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ABSTRACT

The WHO’s European Charter on Environment and Health emphasizes the importance
of a clean and harmonious environment for good health and wellbeing, consider-
ing various factors such as physical, psychological, social, and aesthetic elements.
This paper provides a comprehensive review of the role of physical space in rela-
tion to people’s wellbeing and tasks, highlighting the impact of the environment on
psychophysical health and human-system interactions. It focuses on the concept of
environmental ergonomics, which analyzes how environmental features can support
or hinder human activities and the wellbeing of its inhabitants. The paper also dis-
cusses the shift in the understanding of how spatial and environmental qualities
influence wellbeing over time, emphasizing the need for clarity on intersection among
several factors various factors such as satisfaction, aesthetics, ergonomics, and per-
formance. Furthermore, it outlines a twofold approach to assessing and designing
people-centered physical spaces, considering both technical variables and spatial
experience. The paper provides a systematic review of key concepts to build a sort
of tool kit for the environmental ergonomist, ranging from affordance and usability, to
mental models and wayfinding, urban landscape, topophilia and placemaking, Post
Occupancy Evaluation, multisensory, biophilia, neuroarchitecture. Finally, practical
examples of environmental ergonomics application are presented, such as: heal-
ing environments, buildings for people with specific needs, environments to reduce
human error, buildings to move in, emergency evacuation, smart buildings and smart
cities, environments for healthy living, environments for learning and creativity.

Keywords: Human-environment interaction, Ergonomic design, Human factors techniques,
Occupants

INTRODUCTION

In its European Charter on Environment and Health, the WHO (1989) states
that good health and wellbeing require a clean and harmonious environment
in which physical, psychological, social and aesthetic factors are all given
their due importance. The space we live and act in affects psychophysical
wellbeing and the way in which we execute our activities, determining specific
cognitive, emotional, sensory and physical dimensions. From this foundation,
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this work builds a comprehensive review of the role of physical space com-
bining people’s wellbeing and tasks. In the selection of surveyed concepts
and approaches, attention has been paid to provide examples relevant for
cognitive, organizational and physical interactions.

We spend almost all our lifetime in environments created by humans, all
interactions are shaped in and are a consequence of the features characterising
our environments. Human interaction with the environment is a sort of pre-
filter affecting the characteristics and quality of any other physical, cognitive
and organizational human-system interactions.

This work reviews the most recent approaches to human environment
interaction, looking at the environmental ergonomics as a conceptual tool
to: (i) analyse environment features that can determine interaction more or
less supportive our goals and the execution of the activities we carry out to
accomplish such goals, (ii) assess and design the extent on which physical
environment fits the needs of its inhabitants and users.

THE NEED OF RETHINKING ENVIRONMENTAL ERGONOMICS

Most common definition of environmental ergonomics consider it as a
branch of ergonomics that focuses on the study of how the physical envi-
ronment, including factors such as temperature control, air quality, lighting,
noise, and workstation can be designed to create an environment that pro-
motes the mental, physical, and social well-being of individuals (Thatcher,
2013). The discipline has been mainly developed in the context of occupa-
tional ergonomics, to address the influence of the environment on aspects
related to the safety, efficiency, and comfort of workers. As an example, in
an office workplace, environmental ergonomics typically encompasses fac-
tors such as lighting, noise, and temperature, and aims to design and set up
work environments that are free of health and safety risks, comfortable, and
productive (Parsons, 2000).

The discipline of ergonomics has significantly evolved, with a growing
focus on various specialized areas, becoming increasingly intertwined with
other scientific disciplines, such as social sciences, public health and sustain-
ability (Crawford, 2008; Murillo-Aviña et al., 2022). As consequence, also
environmental ergonomics should broaden its perspective to encompass more
comprehensively (i) people centeredness, in terms of characteristics, diversity,
ability/needs, inclusion, (ii) goals focus, in terms of motivations and tasks, (iii)
relevance of the contexts, linked to systemic dimension and scale multiplicity,
(iv) evidence based approach, namely experimental, iterative, improvement
driven.

As Altomonte and colleagues evidence (2020), “how spatial and environ-
mental qualities may influence well-being have shifted over time, emphasising
the need for greater clarity on the role, meaning, contribution, and inter-
relations of many factors and dimensions – e.g., satisfaction, aesthetics,
ergonomics, performance, flourishing, affect, etc. – in research and build-
ing practice”. According to Vink et al. (2016), the relationship between the
environment and human experiences delves into various aspects of the envi-
ronment, including those distant from the human body, close to the body,
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and touching the human body. This relation entangles different human senses
and their involvement in these environmental aspects, emphasizing the need
for future studies to address long-term effects and the effects of variable
combinations of multiple and multi scale factors.

Assessing and designing people-centred physical spaces imply, then, a
twofold approach where technical variables look at shape, proportion,
layout, in/outside relation, light, noise, air quality, materials, operability,
colours, maintenance, whilst spatial fruition looks at comfort, utility, density,
crowd, personal space and privacy, security, belonging, inclusion/exclusion,
social connections etc. In this framework, a refreshed definition of envi-
ronmental ergonomics sees it as, obviously, focused on human-environment
interaction and should be aimed at analysing spatial features determining the
interactions that are able to favour or to hinder our goals as well as the execu-
tion of tasks, actions and operations needed to achieve those goals. This also
allows the assessment and assurance of the optimal correspondence between
tangible and intangible characteristics of the environment with the wide and
variable range of users’ psychophysical and socio-cultural characteristics,
needs and purposes.

The COVID-19 pandemic has underscored the significance of space for
both the physical and mental well-being of individuals. Research conducted
during and after the pandemic has revealed that the design and quality of
living spaces, either indoor or outdoor, can impact psychological distress and
physical health conditions. Additionally, exposure to green and blue spaces
has been associated with improved mental well-being and has been found to
buffer the negative effects of lockdown on mental health (D’alessandro et al.,
2020).

It can be said then that environmental ergonomics perfectly matches this
novel awareness, and expectations towards the discipline have increased.
Consequently, the same evolution should be promoted to broaden the
concepts and tools constituting the discipline foundation.

BROADENING THE CONCEPTUAL AND PRACTICAL TOOLS FOR
ENVIRONMENTAL ERGONOMICS

With this refreshed perspective, the following paragraphs will provide a sys-
tematic review of key concepts to build a sort of tool kit for the environmental
ergonomist, attaining traditional fields such as environmental psychology, or
design or service design, and less conventional references such as ecology, neu-
rosciences, urban planning, or security. The following paragraphs present a
brief overview of conceptual resources for the environmental ergonomics.

Affordance and Usability

The “affordances” of the environment are what the environment offers to
the animal, what it provides or allows it to be enjoyed”, for better or for
worse. The verb “afford” is in the dictionary, but the noun affordance is not.
Gibson (2014) made it up, with the meaning of something that refers to both
the environment and the animal in a way that no existing term does. It implies
the complementarity of the animal and the environment. Norman (1988)
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provides some guidelines on what certain objects should and should not
allow. Norman’s theory culminates in two design methodologies: “design for
usability” and “design for error”, incorporating affordance as fundamental
to the design of any artifact. Regarding architectural theory, affordances can
be used as a conceptual framework to understand the relationship between
environment and occupants, particularly with respect to shape and function.
Regarding architectural practice, affordances can be used as a tool to explore
the connection between project intentions with how buildings and spaces are
actually used to avoid design errors (Maier et al., 2009).

Usability is one of the most important, but most often overlooked, aspects
of building performance. Performance is related to usability at a given time.
Therefore, usability is a concept related to time, place, context and situation.
A better exploitation of the concept in the field of built environment will be
useful not only in the evaluation of buildings already in use, but also for a
better understanding of what the relevant knowledge could be to include in
the design briefing process (Alexander, 2006).

Mental Models and Wayfinding

The mental model is the representation of a system or environment derived
from experience, which allows predictions and inferences (Craik, 1952). It
is a mechanism we use to predict what will happen when we interact with a
system (Norman, 1983). In the built environment, the construction of a cor-
rect mental model helps the user to achieve their goals and use the building in
accordance with the intended ways (Duca, 2014). Wayfinding is a coherent
use and organization of sensory signals defined by the external environment
(Lynch, 1960). Wayfinding is the finding of the way to a destination through
spatial problem solving, comprising three interdependent processes: decision
making, decision execution, and information processing (Arthur and Passini,
1992). It involves 4 phases: Orientation, Route decision, Route monitoring
and Destination recognition (Downs and Stea, 2005). Wayfinding addresses
components such as spatial planning, circulation systems, and environmental
communication to provide a clear understanding of the environmental space
and city’s routes (Cheirchanteri, 2021). The key design element of wayfinding
can be summed up in: identity, landmarks & breadcrumbs, paths, differ-
ing regions, limiting navigational choices, signs at decision points, sight lines
(Apelt et al., 2007).

Urban Landscape, Topophilia, Placemaking

The pleasantness of the urban environment is fundamental for aggregation,
social exchange, meeting; the human being’s ability to enjoy or hate urban
space is triggered by the structure of buildings, the landscape and the shapes
of the city (Cullen, 1961). Its key elements are: (i) optics: visual ability of
humans to enjoy cinematic view, movement, beautiful sequences; humans can
feel them as they move through city spaces and view the changing scenery;
(ii) place: the quality of urban spaces that gives the feeling of inside/outside,
inclusion/exclusion; (iii) content: it is related to the detail of urban spaces
such as color, texture, style, scale and uniqueness. Topophilia is an emotional
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bond between people and place, which influences the vision of the world
and determines perceptions, attitudes and values. It is characterized by three
dimensions (Tuan, 1974). The functional dimension represents the role of
physical space as an attractor, encourager or inhibitor of movements, which
interfere with the behaviors that occur there, which can generate both well-
being and frustration and stress. The symbolic dimension has a socio-cultural
and individual content, it influences the way in which everyone acts on differ-
ent situations. The relational dimension concerns the sense of cognitive and
emotional connection between people and the characteristics of the environ-
ment, in which the individual is perceived as belonging to the group and to a
specific place, identifying a unique relationship between them. The thinking
behind placemaking dates back to the 1960s, when US activists floated rev-
olutionary ideas about designing cities for people, not just cars and shopping
malls. Their work focuses on the social and cultural importance of vibrant
neighborhoods and inviting public spaces (Jacobs, 1961). Since the 1990s,
placemaking is a multifaceted approach to the planning, design and manage-
ment of public spaces (Bennett, 2014). It aims at harnessing the resources,
inspiration and potential of a local community, with the intention of cre-
ating public spaces that promote people’s health, happiness and well-being.
Placemaking transcends the material dimension and involves aspects such as
sociability, uses, activities, access, connections, comfort and image, to create
bonds between people and a sense of place. Finally it maintains a connota-
tion of social activism (tactical urbanism), because it also acts with bottom-up
initiatives to change the nature of the identity of places to make them more
inclusive.

Post Occupancy Evaluation

Post Occupancy Evaluation (POE) was born following the conceptualization
of the concept of Sick Building Syndrome (Stolwijk, 1991). It is the process of
systematically and rigorously evaluating buildings after they have been con-
structed and occupied for a certain time; POE consists in diagnostic tools and
systems that allow facility managers to systematically identify and evaluate
critical aspects of building performance (Preiser, 1995). Generally, it con-
cerns the physical-technical component and management and it is also used
tomonitor the impact of spending on public buildings. It is central to bridging
the gap between designed intentions and actual results in use, and generates
recommendations based on the experiences of all stakeholder groups on the
effects of buildings. Other elements and aspects emerge from user involve-
ment that impact productivity and, in its most recent meanings, POE is not
just about energy efficiency and user satisfaction but investigates the extent
on which a building meets the needs of the building’s clients and occupants,
including more intangible issues such as productivity, identity, atmosphere
and community (Leaman and Bordas, 2001; Behar et al., 2017)

Multisensory Approach and Biophilia

Human experiences within built environments affect human well-being
(Noguchi et al., 2022); the built environment triggers human perceptions,
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each space creates opportunities for everyday sensory experiences. Tradition-
ally, architectural practice has been dominated by the sense of sight, but there
is a growing recognition of the importance of other senses such as sound,
touch, smell, and even taste in design (Spence, 2020). Every single element
that configures the environment determines perceptions on which physical,
biological and psychological reactions depend. Sight, sound, touch (including
proprioception, kinesthesia and vestibular sense), smell (on rare occasions,
even taste) affect fatigue, circadian rhythms, comfort, stress, sense of secu-
rity, attention, memory, pleasure. Nature as specific “technical” component
of design that is able to provide emotional support to the built environment’s
users is the core of the concept of “biophilia”. Edward O. Wilson (1993) pos-
tulated a human need to connect with living structure in our environment;
also Richardson and colleagues (2016) explore the relationship between
nature, well-being, and ergonomics, arguing that incorporating nature into
the design of work environments can positively impact the well-being and
productivity of individuals. There is evidence that natural elements (i.e. water,
natural materials, plants, natural landscapes, access to open spaces, views
of nature) induce positive psycho-physical conditions (Aenne et al., 2022)
and enhance cognitive function, attention span, and problem-solving abilities
(Stouhi, 2020). Incorporating nature in user centred building design allows to
create built environment relevant for human cognitive and emotional devel-
opment, both individually and collectively, (Noguchi et al., 2022; Spence,
2020) and human performances, guiding users towards thriving in their activ-
ities. De Paiva and Jedon (2019) emphasize that spaces continue to influence
individuals in both the short and long term proposing a theoretical formaliza-
tion of this relationship, and providing insights into how architectural design
can affect the brain and human behavior in various ways.

Neuroarchitecture

The possibility of recording the neural activity of subjects during expo-
sure to environmental situations, using neuroscience and virtual reality is
arising growing interest, with the resulting discipline is called “neuroarchi-
tecture”. Neuroarchitecture is a field that explores the neurophysiological
foundations of the cognitive-emotional dimension of architecture and the
neuro-behavioral effects generated by architectural design. It aims to under-
stand how the built environment influences the human brain and human
sensory experiences in built environments (Higuera-Trujillo et al., 2021).
De Paiva and Jedon (2019) demonstrate how the built environment can
directly influence the unconscious and conscious mind, playng a crucial
role in determining psychological outcomes, even during aging and neurode-
generative conditions. Despite its potential, the field of neuroarchitecture
is still evolving, and there are challenges and limitations that need to be
addressed to further its development and application (Higuera-Trujillo et al.,
2021; Wang et al., 2022), especially the need for more empirical research
on the embodied implications of neuroarchitecture for the built environment
(Lee et al., 2022).
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PRACTICAL APPLICATIONS OF ENVIRONMENTAL ERGONOMICS
EMERGING CONCEPTS

Environmental ergonomics has diverse practical applications, ranging from
promoting health and well-being in healing environments to designing inclu-
sive spaces for specific needs and reducing human error in safety-critical
buildings. It also plays a role in creating healthy urban environments and
fostering creativity and learning in educational spaces.

In one of the earliest studies on healing environment, Ulrich (1984) inves-
tigated the impact of a natural view on postoperative recovery. The research
found that surgical patients assigned to rooms with windows facing a natural
scene had shorter postoperative hospital stays, received fewer negative evalu-
ative comments in nurses’ notes, and took fewer potent analgesics compared
to patients in similar rooms with windows facing a brick wall. Research has
shown that elements such as natural views, spatial comfort, safety, auton-
omy, and privacy can significantly influence patient recovery and well-being
as well as healthcare personnel performances (Schreuder et al., 2016; Van
den Berg, 2005; Huisman et al., 2012).

Designing buildings for the autonomy of people with specific needs is an
important aspect of creating inclusive spaces. Spatial and technical charac-
teristics of built environment can act as obstacle or facilitator for individual’s
abilities and characteristics. Designing buildings to match specific needs, such
as those of individuals with dementia, the elderly, or autism spectrum disor-
der, involves considering spatial and technical characteristics to foster greater
autonomy and improve quality of life (Marquardt, 2011; Noguchi et al.,
2018; Terzi, 2010 (Tola et al., 2021). Under a different perspective, factors
such as lighting, openness, visibility, permeability of building frontages, nat-
ural surveillance and the presence of others can enhance women’s safety per-
ceptions while walking in public spaces. (Scarponi et al., 2023; Sadeghiet al.,
2023). In safety-critical buildings, architectural design and technology play
a vital role in ensuring optimal human performance in accomplishing work-
ing tasks. For instance, in the case of control centres, control room layouts,
furniture, lighting, and temperature, can also help minimize operator fatigue
and error, thus reducing human error in process safety (Attaianese and Duca,
2012). The relevance of such approach is also acknowledged in relation to
safety-critical elements in building construction. Safety-critical elements are
those that, if they fail, are omitted, or incorrectly installed, carry an unac-
ceptable risk of causing serious injury or fatality (Pitchers, 2023). In this
context, the consideration of human abilities and behavior as well as and
the needs of different occupant groups during emergencies is a crucial part
of building safety and emergency preparedness, as it affects the effective-
ness of evacuation strategies (Olander et al., 2016; Künzeret al., 2020) and
inclusive safety. There are evidences of the associations between urban form
and various health outcomes, such as weight status, blood pressure, and
injuries, whilst there are studies investigating unavoidable negative impacts
of urban form on health (WHO, 2019; McCormack et al., 2019). Also
under the mental health perspective, there is consensus on people with access
to high-quality spaces experiencing better mental health than people with
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access to only spaces of low quality (Francis et al., 2012; D’Appolloni et al.,
2020; McCormack et al., 2019; Francis et al., 2012; Cameron et al., 2012).
Designing buildings to support human interaction can facilitate creativity,
collaboration, and innovation. Environmental ergonomics can inform the
design of factors such as layout, use of space, lighting, and color choices
to achieve this goal (Soares et al., 2022; Gifford, 2002; Graetz, 2006) and to
shaping the emotional and behavioral engagement of students and teachers
in learning environments (Cheryan et al., 2014).

CONCLUSION

Environment plays a key role in supporting individuals’ goals and the execu-
tion of their activities, ultimately influencing their effectiveness. The paper
has discussed the need to broaden the conceptual and practical tools for
environmental ergonomics, emphasizing the importance of incorporating
knowledge and techniques related to series of concepts that are usually
addressed separately. Also, an attempt has been made to demonstrate that the
knowledge embedded in all the mentioned concepts and approaches should
be applied in its whole, independently on the specific field and purposes in
which they have been developed. A fresh glance at environmental ergonomics
is crucial for its incorporation in building and urban design practices, due
to its impact on the design and quality of the physical environment and its
influence on individuals’ mental, physical, and social health.
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