settings for the various work tasks are located in different areas, or floors of the
office, and this can promote incidental physical activity and reduce prolonged sitting. In recent lit-
erature reviews (Engelen et al., 2019; Marzban et al., 2022) we report that ABW environments are
associated with greater opportunities for movement and have beneficial associations with healthy
behaviour and well-being.

Creating outdoor spaces for employees to take breaks and move around can help improve their
physical and mental well-being. It is imperative that these patios and green spaces are accessi-
ble and provide a sheltered environment for relaxation and social interactions. Another important
aspect of active design is the provision of end-of-trip facilities with showers, change rooms, lock-
ers and secure spaces to store bicycles and sport/exercise items. This supports active transport to
and from work, as well as physical activity during lunch or other break times.

The overall quality of the precinct in which we work also needs to be considered for health and
well-being. Access to nature, outdoor spaces and biophilia in the workplace is related to lower
levels of perceived job stress and higher levels of job satisfaction (Largo-Wight et al., 2011).
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Buildings in more walkable locations have been shown to foster improved health by increasing
opportunities for regular physical activity, social interactions and access to amenities. In addition,
use of public transport is associated with an increase in physical activity, stress reduction, injury
prevention and equity (Saelens et al., 2014). When deciding on a location for an organisation’s
offices, it is of great importance to take the interior, as well as the precinct quality and possibilities,
into consideration.

A systems-based approach to active design

A systems-based approach to active design considers the interplay between physical, socio-cultural
and behavioural factors in creating environments that support and encourage physical activity. It
considers the design of buildings and spaces, as well as the policies and programmes that support
active living.

Efforts to change behaviour are more likely to be successful when multiple levels of influence
are addressed at the same time. The general principle of systems-based models of behaviour is that
the environment facilitates the range of behaviour by promoting and sometimes demanding certain
actions and discouraging or prohibiting other behaviours. They posit that intrapersonal variables,
interpersonal and cultural factors and physical environments can all influence behaviour (Sallis
et al., 2006).

Literature on best practices in active design identified nine interactive dimensions for imple-
menting active workplace strategies (leadership, relevance, partnership, comprehensiveness,
implementation, engagement, communications, being data-driven and compliance) (Pronk, 2014,
2015). A study examined themes for active buildings and showed that overlaying the physical
workplace design are multiple layers of spatial, managerial and cultural influences that affect
workers and their reasons for movement (McGann et al., 2014).

The socio-cultural environment is equally important as the physical environment in produc-
ing sustainable health behaviour changes (Yancey et al., 2004). The organisational culture of a
workplace creates a social environment for its employees. In this context, the social environment
may drive the overall workplace culture towards wellness and creates the social norms around
workplace physical activity and sedentary behaviours (Quintiliani et al., 2007). An organisational
culture that normalises, supports and facilitates active design principles may influence the health
and well-being of the entire organisation, such that workers feel movement and not being seen at
their desk are acceptable.

Managers have identified that it is necessary to underpin the push for workplace activity strate-
gies (including active design), with solid evidence for efficacy relating to health outcomes, as well
as for cost-effectiveness relating to productivity and work performance outcomes. In this way
decision-makers can be swayed to support changes in the face of limited resources and competing
demands. Active design depends greatly upon the willingness of business leaders to hold long-term
visions and advocate for multisectoral collaboration, supported by policy and regulatory measures.

By taking a systems-based approach to active design, we are more likely to be successful in
creating office environments that are convenient, accessible and appealing for adoption and main-
tenance of movement.

Implementation of active design for hybrid working
As a result of the pandemic that started in late 2019, many organisations shifted to remote work

starting in 2020 and continuing into the current year for the safety of employees. During this
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prolonged period of remote working, it became clear that collaboration, interactions and sense of
belonging with colleagues suffered. Therefore, in mid- to late-2022, many organisations encour-
aged staff to return to the office, at least for a few days a week. This hybrid working, a combination
of remote and on-site work, offers several benefits, including work—life balance, higher sense of
control and often higher productivity.

Some studies have shown that people have more time for physical activity during remote work-
ing due to a reduction in commute time, while others have shown that remote work can lead to a
more sedentary lifestyle. Hence, an organisation’s office buildings still play an important role in
providing opportunities for physical activity through active design, as discussed in the previous
sections. However, with hybrid working likely being here for the foreseeable future, are there ways
we can implement active design in a more localised fashion? Many organisations have home office
checklists that must be complied with; however, these traditionally focus on reduction of hazards,
such as trip hazards from cables, and reduction of musculoskeletal issues through good ergonom-
ics (see Chapter 4), rather than on active design strategies to increase movement. It would be ben-
eficial to introduce active design checklists for remote working that could include opportunities to
implement similar strategies in the home setting, such as:

» placing waste baskets or snacks and drinks in a location farther away from the workstation.

» designating areas in the home that encourage physical activity, such as yoga or stretching, and
make it a part of the daily routine.

» encourage outdoor activities in outdoor spaces that are functional and enjoyable, or scheduled
regular walks.

» height-adjustable tables to support variation in posture and reducing prolonged sitting time.

» under-desk treadmills (walking pads). These have become increasingly popular. Walking at low
speed (2-2.5 km/h), it is still very possible to type and read, and at slightly higher speeds to
have online meetings.

As hybrid working has become a well-established work practice, strategies for active design in the
office building, as well as in the remote work location should be considered.

What are the benefits of active design to the organisation?

The refurbishment of a workplace is costly, and the change in organisational policy and culture
can be hard to implement. So, what would the incentive be for an organisation to go through this
exercise and support active design? Increased physical activity has physical and psycho-social
health benefits and is related to reduced absenteeism and reduced presenteeism, and to increased
productivity (Pronk et al., 2004; Block et al., 2008; Brown et al., 2011; Amlani & Munir, 2014). In
addition, employees who are satisfied with their work environment generally produce better work
outcomes through improved productivity. A strong interest and investment in staff contributes to
employees feeling valued (Zafar et al., 2014), which can improve staff morale and retention rates
in a workplace. Data from the Sustainable and Healthy Environments (SHE) survey (SHE POE,
2023) showed that 87% of the participants were satisfied with the ability to be physically active
during their working days (Figure 3.1). A global survey revealed that improving morale/engage-
ment, reducing employee absences and improving productivity/presenteeism all scored in the top
four reasons why employers choose to engage in wellness strategies (Buck consultants, 2014).
Hence, strategies that are initially designed to support physical activity also have the potential to
support social interaction, collaboration and staff retention.
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Aotive Design - SHE V2
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Figure 3.1 Percentage of satisfied and dissatisfied workers with being active during their workdays accord-
ing to the SHE POE dataset.

Source: SHE POE dataset, 2023

The benefits of active design for an organisation hence include:

* Improved Employee Health and Wellness: active design can improve the health of employees
through physical activity, reducing the risk of sedentary lifestyle-related illnesses and injuries.

* Increased Productivity: Studies have shown that physical activity can improve cognitive func-
tion and overall well-being, leading to increased productivity.

* Enhanced Work Environment: active design can create a more engaging and dynamic work
environment, promoting a sense of community and improving overall employee satisfaction.

» Cost Savings: Implementing active design can reduce health care costs, improve employee
retention and lower absenteeism, resulting in significant cost savings for the organisation.

* Improved Sustainability: active design can promote sustainability by encouraging the use of
alternative transportation options, such as cycling or walking, reducing carbon emissions.

In a pre-post occupancy evaluation study (Engelen et al., 2017), where more than 100 partici-
pants moved from traditional office buildings to a new active design building, we found that stand-
ing increased, while sitting and lower back pain decreased, in the new building. We also found that
the participants were finding work more motivating and were looking forward to going to work
more in the new building. These results support the notion that active design has positive effects of
well-being-related behaviour and outcomes, as well as benefits for productivity-related outcomes.

Conclusion

This chapter has covered a range of aspects of active design as an integral part of the high-
performing office. Overall, incorporating active design principles into workplace design can create
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a healthier, more productive and more sustainable work environment for the occupants and the
organisations. By adopting a systems-based approach to active design, the chance of realising all
the potential benefits of active design is greatly enhanced.

A “high-performance” checklist for active design is provided here:

Principle Description

PROVIDE STRUCTURES AND O Open, well-lit staircases

LAYOUTS ALIGNING TO ACTIVE
DESIGN
CENTRALISE FACILITIES

CREATE DESTINATIONS

PROVIDE ACCESSIBLE END-OF-TRIP
FACILITIES

INCLUDE GREEN AND OUTDOOR
AREAS

ESTABLISH SUPPORTIVE
WORKPLACE CULTURE,
POLICIES AND PROCEDURES

Placing bins and printers away (but within 20-30 m)
from workstations

Placing toilets and kitchen facilities away (but within
50-60 m) from workstations

Dining or collaboration areas that are attractive and
comfortable and conducive to social interactions
Bicycle storage, lockers and showers promote
physical activity and active transport to work
Outdoor patios providing sheltered environments for
breaks and social interactions

Make stairs and outdoor areas accessible and useable
Normalise physical movement at work and working
away from a workstation
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4
ERGONOMIC DESIGN

Martin Mackey

The science and practice of ergonomics focusses on the worker as the most important element
of the office and adapts the office components, environment, and work systems to the workers
involved to optimise their health and safety, productivity, efficiency, acceptance, and ultimately
quality of life.

— Kroemer & Kroemer, 2001, van der Voordt, 2003

Introduction

Office work as a proportion of all occupations has increased markedly in the last century. In
the USA, office workers increased three-fold from 18% in 1900 to 60% of employees in 2010
(Cenedella, 2010). In Australia, the most common occupations during 2018—19 were profession-
als (18.8%), clerical and administrative workers (11.3%) and managers (10.8%), many of whom
would be categorised as office workers (ABS, 2020). As the proportion of office work being under-
taken has grown, so has the revolution in microcomputing and information technology over the
last 40 years, which has led to most knowledge workers using a computer for at least part of their
work activities, either in the office, in the home, in transport, or other locations of choice. This
rapid evolution in the computerisation of work, and more recently an IT-driven greater flexibility
to conduct office work remotely, has led to an increased importance of understanding ergonomic
principles to inform the design of the ‘office’ workplace, work systems and the work environment
to optimise the musculoskeletal health and productivity of knowledge workers no matter the work
setting (Hedge, 2017b; Pereira et al., 2017). This chapter explores how the science and practice of
ergonomics can support the design of high-performing office workplaces by placing the worker at
the centre of consideration and adapt the office (tasks, settings, systems and environment) to the
knowledge worker to enhance their health and safety, productivity and well-being. (McAtamney
et al., 2017). In doing so, this chapter will define the elements of ergonomics, discuss the chal-
lenges to the musculoskeletal health of knowledge workers in the computerised office environment
and the potential impact on health-related productivity. The chapter will also explore the evi-
dence for implementing ergonomic solutions to these challenges, reflect on the implications for the
post-COVID office workplace, including the home office environment, and provide an ergonomic
checklist for a high-performance office.
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Domains of ergonomics

The term ‘ergonomics’ (or human factors), derived from the Greek words ‘ergon’ (work) and
‘nomos’ (laws), is the scientific discipline concerned with the understanding of interactions among
humans and other elements of a work system, and one which uses the scientific method to design
work and workplaces in order to optimize human well-being and overall work system performance
(IEA, 2000). The discipline of ergonomics consists of several domains, including physical, cogni-
tive and organisational factors (Hedge, 2017a) (see Figure 4.1). Physical ergonomics concerns the
impact of working postures, materials handling, repetitive movements and workplace layout on
the health, safety and productivity of workers. Cognitive ergonomics concerns the impact of men-
tal workload, decision-making, skilled performance, human—computer interaction, work stress and
training, as these relate to human—work system design. Organizational ergonomics is concerned
with communication, scheduling and working times, teamwork, participatory design, new work
paradigms and virtual and telework (IEA, 2000). For example, if the design or use of a computer
workstation results in a worker adopting habitual awkward or constrained sitting postures, their
musculoskeletal comfort and resultant work performance will be negatively impacted. Equally, an
imbalance between the work demands and a worker’s control over scheduling or work hours may
lead to increased stress, errors, physical and mental ill health, and ultimately lost productivity.

However, in addition to these three key ergonomic domains, we also need to consider the design
of the physical work environment (such as the indoor ventilation, lighting, visual and auditory acous-
tic conditions) on the health and productivity of the knowledge worker. For example, if the internal
ambient temperature, airflow, lighting and noise levels are each not optimally designed, worker health,
performance and job satisfaction will decline. Similarly, if the physical layout and adaptability of work-
place settings (workstations, collaborative meeting and social spaces) is sub-optimal, work postures,
teamwork and communication may be affected, impacting health and work performance. Thus, the
work environment should be rightly regarded as an essential fourth domain of the ergonomic work sys-
tem design process (Hedge, 2017a). Each of these four ergonomic domains can impact, independently
and synergistically, on musculoskeletal health, productivity and job satisfaction in office workers.

Perception Human computer-

Memory Cognitive interaction

Reasoning Factors Communication
Teamwork

Motor response

Participation

Cooperation
Human anatomy . .
. Socio-technical
Physiology i L
Physical Organizational systems

Anthropometrics

. . Factors
Biomechanics
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Figure 4.1 Domains of ergonomics.

Source: What Is Ergonomics (HFE)? | International Ergonomics Association https://iea.cc/what-is-ergonomics/ (with
permission)
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Computer-based office work and musculoskeletal disorders

Microcomputers have become synonymous with the way of working in the modern office since
their introduction as an essential component of knowledge work in the 1980s. The ubiquity of
microcomputers has enabled knowledge workers to operate in a variety of office layouts rang-
ing from one-person rooms/cells to two—six-persons rooms to open plan, each typically found in
a traditional office environment, and where each worker is usually allocated their own personal
computer workstation. In the last 20 years newer, more flexible office designs have emerged, such
as combi-offices (Figure 4.2), providing for a variety of workspace areas where focussed work is
possible, and other open areas in which communication and collaborative or creative tasks may be
undertaken (Vink et al., 2017). In combi-offices it is more common that knowledge workers are
not allocated their own computer workstation but move between work areas to suit the nature of
tasks they are performing, typified by activity-based working (ABW) office environments (Can-
dido et al., 2019; Marzban et al., 2022). In ABW environments knowledge workers generally have
access to a portable computerised devise (laptop or tablet), which may be operated independently
in a variety of work areas or connected to a desktop workstation screen and keyboard.

Since the technology shift from paper- to computer-based office work in the 1980s, workers
began to experience work-related musculoskeletal disorders, due in part to the poor design of
office work and workspaces (Hedge, 2017b). Risk factors associated with the development of
musculoskeletal disorders (MSD) in office workers are manifold but include prolonged expo-
sure to biomechanical risks, such as sustained and awkward sitting postures; poor work systems,
such as inadequate task variation, communication and teamwork; and psychosocial risks, such as
excessive workload demands. The association between the 12-month prevalence of musculoskel-
etal symptoms with computer-based work was investigated in a cross-sectional study of over 900
public service office workers from six government departments (Griffiths et al., 2012). The dura-
tion of daily computer work had a significant, positive linear association with a higher prevalence
of musculoskeletal symptoms in the neck and upper extremity regions (Griffiths et al., 2012),
with employees in higher-level management and professional occupational groups at greater risk

Figure 4.2 Example of a combi-office comprising focussed areas for concentrated work; open areas for
lower focussed work; open and closed meeting areas for collaboration, creative and project work
and eating and social areas for rest and casual engagement.

Source: personal images
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than those in administration and secretarial occupational groups due to their greater exposure to
computer work (6—8 hours per day) (Griffiths et al., 2012). Similarly, a recent systematic review
investigating the association of exposure to screen work with neck and upper extremity symptoms
from 12 prospective studies (total of 18,538 participants) found an 11% increased relative risk of
musculoskeletal symptoms with larger exposure to screen work (Coenen et al., 2019), though this
risk was weaker when screen work was assessed objectively compared to self-report.

Computerised office work not only has important implications for worker health, but also for
work productivity and job satisfaction. The relationship between individual and work-related fac-
tors with health-related productivity in 700 office workers, employed by 14 large public and pri-
vate organizations, was investigated in a recent study (Pereira et al., 2017). The research found
health-related productivity loss was more likely in those with lower job satisfaction, psychological
well-being and musculoskeletal pain, and that financial burden to the organisations of overall
health-related productivity loss was predominately driven by the costs of presenteeism (Pereira
et al., 2017). The barriers and enablers to achieving greater productivity in offices has been the
subject of extensive research (van der Voordt, 2003). For knowledge workers evidence is emerg-
ing that health-related productivity is optimised when the ergonomic office design caters for a
variety of workspaces where workers can perform specific tasks such as focussed work, creative
and collaborative work and casual and social engagement, typified by ABW office environments
(Candido et al., 2021a; Candido et al., 2021b; Vink et al., 2017).

Further, ergonomics is most successfully integrated into high-performance offices to optimise
worker health, productivity and job satisfaction when the office environment and work organisation
are designed to meet the workers’ “fit’ and functional needs and without them being conscious of it
(McAtamney et al., 2017). Moreover, application of ergonomic principles in designing office work-
spaces and work practices have emerged as a means not only of rehabilitating injured workers but
also as a means of preventing future work injuries (Hedge, 2017b). Key amongst these principles
is to design computerised work so it can be performed with the body (and body parts) positioned
in a neutral posture, to minimise repetitive movements, and to avoid a requirement for excessive
muscle activation force. Working with a neutral body posture means that no parts of the body are
bent, twisted or contorted away from a normal, relaxed comfortable position (Hedge, 2017b).

Office ergonomic design principles

The neutral posture

Guidelines for assuming a neutral posture during computerised office work have been well docu-
mented in numerous occupational ergonomic texts (Grandjean & Kroemer, 1997; Hedge, 2017b;
Kroemer & Kroemer, 2001). In summary, for the upper body, this means the neck is balanced and
aligned on top of the spine with minimal bending or twisting; the spine is erect with normal ‘S’
shape curvature but in a slightly reclined posture supported by a suitable back support such as an
ergonomic chair; the shoulders are relaxed and are not lifted upward towards the neck; the upper
arms are relaxed and rest close beside the upper body; the elbows are relaxed beside the upper
body, bent close to a right angle and not lifted upward and/or outward away from the upper body;
the forearms are not twisted; and wrists and hands are straight and level (see Figure 4.3). For the
lower body, the thighs (when seated) should be close to horizontal or slightly dropped, supported
and comfortable, and when standing, vertically aligned without twisting. The knees, when seated,
should be at a right angle or greater to prevent tissue compression, and the lower leg is close to
vertical so the feet lie ahead of the knees. When standing, the knees should not be uncomfortably
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Figure 4.3 Neutral posture for computer-based work in sitting and standing.

Source: University of Sydney https://intranet.sydney.edu.au/services/safety-wellbeing/standards-guidelines/office-ergono
mics.html (with permission)
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bent, and lower legs should be vertically aligned with the ankles positioned so the feet are flat on
the floor or on an inclined foot support (Hedge, 2017b; Vink et al., 2017). In addition to these rec-
ommended postures ergonomic design principles need to consider the requirement for, and ease of
adjustability of workstations and computer/IT hardware to suit the characteristics of the end-use,
such as the worker’s size and shape, their frequency and duration of use, their accessibility and
mobility, if single or multiple users are being designed for, and whether the keyboard is embedded
or separate to the computer device (Australian Government Department of Health, 2017).

There is ample evidence from research (Hagberg et al., 1995) that optimising musculoskeletal
function by enabling individuals to work in settings designed to promote a neutral posture of the
body and body parts can eliminate pain and discomfort to a large extent (Hedge, 2017b). In prac-
tice, however, this objective of ‘fitting the task to the human’ has proven to be difficult to attain
consistently. Over the last 20 years the variety of office furniture and equipment, including work-
stations, desks, chairs and screen raisers, have increased substantially in response to changes to the
design and function of office work and workspaces, including the rapid uptake of mobile devices
(phones, notebooks, tablets/laptops), the use of sit-to-stand workstations and the growth in ABW
environments in preference to standard cell-based and open-plan office space (McAtamney et al.,
2017). However, design standards for office workstations, desks and chairs are prescriptive and
have not kept pace with the design changes in work environments, equipment and technology to
adequately meet the needs of human end users (McAtamney et al., 2017). Nonetheless, while the
same ergonomic principles relating to posture and sightlines still apply regardless of the chang-
ing technology (McAtamney et al., 2017), additional ergonomic design solutions are needed to
respond to the changing environment. These include providing opportunities for postural variation
and greater movement in the office environment.

Postural variation

A major risk of office work is sustained sedentary behaviour and insufficient physical activity
during the working day. Objective measurement of sitting has shown that office workers spend
around three-quarters of their working hours sitting (Straker et al., 2016). The duration of work-
place sitting adds to the overall daily exposure to sedentariness acquired in the home, in leisure
and in transport. In addition to any negative impact of excessive sitting on musculoskeletal health
(Gupta et al., 2015), a growing body of recent evidence links high volumes of sitting time to a risk
of premature mortality and major chronic illness, such as cardiovascular disease, type 2 diabetes,
obesity, depression and some forms of cancer (Katzmarzyk et al., 2019). A recent meta-analysis of
studies comprising more than 1 million adults (Ekelund et al., 2016) found that only very high vol-
umes of moderate-to-vigorous intensity physical activity (=60 min per day), achieved by less than
5% of the population, can attenuate the risk of premature death associated with high sitting time.
Therefore, national physical activity and health guidelines now include recommendations that we
should move more and sit less (Australian Government Department of Health, 2017).

Studies have shown that the risk to health is not only associated with the total duration of sitting
but how sitting time is accumulated, with much of this sitting time accrued in prolonged, unbroken
bouts of 30 minutes or longer (Healy et al., 2016), potentially increasing the risk of cardiometa-
bolic disease (Dunstan et al., 2012) and low back pain (Gupta et al., 2015). Consequently, occupa-
tional health regulators have acknowledged that prolonged workplace sitting is an emergent work
health and safety issue (Straker et al., 2016). It is recommended that workers take brief breaks
from seated computerised work every 30 minutes, during which they can stand and walk around;
engage in alternate work tasks, such as collecting documents from a remote printer; or get some
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refreshment from the kitchen. These sitting breaks can help provide relative rest to the neck and
upper limb muscles while exercising the large sedentary lower limb muscles to improve blood
circulation and reduce musculoskeletal discomfort and pain (Straker et al., 2016).

On the other hand, standing for long periods of the day can also be deleterious for health, with
studies showing an increased risk of varicose leg veins, lower back and foot pain and prema-
ture birth (Vink et al., 2017). Prolonged standing has been associated with low back symptoms
in epidemiological studies (Coenen et al., 2016), and in laboratory studies 40-71% of asympto-
matic individuals without a history of low back pain (LBP) developed LBP within 120 minutes of
standing that did not resolve with resumed sitting (Johnston et al., 2019). Thus, a growing body
of evidence concerning the risks of sustained sitting or standing in working life has led to the
development of numerous innovative interventions in office workplaces to encourage variation
of posture throughout the working day (Johnston et al., 2019; Neuhaus et al., 2014; Radas et al.,
2013; Straker et al., 2013).

Sit-stand workstations

One possible strategy to promote variation of posture throughout the working day is to encour-
age office workers to use an ergonomically designed sit-stand workstation to perform their work
in sitting for part of the time and in standing for part of the time (Figure 4.3). Sit-stand worksta-
tions appear to have positive effects on sitting time. Radas et al. (2013) conducted a randomised
controlled trial to determine whether providing 60 university office workers with an adjustable
sit-stand ergonomic workstation together with a targeted education programme (https:/www.
happybodyatwork.com.au/), or targeted education alone, would lead to changes in sedentary
behaviour at work compared with no intervention. The study found large (Cohen’s D) effect size
differences between the groups favouring the combined education/sit-stand workstation interven-
tion for subjectively measured sitting time per workday (65 min less), and per work week (369
mins less) (Mackey et al., 2015). This effect in sitting time at work was similar to that reported
in a systematic review and metanalysis of the impact of activity-permissive workstations on sed-
entary time and work performance in office workplaces, which found a pooled effect size of 77
minutes of less sitting over an 8-hour day (95% CI 120 to -35 min), without compromising work
performance (Neuhaus et al., 2014). A later study which examined the impact of three sit-stand
protocols found sitting time reduced by almost two hours and standing increased by 1.5 hours over
the workday, without significantly impacting leisure-time physical activity or sleep time (Li et al.,
2017). The use of sit-stand desks and awareness of the importance of postural variation and breaks
were associated with an altered pattern of sedentary behaviour amongst 131 call-centre office
workers (Straker et al., 2013). The study found that working at a sit-stand desk (90 operators), as
opposed to a sit desk (41 operators), was associated with significantly lower daily proportion of
the time seated (79% vs 84%), and less time to accumulate 5 minutes of standing/walking (36 vs
46 min). However, neither sitting episode length nor the number of switches between sitting and
standing/walking per hour differed between the two groups. Interestingly, ergonomics awareness
was not associated with any sedentary pattern variable among those using a sit-stand desk (Straker
et al., 2013).

Health and productivity effects of sit-stand workstation use have also been examined. In a
recent randomised controlled study, Johnston et al. (2019) compared the feasibility and impact
of sit-stand workstations plus advice, with or without 4-weeks progressive resistance exercise
training, on back pain and sitting time in university office workers at risk of LBP. The study
found that the intervention had good acceptability and small but significant reduction in LBP
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severity (mean difference of -1.3 [-2.0, -0.6]) and workplace sitting time (82.7-99.3 min/8-hr
workday reduction) in both groups without affecting productivity-related presenteeism (John-
ston et al., 2019).

Recently, a large cluster randomised trial examined the effectiveness of a multicomponent
intervention, with and without a height-adjustable desk, on daily sitting time, on physical behav-
iours and work-related health and performance outcomes in 756 desk-based council office work-
ers (Edwardson et al., 2022). The multicomponent SMArT Work And Life (SWAL) intervention
trialled in this study, built on an earlier successful intervention (Stand More AT Work [SMArT
Work]), by focussing on a whole-day approach to reducing sitting time, facilitated by trained
workplace champions within each organisation, and enabling evaluation of the real-world imple-
mentation of the intervention. The research team found that while both SWAL and SWAL plus
desk were associated with a significant reduction in sitting time at 3- and 12-month follow-ups, the
addition of a height-adjustable desk was found to be three times more effective. In addition, both
intervention groups were associated with small improvements in stress, well-being and vigour,
and the SWAL plus desk group was associated with improvements in pain in the lower extremities
(Edwardson et al., 2022).

The question often arises as to how often office workers should change their posture between
sitting and standing at an adjustable workstation. A recent study measured participant responses
to different sit:stand ratios (30:0, 27:3, 24:6, 21:9, 18:12 and 15:15) within 30-minute cycles and
facilitated by height-adjustable workstations for a 4-week period, amongst 16 computer-user uni-
versity academics in their normal office environment (Black et al., 2022). The research team found
that the presence and severity of musculoskeletal discomfort (across 11 body areas) were both
significantly reduced following exposure to the sit-stand ratios, a finding consistent with earlier
research. Interestingly, preferred standing durations were generally longer (between 24:6 and
15:15 ratios) and shorter ones were least liked. Standing at least 6 minutes improved perceptions
most overall (Black et al., 2022). However, some cynicism still lingers over the long-term impact
of sit-stand desks in field studies (Vink et al., 2017). For instance, one study of 90 office workers
across four organisations found that after one month 60% of workers did not adjust their worksta-
tions (Wilks et al., 2006).

Treadmill and stationary cycle computer workstations in office environments have been investi-
gated as a means of achieving desirable postural variation from chair sitting but also with an added
benefit of being more physically active than that provided by sit-stand workstations (Vink et al.,
2017). Workstations allowing office workers to walk or cycle while performing computer tasks
have been shown to demand sufficient energy expenditure to result in significant health benefits
(Levine & Miller, 2007); however, the impact on work performance was unclear. Straker and col-
leagues (2009) investigated the effects of these types of active computer workstations on keyboard
and mouse performance in 30 office workers. Their study found that computer task performance
was lower when walking and slightly lower when cycling compared with chair sitting, but mouse
performance was more affected than typing performance, indicating that active workstations may
be less suitable for mouse-intensive work (Straker et al., 2009).

However, the ways of office working are not static phenomena. Changes in technology have
created new ways of working beyond the traditional office. Over the last 10 years much research
attention has been focussed by industry and academia as to whether ABW office environments
may also be a means of providing sedentary knowledge workers with greater opportunities for
regular postural change and health-enhancing physical activity, in addition to their impact on
worker productivity and job satisfaction (Candido et al., 2021; Engelen et al., 2018; Marzban
et al., 2022).
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ABW environments

ABW is an emerging way of working based on a holistic approach to work style that harnesses the
intersection of the people (behavioural environment), place (physical environment) and technol-
ogy, including knowledge sharing (virtual environment) (Engelen et al., 2018; Veldhoen & Com-
pany, 2018). An ABW environment facilitates the ability of knowledge workers to periodically
move between work areas that best supports the performance of the tasks or ‘activities’ at hand.
An office workplace that supports ABW, such as the combi-office, typically has design features
such as quiet areas/rooms for concentrated or focused tasks; adjustable sit-stand workstations;
open and closed meeting areas of variable occupant capacity for collaborative, project and creative
tasks; team desks; standing desks; break-out areas; telephone booths for quiet areas and lounge
and kitchen areas for rest and social engagement (see Figure 4.2). Workers are not allocated their
own seating or desktop workstations, although teams or project groups may be allocated their own
neighbourhood or home area in the office to facilitate communication. Instead, knowledge workers
in an ABW environment may be allocated or ‘bring their own’ mobile ‘smart’ device, such as a
laptop, tablet or phone, that is IT capable and internet accessible, so they can either dock onto an
ergonomic workstation with screen, keyboard and mouse and/or use the device independently on
a desktop anywhere in the office or even remotely, best suited to the task at hand.

However, the emergence of ABW as a new way of working has led to challenges for organisa-
tions in maintaining safe working conditions such as optimal ergonomic practice and infection
control as workers move between different work and social areas to meet the task at hand. The
latter infection risk has become particularly apparent to ABW office managers and knowledge
workers in the post-COVID lockdown period, as workers return to the office and move between
different workstations/areas during the day. This has necessitated additional work health and safety
(WHS) strategies, such as regular and ‘just in time’ cleaning protocols of work surfaces, computer
devices and multi-user equipment. In ABW, knowledge workers need to be educated on, and rou-
tinely practise, adjustment of the various workstations and seats they move to and between during
the workday to maintain an optimal seated or standing neutral posture (Figure 4.3). Furthermore,
if using a laptop or tablet on a work surface, it will be generally too low to maintain a safe neutral
posture of the operator’s neck, upper limb and trunk, which can create a risk for musculoskeletal
health if the posture and associated excessive muscle activation is maintained for longer periods. If
a laptop is replacing an adjustable desktop, it is recommended that a laptop riser is used to elevate
the screen to a comfortable viewing height (Figure 4.3) and use a wireless keyboard and mouse so
that an optimal neck posture and keying performance can be maintained (Hedge, 2017b).

Several recent state-of-the-art reviews on the effects of ABW have been published. A system-
atic review of the ABW literature comprising 17 studies involving 36,039 participants (Engelen
et al., 2018) reported that ABW had positive impacts on knowledge workers’ interaction, commu-
nication, control of time and space and satisfaction with the workspace; however, it was unfavour-
able for concentration and privacy, a finding frequently cited in the ABW literature (Candido et al.,
2021a; Marzban et al., 2022). Two studies included in this review provided limited and mixed
evidence that working in an ABW environment impacted employees’ self-reported musculoskel-
etal complaints or discomfort (Engelen et al., 2018). In one included study, knowledge workers
reported less LBP when working in an ABW trial space compared with the usual office, but no
changes in discomfort of other body parts (Foley et al., 2016). An earlier study reported muscu-
loskeletal discomfort over eight body parts was significantly reduced among employees after six
months working in a new flexible office workspace with added ergonomics training (Robertson
et al., 2008), a finding highlighting that when employees transition from a traditional office to
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an ABW design environment, enhanced induction for workers on how to best utilise the flexible
workspace is necessary. For physical and mental health, Engelen et al. (2018) found the evidence
was equivocal, recommending more high-quality research was needed.

A more recent review of research into ABW over the last 10 years (Marzban et al., 2022)
focussed on the organizational, human and physical environment impacts of ABW. The review
found that ABW office environments had positive impacts on the satisfaction of knowledge work-
ers with the interior office design, but ABW was inclined to be more unfavourable for occupants’
satisfaction with indoor environmental quality, productivity, distraction and privacy. Importantly,
the review contended that satisfaction with ABW was a function of how this ‘way of working’
was implemented and how occupants use it, rather than the concept itself, supporting the earlier
research finding by Robertson et al., 2008. Further, the review found that a partial uptake of ABW
was more likely to lead to occupants’ dissatisfaction, lower productivity and lower well-being,
while a holistic uptake increased the chance of success. Additionally, after relocation to an ABW
environment, ongoing monitoring and enhancement of the design features, supporting technology
and behavioural etiquettes was required to allow settings to be adjusted by the organisation in
response to the changing needs and preferences of occupants (Marzban et al., 2022).

The findings of this latter review appear to be consistent between industry sectors. A cross-
industry comparison of occupants’ satisfaction and perceived productivity in open-plan offices
designed to support ABW office workspaces was conducted by appraising 2,090 post-occupancy
evaluation (POE) surveys conducted in five industry sectors (tertiary education, finance, construc-
tion, property/asset management and design/engineering) (Candido et al., 2021a). The study found
biophilic and interior design features of the premises were consistently rated the highest by occu-
pants from all industry sectors, while distraction and privacy rated the lowest level of satisfaction
(Candido et al., 2021a). Furthermore, knowledge workers from the construction industry were the
most satisfied, followed by finance and tertiary education, then occupant satisfaction, with interior
design found to be the strongest predictor for perceived productivity across all industry sectors
(Candido et al., 2021a). There is also evidence that office design that attempts to link the built envi-
ronment with human health through compliance with certification tools such as the “WELL Build-
ing Standard’ (International WELL Building Institute, 2015) optimises occupants’ satisfaction and
productivity. For example, a recent study comparing WELL-certified office premises with non-
WELL premises found that occupants’ overall satisfaction, work ability, productivity and health
were highest in the WELL-certified premises (Candido et al., 2021a). Further, open-plan offices
designed to support ABW outperformed traditional offices on most ergonomic design features,
including spatial comfort, personal control, comfort of furniture, adjustability of the work areas
and ability to collaborate, with the best-performing offices prioritising overall ergonomics and
providing a range of spaces designed to support a variety of work activities (Candido et al., 2021a).

However, the places where knowledge work can be conducted is now ubiquitous in modern
society, in response to technology advancements and cultural change. Indeed, the COVID-19-
induced lockdowns throughout 2020-21 disrupted workplaces globally by forcing knowledge
workers out of the office and into their own homes (Marzban et al., 2021). For instance, by
May 2020, 57% of public service employees were reportedly working from home (Duckett &
Stobart, 2020). Numerous published studies have been conducted to evaluate the experience of
knowledge workers of working from home during the COVID-19 lockdown and have lessons for
the emerging ways of working in the post-COVID work culture, with increasing proportions of
those workers choosing to remain working from other locations, including the home “office’, for at
least for part of their work hours (Davis et al., 2020; Harrington & Walker, 2004; Marzban et al.,
2021; Oakman et al., 2020; Oakman et al., 2022; Weale et al., 2022; Wutschert et al., 2022).
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The home office

A recent cross-sectional study contributed to this research knowledge by identifying positive
and negative aspects of working from home (WFH), from the perspectives of both organisations
(n=28) and knowledge workers (n=301) across numerous industry sectors during the first wave of
COVID-19-induced lockdowns, examining the human, organisational and environmental consid-
erations of the WFH experience (Marzban et al., 2021). Physical environment considerations of
WFH included the varied, but often sub-optimal, ‘ergonomics’ of the home ‘office’ (Davis et al.,
2020), including working in shared spaces, with potential negative impacts on musculoskeletal
health and productivity (see Figure 4.4). In addition, the available digital infrastructure and inter-
net connectivity were also important environmental considerations of the WFH experience. Key
challenges experienced by employees in their WFH arrangements included poor internet connec-
tivity, increased workload, poor home office furniture ergonomics or set-up and increased stress
and burnout. In addition, employees generally reported a decline in both physical and mental
health, a finding supported by another cross-sectional survey study of WFH arrangements (Oak-
man et al., 2022). In contrast, key challenges from the organisational perspective included WHS
concerns, knowledge sharing and maintaining work culture and productivity. Despite this latter
concern, 75% of employees rated their productivity as the ‘same or better than before’, and 65%
indicated that they could do their job as effectively remotely as in the office, a finding also reflec-
tive of their perspectives on their connectedness and to a lesser extent team cohesion and knowl-
edge sharing whilst WFH (Marzban et al., 2021).

Davis et al. (2020) conducted a quality improvement evaluation of the ergonomic features
of the home ‘office’ set-up amongst 46 academic and professional university staff in the early
stages of the COVID-19 pandemic lockdown in the USA (Davis et al., 2020). Common ergo-
nomic problems found in the home ‘offices’ of these university knowledge workers included
sitting for sustained periods on fixed, non-adjustable-height stools and chairs and/or chairs with
no lumbar spine support; working at table and desk surfaces which were too high, requiring
elevation of shoulders and arms which necessitated excessive postural muscle activation; desk
surfaces with hard edges putting pressure on wrists during keyboard and mouse operation; regu-
lar viewing of external monitors positioned off to the side, requiring sustained neck rotation, or

Figure 4.4 Examples of common ergonomic posture problems found in home offices.
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using laptop monitors positioned too low on work surfaces including on the thighs, requiring
sustained excessive neck flexion; and walking on a treadmill at a computer workstation with
the risk of tripping or falling (Davis et al., 2020). Several of these ergonomic problems are
illustrated in Figure 4.4.

In terms of home office seating and desk issues identified in the Davis et al. (2020) study,
ergonomic recommendations for chair and workstation requirements are available in relevant
standards. However, using personal resources to fund an ergonomic chair and workstation for use
in a dedicated home office space may be outside the budget for many knowledge workers, par-
ticularly younger workers or those with families or those in shared accommodations. Therefore,
potential solutions may include using a cushion to elevate the seat height while ensuring the feet
remain supported, using a rolled-up towel to provide lumbar support and avoiding or removing
chair arm rests to facilitate closer access to the desk surface. If using an external computer screen
in the home office, the monitor should be elevated on books to ensure the top is at eye height, and
if using dual monitors, the primary monitor should be positioned directly in front of the opera-
tor with the secondary monitor off to the side. If using a laptop or tablet it should be positioned
on a desk or table and ideally used for short periods. However, if the laptop or tablet is replac-
ing a desktop computer, a docking station could be used to link it to a larger external screen. If
being used independently for long periods, a laptop riser should be used to elevate the screen
to a comfortable viewing height and integrated with a wireless keyboard and mouse to reduce
neck flexion and improve keying performance. Continuous use of a laptop while positioned on a
couch, bed or floor should be avoided to minimise awkward and sustained postures and resultant
musculoskeletal discomfort. Changing postures from seated work in the home office by taking
regular standing or walking rest breaks, task variation and rotating between sitting and standing
for online meetings, telephone calls and possibly computer operation are also recommended.
In the absence of the capacity to purchase costly sit-stand ergonomic workstations, some sug-
gestions for simple makeshift standing workstations for short use in the home include placing a
laptop on an elevated stable ironing board, on top of a piano, or on top of a box. Glare is another
concern that accompanies workstations in homes due to sunlight exposure through untreated
glass. As such the desk should be oriented so that computer screens are positioned perpendicu-
larly to the window.

A recent systemic review examining the working conditions and work-related musculo-
skeletal disorders amongst WFH teleworkers found a lack of ergonomically sound working
arrangements in the home office (Wutschert et al., 2022), supporting the earlier research by
Davis et al. (2020) and Marzban et al. (2021). The study also found that most of the included
studies reported teleworkers who had experienced musculoskeletal issues, and additionally they
reported a lack of awareness amongst the organisations regarding the existence of WFH-based
policies, ergonomics training programmes for employees and the health-related consequences
associated with the absence of ergonomic support (Wutschert et al., 2022). This is a concerning
finding, especially as earlier research indicated that ergonomics training significantly improved
the knowledge, attitudes and practices of teleworkers, and in some cases, the pain and discom-
fort they had experienced was eliminated or reduced as a result of the training (Harrington &
Walker, 2004).

In future, many organisations will likely prefer their employees return to the office on a regular
basis to control optimal ergonomic office conditions, maintain work culture, build trust and knowl-
edge sharing and create organic, incidental opportunities for learning, collaboration and innova-
tion. In contrast, many knowledge workers have enjoyed the flexibility of WFH and may prefer to
only return to the office part-time.
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Conclusion

While ergonomic design criteria applicable to office and workstations will still have utility in
future, these principles may not always provide guidance for managing the risks in many of the
new ways of working in the post-COVID-19 environment. This creates challenges for organisa-
tions and knowledge workers on how person-centred ergonomic principles are best implemented
considering the varied environments, technologies, work patterns and ways of collaborations
(McAtamney et al., 2017). However, this chapter provides an overview of key evidence-based
recommendations for ergonomic design in high-performing offices to optimise health, productiv-
ity and job satisfaction.
A ‘high-performance’ checklist for ergonomic design is provided here:

Principle Description
WORKSTATIONS * Provision of sit-stand and activity-permissible
Work areas, workstations and computer equipment workstations in the office to facilitate regular
should be set up to allow the operator to maintain posture change and health-enhancing physical
a neutral posture of the body and body parts activity
WORKPLACE * ABW provides workers with a variety of spaces
Open offices should be designed to facilitate an based on the task.
ABW environment
TRAINING »  Workers should be provided with ergonomic
Organisations should provide ergonomic training to, training and guidelines for setting up and working
and monitor safe work practices, for their office in a home office or other remote work environment
workers
ENCOURAGING BREAKS » Looking away from the screen every 20 minutes to
Workers should be encouraged to take frequent, reduce eye strain and fatigue
brief rest breaks during the workday * Microbreaks from typing for less than 2 minutes

by standing up, stretching, making a phone call,
moving around and doing a different work task,
such as walking to the printer

» Engage in gentle exercise or incidental physical
activity (walking) breaks every 1-2 hours

»  Workers should be encouraged to change their
posture regularly

FLEXIBLE WORKING ARRANGEMENT ¢ In the post-COVID-19 work environment, a

participatory approach by organisations and
employees is recommended to negotiate and
manage flexible work arrangements
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5
BIOPHILIC DESIGN

Niranjika Wijesooriya and Arianna Brambilla

Integrating nature into the workplace through biophilic design has the power to improve our
well-being, productivity, and creativity, creating a more harmonious and sustainable connection
between humans and the natural world.

— Authors

Introduction

The demands of the modern lifestyle and socio-economic context require many individuals to
work in office environments. These indoor spaces have been extensively researched, with studies
highlighting the impact that indoor environmental quality (IEQ) can have on the occupants.

The factors of indoor environmental quality (IEQ) that have been identified to impact human
performance include indoor air quality, lighting, thermal conditions, acoustics, layout design, bio-
philic design elements, nature views, visual appearance, location, and amenities. Like IEQ factors,
human performance in the workplace can be broadly categorized into several aspects, including
cognitive performance, comfort, and psychological well-being (van der Voordt & Jensen, 2021).
Indeed, IEQ factors have been found to affect cognitive functions and psychological well-being,
with discomfort in lighting, thermal, acoustic, and air quality being potential stressors that distract
workers, decrease performance, and increase dissatisfaction among occupants (Sanchez et al.,
2018).

Modern office workers face a range of factors that can negatively affect their mental well-
being and productivity, creating mental fatigue and stress. To address these concerns, designers
have looked at various design considerations, studying the impact on health and well-being in the
workplace. By creating healthy workplaces, workers can enjoy a positive work experience while
avoiding negative impacts on performance (van der Voordt & Jensen, 2021; Douglas et al., 2022).
Regenerative architecture has emerged as a key design approach to harness health and well-being
benefits, with biophilic design (BD) as a strategy that draws upon the human affinity to connect
with nature. The concept of biophilia has been gaining attention for its restorative benefits, includ-
ing attention restoration, stress reduction, and mood improvement (Kaplan, 1995; Lopes et al.,
2020). These psychological benefits can potentially lead to increased workplace productivity and
improved occupant health and well-being.
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BD has numerous benefits that can potentially synergize to result in a high-performance work-
place. While studies have reported on these benefits individually, there is a lack of research on
the association between high-performance workspaces and BD. Candido et al. (2019) found that
high-performing open-plan offices often included BD principles in their design. Thus, the aim of
this chapter is to provide an overview of the benefits of adopting BD principles and their potential
contribution towards designing a high-performance workspace.

This chapter will synthesize the existing literature on BD benefits, drawing upon recent reviews,
and further examine how BD has influenced cognitive performance, comfort, and well-being in
workplace settings.

Benefits of biophilic design

Although we spend 95% of our time indoors, we are really outdoor animals.
(Baker, 2006)

Biophilia, introduced by biologist Edward Wilson (1984) and later developed as a design approach
by biologist Stephen Kellert, is based on the premise that humans have an inherent affinity for
connecting with nature (Kellert et al., 2008). However, modern lifestyles and urbanization have
significantly reduced opportunities for such contact (Kayihan, 2018). Biophilic design (BD) has
gained attention as a means of bridging the gap between the built environment and nature within
architecture (Wijesooriya et al., 2020).

Consulting firms such as Terrapin Bright Green and Interface Flooring have championed the
concept of BD, with the former publishing various white papers on the subject and the latter cre-
ating the Human Spaces website to promote discussion. In addition, many green building rating
systems have recently incorporated BD into their certification schemes, with the Living Building
Challenge providing a design guide and having the highest focus on this aspect (Wijesooriya et al.,
2021; ILFI, 2016).

Wijesooriya and Brambilla (2021) conducted a SWOT analysis on BD for sustainable design,
revealing several strengths and opportunities that offer overall benefits for human well-being. The
analysis showed the strongest evidence for health and well-being aspects. Figure 5.1 summarizes
the benefits based on the identified strengths and opportunities.

BD for workplaces offers benefits in four main categories:

» Cognitive impacts: BD can enhance productivity, creativity, mnemonic capacity (capacity to
acquire, store, and retrieve information from the past), and academic capacity (Nieuwenhuis
et al., 2014; Evensen et al., 2017; Douglas et al., 2022).

* Emotional impacts: BD can induce happiness, relaxation, higher self-esteem, and more gener-
ally, positive emotions (Ibrahim et al., 2021; Yin et al., 2019; Evensen et al., 2017).

* Health and well-being: BD has restorative potential and has been linked to reduction in anxiety,
improved recovery, reduced stress, and lower blood pressure (Zhu et al., 2015; Yin et al., 2019).

The current approach to implementing BD in design is largely guided by frameworks that out-
line specific principles for incorporating nature into built environments. One notable example is
Stephen Kellert’s six principles and 70 attributes for BD (Kellert et al., 2008). The 14 patterns of
BD, developed by Terrapin Bright Green, is also a widely used guide in this area. In practice, BD
involves incorporating natural elements directly into spaces or through their representation, even
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in confined areas, to enhance occupants’ experiences of nature. This allows individuals to access
the benefits of nature even in indoor environments.

The use of green walls is the more common approach where water is used for aesthetics and
psychological effect. These elements could be coupled for enhanced thermal performance of the
building that could bring multiple benefits to the interior. The water feature used as a roof in One
Central Park mall in Sydney, Australia, is one such instance where the biophilic element aestheti-
cally enhances the space, brings daylight, improves thermal performance in the building envelope,
and enhances psychological well-being.

These identified benefits and design elements were seen across different building types, and fur-
ther exploration of the use of BD in workplaces identified specific impacts for high-performance
workspaces as detailed in the following section.

Exploring biophilic design for high-performance workplaces: lessons from
the literature

The study of the benefits of nature experience originated in the field of environmental psychology,
with attention restoration theory focusing on replenishing human attentional capacity, and stress
recovery theory focusing on reducing psychophysiological stress and improving mood (Kaplan,
1995; Ulrich et al., 1991). The central concept of BD is integrating natural experiences into the
built environment, encompassing various sensory domains such as visual attributes, sounds, natu-
ral airflow, sunlight, and natural fragrances (Heerwagen & Gregory, 2013; Kellert & Calabrese,
2015). Recent research has explored the association between BD elements and restorative benefits
to building occupants, particularly in the design and construction of workplace environments.
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The impact of biophilic design on workplaces can be categorized into three main areas: cognitive
performance, comfort, and psychological well-being.

Cognitive performance

Cognitive performance is an essential component of workplace tasks that can benefit both work-
ers and organizations in achieving their objectives efficiently. Productivity is perceived as a key
parameter in work environments that contributes to achieving given targets. Several studies have
explored the impact of BD on cognitive performance in the workplace. There is a consensus about
the pivotal role that plants can play within an office, which can be associated with increased pro-
ductivity (Nieuwenhuis et al., 2014; Evensen et al., 2017). Additionally, indoor plants have the
potential to improve perceived creativity among office workers. Exposure to natural materials and
windows has also been found to increase divergent creativity among occupants (Douglas et al.,
2022).

The sensory experience represented in the workplace, including sounds from nature, can have
a positive impact on cognitive performance. Studies have shown that bird songs and water sounds
can enhance cognition and task performance in open-office settings (Ratcliffe et al., 2018; Ma &
Shu, 2018). Lei et al. (2021) found that adding edible plants to small, confined spaces, such as
modern office spaces, could increase cognitive performance.

BD utilizes natural elements and processes that are physically integrated into the workplace
design. However, studies have also shown that virtual reality (VR) can be used to expose individu-
als to BD elements and demonstrate better memory performance, creativity, and shorter reaction
time (Yin et al., 2019).

Opverall, the evidence suggests that workplaces with BD can positively impact cognitive perfor-
mance, productivity, and creativity through the use of various design elements.

Comfort

Ensuring physiological comfort is crucial for individuals spending significant time indoors, par-
ticularly in work environments where it can impact satisfaction and performance levels. This com-
fort can be experienced through thermal, visual, and acoustic means.

The benefits of natural airflow on thermal comfort and human performance have been exten-
sively investigated (Zhu et al., 2015), while recent studies have also explored the relationship
between thermal pleasure, restorative benefits, and BD in semi-outdoor workspaces (Lyu et al.,
2023). Biophilic visual qualities, including views of nature and daylight, have also been shown
to enhance thermal comfort, potentially through psychological adaptation or improvements in
mood (Ibrahim et al., 2021). Similarly, studies have found that incorporating natural elements
into indoor spaces can enhance visual and auditory comfort (Evensen et al., 2017; Mangone et al.,
2017). Overall, BD can improve the aesthetic of indoor spaces and increase occupants’ perceived
comfort levels.

Psychological impact

BD is becoming increasingly important in contemporary architecture, especially in designing
healthy and restorative spaces. The need for incorporating BD elements into workplace design
is supported by numerous studies that have shown their potential for improving psychological
well-being.
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Research has extensively studied the visual attributes of greenery and nature views, which have
been found to have significant benefits for cognitive performance, stress reduction, and mood (Yin
et al., 2019). Even the presence of living plants, as demonstrated in a study by Lei et al. (2022)
using strawberry plants in a small space, has been found to enhance psychophysiological health.

Incorporating BD elements into workplace design has also been shown to result in improved
satisfaction and reduced stress and anxiety levels. For instance, Yin et al. (2019) conducted an
experiment using VR technology, where participants experienced higher levels of stress reduction
in office designs with BD elements, such as living walls and potted plants, and natural materials
and shapes. Additionally, incorporating natural light through windows has been found to reduce
drowsiness and perceived workload, improving satisfaction (Sanchez et al., 2018).

Studies have also shown that incorporating plants into the workplace can reduce complaints
regarding the environment, leading to improved satisfaction (Evensen et al., 2013; Nieuwenhuis
et al., 2014) and even positive emotions (Evensen et al., 2017). The use of natural elements and
materials, such as wooden finishes, has also been found to significantly reduce stress levels (Doug-
las et al., 2022).

Overall, the numerous studies linking BD elements with psychological impacts highlight the
importance of incorporating natural elements, materials, and simulated nature into workplace
design to improve satisfaction, reduce stress and anxiety, and promote positive emotions.

Discussion: designing biophilic and healthy workplaces

By incorporating nature into workplace design, BD can offer numerous benefits that can transform
a workplace into a high-performance workplace. By leveraging the innate human affinity for liv-
ing entities, BD can positively impact cognitive performance, productivity, and creativity, thereby
enhancing overall human performance — a key attribute of a high-performance workspace. In addi-
tion to improving performance, BD interventions can also enhance occupant comfort, resulting in
a more satisfied workforce.

Perhaps the most significant benefit of BD is its potential to create a restorative environment
that promotes psychological well-being, reduces stress levels, and improves mood. These posi-
tive implications of BD interventions further position biophilic office spaces as exemplary high-
performance workspaces that support enhanced performance and well-being.

Exploring several BD frameworks (Kellert et al., 2008; Wijesooriya et al., 2022), it is possible
to outline key strategies that can be applied to workplace design, with a focus on incorporating
biophilic elements.

Connectivity to direct nature

The prominent biophilic element utilized in workplace design is plants, including both ornamen-
tal and edible varieties, as well as indoor green walls. Fitzgerald and Danner (2012) argued that
incorporating plants into indoor environments can bridge the gap between our evolutionary need
for nature connectivity and modern interiors that often lack such elements, leading to increased job
satisfaction and overall performance. Additionally, plants have been shown to release negative air
ions that can improve both mental and physical health (Yan et al., 2015).

While water is also a key biophilic element, studies on workplace design have primarily adapted
it in virtual reality simulations, rather than incorporating it into physical spaces. Natural sounds,
such as those of birds (Ratcliffe et al., 2018) or water (Ma & Shu, 2018), can also add to the sen-
sory experience and improve occupant well-being.
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Natural materials

The use of natural materials is a crucial aspect of BD that aims to depict nature and create a more
visually appealing environment. The BD frameworks strongly advocate for the incorporation of
natural materials in their original colours and textures (Kellert et al., 2008; Kellert & Calabrese,
2015). Among the most used natural materials, wooden finishes have gained significant atten-
tion and were extensively studied for their psychological impact. Indeed, wooden finishes can
have significant positive impacts on the occupants’ psychological well-being. The use of wood in
the workplace is associated with reduced stress levels and improved productivity. Furthermore,
wooden finishes create a warm and welcoming atmosphere, improving the overall aesthetic of the
workspace (Burnard & Kutnar, 2020).

In addition to wood, other natural materials such as stone, bamboo, and cork can also be used
in BDs. These materials not only provide aesthetic appeal but also have a positive impact on the
indoor environment. For instance, stone can regulate temperature and humidity levels, while bam-
boo is known for its fast-growing and sustainable properties.

Incorporating natural materials into workplace design can enhance the overall biophilic experi-
ence, create a more pleasant and visually appealing environment, and promote a sense of connec-
tion with nature among the occupants.

Daylight, windows, and views

The incorporation of views of nature in biophilic workplace design has been shown to have a sig-
nificant impact on the well-being and productivity of occupants. By including elements of nature,
such as trees, grass, and water, in outdoor views, biophilic workplaces provide a sense of con-
nection to the natural environment, which has been shown to reduce stress and improve mood.
In addition to the visual benefits, exposure to natural daylight has also been linked to improved
cognitive function and mood, as well as better sleep quality.

Studies have shown that views of nature are an important aspect of biophilic workplace design.
For example, Yin et al. (2020) conducted an experiment on the effects of BD elements on stress
and anxiety reduction using VR technology. They found that a simulation scenario that included
outdoor views containing trees, grass, water, and daylight over a large distance was associated
with higher levels of recovery compared to a non-BD scenario.

Overall, the incorporation of views of nature is an essential aspect of biophilic workplace
design, providing a sense of connection to the natural environment that has been shown to have
numerous benefits for occupant well-being and productivity.

Representations of nature

The use of VR experiences to recreate natural settings is a recent development in biophilic work-
place design. Research has shown that such experiences can produce similar results to actual
nature experiences. This is significant because it suggests that even representations of nature, such
as augmented reality or images, could be used in offices where direct access to nature is not pos-
sible (Yin et al., 2019).

In addition to VR, other forms of representations of nature, such as biomorphic shapes, have
also been found to enhance the occupant’s connectivity to nature. Biomorphic shapes refer to
shapes that resemble those found in nature, such as the curve of a leaf or the pattern of a spider’s
web. These shapes have been found to have a calming effect on the occupants and can help to
reduce stress levels.
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The use of virtual and augmented reality (AR), as well as biomorphic shapes, are important
tools for biophilic workplace design because they offer a way to bring the benefits of nature into
the workplace in a way that is practical and accessible. They also provide a way to incorporate BD
elements into existing buildings, without the need for major structural changes.

Multisensory experience

Research and design of workplace environments have historically been focused on the visual
aspects of the space. However, the visual attributes of greenery and nature have gained increasing
attention due to the extensive studies demonstrating their benefits on cognitive performance, stress
level, and mood. Previous studies have looked at these elements separately, but recent research
suggests that the design elements and outcomes are interrelated.

In addition, recent studies have shown that the combined benefits of visual and auditory natu-
ralness can bring even more benefits to the workplace. These studies reveal that the multisensory
approach to workplace design is crucial and that current design approaches have predominantly
focused on eliminating indoor sensory impressions other than visual perception. The combination
of visual and auditory naturalness significantly improves cognitive performance and mood among
building occupants (Zhao et al., 2018).

Biophilic design elements for high-performance workplaces

The design framework depicted in Figure 5.2 outlines the various design elements that can be
implemented to create biophilic office spaces that foster high-performance. The framework also
highlights the potential impacts of these design elements on the occupants.

The framework summarizes the potential impacts and design elements that could be used to
create biophilic office spaces that promote high-performance. The high-performance workspace
is characterized by three key attributes: high cognitive performance, enhanced comfort, and a
restorative environment. Studies examining the use of BD in workplaces have shown that pro-
ductivity, cognitive efficiency, creativity, and memory can be improved through the integration of
BD elements. Enhanced comfort is achieved by addressing a range of factors, including thermal
comfort, visual comfort, aesthetics, and visual preference. The use of BD elements also has the
potential to create a restorative environment that induces positive emotions, increases satisfaction,
reduces stress, improves recovery, and reduces anxiety.

The current practices of using BD in workplace design have mainly focused on incorporating
elements such as plants, green walls, water, daylight, outdoor views, natural shapes, virtual reality,
natural materials, and natural sounds. However, there are numerous other BD elements and criteria
that could be further explored and integrated into this initial framework. By incorporating a wider
range of BD elements, workplaces could become even more effective in enhancing the health,
well-being, and performance of occupants.

Conclusion

This chapter indicates that incorporating biophilic design (BD) elements in workplaces can have
a positive impact on cognitive performance, productivity, and creativity, leading to higher work-
place performance. The use of natural elements such as plants, water, and daylight enhances the
comfort of the workspace and creates visually appealing spaces. Biophilic offices are restora-
tive environments that promote positive emotions, increase satisfaction, reduce stress, improve
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expectations of a typical high-performance workplace.

While visual experience plays a crucial role in BD, there is a need to design for multisensory
spaces that can strengthen the impact. The application of auditory, olfactory, and tactile elements

within workplaces can be interesting areas for future studies.

The developed framework provides a starting point for systematically applying BD to create
high-performing workplaces. However, the study only investigated a limited number of design
elements, and there are many other natural elements that can be explored further. Research has
shown that evidence from many features in other typologies can be applied to workplaces with

adequate studies.
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The COVID-19 pandemic has demonstrated the need for nature in indoor environments and
how humans’ natural affinity can influence overall health and well-being. In this context, adopting

a biophilic approach is a design imperative for the post-pandemic workplace.
A “high-performance” checklist for biophilic design is provided here:

Principle Description
BIOPHILIC DESIGN » Core principles applied to the design of workplaces to deliver
PRINCPILES improved environmental outcomes and high-performance

workspaces focus on the use of nature and natural elements. These
include:

1. Connectivity to direct nature

2. Natural materials

3. Daylight, windows, and views

4. Representations of nature

5. Multisensory experience

EHNANCING/SUPPORTING -+ Biophilic design strategies used to enhance productivity, creativity,

HIGH COGNITIVE cognitive efficiency, and memory include:
PERFORMANCE
ENVIRONMENTAL * Enhanced comfort outcomes, including thermal comfort, visual
COMFORT comfort, aesthetics, and visual preference
ENHANCING/SUPPORTING + Restorative environment outcomes, including positive emotions,
HEALTH AND satisfaction, reduced stress, improved recovery, and reduced anxiety
WELLBEING
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6
THERMAL COMFORT

Wei Yang, Yaolin Lin, and Dorsa Fatourehchi

We need to move away from a static approach to thermal comfort and embrace thermal variability
to create environments people actually enjoy being in.
— Authors

Introduction

Indoor thermal comfort greatly impacts the well-being and performance of occupants in a work-
place. In a comfortable office environment, occupants have a higher sense of happiness, and their
work efficiency can increase by 15-20% (Thayer et al., 2010). Thermal discomfort can seriously
impact a worker’s overall morale and work performance (Kaushik et al., 2020). Prolonged expo-
sure can lead to fatigue and lowered concentration and productivity (Lan et al., 2011). In addition,
worker complaints and absenteeism can increase (Lan et al., 2011).

Space heating and cooling are typically provided by means of centralised heating, ventila-
tion and air conditioning (HVAC) systems, therefore delivering comfortable and healthy offices
is often done in an energy-intensive manner, leading to increasing cooling and heating demand
globally. For a typical office building, the HVAC system accounts for 40% of the building’s energy
consumption (Residovic, 2017). Although the energy consumption of HVAC systems is very high,
the thermal comfort satisfaction rate in air-conditioned office buildings continues to be stubbornly
low. The results from a survey of 351 office buildings and 2980 occupants in the US show that only
38% of the respondents are satisfied with the thermal comfort level in their workplace (Caroline
et al., 2018). In Australia, results from surveys also show that occupants’ satisfaction in NABERS
(National Australian Built Environment Rating System) certified buildings was not within the
expected 90% satisfaction, with being too cold/hot as the main source of dissatisfaction (Mar-
zban et al., 2022). One of the major reasons for the low satisfaction with thermal comfort in
air-conditioned office buildings is that the HVAC system is designed to deliver static conditions
indoors where occupants are not expected to attenuate it or interact significantly with their envi-
ronment. The lack of opportunity to adjust their immediate setting to suit their thermal preferences
and slow the adoption of personal control systems further explain dissatisfaction scores observed
in controlled environments.
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Thermal comfort

How to provide a thermally comfortable indoor environment without too much energy con-
sumption is still a big challenge for air-conditioned office buildings around the world. Climate
change and the COVID-19 pandemic environment worsen the problem. The rising temperatures,
more frequent and extreme weather, population growth and urbanisation are expected to lead
to an unprecedented heating and cooling demand in all types of buildings in the future. Under
the pandemic environment, 100% fresh air supply was recommended for the HVAC system
to stop the spread of the virus, which led to huge energy consumption in office buildings (Lin
et al., 2022). Mixed-mode ventilation may be a good solution, as mixed-mode buildings have
been found to be more resilient regarding thermal comfort, energy, health, coping with future
pandemics and accommodating individual needs as compared to HVAC buildings (Shahzad &
Rijal, 2022).

This chapter mainly discusses thermal comfort-related issues in the workplace. Factors affection
thermal comfort are identified, and thermal comfort models that have been used in the workplace
are discussed. Findings of thermal comfort studies from both static and adaptive environments in
office buildings are presented. A high-performance checklist is provided at the end of this chapter
for delivering a thermally comfortable workplace in office buildings.

Thermal comfort in buildings

Thermal comfort is defined as “that condition of mind which expresses satisfaction with the ther-
mal environment” (ASHRAE, 2020). Factors affecting thermal comfort can be divided into two
categories: environmental factors and personal factors. Environmental factors include air tempera-
ture, air humidity, radiant temperature and air movement. Personal factors include metabolic rate
(level of activity), clothing, physical fitness and acclimatisation.

A suitable thermal comfort environment can maintain a certain temperature range and satisfy
80% of users (ASHRAE, 2020). However, some studies have shown that many people are still dis-
satisfied with the thermal environment and suffer from sick building syndrome (SBS) even under
constant temperature conditions (Yan et al., 2008). Thermal comfort, as a subjective feeling of
human beings, is a dynamic and comfortable state. The current practice of supplying a constant-
temperature indoor environment with small fluctuations ignores the dynamic characteristics of
human thermal comfort and does not consider the individual differences of building users. It also
leads to overheating or overcooling and thus unnecessary waste in heating and cooling energy con-
sumption. Therefore, it is crucial to fully consider the individual differences and time-dependent
characteristics of human thermal comfort in the HVAC design and operation stages to provide
building users with a flexible, comfortable and sustainable thermal comfort environment.

A particular factor that should be considered in the workplace is the age factor. As pointed out
in a study by Cleary et al. (2019), it is not uncommon for people who are more than 65 years to still
be in the workplace; therefore, their needs should also be considered. The attention of older resi-
dents to personal issues related to thermal comfort linked to physical and mental health emphasise
the importance of concerns regarding mobility, nursing care and autonomy, which makes thermal
comfort for elderly people more complicated.

Thermal comfort models

In the research history of thermal comfort studies, there are many indices used to assess ther-
mal comfort, including effective temperature index ET, new effective temperature ET*, standard
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effective temperature SET* and PMV-PPD model (Fanger, 1970; ASHRAE, 2020). Fanger’s
PMV-PPD model has been the most widely used index in indoor thermal environment evaluation
in air-conditioned buildings. In recent decades, the adaptive comfort model proposed by de Dear
and Brager (1998) has become the most popular model in the thermal comfort research paradigm
for naturally ventilated and mixed-mode buildings.

Static model

The static model is based on the thermal balance that the human body undergoes with the environ-
ment, under the same air-conditioning conditions throughout the study, where thermal comfort
is evaluated by the predicted mean vote (PMV) (Fanger, 1970; Mamani et al., 2022). The PMV
index predicts the mean response of a large group of people on the ASHRAE seven-point thermal
sensation scale, which consists of seven verbal anchors: “cold”, “cool”, “slightly cool”, “neutral”,
“slightly warm”, “warm” and “hot” (ASHRAE, 2020).

The application of the PMV model for the evaluation of thermal comfort within air-conditioned
office environments has been extensively explored by several researchers. The PMV model serves
as a standardised method to quantify and predict the thermal sensation experienced by individu-
als in indoor spaces, with a consideration of factors such as air temperature, relative humidity, air
velocity and clothing insulation.

While the PMV model has demonstrated certain advantages in assessing thermal comfort,
researchers have identified limitations associated with accommodating the diverse needs of occu-
pants. A research study conducted by Cheung et al. (2019) demonstrated a prediction accuracy
of 34%, showing a two out of three times inaccurate thermal sensation prediction. Another study
by Kiki et al. (2020) revealed that the PMV model underestimated the adaptability of the occu-
pants to relatively high comfort temperatures in an air-conditioned office in a humid tropical cli-
mate. Moreover, it has been indicated that such a static model could lead to an increase of energy
consumption, in locations where adequate levels of thermal comfort could primarily be obtained
through the consideration of natural ventilation (Garcia et al., 2019).

This could be due to the variances in individual preferences as well as their psychological and
physiological characteristics, which could in turn impact their thermal comfort responses on dif-
ferent occasions (Wang et al., 2020). Studies also showed that spatial attributes in office buildings
(e.g., location, orientation, interior arrangements) can play a significant role in affecting the pre-
diction accuracy of the classic models (Song et al., 2022). Therefore, relying solely on the PMV
model to determine the optimal environmental conditions for thermal comfort may not fully result
in accurate results.

Such differences in results have made researchers to consider the PMV model as a rather gen-
eral framework in their studies than viewing it as a representative model for the occupants’ com-
fort levels. To overcome these limitations, several studies have proposed incorporating additional
parameters and subjective feedback mechanisms into the evaluation process. These may include
factors such as thermal preference surveys, occupants’ feedback on their thermal comfort and
personalised adaptive control systems. With this approach, researchers have expanded the model’s
application through the consideration of individual parameters to enhance their understanding of
occupants’ thermal comfort. For instance, Omidvar and Kim (2020) hace improved the classic
model through the modification of regulatory sweating heat loss for an office building case study.
In addition, revised PMV models were proposed by some researchers with the aim of broadening
the application range (Du et al., 2022). In another study, Zhang et al. (2020) proposed calibration
methods for activity level and clothing insulation to improve the PMV model. The studies within
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air-conditioned offices demonstrated that the recognition of subjective feedback could be neces-
sary for a more personalised environment.

Adaptive model

It has long been recognised that the experience of thermal comfort is more complex than the
steady-state heat balance which strives simply to achieve “thermal neutrality” (Parkinson & de
Dear, 2015). Therefore, the adaptive model becomes more acceptable to researchers, engineers
and architects who work in the human thermal comfort area. A study implemented by de Dear et al.
(1998) showed that the PMV model provided few opportunities for the environments where occu-
pants adapt themselves for thermal comfort, especially for naturally ventilated settings. Therefore,
there demonstrated the need for an adaptive model for such settings. For the adaptive model, the
occupant is an active actor who interacts with their environment, adapting it according to their
preferences and comfort, considering that environmental conditions can vary and do not remain
static, giving way to naturally ventilated spaces (de Dear & Brager, 1998; Mamani et al., 2022).
The ultimate goal of the adaptive model is to achieve thermal neutrality, where individuals neither
feel too hot nor too cold. This balance is crucial for promoting productivity and well-being among
office occupants. By providing a degree of control and customisation over the thermal environ-
ment, the adaptive model encourages occupants to actively engage in managing their thermal com-
fort, leading to enhanced satisfaction and performance. The adaptive model has provided a more
realistic approach to assessing thermal comfort by considering the dynamic interactions between
occupants and their environment. The model hypothesises that the contextual factors, such as envi-
ronmental controllability and past thermal history, can affect building occupants’ thermal expec-
tations and preferences (de dear & Brager, 1998). Therefore, it recognises that individuals could
achieve thermal neutrality through the implementation of adaptive behaviours, such as individual
(e.g., clothing) or technological adjustments (e.g., personalised fans). This model aims to create
an environment where occupants can achieve thermal comfort without solely relying on mechani-
cal systems for heating and cooling. Therefore, considering adaptability of occupants within their
built environment, providing personal control over environmental parameters in both mixed-mode
and naturally ventilated buildings, such as opening windows or adjusting blinds, occupants have
the flexibility to tailor their immediate surroundings to meet their thermal needs.

As a result of this recognition, this model has garnered significant attention from researchers to
evaluate thermal comfort within mixed-mode and naturally ventilated office environments. Many
researchers have analysed occupants’ feedback and behaviours to gain insights into the key fac-
tors affecting occupants’ comfort while reaching to an understanding of the strategies to maintain
thermal neutrality in different climates and office environments. It can be concluded from previous
studies regarding adaptive models that the interrelationship between occupants’ thermal sensation,
their behaviour and environmental conditions plays a significant role in these types of studies.

The studies conducted in different climatic regions pointed out that adaptive models are nec-
essary for the optimisation of indoor thermal environment and thus energy use reductions for
both mixed-mode and naturally ventilated office buildings. Therefore, numerous studies have been
conducted for both naturally and mixed-mode ventilated buildings since studies concluded that
buildings’ ventilation type (natural mode or mixed mode) can affect occupants’ thermal sensitivity
variations (Rupp et al., 2022).

In terms of naturally ventilated office buildings, studies revealed that the occupants’ thermal
comfort preferences and behaviours varied with respect to local weather conditions, their culture
and the opportunities provided in the office buildings (Sharma et al., 2021; Lamsal et al., 2023).
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While the adaptive model concept is mostly applied to naturally ventilated buildings, a study
conducted by Parkinson et al. (2020) demonstrated that adaptive comfort processes can be appli-
cable to the occupants of all buildings, including air-conditioned ones, since the thermal environ-
mental exposures occur indoors where most of the time is being spent. Therefore, several studies
have been conducted regarding mixed-mode buildings. For example, a study by Wu et al. (2019a)
pointed out that compared to the PMV model, the adaptive model was more applicable to the split
air-conditioned office buildings in China.

The research thus far has shed light on the factors influencing occupant comfort and the strate-
gies employed to create environments that facilitate optimal thermal conditions for individuals in
these settings. The adaptive model can be further refined and expanded upon to create a personal-
ised and responsive environment. Advances in sensor technology and building automation systems
could enable more precise monitoring and control of indoor conditions, allowing for real-time
adjustments based on occupants’ preferences and thermal comfort thresholds. In addition, the inte-
gration of machine learning and artificial intelligence algorithms can improve the adaptive model’s
capability by continuously learning from occupants’ feedback (Liu et al., 2021).

In the future, the widespread application of adaptive comfort models in office buildings has the
potential to revolutionise traditional HVAC systems, enhance occupants’ well-being and contrib-
ute to sustainable and energy-efficient applications.

Thermal alliesthesia

As mentioned earlier, the recent mainstreaming of “adaptive comfort” begins to recognise the
dynamic complexity of thermal comfort. However, “thermal alliesthesia” goes beyond this, pro-
posing that the hedonic qualities of the thermal environment (qualities of pleasantness or unpleas-
antness, or “the pleasure principle”) are determined as much by the general thermal state of the
subject as by the environment itself. In its simplest form, cold stimuli will be perceived as pleasant
by someone who is warm, whilst warm stimuli will be experienced as pleasant by someone who is
cold (Parkinson & de Dear, 2015).

Thermal alliesthesia has gained attention form researchers as an evolving approach to under-
standing human thermal perception. Building upon the foundations established by the adaptive
model mentioned earlier, researchers have explored the potential of incorporating thermal alli-
esthesia into the assessment of thermal comfort. Studies have pointed out that dynamic thermal
environments can deliver higher levels of occupant satisfaction than static indoor environments
(Parkinson et al., 2012). Parkinson et al. (2016) has shown experimental data exploring alliesthe-
sia in non-steady-state conditions in occupants’ different physiological conditions, including the
thermoneutral zone. Their findings suggested a potential to increase thermal comfort by means
of personally controlled systems to force local skin temperatures against the dominant mean skin
temperature trend. In another research conducted by Parkinson and de Dear (2017) showed that
the thermal pleasure can be experienced by individuals due to the local air-velocity profiles which
could affect thermal boundary of the comfort zone. Their research pointed out that positive thermal
pleasure can be achieved through the establishment of contrast relationships between global and
local skin temperatures trends.

While the concept of thermal alliesthesia holds promise in deepening our understanding of
thermal comfort, its practical application is yet to be fully realised. Therefore, more research is
needed translating the theoretical framework of thermal alliesthesia into applicable methodolo-
gies for evaluating and designing thermal environments. One of the primary hurdles is the lack of
standardised methods to measure and quantify thermal alliesthesia. Currently, there is a dearth of
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practical tools and techniques to objectively assess an individual’s physiological state and incor-
porate it into the assessment of thermal comfort (Son & Chun, 2018). As a result, the utilisation of
thermal alliesthesia in real-world settings needs to be further explored in terms of thermal comfort
(Lietal., 2022).

Moreover, the complex nature of thermal alliesthesia and its interplay with various individual
and environmental factors presents a significant challenge in developing universally applicable
guidelines or models. The subjective nature of thermal perception and the personalised responses
to thermal stimuli make it difficult to establish standardised thresholds or benchmarks for thermal
alliesthesia—based evaluations.

Despite these challenges, ongoing research continues to explore the potential of incorporating
thermal alliesthesia into the assessment of thermal comfort. Researchers are investigating innova-
tive approaches such as wearable sensors (Tartarini et al., 2022), physiological monitoring (Yang
et al., 2020) and subjective feedback mechanisms (Wu et al., 2019b; Zheng et al., 2022) to gather
data on individuals’ thermal responses and tailor environmental conditions accordingly.

Findings from static and adaptive environments

Air-conditioned workplaces

Under normal conditions, the goal of HVAC systems is to create a good indoor environment for
buildings and consume as little energy as possible. However, in a pandemic environment, pan-
demic prevention should be the core concern of the HVAC system (Pan et al., 2021). To reduce
the spread of COVID-19, the World Health Organization (WHO) recommended increasing the
rate of air change, reducing recirculation and increasing outdoor air intake. For public spaces and
buildings (such as offices and schools), it provided more detailed advice, including using economy
modes to increase the percentage of outside air, disabling demand-control ventilation controls,
improving filtration, running systems at maximum outdoor airflow two hours before and after
spaces are occupied and making sure that air flows from clean to less-clean areas (Vendor, 2020).

Each occupant in a shared office space often has different indoor temperature requirements
due to sitting in different locations with changes in the angle of direct sunlight and differences in
their own temperature preferences. It is difficult for a traditional HVAC system, such as constant
air volume (CAV), variable air volume (VAV), demand-controlled ventilation (DCV) and fan coil
unit (FCU), to satisfy the individual thermal comfort requirements of all the occupants. There-
fore, there is a need for a paradigm shift from a uniform indoor environment to a non-uniform
indoor environment accommodating various individual preferences (Yan et al., 2008; Nicol &
Roaf, 2017; Lin et al., 2022). The target should be to control local conditions when a person is at
the workplace. There is also a need to introduce more advanced systems where users can influence
their own local micro-environment. The development of more advanced smart systems should
be introduced to improve indoor climate conditions for all the occupants of a space. Personalised
ventilation can be considered as an acceptable way to accommodate various individual thermal
comfort preferences. Another strategy is to think about flexible layouts that could be hacked to suit
people’s thermal comfort needs and enable thermal variability (as in slightly warmer/cooler zones)
that people could drift towards. A rethink of HVAC systems to embrace mixed-mode ventilation
should also be considered.

Data from the Sustainable and Healthy Environments (SHE) survey show that 70% of the
respondents from Australian workplaces feel satisfied with thermal comfort (voted somewhat sat-
isfied, satisfied and extremely satisfied) in their buildings (as shown in Figure 6.1). There is still
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Figure 6.1 Percentage of people who feel satisfied with thermal comfort.

quite a large percentage of respondents (30%) who feel unsatisfied with thermal comfort even
though all the offices were fully air-conditioned and the setpoints were following the Australian
typical temperature range of 21-24.9°C based on the NABERS guide. The result highlights again
the problem with static indoor conditions provided by the HVAC system. The HVAC industry,
therefore, needs to define “comfort” in terms of the physical variables that could be controlled
using the HVAC system (Nicol & Roaf, 2017). Figure 6.2a presents some of the main dissat-
isfaction reasons of thermal comfort in the SHE post-occupancy evaluation (POE) dataset, and
Figure 6.2b indicates the percentages of satisfied and dissatisfied with thermal comfort across the
SHE POE dataset.

Workplaces with mixed-mode ventilation

Mixed ventilation refers to making full use of the respective advantages of mechanical ventila-
tion and natural ventilation, in different seasons or different times of the day, according to outdoor
weather conditions, using the control system to reasonably switch between the mechanical ven-
tilation mode and the natural ventilation mode or combined operation. Mixed-mode ventilation
can provide comfortable indoor environments and minimise reliance on energy-intensive HVAC
systems (Deuble & de Dear, 2012; Kim et al., 2019).

Mixed-mode ventilation was found to be better than air-conditioned offices for resilient com-
fort. The mixed-mode building had 16% higher overall comfort and 32% satisfaction and health
conditions, as compared to the HVAC building. However, extra care is needed in designing mixed-
mode buildings and user-friendly thermal controls, as they have the potential to be energy-efficient
by using natural ventilation and a variety of adaptive opportunities to achieve comfort. Overall,
mixed-mode buildings were found to be more resilient regarding thermal comfort, energy, health,
coping with future pandemics and accommodating individual needs, as compared to HVAC build-
ings (Shahzad & Rijal, 2022).

Kim et al. (2019) conducted a study to investigate how different modes of operation in a mixed-
mode building in Wollongong, Australia, affect indoor thermal environmental conditions and
occupant perceptions of thermal comfort. They found that occupants of the mixed-mode building
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Figure 6.2 (a) Word cloud generated from the SHE POE dataset reporting dissatisfaction with thermal
comfort and (b) Percentage of satisfied and dissatisfied workers with thermal comfort in the SHE
POE dataset for all offices.

Source: SHE POE dataset, 2023

were more tolerant of, or adaptive to, the indoor thermal conditions when the building was in the
natural ventilation mode of operation compared to the air-conditioning operational mode.

There are three main types of mixed-mode ventilation, which are elaborated as follows: The
first type is that the natural ventilation system and the mechanical air-conditioning system operate
alternately. When the outdoor condition permits, only natural ventilation is used, and the mechani-
cal ventilation system is turned off; when the outdoor environment rises or falls to a certain limit,
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the natural ventilation system is turned off and the mechanical ventilation system is turned on, and
there is no interference between the two. The key to this type of mixed-mode ventilation is to select
appropriate control parameters so that the switching between the natural ventilation mode and the
mechanical ventilation mode can meet the requirements of indoor thermal comfort and air quality
with the least energy consumption.

The second type is fan-assisted natural ventilation. When the natural driving force is insuffi-
cient, the fan is turned on to maintain the flow of air and ensure the requirement of airflow rate. In
other cases, natural ventilation is used. The key to this type of mixed-mode ventilation is to design
an automatic control system to control the start and stop of fans according to changes in outdoor
conditions.

The third type is air pressure— and heat pressure—assisted mechanical ventilation. Mechanical
ventilation is the main method under various climatic conditions, while natural ventilation formed
by wind pressure and thermal pressure is used as an auxiliary. The key to this type of mixed-mode
ventilation is to control mechanical ventilation according to the changes in wind pressure and
thermal pressure.

When designing a mixed ventilation system, other passive energy-saving techniques should
be also incorporated, such as building shading technology, solar chimney, underpass pre-cooling
technology, night ventilation, etc. Such technologies can effectively prolong the utilisation time of
natural ventilation and improve the indoor thermal environment, especially for extreme outdoor
temperatures.

Adaptive environments with natural ventilation

Natural ventilation can be used as a low-cost alternative to mechanical ventilation. It leverages
the airflow from natural sources such as doors, windows and vents to create a more comfortable
indoor environment. Therefore, when designing natural ventilation for office buildings, the fol-
lowing factors should be considered: location and orientation, building form, indoor partitions or
obstacles and openings and urban layouts (Lawrence et al., 2020).

As indicated previously, studies in terms of thermal comfort revealed that the opportunities
provided by the built environment could play a significant role in forming occupants’ comfort
expectations based on their preferences and needs (Luo et al., 2018). Therefore, the desire for
comfort based on the occupants’ wants can lead to comfort-related reactions to achieve their pre-
ferred thermal condition. Natural ventilation can offer several benefits in terms of thermal comfort
and occupants’ satisfaction. It creates the opportunities for greater control and adaptability based
on individual preferences by offering a variety of options for controlling passive building sys-
tems (e.g., windows) and adjusting airflow. This flexibility is particularly beneficial in naturally
ventilated workspaces, where each occupant may have different comfort requirements due to fac-
tors such as location within the workspace, outdoor conditions and personal sensitivities. A study
conducted by Candido et al. (2010) showed the significant role of “thermal history on affecting
occupants” and their thermal perception of their indoor environment. The findings demonstrated
that opportunities of passive strategies can be welcomed by occupants and need to be exploited as
much as possible.

Several studies have explored natural ventilation in workspaces, revealing positive findings
regarding occupants’ thermal comfort. Occupants in naturally ventilated buildings have exhib-
ited higher overall comfort levels and satisfaction compared to those in air-conditioned spaces.
By comparing a naturally ventilated building with an air-conditioned one, Wang et al. (2021)
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concluded that occupants in the former building were more tolerant to temperatures that deviated
from neutral than in the latter building. This accommodation of natural adaptability of occupants
in the naturally ventilated building operation strategy has considerable positive impacts for energy
efficiency (Kim et al., 2019). A study regarding the implementation of natural ventilation in office
buildings revealed that implementation of naturally ventilated design strategies could bring about
energy efficiency while maximising occupants’ thermal comfort (Zoure & Genovese, 2023). Also,
the ability to feel connected to the outside environment and experience natural airflow has been
shown to contribute to a sense of well-being and improved thermal comfort in occupants. For
instance, in the context of workplace semi-outdoor environments, Lyu et al. (2022) found that
there was an association between thermal adaptive opportunity and restorative benefits in semi-
outdoor spaces with dynamic thermal environmental conditions.

Different types of natural ventilation systems that can be employed to enhance occupants’ ther-
mal comfort. One approach is single-sided ventilation, where airflow occurs through openings on
one side of the building, such as windows or vents. This type of ventilation benefits from prevail-
ing winds and temperature differentials to promote airflow. Cross-ventilation, on the other hand,
involves creating openings on opposite sides of the building to facilitate air movement across the
space. This approach results in a higher level of natural airflow and can be effective in providing
consistent thermal comfort inside buildings. In a thermal comfort study carried out in Brisbane,
Australia (Omrani et al., 2017), it was found that cross-ventilation could provide thermal comfort
on a typical hot summer day for most of the day (greater than 70% of the time), while, for single-
sided ventilation, the thermal conditions of internal spaces was comfortable for only 1% of the
time. Additionally, stack ventilation relies on the principle of warm air rising and escaping though
openings at higher levels, while cooler air enters through lower openings, promoting natural venti-
lation. Each type of ventilation has its own advantages and considerations, and the choice depends
on factors such as building design, climate conditions and occupant needs. Therefore, it is crucial
to carefully design and manage natural ventilation systems to ensure optimal performance. Factors
such as building orientation, window design, cross-ventilation opportunities and shading tech-
nologies play a significant role in maximising the benefits of natural ventilation while minimising
potential drawbacks (Elaouzy & El Fadar, 2022), such as overheating or insufficient airflow during
unfavourable weather conditions.

By implementing such design approaches, it can be possible to achieve thermal comfort while
maintaining energy efficiency and providing individuals with great control over their indoor
environment.

Achieving high-performance workplaces

An operational approach to carbon-zero buildings

Almost 40% of all energy-related greenhouse emissions come from buildings, and 28% come from
the operations of buildings themselves, therefore reducing energy consumption in the whole life
cycle of a building; in particular, the building operation phase is crucial while maintaining thermal
comfort in workplaces. Operational carbon refers to all emissions produced when a building is in
use. This includes the energy needed to heat, cool, light, power and ventilate a space.

Various approaches can be employed to reduce the operation energy demand of the buildings.
Table 6.1 lists the energy efficiency measures (ECMs) for typical commercial buildings, which
can be divided into non-HVAC-side measures and HVAC-side measures. The non-HVAC-side
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Table 6.1 Energy efficiency measures (ECMs) for office buildings

Classifications Non-HVAC Measures HVAC Measures
ECMs 1. External wall insulation AHU:
2. Roof insulation 1. minimum VAV airflow rate reset; 2. Discharge air
3. Shading temperature reset 3. Supply fan static pressure reset;
4. Window replacing 4. VAV box commissioning; 5. Sensor calibration.
5. Trombe wall FAN COIL UNITS:
6. PCM 1. Supply air temperature reset; 2. Operation reschedule;
7. BIPV 3. Unit commissioning.
8. Lighting control CHILLER PLANT:

1. Installed speed drives on the chilled water/
condenser water pumps; 2. Chilled water secondary
loop pressure difference reset; 3. Condenser water
temperature reset; 4. Chilled water supply temperature
reset; 5. Stage up/down control.

BOILER PLANT:

1. Installed variable speed drives on primary hot water
pumps; 2. Supply hot water temperature reset; 3.
Secondary loop differential pressure reset; 4. Primary
hot water flow and secondary loop water flow
matching.

measures mainly focus on reducing the thermal load of the buildings, e.g., optimising the insu-
lation level for the exterior walls and roof to reduce the conduction heat loss/gain through the
building envelope; using external shading to block the solar radiation when it is too strong;
replacing single-layer clear windows with Low-E double-layer windows; using Trombe wall
and PCM material to store solar heat in the daytime and release it at night; adopting BIPV to
produce the energy needed for the building; and applying smart lighting control coupled with
shading.

The HVAC-side measures include a series of intelligent control improvements on the air-handling
units (AHUs), fan coil units (FCUs), chiller plant and boiler plant, e.g., dynamic reset on the VAV
minimum airflow settings, discharge air temperature reset, supply water temperature reset, etc.

Personal control systems

Personalised ventilation (PV) is an individually controlled air-distribution system aimed at
improving the quality of inhaled air and the thermal comfort of each occupant. In comparison with
traditional mechanical ventilation systems, PV can improve occupants’ health, inhaled air quality,
thermal comfort and productivity.

A PV system can be divided into four categories according to different air-supply methods: PV
from raised floor, PV from desktop, PV from partition wall and PV from false ceiling. The floor
personalised air-supply system (Figure 6.3) is the most commonly used form of PV. The floor per-
sonalised air-supply system installs air diffusers on the raised floor near the occupants. The entire
space under the raised floor is used as an air-supply channel, and a fan is installed under each air
diffuser to blow the air to the work area. Occupants can adjust air-supply parameters, such as air-
supply angle and air velocity, according to their own needs.
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Figure 6.3 Personalised ventilation from raised floor.

Moving from a static to an adaptive HVAC system

As mentioned before, static indoor conditions provided by the HVAC system sometimes fail to
satisfy the thermal comfort requirements for occupants. The HVAC industry therefore needed to
define “comfort” in terms of the physical variables that could be controlled using the HVAC sys-
tem (Nicol & Roaf, 2017). The PMV model only proved to be valid for a person in a steady-state
environment (de Dear, 2004) because people generally do not just passively perceive the ambient
environment. They continually adapt to the ambient environment in order to approach thermal
comfort by physiological adaptation, psychological adaptation and behavioural adjustment (Roaf
et al., 2010).

ASHRAE Standard 55 (2020) recommends that thermal comfort is associated with outdoor
air temperature, indicating that the indoor operating temperature can increase with the outdoor
air temperature. The thermal load of the building varies with the ambient weather conditions as
well as the occupancy patterns, and the thermal comfort setpoint should be adaptive to the weather
and personalised comfort condition. Accordingly, the HVAC system needs to operate to meet the
thermal load of the building, thus adaptive control instead of static on the HVAC cold/heat source
operation (Yan et al., 2008). Typical adaptive control strategies include supply air temperature
reset of the AHU according to the outdoor air temperature; duct static pressure reset according to
the thermal load of the building; supply chilled/hot water temperature reset according to outside
air temperature and occupancy pattern; indoor air temperature reset according to outside air tem-
perature and occupancy pattern, etc.

Sensing technology used to develop predictive models

With the development of sensing technology, thermal comfort in the workplace can be improved
greatly by developing accurate predictive models. The adaptive control of the HVAC system
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requires information on the thermal load and occupancy pattern of the buildings. Smart lighting
control requires detecting the indoor lighting level to activate/deactivate shading. Typical sensors
therefore include the outdoor air temperature, which can be coupled with building thermal load
data for load prediction and can be used for thermal comfort prediction and air/water tempera-
ture reset prediction, and air/water flow rate sensor to measure the supply air/water flow rate and
couple with an air/water temperature sensor to calculate the AHU/chiller/boiler operation load. In
addition, a CO, sensor can be installed at the return side of the AHU to determine the indoor air
quality and can be used for personalised/demand control ventilation.

Considerations post-COVID

The outbreak of COVID-19 reminded us of the importance of the healthy building. According to
the WELL Building Standard (IWBI, 2016), the ideal healthy building technology system consists
of nine major elements, including ventilation, thermal comfort, air quality, noise, air filtration,
humidity control, daylighting, safety and security and water quality (Lin et al., 2022). Among
these, six elements can be achieved through air conditioning, namely ventilation, thermal comfort,
air quality, noise, air filtration and humidity control. Traditional thermal comfort control based on
temperature or indoor CO, level might not be enough. It is suggested to look at visual comfort,
thermal comfort and air pollution control concurrently to ensure a comfortable and healthy indoor
environment.

Large numbers of people have been working from home since the start of the pandemic, and
when people are at home for long periods of time, thermal comfort and energy efficiency of homes
become salient topics. Many existing homes were built before energy building standards came
into effect, resulting in poor energy performance and uncomfortable thermal conditions. Research
shows that two-thirds of homes were too cold for good health but that many householders were not
aware of the risks (Ketchell, 2022). In EU countries (e.g., Germany, Switzerland) initiatives have
been examined to retrofit thermally energy-inefficient residential buildings (Galvin, 2022; Stre-
icher et al., 2018). The quality of housing in other countries, such as Poland, has been pointed out
as an important factor affecting people’s health (Sokotowski et al., 2023). In the UK, Zahiri and
Elsharkawy (2018) pointed out the necessity of retrofitting to achieve more climate-resilient and
energy-efficient residential buildings. In China thermal inefficient building design has hindered
energy-saving goals due to occupants’ higher air-conditioning preferences (Sun, 2013). Being too
hot is also a significant problem for Australian homes, as climate change is leading to an increased
frequency and severity of heat waves. Over the coming decades it is likely that mainland Australia
will require more cooling than heating (Saman et al., 2013).

In recent years, numerous studies have focused on investigating the issue of energy poverty in
different countries by using various conventional and new variables, combining socio-economic
indicators with the energy performance of buildings (Castafio-Rosa et al., 2020; Sanchez-Guevara
et al., 2019). Therefore, another issue occupants are tackling in their buildings is residential ther-
mal comfort. In Australian residential buildings low-income households suffer from overheated or
cold homes and experience problems associated with energy inefficiency and poor thermal com-
fort, which ultimately affect residents’ quality of life, comfort, well-being and physical and men-
tal health (Haddad et al., 2019). This thermally inefficient housing has also impacted vulnerable
UK populations, such as elderly and unemployed people with disabilities within the low-income
energy poverty group (Elsharkawy & Rutherford, 2018). These circumstances are the main drivers
of a social challenge known as energy poverty (EP) when residents have difficulties in paying the
electricity bills. A priority should be given to improve thermal comfort in low-income households
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as residents are exposed to serious environmental and health risks. Efforts should be intensified to
promote programmes to improve the thermal performance of the low-income dwellings and pro-
grammes to supply energy at low prices to satisfy basic needs (Haddad et al., 2019).

Conclusion

Maintaining thermal comfort in indoor work environments is very critical to a worker’s overall
morale and work performance. There are two inherent problems with traditional HVAC systems
in providing thermal comfort in modern office buildings. Firstly, unnecessary heating and cooling
is provided even if only part of the space in the office area is occupied, resulting in a great waste
of energy. Secondly, individual thermal comfort preferences cannot be accommodated. These two
problems can be well resolved by using personalised ventilation and a mixed-mode ventilation
system.

A high-performance checklist for delivering a thermally comfortable workplace includes
reducing operational building energy consumption by using energy efficiency measures, applying
personal HVAC control and mix-mode ventilation, making use of sensing technologies to develop
more accurate predictive models and considering visual comfort, thermal comfort and air pollution
control concurrently to ensure a comfortable and healthy indoor environment.

A “high-performance” checklist for thermal comfort is provided here:

Principle Description

ENERGY CONSUMPTION » Using energy efficiency measures
Reducing operational building energy consumption * Applying personal HVAC control
* Mixed-mode ventilation

MODELS * Making use of sensing technologies
Develop more accurate predictive models
IEQ » Considering visual comfort, thermal comfort and
Ensure a comfortable and healthy indoor environment air pollution control concurrently
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INDOOR AIR QUALITY

Arianna Brambilla, Ozgur Gocer, and Christhina Candido

We need clean air just as much as we need clean water.
— Authors

Introduction

In recent years, the quality of the air we breathe has become a topic of increasing global interest,
both in scientific research and in the community. Factors such as widespread bushfires in various
countries and the emergence of a global pandemic have elevated the importance of air quality in
public discussions about health and well-being. This has been particularly significant in evaluat-
ing the risks associated with returning to work after lockdowns. The million-dollar question that
everyone is trying to answer is: are our offices equipped to provide us with fresh air and healthy
indoors? And the truth is there is no binary, simple, and quick answer to this question.

In the field, Indoor Air Quality (IAQ) refers to the quality of the air inside buildings, and it relates
to the presence and concentration of various pollutants that can affect the health, comfort, and well-
being of the occupants. It is paramount when delivering healthy and safe spaces for people to work.
As COVID-19 highlighted, building design and operation are intrinsically correlated to its capacity
to maintain occupants’ safety by determining the quality of the indoor air. However, it is not only in
exceptional and extreme circumstances that IAQ impacts occupants, as the air pollutants that linger
indoors go beyond bushfire by-products of viruses but comprise a broader number of chemical and
biological compounds, including those determined by some humans’ activities, such as CO, from
respiration. With the increased reliance on airtight, fully air-conditioned buildings, the risk of not
properly managing IAQ conditions comes with a significant price tag in terms of workers’ health
and productivity. Increased asthma, dry eyes, headaches, and irritated throat are the most common
health symptoms related to poor IAQ in workplaces. Further, research has also linked poor IAQ
to reduced productivity and performance over time in workplaces. Not surprisingly, IAQ has been
on the radar of those designing, building, managing, and maintaining workplaces because of its
known links to human health and well-being, satisfaction, and productivity. Data from the SHE
POE dataset (Figure 7.1) shows stuffy and humid air, lack of air movement, and odors are among
the main reasons for dissatisfaction with IAQ in workplaces (SHE POE dataset, 2023).
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Figure 7.1 Word cloud generated from the SHE POE dataset reporting dissatisfaction with IAQ. (SHE POE
dataset, 2023)

Understanding what the factors influencing IAQ are and what can be done to increase the quality
of the indoor air is critical to ensure that high-performing workplaces foster health and well-being
for their workers. This chapter provides an overview of the different types of indoor pollutants that
can affect the air quality within a building, including biological pollutants like mold, bacteria, and
viruses, as well as chemical pollutants like volatile organic compounds (VOCs), carbon monoxide,
and radon. It delves into current trends and strategies for controlling and improving IAQ, such as
the use of air filtration systems, ventilation systems, and indoor plants. It also discusses the role
of building design and construction in ensuring healthy IAQ. Overall, this chapter provides an
overview of indoor air pollutants and the importance of maintaining healthy IAQ. It highlights the
different strategies and technologies available to improve IAQ and provides readers with valuable
insights on how to create healthier indoor environments.

Indoor pollutants

IAQ is determined by various factors, including the interaction between chemically or biologically
originated pollutants. Chemical pollutants refer to inorganic compounds present in the air, while
biological pollutants include pollen, mold, mites, and other compounds. Both indoor and outdoor
sources can contribute to air pollution, with outdoor sources typically being more immediate, such
as particulate matter from traffic. However, indoor sources can also play a significant role, includ-
ing the use of chemical cleaning products or consumer electronics, as well as building materials
that may release gases like formaldehyde, organic chemicals, and inorganic chemicals. The spe-
cific requirements for IAQ may vary depending on factors such as location, building type, intended
use, and exposure. Poor IAQ can lead to a range of health problems, such as headaches, fatigue,
allergies, and respiratory issues (Wolkoff, 2018; Tran et al., 2020), but in the workplace can also
have financial implications. Poor IAQ can reduce workers’ satisfaction and productivity, increase
absenteeism, and result in higher turnover rates (Kelly & Fussel, 2019). The extent of these impli-
cations can be higher than $1.6 billion a year, considered to be the economic loss in Australia due
to lower respiratory infections derived from poor IAQ (Morawska et al., 2022).
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Table 7. 1 Summary of the air pollutants commonly found in buildings, their source, and the recognized
effects on humans (ABCB, 2018).

Contaminant Source Hazard for Humans
CARBON MONOXIDE Incomplete combustion process of ~ Reduction of oxygen-carrying
(CO) carbon capacity of blood due to the
conversion of hemoglobin into
carboxyhemoglobin. Reduced
oxygenation leads to headache,
nausea, dizziness, loss of brain
function, loss of consciousness, and
death.
CARBON DIOXIDE Human respiration Loss of mental acuity, dizziness, and
(C0O2) headache.
FORMALDEHYDE Furniture and indoor materials, Eye irritation, dermatitis, headache,
(HCHO) such as particleboard and carpet nausea, cancer.
PARTICULATE Airborne particles, such as dust, Eye irritation, respiratory tract
MATTER (PM) dirt, sand, smoke, and liquid irritation, cough, bronchitis, asthma.
droplets
OZONE Photocopiers, ultraviolet light Respiratory disorder, reduced exercise
sources, air cleaners, car capability.
exhaust
MOLD AND Fungi Allergic reactions, skin irritation,
MYCOTOXINS respiratory tract irritation, dizziness.
BACTERIA Waters containing bacteria, often Fever, cough, pneumonia, death.
(LEGIONELLA air ducts
PNEUMOPHILIA)
VIRUSES Droplets form infected people (can  Minor viral disease (influenza) to death.

ORGANIC SOLVENTS

OTHER COMBUSTION
PRODUCTS,

LESS COMMON:
NITRIC OXIDE
(NO), NITROGEN
DIOXIDE (NO2),
SULPHUR DIOXIDE
(S02)

OTHER BIOLOGICAL
PRODUCTS
(DANDERS, SCALES,
HAIR, DUST MITES)

INSECTICIDES

linger in the air for 2 hours,

depending on the virus)
Polyurethane, insulation materials,

paints, cleaning liquids, smoke
Fuel burning and smoke

Animals, microspoci organisms,
humans

Pest-control products

Eye irritation, respiratory tract
irritation, nausea.

Respiratory disorder, lung damage, eye
irritation.

Allergic reaction, asthma.

Nausea, headache, breathing
difficulties, liver damage,
convulsions, cancer.
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Chemical pollutants

Chemical pollutants can be generated either inside the building or outside and then transported
inside through ventilation systems, windows, or cracks in the building envelope. The level of risk
associated with their presence depends on factors such as the concentration, density, and charac-
teristics of the pollutants and their sources. In the case of outdoor pollutants, the distance from the
source and the direction of the wind are important factors to consider. As an illustration, pollutants
from road traffic can impact a building’s IAQ up to a distance of 375 meters if the wind is blowing
in that direction (Hitchins et al., 2000).

Among the chemical pollutants most found in offices, there are carbon dioxide (CO,) and carbon
monoxide (CO), particulate matters, and volatile organic compounds. CO, is a direct by-product of
human respiration. The concentration of CO, in a space is a reliable indicator of human presence,
activities, and ventilation. A high concentration of CO, can lead to symptoms such as headaches,
dizziness, confusion, dyspnea, disorientation, hypertension, and even loss of consciousness. The
American Society for Heating, Refrigerating, and Air Conditioning Engineers (ASHRAE) Stand-
ard 62.1 recommends a maximum CO, level of 1000 parts per million (ppm) (ASHRAE, 2019),
and the National Construction Code of Australia goes further and recommends a limit of 850 ppm
over an 8-hour period (ABCB, 2018).

CO is an odorless and colorless poisonous gas, a product of incomplete combustion processes.
The outdoor concentration of CO is 0.2 ppm, but larger cities can reach significantly higher val-
ues. Milder symptoms of CO poisoning include headache, dizziness, weakness, nausea, vomiting,
chest pain, and confusion, which can quickly escalate, causing loss of consciousness and death.
CO can mix with hemoglobin and impede oxygen transportation in the blood vessels. This pol-
lutant can be generated indoors by burning incense, oil or gas-fired heaters, and stoves. As such,
it is of major concern within the residential sector. In offices, the major source of CO is outdoor
polluted air infiltrating indoors. The outdoor sources can be volcanoes or bushfires, burning of
fossil fuels for power generation, motor vehicle exhaust, or other manufacturing industries. CO,
being a relatively unreactive gas under ambient air conditions, does not get absorbed by building
materials or filters in ventilation systems. Consequently, in the absence of indoor CO sources, the
concentration of CO in indoor air remains the same as that of outdoor air, which is either ventilated
or infiltrating. Levels indicated by the Australian Building Code, consistent with those reported by
the World Health Organization (WHO, 2021), are:

* 90 ppm averaged over 15 minutes,
* 25 ppm averaged over 1 hour,
* 10 ppm averaged over 8 hours.

Total volatile organic compounds (TVOC or VOC) are substances that evaporate easily at room
temperature, a process usually referred to as off-gassing. VOCs are a mixture of different chemi-
cals, such as benzene, formaldehyde, trichloroethylene (TCE), alkanes, aromatics, aldehydes,
ketones, alcohols, and ethers. VOCs are responsible for photochemical smog pollution and may
cause eye and upper respiratory irritation, nasal congestion, headache, and dizziness. The risk
associated with VOCs is mainly due to the prolonged exposure time rather than high concentra-
tions, as these compounds are emitted from most materials, whether they are synthetic or natural.
The sources of VOCs are primarily new materials, such as office furniture, adhesives, paints,
caulking, fillers, pressed wood products, carpets and underlays, stored supplies, printers, pho-
tocopiers, and electrical equipment. Generally, the newer the material, the greater the number
of VOCs emitted, but solvents commonly used in adhesives, paints, fillers, and sealants have
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the potential for long-term slow release. The acceptable safe threshold for VOC concentration is
generally considered to be approximately 500 mg/m?* (ABCB, 2018). Amongst the general VOC,
formaldehyde is the most commonly found indoors. It is generally produced through off-gassing
of particleboard, fiberboard, and plywood, and it is strongly associated with allergies, asthma, and
respiratory effects. Despite its adverse health effects, it is widely employed in construction materi-
als due to its superior bonding properties and low cost. The specific threshold for formaldehyde is
0.1 mg/m? averaging over 30 minutes (ABCB, 2018).

Dust, dirt, sand, smoke, and liquid droplets with varying sizes and visibility, as well as all
airborne particles, are grouped and referred to as particulate matters (PMs). It is possible to dif-
ferentiate them based on their size, dividing between:

* coarse particles PM,: diameter < 10 um,
» fine particles PM, ;: diameter < 2.5 pm,
* ultrafine particles: diameter < 0.1 um.

These pollutants can be generated by either natural processes or human activities. Adverse health
effects resulting from exposure to these pollutants include irritation of the eyes, nose, throat, and
respiratory tract, as well as coughs, bronchitis, asthma, and other lung conditions. Additionally,
they can cause respiratory and allergic responses, exacerbate existing respiratory and cardiopul-
monary diseases, and even lead to lung cancer. The safe thresholds for these PM are, for PM,, 50
pum/m?® averaged over 24 hours or 25 pm/m? over 1 year, while for PM, ; are 25 um/m? averaged
over 24 hours and 8 over 1 year (ABCB, 2018).

Biological pollutants

Biological pollutants include bacteria, molds, viruses, dust mites, cockroaches, and pollen. These
are the invisible threats that populate buildings, live and proliferate inside damp homes, and are
a common catalyst for an unhealthy indoors. There are several health risks that can be associated
with biological contaminants, which have been shown to affect the more general psychological
well-being of the occupants. These effects can be mild, such as sense of fatigue and reduction of
the capacity to concentrate, but they can escalate to severe cases of cognitive impairment (Gordon
et al., 2004). In the workplace, these symptoms clearly impact overall efficiency and productivity
(Finell & Nitti, 2021).

The main factor that causes biological contaminants to spread is dampness and high humidity
levels. Mold germination and growth can be triggered by any condition resulting in excessive
dampness (Brambilla & Sangiorgio, 2020). At present, rain leaks and plumbing defects that
result in stagnant water within the building envelope or inaccessible areas are the most common
sources of moisture that cause problems with mold. In Australia, recent research has shown that
one in three buildings experience mold issues, primarily due to inadequate envelope performance
and condensation problems, as well as uneven indoor temperatures and inadequate air circula-
tion. In addition to construction and design deficiencies, excessive moisture can be caused by
the use of mist humidifiers, unvented clothes dryers, overcrowding, and other human activities.
Currently, there isn’t an agreed threshold for limiting the presence of biological pollutants, rather
most of the guidelines impose a limit value to optimal indoor humidity. The major building codes
incorporate guidelines to avoid mold growth in the form of design criteria, prescriptive provi-
sions and methods for the assessment of the risk, with different degrees of success. For exam-
ple, Australia introduced explicit provisions only in 2019 that regulate the building envelope
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permeability, yet they apply only for certain building typologies and only for certain climate
zones (ABCB, 2019).

Implementing best practices

Designing a building with good IAQ requires a holistic approach that considers various factors
such as ventilation, filtration, and source control. IAQ must be incorporated into the design process
from the early stages to ensure that the building’s systems are designed to deliver clean and healthy
indoor air. Fortunately, there are emerging trends in building design that are tackling IAQ from
different aspects that, coupled with technological advancements, unlock high-performing spaces
also in terms of TAQ.

Envelope, ventilation, and filtering strategies for IAQ

One of the most effective ways to improve IAQ is to prevent pollutants from entering the indoor
environment in the first place. The building envelope is a critical component of building design
that can have a significant impact on IAQ. It serves as a barrier between the indoor and outdoor
environments and helps to regulate the pollutants into and out of the building. To promote healthy
TAQ, two important factors to consider are material selection and air tightness. Firstly, it’s crucial
to choose building materials that have low levels of VOCs to minimize their release into the indoor
air. Additionally, selecting materials that are resistant to moisture and mold growth can help pre-
vent the spread of spores, which significantly lowers the risk of mold proliferation in the indoor
environment. Secondly, airtightness can also play a role in reducing the exchange of indoor and
outdoor air, minimizing the movement of pollutants between the two environments. However,
pollutants may infiltrate indoors anyway, or be generated directly indoors. Adequate ventilation
is critical for maintaining good TAQ. Buildings should be designed to provide sufficient ventila-
tion to ensure that pollutants are diluted and removed from the indoor environment. This can be
achieved through the use of natural ventilation, mechanical ventilation, or a combination of the
two (hybrid ventilation). If natural ventilation has proved to be the preferred option for COVID-19
outbreak control, it is hardly found in high-performing workplaces, which usually rely on highly
efficient HVAC systems. For this reason, filters are key to any IAQ strategy. However, the filters
in standard HVAC systems are typically located in the return-air ducts and are only operational
when the system is running. Consequently, during bushfire events, the HVAC system must remain
constantly switched on while occupied to allow for adequate PM filtration, resulting in significant
energy consumption (Brambilla et al., 2021). The efficiency of PM removal from the air by filters
is expressed through their minimum efficiency reporting values (MERV), ranging from 1 to 16,
with higher MERV ratings indicating greater filter efficiency. The literature reports contradicting
findings on the efficiency of these filters. Chen et al. (2016) demonstrated that mechanical ven-
tilation systems with MERV 7 filters can achieve a removal efficiency of 30% for particles with
diameters smaller than 0.1pm. Contrarily, some evidence shows that either fan-coil units equipped
with high-grade filters or portable air cleaners may be effective in removing indoor PM.
Generally, the available studies indicate that filter efficiency is key in reducing the indoor con-
centrations of pollutants that originated outdoors, with different degrees of efficacy. However,
there is still a lack of conclusive evidence and research regarding the comprehensive filtration of
outdoor-generated air pollutants. This represents a significant gap that hinders the development of
informed IAQ management strategies. Established filtration systems for the removal of air pollut-
ants include high-efficiency particulate air (HEPA) and carbon filters. A HEPA filter is a type of
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air filter designed to trap and remove very small particles from the air, such as dust, pollen, mold
spores, and bacteria. HEPA filters are made up of a mat of randomly arranged fibers that are typi-
cally made from fiberglass, and they are constructed in a way that maximizes their surface area
and airflow. HEPA filters are very effective at removing particles from the air because they use
a combination of mechanical and electrostatic methods to trap particles. As air flows through the
filter, the fibers in the filter create a maze-like pathway that captures and traps particles of various
sizes. The electrostatic charge on the fibers also attracts and traps particles that are too small to be
captured by mechanical filtering. These filters are designed to trap larger particles, such as dust
and pollen, and are often used in HVAC systems to improve IAQ. The choice of air filters used in
an office will depend on a variety of factors, including the specific air-quality requirements of the
workplace and the budget available for air filtration systems.

Leveraging sensing technologies for enhanced IAQ

Real-time monitoring and control systems are increasingly being used to help manage TAQ in
buildings. These systems can be an effective tool for detecting and addressing IAQ issues as they
arise and enabling prompt and bespoke strategies to address them. One example of real-time moni-
toring in IAQ is the use of sensors to measure CO, levels. Elevated levels of CO, can indicate inad-
equate ventilation, which can lead to poor IAQ and negatively impact occupant health and comfort.
By monitoring CO, levels, building managers can take action to adjust the building’s ventilation
systems as needed to maintain healthy IAQ. In addition to CO, sensors, other types of sensors can
be used to detect the presence of specific pollutants, such as radon or VOCs. Once detected, build-
ing managers can take appropriate steps to address the issue, such as increasing ventilation or using
air purification systems. Control systems can also be used to automate IAQ management, such as
by adjusting ventilation rates based on occupancy or outdoor air quality. These systems can help
to ensure that the building is providing a healthy indoor environment while also optimizing energy
efficiency. Real-time monitoring and control systems can provide valuable insights into IAQ in
buildings and help to identify and address potential issues before they become serious problems.
By incorporating these systems into building design and management practices, it is possible to
create healthier and more comfortable indoor environments for building occupants.

Fit-out specifications

When selecting materials for workplace fit-out, it is crucial to choose low VOCs for walls and
floors, such as hardwood flooring, ceramic or natural stone, and low-VOC paint. Easy maintenance
and durability for finishes can help to promote good IAQ in the workplace. Avoiding excessive use
(such as wall to wall) of carpets in workplaces could prevent asthma and allergy problems, since it is
like a sink for particles, dust, and indoor air pollutants. Proper waste management for quick disposal
of waste and regular maintenance can prevent the accumulation of pollutants in the indoor air. Incor-
porating IAQ frameworks and guidelines for fit-out specifications proposed by both WELL Build-
ing Standard (X06 VOC restrictions) and Green Star Rating Scheme (Office Interiors v1.1 IEQ 11
Volatile Organic Compounds), it is possible to create healthy IAQ in workplace environments.

Implementing biophilic design strategies
Biophilic design, which is the incorporation of natural elements and patterns into indoor envi-

ronments, can be useful for improving IAQ in several ways. Increased ventilation and the use
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of natural materials and finishes can help to dilute indoor air pollutants and improve the overall
IAQ. Biophilic design elements such as green plants/walls are effective at enhancing IAQ by
purifying the air of pollutants, VOCs, and PM and producing oxygen through photosynthesis.
Laboratory experiments conducted by Kulkarni and Dixit (2022) indicate that green wall plants
substantially reduce the concentrations of PM,, and PM, .. Potted plants are also considered a
simple and cost-effective technique for mitigating indoor air pollution. Gubb et al. (2022) inves-
tigated the effectiveness of 3 species of plants to remove in situ concentrations of NO, under
various light and humidity levels. They estimate that 5 plants in a small office could remove
approximately 3 ppb of NO, after 1 hour. Su and Lin (2015) concluded that the pot plant birds
nest fern (Asplenium nidus Linn.) could be used for CO, and HCHO removal depending on the
results of reduced CO, and HCHO concentration levels from 2000 ppm to 800 ppm and 2 ppm to
0.1 ppm, respectively. Torpy et al. (2017) research confirms the findings with equivalent results,
indicating that a 5 m? green wall could balance the respiratory emissions of a full-time occu-
pant. In addition, portable stands which include a self-contained ecosystem with its own active
biofiltration system are useful to remove air pollutants like particles from bushfire smoke, dust,
allergens, and VOCs.

Over the past two decades, a variety of active botanical biofiltration (ABB) systems have been
developed to mitigate high concentrations of air pollutants associated with bushfires. These sys-
tems use a vertical plant growth substrate and foliage to filter air pollutants, and a mechanically
generated active airflow passes contaminated air through the system, where the pollutants are
removed by the substrate and root system (Pettit et al., 2017). According to a study by Pettit et al.
(2020), a green wall biofilter with an active airflow drawing system can effectively filter NO, with
greater efficiency than O, and PM, .. However, while the effectiveness of ABB systems has been
evaluated from various perspectives, investigations in real indoor environments are required to
obtain conclusive long-term results.

Post-occupancy evaluation

Although many aspects of IAQ can be physically measured, occupant satisfaction may or may not
correlate with these measurements. To verify the design intent, identify IAQ problems, provide
feedback from occupants, and identify opportunities for continuous improvement, post-occupancy
evaluation (POE) could be used as an effective tool for assessing the performance of IAQ in work-
place environments. The WELL Building Standard and Green Star rating tool recommend POE
studies in buildings as a way to evaluate and improve the building’s environmental performance
and to ensure that it is meeting the objectives of the rating system. Both include a credit specifi-
cally for POE and ongoing performance monitoring. The credit requires building owners to con-
duct a POE study (within 12-36 months after the building is occupied) and to develop an action
plan based on the findings of the study. By conducting POE, building owners and designers can
ensure that [AQ is optimized for the health and well-being of building occupants.

Conclusion

The provision of TAQ is a complex task that involves time-dependent physical and chemical
parameters. However, the significant impact of poor IAQ on workers’ health and well-being has
not yet been fully understood. Relying solely on natural ventilation or HVAC systems does not
guarantee indoor air pollution control for a healthy workplace environment, as outside air may be
polluted and filters may not be effective enough.
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To provide an improved IAQ in workplaces, a “high-performance” checklist could include:

* Optimizing natural ventilation rates to control IAQ and passive cooling by using intelligent
controls for an effective control strategy that integrates PM and CO, concentrations.

« Utilizing sensing technologies to measure PM and CO, concentrations in a space and a com-
munication system that activates control modes to ensure improved IAQ conditions.

* Implementing sustainable building practices, such as green walls and ABB systems, to purify

pollutants.

* Incorporating live walls, breath stands, and plants indoors to accelerate the removal of indoor
air pollutants and improve workers’ health and well-being.

* Including HEPA and carbon filters to reduce indoor concentrations of pollutants and providing
regular maintenance to replace the filters.

In conclusion, ensuring good IAQ in office buildings is crucial for the health and well-being of the
occupants. Poor IAQ can lead to various health issues, decreased productivity, and increased absen-
teeism. Designers and building professionals must take the necessary steps to provide improved
IAQ in workplaces. With the ongoing pandemic, the importance of IAQ has become even more
critical, as the virus can spread through the air. Therefore, it is imperative for designers and build-
ing professionals to consider IAQ in their designs and ensure that indoor spaces are healthy and
safe for the occupants. By implementing these measures, designers and building professionals can
create a healthier and more productive environment for office workers.
A “high-performance” checklist for IAQ is provided here:

Principle Strategies

ENVELOPE, VENTILATION, .
AND AIR FILTERING .

SENSING, MONITORING, .
AND CONTROLLING
TECHNOLOGIES

FIT-OUT SPECIFICATIONS

BIOPHILIC DESIGN .
STRATEGIES

CLOSE THE LOOP .

Choose materials with low VOC levels.

Choose materials that are resistant to biological contaminations,
especially in locations close to wet areas, high-humidity zones,
and/or possible water ingress.

Increase the air tightness of the envelope.

Increase the air exchange rate, using natural or hybrid ventilation
systems.

Use high-efficient filters with HVAC.

Regularly maintain HVAC and filters.

Use real-time monitoring systems to respond to and predict
extreme events or failure.

Integrate natural elements such as green walls to naturally clean
indoor air.

Increase the use of potted plants.

Integrate portable stands: self-contained ecosystems with
biofiltration.

Integrate active botanical biofiltration: vertical plant growth
substrate and foliage to filter air pollutants, and a mechanically
generated active airflow passes contaminated air through the system,
where the pollutants are removed by the substrate and root system.
Deploy POE protocol to analyze, assess, and refine the [AQ
strategies.
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8
VISUAL COMFORT

Wenye Hu

Light has not just intensity, but also a vibration, which is capable of roughening a smooth mate-
rial, of giving a three-dimensional quality to a flat surface.
— Renzo Piano

Introduction

Lighting can enhance the aesthetic appeal of a space, create a sense of warmth and comfort, and
positively impact the overall well-being and productivity of the occupants. A well-lit space can
be more pleasant and comfortable for the occupants. However, ‘well-lit” in this context does not
only refer to adequate lighting. Although sufficient lighting is certainly important for the safe
movement and navigation of people within a space, it is not the only factor to consider. A well-lit
space is one that provides good visual comfort for the people using the space. Especially when it
comes to performing day-to-day activities, visual comfort is paramount. For tasks that require fine
detail work or prolonged periods of computer use, a visually comfortable lighting environment can
reduce occupants’ eye strain and improve their productivity.

Technically, visual comfort is defined as a subjective condition of well-being induced by the
visual environment (European Standards, 2018). The workplace design always tries to maximise
visual comfort since its influence on occupants’ satisfaction, work productivity, and well-being has
been proven in previous studies (Candido et al., 2021). Additionally, a recent qualitative study that
interviewed experienced professionals in Australia recommended that visual comfort is a critical
element in improving the sense of belonging in the workplace (Nanayakkara et al., 2021).

One way to improve visual comfort is to avoid factors that contribute to visual discomfort. Like
thermal comfort, building occupants do not commonly notice visual comfort unless they experi-
ence visual discomfort. In other words, they are not extremely sensitive to the visual environment
unless the lighting is in poor condition (Boubekri, 2008). For example, building occupants may
complain about the lack of visual comfort when there are some glary light sources within their
visual field or light reflection appears on their computer screens. On the other hand, they do not
consciously notice the visual comfort when the lighting is appropriate in the space, although they
are actually experiencing the visual comfort. Since visual comfort itself is difficult to define and
quantify, it is commonly considered the absence of visual discomfort, which can be caused by a
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variety of factors, including glare, sharp shadows, the lack of outdoor views, etc. It is not surpris-
ing that both daylight and electric light contribute to visual comfort. However, in workplaces, the
light from modern computer screens should also be considered since it has been shown to have
strong non-image-forming effects on human circadian rhythms.

In this chapter, the factors that influence visual comfort will be first introduced and discussed.
Some factors are impacted by the lighting environment, such as the amount of light and glare,
while others are determined by the nature of a space and the architectural properties. The factors
related to the physical environment are relatively easier to investigate, and an extensive body of
research has been conducted to examine their effects on visual comfort and discomfort, especially
in the context of workplaces. However, occupant-related factors, such as the use patterns of blinds
or electric lighting systems are the most difficult to predict and evaluate. After understanding the
influential factors in the following section, the positive influence of visual comfort and the nega-
tive consequences of visual discomfort on occupants will be discussed. Due to the complexity of
visual comfort, it is difficult to develop a single metric that can be applied to all conditions. Differ-
ent existing metrics and their limitations are briefly introduced and discussed later in the chapter.
It is not surprising that new technologies will continue to advance and improve the visual comfort
of architectural spaces in the near future. The final section discusses some innovative technologies
and state-of-the-art solutions to create a dynamic visual environment in workplaces.

Influential factors of visual comfort

Shafavi et al. (2020) reviewed 58 field studies and lab experiments published from 2012 to 2020
and summarised the influential factors of visual (dis)comfort into three categories: lighting-related
parameters, architectural properties, and occupant-related parameters.

Lighting-related parameters

Lighting-related parameters usually can be physically measured and mathematically expressed.
For example, they can be discomfort glare, the amount of light (illuminance/luminance, etc.), the
colour quality of light, and flicker. Also, a group of metrics can describe the non-uniformity in
the occupants’ visual fields, including brightness contrast, luminance ratios, etc. Data from the
Sustainable and Healthy Environments (SHE) survey (SHE POE, 2023) show that glare, sunlight,
bright screens, and reflections are the main issues in workplaces (Figure 8.1a). However, the data
indicated that 91% of the participants were satisfied with the visual comfort and lighting of the
space (Figure 8.1D).

Glare, probably the most studied factor, is the term used to describe unpleasant sensations that
are caused by an excessively bright light source within the visual field. Part of the reason that it has
been most studied is that it is possible to quantify the extent of glare by measuring the photometric
quantities of the lighting environment and the occupants’ physiological responses, such as pupil
size. Therefore, a variety of metrics have been developed to evaluate and predict discomfort glare,
which will be discussed later in this chapter. Additionally, the relationship between glare and visual
discomfort has been well established. Extensive existing research has proven that the absence of
glare leads to better visual comfort. For example, in one study, when subjects were instructed to
rate the perceived glare level and the visual comfort of their workspace in questionnaires, their
answers to these two questions showed a strong correlation (Suk et al., 2016). Strictly speaking,
glare can be classified into two types: disability glare and discomfort glare. Disability glare is usu-
ally caused by light scattering within the eye, which reduces the contrast of the image. It impairs
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Figure 8.1 (a) Word cloud generated from the SHE POE dataset reporting dissatisfaction with visual com-
fort and (b) percentage of satisfied and dissatisfied workers with visual comfort in the SHE POE
dataset.

Source: SHE POE dataset, 2023

vision but does not necessarily induce visual discomfort. Discomfort glare produces visual discom-
fort and induces the occupants’ instinctive desire to look away from the glare source. The mecha-
nisms for discomfort glare are still not fully understood, as there is no single known physiological
cause. These two types of glare can (and often do) co-occur, but they can also arise separately.
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[lluminance and luminance, two photometric quantities, are heavily tied to contrast, which
impacts the presence or absence of glare. The glare caused by a glary light source in the visual
field can be reduced by either reducing the luminance of the light source or increasing the lumi-
nance or illuminance of the background. Glare is not solely determined by the absolute amount
of light in the space; it is dependent on the relative amount of light, i.e. the contrast. Luminance
ratio is a contrast describing the luminance differences between objects, usually a target object and
its background. For example, the ratio between the luminance of a piece of paper where an occu-
pant is writing and the luminance of its background, the surface of the desk where the paper sits
(Dilaura et al., 2011). Brightness contrast refers to the contrast between task and ambient lighting.
The ratio/contrast-related metrics have a common characteristic: there is an optimised range for
better visual comfort. If the ratio/contrast is too low — for example, all surfaces in a room are lit to
the same brightness or objects are lit similarly to their background — then the visual environment
lacks sufficient visual interest, and visual systems would be tried to search for the visual interest.
An experienced lighting designer would usually deliberately vary the lighting intensity to create a
rhythm of light in a space. If the ratio/contrast is too high, such as direct sunlight from a window
upon entering a dim room or a glary lamp in the visual field, discomfort glare can be the result.

Architectural properties

There is no doubt that architectural properties, such as the sizes and locations of windows and the
colour and texture of walls, also contribute to a visually comfortable environment. Although, tech-
nically speaking, it is possible to bring in daylight without windows, windows are still the most
frequently used approach to introduce daylight into interior spaces. Therefore, they are crucial
elements for visual comfort. Building codes and standards worldwide require a minimum window
size in the percentage of the floor area of the room. In Australia, according to National Construc-
tion Code, Part F4 Light and ventilation, natural light must be provided in Class 2, 3, 4, 9a, and 9¢
buildings. One common approach is to design windows with an aggregate light-transmitting area
measured at more than 10% of the floor area of the room (Australian Building Codes Board, 2019).

Windows can maximise the use of daylight and significantly reduce the energy consumed by
electric light. They also create an important connection with the exterior environment, which
improves the occupants’ visual comfort and satisfaction. Unfortunately, excessive daylight
through windows is believed to be the main cause of thermal discomfort and visual discomfort.
The configurations of windows, such as window orientation, size, height, area, etc., were reported
to have a strong correlation with visual comfort/discomfort in daylit spaces (Kong et al., 2018;
Shafavi et al., 2020). A successful window design must maximise daylight levels in interior spaces
while minimising the glare created by daylight to create a visually comfortable environment for
occupants.

Data from the SHE POE dataset shows a weak but statistically significant correlation between
the proximity to external windows and occupants’ sleep quality, p_ (747) =-0.116, p = 0.002. When
occupants’ distances to external windows were less than 3 metres, they reported a higher quality
of sleep and higher satisfaction with the lighting environment, p_(747) =-0.231, p < 0.001 (SHE
POE dataset).

A view of the outside is another criterion for a visually comfortable environment. It is not
surprising that window views impact the occupants’ subjective impression of glare, especially
the glare caused by daylight (Chauvel et al., 1982; Hirning et al., 2014). On a sunny day, people
sitting under the shade of a café umbrella actually experience a sharp brightness transition, but
those outdoor seats are usually the most popular ones, as the street view is pleasant. Due to the
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psychological difference, the same brightness contrast in an open-plan office without any nice
view is probably considered visual discomfort. It has been proven independently in multiple stud-
ies that a window with a high-quality view increases the users’ tolerance to high luminance from
windows (Hirning et al., 2014).

Light, either daylight or electric light, falls on surfaces and objects in a space and then reflects
off them and enters human eyes. A strong positive correlation, p_(752) = 0.598, p <0.001 between
the lighting environment and satisfaction with indoor visual aesthetics was found in the SHE POE
dataset.

Earlier studies reported that the effect of the colour of the light (expressed as correlated colour
temperature) on visual discomfort was subtle in terms of either the subjective rating or the physi-
ological measurements (e.g. pupil size, eyeball movement speed, electrooculography responses)
(Lin et al., 2015). However, colours and reflectance of room surfaces have a stronger impact
on human perception of visual comfort. Many studies have been published on the subjects that
explore the effects of surface colours in architectural spaces on occupants’ mood, visual comfort,
performance, etc. For example, a study investigated how to use interior wood panels with differ-
ent colours (e.g. oak, Cape Cod grey, and dark walnut coatings) to create a visually comfortable
environment (Jafarian et al., 2018). A computational simulation was conducted to investigate how
surface reflectance influences the Unified Glare Rating (UGR), which is an index of discomfort
glare caused by electric lighting systems. Surfaces with higher reflectance (i.e. 80% for walls, 90%
for ceilings, and 40% for floors) resulted in less glare, while lower reflectance (i.e. 50% for walls,
70% for ceilings, and 20% for floors) led to more glare (Makaremi et al., 2019). However, few
conclusive results on the influence of surface colours were commonly accepted due to the lack of
systematic research and demographic complexity. Since the surface reflectance and transmittance
in real-world spaces can be complicated, instead, to simplify the problem, luminance ratio is some-
times used as a convenient metric (Dilaura et al., 2011).

The design of the office layout — which determines the occupants’ sitting orientation, distances
to windows, access to outdoor views, etc. — also contributes to the visual comfort in office spaces.
From the interview conducted in the eight Australian design and consultant firms, it is believed
that in the future office designs will increasingly focus on occupants’ physical and psychological
well-being (Nanayakkara et al., 2021). A few rules of thumb provide interior designers with some
general recommendations, such as arranging the desks about 1 metre away from the window, using
high reflectance and light colour surfaces adjacent to windows, choosing vertical or horizontal
blinds according to the different window orientations, etc.

Biophilic office design, which brings the outdoors into the interior workplace and enhances
occupants’ connection with nature, has been proven to reduce occupants’ stress and improve their
productivity (Nanayakkara et al., 2021). Greenery, daylight, and access to outdoor views are the
main elements of biophilic offices. Gray and Birrell interpreted biophilic office design in the Aus-
tralian context. In a retrofit project, five plants were selected and potted in recycled materials
such as used wood pallets and milk crates. Results from the qualitative interviews showed that
occupants perceived the renovated biophilic office as more spacious. They further commented
that their collaboration increased and workplace relations improved, which may lead to higher
productivity (Gray & Birrell, 2014). In the new Sydney office completed in 2019, Arup success-
fully demonstrated the biophilic design principles. Plants and some green furniture were used to
increase the quality of indoor air and create a connection between occupants and nature. The type
of light sources and background contexts also impact the occupants’ perception of visual comfort.
Multiple studies independently discovered that people are more sensitive to the glare from electric
lighting than the glare caused by daylight (Hirning et al., 2014).
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Occupant-related parameters

Among all parameters, the occupant-related ones (e.g. the use pattern of blinds or electric light-
ing controlled by occupants) are the most difficult to predict and evaluate. Consequently, they are
the least studied. Most visual comfort studies deliberately exclude the impact of the occupants’
use patterns from the research. Either no curtains or blinds were used during the studies, or they
were set to fully open to bring in the maximum amount of daylight (Shafavi et al., 2020). This
is reasonable given that user behaviour patterns vary significantly and are difficult to predict.
Hence, occupants’ use patterns should be treated as a controlled variable during research. How-
ever, the exclusion of occupant-related variables limits the possibility of applying research out-
comes directly to real applications.

Impact of visual (dis)comfort on occupants

One of the direct consequences of visual discomfort on occupants is visual fatigue. As early as
1974, when video display units were increasingly popular in work environments, researchers had
already established the correlation between glare, screen reflections, and visual discomfort symp-
toms, such as eye focusing problems, dry eyes, and tired eyes (Glimne et al., 2012). Discomfort
glare was proven to be the cause of orbicularis muscle contraction and excessive stress associated
with asthenopia (Glimne et al., 2012). Although pupil size constriction is largely impacted by the
background lighting, researchers revealed that, even after subjects adapted to the background illu-
mination, their pupils constricted further when they were exposed to glare sources. To compromise
the discomfort glare, pupils constricted to reduce the amount of light that entered the eyes, which
affected the trigeminal nerve as well as the constrictor muscles and consequently led to visual
fatigue (Lin et al., 2015). Eye movements and spontaneous blink rate may also be indicators of
visual discomfort, though further research is needed (Hamedani et al., 2020). By using electroocu-
lography to record eye movements, Lin’s team measured the average eyeball movement speed
(AEMS) and relative pupil size (RPS). Results revealed that these two physiological responses
correlated well with subjective ratings of discomfort. The physiological responses also provided a
possible explanation of visual fatigue and eyestrain under long-term exposure to discomfort glare
(Lin et al., 2015). Scientists understand the urgency of optimising the lighting environment for
better visual comfort. Although much effort has been made by scientists, this topic has not been
fully understood (Hamedani et al., 2020).

Another negative impact of visual discomfort is the reduction in visual performance. The reac-
tion time and accuracy of completing required tasks, which are two indicators commonly used
to evaluate visual performance, were examined under three different lighting conditions, which
presented, respectively, high, medium, and low discomfort glare levels (Hamedani et al., 2020).
The Daylight Glare Probability (DGP) calculated for low glare conditions was less than 35, with
average vertical illuminance at eye levels of 2100 Ix, while DGP for high glare conditions was
greater than 40, with average vertical illuminance of 4800 Ix. Medium glare conditions have a
DGP in between. A score combining the accuracy and reaction time was lowest under the lighting
conditions with high discomfort glare. No statistical difference was found between the low and
medium glare groups (Hamedani et al., 2020).

It is not surprising that there is a positive correlation between visual comfort and occupants’
productivity. A study conducted in nine offices in Australia showed that occupants in offices with
better spatial comfort, visual comfort, and connection to the outdoor environment also reported
higher perceived productivity (Candido et al., 2021). Among all these factors, light-related visual
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comfort or discomfort strongly impacts occupants’ productivity, health, and well-being. Light has
both visual effects, which are contributed by the light perceived by rods and cones, and non-
visual biological effects, also known as ‘non-image-forming’ (NIF) effects, on human circadian
rhythms. In 2002, a special type of photoreceptor — intrinsically photosensitive retinal ganglion
cells (ipRGCs) — was discovered and characterised by Berson (2003). Unlike the other photore-
ceptors, ipRGCs send signals directly to the brain to synchronise circadian rhythms with the day—
night cycle, according to the light and dark alternation (Berson, 2003). They can trigger the pineal
gland to suppress or secrete a hormone called melatonin that controls our sleeping and waking
cycles. As the ipRGCs are most sensitive to light with short wavelengths (in the blue light region)
and less sensitive to longer wavelengths (red light region), the colour appearance of light is no
longer just an element for visual aesthetics. It holds the power to boost alertness, reduce fatigue
and sleepiness, and consequently improve occupants’ cognitive performance and productivity in
workplaces. However, light’s influence is complex and not fully understood, or at least, it is not
quantified yet. After reviewing 59 articles, Siraji et al. (2022) summarised that the circadian effects
of light depend on multiple factors, including the intensity and spectral composition of light, time
of day, duration of light exposure, and homeostatic sleep drive, as well as the complexity of tasks.
For instance, the influence of light on alertness is stronger than its effects on higher cognitive
functions. Time of day is also a key factor. For simple tasks, such as testing reaction time, light
with rich short-wavelength components has a greater beneficial influence on task performance in
the afternoon compared to in the morning (Siraji et al., 2022). Although research on this topic is
still ongoing, existing findings urge more innovative design strategies to create a dynamic visual
environment in workplaces. Some state-of-the-art solutions will be discussed in the final section
of this chapter.

Indices to evaluate visual comfort

While the influential factors can be easily identified through observation, quantitatively predicting
and evaluating visual (dis)comfort is extremely challenging. There is still a lack of reliable metrics
and evaluation models. This is not suggesting that no effort has been made. In fact, during the past
half-century, numerous attempts have been made by researchers globally to quantify visual com-
fort, and they significantly contributed to the existing literature. Carlucci et al. (2015) summarised
34 indices and concluded that 50% of them assess visual comfort (actually visual discomfort)
by the extent of glare, 26% predict visual comfort according to the amount of light, and 20% are
devoted to evaluating the colour-rendering quality of light. Only one index assesses the uniformity
of light in a space. However, due to the variations in the occupants’ ages, genders, cultural back-
grounds, activities, alertness, visual preferences, etc., results could hardly be generalised to differ-
ent contexts (Shafavi et al., 2020). Shafavi et al. (2020) further suggested that just one global glare
metric for various conditions seems to be impossible due to the complexity of visual comfort. It is
important to consider the specific conditions and needs of a space when evaluating visual comfort
and to use the appropriate metric.

Many existing indices are defined by evaluating the perceived intensity of glare, such as the
Daylight Glare Index (DGI), DGP, Unified Glare Rating (UGR), CIE Glare Index (CGI), and Vis-
ual Comfort Probability (VCP). Discomfort glare can be mathematically assessed by reporting the
average luminance at typical viewing angles, or the maximum luminous intensity, independent of
applications or task types (Dilaura et al., 2011). Some indices (e.g. DGI, DGP) focus on daylight,
and some evaluate electric light (e.g. UGR).
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The discomfort glare caused by daylight is more difficult to assess than the discomfort glare
caused by electric lighting, because the intensity, colour, and direction of daylight vary over the
day and from season to season. The use of daylight should provide sufficient light for the occu-
pants’ visual performance but also limit glare to create a comfortable and pleasing workspace.
Identifying the trade-off can be challenging especially when reliable tools and evaluation systems
are currently limited.

To better predict glare perception, the metric DGP, which showed a strong correlation with
the occupants’ subjective responses, was proposed by Wienold and Christoffersen (2006). This
metric is popular because designers can calculate results using software. However, Hirning’s team
reported large variances in subjective responses to glare when this metric was evaluated in real
workspaces. Their conclusion was based on a large-scale investigation of discomfort glare con-
ducted in five green buildings in Brisbane, Australia, in 2013, with 493 surveys collected from
full-time employees who worked in those buildings under everyday lighting conditions (Hirning
et al., 2014). Another research team further noticed that the DGP did not predict glare well when
the sun is behind the window shades and within the occupants’ visual field. They proposed a new
equation with modified DGP coefficients for this situation, which happens almost every day in the
real world (Konstantzos & Tzempelikos, 2017).

Suk et al. (2016) defined the absolute glare factor based on absolute luminance values and the
relative glare factor based on the contrast ratios between the luminance of glare sources and back-
ground luminance. Luminance threshold values were also proposed according to different types
of tasks performed by the occupants. For example, luminance below 1920 cd/m? is considered
imperceptible when occupants perform typical typing tasks, while this threshold recedes to 1696
cd/m? when occupants perform typical writing tasks on the horizontal plane. Their research further
proved that the type of task is a critical variable in visual comfort. However, to simplify the prob-
lem, glare from electric lighting was excluded from their model and the participants were a small
group of experienced people, instead of a large group of naive participants.

The impact of electric lighting on visual comfort can be calculated using UGR or VCP. UGR,
which is defined by Commission Internati onale de I’E’ clairage (CIE), is commonly used to assess
the discomfort glare caused directly by luminaires in an indoor space (CIE, 1995). Some large
lighting manufacturers also contribute to the improvement of visual comfort through innovative
products. For instance, the inner part of the luminaire shown in Figure 8.2 distributes the light from
the vertically mounted LED modules through a curved waveguide. This creates a uniform mixing
chamber. The outer shell is composed of a micro-pyramidal optic at the bottom and longitudinal
prisms on the sides. This secondary optic balances the light distribution on the task area, vertical
walls, and ceilings and reduces glare.

There is no doubt that the perception of visual comfort/discomfort is also a subjective evalua-
tion, which can be affected by individual sensitivity, cultural background, and physiological dif-
ferences. For example, it has been observed that people who usually wear sunglasses are more
sensitive to a high level of glare (Hamedani et al., 2020).

Advanced technologies and strategies to improve visual comfort,
productivity, and well-being

Smart windows and shading systems are increasingly popular as they can balance the urgency of
reducing energy consumption and the need for maintaining appropriate thermal and visual comfort.
Smart windows utilise a type of emerging glazing technology that controls the transmission prop-
erties of glass. They can block some or all light, and only allow light with certain wavelengths to
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Figure 8.2 Cross-section of an office luminaire from Zumtobel Group. The optical package of this luminaire
is designed to minimise glare, while efficiently distributing light into the space. (Courtesy of
Zumtobel Group)

pass through. Glass can adjust transmission properties in response to a change in electricity, radia-
tion (usually ultraviolet radiation), or heat, and they are named electrochromic glass, photochromic
glass, and thermochromic glass, respectively. One challenge for smart windows is durability. They
must withstand difficult climatic and solar conditions and are expected to be used for decades. It is
not uncommon that they are sometimes combined with clear glass in real applications.

To maximise the use of daylight, minimise electricity consumption, and optimise the visual
environments, smart windows and shading systems should be integrated into dimmable electric
lighting systems. However, this requires more advanced lighting control systems and reliable con-
trol algorithms. As early as 2003, researchers addressed that for large-scale buildings, predic-
tion algorithms need to be developed to create more reliable automated controls. The research on
this topic is increasingly popular recently. The development of reliable optimisation algorithms
becomes more urgent with the desire for integrating electric lighting systems and daylight control
into smart building systems. Machine learning has gained more attention recently because the
output can be predicted based on historical data, without explicating the underlying relationship
between input and output. This is extremely useful when human behaviour is involved in a study.

As a probably over-simplified example, if a large dataset shows that, for better visual comfort,
most occupants tend to dim the electric light and adjust the shading system to a specific position/
angle at a certain time or in a particular weather condition, then the computer programme trains
itself to provide a similar environment for that time or weather condition. Prediction models can
be developed without truly understanding the reason for the occupants’ behaviour. Historical data
can be either computational simulation or real-world measurement. This can be extremely helpful
given that, as mentioned earlier, most visual comfort studies deliberately exclude the impact of
user behaviour patterns, as they greatly vary and are difficult to predict.

A control approach using machine learning techniques based on real measurement was pro-
posed to predict daylight—electric light and achieve better visual comfort and thermal comfort
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(Sanjeev Kumar et al., 2020). They used the irradiance obtained from a pyranometer, the tempera-
ture measured by a sensor in the room, and daylight on the window collected by light sensors to
predict the position of the window blind and dimming level of luminaires, to optimise the energy
consumption and visual comfort. In another study (Bian & Hu, 2023), Radiance software was
used to generate training data representing the lighting environment and then a genetic algorithm
was used to predict the optimal dimming level of each electric light. The trained model provided
real-time optimal dimming levels to the lighting control system to minimise energy consumption
without negatively impacting occupants’ visual comfort.

Using sophisticated products without sufficient consideration of the design may not always grant
visual comfort. Sometimes simple design strategies can effectively improve the occupants’ visual
comfort. A field study conducted in an open-plan office in downtown Milwaukee, Wisconsin, has
proven the effectiveness of simple approaches. This office is equipped with an automatic Mecho-
shade system controlled by outdoor solar radiometers and indoor photometric sensors. However,
users still complained about their negative visual experience. The research team applied some
simple strategies, such as rearranging the seating orientation to be parallel to windows, increasing
the spacing between workstations and windows, using Mecho-shades with lower openness factors
(2— 3%), using more flexible furniture, etc. To understand the occupants’ visual comfort and sat-
isfaction in the renovated environment, researchers measured lighting parameters, simulated the
lighting environment, and conducted interviews and questionnaires. Results comparing the visual
experience before and after the renovation show that the renovated design strategies improved the
occupants’ visual comfort (Kong et al., 2018).

Data from field measurements show that light from modern computer screens has a surprisingly
high impact on human circadian rhythms (Hu & Davis, 2021). When typical office tasks, such as
word processing and reading and writing emails, are undertaken, the circadian effect of light from
computer screens can even exceed the effect of overhead electric lighting (Hu & Davis, 2021).
While this does benefit alertness levels and productivity, it could also lead to delayed sleep phases
and poor sleep quality for people who regularly work late. To optimally support occupants’ pro-
ductivity and well-being, electric lighting systems, shading systems, and even computer displays
need to be connected. It is possible to adjust electric lighting and/or daylight automatically using
a smart system when users perform computer tasks in which the circadian effect of the light from
the display is high. Modern LED technology and sophisticated lighting control systems also equip
designers with the power to tune the spectrum or colour of the light. As shown in Figure 8.3, after
installation, colour-tuneable lighting systems can still change the colour appearance of light. Such
a dynamic visual environment is crucial to optimise both occupants’ visual needs and NIF needs.
It is evident that in the near future, new technologies will push the transitional boundary and take
visual comfort environments to new heights.

Conclusion

Visual comfort is a complex concept that is influenced by a variety of factors, including the light-
ing conditions, the nature of the space, and the task being performed, as well as the occupants’
behaviours, ages, genders, cultural backgrounds, etc. It is challenging, even impossible, to develop
a single metric to accurately quantify visual comfort. However, visual comfort is an important
aspect of building design that should not be overlooked since it significantly benefits the building
occupants in terms of improving their well-being and productivity. Therefore, despite the chal-
lenges, scientists and researchers have made significant progress in understanding visual comfort
and developing various methods for evaluating it. By better understanding how visual comfort is
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Figure 8.3 Tunable White LED lighting system. Left (warm-white light), middle (neutral-white light), and
right (cool-white light). (Courtesy of Zumtobel Group)

influenced, architects, designers, and facility managers can make informed decisions about the
design and maintenance of lighting environments.

In recent years, there have been advances in technologies that have the potential to improve
visual comfort in buildings. For example, the integration of electric lighting and daylighting can
help to create a more dynamic and comfortable environment, and the use of automation systems,
such as smart windows and shading systems, allows for the optimisation of visual comfort and
energy efficiency. By considering the specific needs and conditions of a space and using the appro-
priate technologies, architects and designers can improve visual comfort for building occupants.

A ‘high-performance’ checklist for visual comfort is provided here:

Principle Description
ANALYSE SPACE + Evaluate physical properties of the space
PROPERTIES & » Analyse potential visual tasks performed by occupants.
OCCUPANT » Determine appropriate light levels based on tasks. Information about
NEEDS recommended illuminance can usually be found in national lighting standards.
CREATE A WELL- » Use combination of natural and electrical light.
BALANCED » Choose light sources with suitable correlated colour temperature (CCT) and
LIGHTING high colour rendering index (CRI).
ENVIRONMENT * Choose luminaires with excellent optical design.

+ Assess glare in the space with computer simulation software, such as DIALux
or AGi32, then on-site after installations.

» Using high reflectance and light-coloured surfaces, especially in the areas
adjacent to windows.

CONSIDER » Implement lighting control systems for task-based adjustments.
USING NEW » Use connected systems to integrate electric lighting, daylight, and computer
TECHNOLOGIES display light.
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9
ACOUSTIC PRIVACY

Manuj Yadav and Densil Cabrera

After 50 years of studies in offices of various designs, one thing is clear: intelligible speech has
consistently been reported as the main source of distraction and annoyance by employees.
— Authors

Introduction

Throughout the history of the open-plan design — from the lofty ambitions enshrined within the
seed concepts of Biirolanschaft and the Action Office iterations in the 1960s, to the love—hate rela-
tionship with cubicles in the 1980s—90s, and all the way to newer embodiments in activity-based
workplaces and similar concepts — acoustic issues have held a special notoriety (Haapakangas
et al., 2017; Kaufmann-Buhler, 2016; Saval, 2014; Yadav et al., 2021a). In this chapter, the open-
plan design/office/workplace refers to any office floorplan with more than three workstations not
separated by walls on at least one side. The focus is on medium-to-large-sized floor plans, and/or
subsets thereof.

The terms noise, background noise, and noise environment have broad meanings in OPOs
and are variously used to refer to the entire sound environment, unwanted sounds, etc. In this
chapter, background noise refers exclusively to the relatively steady-state noise in unoccupied
offices, which may include contributions from HVAC (heating, ventilation, and air-conditioning)
operation, other building services and environmental sounds, and electroacoustic sound-masking
systems. Beneficial sound environment for occupants may consist of a mix of various sounds,
including background noise, which, in good circumstances, can mask distractions. A detrimental
sound environment refers to unwanted sound/noise that has the potential to distract and hence
affect task performance and/or lead to annoyance. Acoustic privacy at OPO workstations can then
be defined as (a) the possibility to concentrate on a task when needed and/or (b) speech privacy,
i.e., the ability to have private conversations without excessive influence of detrimental sounds
(more in the section ‘Acoustic Privacy in OPOs: An Overview”’).

The rest of the chapter is organised as follows. The next three sections provide a broad over-
view of the acoustic privacy issues in open-plan offices (OPOs), the latest metrics to character-
ise the acoustics of open-plan workplaces, and suggestions for implementing acoustic privacy
at workplaces based on traditional and novel acoustic solutions, respectively. The last section
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summarises the main aspect of acoustic privacy in high-performance workplaces. Most of the data
used here comes from a long-term study of OPOs in Australia from 2016 to 2019, including room
acoustic measurements on 36 office floors (Yadav et al., 2019) using the latest international stand-
ard (ISO 3382-3, 2022), sound measurements during occupied hours (43 office floors) (Yadav
et al., 2021a), along with an occupant survey of 426 participants (Yadav et al., 2021b).

Sounds and acoustic privacy in open-plan offices

Sound sources in open-plan offices: speech is special

Sound environment in OPOs broadly comprises various non-speech sources (e.g., telephone rings,
footfall, workstation sounds including typing, etc.) and speech. The latter can include partly or
wholly intelligible/meaningful speech, referring to task-irrelevant multi-talker speech usually from
nearby workstations and/or speech that is barely intelligible but is clearly perceived as speech,
which is referred to as unintelligible speech in the following. Figure 9.1 shows how the Austral-
ian OPO occupants rated the relevant sound groups in order of how distracting they were (Yadav
etal., 2021b). From this figure, and from over 50 years of studies in offices of various designs, one
thing is clear: intelligible speech has consistently been reported as the main source of distraction
and annoyance by employees (Yadav et al., 2021a). That speech holds special potency in terms
of distraction and annoyance should not be surprising. However, what will be developed further
in this chapter is that attenuating intelligible speech from nearby workstations is not a trivial task,
which explains in part the widespread severity of the speech problem in OPOs.

Speech is a very redundant signal, which can retain intelligibility to a certain degree even after
substantial deterioration (Bronkhorst, 2015). For humans, slow amplitude fluctuations (< 20 Hz)
in sounds over time are especially distracting, with peak sensitivity at around 4 Hz fluctuations,
which is close to syllable rate in speech — known as ‘fluctuation strength’ in psychoacoustics
(Zwicker & Fastl, 1999). The babble-like condition, where multiple voices combine to resemble
steady-state sound stream to provide beneficial masking/background noise is rarely achieved for

40
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Figure 9.1 Reported order of distraction (1 highest) among selected sound groups by OPO occupants sur-

veyed in Australia. The ‘speech I” group refers to intelligible speech and the ‘speech U’ group
refers to unintelligible speech.
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Figure 9.2 The x-axis for the two columns on the left denotes the extent to which each sound source was
heard from the workstation, and that for the right two columns denotes the extent of annoyance
by these noise sources, as reported by office occupants on a 0—-100 scale each. 0 and 1 refer to Yes
and No, respectively. ABW: Offices based around activity-based working. Carpet:0 and Parti-
tion:0 refer to no carpeting, and no partition/screen between workstations, respectively. Carpet:1
and Partition:1 refer to any kind of carpeting (usually fabric) and any type of partition (cubicle,
single partition, etc.), respectively. Speech I and Speech U refer to intelligible and unintelligi-
ble speech, respectively.

nearby talkers. Both intelligible (i.e., meaningful) and unintelligible (even foreign) speech can be
distracting due to changing-state spectro-temporal signal fluctuations, which is linked to decline
in short-term memory performance (Hughes, 2014). Moreover, meaningful speech can negatively
impact typical office tasks (short summary in Keus van de Poll et al., [2015]).

Further, under certain conditions, non-speech sounds that exhibit changing-state characteristics
can have deleterious effects (Schlittmeier & Liebl, 2015). This is noted in Figure 9.2 (two columns
on the left) where, in conditions with no carpeting and partitions between desks (signifying insuf-
ficient sound absorption) — which is common in some newer office designs — footfall and certain
machinery sounds can be heard more often or as frequently as intelligible speech. Other examples
where non-speech sounds could be problematic include idiosyncrasies such as faulty HVAC sys-
tems and proximity to certain areas such as kitchens. Individual sensitivity to sounds can further
exacerbate such conditions.

To summarise, sound environment in OPOs is a complex mix of spatially spread speech and
non-speech sound sources and relatively diffuse background noise, which can be perceived in
a variable manner by the occupants and provide either beneficial sound masking or distraction.
However, the role of speech with meaning is perhaps the most important, while other speech and
non-speech sounds with slow spectro-temporal fluctuations can also be detrimental.

Acoustic privacy in open-plan offices: an overview

Acoustic privacy, as defined here (i.e., speech privacy and ability to concentrate), is but one of
many such Indoor Environmental Quality (IEQ) factors that are relevant in OPOs. Figure 9.3
shows that out of several key IEQ factors in Australian OPOs, occupants were least satisfied with
speech privacy, or the ability to have private conversations. Satisfaction with the ability to concen-
trate was also one of the least rated IEQ factors. Hence, the two acoustic privacy factors are some
of the lowest-rated IEQ factors in Australian OPOs. This finding is consistent in general with those
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Equipment A 78.5
Physical Position 4 721
Overall Satisfaction 4 70.0
Collaboration 69.4
Cleanliness 68.2
Personalisation 64.3
Furniture = 64.3 . Poor
Lighting 4 61.1 . Somewhat Good
Outside Views 4 59.1 - Very Good
Noise Environment 4 52.7 Excellent
Temperature 52.7
Air Circulation 4 50.2
Concentration 4 48.9
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Figure 9.3 Rated satisfaction with several indoor environmental quality factors, as experienced at or near
occupants’ workstations. Sum of categories (in percentage) on either side of 0% is listed. The
categories are based on a quartile split on the original ratings (0-100 scale).

from similarly extensive surveys in Finnish (Haapakangas et al., 2017) and French (Pierrette et al.,
2015) OPOs, where sound/noise-based disturbance is a major issue.

The next-worst-performing IEQ factor after speech privacy was visual privacy, which denotes
the satisfaction with the possibility to not be seen by others. There is high correlation between
speech and visual privacy here. However, since the data doesn’t allow categorical differentiation
between these factors, visual privacy is not considered extensively or as part of acoustic privacy.
Noise management, which can mean several things that may or may not involve acoustic solu-
tions (e.g., headphones, negotiations with colleagues), was the next-worst-performing IEQ fac-
tor. However, to avoid ambiguity, and to focus on aspects that are related to acoustic solutions,
it is not included as an acoustic privacy aspect, although it will be considered here at various
points.

Figure 9.2 (two columns on the right) presents a more detailed overview of relevant sound
groups. Intelligible speech was reported as the most annoying in general, even when intelligi-
ble speech was not the most commonly heard sound in some offices. When asked about specific
aspects affected by intelligible speech, some of the responses included: ‘all aspects/work’, ‘work
requiring concentration/solving complex problems/critical thinking’, ‘phone conversations’, and
‘motivation’, amongst others. This underlines again the special role of intelligible speech in terms
of distraction and annoyance in OPO. However, other sources, such as unintelligible speech, inter-
mittent machinery sounds, etc., also contributed towards annoyance.

Acoustic indicators of quality in open-plan offices

Overview

Acoustic issues in OPOs are multifaceted, hence several metrics are used in combination based on
recent standards (ISO 3382-3, 2022; ISO 22955, 2021). Adequate background noise is desirable
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in OPOs for beneficial sound masking. Recommended A-weighted background noise SPL in an
unoccupied but operational OPO is 40-45 dB (Veitch et al., 2002). ISO 22955 uses sound levels in
occupied offices as a quality indicator, with target maximum values ranging from 48 dBA (limited
collaborative work) to 55 dBA (frequent collaborations between nearest workstations or receiving
public). In lively multi-talker environments (notoriously eating establishments, but potentially in
busy offices with little absorption), speech can become competitive as people raise their voices
(based on the Lombard effect; Brumm & Zollinger, 2011) to be heard over the babble. While SPLs
in occupied OPOs rarely reach values posing audiological risks, high ‘perceived’ sound levels at
workstations are common, which is linked to lowered acoustic privacy in OPO environments (Per-
rin Jegen & Chevret, 2016; Yadav et al., 2021b).

In architectural acoustics, reverberation time (T) is the most used room acoustics indicator,
quantifying the time taken for a 60 dB decay (measured over a smaller range and extrapolated).
The T of OPOs is not always easy to assess, especially when the floor plate is extensive, limiting
its usefulness. AS/NZS 2107 (2016) recommends minimising 7 for noise control, with an indica-
tive value of 0.4 s. ISO 22955 (2021) suggests values depending on the office type: <0.5 s for most
circumstances, but <0.8 s when the office involves receiving the public. ISO 3382-3 (2022) makes
no reverberation time recommendation, instead focusing on metrics that more directly affect occu-
pants, described later.

Given the importance of speech, conditions quantifying speech transmission, including its spa-
tial decay, are used as acoustic quality indicators in both ISO 3382-3 and ISO 22955. For a com-
fortable OPO, a high value of spatial decay rate of A-weighted speech (D, ) is desired: ISO 22955
requires a minimum value of 7 dB generally, or a minimum of 8 dB for offices in which the activity
mainly involves collaboration between people at the nearest workstation (also indicated by ISO
3382-3,2022). The speech SPL from a single talker is also assessed. L,  ,,, is the SPL 4 m from
a simulated talker; and comfort distance 7. is the distance at which the SPL is 45 dB (i.e., equal
to the upper design recommended limit for masking noise). A short comfort distance is desirable
(<5 m), as well as a low speech SPL at 4 m (<48 dBA) (ISO 3382-3, 2022).

A more holistic measure of conditions for speech, and an indicator of speech intelligibility, is
provided by the speech transmission index (STI; 0—1 range), which assesses how the temporal and
spectral envelope of speech is affected by background noise, absolute SPL, and reverberation, and
considers speech ‘rhythms’, auditory masking, and audibility. Distraction distance (ry) is the dis-
tance at which STI is equal to 0.5 (in unoccupied conditions), a short distance (<5 m) being desir-
able for OPO acoustic quality (ISO 3382-3, 2022); r,, is considered to be an important predictor of
acoustic/noise disturbance in OPOs (Haapakangas et al., 2017), although more studies are needed
in this regard (Yadav et al., 2021b).

An obvious question is why we need both speech level and STI-based metrics. The speech level
metrics do not take background noise into account, whereas the STI-based distraction distance
does, and there are associated advantages and disadvantages. For example, acoustic improvements
might be attempted by replacing hard screens with sound-absorptive screens — which may improve
speech level-based metrics (7., etc.) — but distraction distance can become greater if the added
sound absorption also reduces the office’s background noise (although not always [Hongisto et al.,
2016]). Another reason for the seeming proliferation of metrics is the need to cater for both simple
and sophisticated approaches to assessment. Our recommendation is to follow the standards as
closely as possible. While ISO 3382-3 allows planning/modelling and evaluation of room acoustic
treatment, ISO 22955 goes a step further by including more detailed considerations for acoustic
treatment in relation to office types and occupied levels.
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Acoustic quality indicators of OPOs in Australia

As seen in Figure 9.4, none of the offices in the Australian sample were in the ‘good’ category for
both L, 4, (SPL-based speech decay metric) and 7, (STI-based speech decay metric) with most
offices in the ‘bad’ category for the former. Four offices that were in the ‘not-so-good’ but ‘not-so-
bad’ categories for both the metrics (offices in the middle bounded by two solid and two broken
lines) were generally well-rated and had some partitions/screens between workstations. The occu-
pied SPLs in the Australian sample had an average value of around 54 dBA, with a roughly 4859
dBA range, indicating that most of these OPOs would not meet the ISO 22955 target for working
conditions with limited collaborations and communication.

On the one hand, it is clear from Figure 9.4 and the previous discussion that more than one
metric is required to understand the effect of acoustics on occupants’ perceptions. Yet, it is also
clear that these metrics (from ISO 3382-3 and ISO 22955) may not be completely indicative of
occupants’ perception in all cases. More detailed analyses are possible based on the type of work
activity, workstation density, etc., but lead overall to the same message — the use of room acoustic
metrics to indicate acoustic privacy aspects is necessary from a design perspective, but more than
just the metrics are needed for understanding occupants’ perception of acoustic privacy.

Solutions

Overview

In terms of solutions to lack of acoustic privacy, the most obvious (and least likely/practical) one
would be private offices with adequate sound insulation for most people. Barring this, presumably
the next best solution could be to approximate an acoustic environment that has sufficient sound
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Figure 9.4 Percentage of occupants highly satisfied (%HS) with the possibility to concentrate and speech
privacy at their workstations in terms of L, ¢, and 1, in offices. ‘Good’ values (ISO 3382-3,
2022) for L , g, and r,, shown below the horizontal solid lines and to the left of the vertical
solid lines, respectively. ‘Bad’ values (ISO 3382-3, 2022) for L , ¢, and 1, shown above the
horizontal broken lines and to the right of the vertical broken lines, respectively. 0: No, 1: Yes.
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absorption, screens/partitions (also for visual privacy), and sound masking to attenuate and mask
sounds between workstations (details later). However, this may not be a practical or even desired
solution from several perspectives. First, the amount of traditional sound absorption required to
achieve very quiet offices, and to especially minimise sound transmission between neighbouring
workstations, is exorbitant (Haapakangas et al., 2017; Yadav et al., 2021a). Speech privacy in
particular may be beyond most open-plan designs and designated private rooms for conversa-
tions might be a preferred solution. Second, very quiet offices can be counterproductive in many
cases where the sound environment may otherwise either provide beneficial sound masking and/or
‘lively’ ambiance (Yadav et al., 2021a; Yadav et al., 2021b). Interaction with psychological factors
may mean that relatively quiet offices may be perceived negatively through processes that are not
completely understood yet (Acun & Yilmazer, 2018; Yadav et al., 2021b). Third, recent trends in
open-plan designs include more ‘open” OPOs with limited use of partitions/screens and in many
cases limited carpeting and ceiling absorption. This means considering solutions that are consist-
ent with such design philosophies while integrating sensible acoustic design principles. Personal
solutions such as noise blocking/cancelling devices are becoming popular as a coping strategy,
including playing music over such devices (Yadav et al., 2021b). Yet the science behind their effi-
cacy is not very promising (Schlittmeier & Hellbriick, 2009). Playing music over headphones over
long periods may also present audiological hazards. Finally, the role of ‘acoustic’ furniture, such as
pods, providing more localised acoustic privacy is also a developing field (Hongisto et al., 2020).

Overall, the solutions suggested here will cater for a variety of cases, from enclosed cubicles
to completely open offices with limited acoustic treatment. For a practitioner, acoustic privacy
planning may include predictions based on room acoustic theory (non-trivial due to non-diffuse
acoustic conditions), access to physical acoustic measurements, room acoustic simulations, site
inspections and consultations, etc. These modelling and prediction methods are mainly implied
here and are not discussed extensively. The main strategies to address acoustic privacy issues may
include sound absorption and sound masking, and more alternative interventions. The goal is to
present these main strategies, which can be combined based on the overall design, activities, and
the stage of intervention (e.g., new design or refurbishment).

Sound absorption

The traditional way to vary the physical acoustic performance of OPOs has been the use of sound
absorption both vertically and horizontally along the floor plan. An excessively sound absorptive
office is neither the aim nor a practical solution. For acoustic privacy, however, an appropriately
high spatial decay of sounds and especially speech between workstations is crucial, and designers
can model or measure the effect of various sound absorption profiles using methods presented in
the previous section.

In basic terms, carpeted floors minimise impact-borne sound from walking, dropped and mov-
ing items, etc., and highly sound-absorbent carpets may be important when sound absorption is
low otherwise. Ceiling absorption provides one of the most unobtrusive and effective locations for
sound absorption (Kerédnen et al., 2020). Along the horizontal plane, options include absorptive
treatment along the walls, which may sometimes be limited due to logistical and spatial constraints
(e.g., glazed surfaces). However, some absorptive/diffusive treatment on walls can at least avoid
flutter echoes in cuboid offices, even those with absorptive floors and ceilings.

Partitions/screens represent the conventional approach to attenuate direct sound transmission
and to implement sound absorption and visual privacy (blocking direct line of sight) between
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workstations. Some degree of acoustic/visual barriers may be essential for privacy, which is more-
over augmented with adequate and adaptive sound masking (see later) for a variety of OPOs.
Simple guidelines for planning partition/screen placements can be accessed from many sources
(Long, 2005), and speech level reduction from workstation furniture ensembles can be calculated
using standardised methods (Hongisto et al., 2020; ISO 23351-1, 2020). Substantial attenuation
of speech (up to 15 dB) between adjacent workstations has been reported by using highly sound
absorptive ceilings and (high) partitions (Virjonen et al., 2007). Given the directional nature of
human speech (Chu & Warnock, 2002), strategic workstation placements could achieve maxi-
mal directivity-dependent SPL attenuation around 90° angular separation either side of a talker.
However, given that talkers move their heads during conversations, predicting the effect of such
angular separation may be hard.

Recommendations to achieve the most rapid spatial decay of speech include high sound
absorption for ceilings, walls, furniture, and partitions, with partition heights of at least 1.7 m
(Kerénen et al., 2020). In such conditions, speech/sound attenuation across large distances can
be substantial (Kerdnen et al., 2020). However, it is important to note that sound absorption,
especially if used excessively relative to requirements, would also attenuate beneficial masking
sounds, including background noise, which can appreciably affect metrics such as distraction
distance (Rindel, 2018). Hence, sufficient acoustic privacy may not be achieved (Haapakangas
etal., 2017; Virjonen et al., 2007; Yadav et al., 2017; Yadav et al., 2021b) especially from speech/
sounds from nearby workstations without balancing sound absorption with additional measures
such as electroacoustic sound masking (Haapakangas et al., 2017; Virjonen et al., 2009). Further,
customised design based on occupants’ activities within various working zones (see ‘Alterna-
tive Criteria/Solutions’) can be appropriate in many cases instead of a uniform sound absorption
profile across the floor plan, although the latter represents a much simpler implementation in
principle.

A primary limitation/reservation about sound absorptive treatment is that once implemented,
modifications are generally difficult. While fixed sound absorption may not always be a deterrent,
it can lead to several behavioural responses, including some negative aspects usually associated
with cubicle-like designs (Saval, 2014). This brings us to the juncture where physical acoustic
recommendations and actual OPO design practice may (and generally do) become incompatible.
This is evidenced by recent trends of eschewing sound absorption in many workplaces, especially
the use of partitions/screens. Around a quarter of workplaces in the Australian sample, especially
activity-based workplaces, had little or no partitions between workstations except for computer
screens and many with no carpeting leading to footfall sound issues (Yadav et al., 2021a). From
one perspective, screens/partitions in open-plan areas could be avoided when the occupants can
relocate to other work areas as required. However, this can still be problematic, as respondents in
our survey reported lack of acoustic privacy irrespective of availability of multiple working areas,
besides the general paucity of such alternative working areas, which is highlighted in other studies/
countries as well (Haapakangas et al., 2018).

The main message here is that the singular role of passive sound absorption, including parti-
tions/screens, in achieving acoustic privacy, and to an extent visual privacy, is undeniable. How-
ever, careful design to alleviate negative associations is key. Combined with active control of
the sound environment via adequate sound masking, sound absorption represents the main tool
for achieving acoustic privacy for most OPO designs. What remains a bigger question, however,
for all OPO stakeholders is the all-important willingness and/or the extent of sound absorption
implementation.
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Sound masking

Compared to the generally fixed/passive role of sound absorption, electroacoustic sound masking
represents a more dynamic mode to vary acoustic privacy. Sound masking can be useful with/
without adequate sound absorption (Chanaud, 2007), especially for active control of acoustic pri-
vacy between adjacent workstations (Virjonen et al., 2007). For the latter, even exorbitant sound
absorption (sometimes potentially counterproductive) can be ineffective (Haapakangas et al.,
2017; Virjonen et al., 2007). Even when acoustic privacy between adjacent workstations is not
required (e.g., conversations with neighbours are essential), sound masking can be used to mitigate
the effect of irrelevant background sounds over longer distances. Moreover, most modern HVAC
systems have become quieter over the years (Yadav et al., 2021a), and natural ventilation can be
challenging as a source of uncontrolled noise from the external environment and adjacent spaces.
Hence, electroacoustic masking systems have a critical role in many scenarios in providing a
stable diffuse noise source. None of the offices in our sample had electroacoustic masking despite
relatively low background noise (mean: 42 dBA) in several offices. Potentially, many Australian
OPOs would benefit from sound masking, especially with lower occupation and associated SPLs
predicted in post-pandemic conditions.

The general idea with electroacoustic masking systems is to augment either insufficient back-
ground noise (unoccupied L, ) or insufficient background sounds during occupation (usually
calculated as L,,,: 90th percentile A-weighted SPL) to reach a SPL and a spectrum considered
acceptable for masking unwanted sounds to varying degrees (ASTM, 2018; Chanaud, 2007).
Hence, key factors include the SPL and spectral characteristics of masking sounds, and whether
these factors are static or adaptive, besides ensuring spatial diffuseness. The latter, which is
dependent on spatial implementation of masking systems (e.g., loudspeaker placement) (Chanaud,
2007) is beyond the scope here; relevant standards can be accessed for guidelines (ASTM, 2018,
2022). Instead, the focus is on characteristics of masking sounds and their effect on acoustic pri-
vacy. Since speech is most detrimental, the desired outcome is effectively reducing intelligibility
of task-irrelevant speech with increased masking (reducing STI and hence distraction distance),
which is expected to address both aspects of acoustic privacy (i.e., speech privacy and ability to
concentrate). Utmost care is required to ensure that masking sounds are perceived (if at all) as
unobtrusive and benign by the occupants, i.e., necessary for acoustic privacy and not a nuisance,
which is a rather involved consideration, and an active area of research (Chanaud, 2007; Francis,
2022; Haapakangas et al., 2011; Hongisto et al., 2017; Lenne et al., 2020). However, customised
calibration per OPO is possible and recommended along with occupants’ assessments.

A common masking sound recommendation in OPOs refers to pink noise filtered to have a
spectral slope of -5 dB/octave (Blazier, 1997) presented at around 45 dBA but not exceeding 48
dBA (Veitch et al., 2002). There is limited research and real-world evidence, however, validating
this recommendation, with even 45 dBA reported as too loud in a recent long-term field study
(Lenne et al., 2020). The quality of this noise is an important consideration: more sound is needed
at lower frequencies, as in -5 dB/octave spectral slope or similar (ANSI S12.2, 2008; Beranek,
1989; Blazier, 1997), and steeper slopes around -7 dB/octave have been suggested too (Hongisto
et al., 2015); the noise must not have distinct tonal components (e.g., whistling or humming; [Jeon
et al., 2011]); and steady rather than fluctuating noise (Liebl et al., 2016). Alternatives include
water-based sounds (Haapakangas et al., 2011; Hongisto et al., 2017), speech-shaped noise/babble
(Haapakangas et al., 2011; Keus van de Poll et al., 2015; Liebl et al., 2016), pink noise with various
slopes (Hongisto et al., 2015) and/or with finer 1/3rd octave-band equalization (Chanaud, 2007),
etc. The findings regarding masking sound efficacy are sometimes inconsistent across studies,
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generally attributed to methodological differences, settings (e.g., laboratory vs. real-world, office
activities), and study durations (Hongisto et al., 2017). Further, it is unknown whether occupants
would in general accept out-of-context sounds, i.e., not present naturally in OPOs, including water
sounds, which may be perceived negatively (Acun & Yilmazer, 2018).

Overall, the jury is still out with respect to the ideal, and importantly context-appropriate,
masking sound(s), with most recent studies suggesting longer-term and repeatable in-situ research
(Hongisto etal., 2017; Lenne et al., 2020). Moreover, none of the studies have adequately addressed
the Lombard effect, which is likely to be relevant around recommended masking SPLs. Despite the
seeming lack of a silver bullet, OPO designers can benefit substantially from the many available
possibilities and active nature of sound masking. Adaptive sounds and zone-based masking are
now implemented in several commercial systems (Chanaud, 2007; Lenne et al., 2020), which is a
welcome advancement if it keeps up with latest research findings.

Benign masking sounds with an appropriate spectrum (pink or similar) and mostly uniform spa-
tial distribution at 4045 dBA (potentially even lower) SPL along with appropriate sound absorp-
tion, represent an acoustically and psychoacoustically logical solution for high-performance
acoustic privacy, with fine-tuning possible with future research findings.

Alternative criteria/solutions

Despite the advocacy of acoustic indicators of quality given earlier and some solutions to meet
targets, a thorny question remains: Are the metrics included in the standards sufficient to achieve
acoustic privacy in all types of OPOs? The two main studies in this regard, one from Finland
(Haapakangas et al., 2017) and the other using the current sample of Australian OPOs (Yadav
et al., 2021b), present contradictory findings: it is not clear if room acoustic improvements always
lead to an increase in acoustic privacy (Yadav et al., 2021b).

The Australian study (Yadav et al., 2021b), and another from the UK with a smaller sample
(Park et al., 2020), did indicate that metrics based on occupied sound environment (e.g., L,,,) were
more consistent with expectations, with higher values (e.g., louder offices) leading to a decrease
in acoustic privacy aspects; the Finnish study did not include measurements during occupation.
Hence, a simple answer to the earlier question is that there is limited research validating the meth-
ods in the standards. Perhaps non-acoustic considerations during occupation, such as the office
type, activities, etc. may be quite important while planning for acoustic privacy. This, however,
does not mean that improvements to room acoustics and sound masking are not important. Instead,
it is more likely that the application of these tools is perhaps not optimised for a wide range of
OPOs yet (Rindel, 2018), and inclusion of behavioural and organisational aspects needs further
work.

With that in mind, the following considers some relevant design criteria and suggestions that
may seem straightforward/common-sense but are overlooked at times. In most cases, these con-
siderations buttress the improvements based on relevant standards (ISO 3382-3,2022; ISO 22955,
2021) and include:

» Zoning: Strategic divisions of the office into separate/non-contiguous zones based on teams,
activities, and acoustic profile can be crucial. Some of these strategies are part of most work-
places, based on the floor plan and/or organisational structure, and be implemented during
the floor-plan design and/or at later stages. Effective zoning includes spatial considerations to
prioritise solutions when acoustic privacy is compromised between zones. While this may seem
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obvious, occupants often reported disregard of careful zoning in the Australian sample (e.g., a
busy kitchen next to workstations). Another common complaint included occupants disregard-
ing quiet areas. Hence, workplaces can benefit from regular correspondence between building
managers, planners, and occupants about zoning.

Office etiquette: Perhaps the most obvious and arguably underused aspect of acoustic privacy
includes occupants being considerate towards each other. Most office etiquettes address speech
and telephone usage and a general appreciation of the fact that ability to cope with sounds/
noise varies drastically among individuals. Annex C of ISO 22955 lists several ‘rules’ for co-
working, which can constitute part of a work charter. Examples of proper etiquette include
speaking quietly and avoiding long discussions especially in/around quiet zones and intensive
work areas, using sound-insulated rooms for meetings, avoiding ringtones, and taking long
calls away for workstations if possible, etc. Such measures can sometimes provide the most res-
pite from issues regarding acoustic privacy and nurture a workplace based on mutual respect.
On the other hand, not maintaining etiquette has the potential to undo any/most acoustic meas-
ures, which underlines its potency.

Special furniture: OPOs have lately seen proliferation of partially/fully enclosed furniture such
as pods, booths, high-back chairs, etc. The principle behind such furniture (see examples in
[Hongisto et al., 2016]) is similar to a workstation with some degree of enclosure using screens/
partitions. However, the consideration here is the use of such furniture away from main work-
station areas, which, in a way, represents local islands with some (usually greater) degree of
acoustic/visual privacy suitable for activities such as conversations, performing group/indi-
vidual work, etc. In some workplaces, such furniture may be the only places with some acoustic
privacy, including being part of the overall design strategy where the workstation areas have
limited sound absorption. Such a situation was typical of several offices supporting activity-
based working in our Australian sample, and it is unclear how effective such a solution was,
based on survey responses. Yet, with careful planning, a good compromise may be achieved
between workstation areas with adequate degree of traditional acoustic solutions and special
furniture for higher degree of acoustic (and/or visual) privacy, besides closed rooms. However,
important considerations include the degree of acoustic privacy provided by such furniture,
which are sometimes marketed with an ‘acoustic’ function, although seldom with any meas-
urement data and/or are used indiscriminately. For instance, many such pieces of ‘acoustic
furniture’ during our site visits were either badly designed or badly located (e.g., next to busy
lobbies) from an acoustic perspective. It is strongly recommended that the acoustic benefits
from such furniture and workstations in general are quantified more regularly by manufacturers
using ISO 23351-1 (2020) and their use in OPOs critically evaluated by designers and practi-
tioners. While the main use of special furniture is to provide acoustic isolation from the rest of
the office, more experimental scenarios include using open-ceiling meeting rooms (Yu et al.,
2016), high-back chairs (Cabrera et al., 2017), and retroreflective surfaces/ceilings (Cabrera
et al., 2018). However, despite their promising prospects, proving long-term efficacy in OPOs
is ongoing work.

Conclusions

Most OPOs are not designed for acoustic privacy, which is one of the major sources of occu-
pants’ dissatisfaction with OPOs. Intelligible speech is the main acoustic issue in OPOs, although
non-speech sounds can be detrimental in certain contexts, especially when acoustic design is
ignored. ISO 3382-3 and ISO 22955 can help guide the acoustic design, with the latter providing
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suggestions based on predominant office activities. Even with the best solutions, acoustic privacy
between closest workstations may be difficult to achieve. Hence, it is critical to combine acoustic
measurement methods with occupants’ perception of acoustic privacy, while being inclusive of
individual sensitivities towards sound/noise, and variable degrees of privacy and concentrated
work. It is recommended that this is an iterative and continual process.

A ‘high-performance’ checklist for acoustic privacy is provided here:

Principle Description
ZONING OF + Sensible zoning of work areas and workstations based on activities.
WORKPLACE  Separate rooms (proportional to occupant count) recommended for private

conversations, long meetings, and concentrated work.

» Special furniture, such as pods, can be useful as local zones of acoustic privacy.
Their acoustic performance should be measured using ISO 233511 rather than
marketing claims.

+ Office etiquettes may be indispensable besides the acoustic solutions.

SPACIAL DECAY » Using adequate sound absorption. Carpeting and ceiling absorption can be
OF SPEECH unobtrusive and quite effective. However, some absorptive partitions/screens
may be essential for strategic acoustic and visual privacy and for crucially
blocking direct sound transmission.

+ Using adaptive and spatially diffuse electroacoustic sound masking, especially
when background noise is below (approximately) 40-45 dBA. This may be
vital during lower occupancy, including post-pandemic measures.

» Using both sound absorption and sound masking to avoid offices that are either
too quiet or too lively.

ACOUSTIC + To alleviate acoustic privacy issues in such cases, and in general, separate
PRIVACY rooms (proportional to occupant count) are recommended for private
conversations, long meetings, and concentrated work.
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10
COLLABORATIVE TECHNOLOGY

Dian Tjondronegoro and Christhina Candido

If all you need is a laptop and wifi to do your work, what is the office for?
— Authors

Introduction

Technology-enabled advances change where and how people work. Computers, cloud-based sys-
tems, Wi-Fi access, and collaborative technology allowed workers to become mobile, supporting
the rapid uptake of Scrum and Agile work methodologies. From a physical environment perspec-
tive, this mobility untethered workers from their desks, allowing them to move around the office
and work from zones that best support their task at hand, enabling the uptake of activity-based
working (ABW) at scale. Online and digital technologies have changed how we connect, collabo-
rate, work, and socialize. Thanks to Internet connectivity, online presence, and digital business
tools, many businesses have seamlessly managed the shift to flexible work. COVID was a catalyst
for the acceleration and uptake of collaborative technology at a large scale, allowing workers to
be untethered from offices while enabling them to work from anywhere in synchronous and asyn-
chronous ways. There is little doubt that the quality of the digital infrastructure ecosystem made
available to workers is central to delivering a high-performance workplace environment allowing
for seamless collaboration and the flow of information needed for people to perform their work
anywhere.

From the workers’ perspective, technological changes also made work pervasive. Office and
productivity apps on smartphones enable work and communication at any time. However, always-
on culture entrenched in workplaces could lead to stress and burn-out, compromising workers’
ability to perform their work well and significantly negatively affecting physical and mental health.
The right to disconnect came as a response to this significant issue, being recently proposed as a
human right not to engage with work communications outside work hours. Further, the constant
engagement with collaborative tools and the increased uptake of distributed teams means that peo-
ple may spend more time bound to their screens. If not properly balanced, this reduced reliance on
face-to-face interactions poses challenges to workers’ health from the cognitive load of engaging
with colleagues on screens, the increased time they spend seated, and other potentially harmful
consequences of ways of working. Rapid development of artificial intelligence (AI) technologies,
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particularly generative Al models, promotes the use of Al-enabled tech as collaborative tools by
rapidly analyzing and synthesizing data and large amounts of information to assist workers in
making decisions and using data effectively for work.

From an environmental, social, and governance (ESG) perspective, technological changes are
also important to organizational capabilities and sustainability. For example, cloud-based services
like Office365 have become the standard approach for supporting scalable computing, includ-
ing managing, processing, and securing data. Cloud computing has been recognized as having a
larger carbon footprint than air travel, raising significant concerns about its environmental costs.
In parallel, the rise of the Internet of Things (IoT) enabled building owners to sprinkle assets with
miniaturized devices to capture building and Indoor Environmental Quality (IEQ) performance,
space utilization, and occupancy at scale as well as a plethora of other types of data. This means
that Al-enabled data analysis and sometimes “big data” can be harnessed for fine-tuning buildings
to achieve high-performance targets regarding energy consumption (and carbon) and health.

Smart offices make use of technologies to transform workspaces through effective integration
of human—computer interfaces, cloud, and embedded computing capabilities. We are still in the
progress of solving the gaps in technology use for productivity. The smarter our environment
is, embedded with intelligent sensing and computation, the more people must harness it. Hence,
we will introduce smart offices and how technology (integrated and intelligent systems) enables
people to work more efficiently through autonomous sensing and rapid analysis of humans and
the physical environment. To understand how technologies can support work, we will explore the
relationship between IoT, Al, machine learning (ML), and robotics. Through a multidisciplinary
perspective, this chapter will also discuss how we can address key challenges in harnessing tech-
nologies, including data privacy and security risks, sensing and Al limits, and the challenges in
initiating and managing the positive adoption of technologies for productivity. We are surrounded
by a deluge of data generated by increasing autonomous technologies (tech), but we need to utilize
tech or harness the rich data available. The chapter will conclude by identifying the critical steps
for addressing that gap through digital transformation and skilling up the workforce to use technol-
ogy optimally for improving productivity and work-life balance.

Technologies at the workplace: from smart offices to pervasive work

This section will focus on the incorporation of technology in offices or “IoT and other smart office/
office sensing fundamentals and its relation to workers health and productivity” and how tech
becomes prevalent and relevant to office and workplaces. The section also discusses how Al and
big data support high-performing workspaces and concludes with the need for the ethical use of
Al and tech at work.

The rise and pervasiveness of the technology as the fundamentals
of smart offices

Smart offices are rapidly becoming pervasive in a world where everything is connected, mobile,
and utilizing the IoT and cloud computing—enabled innovative products and services previously
thought impractical or impossible for lightweight devices. Al has become so prevalent in our
interactions with technology that we often become unaware of when and how Al is used within
everyday activities: live, work, and play. Intelligent systems can integrate and analyze 1) hard
data from smart sensors — mobile devices, wearable/embedded sensors, robots, drones, etc., and 2)
soft-sensing data from social media, crowd-sourced knowledge, and interaction patterns. Effective
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fusion of hard and soft-sensing data analytics can empower intelligent systems with contextual
information, such as geospatial location, environmental characteristics, personal biometrics, and
shared social interest data. This will consequently enrich human—machine interactions and data
flow, giving humans unprecedented control over the surroundings and shaping how people will
interact with each other and the environment. Pervasive and augmented computing user interfaces,
such as Microsoft HoloLens and Apple Vision Pro, bring this type of natural interface to the next
level, augmenting the information directly to the objects that people see, which means that people
can look at information without losing awareness at the same time as performing the tasks. Nowa-
days, these interfaces are embedded into our day-to-day devices, such as smartphones, tablets,
and wearables, forming intelligent systems that blur the line between work and life activities and
increase productivity, health, and well-being.

A simple yet profound example is how virtual concierge or smart assistant services like
Microsoft’s Cortana and Apple’s Siri can support intuitive speech-based conversational human—
computer interactions to complete tasks, such as composing emails and documents and obtain-
ing recommendations and answers to questions based on the Web’s large-scale knowledge base,
which includes contextual and crowd-sourced information. These smart assistants also use sensor
data to understand the environmental and surrounding data, including location awareness, such as
weather forecasts, to further tailor recommendations and solutions based on user preferences and
their needs within the current situation. Within the context of smart offices, these technologies will
support IEQ, as the smart virtual assistants can automatically adjust workspaces for optimal light-
ing, thermal comfort, and ergonomic desks while providing recommendations to physical activity
management, opportunities to stay active at work, making recommendations to maintain privacy
within cloud-computing environments, and manage the balance of personal and focused work time
with the need to socialize.

AI and high-performing workspaces: harnessing intelligence
for work productivity

To fully appreciate how interconnected sensing and intelligent systems underpinned by rapidly
advancing Al technologies are augmenting human intelligence and promoting work productiv-
ity, it is important to learn more about their technologies and anticipate their growth locally and
globally (Tjondronegoro, D., 2019). Al can be defined as a computer’s ability to 1) process data
into useful information; 2) analyze extracted information to support decision-making and augment
human knowledge; 3) develop cognition and perception abilities, including seeing and listening,
which would enable it to ultimately 4) become autonomous and act according to logic, context,
rules, and laws; as well as 5) predict and anticipate emerging contexts or events. Al is, therefore,
often mentioned in the same breath as big data and the IoT. Al is a computer’s central core process-
ing unit that enables it to think and act. Just like how a human’s brain grows its intelligence and
ability to make decisions, Al needs to be trained (by big data), connected to the source of knowl-
edge (produced by the 10T), and governed by laws and rules (becoming responsibly autonomous).

Deep learning algorithms (LeCun et al., 2015) enable Al and autonomous systems to self-learn
and continuously improve their knowledge to augment human intelligence and decision-making
ability. This rapid development of Al implementations change how computers can support cog-
nitive tasks (seeing, listening, talking, driving, interpreting human emotions, etc.) and making
decisions and predictions. Deep learning enables machines to automatically extract useful features
from any data and identify patterns that can be used to make decisions. The more data Al can lev-
erage, the more accurate and useful it can become, which is why the term “big data” was coined
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to signify both the requirement and the capacity of today’s computers to produce and process data
and information at high volume, velocity, variety, and veracity. High-performance workspaces
are enabled by Al and deep learning through rapid analysis of big data in a way that was humanly
impossible to rapidly make sense of and extract meaningful information from a massive amount
of unstructured data continuously and in a short time.

The IoT is the Internet-enabled interconnected network of computing devices embedded in
everyday objects so that they can communicate via data with or without human intervention. When
everything in the world is connected, we will witness a sharp increase in data volume generated
by users’ daily life experiences, businesses (i.e., transactional records), and social interactions. Big
data generated by the IoT can be scaled and managed effortlessly using cloud storage, along with
the ever-increasing number of new devices and data types. As millions of connected things gener-
ate big data, it will support Al’s deep learning. IoT-generated big data is crucial to computationally
reveal useful patterns, trends, and associations to learn and interpret behavior and interactions
between humans, machines, and the environment.

Al and pervasive intelligent systems are transforming work and productivity, and it is now
virtually possible to replace many jobs with computers. However, Kai-Fu Lee’s book on Al super-
powers (Lee, 2019) posited that humans choose to do a job because it gives them meaning in life
via satisfaction and happiness from how other people appreciate them for what they contribute to
daily living. Humans probably would never let Al rule the world, even if the technology were so
advanced in the next decades. Humans are still the best at providing genuine caring and meaning-
ful empathy during interactions with other people, which machines can never replace, even if Al
could one day precisely compute emotions. The future of work and professions will shift due to Al
advancements, but there will always be a requirement to apply humanistic characteristics. Human—
computer interaction will shift the role of the computer from being a mere automation tool into
an enabler for future knowledge workers to solve complex problems. Today this concept is even
more prevalent, as scientists are developing Al applications to support humans’ ability to perform
tasks and improve their quality of life. Just as Al is already helping us to have an active and healthy
lifestyle, it will continue to help us do our jobs better, making better decisions dynamically based
on real-time data and predictive analysis.

Ethical and responsible AI adoption

There still needs to be a significant gap between expectations and the successful adoption of Al
to innovate and improve businesses. Al adoption is complex, as it often incorporates big data and
the IoT, affecting data privacy. Existing frameworks have identified the need to focus on human-
centered design, combining technical and business/organizational perspectives. However, trust
remains a critical issue that needs to be designed from the beginning (Tjondronegoro et al., 2022).
Al relies on sufficiently representative and diverse data to effectively train the models for making
reliable and unbiased decisions.

Transparent and Explainable AI aims to apply new processes, technologies, and layers to exist-
ing Al systems to make Al models understandable to users and programmers. The human-in-the-
loop concept denotes human involvement in the design and evaluation processes to maintain a
supervisory role over autonomous systems. The supervisory process ensures that Al aligns with
human rights, social norms, and privacy practices and oversees automation biases.

Privacy and processing of personal data are an essential part of an individual’s freedom and
fundamental rights, as well as society’s democracy. Europe’s General Data Protection Regulation
(GDPR) is widely considered the most cutting-edge world regulation on personal data protection
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(Inverardi, 2019). Given the scope and amount of data used by Al, ethical privacy practices need
to be embedded into the design specifications of technologies, business practices, and physical
infrastructures. In addition, a growing number of emerging privacy-preserving measures must be
applied to the hardware, software, and datasets.

Beyond privacy, ethical issues are the hardest to manage due to the potential conflict between
users’ and communities’ ethical principles for an autonomous system’s decisions. The challenge
is to balance the freedom of individuals to make responsible decisions and the freedom and safety
of others. Therefore, the challenge is whether Al should ethically support individuals to exercise
their freedom of choice or enforce the law by autonomously intervening in the decisions and tak-
ing actions for the benefit and safety of others and society. Another challenge is whether Al should
be ethically required to provide all data and information for law enforcement officers to make a
fair decision or whether Al should maintain an individual’s privacy rights and wait for consent
before disclosing. Fairness is another major issue since the data fed into its ML algorithms largely
determines Al’s ability to analyze information and make decisions. An issue is that the data may
be biased, reflecting the Al’s algorithms and outcomes. The rapid adoption of deep learning has
shifted the development of Al capability from intellectual engineering to data-driven engineering.
Therefore, there is a general expectation that Al is biased in contexts where the data is collected.

The gaps in the high-performance environment using tech

The challenge for business leaders to fully implement flexible work is maintaining the traditional
layers of workforce management: place, time, role, and leave (Meta5, 2020). However, the sud-
den large-scale shift to flexible working has allowed business leaders and managers to transform
toward a more sustainable work environment. Productivity and well-being considerations for
incorporating digitized workspaces have become a part of the new normal for flexible work, com-
bined with ABW and WFH (working from home). Data from the Sustainable and Healthy Envi-
ronments (SHE) Post-Occupancy Evaluation survey (SHE POE dataset, 2023) showed that 94%
of the participants were satisfied with their access to technology in their workplaces (Figure 10.1).
Drawing from the lessons learned during the COVID-19 lockdown, the following will explore: 1)
the opportunities from the digitized workspace and 2) the challenges in managing flexible work
that supports productivity and well-being. These will inform and empower business leaders to
develop a strategy for implementing productive yet flexible work environments for a more sustain-
able future of work.

The opportunities for digitized workspaces

Digital capability is the term we use to describe the skills and attitudes that individuals and organi-
zations need to thrive in today’s technological world. At an individual level, we define digital
capabilities as equipping someone to live, learn, and work in a digital society. Businesses adopt-
ing digital technologies to maintain productivity must use various techniques appropriately and
effectively in different contexts.

Online presence through a website and social media has become the primary requirement for
conducting business, interacting with and supporting the end users, and managing sales and trans-
actions. For critical services, such as healthcare and social assistance, an online presence was
essential to continue supporting public health and well-being during the COVID-19 pandemic.
In addition, an online presence was essential for some sectors like education, training, arts, hos-
pitality, and tourism to sustain business activities during the lockdown. For the internal operation
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Technology Available - SHE V2
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Figure 10.1 Percentage of satisfied and dissatisfied workers with accessibility of technology in their work-
days according to the SHE POE dataset.

Source: SHE POE dataset, 2023

of businesses, workers can use the Internet to access digital business tools from anywhere for
communication, collaboration, and management (of projects, finance, human resource, stock and
inventory, supply chain and logistics, and customer relationships). Before the pandemic, some
businesses were still reluctant to rely entirely on these tools for digitizing the workspace due to
cybersecurity concerns, digital literacy, and the difficulties in providing online tech support for
the staff. However, the large-scale lockdown has pushed businesses to immediately shift toward
digitized workspaces and innovate their product and service offerings.

Online meeting tools, such as Zoom and Microsoft Teams, have seen the highest increase in
usage and exposure during the lockdown. Suddenly most people and businesses realized that
they were more connected than ever with others around the globe. People suddenly became more
accessible, as they did not need to spend hours, or even days in some cases, to travel to connect
and collaborate with colleagues. Asynchronous communication gives people more agency about
when/where to work. For the health sectors, these online meeting tools have helped deliver care
to broader and distant communities and reduce contagion risks. The combination of digital busi-
ness tools, asynchronous communications, and a backbone office has enabled workers to maintain
productivity during the pandemic, albeit the challenges associated with the sudden shift to WFH
and ABW. People suddenly realized that they could adapt to the tools fast enough while at the same
time develop their digital capability to become more future-ready.

The shift toward online and digitalized business was generally seen as inevitable, but the
COVID-19 pandemic helped speed up the journey by at least ten years. People have somehow
leapfrogged their fear and skepticism from the uncertainties over risks and challenges if their busi-
ness and work were shifted fully online. The new normal will undoubtedly benefit from the digi-
tized workspace to promote efficiency and provide opportunities for a more inclusive workforce.
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By saving time from traveling to and from the office, working parents can use the extra time
gained to better juggle between home and work commitments. For some people, WFH has allowed
them to enjoy more home-cooked meals, occasional walks to local shops, walking their dogs, and
exercising more regularly at their leisure, all of which help to promote their well-being. WFH is
impossible for others due to a non-conducive environment and personal circumstances. Therefore,
managers factored WFH challenges into a common productivity variation for most of 2020. In the
new normal, ABW-based design of office spaces is influenced by the newly acquired confidence to
use digital business tools to work in different settings.

Challenges in managing productivity and well-being of digitized workspaces

Learning from the lessons of flexible working arrangements during the COVID-19 lockdown
will help managers and workers find mutually suitable solutions. For example, there has been
an increase in reported psychological stress and divorce filings (Commonwealth Media Release,
2020). This phenomenon could be primarily caused by the increased pressure from juggling
work and childminding, homeschooling, and the concerns over health and socioeconomic uncer-
tainties. On the other hand, even after the social distancing restrictions were eased, some people
preferred to continue WFH to benefit from the comfort and privacy of the home office and still
use the office space to connect and collaborate with co-workers and clients. Hence, the “new nor-
mal” post-pandemic for flexible work should incorporate effective use of technology and smart
offices, combining WFH, ABW, and physical and digitized workspaces effectively to promote
productivity and well-being. The challenge is how to find the right combination and manage
work—life balance through effective implementation of technologies for smart offices and col-
laborative tools.

The first challenge is managing based on trust, which means that workers can decide the place
and time to perform tasks and achieve outcomes based on their assigned role and take the respon-
sibility to manage their leave. The notion of “leader as a coach” (Ibarra, H., Scoular, A., 2019),
which is becoming more widely adopted in large organizations, promotes the concept of shared
decision-making when it comes to managing the nature of work if the job is completed and achiev-
ing the outcomes.

One of the critical ingredients for leading a productive team is to focus on the team’s dynamics
instead of the mechanics in leading high-performing teams. For example, suppose a team shares a
vision and purpose and agrees on the required performance and deadlines. In that case, everyone
should be trusted to have the flexibility to manage the work and be accountable for the delivery
quality and timeline. Project and organization managers can adopt many existing project manage-
ment and collaboration functionalities to help lead teams and work. Therefore, it is crucial for
business managers and project leaders to continually learn the latest tools and tailor them to their
team’s dynamics and mechanics.

The second challenge is promoting a distributed work—life balance to maintain productivity and
well-being. Workers need to understand that they need to take breaks and look after themselves.
If trust is established in performing and achieving the tasks within the required timeline, each
person should propose the best opportunities for taking leave. The manager’s role should be that
of a coach, seeing the big picture and helping to synergize individual plans and ensure that the
common goal is achieved. Strategies like job sharing, staggered start-finish, travel while working,
compressed week, and time-in-lieu should be explored to find the right balance for the individuals
and the team. Managers may adopt cloud-based file sharing, asynchronous chats, and online meet-
ings to support flexible work arrangements that would work for the team’s work—life balance. The
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most glaring risk of digitized workspaces is the need for observing availability so that people can
be fully “signed-oft” and “away” from work and not “on-call.”

The role of managers as coaches is crucial to ensure staff are not at overcapacity and to pro-
mote flexible work arrangements. Home and parenting duties should no longer be associated with
a particular gender, and likewise, workers with school-age children should not be disadvantaged.
Moreover, people should not feel pressured to work beyond capacity over a prolonged period,
making their productivity and well-being unsustainable. In short, it is time to move away from a
traditional 9—5 presence-based workplace and embrace a blended approach that is more inclusive
and better for the environment and people. Al is now embedded in calendar tools such as Microsoft
Outlook to make suggestions for breaks and focus work by blocking times and automatically sug-
gesting people, places, and documents for meetings, socializing, and exercise.

The third and most emerging challenge is using Al and intelligent systems for automation and
augmenting work. Smart offices that use embedded intelligent systems to improve IEQ and sup-
port data-driven decisions and productivity tools will need to be managed properly to enhance
trust. People will become wary when data is appropriately misused, privacy is at risk, or when
autonomous decisions and analysis are not accurate, reliable, or explainable. Moreover, the rise of
generative Al models enable machines to create content, including writing paragraphs, visualizing
information into graphs, and synthesizing documents into tables, summaries, and other creative
forms, like scripts and PowerPoint notes. Therefore, the key challenge is to establish a trusted
use of Al as collaborative assistants to support human intelligence and responsibly using the Al-
generated content.

To promote “trust-by-design,” business implementation of Al should involve all stakeholders
from the beginning while considering the strategy and policy within the institutions and practices
to overcome anxiety and understand their preferred use of technologies. To embrace Al’s benefits
and fully reimagine the future of work and decision-making, a comprehensive synthesis of the
complementarity of humans and Al in organizational processes, including decision-making, will
help foster a deeper understanding of how Al can help to augment, not replace, human contri-
butions. Next-generation managers and leaders must consider Al’s performance and impact on
economic productivity to weigh the trade-offs of various policy approaches for Al adoption in
businesses. The future of work and professions will shift due to Al advancements, and there will
always be a requirement to apply humanistic characteristics. Tech will continue dominating the
Al-dominated digital economy, driving an industrial revolution and the technological disruptions
that shape the behavior of the global society toward a new way of work, productivity, and digital-
ized workspaces.

Conclusion

Technology advancement creates new opportunities to transform work, promoting productivity
and well-being. Smart offices and Al-enabled intelligent systems will challenge the traditional way
of working and require managers to shift their thinking for embracing technologies in a responsi-
ble and ethical manner. We are still in the process of solving the gaps in technology use, and we
need to rise and get better at it by transforming the people, infrastructure, organizational process,
and governance of cyber-physical systems toward the future of productivity based on digitalized
workspaces and intelligent systems. Our environment will continuously become smarter, increas-
ingly embedded with intelligent sensing and real-time Al computation. Hence, people must har-
ness it to improve work—life balance and quality of life. People’s key concerns with Al are the
future of work and jobs lost due to automation. These concerns are often inflated due to a lack of
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understanding or bloated expectations from Al and the lack of trust in these systems and the use
of personal data. Security and privacy issues are becoming more prevalent due to the rapid growth
of technology, business/organizational transformation, and increasing dependency on the digital-
ized workspace interconnected with embedded Al. Everyone has a role in embracing tech, such
as Al, for the future of work. Next-generation applications increasingly need to consider long-
term impacts through multi-perspectives and strategic themes. Tech and Al maturity must start
with lifelong learning, transformational education, and skills for community awareness, human
resources, tech literacy and competency, and tech development leadership. The capstone of tech
maturity focuses on community impact, including responsible development, deployment, and
scaling of Al innovations that maintain the sovereignty of human intellectual capacity and prepare
the next generation of workers that can work collaboratively with Al within the digitalized work-
place. Flexible work arrangements and tech-enabled, smarter ways of working should be the key
themes to enhance our future productivity and well-being at work.
A “high-performance” checklist for technology is provided here:

Principle Description

SECURITY and PRIVACY » Secure, privacy-preserving use of big data, which needs a digital
management system to ensure ethical and responsible automation
works for organizations.

PRODUCTIVITY + Strategic allocation of tasks to Al and have more time for creative
tasks by workers.

DIGITALIZATION: AI and « Utilization and optimization of data and resources’ benefits for

INTELLIGENT SENSING improving productivity and decision-making.
* Al-enabled smart offices and intelligent systems to promote
sustainability and benefits of work.

WORK-LIFE BALANCE » Seamless tech and applications to allow hybrid, fully virtual and face-
(ENABLING WORK to-face collaboration.
ELSEWHERE) * Online presence through a website and social media.

* Flexible work through integration of smart offices and digitalized
work for accomplishing life tasks, from day-to-day to the most
complex tasks.
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GENDER AND AGE

Fan Zhang and Maryam Khoshbakht

To create a work environment that appeals to both genders and all generations in the workforce,
organisations must embrace flexible set-ups rather than a one-size-fits-all approach.
— Authors

Introduction

The physical environments have a direct impact on office workers, as they spend most of their time
inside buildings. Physical environmental factors such as ergonomics, noise, air quality, tempera-
ture, lighting, colours, plants, and interior plans are known to influence overall satisfaction, work
performance, and occupant health (Candido et al., 2021; Zhang et al., 2019; Wang et al., 2021).
However, gender and age differences in workplace environment perceptions and preferences have
not yet been adequately documented. Previous research has shown that demographic factors have
an impact on how people of all ages and genders perceive workplace environments. In fact, young
and old and men and women are as different in their professional lives as in their personal lives.
These distinctions have an impact on how successful businesses are, and a desirable and satisfying
work environment helps retain talent and lower costs associated with turnover, worker’s compen-
sation, and medical claims.

There has been an on-going discussion for equality in the workplace for many decades. From
the lens of workspace design, it is crucial that the building design is “inclusive” to embed respon-
siveness to diversity and promote equitable mental well-being, social cohesion, and enjoyment. In
this process, it is essential to consider both workers’ different demographic needs and preferences
to achieve employee satisfaction and create productive and healthy workplace environments. It is
equally important to consider differences in terms of space design and performance and address
the needs of a gender diverse and aging workforce. The pandemic and forced work from home
(WFH) arrangements during lockdowns have changed the way people work and the way organi-
zations operate. Although limited in numbers, previous studies on the effect of WFH orders on
different genders and age groups have revealed that WFH can be both a blessing and a curse
(Krivkovich et al., 2022). Examining what WFH has meant for different gender and age groups
and figuring out how to get the most out of it are essential, given that the degree of WFH is pre-
dicted to be significantly higher than it was before the pandemic (The Productivity Commission,
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2021). This chapter examines the existing research evidence focusing on differences in satisfac-
tion, perceived productivity, and perceived health observed in the contemporary gender- and age-
diverse workforce, including lessons during WFH orders, with the aim of providing a road map for
organizations to achieve a high-performance workplace.

Gender and age differences in workplaces

In terms of individual differences, gender and age are the most studied demographical factors. In
workplace research studies, demographical influences are mostly investigated by post-occupancy
evaluation (POE) surveys using either or both subjective and objective methods. Previous stud-
ies generally reveal that demographical differences in the workforce such as gender and age sig-
nificantly affect how workers perceive and evaluate their physical working environment (Haynes,
2011; Rothe et al., 2012; Kim et al., 2013). Next, we will discuss how gender and age mediate the
impacts of physical workplaces on occupant satisfaction, perceived productivity, and health.

Occupant satisfaction

Interior design

Interior design is the comprehensive, professional activity of addressing, safeguarding, and meet-
ing human needs in interior spaces. It combines method and strategy, a mandate for well-being,
safety, and health, with well-informed judgements regarding style and aesthetics (IIDA, n.d.).
Layout, furniture, plants, materials and coating, coverings, colours, finishes, and other elements
are included. When it comes to our emotional state and how it affects our satisfaction in work
environments, interior design can have a significant impact (Candido et al., 2016). Perceptions of
interior design may vary between gender and age groups. Khoshbakht et al. (2021) discovered that
while satisfaction was similar for both men and women in private offices and offices shared by no
more than four co-workers, women felt less satisfied than men in large, open-plan offices shared by
five or more people. Men view brightly coloured interiors more favourably than women do (Yildi-
rim et al., 2011). Men tend to be noticeably more satisfied with concentration spaces, how their
workstyle is supported by office layout, and their ability to engage in physical activity, according
to POE surveys that Marzban et al. (2021) conducted across five open-plan offices. Contrarily,
women valued access to nature more than men did (see Figure 11.1).

It seems that various generations have diverse tastes in workplace design. According to Pullen
(2014), there are notable differences in how different age groups view flexible workplaces with no
designated spaces versus private offices. Younger employees (those under 31) preferred flexible
offices over private offices, and as respondents became older, their perceptions of flexible work-
places seemed to become more negative. Rasila and Rothe (2012) investigated Generation Y’s (or
millennials, born 1980-1994) perceptions of privacy, density and crowding, loss of concentration,
social situations, low efficiency and increased workload, and environmental conditions in open-
plan offices and reported that although they recognized the drawbacks of open-plan layouts, they
saw them as a fair trade-off for the benefits of having interesting things going on around them and
being able to sit next to their friends. Similarly, Marzban et al. (2021) reported that when compared
to Generation Y, Generation X (born 1965-1979) seemed to be more content with workplaces that
provide people with zones for concentrated work, connection to the outdoor environment, and the
capacity to be physically active. The youngest respondents born between 1995 and 2012 (Genera-
tion Z) displayed higher satisfaction in all aforementioned categories than Generations X and Y.
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Figure 11.1 Comparison of occupant satisfaction of different genders, redrawn from Marzban et al. (2021).

Rothe et al. (2012) discovered both similarities and differences in the preferences of different
age groups in the workplace. Preferences in personal services, restaurant offerings, and collab-
oration spaces showed significant differences between age groups, whereas privacy, concentra-
tion, and the virtual environment did not (Rothe et al., 2012). According to research by Joy and
Haynes (2011), younger generations of office workers favoured informal meeting spaces to sup-
port knowledge work as opposed to their older counterparts, who preferred formal meeting spaces
for this type of work. All generations recognize the advantages of being close to one another,
or co-presence, in knowledge transfer and the facilitation of tacit knowledge through “creative
eavesdropping” (Haynes, 2011), and there have been no findings of generational differences in
team-based working environments (Appel-Meulenbroek, 2010).

To create workplaces that can accommodate the needs of people with different genders and
ages, organizations and architects should adhere to the universal design principles. If the work-
place is designed well, it can help increase the employment participation of all walks of life. This
topic is discussed in detail in Chapter 2.

Indoor environmental quality (IEQ)

The term “Indoor Environmental Quality” (IEQ) refers to the quality of an indoor space, and it
depends on a number of variables (see Chapters 4-9 for more details on IEQ). There have been
research interests in how IEQ affects office workers’ overall satisfaction for a long time (e.g., Kim
etal.,2013; Bae et al., 2020). Building occupants respond to and prefer IEQ conditions differently,
and numerous researchers have previously tried to categorize these preferences based on demo-
graphic differences (e.g., Indraganti & Humpbhreys, 2021).

According to Kim et al.’s (2013) analysis of the POE survey database, which included over
38,000 satisfaction votes gathered by the University of California, Berkeley, women consistently
rated their satisfaction with all surveyed IEQ parameters — including temperature, IAQ (indoor
air quality), amount of light, visual comfort, noise level, sound privacy, building cleanliness,
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workspace cleanliness, and building maintenance — lower than that of their male counterparts.
Women were more likely than men, regardless of age or job characteristics, to express dissatis-
faction with IEQ, particularly with thermal, IAQ, and sound issues. These findings suggest that
women may be more sensitive to IEQ factors, particularly those related to heating, ventilation, and
air-conditioning (HVAC) systems.

Gender differences in thermal comfort is one of the most studied and debated topics in the
workplace, known as the “battle of the thermostat” (Chang & Kajackaite, 2019). A plethora of
studies have revealed that women perceive the same thermal environment as being cooler than
men (Karjalainen, 2012; Zhang & de Dear, 2019; Indraganti & Humphreys, 2021). According to
Parkinson et al. (2021), regardless of the season, women are less satisfied with office tempera-
tures. The conventional justifications in thermal comfort literature claim that differences in ther-
moregulation and thermal perception are caused by morphological differences between genders,
such as larger surface-to-volume ratios, different body compositions, and lower metabolic rates
in women, which invariably attribute the causes of issues to women rather than the excessively
low thermostat setpoint temperature in workplaces. Although this may be true, it is the current
air-conditioning practice — widespread overcooling in offices — and lack of individual control that
has led to the thermal dissatisfaction of women, so the space fit-out and cooling approach need to
move away from this conservative, old-fashioned, “average male wearing suits”—centric approach.
To improve this, workplaces need to expand the opportunities for people to find spaces that suit
their thermal preferences (see Chapter 1 — Interior Design), to use personal control systems, and to
adjust their clothing to adapt to their surroundings (see Chapter 6 — Thermal Comfort).

Prior studies also revealed intergenerational differences in terms of perceptions of IEQ. A nine-
year longitudinal POE study (Bae et al., 2020) revealed that, in comparison to workers between 18
and 34 years old and above 55 years old, the medium age group (35-54 years old) was less satis-
fied with the majority of the IEQ factors. However, Jowkar et al. (2020) found no statistically sig-
nificant difference between the thermal comfort of the various age groups. To be more inclusive,
workplaces need to allow for adjustability of IEQ to suit different user needs (Noell-Waggoner,
2017). Rothe et al. (2012) provided evidence that being able to adjust the indoor climate is more
important for older generations than for the younger groups.

Significant gender, age, and individual differences can be seen in the occupants’ perceptions of
and preferences for IEQ. As a result, there isn’t a single indoor environmental control method that
works for everyone. Individual control over the immediate working environment can be a useful
tool for enhancing the IEQ satisfaction of employees (Kim et al., 2013). In addition to saving
energy, implementing higher indoor temperatures in offices that adhere to international thermal
comfort standards can enhance the comfort and satisfaction of female employees (Zhang et al.,
2017). This environmental solution may help people of both genders experience greater comfort
and satisfaction in their workspaces when used in conjunction with personal cooling systems, such
as desk fans or cooling chairs, if additional cooling is required.

Perceived productivity

Despite numerous studies, there is little agreement regarding how workplace environments affect
employees’ productivity. Haynes et al. (2017) conducted a POE survey with 220 UAE office work-
ers asking them to rate how different aspects of the office environment have affected their perceived
productivity. The results show that although both genders viewed interaction (work interaction,
social interaction, closeness to manager, proximity to colleagues and privacy) to have a favourable
overall influence on their perceived productivity, women reported it to be more positive than men.
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Figure 11.2 Comparison of the impact of privacy on perceived productivity between different generations,
redrawn from (Yunus & Ernawati, 2018).

This result has contradicted the previous findings (Kim et al., 2013; Indraganti & Humphreys,
2021). Meanwhile, Haynes et al. (2017) stressed that women perceive distraction to have more
negative effects on their productivity than their male counterparts, which is in line with previous
studies.

There has been no consistent finding on younger and older generations’ perceptions towards
how their physical working environment affects their perceived productivity. In alignment with
Rasila and Rothe (2012), Marzban et al. (2021) and Khoshbakht et al. (2021) reported that younger
office workers under 30 years old had higher perceived productivity when sharing offices with
multiple workers, while workers with 30 years or more preferred private offices to maximize
their productivity. As illustrated in Figure 11.2, Yunus and Ernawati (2018) also revealed simi-
lar findings that the relationship between the capacity to regulate interruption or distraction (pri-
vacy) and productivity was stronger in the younger generation (Gen Y) than the older generation
(baby boomers and Gen X). However, Haynes et al. (2017) reported completely opposite results,
where older workers were more positive about the influence of the open-plan workplaces on their
perceived productivity than younger workers. Although the precise link between the workplace
environment and employee productivity is still debated, there is no doubt that happier building
occupants generally translate into better outcomes for the companies. To make occupants happy
and satisfied, organizations need to incorporate the needs of different genders and generations in
workspace design.

Health

According to research, elements of office design that promote physical activity, privacy, the avail-
ability of daylight, and access to greenery have a favourable link with both physical and mental
health (Colenberg et al., 2021). The term “sick building syndrome” (SBS) describes circumstances
in which building occupants have acute health and comfort consequences that seem to be con-
nected to time spent in a building, but no specific ailment or cause can be established (EPA, 1991).
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In this regard, gender and age differences tend to have an influence on the frequency and intensity
of SBS and other perceived physical and mental health issues.

By comparing physical health among gender groups, Kim et al. (2013) indicated that women
were more likely than men to experience SBS symptoms such as tiredness; headaches; irritated or
dry eyes, noses, and throats; as well as skin symptoms. In terms of mental health, women tend to
have lower psychological well-being and more health issues than men (Gémez-Baya et al., 2018).
Women who work in offices that are constructed with male ergonomics may experience injuries
and discomfort due to the differences in morphologies.

According to Suzuki et al. (2021), younger workers are more likely to experience SBS symp-
toms than older workers, and Brasche et al. (2001) found that risks are higher for younger male
workers. One study by Haghighat and Donnini (1999) found that while fatigue and sleepiness
decreased with age, sore throat incidences increased. But what is evident is that the more climate
control occupants have over their workstations, the fewer symptoms of SBS are reported (Marmot
et al., 2006).

To support the health and well-being of different genders and generations, the design of fur-
niture, technology, and equipment in offices needs to consider the physical ergonomics of all
demographics, e.g., providing sit-stand desks, adjustable chairs, and foot support and footrests to
accommodate different physical needs. Older generations’ psycho-social requirements should also
be accommodated. Providing individual control over workstations not only boosts IEQ satisfac-
tion, but also reduces workers’ SBS symptoms.

Work from home (WFH) influences

Although limited in numbers, there are already studies on how WFH affects different genders.
WGEA found that gender equality was improved via flexible work (WGEA, 2021). Women par-
ticularly like the ability to work remotely. The reasons are beyond flexibility; they report encounter-
ing fewer microaggressions and have a stronger sense of psychological safety (Krivkovich et al.,
2022). Employers who support flexible work arrangements for all workers and at all organizational
levels can help staff members support better integration of personal and professional obligations
and encourage higher career advancement for women. Additionally, flexible work schedules might
encourage increased gender diversity in leadership positions (WGEA, 2021). Widespread flexible
work schedules can also diversify their talent pipelines while reducing gendered occupational and
industrial segregation.

Few studies have looked at the age differences in the perceptions of WFH. An online survey of
3,600 US workers across industries (The Conference Board, 2021) revealed that 43% of respond-
ents questioned the need to return to offices after the pandemic. Across different generations, more
millennials (55%) questioned the wisdom of returning to the workplace, compared to Gen X (45%)
and baby boomers (36%). Millennials are also the generation that expressed the greatest concern
towards mental health, stress, and burnout (70% of millennials versus 59% of Gen X and 42% of
baby boomers). There have only been a few studies on the effect of WFH on productivity, and the
findings are far from definitive. Morikawa (2022) compared studies of Etheridge et al. (2020),
Barrero et al. (2021), and Morikawa (2020), which were all based on self-perceived WFH produc-
tivity. The two former studies both reported equal or higher productivity while WFH, whereas the
latter one reported reduced WFH productivity. There is a lack of study on how WFH affects differ-
ent genders’ productivity. Xiao et al. (2021) found a link between WFH and poor physical health
outcomes like increased musculoskeletal pain, weight gain, and exhaustion. More often than men,
women reported having two or more new physical health problems. Although women prefer the
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option of flexible working, their experience has been harmed because they are more likely than
men to experience mental stress while WFH.

Another drawback of WFH is the possibility that there will be favouritism towards those who
work on-site, while those who work remotely will feel stigmatized for doing so (Cox, n.d.). Work-
ing mothers and millennials may be the groups most impacted by this. To avoid penalizing WFH
staff, employers should evaluate employee performance based on the quality of the completed task
rather than how long it takes them to complete it. Additionally, they must guarantee that WFH
employees receive equal opportunities for promotion. Employers also should be more aware of
and supportive of employees’ mental health in remote and hybrid work environments.

Conclusion

It is essential to design workplace environments that cater to all types of preferences of workers
from all walks of life with different work styles, needs, and preferences. To create a work environ-
ment that appeals to the needs of a diverse workforce, organizations must embrace flexible set-ups
rather than a one-size-fits-all approach.

A “high-performance” checklist for diversity is provided here:

Principle Description

OFFICE TYPES » Balancing the dual needs of egalitarian and hierarchical
Avoid allocating space according to  structures.
hierarchy and rank.
INDOOR ENVIRONMENTAL + Workplaces must provide more opportunities for employees to

QUALITY find spaces that suit their thermal preferences.

Ensure a desirable indoor * Provide workers with individual control over their own thermal
environment and provide environment (van Hoof, 2008).
individual control for different e+ Designing for a diverse range of workers’ psycho-social
demographics. requirements in vision, hearing, physical ergonomics, and

wayfinding (Haynes, 2011).
» Providing furniture that can be adjusted to suit various physical
needs from different demographics.
WORK FROM HOME + Evaluating employee performance based on the quality of the
Employers should ensure gender completed task.
and age equality while WFH. ¢ Equal opportunities for employee promotion.
» Respecting the boundaries between work and personal time
(WGEA, 2021).
+ Additional support for employees’ mental health while WFH.
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PERSONALITY

Samin Marzban and Christhina Candido

Our personality makes us unique and defines our preferences, choices, needs and expectations
from a physical environment and influences how we perceive it.
— Authors

Introduction

Personality is described as ‘patterns of emotion, thought and behaviour that represent stable and
lasting differences between individuals’ and form and individuals’ distinctive character (Perkins,
2016). Our personality makes us unique and defines our preferences, choices, needs and expecta-
tions from a physical environment and influences how we perceive it. In the workplace research,
personality is known to affect people’s perception of their work environment and either boost or
hinder workers’ productivity, health and satisfaction. While providing a healthy and productivity-
promoting workplace is a complicated task on its own, the fact that various individual variables
affect people’s perception of the environment further adds to this complication.

Although the research evidence sound promising to accentuate the importance of personality
as an indicator for user satisfaction, productivity, and health in the workplace, not much has been
done in terms of design within the industry. This seems problematic considering the crucial role of
workers’ overall satisfaction on their productivity, the acknowledged synergy between people and
workplace in the production of high-quality work and the dependability of existence of businesses
on people’s productivity (Needle & Mallia, 2021). In addition, with little knowledge and aware-
ness around the strength of each personality trait, there has been a tendency to praise specific per-
sonality traits such as extroversion. For example, the term ‘Extrovert Ideal’ by Susan Cain (2013)
describes the dominant cultural preference for extroversion, a phenomenon so widespread that
most people are unaware of it. Thus, businesses favour the personality traits such as extraversion
in their organizations and leadership, and leaders make decisions impacting office environments.
In this context, the strength of other personality traits, such as introversion or agreeableness, is
devaluated, and the fact that granting people with the autonomy and flexibility to choose between
different work options can help them thrive has been underrated.

Soon after the appearance of COVID-19 in 2020, the isolation and obligatory work from home
(WFH) arrangement brought productivity and mental/physical health discussions to the surface
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within the industry. The fact that getting accustomed to the new situation was easier for people
with certain personality traits such as introversion and agreeableness and more problematic for
people with other personality traits such as extraversion and neuroticism raised concerns about
people’s satisfaction and health in WFH arrangements and how it might affect their productivity
and business’s profit as a consequence. However, these discussions faded quickly as businesses
started to push people back to the office just before they realized that flexible working is now
hardwired in workers’ minds and that the pandemic has changed the synergy between people,
organizations, and workplaces forever.

This chapter commences by briefly looking at the definition of personality and the well-
respected method of Big Five to measure personality traits in the workplace research. It continues
by digging into the relationship between five personality traits and workers’ satisfaction, perceived
productivity and health in the workplace. This chapter also looks at how individuals with different
needs and preferences might perceive the environment differently based on their personality traits.
Finally, drawing upon the strands of research into personality and the workplace, this chapter
makes a case for how WFH arrangements after the onset of the COVID-19 pandemic has high-
lighted the need for granting workers with the flexibility and autonomy to choose how, where and
when they want to work.

Personality and how to measure it

As personality can be seen as an underlying behavioural and emotional description of how an indi-
vidual feels, acts and performs in the workplace (or any other environment), understanding vari-
ous traits can significantly add to workers’ productivity, therefore increasing the business’s profits.
Researchers have incorporated various methods, such as the Thematic Apperception Test (TAT), Mil-
lon Clinical Multiaxial Inventory (MCMI), NEO Personality Inventory (NEO-PI), and Big Five, to
measure and investigate personality traits. Some of these methods have oversimplified the complex
nature of the human being by trying to break people into types; however, psychological approaches
suggest personality traits as a more competent approach. Among all psychological methods, the
Big Five personality traits are by far the most research-backed, scientifically based model that is
well acknowledged by workplace researchers as a method to understand the relationship between
workers’ personalities and workplace design. Each trait in this model occurs along a spectrum from
low to high, and traits are independent of one another, making for an infinite composition of human
personalities in individuals. This model comprises five factors of neuroticism, extroversion, open-
ness to experience, agreeableness and conscientiousness (John & Srivastava, 1999).

In general, as described by Goldberg (1990), high scores of neuroticism are linked with nega-
tive emotions, and it may indicate a higher propensity toward burnout, as those individuals
might have a tougher time managing their emotions. On the other side of the neuroticism scale,
high emotional stability might be linked to higher job satisfaction, better handling of workplace
demands and lower stress levels (Garbarino et al., 2014; Hlatywayo et al., 2013). Extraversion is
associated with impulsiveness and socializing, and extroverts are more comfortable with taking
charge of situations (Judge et al., 1997; Laney, 2002; Luong et al., 2022). People with high levels
of openness are more curious and adaptable with changes in the environment, and they are eager
to learn and experience new things (Matzler et al., 2008). High levels of agreeableness are linked
with trustworthiness and a higher tendency to follow rules. People who are more agreeable are
kind, and their behaviour is often counterproductive within the workplace environment (Goldberg,
1990). Finally, conscientiousness is associated with vigilance, thoughtfulness and goal-directed
behaviours.
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Personality was once thought to be stable in a person’s lifespan, but evidence is accumulating
that personality can change in adulthood. For example, consumption of a specific drug is reported
to permanently increase the openness traits in people (Erritzoe et al., 2019), or several studies have
reported that traumatic events lead to persisting personality change characterized by increased
neuroticism (Mathews et al., 2008; Chung et al., 2006; Hyer et al., 1994). Personality also seems
to change, slowly but naturally, over the course of a person’s life. As people age, they become
more extroverted, less neurotic, more agreeable and more conscientious. A study also found that
emotional stability is the primary trait domain showing changes as a result of therapy, followed by
extraversion (Roberts et al., 2017).

Satisfaction, productivity and health

Personality has been linked to a wide range of life outcomes, including satisfaction, health and
performance (Gerlitz & Hiilsbeck, 2023). Although much research has been done on many of
these domains, the real relationship between personality and perception of the environment is
under-investigated. In the context of workplace design, the associations between the Big Five
personality trait (Goldberg, 1993) variables (neuroticism, extraversion, openness, agreeableness
and conscientiousness) and satisfaction, productivity and health variables, such as IEQ (Indoor
Environmental Quality), interior design, job performance and mental and physical health, are well
investigated. However, contradictory results have been reported to date. Some studies (Seddigh
et al., 2016; Sugino et al., 2019) reported high correlation between personality traits and various
aspects of the workplaces, while others (Hartog et al., 2018; Marzban et al., 2021) showed that
differences between personalities do not appear to have a high impact on user satisfaction, produc-
tivity or health. Hence, there sounds to be sufficient evidence to highlight the relationship between
personality and the workplace; however, the extent and attributes of this relationship is unclear and
needs to be further investigated.

Satisfaction

Satisfaction is used as a broad term in the area of workplace research. Studies have looked at
various aspects of satisfaction related to physical environment, including IEQ, interior design
and privacy. Satisfaction with the physical environment and personality traits are reported to
have significant associations, with workers with higher levels of specific personality types such
as extraversion, agreeableness and openness to experience to be in general more satisfied with
the physical environment of their workplaces. However, key sources of dissatisfaction with the
workplace are consistent for people with various personality traits. This means the general issues
with workplaces, such as noise, distraction and insufficient spaces for concentration/collaboration/
conversations, seem to dissatisfy all respondents with different personality traits (Marzban et al.,
2021). In a study by Marzban et al. (2021), the three key sources of dissatisfaction related to the
general layout of the workplace included lack of spaces assigned for concentration and insufficient
meeting rooms and spaces for private conversations (Figure 12.1).

Among all personality traits, introversion-extraversion has received significant attention. As
extroverts naturally have lower psychophysiological arousal (Geen, 1984) and lower reactivity
to sensory stimulation compared to introverts (Stelmack, 1990), they perceive the physical envi-
ronment differently. Several studies have indicated that introverts show higher levels of satisfac-
tion and productivity under very low levels of background noise and distraction (Sugino et al.,
2019), and they may be more critical about the interior layout, privacy and IEQ of their workplace
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Insufficient spaces assigned

0O,
for concentration 65%

Insufficient spaces assigned

for collaborative activities 43%

Insufficient spaces assigned

()
for private conversations 55%

Insufficient break out spaces

43%

45%

Insufficient meeting rooms 58%

Layout does not cater for work activities

Figure 12.1 Key sources of dissatisfaction raised by respondents regarding office layout.
Source: Marzban et al., 2021

(Hartog et al., 2018). In contrast, extroverts prefer noisier environments to reach their optimal
level of productivity (Belojevic et al., 2001; Dobbs et al., 2011; Oseland & Hodsman, 2018). They
also benefit more from work settings such as open bench seating, as it is more beneficial for their
happiness and memory focus (Lindberg et al., 2021). Interestingly, people with high levels of
extroversion are likely to be stressed by insufficient environmental quality or to be more sensitive
to environmental factors when under stress (Kallio et al., 2020).

Workers who are more open to new experiences are in general more satisfied with the physical
characteristics of their work environment, as their curiosity is higher compared to other personality
traits (Matzler et al., 2008). As expected, these workers prefer to meet in non-traditional spaces
(e.g. bar or lounge room) (Oseland & Hodsman, 2018), and they also prefer a work environment
which is adaptable (Hartog et al., 2018). Both positive and negative relationships between this
personality trait and distraction are reported in open-plan settings. Higher levels of distraction
in the office environment are reported by studies such as Seddigh et al. (2014), while negative
correlations between openness to experience and distraction are reported by Sugino et al. (2019).
People who are open to new experiences are imaginative and curious, which might be the reason
for focusing on external stimuli and higher levels of distraction in open-plan settings.

People with high levels of agreeableness are sympathetic, warm and considerate, and they
seek cooperation rather than competition (Liao & Chuang, 2004). Agreeable workers, similar to
workers with high levels of openness, are more satisfied with the overall physical environment
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(Reichherzer et al., 2022; Hartog et al., 2018) and the IEQ of their workplace. Agreeableness is
also positively correlated with satisfaction with workspaces (whether fixed or flexible) and the
general facilities/services available to workers in the workplace (Hartog et al., 2018). Agreeable
workers show higher levels of distraction with environmental factors in open-plan settings (Sugino
et al., 2019; Seddigh et al., 2016). This could be due to their tendency not to prioritize their own
needs and less eagerness to assert themselves by expressing their needs (Seddigh et al., 2016).

Conscientiousness people are described as responsible and self-disciplined people who have
higher job satisfaction (Seddigh et al., 2016; Furnham et al., 2009) and higher tendency to per-
sonalize the workplace (Wells & Thelen, 2002). It is remarkable that there are no defined rela-
tions reported between conscientiousness and user satisfaction with physical characteristics of
the workplace (Hartog et al., 2018; Marzban et al., 2021). Finally, people with higher levels of
neuroticism are less emotionally stable and more prone to anxiety and depression. These workers
show higher distraction (Seddigh et al., 2016) and less job satisfaction.

In general people who have higher levels of life and job satisfaction have higher levels of sat-
isfaction with the physical environment and IEQ in the work environment and vice versa (Cheung
et al., 2022). As conscientious, agreeable and open-to-experiences people are in general more
satisfied with the physical environment of their workplace, they might show higher job and life
satisfaction too.

Productivity and health

Productivity as a measure of how efficiently a person can finish a work task is rated and measured
with various terms, including job performance and career success, and it is related to terms such as
creativity and creative productivity. Research has shown that personality traits can affect produc-
tivity, but the relationship between these two is complex.

Conscientiousness is known to have a positive relationship with productivity variables. Con-
scientious workers are more goal oriented and vigilant and have higher levels of job performance
(Chiu & Chen, 2012) and intrinsic and extrinsic career success (Zakaria & Yusof, 2021). High
openness or perseverance and passion might increase productivity levels in workers (Kawakubo &
Arata, 2022), and higher levels of emotional stability, which indicates lower levels of neuroti-
cism, are known as reasons for higher productivity and outstanding performance among workers
(Kawakubo & Arata, 2022; Eshet & Harpaz, 2021). In addition, high extroversion is reported as a
positive predictor of outstanding performance (Eshet & Harpaz, 2021), while lower extraversion is
associated with excessive overtime work (Uchida et al., 2014). Agreeableness is known as a posi-
tive predictor of normative employees’ performance (Eshet & Harpaz, 2021).

If we consider productivity as a variable related to the ability of a worker to concentrate on a
work task, distraction plays a prominent role in it. The modern open-plan setting is more beneficial
to memory focus for employees high in extroversion, while detrimental for those high in neuroti-
cism (Lindberg et al., 2021). More emotionally stable and less neurotic workers reported lower
distraction, while workers who are agreeable and open to experience showed higher levels of
distraction as a result of the workplace’s physical environment (Seddigh et al., 2016; Sugino et al.,
2019). Negative correlations were also observed among extraversion or openness to experience
and distraction.

Creativity and creative productivity as crucial measures specifically in creative industries are
positively and negatively correlated with extraversion, agreeableness and negative emotionality,
meaning that people who are more extroverted, more agreeable and less neurotic rate themselves
higher in creativity (Marzban et al., 2021). Although only introverts tend to yearn for solitude to
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complete certain creative tasks, an open-plan office which is not designed well may indeed under-
mine creative productivity, not just among introverts but others as well (Needle & Mallia, 2021).

Regarding health, personality has been shown to affect exposure to stressors, influencing the
nature and severity of stressor experiences (Bolger & Zuckerman, 1995); however, not much has
been done in the context of the workplace. Extroversion was found to be positively correlated
with stress, which suggests that more extroverted people are more likely to be more sensitive
to environmental factors when under stress (Kallio et al., 2020). Introverts have lower levels of
well-being compared to extroverts, and this may be because of their lack of person—environment
fit (Merone & Whitehead, 2021).

For each personality trait, there are preferences and needs in terms of the physical environment
of a workplace (Roskams & Haynes, 2020; Schweiker et al., 2016). A combination of design ele-
ments is reported to affect self-rated productivity and health (Poursafar et al., 2019). Each indi-
vidual should have the flexibility and autonomy to set their needs and preferences for the task at
hand. These preferences and needs might also differ for each work task.

Personality traits and work from home arrangements

The individuals with different personality traits played a distinct role in workplace adjustments to
the COVID-19 pandemic, with some personality traits adapting to flexible working more easily
(Kniffin et al., 2021; Gubler et al., 2021). People who tend towards introversion are often seen as
fit candidates in the WFH setting, because they can thrive in quiet environments. But WFH can
also limit the option for these workers to showcase their tremendous value and adversely affect
their career success. Research showed introverted workers are significantly more likely to use
words such as anxiety, fear and cautious when compared to more extroverted personalities (The
Myers-Bridge Company, 2020). Whether the WFH arrangement has pushed introverted workers
to their solitude more than ever is of concern, but it needs more research. Extroverts, on the other
hand, might be more affected by WFH arrangements and social distancing policies, with higher
concerns about finding outlets to socialize (The Myers-Bridge Company, 2020). The new work
arrangements have sent many extroverts into total disarray, with more probability to use words
around being confined and constrained (The Myers-Bridge Company, 2020). The advantage that
being outgoing and talkative has brought to extroverts seems to have been lost in the WFH setting,
and people with this personality type have been struggling with sustaining a community through
WFH and social distancing.

Neuroticism is linked to negative emotions and anxiety; however, both positive and negative
results are reported considering people with high levels of neuroticism in non-traditional work
settings such as remote working. As one might expect, the deleterious effects of remote working
on mental health are greater with higher levels of neuroticism, and less with higher levels of emo-
tional stability (Wilmot et al., 2019). Emotionally stable workers are more capable of establishing
good interpersonal relationships and capitalizing on positive emotions. However, people with high
levels of neuroticism are also reported to have positive attitudes towards remote working (Clark
et al., 2012), as they might find the management of their relationship more effortless (Michinov
et al., 2022).

Conscientious personality trait is a two-edged sword giving the worker the personalization
options they need in WFH arrangements but pressuring them with work responsibilities at the same
time. These people are more inclined to develop well-being issues, but they are better applauded
for their performance. Agreeableness and openness to experience appear to be positively related
to remote working acceptability and employees’ well-being in this work setting (Michinov et al.,
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2022). Although agreeable people, due to higher levels of sympathy and trustfulness, are more
inclined to work from the office rather than from home (Gavoille & Hazans, 2022), they also
adjusted to the new work setting effortlessly and have shown the capability to communicate effec-
tively in WFH arrangements. Openness to experience is positively associated with a higher pro-
ductivity from home, as they are known for the curiosity and eagerness for new experiences.

When the COVID-19 pandemic hit the workplace, organizations worldwide rapidly created new
working norms acknowledging that flexible work is no longer a temporary pandemic response but
an enduring aspect of the new working world. Individuals with certain personality types adapted
to the new work arrangements quicker than others and/or they enjoyed it more than other workers.
However, if individuals are given the choice, flexibility and autonomy to choose how, when and
where to work, they will adjust their work preferences based on their needs. An introvert might
find one day per week at the office sufficient to build the social network for their career success,
while an extrovert might find a four-day-per-week schedule well suited for their nature.

Conclusion

Several studies have looked at the relationships between personality traits and satisfaction, health
and productivity in the workplace. Sufficient evidence suggests that a relationship does exist
between these factors, with results agreeing or disagreeing on the positivity/negativity of this
relationship. Studies also suggested that people’s social behaviour, preferences, needs and perfor-
mance might be predictable in the workplace to some extent. Having a deeper understanding of
these aspects can help leaders create trust and cultivate a stronger workplace culture. From a work-
place design perspective, creating a workplace that can cater to all individual needs is crucial. In
addition, giving the workers the autonomy and flexibility to make the decision about how, where
and when to work cannot be ignored specifically in the post-pandemic world.
A ‘high-performance’ checklist for diversity is provided here:

Principle Description
PHYSICAL » Considering the needs and preferences of people with various personality traits
ENVIRONMENT in the workplace.

» Considering zones with lower levels of noise and distraction for introverts, and
zones with higher levels of background noise for extroverts.

» Giving workers the option to adapt their work environment specifically for
workers with high levels of openness to new experiences.

* Considering non-traditional work settings, such as bar or lounge meetings,
specifically for workers with high levels of openness to new experiences.

» Granting workers the option to control and personalize their workplace
specifically for conscientiousness workers.

AUTONOMY AND » Granting workers the autonomy and flexibility to make the decision about how,
FLEXIBILITY where and when they work.

* Giving workers the opportunity to choose when and where they work from

(office and elsewhere).
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13
NEURODIVERSITY

Kirsten Day and Andrew Martel

It is about enabling choice within environments, in which both joy and calm can be found, and
enabling the ingredients that contribute to a mind-friendly environment to be orchestrated into
the most elegant of architecture, urban realms, and landscapes.

— Maslin Designing Mind-Friendly Environments

Introduction

All spaces — all the time — are composed of the aggregated stimuli from all senses at varying levels
of intensity. For most people those levels will fall within an envelope or range that is comfortable,
or at least not uncomfortable and stress inducing. However, for a percentage of the workforce
those levels will be above a comfort level (hypersensitivity — an atypically high response) or below
a comfort level (hyposensitivity — an atypically low response). Workplace stress for neurodiverse
people is most associated with an excess of — or lack of — environmental stimuli that might ema-
nate from sound noise, visual noise, spatial layouts, or unwanted sensory feedback through smell,
touch, taste, or temperature.

Neurodiversity describes the variation in human neurocognition (HOK Group, 2019a), capturing
a range of diagnoses and dispositions of how people perceive and experience the world (Kenny et al.,
2016). The challenge when designing the built environment and in particular workspaces is that each
person who interacts with that location will experience it in a different way — whether identifying as neu-
rotypical or neurodiverse (see Figure 13.1). This has a profound impact on the designer’s consideration.

Normative processes frame how we view neurodivergence and its myriad variations (Boys,
2022). Boys provides three key tools to challenging ableist biases from disability studies.

1. Developing alternative terminologies beyond the binary of disability and ability. These sim-
plistic divisions do not capture the fluid nature of stressors, temporary disability through to
permanent, thereby misfitting people with an environment. We need to move beyond the view
that disability/other is a difficulty to negotiate. As Boys challenges the designer — “this is not
because neurodivergence or disability is the problem, but that architects tend to assume a ‘nor-
mal’ use; and then only add on the ‘abnormal’ — such as a space for a wheelchair user — require-
ments at the end of the design process, as merely a technical and legalistic issue” (2014).
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2. Centring disability-led and disability-oriented participatory processes. ensuring that there is a
collaborative approach. “The obvious way to find out what disabled people want is to ask. In
practice, the perspectives of disabled people (i.e., ‘end users’ in the engineering world) about
technology are solicited and deemed valuable, though often late in the design process” (Goer-
ing & Klein, 2020, p. 616).

3. Disability positivity. Crucially this recognition of the complexity and nuances in relation to
personal positioning — “being born with a disability, for example, compared to developing one
in later life; social context, that is, how particular impairments are framed by society; and the
considerable heterogeneity in experiences across and between different non-normative neurolo-
gies” (Boys, 2022, p. 45).

This chapter explores the importance of accommodating neurodiversity in the workplace and over-
views the different methods that serve as guides to design for neurodiversity and the specifics of
neurodivergent conditions. Contemporary office design draws focus on compliance with standards
and codes for efficiency, constructability, durability, or accessibility, with little exploration of the
psychosocial impact of the constructed environment. As we understand more about how the mind
works, the definition of what is neurotypical and what is neurodiverse will broaden — and with it
designers’ understanding of how people move through, experience, and interpret space.

What is neurodiversity?

‘Neurodiversity’ describes a spectrum of neurocognitive profiles. Seeing this as a spectrum
acknowledges the different ways by which people interpret information, respond, behave, and
communicate. When we use the term neurodiversity, it includes not only people with autism but
the spectrum between those with neurological difficulties, such as autism through to those with
severe impairment, including dementia.

From a neurotypical perspective the concern is that neurodiversity isn’t an ‘over there’ problem
but a spectrum including the aging mind — not a condition that can be fixed, but one that can be
accommodated. While we can view people with autism as an expert user group when assessing
appropriate workplace design — neurodiversity as a term captures a range of characteristics that can
change over time, including neurodegenerative disorders. While there are commonalities between
neurodiverse people — including differences in communication, social interaction, sensory reception,
and interests — these are a “constellation of characteristics that blends together for each individual”
(IBCCES, 2018). With an aging workforce, and the addition of an increase in diagnoses of people
with neurodiversity, it is important that workplace design responds to this challenge and opportunity.

Rate of diagnosis

The terms used in Table 13.1 describe ‘neurotypical’ as the majority. However, neurodiversity is
the fastest growing diagnosed developmental disability globally, and there is an expanding aware-
ness of neurodiversity and the impact of workplace design on the participation rate of neurodiverse
people in the economy. The World Health Organization suggests that approximately 1 in 100 chil-
dren has autism. This includes those who can live independently through to those who require life-
long care and support (World Health Organization, 2022). One theory for this significant increase
in autism diagnosis rates is the increased awareness and diagnosis. The Centers for Disease Con-
trol and Prevention in the USA suggests that the rate of ASD (autism spectrum disorder) in 2018
was 1 in 44 (World Population Review, 2023).
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Table 13.1 Neurodiversity as a spectrum. Neurodivergent and neurodegenerative are
defined as neurodiverse. Neurotypical is considered ‘the majority’, although
with increased diagnosis, this majority is being greatly reduced.

Neurotypical Neurodivergent Neurodegenerative

The majority Autism Sensory processing differences,
ADHD typically age-related conditions —
Dyslexia ie. dementia, Parkinson’s

Given these numbers the design of public spaces in the future, including workspaces, needs
be reconsidered. Just as all workplaces need to be safe and accessible, all workplaces should be
designed to ensure that people can work effectively and efficiently without being disabled (or fur-
ther disabled) by the environment they work in. Workplace design needs to accommodate neuro-
logical difference, and that is a critical challenge for employers (HOK Group, 2019b). HOK Group
identifies four trends relative to neurodiversity that will impact the workplace:

1. Technological developments

2. Demographic developments

3. Focus on mental health and well-being

4. The fast pace of change and organizational business models

With increased diagnosis and greater understanding of causes and triggers that cause discomfort
and distress in neurodiverse people, interventions can be made to better design the workplace —
ensuring appropriate occupational health and safety of people who use the workplace, and a place
of increased productivity.

Sensory design theory standards and guidelines

Design guidelines for people with a neurological condition like autism generally focus on sensory
sensitivity and social exchange. There is an emphasis on the prevention of overstimulation and
the provision of retreat spaces when people are overwhelmed. Sinclair warns that while this is the
case for some people on the autism spectrum, we need to acknowledge that there is no uniform
experience.

It is possible, for example, for someone to be easily overwhelmed by auditory stimuli but
to seek out intense visual stimulation, or to be extremely tactile defensive but crave (and
also create) a lot of loud sounds, or to avoid some types or ranges of visual, auditory, tactile,
olfactory, or gustatory stimuli while seeking out other types or ranges of stimuli, or any
number of other combinations of sensory defensiveness and sensation-seeking within the
same person.

(Sinclair, 2022, p. 104)

At the heart of designing for neurodiversity is person-centred design — expanding Pallasmaa’s
holistic architecture (2012) and exploration of the senses is the acknowledgement that this experi-
ence has sensorial impact that is different to our own experience or intention. Manipulation of the
environments to the benefit of the autistic user (Mostafa, 2014, p. 145) and to the neurodivergent
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Figure 13.1 Sensory considerations — designing environments for mind-friendly spaces.

community and incorporating Mostafa’s ASPECTSS™ provides a comprehensive overview of how
the body might interact with the built environment. Many of these are captured in the sensory
design elements of the standards and guidelines around neurodiversity. The sensorial concerns
are addressed not only in how neurodiverse people respond to sensory stimuli but is also of key
concern in regard to healthy buildings (Allen, 2017).

Figure 13.1 Sensory Considerations adapted from Malnar Vodvarka Ranges of the Senses

There are several standards and guides for the design of space for neurodiverse people. What
can be achieved in the built environment can be broadly seen as addressing sensory stimulus.
Magda Mostafa was one of the first designers to identify and codify key issues of the sensory
environment and its relations to autistic behaviour in schools (Mostafa, 2014). Working with sen-
sory design issues, Mostafa’s empirical and evidence-based research led to her development of
ASPECTSS™. The acronym stands for Acoustics, Spatial Sequencing, Escape Space, Compart-
mentalization, Transition Zones, Sensory Zoning, and