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ABSTRACT

Well-being in the built environment is a topic that features frequently in building standards and 
certification schemes, in scholarly articles and in the general press. However, despite this surge in 
attention, there are still many questions on how to effectively design, measure, and nurture well-
being in the built environment. Bringing together experts from academia and the building 
industry, this paper aims to demonstrate that the promotion of well-being requires a departure 
from conventional agendas. The ten questions and answers have been arranged to offer a range of 
perspectives on the principles and strategies that can better sustain the consideration of well-
being in the design and operation of the built environment. Placing a specific focus on some of the 
key physical factors (e.g., light, temperature, sound, and air quality) of indoor environmental 
quality (IEQ) that strongly influence occupant perception of built spaces, attention is also given to 
the value of multi-sensory variability, to how to monitor and communicate well-being outcomes in 
support of organizational and operational strategies, and to future research needs and their 
translation into building practice and standards. Seen as a whole, a new framework emerges, 
accentuating the integration of diverse new competencies required to support the design and 
operation of built environments that respond to the multifaceted physical, physiological, and 
psychological needs of their occupants.
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1. Introduction

Well-being in the built environment is increasingly discussed in scholarly articles and design 
publications, in building standards and in certification schemes. However, despite being 
consistently among the declared goals of both, regulatory codes and voluntary rating systems, 
there are still many questions on how to effectively design, measure, and nurture well-being in the 
places we inhabit. This includes a clear interdisciplinary characterisation of what well-being implies 
in terms of the conception, operation, maintenance, and renovation of buildings and the spaces 
between and surrounding them, the interaction of different factors that may influence its 
achievement, and the development of suitable metrics and tools to sustain and verify the well-
being of occupants.

In the general press, and in guidelines and recommendations, well-being (also spelled wellbeing or
well being) is often simplistically intended as synonymous with wellness, happiness, and quality of 
life, or associated with comfort and health. However, various studies have proposed clear
demarcations of the respective attributes of these terms, and have developed distinct scales to 
quantify their values [1] [2] [3] [4], although the definitions provided have often been rooted into 
discipline-specific boundaries.

In the domain of the built environment, the values and beliefs about how spatial and 
environmental qualities may influence well-being have shifted over time, emphasising the need 
for greater clarity on the role, meaning, contribution, and interrelations of many factors and 
dimensions – e.g., satisfaction, aesthetics, ergonomics, performance, flourishing, affect, etc. – in
research and building practice [5].

This paper does not aim to fully resolve the heterogeneity of semantic approaches to the 
definition of well-being in the built environment [6] [7], whose conceptual connotations could be 
described as a wide construct of physical, physiological, social, economic, and psychological 
aspects, combining hedonic (i.e., feeling good) and eudemonic (i.e., functioning well) dimensions
[8]. Nevertheless, in this paper, the term well-being is used to reflect a broader, more holistic, 
approach whereas these interdisciplinary attributes imply a move forward from the accepted 
definitions of comfort and health as, respectively: the “condition of mind that expresses 
satisfaction with the […] environment and is assessed by subjective evaluation” [9]; and, “a state of 
complete physical, mental and social well-being and not merely the absence of disease or infirmity”
[10]. 

The translation of these definitions into building standards and design practice, in fact, has often 
stifled these wide-ranging concepts into more constrained paradigms. Comfort – here intended as 
satisfaction related to individual perception – has been mostly confined to acceptance of 
environmental conditions, while health has been generally narrowed to the prevention of stressors 
and limitation of harmful exposures. From these bases, a trend has recently emerged whereas 
concerns for human well-being have prompted a shift from merely risk-avoidance considerations 
(i.e., reducing negative effects such as SBS, sick building syndrome) [11], or the optimisation of 
single narrowly-defined qualities of the indoor environment (e.g., visual, thermal, acoustic, 
olfactory), towards a synergistic appreciation of the positive relationships, quantitative and 
qualitative, between buildings and their occupants. In essence, research and practice into 
comfortable and healthy buildings have traditionally aimed at preventing discomfort and 
dissatisfaction, and avoiding disease and ill-health, resulting in easily-quantified metrics and 
generalisable models. However, because the absence of ill-being does not necessarily result in 
well-being, recent studies have striven to define new ways to contribute and ‘add value’ to the 
lives of individuals in the built environment, advancing positive stimuli and making their minds and 
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affects flourish and thrive [12] [13]. This shift is also starting to be seen in building standards and 
certification schemes.

Conventional design drivers and criteria for high-performing and green-rated buildings, in fact,
have mostly focused on efficiency in terms of energy, constructability, siting, resources, costs, 
environmental qualities, etc. Nonetheless, although some research has supported the assumption
that flagship and certified buildings improve occupants’ experience in terms of measured and 
perceived indoor environmental quality (IEQ) [14] [15] [16] [17], many other empirical studies 
have not substantiated such evidence [18] [19]. This might be for several reasons. Among them, 
the self-assessment methods used to measure occupants’ evaluations and responses, and reliance 
on indirect and subjective metrics [20], may effectively be the manifestation of perceptions that 
do not correspond to the objectives considered at the time of design and green rating [21] [22].

Over the last few years, many certification schemes have started to introduce new credits to 
provide practical guidance to designers, stakeholders, and managers wishing to foster well-being
in their projects. These criteria, generally made freely available, can offer significant insights to 
guide design development, and inform building standards, even if certification is then not 
effectively pursued. 

For example, LEED (Leadership in Energy and Environmental Design) and BREEAM (Building 
Research Establishment Environmental Assessment Method) have recently extended the 
assessment of the direct and indirect impacts of buildings beyond IEQ and the mitigation of 
harmful practices. LEED has based the structure of its latest versions on a weighing framework 
founded on impact categories, among which the enhancement of well-being plays a significant 
role to “promote the health of […] building occupants and users, the surrounding community or the 
supply chain” [23]. Similarly, BREEAM has expanded its credit structure, including consideration of 
social and economic well-being, transport and movement, safety and security [24].

Among many other certification schemes [25], the Living Building Challenge uses seven ‘petals’
(i.e., place, water, energy, health and happiness, materials, equity, and beauty) and various 
‘imperatives’ to attain certification on the grounds that ‘living’ buildings should give more than 
they take and create a positive impact on the systems they interact with. Fitwel promotes an 
evidence-based approach to well-being by looking at building operations and owner policies, and 
identifying key strategic areas such as instilling feelings of well-being, promoting occupant safety, 
increasing physical activity, etc. The WELL building certification scheme is organised around 10 
‘concepts’ that affect the quality of built spaces within and beyond conventional IEQ categories
(including mind, movement, nourishment, etc.) and considers design, operation, and maintenance 
strategies as well as a requirement for ongoing building performance testing and occupant surveys
[25]. 

Although these new developments are promising, the voluntary nature of these schemes, the 
potential trade-offs between priorities, and many theoretical and practical uncertainties still 
hinder the consistent implementation of well-being in the design and operation of the built 
environment. Various questions remain, for example: How to set effective well-being goals?; How 
should different qualities of the indoor and outdoor environment be properly weighed?; How can 
we adequately inform the control of building systems to promote well-being?; What tools should 
be used to measure appropriate indicators (e.g., surveys, sensors, wearables, etc.)?; What design 
approaches and management strategies need to be adopted?; How ought we to reconcile 
interdisciplinary research with building practice?; How should building standards evolve to 
respond to new priorities and demands?
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Cognisant of these challenges, this paper does not wish to provide a “universal”, all-embracing,
recipe invariously applicable to achieve well-being outcomes in the built environment. Rather,
based on the authors’ collective expertise, the ten questions and answers offer a range of 
perspectives on the departure from conventional agendas that the promotion of well-being 
requires. These perspectives are intended to be relevant to different building and occupancy 
types, public and private, specifically comprising commercial (e.g., offices, retail), educational (e.g., 
schools), and residential. Clearly, other types of buildings, such as hospitals, medical centres, etc., 
may require further and more specialised considerations, although the general concepts and 
approaches remain pertinent.

The paper is structured as follows. Initial attention is given to the principles and strategies that are 
necessary to promote consideration of well-being through design (Q1) and to the value of multi-
sensory variability in buildings (Q2). Following these two general questions, the focus is placed on
the four domains of IEQ (luminous, thermal, acoustic, and air quality) that have been proven to 
strongly influence user perception (Q3 to Q6) [26] [27]. Then, insights are offered on how to 
monitor and communicate well-being (Q7) in support of buildings’ organizational and operational 
strategies (Q8), while paving the way for future research (Q9) and its translation to, and 
connection with, building practice and standards (Q10). A final section brings together the ten 
questions and answers, emphasising the challenges to be tackled for well-being to arise as a true 
driver and priority in the design and operation of the built environment.

2. Ten Questions (and Answers) Concerning Well-Being in the Built Environment

2.1. Question 1: What are the principles and strategies to promote well-being through design?

From an evolutionary perspective, humans have grown in connection to a dynamic natural 
ecosystem; opportunities of exposure to its rich and mutable stimuli have consistently 
represented key drivers to tune the pulse of their lives [28]. Moving away from the outdoors, 
today humans spend most of their time in the enclosed shelter of buildings [29], whose design and 
operation need to continuously meet the complex requirements of comfort, satisfaction, and 
health of their occupants, while also responding to stringent demands and directives of energy 
performance [30].

This, however, presents substantial challenges. Although several design principles and strategies 
are included in building standards to address targets of energy efficiency and the needs of 
occupants, a significant gap is often detected between design predictions and measured outcomes 
in terms of energy use [31] and satisfaction [22]. Many design models, in fact, share similar 
limitations, having been developed from data gathered under tightly controlled conditions, or 
being restricted by constrained research hypothesis [32]. Embracing such models, most standards 
have assumed that energy performance and occupant satisfaction can be achieved by maintaining
variations of indoor environmental settings within a narrow range of mean (or median) ‘average’
conditions. This implies delivering broadly stable environments that target acceptability for a 
‘general’ population without considering the inter- and intra-individual variability of their users 
(i.e., respectively, the variance observed between people, and within the same person at various
times or in different contexts or situations). Such a reductionist approach, almost leaning towards 
environmental boredom [33], effectively ignores the variations in perception and subjective 
evaluation that drive users’ preferences and needs. Also, it seldom offers opportunities for 
personal adjustment and control [34] [35], and the flexibility to choose spatial experiences (e.g., 
self-actualisation) that are often associated to higher gratification and enriched pleasure [36]. In 
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addition, neutrally-acceptable environments that aim at minimising “dissatisfaction as far as 
reasonably practicable” [37] might limit exposure to dynamic stimulations that, at specific 
combinations, dosage, timing along the circa-dian or circa-annual cycle, etc., are emerging to have 
substantial influence on the sustained well-being of the individual [38].

As research suggests [39] [40], there may be large discrepancies between requirements for
buildings’ energy efficiency, the ‘transient’ conditions that users demand for their comfort and
satisfaction, and what they need to be healthy and feel well over time. Physical and physiological 
well-being depends on current states as well as on previous history of exposures, while 
anticipation of future events can drive neural mechanisms and psychological balance [41]. For 
example, solar ingress in built spaces might be favoured, particularly in a cold climate or season, to 
bring passive heating and decrease lighting energy use. However, bright sunlight could cause glare 
and reduce visual task performance. Yet, direct exposure to natural light particularly in the 
morning, due to its spectrum and its temporal occurrence along the circadian cycle, can enhance 
mental delight and pleasure, and contribute to entrain the metabolic system with benefits for the 
well-being of the individual for the rest of the day. Besides – as also addressed in the following 
questions – increased experience of well-being may improve the perception of comfort (e.g., the 
presence of plants, pleasant scents, etc., can lead to higher satisfaction with the quality of the 
environment [42] [43]) or increase tolerance to subjective discomfort (e.g., an interesting view out 
of a window can mitigate the occurrence of glare [44] [45]). Design and operation criteria should
negotiate such multifaceted phenomena, offering opportunities to dynamically adjust priorities 
based on the variable needs of buildings and their users.

In essence, to promote well-being in the built environment, no longer can design principles and 
strategies be informed by inconsistent and limited model predictions and energy efficiency targets 
based on neutral acceptability of a static range of ambient physical factors, without considering 
boundaries of preferences and adaptation, and their changes over time. Rather, spaces offering 
dynamic stimuli – celebrating and taking as an opportunity the value of variance within the 
complexity of buildings’ experiences and populations – should support, at once, demands of 
transient comfort and satisfaction and the sustained needs of health and well-being over longer 
timeframes. Other than improving the quality of life through increased well-being, this design 
approach could ultimately also address the requirements of energy performance, since building 
management systems could maintain environmental settings under wider and more relaxed 
ranges, avoiding over-regulation while leaving opportunities for personal control and adjustments.

These aspects are further discussed in the questions below, emphasising the value of multi-
sensory variability (Q2) and how the experience of individual factors of indoor environmental 
quality – light (Q3), heat (Q4), sound (Q5), air (Q6) – can support well-being in buildings.

2.2. Question 2: What is the value of multi-sensory variability in buildings?

Too often, today’s buildings are not only designed without the planet in mind, but they also 
neglect the occupant. We intentionally design for static, uniform, neutral conditions in our 
buildings, often dissociating people from nature and the inherent cycles of the natural 
environment. This is experiential monotony, and there is nothing pleasurable about it. And the 
variability we hear about is usually just the negative side – sick building syndrome, sealed buildings 
with inoperable windows, poor lighting, etc. But we have an opportunity to create indoor 
environments that are not only comfortable and healthy, but are connected to the natural 
environment, provide a sense of place, and are a delight to be in. Designing for experience 
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requires us to embrace a broader view of building aesthetics, moving beyond simplistic and static 
metrics, and encompassing an experiential, multi-sensory perspective. Here, ‘multi-sensory’ refers 
to the ways in which we experience the lighting, thermal, acoustic, and olfactory environments, 
each of which will represent the focus of subsequent questions individually, while recognizing that 
the body experiences them simultaneously and the interactions between them remain an area 
that needs further study. 

We need to begin with a paradigm shift in how we think about the built environment. Building 
performance standards and conventional building practice are all about ‘reducing the negative’. 
The western goal of indoor environmental quality seems to be ‘if no one notices, and no one 
complains, we’re successful’. But what if the design goal was for occupants to notice the 
environment they live in, and in positive ways? To create a framework for thinking about this, we 
can borrow from Maslow’s hierarchy of needs (Fig. 1) [46], which suggests that we need to first 
satisfy our basic requirements for life at the bottom of the pyramid – breathing, food, water, etc. –
before we move upward to aspire towards our higher desires for pleasure, love, self-worth, and 
creativity. 

Figure 1. Maslow’s hierarchy of needs (adapted from [46])

We can reinterpret this hierarchy as one of environmental experience, as shown in Figure 2 
(focusing on the area of thermal comfort, but applicable to other senses as well). At the lowest 
level, the goal is simply to avoid heat and cold stress. This is often the basis for occupational safety 
and health standards, or guidelines for resilient buildings to be habitable in the event of power 
outages during natural disasters. Moving upwards, our buildings are generally operated to meet 
the next level, where the goal is simply thermal neutrality. A familiar example is ASHRAE Standard 
55, which prescribes conditions in which 80% of the occupants will find the conditions ‘acceptable’ 
[9]. In many other fields (e.g., manufacturing, recreational), a 20% rate of unhappiness or 
dissatisfaction would never be accepted! But that is all our industry aspires to in our buildings. We 
need to aim for a higher level of experiential delight, expressed in the third level, described 
eloquently by Heschong [47] and Erwine [48], among others. And at the very top is the idea of 
well-being, and how we can create environments that support our physical, social, and emotional 
health, our cognitive function, and productivity.
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Figure 2. A re-interpretation for indoor spaces: spectrum of occupant experience (adapted from 
[49])

But how do we get beyond mere ‘comfort’ and design for these higher-level experiences? As 
introduced in Q1, the premise is that one of the keys to moving upward on this pyramid is sensory 
variability, where the environmental conditions we encounter vary in subtle ways, either 
dynamically throughout the day, or spatially across the different places we inhabit. This can have 
benefits for our health, cognitive performance, and overall experiential delight.

As one example of health benefits, exposure to mildly cold or warm environments outside of the 
standard comfort temperature range was found to increase metabolism and energy expenditure, 
which can help to tackle obesity [50]. The study also found that for those with type-2 diabetes, 
exposure to mild and intermittent coldness influences glucose metabolism and increased insulin 
sensitivity by more than 40%. This is comparable with the best pharmaceutical solutions available. 
The authors of the study advocated, therefore, that buildings such as homes and offices should 
adopt drifting temperatures to create a healthier environment [50].

There have been limited but interesting studies on the effects of variability on our cognitive 
performance. For example, in the thermal environment, a study exposed subjects to both constant 
and sawtooth temperatures with similar mean values, and found that the variable temperatures 
reduced symptoms of drowsiness and difficulty in concentration [51]. Although more work is 
needed in this area, since the costs of people in offices is two orders of magnitude higher than 
energy operating costs, if variable conditions improved productivity, then the building and 
business communities would find such results quite compelling.

And finally, the evidence for variability on our sensory delight is even more persuasive, although a 
detailed summary is beyond the scope of this paper. A great deal of that evidence is found in the 
literature on biophilic design [52] [53] [54] [55]. For thermal variability, in particular, there is 
increasing evidence for the concept of alliesthesia – the physiological basis for thermal delight, 
which also has analogies to other senses as well [40] [56] [57]. The premise is that hedonic 
sensations of ‘pleasure’ come from the dynamic component of thermoreceptors in our skin [58]
[59] [60]. As such, the best potential for alliesthesia will come from having some degree of 
variability, or contrast, either over time, or across different parts of our body.
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Further details on the well-being benefits of variability in individual domains of indoor 
environmental quality are provided in the answers to the questions below (Q3 to Q5), including 
topics such as the importance of variable luminous environments on our circadian health, the 
benefits of personal comfort systems, and the relevance of design to creating dynamic 
soundscapes (and, while Q6 focuses on pollutants and reducing their negative effects, we are all 
well aware of the more positive olfactory delight we experience from the variety of smells in a 
garden, for example).

2.3. Question 3: How can the luminous environment support well-being in buildings? 

The luminous environment was traditionally engineered to support optimal visual task 
performance, such as reading numbers written with a thin pencil. Today, with the rapid evolution 
of digital technologies that have made self-illuminating screens ubiquitous in our lives, visual task 
performance is often more a function of screen resolution than ambient lighting quantity and 
quality. Thus, the challenges of lighting design are becoming more diverse. Furthermore, just as 
our ears have two functions – hearing, plus balance – it is now understood that our eyes also 
perform two key functions, vision, plus input to our body’s circadian system, which coordinates 
the daily and seasonal rhythms of nearly every process in our bodies [61] [62].

Daily patterns of exposure to light and dark are key determinants of our circadian rhythms, 
influencing sleep cycles, memory formation, immune response, growth, development, and 
metabolic health. Initially, it was thought that exposure patterns to white light, including timing, 
intensity, and duration, were the key factors in determining circadian responses, but further 
research has suggested that more subtle patterns of spectral content, the history, and geometry of 
exposure may also be important [63] [64]. The eye’s circadian photoreceptors are most sensitive 
to the sky’s dominant blue wavelengths [65], and it is now established that exposure to this blue 
portion of the visible spectrum at night, whether indoors or outdoors, can cause sleep disruption 
via suppression of the hormone melatonin [66]. Thus, at a minimum, evening and night-time 
electric lighting should have reduced content in the blue short wavelengths, and thus be more 
similar to fire light or candlelight. Logically, it follows that those lighting patterns closest to the 
Earth’s natural cycle of bright days and dark nights, under which humans evolved, are likely to 
prove the healthiest lighting scenarios. Some researchers posit that the dynamic colour shifts 
experienced at sunrise and sunset may also be biologically significant [67]. Given this, the easiest 
way to achieve locally appropriate circadian stimulus inside of buildings is via naturally daylit 
spaces.

In addition to providing appropriate patterns of ambient illumination, buildings can also support 
occupants’ circadian well-being via attractive window views of the outdoors, which can offer 
about an order of magnitude more circadian stimulus to ‘the eye of the beholder’ than even 
ambient daylight inside of a space [39]. With window views, occupants can choose to take a sip of 
brighter daylight whenever they feel a thirst for more circadian stimulus. Access to window views 
is also important for general eye health. Vision is one of the most complex and energy intensive 
functions of our bodies and deserves thoughtful hygiene. For many office workers, dry eye or eye 
strain is a common complaint. Many optometrists recommend that workers should frequently 
refocus their eyes, at least 6 meters (20 feet) away, at least every 20 minutes, in order to maintain 
muscle tone and lubrication. An interesting window view provides the motivation to do exactly 
that. Access to views of the outdoors may also enhance cognitive function in many ways, 
simultaneously providing information, stimulation, and relaxation [68]. Glare-free window views 
have been positively associated with many objectively measurable outcomes, including greater 
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educational progress in schools [69] [70], faster processing speed by call centre workers [71], and, 
in office settings, improved sleep [72], greater working memory capacity, and fewer reports of 
fatigue and other health complaints [71].

Individual differences also need to be considered, of course. For example, the health and age of a 
person can both directly impact the sensitivity of photoreception and circadian stimulus, resulting 
in differences in visual perception and circadian rhythms throughout life [73]. In particular, 
improved health outcomes have been shown with increased access to windows and daylight.

Adding the dynamics of daylight and windows views into the mix of designing the luminous 
environment creates new challenges for designers. It is important to remember that the visual 
environment includes not just the sources of light, whether they be daylight or electric, but rather 
everything that we look at. Reflections off of surfaces also determine the colour and distribution of 
light within a space. Shadows and sparkle can influence mood [74]. For the visual comfort of 
occupants, relative brightness is more important than absolute levels of illumination, and interest 
in a visual scene is often much more important than glare. The visual scene needs to be 
considered holistically, accounting for the dynamic contribution of all sources of direct and 
reflected light, and where occupants are most likely to be looking.

A beautiful luminous environment importantly provides aesthetic pleasure and motivation for 
people. It should also be designed to support eye health, visual comfort, cognitive performance, 
and overall circadian well-being.

2.4. Question 4: How can the thermal environment support well-being in buildings? 

A large part of energy in buildings is used for keeping the indoor environment thermally 
comfortable. Yet, in various climatic contexts worldwide, we still measure a very large percentage 
of dissatisfied occupants [75] [76] [77]. A study in US commercial buildings, for example, showed 
that only roughly 40% of occupants are satisfied with the thermal environment, while 20% are 
neutral and 40% are dissatisfied [75]. A very small number of buildings is able to achieve the goal 
present in thermal comfort standards of having at least 80% of the occupants satisfied [9]. Typical 
thermal conditions in buildings, even when uncomfortable, do not pose an immediate health risk 
(e.g., hypo- and hyper-thermia) [78]. Nevertheless, thermal discomfort may cause building-related
symptoms and reduce performance [79] [80]. The relationship between thermal comfort and 
productivity has been for long a focus of research [81]. In this essay, we assume that well-being is 
supported when people are thermally satisfied and comfortable. As discussed in Q2, to have the 
thermal environment supporting well-being, we do not need to assume that we must keep the 
thermal conditions in a constant and narrow range. Thermal comfort is a personal experience and 
it should primarily be assessed by subjective evaluation [9]. Physical measurements are only 
moderately related to thermal comfort [82].

Existing green certifications, like LEED, or general HVAC systems, like radiant systems, do not 
substantially increase thermal satisfaction levels [22] [83]. So, how can we enhance thermal 
comfort? To date, the main technology that showed in labs and field studies the potential to 
provide a high level of thermal comfort is the use of a personal comfort system (PCS). A PCS is a 
personally-controlled apparatus used to heat and/or cool an occupant or their immediate 
surroundings. A personally adjustable thermostat, a desktop fan, and a personal heater are 
examples of PCSs. ASHRAE Standard 55 committee is in the final phases of publishing an 
addendum to its standard that will introduce a comfort control classification scheme. The higher 
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the level of personal control, the higher the classification, the higher the thermal comfort. This 
change to the standard introduces important improvements to existing approaches used to 
promote personal control. The addendum specifies the minimum thermal and temporal 
requirements for personal comfort systems, five distinct levels of thermal control (the highest 
occurring when each occupant is provided with two or more control measures for their personal 
environment), and a list of personal comfort systems.

Another issue that needs to be addressed is related to the thermal comfort models that we are 
using. As already mentioned in Q1, thermal comfort standards, green certification programs, and 
building control practice are based on thermal comfort models able to predict the answer from an 
‘average’/‘standard’ person, but these general population models – like the PMV (Predicted Mean 
Vote) [84] and the adaptive comfort [85] – have low prediction accuracy. For example, by using 
the ASHRAE Global Thermal Comfort Database II, it was shown that the PMV predicts thermal 
sensation correctly only one-third of the times [82]. The applicability of current thermal comfort 
models to occupants of different age (e.g., young and older adults) has also been questioned [86]. 
A modelling strategy that showed higher accuracy is named personal comfort models (PCM). PCM 
is a new approach to thermal comfort modelling that predicts individuals' thermal comfort 
responses, instead of the average response of a large population [87]. Personal comfort models 
can be based on environmental measurements (e.g., air temperature, location, relative humidity), 
occupant feedback (e.g., online voting), occupant behaviour (e.g., thermostat set points) and 
physiological parameters (e.g., skin temperature, heart rate) to train a model that is valid for a 
specific person or group [88]. PCMs have the ability to adapt as new data are introduced in the 
model [87]. Personal comfort models can be used to control personal comfort systems, but they 
can also be applied to general mechanical systems, both in buildings and other environments (e.g., 
cars and airplanes). Personal comfort systems and models have the potential to increase thermal 
satisfaction and, therefore, well-being.

2.5. Question 5: How can the acoustic environment support well-being in buildings? 

One of the most frequent complaints by building users is often related to acoustic conditions, as 
seen for example in occupant surveys from open plan offices [75] [89] and restaurants [90]. Too 
often, the acoustic environment does not satisfy the lower levels of the occupant experience 
pyramid shown in Figure 2; the aural environment should be one in which occupants can maintain 
healthy hearing, perform as expected, and participate comfortably in the primary purpose of the 
facility. Past research in architectural acoustics has focused primarily on addressing the lower 
parts of the pyramid, gathering data that confirm how appropriate acoustic design can reduce 
negative effects on occupants. Moving forward, though, there is great potential in studying how 
the aural environment can be designed to address the upper parts of the pyramid, by enhancing 
pleasure and overall well-being.

To achieve acoustic environments that support well-being, one must first consider the purpose of 
the built space. Are people working? Learning? Socializing? Enjoying a performance? Recovering? 
The acoustic requirements will vary depending on the facility’s usage, and can be addressed by –
among other measures – varying the room’s volume, shape, materials, construction, etc. Such 
characteristics have an impact on how sound energy is internally distributed and transmitted to 
and from the room. Acoustic conditions also depend on other sound sources impacting the space, 
such as other occupants, activity from adjacent spaces, building mechanical systems, alarms, 
machinery, background music, and more. Control strategies can be implemented to prevent noise 
or unwanted sound from impacting a space, by adding absorptive materials, constructing barriers 
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with higher sound transmission loss, mitigating flanking noise paths, closing sound leaks, and/or 
reducing structure-borne sound transmission.

Different acoustic considerations are required for spaces with diverse purposes. Classrooms are 
used primarily for teaching and learning, so optimising speech comprehension is key. This typically 
requires lower background noise levels, lower reverberation times, and wall/door/window 
constructions with high sound transmission loss [91]. Recent studies have logged sound levels in 
occupied classrooms over multiple days and found that the variation of occupied sound levels in 
time can provide deeper insight than traditional noise metrics like equivalent sound pressure level
[92]. For restaurants where patrons socialise in small groups, the acoustic design calls for a less 
reverberant space with an appropriate density and layout of seats and consideration of other 
expected noise sources, such as an open kitchen or continuous background music. Investigations 
focused on how restaurant sound levels change in time with occupancy [93] are helping to validate 
proposed restaurant noise prediction models [94]. In facilities where occupants are recovering 
from health issues, the acoustic environment must support as much uninterrupted sleep as 
possible. This requires consideration of architectural factors (e.g., materials, construction, layout) 
but also of minimising other noise sources such as alarms, and implementation of behavioural
interventions such as ‘Quiet Time’ protocols [95]. 

Reducing noise in the built environment is, of course, key towards supporting well-being, as noise 
can not only cause discomfort in the moment but also auditory and non-auditory health effects. 
Auditory effects are often experienced as hearing loss and measured in terms of reduced 
sensitivity to sound at various frequencies. Disabling hearing loss impacts more than one-third of 
persons who are 65 years or older [96], due to age-related factors but also to noise-induced 
hearing loss, prevalently experienced in occupational and recreational settings. Tinnitus – that is, 
the perception of ringing or other noise in the ears that does not stem from an external source –
often follows acute and chronic noise exposure, and may have severe impacts on the quality of life 
of affected individuals (e.g., depression, impaired attention, etc.) [97]. Conversely, evidence of the 
severe non-auditory health effects of environmental noise (e.g., from roads, railways, air traffic, 
etc.) is growing [98]; chronic exposure can lead to stress, sleep disturbance, hypertension, 
cardiovascular diseases (e.g., ischaemic heart diseases, stroke), cognitive impairment (especially in 
children), etc. In the workplace, distractions caused by noise sources in the environment, such as 
background speech from other persons, can have negative effects on the ability to sustain 
cognitive flows, influencing absenteeism, job satisfaction, and work performance [99]. While 
standards exists to protect building users from harmful occupational noise exposures, and to 
regulate sound transmission into and within buildings, current efforts focus primarily on hearing 
protection rather than control of lower noise levels in the built environment (i.e., less than 80 
decibels). Inter-personal differences with respect to aural preference and habituation are also 
often not properly taken into account. 

Better appreciation and understanding of how the soundscape changes dynamically in time and is 
subjectively perceived by people due to the built environment’s conception, layout, usage, and 
noise sources, can help to better predict, design, and manage occupant experiences of aural 
settings. In this context, the recent shift of attention from stimulus-oriented to human-centred 
evaluation of acoustic environments is placing a relevant responsibility to acousticians in the 
interdisciplinary soundscape field [100] [101]. Acoustic design can be much more than just limiting 
noise, and its negative impacts, to include producing better aural environments that are 
pleasurable and enhance auditory delight. In support of this, greater consideration of the 
multifactorial nature of sound perception, and the restorative impact of positively evaluated 
soundscapes on stress recovery and physio-psychological well-being – e.g., the sound of trickling 
water or birds chirping – is also undergoing wide scientific investigation [102]. Understanding 
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acoustic diversity in existing spaces, and its impact on occupants, can help move the field towards 
more thoughtful and deliberate designs that may incorporate acoustic sensory variability for 
positive outcomes.

2.6. Question 6: How can the quality of air support well-being in buildings? 

Indoor air quality (IAQ) refers to pollutants inside occupied built spaces originating from indoors 
and from outdoors, and comprising physical, chemical, and biological species. Typically, air in non-
industrial buildings contains hundreds of pollutants at low levels, some of which are not primary 
emissions but products of transformation of indoor pollutants. 

Despite many attempts, no simple unified and universal index has been successfully established to 
prescribe the levels and components of indoor air quality [103]. The most widespread and 
generally accepted proxies for indoor air quality are ventilation rate and concentration of carbon 
dioxide. However, the level of ventilation is strongly dependent on the strength of pollution, and 
consequently, it is the level of exposure that is determining the effects on humans [104] [105]. 
With respect to carbon dioxide, this is a proxy for ventilation efficiency but only in the presence of 
humans, i.e. when there are sources of carbon dioxide indoors; no systematic data provide 
evidence that it should be considered as a pollutant at the typical concentrations of non-industrial 
buildings [106]. 

Due to the complexity of air pollution indoors, the levels and pollutants of concern are seldom 
defined. An exception is the WHO (World Health Organization) air quality guidelines [107] [108]
[109], which provide a list of 16 pollutants with their levels. Also, a European Commission 
committee defined about 200 potentially harmful indoor pollutants, providing the lowest 
concentration of interest to be observed particularly when considering emissions from building 
products [110]. Indoor air quality is addressed in many building certification schemes [111], but 
seemingly to an extent that is not adequate, considering its importance. 

The uptake of air pollution occurs mainly through breathing but, as shown recently, it can also 
occur through the skin [112]. Despite many attempts to improve IAQ in buildings, still a relatively 
large proportion of building occupants complains of problems and symptoms related to poor air 
quality [76]. This proportion reduced since the studies in the 1990s [113], but is still considerable.

Research on indoor air quality does not leave any doubt on its importance to support well-being in 
buildings. Reducing levels of pollutants, or avoiding them indoors, leads to decreased discomfort, 
lower health risks, better work performance and learning [114] [115] [116] [117]. Poor indoor air 
quality has also been associated with increased sick absence, both in offices and in schools [118]
[119]. Here, the transmission of infectious diseases can play a role that needs to be better 
understood and characterised. Some studies have shown that ensuring high air quality in 
bedrooms results in improved quality of sleep and better next-day cognitive performance [120]
[121]. Positive effects on perceived air quality can be enhanced when air temperature and 
humidity are reduced [80] and air speed is increased [122] [123]. Improving air quality can reduce 
the intensity and prevalence of acute health symptoms reported by occupants, these including 
irritation of mucous membranes, problems with airways, headaches, difficulty to concentrate, 
fatigue, allergies, asthma, etc. [124] [125] [126] [127] [128]. Most of these effects relate to acute 
responses. However, nearly no data is available on chronic health effects of indoor air pollution, 
although some studies have estimated the impact in terms of Healthy Life Years (HLY) lost due to 
exposure to poor indoor air quality [129] [130].
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So far, the research on IAQ in buildings has focused on reducing negative impacts, while very little 
has been done on promoting positive aspects such as satisfaction and pleasure. This requires 
understanding the composition of indoor air and how different species interplay to create an
environment that is conducive to well-being. Studies have addressed how this could be achieved 
by the addition of fragrances, but this may also have negative consequences [131]. Better 
understanding of the human microbiome, and its role in health, could provide more answers on 
this matter.

2.7. Question 7: How should well-being in the built environment be monitored and communicated? 

Buildings have the capacity to protect us or harm us, connect us to nature or wall us off, be places 
of community or places of isolation, and act as places of refuge or as places that are constant 
assaults on our health. Old definitions of health as “absence of disease and infirmity” are being 
replaced with ones that capture well-being and health promotion; a move from pathogenesis to 
salutogenesis [132] [133]. This change in definition demands a corresponding change in what we 
monitor and measure in our buildings. Further, the language we use matters. Here, we can learn 
from the business community and adopt, or rather co-opt, their language to advance the health of 
people in buildings. 

The demands of the business and investing world require businesses to monitor Key Performance 
Indicators (KPI). Every minute of every day, every week, every month, and annually, businesses are 
tracking metrics to evaluate performance because, in the words of management expert and 
author Peter Drucker, “if you can’t measure it, you can’t improve it” [134]. The building is often 
not included in these KPIs. More importantly, the reason the building is ignored may have to do 
with the limiting language of KPIs, which does not put people at the centre of decision-making.

To effectively monitor health and well-being in the built environment requires us to do a better 
job of defining what needs to get tracked and measured. We have previously promulgated a 
framework for doing just this, promoting the case for a fundamental shift from using the language 
of KPIs to using HPIs, for Health Performance Indicators [21]. The HPI approach puts health and 
human performance at the centre of business decision-making [135].

With this shift in language comes a shift in what gets tracked, and therefore improved. The HPI 
framework brings concepts from the world of health science to a language and way of thinking 
that is familiar and recognizable to business executives – we encourage businesses to consider 
leading, lagging, direct and indirect indicators of health performance. In doing so, the performance 
of the building naturally becomes a central HPI because it influences the health and performance 
of people (and, ultimately, the performance of their business). Factors like building design, 
operation, and maintenance become critical HPIs, as does air quality, water quality, and the other 
factors that comprise the foundational elements of a healthy building [136], as also shown in 
previous questions.

Why the focus on the business community? They ultimately control a large share of the spaces 
where we live and work globally. If we make a compelling health and business argument, our 
community of scientists can influence the lives of millions of people globally, and fast. With the 
two forces of population growth and urbanization creating unprecedented demands on our 
natural world – and the human race having become an indoor species [29] – the decisions we 
make today regarding our buildings determine our collective health today and for generations. 
From this derive the dual exigencies of needing to place health at the centre of our decision-
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making and needing to bridge the academic and business communities. Moving to the language of 
HPIs begins to create that bridge.

2.8. Question 8: How can the organization and operation of buildings support well-being? 

Buildings exist to serve human needs. Schools exist to provide a place for learning; stores exist to 
provide a place for vendors to sell products; offices (the most-studied location) exist to support a 
wide variety of white-collar work; etc. The entities that own the buildings often seek 
organizational efficiency to maximise the value of their outputs while minimizing the cost of inputs 
[137]. However, because the building and its operation are far less expensive than the salaries and 
benefits of those who work in it, building-related decisions must always ensure that the 
individuals’ needs are provided for [138]. Choices made only to save energy, or to be the lowest 
cost to purchase, will cost more than they will save if they do not support users’ requirements for 
spaces that are comfortable, functional, healthful, and attractive.

Supporting individual well-being in existing buildings demands coordination between corporate 
functions for human resources and facilities management. Human resources departments should 
be the keepers of detailed functional analysis of job types and knowledge of how work is 
structured. From the earliest schematic design for a workplace, they should be engaged in a 
realistic discussion about how, for example, to provide adequate space for those who handle 
materials, suitable quiet space for those whose roles require concentration and freedom from 
distraction, and proper adjacencies to support the workflow. Facility management, supported by 
design functions, needs this information to determine how best to provide for the specific needs 
of each work unit [139] [140].

This collaboration needs to be ongoing through the life of the building. Human resources units are 
often responsible for ongoing employee evaluations (e.g., job satisfaction, environmental 
satisfaction, etc.) that can be sources of information about which environmental features work 
well, and which do not. These may be combined with other key performance indicators (e.g., 
energy use, facility maintenance records, etc.) in an ongoing scorecard approach to track 
environmental and built environment performance together, for all buildings [141] [142] [143].
Again, facility management units will be the source of expertise about how best to maintain the 
desired conditions, always balancing against other corporate goals including environmental targets 
and budgets.

As already noted (Q7), corporate officers need to be engaged in this collaboration, and to track 
these KPIs as part of their routine monitoring of organizational performance. Corporate leaders 
would be wise also to make structural changes to financial planning and reporting, to provide 
feedback between facility management and human resources. When each unit is responsible for 
its own budgets, facility management remains unaware of the consequences of their decisions but 
may also lack budget room to make slightly larger investments that could benefit employees. Both 
capital and operating budgets may be fixed at the start of a reporting period, and the managers of 
these budgets may be rewarded if they under-spend; alternatively, they may be able to use 
unspent funds from one area to compensate for overages elsewhere or to complete other projects 
earlier. There is generally no reward for making a greater investment than originally planned, even 
if the behavioural science evidence supports it. As far as we are aware, it is the rare facility 
management department that receives a reward for decisions made that enable employees to 
work more effectively, or a penalty for decisions that harm the work of the organization. This may 
account for the enthusiastic adoption of open-plan offices and reductions in space allocation 
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despite the evidence that this design choice does not support organizational productivity metrics
[140].

As previously emphasised (e.g., Q1, Q2), individuals differ one from another, and no fixed 
condition is likely to be suitable for all [144]. Thus, another element of successful building 
operation will be local control. This may be in the form of hands-on adjustments to conditions that 
are available to the user, or adjustments made by an automated system based on user settings –
the technology is immaterial. The important consideration is to make it possible for individuals to 
experience conditions that they prefer, which are associated with better outcomes for both 
individuals and the organization (e.g., [145] [146]) and organizational supports that respond 
promptly to conditions requiring building operator intervention. This was expressed succinctly 
nearly 20 years ago; “[Occupants’] greatest friends are simplicity, intelligibility, managed feedback, 
respect for people's comments and rapid response” [147]. Building technologies and many work 
tasks have changed over the years, but this fundamental truth has not.

There is at least a 35-year history of research on, and advocacy for, work environments that 
support individual and organizational goals [138], and yet the existence of this paper 
demonstrates that significant gaps remain in both evidence and practice. Both could be addressed 
with systematic thinking about the integration of facilities and human resources functions in 
organizations.

2.9. Question 9: What research agenda is needed to support well-being in buildings?

The previous questions have stressed the importance of understanding the combined (Q1-Q2) and 
individual (Q3-Q6) effects of positive and negative IEQ stress factors on people in buildings 
(patterns of stressors) and the occupants’ dynamic personal needs and preferences (profiles) (Q7-
Q8). Research has shown that staying indoors is not necessarily good for our health and well-
being, even if the conditions seem to comply with current guidelines for IEQ. These, in fact, are 
mostly based on preventing diseases and disorders rather than focusing on positive outcomes 
[148]. The built environment is a complex system characterised by feedbacks, interrelations 
among agents, and discontinuous non-linear relations. Nevertheless, IEQ is still most of the time 
assessed mainly by dose-related indicators, based on linear single dose-response relationships for 
negative stressors, developed for the average occupant (whoever that is); ignoring that we are 
dealing with individuals in different scenarios (e.g., homes, offices, schools, etc.) and situations 
(sitting behind a desk, in a meeting room listening, on the phone, washing, cooking, sleeping, etc.); 
neglecting other stressors (physical, physiological, personal, psychological, and social) and their 
integrated effects over time; and ignoring interactions between stressors in complex real-life 
exposure situations at environment level, and interactions between various body responses to 
exposure(s) at human level.

There is clearly a need for a more complex research model to explain symptoms and complaints in 
specified (exposure) situations, acknowledging other stressors and their integrated effects, 
interactions, and different needs and preferences of the occupant: a model that includes 
interactions for both the environment (the situation) and the occupants (Figure 3). 
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Figure 3. Model for the integrated analysis approach (from [149])

This model features the stress factors caused by the (indoor) environment that a person is 
exposed to (patterns of stressors, the Environment model in Figure 4) as well as the individual 
differences in needs and preferences (profiles of people, the Human model in Figure 5), depending 
on their behaviour (activities). Such a model, moving well beyond conventional dose-response, 
would make it possible to match profiles of people with patterns of positive and negative stressors 
for a given situation.

Figure 4. The Environment model (from [149])
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Figure 5. The Human model (from [149])

The following needs can be suggested as drivers of the research agenda to complete this 
integrated analysis approach:

To be able to determine patterns of stressors of importance to people in different situations, other 
factors and stressors than the environmental parameters used in guidelines – whether of 
psychological, physiological, personal, social, or environmental nature – will need to be identified.
Recent studies have given preliminary proof for the determination of patterns of stressors for 
offices and workers [76], homes and students [150], and schools and children [151].

To be able to determine profiles of people for different scenarios and situations, preferences and 
needs of individuals, as well as positive and negative effects, will need to be identified. Several 
studies showed that people can differ in their preferences and needs, and that it seems possible to 
distribute them into clusters [152] [153].

Possible interactions at and between different levels (human and environment) over time need to 
be explored for different scenarios and situations. Previous studies have shown that, at occupant 
level, interactions occur via the mechanisms the human body has to cope with the different 
environmental stressors [26]. More recently, it was seen in a lab study with 250 primary school 
children – who assessed, in a four-way factorial design, temperature, noise, light, and smell of 36 
different environmental configurations in the experience room of the SenseLab [154] – that
interactions between different acoustic, olfactory, and visual stressors probably occur at the level 
of the central nervous system [155].

To determine patterns of stressors, profiles of people, and interactions at both environment and 
human level, and their ranges of variation, combined field and laboratory studies, using a mixed 
(quantitative and qualitative) design and non-linear analysis methods, are required. These might 
form the basis for the development of a new generation of rigorous, comprehensive, and 
consistent – yet, flexibly adaptable – pre- and post-occupancy evaluation (POE) tools and 
performance measurement protocols, beyond the unique objective assessment of physical indoor 
environmental qualities. Initial mixed method studies with primary school children seem 
successful [151] [152] [155].
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2.10. Question 10: How to connect well-being research with building practice and standards?

While there is increasing agreement on the potential positive and negative impact of buildings on 
human health and well-being [156] [157] [158], translating that evidence into real-world practice 
can be challenging and requires regular revision, real-world testing, and evaluation. The example 
of those certification schemes that require a holistic assessment of objective environmental 
performance and subjective occupant responses on an annual basis can be used to highlight some 
of the challenges and opportunities involved in connecting research and practice around how 
buildings impact well-being [159] [160].

As outlined in the introduction to this paper, the very foundation of healthy building research is 
made complex by its interdisciplinary nature and different discipline-specific understandings of the 
same terms, or research paradigms, that result in different methods of evaluation [161]. The real-
world implications of an interdisciplinary approach can be seen in the evolution of post-occupancy 
evaluation (POE) requirements for projects. To date, most POE surveys address indoor 
environmental quality (IEQ) satisfaction [162], employee engagement and performance [163]
[164], or, sometimes, workplace wellness programs [165] [166], but rarely do they comprise all of 
these components, nor do they often directly address the impact on occupant health and well-
being. This requires a shift in thinking for both researchers, who need to embrace interdisciplinary 
metrics, and design teams, who are more familiar with simpler IEQ satisfaction surveys and who 
may not understand the value of third-party involvement.

Translating scientific data to building-level interventions can, however, be challenging. For 
example, while strong evidence exists on the relationship between poor indoor air quality, human 
performance, and health outcomes [15] [167] [168] (see Q6), this is not yet captured at a 
population level [169]. This means that, to connect building-level interventions with public health 
data recognisable by design teams (such as risks from poor air quality), non-building level data 
must often be used as proxy for some of the long-term public health impacts. For example, in 
describing the health risks from poor air quality, a combination of environmental (non-building 
specific from WHO) and case-study data (building or case-study specific) can be used to give a 
more holistic picture of the evidence [15].

Similarly, there has been some progress in associating certain features of building standards – and,
more specifically, of certification schemes [170] – to the risk factors included in the Global Burden 
of Disease database [169]. While promising in their linkage of building-level interventions with
population-level health data, these connections need to be framed as an important, but 
incomplete, picture of the evidence around health and well-being in buildings, since no population
level data is yet available to represent a holistic, interdisciplinary approach. For example, while 
ample evidence exists on the link between access to nature and benefits to humans [171] [172], 
these data points are not currently being collected at a population level. This means that 
communicating the possible benefits of specific building features and interventions to design 
teams requires education, adaptability, and constant evaluation of the best available evidence and 
recognition of which scale is being used. 

While these considerations provide ongoing challenges, they are also squarely where research on 
health and well-being in buildings should be, offering numerous opportunities for interdisciplinary 
studies that are adaptive and checked against real-world implementation constraints. Ensuring 
ongoing dialogue between researchers and standard-setting bodies who influence building design 
and operations, feedback loops through both building and occupant evaluations, a commitment to 
interdisciplinary collaboration, and the creation of key priorities for well-being and building 
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research that can be communicated to funding bodies, policy makers, and researchers, are some 
ways to achieve these goals. 

3. Conclusion

The built environment has an indisputable role in driving the well-being of its occupants. The 2014 
and 2017 Nobel Prizes in Medicine – awarded, respectively, for the discovery of an inner 
positioning system in the brain, and of the molecular mechanisms controlling the internal
biological clock that regulates circadian rhythms – are a testament of the intimate connection 
between the character of the spaces we inhabit and their impacts on human responses and 
behaviours. Underpinned by a growing body of interdisciplinary research, scientific evidence and
design practice are providing substantial support to the statement made by Winston Churchill 
while debating the rebuilding of the House of Commons: “we shape our buildings, and afterwards 
our buildings shape us” [173]. 

In this context, this paper has articulated a theoretical position with respect to a theme that, for 
different reasons – either linked to social, environmental, or financial concerns, or simply due to
increased attention for personal preservation – is becoming mainstream, but that is also 
frequently misinterpreted. The recent heightened awareness of the threats of infectious disease 
epidemics is placing a further, profound, emphasis on the shared responsibility that preserving 
human well-being today represents. The design and the operation of the built habitats that 
enclose a large portion of our lives – mediating our experiences, dictating our environmental 
stimulations, accompanying the rhythms of our bodies, facilitating or hindering our social 
interactions, offering opportunities for pleasure and delight, but also exposing to potential 
dangers and harms – are part of a wider set of challenges that we, as a species, are collectively 
summoned to respond to [174]. Rather than focusing on the negative impacts of disease, this 
paper has explored how built environments can enhance positive outcomes, and how, from the 
range of perspectives offered, a new framework can emerge.

We may or not agree that well-being is becoming the new green for the building industry. 
Certainly, moving forward from the conventional agenda of sustainability in the built environment,
for long centred on energy efficiency, attention is now focusing on the integration of new and 
diverse competences, catalysing interdisciplinary knowledge and discoveries for their transfer to 
building practice. Promoting the well-being of people is essential to achieve a more sustainable 
future, as explicitly featured in the UN Sustainable Development Goals [175]. In the design and 
operation of buildings, this requires a paradigm shift from the established methods and metrics 
typically used to evaluate indoor and outdoor environmental qualities. Design agendas should 
depart from the creation of neutral and ‘static’ conditions targeting avoidance of risks and 
minimisation of discomfort and dissatisfaction, towards the promotion of positive outcomes and 
the simultaneous consideration of environmental performance, human preference, and 
experience. This is relevant across building and occupancy types, particularly as demographic (e.g., 
an ageing population), cultural (e.g., home working) and public health (e.g., social distancing) 
phenomena are actively shifting the use-patterns of our buildings, and often increasing the 
diversity of task types therein performed.

A new design agenda needs also to embrace other aspects, although not directly addressed in this 
paper, that have often been considered ancillary to the design of built spaces, but that can play a 
crucial role in promoting the well-being of those that occupy them: biophilia, sensory 
environments, traveling policies, physical activity, safety and security, ecology, inclusive design, 
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food, sleeping, social connectedness, etc. Pleasantly experienced indoor and outdoor 
environments require more than just the absence of negative stimuli. The aim should be,
therefore, that of conceiving flexible and adaptable settings where, through form, space, and 
materiality, the opportunities for well-being can emerge. This includes envisaging how such 
settings might change over time, responding to diverse purposes, accommodating varied 
requirements, being transformed based on user profiles and needs, and how the role of occupants 
might evolve from passive recipients of deterministically pre-set conditions to active, aware, and 
engaged inhabitants securing their preferences and aspirations.

As all scientific advances, this is “far from a cumulative process”, but rather it might demand “a 
reconstruction of the field from its fundamentals” [176]. There are still many challenges to be 
tackled for well-being to fully arise as a driver and a priority in the design principles and 
operational strategies that inform the conception and use of our built habitats, addressing 
disconnections between different demands (e.g., financial returns, environmental preservation, 
personal welfare) to craft indoor and outdoor environments that can afford resilience and 
restoration, offer variation, provide controllability, and advance positive stimuli towards better 
living qualities. 

Although there is certainly no obvious and universal ‘one-size-fits-all’ solution, this paper has 
intended to provide a contribution in this direction. Yet, if a process of reconstruction is needed to 
nurture the required paradigm shift from the solid foundations of knowledge so far acquired and 
practiced, this represents a stimulating and exciting avenue of development for research and 
practice whose pursue might ultimately be in the very best interest of us all: the planet and the
people that inhabit it.
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expertise includes the health impacts of access to urban nature and interdisciplinary approaches 
to health in buildings. Dr Loder responded to Q10.

 Stefano Schiavon is Associate Professor at the University of California, Berkeley (USA). His work 
focuses on finding ways to reduce energy consumption in buildings and improve indoor 
environmental quality. Dr Schiavon responded to Q4.

 Jennifer A. Veitch is Principal Research Officer at the National Research Council of Canada. An 
environmental psychologist, she is best known for her research on lighting quality and workplace 
organization and their effects on health, well-being, work performance, and behaviour. Dr Veitch 
responded to Q8.

 Lily Wang is a Professor at the University of Nebraska – Lincoln (USA). Her research interests are 
in room acoustics and noise control, human perception, and performance. Prof. Wang responded 
to Q5.

 Pawel Wargocki is Associate Professor at the Technical University of Denmark. His expertise is 
on human requirements in buildings, air quality, pollutants, and ventilation strategies. Dr 
Wargocki responded to Q6.
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