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It is with great satisfaction that I greet all the readers of the Magazine of 
the Institute of Hospital Research Jarbas Karman (IPH) and thank you for 
being with us on this special occasion:  our twentieth edition. 

In this significant milestone, we would like to express our pride in the 
recognition of IPH Magazine by the scientific community, from which it 
stands out as one of the most well-regarded in Brazil, with the A2 grade 
in the last Capes/Qualis evaluation, reserved for journals of international 
excellence. This achievement is certainly the result of the commitment 
of our entire editorial team, authors, collaborators, translators, and 
reviewers, who have contributed to the construction and consolidation of 
the IPH Magazine over the last two decades.

The importance of research and science in contemporary society cannot 
be underestimated. Through scientific research, we can understand, 
explain, and solve a wide range of complex challenges in areas such as 
architecture and urbanism, engineering, planning, management, and 
maintenance of healthcare buildings. Throughout these more than 20 
years of existence, IPH Magazine has been dedicated to the mission of 
spreading out scientific knowledge, serving as a fundamental vehicle for 
the dissemination of national and international research and studies. By 
providing this space, the Institute founded by Jarbas Karman shows that 
it remains firm in its purpose of promoting the advancement of scientific 
knowledge. 

Editorial
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In this issue, we present four unpublished articles, which address different 
issues related to the hospital area and health architecture. The first article, 
entitled “Health care buildings, design and use of diagrams”, presents 
reflections by the authors Luciana and Renato de Medeiros, researchers 
of the Federal University of Rio Grande do Norte – UFRN, about the 
importance of the use of diagrams in the design-process of healthcare 
buildings. The authors argue about the application of diagrams as valuable 
tools in the development phase of complex projects, highlighting its 
relevance for the creative process, in the search for environments with 
greater resolution and quality.

The second article, “Performance indicators as a management tool in 
building maintenance”, presents a case study of a university hospital 
located in the city of Curitiba. In this article, engineer Washington Souza, 
a server at the Hospital de Clínicas of the Federal University of Paraná 
– UFPR, investigates the use of tools in the management of building 
maintenance in a large hospital, highlighting the importance of monitoring 
five indicators related to building maintenance to support the decision-
making process. 

In the third article, “Evaluation of the allocation of activities applied to an 
adult hospital emergency room: an analysis compared with the findings 
of post-occupation evaluation”, the authors Lucas Pereira and Sheila 
Ornstein, members of the Research Group Quality and Performance in 
the Built Environment of the School of Architecture and Urbanism of 
the University of São Paulo – FAU-USP, offer an analysis of the practices 
of activity allocation in hospital emergency rooms, with the help of a 
methodology that involves the mapping and post-occupation evaluation of 
a sector of within the University Hospital – HU-USP. The authors thus seek 
to contribute to the management and planning of health spaces, providing 
a clearer understanding of the challenges and opportunities arising from 
this type of research.

The last article, “Hospital architecture sensitive to dementia”, presents the 
findings of research concerning the aspects related to dementia-sensitive 
architectural design for the qualification of the experience of the elderly 
in hospital settings. Researcher Ciro Férrer, from the Federal University of 
Ceará (UFC), presents part of a more comprehensive research to identify 
the possibilities of using neuroscience applied to architecture in health 
centers and also to residential projects for the elderly.

In addition to the scientific articles, this edition also includes a review 
of the book Constructing Health, the first publication by the Canadian 
architect Tye Farrow, which deals with the application of neuro-
architecture and other practices and concepts related to the design of 
health spaces, offering reflections on trends and innovations in health 
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architecture and their influence on the well-being of patients and the 
effectiveness of services. As a bonus, we present an interview with the 
renowned architect, conducted a few days before the release of the book. 

We encourage all our readers to explore the articles and other texts 
presented in this issue with attention and interest. We also invite 
researchers and professionals to contribute to the next editions of  IPH 
Magazine by submitting their work and research, which will help to further 
enrich our journal and promote continuous advances in the health area.

On behalf of the entire IPH Magazine team, I wish you all a good read!

Prof. Arch. Marcio Nascimento de Oliveira, MSc.

Editor – IPH Magazine
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Healthcare buildings, design, and use of 
diagrams

Abstract

The purpose of this article is to present some reflections on the field 
of architectural design, more specifically on complex projects and 
potentialities of the use of diagrams in the design processes of buildings 
that provide healthcare services. To this end, a literature review was 
carried out on the theme and its related subjects, exemplifying, through 
illustrations extracted from the literature around hospital architecture, 
the use of functional diagrams in the initial stages of the project. It is 
considered that diagrams are essential tools for the creative process and 
the systematization of the quantity and diversity of variables involved in 
the design of healthcare facilities. 

Keywords

architectural design, healthcare facilities, diagrams.

Article
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1. Introduction

The debate about architectural design in the face of the new challenges 
of contemporaneity has been a recurring topic in the studies carried out 
in recent years, especially due to new concepts and methodologies that 
influence its practice. As a process or product, the project has multiple 
faces and development possibilities, intrinsic to its own configuration. 
Thus, the greater its complexity, the greater the number of variables 
involved in the stages of conception and elaboration of the corresponding 
graphic material, requiring certain artifices for its implementation.  

In this sense, the purpose of this article is to examine the theme of design 
complexity and the potential use of diagrams in the design processes 
of buildings that provide healthcare services. As these settings can be 
classified in the category of complex buildings due to their own physical 
and functional requirements and characteristics, it is considered that 
diagrams are fundamental tools both for the creative process and for the 
systematization of the quantity and diversity of information related to the 
project’s demands. 

The present study was carried out via a literature review about the 
main theme and its related subjects, along with an analysis of the 
illustrations done by J. C. Bross (2013) to exemplify the use of functional 
diagrams in the initial stages of a complex project. The main objective 
of this investigation, which is part of wider research on the subject, is to 
demonstrate the importance of architectural diagrams for the conception 
of the most complex and current projects. 

2. Design, processes, and complexity in architecture 

A project can be understood as the result of an effort, carried out in a 
certain period and with pre-established objectives, whether to create a 
product, a service, or a process (PMI, 2017). In the field of architecture, 
while some researchers develop or carry out investigations focused on the 
final product, delivered through a series of documents (mostly graphic), 
seeking to evaluate different aspects such as formal, functional and/or 
representative solutions (BAKER, 2002; TAGLIARI, 2009), others focus on 
the stages of development of architectural design and its parts, strategies, 
tools, and methods (LAWSON, 2011), in order to unveil what goes on 
beneath the veil of design (BOUDON, et. al., 2001).

According to Andrade et al. (2011), there are several ways to describe the 
architectural design process and how it interferes with the production of 
the building. As pointed out by Vries and Wagter (1991) and Lawson (2011), 
this happens because there are characteristics that should be considered 
in investigations regarding design processes. In summary, these authors 



221 IPH Magazine  •  ISSN 2358-3630  •  n. 20  •  december 2023

convey the inherent complexity of the processes, emphasizing their poor 
structure and their open configuration that allows for several starting 
points or referrals (VRIES and WAGTER, 1991). These aspects are related 
to the definition elaborated by Rittel and Webber (1973), who classified 
the problems found in projects as wicked problems1, as a clear reference to 
the characteristics of the architectural problem, a situation different from 
what happens in more exact fields of knowledge.

In view of this understanding, the architectural project gains a 
multidimensionality inherent to its own configuration, i.e., it invariably 
presents some degree of complexity, which also requires that its 
resolution be the result of highly sophisticated reflections. In addition, 
we know that there are various types of architectural problems, resulting 
from complex demands and that are related to functional, economic, 
technological, and social aspects. In the case of architectural projects 
that are considered complex, we usually associate them with buildings 
whose programs are extensive or that are subject to specific restrictions, 
such as the incidence of special legislation. This is the case, for example, 
of projects for healthcare facilities, airports, schools, bus stations or 
intermodal stations.

What we see is that complex projects have varied conceptualizations and 
delimitations according to investigations in different areas of knowledge, 
although they include similar variables in their characterization. In 
general, the most recurrent definition is that complex projects are 
systems composed of many variables, an increase in high technology, 
many standards and regulatory bodies, multiple objectives and several 
actors involved in the decision-making process (BACCARINI, 1996; 
REMINGTON, et. al., 2009; CARVALHO, 2011; 2014; CAIXETA; FABRÍCIO, 
2011; KOWALTOWSKI, 2011; SALGADO, et. al., 2012; NETO; PISCOPO, 2015; 
LUKOSEVICIUS, et.al., 2018). 

In architecture, all these dimensions act in the project at different 
scales, from urban planning to building. When associated with hospital 
architecture, they are also connected to issues related to the safety and 
health of the establishment’s users, including patients, companions, and 
staff.  At the same time, factors related to the level of service and the 
profile of the building also influence the number of variables involved in 
the project.

Therefore, as Bross (2013) and Carvalho (2014) point out, the complexity 
of healthcare facility projects lies mainly in the coexistence of the following 
assumptions: requirements arising from health planning and regional 
demands; norms and constraints of different natures; specificities of 
physical arrangement; interdisciplinary work; environmental requirements; 
interface with complementary projects; and architectural attributes linked 
to humanization in health.

1 Wicked problems are those with 
multiple formulations, to which, 

therefore, there are no right 
or wrong solution, but rather 

solutions considered to be good 
or bad. Moreover, for Rittel and 
Webber (1973) they are unique 

problems whose solution is 
determined by the choice of one, 
from many, point of view around 

that issue.
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It is observed, therefore, that the multiplicity of elements that make up 
each variable or characteristic dimension of the project should be worked 
on and/or analyzed in different ways by architects and other professionals 
involved in the project design in search of an integrated solution. 

To accomplish this goal, we cannot fail to consider the central role that 
drawings play in the practice of architectural design. Authors such as 
Ortega (2001, p.37) argue that “drawing is, therefore, the essence of 
architectural activity. It is the immediate method of expression of all 
that is thought.” This value was also pointed out by Schön (2000), when 
he characterized the reflective practice in the design process and called 
the designer as that person who talk to the drawings. Thus, from the 
understanding of all this potential to express and communicate ideas, and 
observing contemporary methods and tools applied in various phases of 
the project and involving actions of analysis and synthesis, it is seen that 
the use of diagrams has been configured as one of the several possibilities 
to face design issues, especially in situations involving architectural 
problems considered complex.

3. Diagrams and projects of healthcare facilities

In general, architectural diagrams can be understood as graphic schemes 
used to synthesize ideas – together with information – referring to 
concepts, design constraints or details necessary for the project. Although 
it is not a new artifice within the field of architecture, its application 
nowadays takes on a broader meaning.

As Munari and Izar (2013) point out, since the 18th century, diagrams 
have been used as visualization tools. As in physics, for example, with 
the representation of mechanical movements or in astronomy studies 
developed by Isaac Newton, Kepler, among others. The origin of the term, 
which dates to the 17th century, relates to geometric representation2. 
Used by various fields of science, diagrams were initially presented 
as static figures, i.e., expressing information about certain processes, 
procedures, or models that, through design, are characterized in a direct 
way. A way of imparting information that does not leave room for other 
interpretations or analyses.

According to Montaner (2017), from the mid-twentieth century 
onwards, architectural diagrams began to receive a more dynamic use 
and interpretation, connected to the design process. Thus, they were 
conceptualized as an abstraction, which went from an initial instrument 
“capable of interpreting vectors, phenomena and desires of reality” 
(MONTANER, 2017, p. 08) to a means of proposing and projecting.  For the 
author, the diagram is a graphical tool that enables the visualization of 
phenomena or flows, both of reality and of the project. It does not have a 

2 The Latin term originates 
from the Greek word meaning 

“everything that is described 
by drawing or by writing and 

figure geometry”: “day” (through) 
and “gramma” (written thing) 

(MONTANER, 2017).
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precise shape or figure, “it is a possibility, a geometric means that allows 
us to move from the unspeakable to words” (MONTANER, 2017, p.23).

In short, diagrams are lines of force that have the ability to self-organize 
and the possibility of being transmitted. The diagram is the smallest 
graphic element capable of representing an idea in progress (...). In 
architecture, the diagram is not yet the architectural fact; it is pre-
architectural. (MONTANER, 2017, p.23).

Montaner (2017) has conceived a classification for the diagrams used 
today, dividing them into two main categories: analysis diagrams and 
project diagrams (Table 1). This organization proposal seeks to systematize 
the types of diagrams without, however, calling it definitive, considering 
the progressive character of the instrument.

Table 1 . Types of diagrams according to Montaner (2017). Source: Prepared by the authors, 
adapted from Montaner (2017).

According to the author’s considerations, analytical diagrams examine 
architectural, urban, or territorial characteristics or phenomena, but 
they are also used for design, since diagnosis and action can occur 
simultaneously. Project diagrams, on the other hand, fall within the field 
of architectural design, highlighting design reasoning. Although they 
differ from sketches by the way they explain and communicate certain 
relationships, helping the architect’s analytical or propositional work, 
this difference between the two still has divergent interpretations in 
the literature. Both are drawings, graphic representations that must 
communicate. But while sketches express information, sometimes with 
a high level of detail, diagrams act through an abstract representation, 
without providing detailed descriptions of scale or other architectural 
elements, even indicating spatial relationships through undefined shapes 
(DULIC ́; ALADŽIĆ, 2016). 
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This new interpretation, according to Somol (2007), originates from the 
1960s, when the idea of diagram was changed to a tool of architectural 
production and a primordial element to reinforce its discourse. From that 
moment on, the diagram was introduced into architectural practice not 
only as a representational means, but also as a design tool, capable of 
adding stages of analysis and diagnosis, as well as propositions. After the 
1990s, it took on a more dynamic character to assist in the analysis and 
resolution of multifaceted and imprecise everyday problems (LACOMBE, 
2005; BARKI, 2009; DUARTE, 2012; ROCHA; MOREIRA, 2014; MIRANDA, 
2015; MONTANER, 2017; SILVA, 2017).

The use of functional diagrams in the initial phases of the project 

In the area of hospital architecture, diagrams have often been used during 
the design phases of the project, especially in the initial phases, in which 
the architect deals with a large amount of data and must spatialize both 
the ideas and the project constraints. That said, the diagram can be seen 
as a device with numerous functions, among which the following can be 
mentioned: 

. Analysis of the existing relationships in the scenario of implantation 
of the building (relationship between lot and surroundings, 
environmental comfort, accesses, among others). 

. Development of architectural programming.

. Study of sectorization.  

. Understanding and definition of flows (of people and materials).

. Reflection on flexibility and/or expandability solutions.

. Evaluation of construction systems (structure, materials, and 
installations).

Although several types of diagrams can accompany the creative process 
and discussions about the project with the team of professionals, and 
even with the participation of future users, some types are among the 
design methods employed by architects in the area. Bubble diagrams, for 
example, a derivation of the functional diagrams already indicated in the 
previous section, generally fulfills the role of simulating spaces and their 
relationships, predicting connections, as well as organizing flows of people 
and materials. 

To better illustrate this subject, we refer to the work Compreendendo 
o edifício de saúde (understanding the healthcare building) by Brazilian 
architect João Carlos Bross, and the many examples given throughout 
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his discussions on healthcare facility projects (BROSS, 2013). According 
to the author, the elaboration of the physical program – preceded by the 
operational program – requires the construction of bubble diagrams to 
organize the intersectoral relationship network (determining proximity or 
distance between compartments of a sector), flow sequences (indicating 
routes of greater demand), or even events of the processes related to the 
sector being worked on (see Illustrations 1, 2, and 3). These diagrams also 
have the purpose of involving project consultants in the debate about the 
planned activities and services, with the aim of defining details of the site 
to be built/occupied.

In fact, functional diagrams derive from the architectural program and 
often generate floor plan schematics (BORGES; NAVARRO, 2001). Although 
it is an artifice widely used in an analog and spontaneous way, free of 
rules, it can act together with various types of information, including 
matrices that generate relationships between environments. Currently, 
as suggested by Veloso (2014), diagrams have acquired new possibilities 
of presentation and application, using digital technologies to support the 
project.

Illustration 1 . Example of a bubble diagram with intersectoral and flow connections within the 

hospital. Source: Bross (2013, p. 204)
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Illustration 2 . Example of a bubble diagram of a clinical support unity. Source: Bross (2013, p.214)

Illustration 3 . Example of a bubble diagram of an intensive care unity. Source: Bross (2013, p. 215)
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4. Final considerations

The development of the present research revealed the complexity existing 
in the conception of the architectural project, especially of healthcare 
buildings, due to the expressive number of uncertainties and variables that 
are characteristic of them. The importance of systematizing the process 
is also observed by the use of certain graphic resources that assist in the 
search for solutions and their registration throughout the various stages of 
the project, as is the case of diagrams. 

As visualized in the examples of bubble diagrams, its use in the early 
stages of the project helps to fast-track the analysis and synthesis of the 
different elements and variables present in the problem that is intended to 
be solved. Therefore, for complex projects, these diagrams have excellent 
applicability. 

However, even though they are well-known design and representation 
tools, diagrams have been acquiring a new meaning in the face of the 
challenges to which architecture needs to respond. Currently, its use 
is expanded, with greater abstraction and possibilities of linking with 
software and digital technologies. In addition, the variety of applications 
in the field of activity of several Brazilian professionals is highlighted, 
especially in the most complex projects, pointing to the need and 
opportunities for more in-depth future research on the subject. 
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Abstract

The objective of this study is to present the results of the monitoring 
of five maintenance indicators of a large hospital in the city of Curitiba. 
The synthesis of this work is the result of nine years of monitoring of 
the hospital engineering service of the building maintenance of the 
Hospital de Clínicas belonging to the Federal University of Paraná, 
through five performance indicators, using as a basis a control tool 
called physical schedule. The methodology used in this work was the 
creation of a tool in Microsoft Excel, called physical schedule, which 
allowed the monitoring of the performance of four categories of building 
maintenance: masonry and hydraulics, locksmithing, electrical and 
refrigeration, and carpentry, which cover practically all the building 
maintenance services necessary to maintain in conditions of use the 60 
thousand m2 of the buildings of the Hospital de Clínicas belonging to 
the Federal University of Paraná. This tool made it possible to evaluate 
the services performed vs. services procrastinated, labor employed, 
labor cost, labor cost per service performed, and the characteristics 
of the services performed. It was found that the average number of 
services performed in the four areas is 47% of the total demanded, thus 
performing an average of 541 tasks per year. The average number of 
employees used to perform these tasks was 45, with an average monthly 
cost of US$ 46,597.60, and an average cost per position of US$ 76.44, 
and the cost of one man-hour worked in 2021 was, on average, US$ 4.88.
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1. Introduction

The well-being of patients is correlated with the quality and performance 
of the hospital building. In this context, for construction to achieve its 
objectives and provide services compatible with its activities, users 
and administrators, building maintenance becomes a key element 
(OLANREWAJU, FANG and TAN, 2018).

According to Karman (2011), the hospital is a company designed to 
assist people, prevent diseases, treat, and rehabilitate patients, raise 
the standard of health professionals, and conduct research. Therefore, 
they require special facilities. Karman also states that hospitals are the 
most complex enterprises from an architectural, engineering, facilities 
and building maintenance point of view, as they operate 24 hours a day, 
365 days a year, mentioning that foresight and early detection of failures 
or defects curb interruptions and interdictions, as well as unnecessary 
mobilizations and resources.

Machado (2013) comments that, because of the level of operability 
required in a hospital environment, the unavailability of spaces, facilities or 
equipment can have negative impacts on clinical activity, including risk to 
human lives.

In the hospital environment, each sector has its own maintenance needs, 
the failure of which, if not circumvented, can compromise the local service 
and the delivery of its service, directly influencing patient care (SILVA, 
2018).

Boeger (2009) comments on the importance of the structural conditions 
offered by the hospital environment to patients during their stay, 
emphasizing that they can even affect their recovery. In turn, the durability 
of a building is directly linked to the maintenance routine imposed on it 
and the available costs (GUIMARÃES, 2020).

2. Literature review

2.1 Building maintenance

According to European Standards (EN 13306, 2017), building maintenance 
can be defined as the combination of all manageable technical and 
administrative efforts aimed at maintaining or restoring the conditions of 
use of any good or any asset during its useful life. 

Building maintenance can be defined as a tool composed of several items 
in which technical and administrative activities take place simultaneously 
(SANTOS, ALVES and PINHEIRO, 2021). For Donas (2004), maintenance 



233 IPH Magazine  •  ISSN 2358-3630  •  n. 20  •  december 2023

is the correction and prevention of failures, and, depending on the 
application environment or the criticality of the failure, maintenance 
becomes more relevant, as it involves economic elements such as: 
production, preservation of the environment, availability of equipment, 
lives, and safety of users.

Building maintenance can also be defined as the set of all activities related 
to the operations of conservation, adaptation, restoration, replacement, 
and prevention of the physical conditions of buildings (PINTO and XAVIER, 
2001).

According to Cabral (2009), building maintenance is basically divided into 
three modalities: preventive, corrective, and improvement. Preventive 
maintenance is carried out with the aim of avoiding breakdowns, losses, or 
malfunction. Corrective maintenance is performed following a breakdown 
or loss of function. Finally, the improvement maintains the conditions of 
use of the asset or compliance with current legal standards.

In recent years, according to research conducted by Burgardt (2002), with 
the recent evolutionary increments, in most companies, the maintenance 
area is no longer just a routine activity and has become a strategic activity, 
being a competitive differential between organizations.

Alner and Fellows (1990) summarize that the main building maintenance 
strategy should be focused on the safety of users and that the other 
strategies derive from this.

The building maintenance strategy adopted by organizations must be 
efficient and add value to existing assets. To this end, it must be effective 
to such an extent that it can extend the useful life of the building and its 
equipment as much as possible (HORNER et al. 1997).

Building maintenance policy and strategy are the main aspects to be 
considered in the building maintenance operation management process 
(LEE and SCOTT, 2008).

The three essential elements for this policy are: the choice of maintenance 
strategy, the standard of maintenance, and the allocation of resources 
(LEE, 2008).

Lee and Worsworth (2001) observe that, without a well-defined 
maintenance policy, all efforts in this direction will be random. To avoid 
such a situation, the authors list five basic principles: (i) the appropriate 
interval for carrying out a maintenance operation; (ii) the useful life of the 
equipment and elements of the building; (iii) the standard of services to be 
maintained; (iv) the required response time between the occurrence of the 
defect and its repair; and (v) the legal requirements to be observed.
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On the other hand, the acceptable standard of maintenance in 
organizations depends a lot on the availability of resources and factors 
common to both users and property managers (EL-HARAM and HORNER, 
2002).

Another important aspect mentioned by Pitt (1997) is the fact that the 
operational maintenance team argues that the budget allocated to this 
activity is always below its needs.  On the other hand, senior management 
criticizes the inefficiency of maintenance regarding the use of allocated 
resources. 

On the other hand, Amaratunga et al. (2000) mentions that maintenance 
has become an important focus to ensure the useful life of the assets of 
the buildings constructed, requiring considerations that must already be 
considered in the design of the project.

Another similar aspect was addressed by Arditi and Nawakorawit (1999). 
In a survey conducted in the United States, the authors found that most 
owners of 230 buildings surveyed were not only investing resources in 
reactive maintenance, but also, especially, in the efficient planning and 
management of building maintenance, as well as in any corporate activity.

In the same study, the authors noted a 16% increase in the number of 
building maintenance employees during the five years of research.

When considering sustainable development, it is very important to take 
into account life cycle (maintenance) costs, especially since it is estimated 
that buildings are responsible for 40% of all energy consumed in the 
European Union (BORKOVIĆ, 2005, cited by MARENJAK and KRSTIĆ, 2012).

According to Shohet and Lebiovich (2003), the performance of hospital 
buildings depends largely on the efficiency of maintenance execution.

Chanter and Swallow (2007) mention that among the main elements to 
be evaluated in the management of building maintenance there is people 
management.

Viana and Ribeiro (2017) conducted a survey on the factors that contribute 
to the success of maintenance management in mining companies. The 
third item most mentioned by the interviewees – managers, supervisors, 
and engineers – was people management.

In a personal research model, Al Zubadi and Christer (1997) analyzed the 
main maintenance problems and the average number of employees to 
meet such demands, perceiving a large deficit of employees to solve them.
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2.2 The importance of building maintenance in the hospital 
environment

Precarious building maintenance services or services with few investments 
are risk factors for patients, given that the number of defects in the 
facilities tends to increase as the repair response time rises, which often 
disqualifies adequate care, if not completely makes it impossible (ABISUGA 
et al., 2016).

To cite a few examples, it was found that, in Palestinian hospitals in 
the Gaza Strip, there was only corrective maintenance of the water and 
sewage systems, often putting the health of patients at risk due to the lack 
of preventive inspection of these systems (ENSHASSI et al., 2015).

In a hospital located in southwestern Nigeria, the low efficiency of the 
vertical fire transport system was found, in addition to several failures in 
the electricity supply system (ADENUGA and IBIYEMI, 2009).

An audit carried out in Cuban hospitals concluded that the root cause 
of many pathological manifestations in buildings was linked to poor 
management of building maintenance activities (GALÁN and EDITH, 2017).

According to Joshi and Murthy (2011), building maintenance activities in 
hospitals should not focus on adding value to the building as happens 
in commercial buildings and residences, but rather on reducing the time 
of execution of services as much as possible and with the least possible 
impact on routine hospital activities.

The Malaysian government, for example, began privatizing the 
management of hospital maintenance in the country’s 144 public hospitals 
in 1996 through five different consortia.  Even so, after several years of 
services provided, these consortia, for various reasons, have not yet been 
able to present satisfactory results in terms of service quality before the 
country’s public opinion (WONG et al., 2021).

Another important aspect that should not be neglected in hospital 
maintenance operations is the environmental management of air and 
ventilation through air conditioning and refrigeration systems, which are 
responsible for being the major spreaders of infectious diseases, such as 
aspergillosis and legioneliosis (STREIFEL, 2005).

Also in Malaysia, Pallis and Misnan (2018) listed the main factors that 
affect maintenance costs: resource allocation by management, user 
behavior, climatic factors, complexity of use, and quality of materials and 
components used.

Such authors also give the example of the faulty air-conditioning systems 
at Tengku Ampuah Rahimah Hospital, causing several fungal infections 
in patients, among other occurrences recorded in Malaysia due to lack of 
maintenance.
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According to a survey conducted in 61 health units in the state of Minas 
Gerais, only 3.3% fully meet the operational and infrastructure conditions 
for the execution of their activities, considering the complexity profile, and 
96.7% partially meet (AMORIM et al., 2013).

Also in the same study, the authors found that only two health units have 
a quantity compatible with their needs; 57 have a quantity that partially 
meets the needs, and two have a totally insufficient quantity.

2.3 Building maintenance costs

In a study conducted in the United Kingdom, Chanter and Swallow (2007) 
mention that total expenses with building maintenance grew by about 
90% between 1993 and 2003, a very significant figure that deserves due 
attention from maintenance managers.

A study by Neely and Neathemer (1991) found that in 34 different types 
of buildings (including hospitals), it was found that maintenance budgets 
were spent as follows: finishing and construction (34%); heating and air 
(29%); electrical installations (16%); plumbing installations (10%); and 
external façades (13%).

At the University of Barcelona, another study was carried out on the costs 
of a building during its lifetime. It was found that 5% of the costs regard 
the project; 20%, construction; 65%, maintenance and operation; and 10%, 
replacement or demolition. However, in health institutions, the operating 
costs are higher, mainly due to intense use (LOUSTAUNAU and BEGUERÍA, 
1992), (CALCEDO, 2014).

In a study carried out with 700 hospital buildings in Israel, it was concluded 
that in 80,000 m2, with a rate of 8.25 beds per 1,000 m2, the average 
annual cost of maintenance was US$ 37.2/m2, of which 51.60% was spent 
on personnel, 11.7% on material, and the rest on water, light, and fuel 
expenses (SHOHET and LEIBOVICH, 2003).

In a study conducted in the public hospitals of Malaysia, it was found that 
many problems related to lack of maintenance in hospitals are directly 
linked to the lack of government investments in healthcare. It was found 
that while England invests on average US$ 3,867.00 per patient, Singapore 
spends US$ 1,148.00, and Brazil, US$ 723.00, in Malaysia, this investment 
is in the order of US$ 437.00 (OLANREWAJU, FANG and TAN, 2018).

In 2002, the total investment in building maintenance in Malaysia was 
US$ 117,943.99, a sum equivalent to 6% of the country’s total investment 
in civil construction, according to the Malaysian Construction Industry 
Council (OLANREWAJU, 2008).
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According to Barylka (2016), cited by Plebankiewicz and Gracki (2013), 
one of the components of a building’s life cycle costs that is difficult to 
determine is the costs incurred during the operation of the building, in 
particular maintenance.

In a survey conducted in five public hospitals in Syria, Hassan and 
Haddad (2011) concluded that 50.5% of maintenance expenses were with 
architectural elements, 23.16% with electricity, 14.67% with mechanical 
installations, and 12.5% with other elements.

From the point of view of management, besides the expenses that 
generate economic costs, the costs of shutdowns, energy consumption, 
atmospheric emissions and the premature aging of equipment and 
systems due to inefficient maintenance must also be considered (KAPLAN 
and NORTON, 2004).

2.4 Hospital maintenance indicators

To measure whether the maintenance of a given institution is efficient, 
enough indicators must be created and monitored, in order to predict 
or anticipate actions to achieve excellence in the services provided with 
building maintenance (VERRI, 2007).

Branco Filho (2008) suggests the following items as indicators of building 
maintenance, among others:

a Equipment performance

b Maintenance costs

c Efficiency of maintenance programs

d Maintenance efficiency

Two other interesting indicators are proposed by Pinto and Xavier (2001), 
one of which measures the fulfillment of maintenance plans and is defined 
by the following equation:

MP = Task performed in the Maintenance Program x 100% (1)

          Scheduled tasks in the Maintenance Program 

The desirable value of this indicator is close to 100%.

The other indicator is related to the monitoring of labor costs in relation to 
the total cost of services and is defined by the following equation:

MO = Total cost of labor force employed on the task x 100%

           Total cost of task maintenance
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The lower the percentage, the more efficient the labor cost will be, except 
in cases where maintenance only involves the use of labor force and does 
not have any inputs.

In a survey conducted in a medium-sized hospital in the west of Santa 
Catarina State, in the southern region of Brazil, which serves about 114 
beds, it was found that, between January and May 2017, the MP was 
81.44% (QUADRI, 2017).

Heineck and Pazzenter (1989) state that large services consume large 
amounts of labor and have more power to dilute mobilization and 
demobilization times for the execution of tasks. The authors assume as a 
general assessment of the level of uncertainty that real labor consumption 
is distributed around average values according to a coefficient of variation 
between 10% and 20%. 

Regarding the coefficient of variation, some studies indicate that for a 
sample to present an acceptable value the value of the coefficient of 
variation cannot be high. Thus, according to Nanni (1981), cited by Hirota 
(1987), values equal to or lower than 25% are considered acceptable.

In a study carried out in the city of Florianópolis (Santa Catarina), which 
analyzed the construction of an 8,916.93 m2 building, Parissoto (2003) 
noticed that the average production of most labor services in the 
execution presented coefficients of variation between 13% and 18%.

In a study carried out at the Hospital de Extremadura, in Spain, it was 
found that, by increasing the total time spent on preventive maintenance 
by 6% over a five-year period, the demand for corrective maintenance 
was reduced by 20%, with an average annual saving of 500 MWh in total 
electricity consumption (CALCEDO and CHAPARRO, 2017).

In the hospital mentioned above, maintenance operations are carried out 
by nine employees who work in shifts, covering 24 hours a day, all year 
round. The annual cost of this service is € 335,417.00, and this hospital has 
75 beds, distributed in an area of 8,507.00 m2 (CALCEDO and CHAPARRO, 
2017).

During the research, between 2010 and 2015, the authors mentioned 
above obtained an average annual cost of € 252.55 per service performed 
and € 167.97 per hour of maintenance worked. 

Sezer et al. (2018) also stresses the importance of data collection 
throughout the maintenance process for predicting trends, behaviors, 
and decision-making in the continuous improvement of predictive 
maintenance. 



239 IPH Magazine  •  ISSN 2358-3630  •  n. 20  •  december 2023

3. Purpose and methodology 

The main purpose of this study was to identify the costs related to hospital 
maintenance, as well as to the production and percentage of demand 
fulfillment, using a maintenance management tool developed in Microsoft 
Excel software, where we compiled data from nine years of research to 
monitor the execution of maintenance services in four different areas of 
the hospital environment. 

The research methodology adopted for this study was exploratory, with 
analysis of data collected in the field (GIL, 2007). The research was carried 
out in a public hospital in the state of Paraná, Brazil, with an area of 
59,541.60 m2 and an average occupancy of 400 beds, with an average rate 
of 6.71 beds per thousand square meters.

3.1 Management tool – physical schedule

The search management tool was developed in an Excel file, from the 
Microsoft package, which was divided into rows and columns where the 
following information was recorded:

a Requester control number

b Requester sector

c Date (when the demand was received)

d Service specification

e Service classification

f Observations

Table 1 shows an example of the use of this tool: 

Table 1 . Physical schedule of the hospital maintenance management. Source: Authors.
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To carry out this research, four distinct maintenance sections were chosen, 
namely: 

a Masonry: all painting services, replacement of ceilings, floors, 
doors, also including all services carried out on hydraulic and 
plumbing installations of the building. It is worth noting that most 
of the services performed by this section (95%) are done in different 
locations, which increases the execution time of the tasks, since the 
horizontal displacement of each floor is approximately 50-meter-
long, and the vertical can vary between 17, 7, 5 and 4 floors.

b Metal work: all services related to repairs, recovery, painting of all 
stretchers, beds, chairs, railings, doors, and metal gates. In addition 
to the repair of hydraulic pumps, steam network, and medical gases 
of the building. About 90% of the tasks are performed in the section 
itself.

c Electrical work: all services related to electrical installations, panels, 
replacement of light bulbs, lamps, sockets, circuit breakers and 
all installation, repair, maintenance services of the building’s air 
conditioning and refrigeration equipment. About 80% of the tasks 
are performed in the section itself.

d Woodwork: all services related to making, maintaining, adjusting, 
and installing wooden furniture, as well as all upholstery services 
(recovery and replacement) existing in the complex. About 90% of 
the tasks are performed in the section itself.

To make monitoring easier, we used different colors to identify the status 
of the required service: white, on hold; blue, in progress; red, delayed; and 
green, completed. 

3.2 Data collection – Service order 

All hospital maintenance services are addressed through an official service 
order to the administrative management. Then, they are requested to the 
infrastructure sector, where they carry out a service screening following 
these parameters:

a Emergency: services that cause interruption or may interrupt 
patient’s care or life support.

b Critical areas: Intensive Care Unit (ICUs), Semi-Intensive Care 
Unit (CTSIs), Operating Rooms, Transplant Services, Chemotherapy 
Compounding Pharmacy, Tomography, Hemodynamics, and 
Information Service.
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c Outpatient areas: offices, pharmacy, laboratories, kitchen, and 
wards.

d Administrative areas and other locations.

Table 2 illustrates the average number of requests the hospital 
Infrastructure Sector received and carried out during our nine-year 
research. 

Table 2 . Demands per work addressed to Infrastructure, annual average over nine years. Between 

2013 and 2021. Source: Authors.

We can also observe on Table 2 shows that the Infrastructure Sector 
received an average of 1,092 demands every year, managing to resolve 
almost 50% of them. The demands are classified into three groups:

a Large – complex services that use at least two workstations at 
a time and require more than five business days to perform; on 
average, they represent 4% of the total.

b Regular – services whose complexity requires at least more than 
one workstation and 2 to 5 working days of execution; on average, 
they represent 18% of the total.

c Small – services whose complexity requires, at most, one 
workstation and up to two working days of execution; On average, 
they account for 78% of the total.

It is worth noticing that the Infrastructure Sector also receives about 14 
maintenance orders to carry out every year with the same staff. Most of 
them are easily resolved within one hour of work.

Building maintenance services are distributed in seven different buildings 
ranging from 17 floors, the largest, to three floors, the smallest, often 
depending on the availability of vertical transport, which is not always 
available, increasing the time of execution of tasks.



242 IPH Magazine  •  ISSN 2358-3630  •  n. 20  •  december 2023

In addition, the Hospital Complex has eight external houses, an archive 
shed located 15 km away and a building located 6 km away, which require 
similar services.

Table 3 monitors the percentage regarding the amount of work carried out 
by section over nine years of research:

Table 3 . Demands per work addressed to the Infrastructure Sector, percentage of works carried 
out per year. Source: Authors.

By stipulating the maximum limit of the coefficient of variation of 15%, as 
recommended by some authors, the mean values of the attendances per 
section, as well as of the other items studied, began to present new values, 
more consistent with the reality of the day-to-day of hospital maintenance, 
as will be shown below.

3.3 Data collection – Work positions

Throughout our nine years of research, there were changes in the 
number of positions to be hired, either due to financial constraints or 
administrative decisions. To illustrate that we can see that 2015 was the 
year with the largest contingent, with about 52 positions, and 2016, with 
the lowest, with about 35 positions. Box 3 shows the total average and the 
value per section.
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As we can see in Table 4, the average number of jobs for hospital 
maintenance during nine years was 45 jobs/year.

Percebe-se que, apesar de a equipe da alvenaria ser a maior em número, 
devido à complexidade de algumas atividades, o percentual de conclusão 
de ofícios é um pouco menor que o da seção de marcenaria ou serralheria, 
conforme visto na Tabela 1.

Although the masonry team is the largest in number, due to the 
complexity of some activities, the percentage of works completed is lower 
than that of woodwork or metal work, as seen in Table 1.

After gathering the data regarding the works carried out and the amount 
of work positions used during the period of research, we will analyze the 
total costs of hospital maintenance, per sector and per work position.

We will also carry out a statistical treatment of the data, using the average 
values, the standard deviation, and the coefficient of variation, excluding 
the samples used for the composition of the average value, and those that 
range outside the 20% of the coefficient of variation.

Another aspect to be considered is that this research only evaluated the 
cost and performance with the labor force; therefore, it is not the object of 
this study to present data such as the cost of inputs, electricity and water 
expenses, or the fuel used to produce steam and water heating.

4 RESULTS 

4.1 Maintenance costs  

Total maintenance costs vary depending on the allocation of resources 
by management, weather conditions, variations in input prices, and other 
factors that must be weighed. 

Table 4 . Work positions hired by Infrastructure, annual average. Source: Authors.
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This study evaluated only the performance and costs with the workforce, 
not considering the costs related to inputs, electricity and water expenses, 
or the fuel used to produce steam and water heating, as presented below 
in Table 5, which shows only the average cost with employees, during the 
nine years studied, for each section of the hospital maintenance service.

Table 5 . Total cost with maintenance work positions, average per month . Source: Authors.

As shown in Table 5, on average, hospital maintenance spends about US$ 
46,597.60 per month to meet its demands, i.e., an average annual cost of 
US$ 559,171.30.

It is important to highlight that the costs of the work positions are not the 
same: masonry professionals cost US$ 967.23 on average; metal work 
professionals, about US$ 1,157.87; electrical work professionals, about 
US$ 1,058.16; and woodwork professionals, about US$ 1,072.58. Thus, the 
average cost per man-hour worked is around US$ 4.88.

These wage differences are due to the specialties of each sector, different 
extra fees due to insalubrious or dangerous work, and the minimum wage 
determined by each professional union in the region.

4.2 Production per position

The following data are presented regarding the average production per 
station, considering the demand for jobs carried out performed per year, 
on average, during the entire period studied.

This indicator is used so that building maintenance management can 
evaluate possible adjustments and control the performance of its teams in 
the coming years.

Table 6 compiles this data, showing the number of jobs carried out per 
hired position, on average, per year.
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In this survey, it is noticed that within 12 months, 45 jobs are required on 
average to be able to perform about 541 tasks per year, with 20 employees 
in masonry, 7 in metal work, 11 in electrical work/air conditioning, and 7 in 
woodwork, accounting for 541 tasks per year.

4.3. Average cost per task carried out

Next, we gathered the production data regarding the cost of each section 
and the average cost per task carried out, as shown in Table 4.

Table 6 . Production per position, on average, per year. Source: Authors.

Table 7 . Average cost per work carried out. Source: Authors.

With this survey, it is possible to state that the average cost with labor 
force to carry out a hospital maintenance demand varies between US$ 
61.80 and US$ 97.41.

This variation occurs mainly due to the diversity of tasks performed, for 
example: replacing a leaky pipe requires more time than changing a light 
bulb; rebuilding a tile floor takes more time than repairing a drawer on a 
piece of furniture or hanging a metal bracket on the wall, and so on. These 
situations generate differences in the average cost per section, in addition, 
the cost of an electrician is higher than that of the carpenter or mason, 
also reflecting in the average cost of each task to be performed. 
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Another aspect that directly interferes with the cost of each section is the 
displacement within the hospital complex. Electrical and masonry works 
are usually carried out outside the workshops. On the other hand, wood 
and metal works are mostly carried out within their own offices, i.e., not 
requiring extra displacements and stoppages during the execution of 
tasks.

Under the current contract for in-house maintenance personnel, a work 
position of bricklayers, painters, woodworker, and metal worker, costs US$ 
1,073.58 per month; the position of electrician costs US$ 1,214.40, and the 
refrigeration mechanic, US$ 1,314.75.

5 Discussions

Although the results found show a lower performance in the execution 
of the tasks demanded compared to the research carried out by Quadri 
(2017) in a hospital in the city of Chapecó, it should be considered that the 
number of beds in this hospital is 114, which is equivalent to 28.5% of the 
number of beds in the hospital surveyed.

The services of the masonry team are generally carried out outside the 
section itself, that is, outside its work base, unlike the other sections, which 
carry out much of their work in their own offices; the yield of this section is 
lower than that of the others, as shown in Box 1 and Table 2. 

Considering the Brazilian reality in the public sphere regarding the 
allocation of resources for all areas, including health, we notice an 
investment five times lower than that made in England, 58% lower than in 
Singapore and 65% higher than in Malaysia, as cited by Olarnewaju, Fang 
and Tan (2018) in a study carried out in Malaysia on hospital maintenance. 

According to the parameters presented, the hospital maintenance service 
is able to meet about 50% of all its demands, i.e., on average, of the 1,041 
services requested, 541 are carried out. As can be seen in the results 
presented in Box 2, it can be deduced that the service is satisfactory, 
considering the number of resources made available to health services in 
Brazil.

Based on the results of this research, it is estimated that the minimum 
maintenance team to be maintained for a vertical hospital with 400 beds 
is approximately 45 work positions, divided into masonry, metal work, 
electrical work, and woodwork sections. This index was estimated based 
on the survey of nine years of monitoring, using the average of this period, 
excluding data that were outside the 20% coefficient of variation.

The hospital where the data collection was carried out has several 
outpatient clinics, a surgical center with more than 14 operating rooms, 
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an obstetric center with eight rooms, laboratories of various specialties, 
compounding and distribution pharmacies, a research center and other 
environments that occupy the physical area and are not intended for 
hospital beds.

Comparatively, in a survey carried out in Israel with 34 hospitals, by Shohet 
and Leibovich (2003), a rate of 8.25 beds per 1,000 m2 was found, while in 
Hospital de Clínicas Complex surveyed there are currently 400 active beds 
and an area of 59,541.60 m2. This results in a rate of 6.71 per 1,000 m2, 
i.e., an occupancy rate very similar to the occupancy rate found in Israel.  

6. Conclusions

The use of the data collection and compilation tool called physical 
schedule to carry out this research presented three quantitative indicators 
related to the monitoring and control of the activities developed in the 
scope of hospital maintenance, which can serve as a basis for the future 
planning of building maintenance, namely: average monthly cost with 
allocated labor force, average cost of labor force per task carried out, and 
average number of jobs used per year. 

Based on the research carried out, it is concluded that the average cost 
consumed per labor force during the year per task carried out is US$ 
76.44. This is the amount spent by the hospital to perform a task that 
takes one to five days to perform. Taking into account the daily cost of a 
bricklayer, US$ 35.78, it can be said that tasks performed up to 2.4 days 
are economically customized, above that, the cost becomes higher than 
the amount budgeted for the post. 

With this tool, it was possible to verify that, over the period studied, there 
were variations ranging from 15.78% to 30.43%, both in costs and in the 
amount of labor employed and, as well as in the performance achieved, a 
fact that is mainly due to changes of contracts during the period studied, 
which covered three different companies.

It is also important to note that, during the nine years studied, there was 
variation in the allocation of maintenance supplies in the hospital, in 
addition to changes in its administrative management, with the presence 
of four different managers, aspects that caused oscillations in demand and 
allocation of resources for hospital maintenance.

Despite all the variations mentioned above, the average of demands that 
were carried out was 50%, with a team of 45 workstations distributed in all 
areas of the Hospital Complex surveyed.

It is observed that the average Maintenance Plan (MP) during the nine 
years of research was 50%, a percentage lower than that found, for 
example, in a private hospital in Santa Catarina, which was 81.44%.
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Finally, by way of comparison, while in some countries the average cost 
raised for hospital maintenance labor was US$ 19.19/m2, in the survey 
carried out we got the average value of US$ 9.39/m2, considering the 
exchange rate of the American currency at R$ 5.35, this demonstrates 
that the costs of maintenance in the researched hospital are equivalent to 
48.93% of the Israeli costs with maintenance labor services.  

In a way, it can be said that the cost of the labor force in this study was 
lower than that researched in Israel, but it should be noted that there are 
variables that can affect this conclusion, such as the exchange rate and the 
value of wages paid for labor force in a more developed country, as well as 
the cost of € 252.55 per task carried out presented by Spanish researchers.
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Abstract

The response to the pandemic emergency in healthcare facilities 
fostered a discussion about the impact of health facility conditions on 
hospital emergency services. This question highlighted the importance of 
developing means to understand and improve the relationship between 
the activities performed by health agents and the environments that 
accommodate them. The present study discusses a comparative analysis 
between the results obtained with a method of mapping the allocation 
of activities of a work organization where it is headquartered, called 
Mapping Activity Environment Allocation (MAEA), and the results of a 
Post-occupancy Evaluation (POE), both applied to the emergency room 
service of the University Hospital of the University of São Paulo (HU-
USP). The MAEA was developed in postdoctoral research at the School of 
Architecture and Urbanism of the University of São Paulo (FAU-USP) and 
considered that the POE has consolidated measurement procedures. 
The article presents examples of how the map obtained with the 
MAEA was compared by the researchers with the findings of the POE, 
empirically demonstrating how to interpret the evidence processed by 
the method under development. The occurrence of correlations mapped 
by the method and by the POE was confirmed, which indicates that the 
map of relationships between processes and environments of a resulting 
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organization offers a subsidy to designers and building managers to decide 
on the maintenance of a situation, a punctual spatial rearrangement, or 
the realization of a project for new facilities.

Keywords 

organizational congruence, healthcare facilities, pre-design evaluation.  
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Introduction

The need to adapt the built environment (BE) to healthcare is not a recent 
problem (Elf et al., 2020). It is a recurring theme in studies of evaluation 
of the functionality of the building associated with the post-occupancy 
evaluation (POE). However, the 2020 pandemic reinforced the importance 
of quickly establishing new health parameters for healthcare (Lesan et 
al., 2021). This highlighted the importance of developing expeditious 
evaluation methods (Watkins; Keller, 2008) to support decision-making on 
the allocation of activities in healthcare facilities with evidence. 

The representations of the activities of a complex process, such as 
emergency care in hospital emergency rooms and other health services, 
usually use abstractions such as organizational charts and flowcharts 
(Gayer et al., 2020). In practice, however, these activities depend on the 
interactions between agents and the environments where they occur. 
Thus, it is advantageous to align the flow of activities to the environments 
where they are allocated (Brambilla et al., 2022; Sasanfar; Bagherpour; 
Moatari-Kazerouni, 202). This alignment is identified as a type of 
organizational congruence, in which the correspondence between two 
domains of the organization linked to the process and the environment is 
evaluated (Pear et al., 2023).

The formulation of a congruent organizational arrangement depends on 
evaluation methods that support an evidence-based design (EBD) (Watkins; 
Keller, 2008). The objective of this study, developed in a postdoctoral study 
at the Faculty of Architecture and Urbanism of the University of São Paulo 
(FAU-USP), is to discuss the results of a programming-based pre-design 
evaluation method (PDE), called Mapping Activity Environment Allocation 
(MAEA), comparing them to the results of POE procedures applied to the 
same case: the organization of the emergency room (ER) of the University 
Hospital of the University of São Paulo (HU-USP),  located at the Butantã 
Campus, in the city of São Paulo, SP, Brazil. The results of this study offer 
three significant contributions: (1) they demonstrate the application of the 
method in a real case, analyzing its potential and limitations; (2) provide 
a structured and traceable assessment of an existing environment and 
the activities carried out in it; and (3) allow for the improvement of the 
program of needs (pre-design) of complex environments such as those 
observed in the health field. 
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Concept and contextualization of the relationship between EBD 
and PDE

Over the past two decades, the adoption of EBD practices has intensified 
in healthcare facility developments (Pereira; Ornstein, 2023). This 
movement is based on successful experiences in the health area, which 
was the inspiration to use research evidence in the decision-making 
process (Phiri; Chen, 2014). Evidence-based medicine aims to reduce 
the uncertainty and decision-making burden that physicians experience 
(Vischer, 2009). Such an approach was quickly incorporated by other areas 
that deal with multivariable decisions, with an impact on people’s living 
conditions and the economics of work organizations and other forms of 
social organization. 

An analysis of EBD experiences showed that a significant part of the 
evidence used in these cases originates from POEs (Pereira; Ornstein, 
2023). This is due to the consolidated POE process, carried out in a 
systematic and rigorous manner in buildings built and occupied for at 
least six months  (Cranz et al., 2021). In Brazil, a period of 12 months was 
agreed to include the four seasons of the year and the consolidation of 
the enterprise and the neighborhood by the users (Ono et al., 2018). It is 
strong evidence about the social performance of a building, linked to the 
perception of the people who use it about functional requirements, such 
as thermal and light comfort, ventilation, air quality, flexibility, operating 
and maintenance conditions, etc. (Cranz et al., 2021; Ornstein; Ono, 2010; 
Shin et al., 2017). 

In addition to methodological reasons, the POE results use is related to the 
volume of cumulative data, since the first international POEs are from the 
late 1960s and, from the 1980s onwards, their findings began to support 
decision-making in the design process and in building management. 
Since then, three criticisms of the results achieved with POEs have been 
highlighted: (1) excessive focus on user experience and perception, 
neglecting objective evidence with predetermined performance criteria 
(Vischer, 2009); (2) difficulty in assimilating the evaluations of buildings in 
use in other research, projects and acquisitions, due to the subjectivity of 
the findings linked to the users of a specific context (Hadjri; Crozier, 2009; 
Joseph et al., 2014); (3) the evaluation occurs too late to impact the reality 
of the case analyzed (Shin et al., 2017).

These criticisms have been answered in two ways: the first has been the 
development of a building performance evaluation (BPE) methods, which 
employ more objective, comparable and auditable criteria on building 
facilities (Preiser; Hardy; Schramm, 2018; Watkins; Keller, 2008); the second 
approach sought to meet the demand for pre-occupancy evaluations 
(PrOE), carried out quickly before occupation (Davoodi et al., 2017; Shin 



257 IPH Magazine  •  ISSN 2358-3630  •  n. 20  •  december 2023

et al., 2017). Both PrOE and BPE studies have shown the importance of 
carrying out an assessment prior to construction, i.e., before and during 
the project (Pereira; Ornstein, 2023; Shin et al., 2017). It is in this context 
that the evaluation of performance-based design (PBD) and the pre-design 
evaluation (PDE) methods are developed.

Pre-Design Evaluation strategies 

In addition to the normative and legal parameters that guide and 
determine expected attributes in an healthcare facilities, there is a need 
for additional resources to contextualize and individually evaluate the 
planning of a project (Saha; Haymaker; Shelden, 2020; Welch, 2012). 
Such assessments can be based on key indicators and employ analytical 
techniques, simulations, and statistical modeling (Vanbrabant et al., 2019).

The choice of one of these approaches depends on the complexity of the 
analyzed model and the processing capacity, as well as the skill of the 
professionals involved in the evaluation (Welch, 2012). Thus, although 
simulation models are more reliable when emulating real systems by 
incorporating discrete and dynamic events (Mohiuddin et al., 2017), its use 
requires computational resources and skills that are still scarce for most 
enterprises in Brazil. Something similar happens with statistical models of 
the flow and allocation of healthcare activities (Pereira; Ornstein, 2023), 
where the lack of detailed data makes it difficult to model statistically valid 
and useful scenarios (Demirdöğen; Işık; Arayici, 2022). 

Analytical models are methods that offer simple and efficient solutions to 
simulate well-determined systems, even with little data (Vanbrabant et al., 
2019). They are useful in situations such as the one in the present study, 
in which it is necessary to quickly evaluate an arrangement of activities 
in an environment. An analytical model widely used in analyses such as 
this is the dependency structure matrix (DSM) (Sinha et al., 2012). DSMs 
allow mathematically describing in a matrix the relationships between 
entities in a system. For example, they allow you to describe whether the 
relationships between activities in a process are serial, parallel, or circular/
iterative (Unger; Eppinger, 2011). It has already been used to assess the 
conditions of adaptability (Schmidt; Vibaek; Austin, 2014), extend the life 
of buildings (Dog et al., 2018) and improve the flow of information (Pektaş; 
Pultar, 2006). In situations where more than one system is mapped, it 
is possible to relate the different domains described in each DSM in a 
Domain Mapping Matrix (DMM) (Sosa, 2007). It is a matrix that relates 
entities from different domains, i.e., from DSMs that treat two distinct and 
dependent systems. This multi-matrix arrangement (Pear et al., 2023) is 
the basis of the method/software evaluated in the present study.
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Methodology

The development of a PBD allows for the improvement of design decisions 
for both environments in design and for those existing and in use (Elf et 
al., 2020). Such a strategy is not tied to the early stage of the building life 
cycle  (Bueno; Pereira; Fabricio, 2018; Pereira; Ornstein, 2023), and yes it 
is a resource to be employed throughout the cycle when it is necessary 
or desired to find solutions to problems or improvements to an existing 
situation (Pereira; Ornstein, 2023). 

The MAEA method was developed to support the decision of building 
management and the beginning of the project, framing itself as a PDE 
method. The data gathered are complemented with document analysis, 
on-site observations, interviews, and measurements. The multi-method 
approach is employed to confirm and complement the congruence data 
mapped with MAEA, as outlined in Illustration 1.

Illustration 1 . Research design. Source: Authors. 

The activities foreseen when conceiving the research (Illustration 1) 
involving human beings were approved on March 26, 2021, by the 
Research Ethics Committee of the UH/USP (Registration number 05.508-
000), identified by the Certificate of Presentation of Ethical Appreciation 
(CAAE) No. 44679021.0.0000.0076. The procedures employed are 
described below. All records produced are in the possession of the 
researchers responsible for the research and preserved to ensure the 
traceability of the analyses. However, access to records obtained directly 
from third parties involved in the collection of information is restricted to 
researchers, in order to preserve the impersonality of the data used in the 
discussion.
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Mapping Activity Environment Allocation tool

Mapping Activity Environment Allocation, identified as MAEA, is a method 
of identifying the relationships between two domains of an organization 
to evidence the correspondence between them. In the present study, the 
allocation of adult emergency room (AER) activities in the environments 
of a healthcare facility was mapped to provide evidence on the conditions 
of workflows. The application of the method is based on a software 
of the same name which is currently in advanced development. The 
fundamentals of the processing carried out in the software are detailed in 
the article by Pereira et al. (2023). 

Essentially, the software asks you to enter basic information about the 
structure of the organization, the process, and the environment, such as 
the names of the roles, activities, and environments, and what are the 
known relationships between the items reported. Each entry is considered 
an entity from an organization domain. The method allows you to relate 
entities from the same domain or from different domains. Relationships 
between entities can be binary or numeric. For example, the relationships 
between activities are binary: two activities, A and B, are parallel and 
independent if there is no relationship between them (Illustration 2, a); 
if B depends on some result of A (Illustration 2, b) there is a sequential 
relationship; if there is mutual dependence between A and B, they have a 
cyclical relationship (Illustration 2, c). These relationships merely indicate 
the existence of an influence, without assigning weight to it.

Illustration 2 . Example of relationships between process entities. Source: adapted from Eppinger, 

Browning (2012).

The relationships between process and environment entities are numeric, 
in which weight is assigned to different situations (Illustration 3). In this 
case, three weights were defined: “3” indicates that environment X is the 
place of the final action of activity A; “2” indicates that environment Y is the 
place where some action occurs as a means to make activity A viable; “1” 
indicates the path taken by the person responsible for activity A.



260 IPH Magazine  •  ISSN 2358-3630  •  n. 20  •  december 2023

Another structure of relationships that can employ weights is the 
relationships between environments, with the variable indication of size 
and distances. Manually entering such indications can be quite costly 
and exhausting. To solve this, environment recognition resources were 
implemented through images of architectural floor plans. However, 
the outcome of that appeal has not yet been tested and is therefore 
not included in the present case. Therefore, the relationships between 
environments are binary in this study.

After data entry and processing, the results show a matrix that indicates 
the congruent points, the points at which the congruence condition was 
not met, and the points at which the relationship recorded between 
two entities was not recognized by the processing. The closer it is to 
the complexity of the actual relationships, the more the condition 
of congruence of the data matches the congruence of the actual 
organization. With such evidence, there was a work of analysis and 
complementation of the data, addressed in the discussion of the results.

Document analysis

DWG and PDF files, containing the drawings of the original architectural 
and complementary projects of the establishment, dated 1975, as 
well as the records of punctual interventions and an as-built of the 
building’s situation that was carried out in 2005, were provided by the 
Superintendence of Physical Space (SEF -USP). These documents were 
analyzed to recognize the progression of the spatial changes of the 
building in use. To this end, technical visits were carried out to confirm the 
adequacy of the most recent existing records and to update the plans with 
undocumented physical and occupation changes.

The files received were processed to prepare the graphic resources used 
in the other research procedures and in the dissemination of the results.

Semi-structured interviews

The semi-structured interviews were prepared with the purpose of 
directing the collection of information on the functions and activities 
related to the emergency services of healthcare facilities. Three interview 

Illustration 3 . Example of relationships between process and environment entities. Source: 

Authors.
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scripts were written for different types of functions related to the AER: 
healthcare, service support, maintenance, and administration/reception of 
the public. Each roadmap addresses the five topics indicated in Box 1.

Box 1 . Topics covered during semi-structered interviews. Source: Authors.

The interviews used to collect information took place between June and 
October 2022. The results of 13 interviews describing the activities directly 
and indirectly linked to the AER were used, and at this stage the interviews 
related to other sectors of the UH were not analyzed. Professionals who 
held a management position directly responsible for the operationalization 
of the activities were interviewed (Box 2). Therefore, it was possible to 
articulate the assignment of different employees in a sector without the 
need to interview the entire professional body involved.
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Box 1 . Topics covered during semi-structered interviews. Source: Authors.

The interviews were conducted in person and remotely. In the face-to-face 
interviews, the health safety protocols were followed within healthcare 
facilities. The resources from Box 1 were used to record the reported 
information. The audio of the interviews was recorded and preserved under 
the researcher’s custody. Remote interviews were conducted through 
recorded videoconferences, during which the interviewer shared his/her 
screen with the interviewee and filled out the tables and maps directly in 
the appropriate software, following the interviewee’s instructions.

The data related to the registration of the processes were documented in 
lists and tables that fed the MAEA database. The plant records were also 
post-processed in order to provide a graphic record to the researchers for 
checking the results and complementary analyses.

Walkthrough

To confirm the records made in interviews and to broaden the 
understanding of the dynamics of the functioning of the HU-USP ER, the 
researchers carried out some walkthroughs in the building.
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Walking through the hospital different areas with people from different 
job positions, aimed to observe the options of path and access to the ER, 
although it does not correspond to a sample quantity of the flows, but to 
a direct observation of the field researchers. The paths were documented 
in a printed plan, during the completion of the routes, with the aid of A3 
drawing boards (size 297 x 420 mm). Two walks were also carried out 
with a professional manager, documented with photos and videos that 
illustrated the observations made by the professionals who accompanied 
the researchers. Such recordings avoided facial recognition of passers-by.

Quantification of flows in circulations

Two researchers carried out a sample survey of the flow of people who 
transit through the nearby corridors and accesses to the AER to quantify 
the flow in the circulations of the healthcare facility. The coming and 
going of people alone or on stretchers, wheelchairs, among other types of 
machinery, material and waste were computed.

Characterization of the case study

The ER is a vital and complex sector for any healthcare facility (Brambilla et 
al., 2022), as it corresponds to a “gateway” to primary care, through which 
many of the patients who are admitted to a hospital enter (Morgareidge; 
FALLS; JIA, 2014). Problems of inadequate flow of agents, patients 
and companions within the ER can impact the functions of the entire 
healthcare facility and hinder the provision of health services (Sasanfar; 
Bagherpour; Moatari-Kazerouni, 2021).

The University Hospital of the University of São Paulo (HU-USP) is located 
at the Butantã campus, in the city of São Paulo. It was conceived in 1966 
and today brings together teaching and research activities in different 
areas of health, related to medicine, nursing, dentistry, nutrition, 
psychology, physiotherapy, occupational therapy, speech therapy, 
pharmaceutical sciences and social work (Margarido, 2021). The institution 
belongs to the Brazilian National Health System (Sistema Único de Saúde, 
SUS) as a tertiary healthcare center (BRAZIL, MINISTRY OF HEALTH, 2006) 
that assists the university community and the population of the city 
(Illustration 4). It has an AER and a children’s emergency room (CER), both 
of which are often overcrowded (Roman, 2010).
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The building consists of a service floor, identified as the second basement; 
a floor that accommodates the ERs, outpatient clinics and exams, 
identified as the first basement; and an administrative floor on the ground 
floor (Illustration 5), in addition to other pavements not addressed in this 
study, since the focus of the mapping carried out in the AER activities is 
only the three floors of the basement.

Illustration 4 . Access to the administrative floor and to the public. Source: Authors.
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Illustration 5 . Schematic plans of the 1st, 2nd and 3rd floors, AER plan. Source: adapted from the 
archives provided by SEF HU-USP.
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Discussion 

The mapping indicated low congruence between the allocation of AER and 
the support services regarding emergency care. Conflicts were identified 
between the occupations of contiguous spaces within the AER sector. The 
cases indicated on the map were analyzed one by one, comparing them 
with the findings using the POE methods used in the same case. Some 
of them are presented below to demonstrate the development of the 
conference analysis of the results.

Organizational congruence of the AER environment

A point of environmental incongruence mapped, and confirmed by 
the observations, is in the location of the observation room next to the 
main access to the AER. The tool indicated that this relationship was not 
justified (Illustration 6, a) and the interviews, flow quantification and 
direct observation confirmed that this location causes flow conflicts and 
exposure of patients to the dynamics of emergency maneuvers, increasing 
their stress and feeling of insecurity.

Illustration 6 . Excerpt of a congruence map between the environment and the process. Source: 
Authors.
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Another issue that the processing evidenced is the access to the 
isolation room through the observation room (Illustration 6, b). This 
spatial arrangement is a constant concern (AER plant, Illustration 5), as 
it increases the risk of contamination even in a situation where negative 
pressure works. Some relationships between environments and access 
circulation have not been recognized (Illustration 6, c), possibly because 
the survey does not record all the steps of an activity. A solution to this 
situation is addressed in the indication of future development afterwards.

Organizational congruence of the process 

Another conference is associated with the congruence of the process with 
the environment, in which a matrix that relates the activities shows the 
occurrence of interactions resulting from the environment in which they 
are allocated. The cases highlighted focus on the nursing services of the 
AER and its main interactions with other services (Illustration 7). 

Nursing services are performed by the head nurse, nurses, and nursing 
assistants. The first activities are predominantly sequential and have little 
impact on the other AER activities (Illustration 7, a). At the beginning, 
there was a small circular relationship between the AER staff meeting 
and their shift management.  Three activities stand out (Illustration 7, 
b) for impacting the activities of other services. The supervision of the 
AER nursing care involves intense circulation between the observation, 
medication and supply rooms, medical prescription counter and 
circulations; the clinical evaluation of the patient welcomed in the AER 
begins at the access to the AER, crosses the observation room and is 
completed in front of the prescription counter (AER plant, Illustration 5), 
when at least one nurse and one physician classify and transfer the patient 
accordingly.

Another point highlighted in the excerpt made from the matrix is the 
activity of cleaning AER environments, which does not have a direct 
relationship of precedence with nursing activities but impacts all activities 
that take place in the AER (Illustration 7, c, d). Activities not marked in this 
column occur in other sectors, such as employee access and waiting room 
(healthcare facility plan, Illustration 5). In the end, we highlighted the set 
of activities with cyclical relationships not mentioned in the interviews but 
that were detected on the map and confirmed by the other instruments 
of the POE (Illustration 7, e). It is noteworthy the medication distribution 
and distribution of consumables, permanent and sterile, both activities 
require dislocations through the environments to verify consumption and 
replenish stocks so the activities dependable on them are supplied.
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Illustration 7 . Excerpt of the congruence map between the process and the environment. Source: 
Authors.
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The existence of these situations, linked to activities with a great impact 
of displacement and cyclical arrangements, is a driver for studies of new 
organizational arrangements, whether focusing on environmental or 
procedural change.

Considerations regarding the gathering of information through 
APO

Some considerations about the procedures adopted are noteworthy.  

During the visits, some physical and occupational changes were identified 
in relation to the document analysis, carried out mainly to adapt the 
facilities to the pandemic. Therefore, when mapping existing cases, it is 
important to check if the documentation is consistent with the current 
situation of the analyzed healthcare facility. From an organizational 
perspective, this emphasizes the importance of keeping an updated as 
built.  

As for the gathering of information about the process, the research 
focused on key agents to identify the main activities of each sector and 
service that affected the AER. This approach was suitable for testing the 
instrument. If more detailed records are needed, it is possible to interview 
the entire population involved in the organization.

Conclusions

The results presented and discussed in this document address the 
verification of the data processed by the MAEA by comparing them with 
the findings of an AER POE at the HU-USP. The details of the fundamentals 
of the instrument are described by PEREIRA et al. (2023). The confirmation 
of the relationships mapped by the method empirically corroborates the 
theoretical validation initially obtained. Thus, it is possible to point out 
that the MAEA provides a map of relationships between processes and 
environments of an organization, so that designers and building managers 
have a subsidy to decide on the maintenance of a situation or promote a 
change. 

In existing allocations, maps are an initial piece of evidence, the 
occurrences of which should be investigated, as they can indicate both a 
failure in the mapping process and allocation problems, which provides 
an opportunity to design improvements to the existing arrangement. The 
occurrence of more cases like this offers more opportunities to compare 
mapping and the existing situation, which contributes to refining the 
interpretation of the results, if they are reported. MAEA can also be used 
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as a PDE method, simulating the congruence of designed allocations. 
Therefore, it can support designers and managers’ decisions in situations 
where activities will still be allocated in a space without predetermined 
use, or even in situations where the environment will be designed. 

Limitations. MAEA is an analytical tool based on PDE, i.e., it is not suitable 
for the analysis of discrete and dynamic events. For these cases, an 
approach based on behavior simulation would be better, which requires 
greater expertise from users of the software and equipment with a high 
computing capacity. The results presented were obtained from a single 
case. Thus, the reporting of the application of the method in other cases is 
important for its consolidation, improvement, and statistical validation.

Further developments. The main development of this research is the 
development of the software that allows the application of MAEA by 
professionals and researchers in architecture, engineering, construction, 
and operational activities. Although it is particularly interesting for 
healthcare facilities, its uses extend to different types of work organization 
and other forms of social organization. In addition, you can incorporate 
more organizational domains to add breadth and depth to the mapping.

An ongoing development is the implementation of the automatic tracing 
of the paths taken by users for the allocated activities. In this modality, 
the program calculates the best route for the activities to take place and 
incorporates this information into the database. This will allow the study 
of better paths in locations not yet implemented (PDE). Another work in 
progress is the reading of floor plans in .PNG images, which automates 
the indication of spatial properties such as dimensions and relationships 
between environments. Both features will be made available in the final 
version of the software.
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Abstract

Considering that dementia affects more than 1.2 million elderly 
people in Brazil, this article discusses the contributions of architectural 
design sensitive to dementia in health and in the qualification of the 
experience of the elderly in hospital environments. Based on a literature 
review, a selection of studies was carried out that highlight the most 
relevant concepts and that have contributed to the deepening of 
the understanding of design sensitive to dementia, presenting some 
examples of projects that incorporate these concepts and the theories 
that support them. This document is part of a broader research aimed 
at identifying the implications, benefits, and therapeutic possibilities of 
using neuroscience applied to architecture in health centers, to establish 
design concepts to be applied in a case study of homes for the elderly. 
The results showed that environmental variables such as light, geometry, 
layout, and access to nature tend to qualitatively affect the experience of 
these patients, in addition to reducing the workload of caregivers. 
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Introduction 

The increase in global life expectancy has boosted the number of elderly 
people with dementia, a condition that affects one person every seven 
seconds. Between 2000 and 2019, the cause of death from dementia 
increased by 181%, being more evident in underdeveloped countries 
and characterized as Alzheimer’s disease (AD) in 60% of cases. In Brazil, 
it is estimated that, in 2050, dementia cases will increase by up to 240%, 
generating several social, family, and public health problems, since 
dementia symptoms gradually compromise the individual’s cognitive 
autonomy (Alzheimer’s Association, 2020; GBD Dementia Forecasting 
Collaborators, 2022; IBGE, 2019).

In addition, being referred to hospital units has proven to be a challenging 
period for patients with brain impairment, making it difficult for them 
to get adapted to an unfamiliar environment and unfamiliar people, 
such as the health staff (Sociedade Beneficente Israelita Brasileira Albert 
Einstein, 2019). It is estimated that the cost of hospitalization for people 
with dementia is almost three times higher compared to patients without 
dementia (Gutierrez et al., 2014). Older adults with dementia have 
almost twice as many annual hospital admissions as older adults without 
dementia (Sociedade Beneficente Israelita Brasileira Albert Einstein, 
2019). Deterioration of spatial orientation is a symptom that manifests 
itself in the early stages and progresses depending on the environments 
experienced by the patients (Gazova et al., 2012). 

In the city of São Paulo, for example, a significant portion of the population 
is elder, reaching about 1.9 million individuals, which is equivalent to 
15% of the total. This population has specific needs related to mobility, 
accessibility, leisure, and health (Santos, 2022).  

For elderly people in fragile health situations and with unique needs, 
considering dementia symptoms, São Paulo has the Reference Units 
for the Health of the Elderly (Ursis). The decision to refer a patient to 
the Ursis occurs after the staff at Basic Health Units (UBSs) carries out 
the Multidimensional Assessment of the Elderly (AMPI-AB). The AMPI-
AB provides an accurate assessment of the aging process of the elderly, 
their level of frailty and their specific demands. In total, approximately 
6,000 elderly people receive monthly care in Ursis. The main purpose is 
to ensure that the elderly can age autonomously and enjoy a good quality 
of life at this stage of life (Andrade et al., 2020). However, the exponential 
increase in the number of elderly people and the setting of these 
health spaces compromise the quality of the service, resulting in longer 
treatment time and medical expenses (GBD 2019 Dementia Forecasting 
Collaborators, 2022).
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In this context, research in hospital architecture plays a fundamental 
role in the systematization of knowledge that can be applied nationally. 
In view of the scarcity of national bibliography on hospital architecture 
applied to the elderly with dementia (Wiener; Pazzaglia, 2021), the search 
for architectural design solutions appropriate to the growing demand 
of this public is essential to provide a therapeutic, safe, and welcoming 
environment for these patients. 

Purpose and methodology

This study aimed to explore and discuss the implications of this issue, 
highlighting the importance of interdisciplinary research among architects, 
health professionals, and gerontology specialists for the development of 
architecture design guidelines for hospital units intended for the care of 
older adults with dementia and other frailties. Understanding the specific 
needs of these patients and understanding how the physical environment 
can influence their health and well-being is critical to developing spaces 
that promote recovery, comfort, and dignity.

For this study, we carried out a literature review on the existing content on 
the themes of aging, architecture, health spaces and dementia. As a result, 
the works of Barrett, Sharma and Zeisel (2018), Lawton M. Powell (1997), 
Mariana G. Figueiró (2008) and Gesine Marquardt (2014) were further 
analyzed, among other relevant authors in the context of spatial influence 
on dementia. The study highlights the importance of interdisciplinarity that 
permeates the knowledge of neuroscience and aging applied to hospital 
architecture, aiming to foster a set of recommendations applicable to 
health environments suitable for the public with dementia. 

Typical aging and dementia 

Both typical aging and dementia result in significant declines in spatial 
orientation and navigation skills1 (Lester et al., 2017). Spatial orientation 
and navigational skills begin to deteriorate relatively early in the aging 
process, even when there are no apparent impairments in other cognitive 
abilities (Harris; Wolbers, 2012). This gradual loss of navigational skills is 
even more evident in individuals with mild cognitive impairment (MCI) 
or AD (Fasano et al., 2018), in which disorientation is typically one of the 
first symptoms (Serino et al., 2015), especially in unfamiliar environments. 
Research on typical aging has shown that older adults exhibit walkability 
performance similar to that of young adults on spatial tasks in familiar 
settings (Lopez et al., 2018). However, declining orientation and navigation 
skills make it difficult for seniors to walk and learn in unfamiliar new 
environments. This is problematic, since a considerable proportion of 

1 According to Lester et al. 
(2017), spatial navigation is 

characterized as the individual’s 
ability to locate and move from 

the built environment. The user is 
guided by the different landmarks 

in the space in which he or she 
is located. During aging, this 

ability can be affected mildly, 
moderately, or severely. When 
spatial navigation is altered, it 

can represent a strong marker of 
cognitive declines in the elderly.
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older adults with and without dementia eventually move from their 
familiar environments to unfamiliar locations such as hospitals, clinics, 
and assisted care homes (Mufato et al., 2020). In 2018, ELSI-Brasil pointed 
out that 75.3% of elderly Brazilians depend exclusively on the services 
provided by the National Health Systema (SUS), and 83.1% had at least one 
medical appointment in the last 12 months. During this period, it was also 
identified that 10.2% of the elderly were hospitalized one or more times 
(Fiocruz et al., 2018).

Generally, the design of health care complexes does not take into account 
changes in the walking abilities of the elderly. If they had this biological 
factor during the design of the project, the transition of older adults with 
AD to facilities of this size could become simpler (O’Malley et al., 2016). 
To make it possible for the layouts of larger environments, such as care 
homes, retirement homes, or even hospitals, to be understood relatively 
easily, these environments need to be designed in a way that facilitates 
spatial orientation and compensates for diminished navigation skills. This 
allows residents to adapt more easily to the new accommodation and 
would improve their quality of life and well-being. In addition to allowing 
the maintenance of a greater degree of independence and a reduction in 
the workload of caregivers (Marquardt; Schmieg, 2009).  

According to O’Malley et al. (2017), there are several architectural design 
guidelines  and management tools that address the “dementia sensitivity” 
of an environment: the Dementia Audit Tool (DAT), developed at the 
Centre for the Development of Dementia Services; the EVOLVE design 
toolkit; the “Enhancing the Healing Environment” (EHE) assessment tool, by 
The King’s Fund; the Environmental Audit Tool (EAT); and NHS Scotland’s 
guidance document on guidance, the only one dedicated exclusively to 
guidance in healthcare facilities but not specifically focused on dementia-
sensitive hospital settings (Estate, 2005). 

While these guidelines provide advice on how to improve the design of 
care settings to support people with AD and other types of dementia, 
few design suggestions focus specifically on alleviating disorientation 
and aiding navigation; those that do are often not well-grounded by 
neuroscientific theories of walkability (O’Malley et al., 2016). In this article, 
based on the literature review pertinent to the subject, it is argued that 
neuroscientific theories of orientation and navigation, supported by 
experimental evidence and design applications, can and should play an 
important role in improving the design of health care environments for the 
elderly. 

The concepts of aging and spatial navigation, neuroscience applied to 
architecture and the influence of environmental variables on users stand 
out among the most used in the area of architectural design of spaces 
intended for the provision of health services for the elderly. 
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Aging and wayfinding

Wayfinding involves coordinated, goal-oriented movement in the 
environment (Montello et al., 2005), being defined as the process of 
determining and navigating a route, from an origin to a destination 
(Golledge et al., 1987). Wayfinding is also considered a complex and 
multisensory skill susceptible to wide individual differences (Van Buuren; 
Mohammadi, 2021) which is affected by personal or collective emotions 
and motivations. For example, spatial anxiety has a detrimental effect 
on wayfinding performance, especially in complex navigation tasks 
(Marquardt, 2011). On the other hand, the sense of spatial self-efficacy and 
the pleasure of exploring unfamiliar environments are positively correlated 
with wayfinding performance (Pazzaglia; Meneghetti, 2017). 

Good wayfinding skills (derived from the interaction between individual 
and environmental factors) are an important source of quality of life 
and autonomy. Emotions become even more relevant in atypical aging 
when people with dementia interact with unfamiliar environments. 
Several studies have shown that the role of the environment is extremely 
important in reducing stress and promoting quality of life. In a review 
on the impact of built environment design on people with dementia, 
Marquardt et al. (2014) found that small-scale environments, an 
environmental aspect strictly related to space navigation (Marquardt; 
Schmieg, 2009), are associated with reduced dysfunctional behavior 
and improved well-being, including reduced depressive symptoms and 
improved mood and quality of life.

When it comes to cognition, spatial navigation depends on various 
sensory and cognitive processes, as well as on long-lasting and transitory 
spatial representations (Wolbers; Hegarty, 2010). Visual and auditory 
stimuli capture information from the built environment, allowing spatial 
understanding by the user. Visual stimuli added to vestibular receptors 
and proprioceptors provide information about how people move through 
space. All these inputs are processed and integrated to allow the individual 
to locate themselves in their position, orient themselves and plan routes to 
their intended destination.

The ability to plan a route, move towards a destination, and reach 
it derives from the interaction between individual, sensory, and 
environmental factors (Pazzaglia; Meneghetti, 2017). In this context, certain 
interactive models of navigation and wayfinding have been proposed. 
Next, interactive navigation models and navigation studies were reviewed. 
Although the purpose of this article is to provide architectural design 
suggestions for the interiors of healthcare settings and care settings, it 
is observed that people employ the same walkability mechanisms both 
indoors and outdoors. Therefore, we cite research that used both types of 
environments.



281 IPH Magazine  •  ISSN 2358-3630  •  n. 20  •  december 2023

Carpman and Grant (2002) analyzed wayfinding behavior in indoor 
environments in terms of systems in which combinations of behavioral 
factors (cognitive variables and individual differences), building design, 
and operational elements (e.g., indoor signage, location maps) interact to 
create an environment in which it can be easy to walk. 

Carlson et al. (2010) suggested considering the complexity of indoor 
wayfinding in terms of environmental variables (characteristics of a 
building), spatial representations of people or cognitive maps (a kind of 
mental image of the environment) and personal factors (individual spatial 
skills and strategies). According to Tolman (1948), the way these elements 
interact can be analyzed in terms of: correspondence (between a building 
and a cognitive map); compatibility (between a building and individual 
strategies); and completeness (between a cognitive map and individual 
spatial skills and strategies). The joint analysis of these components can 
generate promising developments about navigation problems presented 
by a given building.

A similar interactive approach is adopted by ecological models 
of gerontology that explain the relationship between individual 
characteristics and environments in terms of user-environment 
adjustment (Kahana, 1982), in which people’s ability to express their full 
potential depends on their compatibility with their environment. 

The ability to cope with the environment may decrease as people become 
more vulnerable due to ageing (Schröder-Butterfill; Mariani, 2006). These 
vulnerabilities result in people becoming increasingly dependent on their 
environment, as predicted by the Environmental Docility Hypothesis 
(Fornara et al., 2019; Lawton, 1977; Lawton and Simon, 1968). This also 
explains why individual differences in each user’s spatial mobility behavior 
must be analyzed, considering the environmental variables that facilitate 
or inhibit navigation (Devlin, 2014). 

Such perspective can be observed in the architectural design proposed by 
the housing project focused on the health of the elderly with dementia, 
Hogeweyk Dementia Village, in the Netherlands, whose rooms for patients 
with dementia are customized according to culture, life history and 
leisure activities (Illustration 1). According to the Environmental Docility 
Hypothesis, recognizable environments contribute to emotional resilience 
and quality of life (Lawton, 1977). 
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For such reasons, the cognitive aspects contemplated by neuroscience 
applied to architecture were studied, with a view to analyzing the 
environmental variables that qualitatively affect the navigation of healthy 
elderly people with dementia in the built environment. Evidence from 
these individual and environmental factors will be used to inform the 
design guidelines listed in the last section of the article.

Neuroscience applied to architecture. 

When applied to architectural design, neuroscience aims to improve built 
spaces to generate positive effects on the physical and mental health of 
human beings (Fajardo, 2018). This method of uniting research and design 
is crucial, since elderly people spend more than 87% of their time in a 
closed hospital environment, and possibly these spaces are not suitable 
for them (Bruchert; Baumgart; Bolte, 2021).

Neuroscience presents itself as the scientific field dedicated to the study 
of the functioning and understanding of the nervous system, composed of 
the brain, spinal cord, and peripheral nerves. In this sense, neuroscience 

Illustration 1 . In corridors and waiting rooms, familiar and cozy furnishings are applied, fostering 
an atmosphere that is diverse from the classic appearance of the healthcare environments present in 
Hogeweyk. The side view of the outdoor gardens helps in this ambience. Source: homesmiths.co.uk 
(2020).
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applied to the built environment starts to bring design strategies to 
stimulate welcoming (Solís; Herrera, 2017), well-being (Paiva; Jedon, 2019), 
faster recoveries, and therapeutic effects (Shaaban et al., 2023). Some 
examples of these strategies include the use of natural materials, natural 
lighting, colors, architectural shapes, textures, natural materials, and the 
arrangement of furniture and objects.

According to Browning, Ryan, and Clancy (2014), buildings that have 
multisensory connections to the outside world can provide therapeutic 
benefits, as occupants consistently express a preference for visual and 
non-visual engagement with nature and landscape. Furthermore, Kellert 
(2008) argues that the presence of water is aesthetically appealing and 
has the ability to stimulate a wide range of senses, including hearing, 
movement, touch, taste, and smell. The multisensory and timeless 
engagement makes it an ideal choice for incorporation into outdoor 
spaces whose purpose is to mitigate anxiety and stress on the part of 
patients undergoing treatment or even to serve as a visual landmark for 
space orientation. These are just a few examples of design strategies that 
neuroscience applied to architecture uses to achieve its goals.

In this aspect, the built environment is initially perceived through 
emotions, an instinctive and efficient system, sensitive to both negative 
and positive emotional repercussions2. Paiva and Jedon (2019) state 
that individuals in a hot environment, for example, may sweat, feel 
uncomfortable, and be unable to concentrate. Another example is the 
feelings of fear, anxiety, and alertness that can be generated in dark and 
unfamiliar environments. 

Such interaction between the environment and the individual can go 
unnoticed to users, considering that some sensations are unconsciously 
captured by the brain, according to the studies of Eberhard (2009). Paiva 
(2018) and Khaleghimoghaddam et al. (2022) argue that such interactions 
can result in changes in physiological state, such as changes in hormone 
levels, heart rate, skin conductance, blood pressure, body temperature, 
and muscle tension. They can also modify emotional state, behavior, 
decision-making, and mental health. Villarouco et al. (2021) corroborates 
by highlighting that: 

[...] the environment constantly provides stimuli — of greater or lesser 
intensity — that are captured by the body as sensations for the mind 
to process, generating perceptions and awareness, which can trigger a 
behavioral response (Villarouco et al., 2021, p. 20).

In other words, the characteristics of the environment cause physiological 
reactions that can increase or reduce the mental capacity to perform a 
specific task. Therefore, it is necessary to create spaces that can encourage 
human beings to improve their performance, in order to maintain the well-
being and health of users. 

2 According to Paiva and Jedon 
(2019), they are characterized 

by physical manifestations, 
and may present psychological 
symptoms, which may include 

anxiety, irritability, impatience, 
fatigue, tiredness, sadness, loss 

of pleasure, and lack of interest in 
daily activities.
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With neuroscience applied to architectural design, it is possible to design 
environments for older adults with dementia that are able to compensate 
for certain cognitive weaknesses, such as the loss of balance during a walk, 
enabling autonomy and improvement in the experience of these patients 
in hospital environments. Mental health, safety when walking through 
corridors, well-being, and lower stress levels in hospital settings can all 
be achieved depending on the architectural design strategies applied 
to the variables of the hospital environment. Next, we will present the 
environmental variables evidenced by neuroscience that can qualify the 
experience of elderly patients with dementia in health care settings.

Influence of environmental variables on users in the built 
environment 

As mentioned, as human beings age, especially with the advent of 
neurodegenerative conditions, the ability to roam freely through 
space tends to decrease, making it challenging to explore unfamiliar 
environments without the support of a caregiver (Wolbers; Hegarty, 
2010). In addition, when the elderly need to go to the health environment, 
whether in hospitals, assisted living homes, or rehabilitation clinics, it is 
essential to promote spatial improvements in the architectural design that 
compensate for the patient’s declining orientation skills (Wiener; Pazzaglia, 
2021).

It should be noted that care environments differ greatly in size, 
architecture, available resources, and freedom to implement changes. 
Therefore, it aims to provide generic architectural design principles 
based on scientific evidence rather than specific solutions. These design 
principles can then be translated into customized solutions for specific 
environments, depending on how they will be used by the designers of the 
hospital environments.

Considering the spatial navigation, layout, light, geometry, and access to 
nature will be presented as the main environmental influences that can 
qualify the experience of the elderly, caregivers, and employees in health 
environments. 

Layout

When developing environments for people with declining navigation 
skills, design should consider simple corridor layouts, excellent visual 
access, some asymmetry, a clear signage system, and the presence of 
visual landmarks. The most effective layouts for the reception of seniors 
are accommodations in small spaces, where everything a resident 
needs is always in sight, in a comfortable way, allowing them to walk 
between their own rooms and the common areas with ease. Smaller-area 
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accommodations with good visual access reduce spatial disorientation 
because this layout facilitates spatial memory processing and recall, as well 
as redundant path decisions, with a well-defined and easy-to-understand 
start and end. In this sense, the arrangement of space plays a central role. 

Simplified and straightforward layouts, as pointed out by Marquardt 
(2011), have the potential to provide a more intuitive understanding of 
the environment, which is crucial for patients with cognitive declines. 
These layouts prevent confusion and anxiety, allowing patients to move 
more easily (Lithfous; Dufour; Després, 2013). In addition, visibility and 
identification of areas are crucial for successful walkability. Studies by 
Garling, Book, and Lindberg (1986) underscore the importance of clear and 
wide visual access, allowing residents to quickly identify different parts of 
the environment. The presence of distinct visual elements and landmarks 
helps to build a mental network of spatial orientation, as proposed by 
Ishikawa and Nakamura (2012).

The study by Van Buuren and Mohammadi (2021) analyzed 14 floor 
plans of care spaces for older adults with dementia. Such plants were 
evaluated by 14 design criteria dedicated to supporting orientation skills 
for the target group. From qualitative and quantitative analyses of the 
study, it was found that 3 of the 14 plants had better spatial walkability 
performances. Similar corridor layouts were found in Marquardt’s 2011 
study (Illustration 2). In addition, in both studies, special attention is 
suggested to the configuration of the floor plans, the shape and the 
natural light of the corridor (Van Buuren; Mohammadi, 2021; Marquardt, 
2011).   

Illustration 2 . Corridor layouts found in the studies by Marquardt (2011) and Van Buuren and 
Mohammadi (2021). (I) Narrow, straight, and uniform corridor; (II) Continuous path around an 
inner courtyard; (III) L-shaped circulation system with change of direction. Source: Adapted from 
Marquardt (2011). 

Although interventions, such as signage, furniture, lighting, and colors, can 
qualify the performance in the orientation of older adults with dementia, 
they cannot compensate for the inadequate architectural design present 
in the layout (Marquardt; Schmieg, 2009). Thus, based on the results of the 
studies discussed, it can be hypothesized that the designs whose layouts 
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are designed with those presented play a significant role in supporting the 
spatial orientation and navigation of people with dementia. 

Lighting in Healthcare Environments 

Having contact with natural lighting is of obvious importance for human 
health. Studies indicate that this feature affects the circadian cycle, 
performance, energy, sleep quality, vitamin D and serotonin levels in the 
body, as well as eye health (Kellert; Calabrese, 2015). 

The studies of Eberhard (2009) observed that natural lighting, when 
applied to the built environment, was able to affect the memory retention 
of users present in the environment. The results of the memorization 
tests done between the group with natural lighting and only the group 
with artificial lighting demonstrated this theory. Research shows that in 
classrooms with large openings for natural light, higher levels of attention 
and better learning have been found (Kaplan, 1995). In addition, studies 
such as the one by Boubekri et al. (2014, p.14) demonstrate that “[...] 
people who work in sunny environments sleep better and laugh more 
than those who spend the day in dimly lit offices,” besides contributing to 
improvements in sleep quality and the reduction of physical and mental 
problems. 

Regarding elderly patients, after the age of 60, several structural changes 
in the eyeball become more expressive than in adulthood. The aging eye 
becomes more sensitive, has lower visual acuity, less pupil opening, and 
light capture from the external environment (Chang; Guarente, 2013). The 
yellowing of the lens promotes less capture of the blue-length light present 
in the sun and indoors during the day (Sahar; Farajnia et al., 2012). 

This change, when added to the lack of light capture during the day by the 
elderly, causes metabolic disorders, among them: worse sleep efficiency; 
increased night awakening and sleep latency; and higher levels of daytime 
sleepiness because they do not effectively capture daily light stimuli 
(Feinslier et al., 2017).

When they are taken to nursing homes, healthy elderly people with 
dementia are, in most cases, exposed to less environmental stimuli, less 
physical activity and less exposure to light stimuli, contributing to an 
increase in neurodegenerative symptoms (Feinslier et al., 2017). In this 
sense of exposure to light, the color temperature emitted by electric 
lighting can be modified according to the circadian rhythm of inpatients, 
ranging from 6,500 Kelvin at dawn, 4,000 Kelvin in the afternoon, and less 
than 2,800 Kelvin in the twilight. When performed, this lighting system 
can provide improvements to mood, sleep, and a decrease in behavioral 
disorders present in patients with dementia (Barret et al., 2018). To 
facilitate these color temperature modifications, it is used tunable white3 

3 This technology makes 
it possible for the color 

temperature of the light to 
change automatically from warm 

(less than 2,800 Kelvin) to cool 
(more than 2,800 Kenvin), and 

vice versa, according to what was 
previously programmed. This 
allows you to manipulate the 

lighting according to the needs of 
each time and environment. With 

tunable white it is possible to 
simulate the daily cycle of the sun, 

helping to regulate the circadian 
cycle, better known as the 

biological clock. This alternative is 
excellent for patients hospitalized 

in hospital rooms and ICUs who 
do not have access to natural 
lighting and, therefore, have 
their physiological functions 

unregulated, since sunlight has 
a direct influence on the correct 

functioning of the circadian 
rhythm (Tuaycharoen, 2020).



287 IPH Magazine  •  ISSN 2358-3630  •  n. 20  •  december 2023

lighting systems, as they can mimic the intensity of natural lighting, as 
shown in Illustration 3 (Tuaycharoen, 2020).

In this regard, the research conducted in Asia evaluated the behavior 
of 308 elderly Thais aged between 61 and 79 years old, coming from 
six different controlled health environments. It was found that Thai 
elderly people begin to acquire greater autonomy and independence 
in a favorable environment that compensates for their biological and 
functional needs after the application of the tunable white lighting system, 
as shown in Illustration 3 (Tuaycharoen, 2020). In this study, significant 
factors included the type of opening, the type of lamp, the type of lamp 
bulb, and the type of view, as well as other factors related to the color, 
signage, and furnishings of the nursing home environments. In another 
study, it was observed that appropriate lighting and architectural features 
in terms of color, signage and furniture promoted the discovery of internal 
pathways, improvements in mood and sleep quality in elderly people living 
in nursing homes or inpatients in health settings (Figueiró, 2008).

Illustration 3 . Examples of image samples in the first part. The effect of CCT (a) cold (6,500 Kelvin), 
(b) white (4,000 Kelvin), (C) hot (2,800 Kelvin). The effect of the color of the room: (d) surface of the 
room in cool color tone, (e) surface of the room in white color tone and (f) surface of the room in 
warm color tone. Source: Tuaycharoen (2020). 
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The use of lighting with warm color temperature, about 2,800 Kelvin, at 
night in the rooms of residents in nursing homes showed: a decrease in 
sleep disorders; improvement in the mood and behavior of residents; 
improvements in the quality of treatment of dementia and cognitive 
conditions; and less burden on nurses (Figueiró et al., 2011). A similar 
study (2011) found that the use of extra light near the floor and contrasting 
colors between floor and wall can help patients in healthcare settings find 
their way to their respective room more easily (Wolkove et al., 2007).

In another experiment carried out in a home for the elderly for dementia 
care, the modification of the lighting to a carefully specified and 
implemented one provided improvements in sleep and mood during the 
day by AD patients (Figueiró et al., 2019). Thus, lighting integrated with 
the circadian rhythm, when carefully specified and implemented, provides 
improvements in mood, sleep and a decrease in behavioral disorders 
present in patients with dementia.

Finally, the recent study by Figueiró et al. (2020) aimed to analyze 
the sleep quality of 47 older adults with dementia in nine different 
controlled healthcare settings. The clinical trial was done at 25 weeks 
from modifications administered to all-day lighting. Using measures from 
actigraphy monitoring4 and standardized measures of sleep quality, mood, 
and behavior were used (Figueiró et al., 2020), the study found that a 
regular daytime lighting intervention with circadian efficacy can improve 
nighttime sleep and reduce depression and agitation in dementia patients 
living in controlled healthcare settings.

Therefore, in view of the studies demonstrated, it can be affirmed that 
lighting has a strong influence on mood, sleep, and the ability to recover 
and well-being of users of internal spaces, especially elderly patients. 
Therefore, it is essential to consider it in a hospital project that is receptive 
to patients with dementia. 

Color

Choosing appropriate colors is crucial in architectural design for people 
with dementia. The use of colors present in nature and high contrast 
between wall, floor and ceiling can improve walkability and object recall. 
Color preferences seem to remain stable, so customizing room colors can 
be beneficial (Ishikawa; Nakamura, 2012). Additionally, light colors can 
create a sense of spatial amplitude, while appropriate colors and contrasts 
can be used to differentiate areas and hallways. However, it is important 
to consider the ability of people with dementia to discriminate colors and 
contrasts, which may be reduced due to the yellowing process of the lens 
(Ishikawa; Nakamura, 2012). 

4 Simple and painless 
examination carried out with a 

device similar to a watch applied 
around the wrist. It has no age 
restriction and is indicated for 

patients with circadian rhythm 
disorders — that is, when bedtime 

and wake-up time are not in sync 
with the cycle of day and night. 
The test investigates excessive 

sleepiness or insomnia problems 
(Figueiró et al., 2020).
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O’Connor (2020) corroborates this by verifying in his study improvements 
in reading, inclusion, environmental comfort, and independence in 
walking. The main objective was to promote reading strategies for the 
public with dementia based on the workability of contrast with colors in 
texts and signage panels. The result was effective in the quality of adding 
possibilities of independence to the public with dementia from the easy 
reading of graphic signs (O’Connor, 2020).  

The use of artificial colors should be applied with caution, especially the 
shiny ones. Tones and imagery arrangements of natural tones mimicking 
flowers, sunsets, rainbows, plants, and animals can be applied in places 
whose function is to promote tranquility (Duzenli et al., 2018). Kellert 
and Calabrese (2015) corroborate the suggestion of using natural colors 
for welcoming and soothing atmospheres, considering that such shades 
create connections between the built environment and nature. Green, 
blue, and yellow, for example, are shades related to nature, allowing 
influences on stress reduction by stimulating the sense of environmental 
comfort and proximity to the external environment (Fernández, 2019). 
On the other hand, individuals exposed to red, or other colors with a high 
degree of saturation, may have their physiological state altered, such as 
increased muscle tension, adrenaline release, increased metabolism, heart 
rate, and physiological activities of the digestive system (Roth; Clar, 2018).

In this regard, the use of colors can promote positive or negative 
emotional valences in the elderly with dementia in health care 
environments, depending on how and in which place a certain shade is 
used. Therefore, it becomes an environmental variable to be considered in 
projects of environments sensitive to dementia. 

Shapes 

Architectural shapes also have an impact on the human brain. Square 
spaces can convey a sense of confinement, as the brain understands 
that it as an enclosed space. The studies of Lei Xia (2020) show that sharp 
angles in furniture, for example, can evoke a sense of danger, since 
human beings are instinctively threatened by sharp objects, considered a 
potential risk to injury. Such risk tends to cause stress and anxiety, even if 
unconsciously (Lei Xia, 2020).

In contrast, the use of mild curves or contours conveys a sense of security 
and comfort, as they resemble natural shapes (Kellert; Calabrese, 2015). 
Therefore, the mix of curved geometries creates a sense of dynamism, 
making the space less static and creating ever-changing, nature-like 
environments (Shaaban; Kamel; Khodeir, 2023). 
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In general, people prefer objects with curved contours over objects with 
sharp contours, such as the ends of a rectangular dining table. “This trend 
[...] seems to be related to the human mind’s implicit perception that 
pointed shapes are threatening and therefore can hurt” (Pati et al., 2016, 
p.175).

Another important element to evoke emotions in architecture is texture, 
due to its visual effect and, mainly, the possibility of tactile sensation, 
according to Roth and Clar (2018). The sense of touch plays a relevant 
role in perceptions, as it promotes the action of generating and modifying 
sensations. Textures and emotions are associated and can be measured 
based on temperature, softness, roughness, and the pleasure they provide 
to the individual (Iosifyan; Korolkova, 2019). Texture can be provided by 
natural materials, such as wood, natural stone, bamboo, straw, and clay, 
which bring textures and colors reminiscent of nature (Kellert; Heerwagen; 
Mador, 2011).

In addition, the height of the ceiling influences the journey of the 
experience in the built environment and consequently affects the user’s 
concentration levels. Such influence was shown in the research of 
Fernández (2019) and Shaaban, Kamel, and Khodeir (2023). High ceilings, 
for example, are suitable for environments intended for creative activities. 
In this case, it was recorded that the ceiling height above 2.5 meters 
promotes the activation of areas of the central nervous system related 
to freedom and exploration by the user. This activation makes it possible 
to promote both creativity and spontaneous behaviors. On the other 
hand, ceilings closer to the floor, less than 2.5 meter high, favor tasks that 
require more concentration and repetition. Both studies recorded that 
areas of the central nervous system related to goal setting, purposes, and 
attentional focus are activated in these spaces (Fernández, 2019; Shaaban, 
Kamel, and Khodeir, 2023). In this way, both the distances between the 
floor and the ceiling influence the unconscious behavior of the brains of 
users of built environments.

In the healthcare environment sensitive to dementia, the strategic use 
of colors, curvilinear paths, patterns, and materials that refer to nature 
is noticeable. These features provide easy orientation in the South Hill 
tower of the Rockwood Retirement Communities nursing home, located 
in Spokane, Washington, enabling residents to navigate the building 
independently, contributing to feelings of self-assurance and self-
confidence (Illustration 4). 
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Access to nature

When considering access to nature, the Stress Reduction Theory, 
developed in the 1990s by Roger Ulrich, suggests that natural 
environments can reduce physiological stress and aversive emotions. 
Another relevant theory was the one developed by Kaplan (1995): the 
Attention Restoration Theory, which argues that nature helps to renew 
attention after the exhaustion of cognitive resources used during daily 
activities. The theory suggests that the mental resources of human 
beings are limited, and therefore activities involving cognition, self-
control, creativity, and concentration consume much of the human body’s 
energy resources. Thus, both theories propose that the approximation 
of environmental resources contributes to the promotion of pleasant 
environments for the occupants of built spaces (Kaplan, 1995; Ulrich, 
1993). Therefore, the introduction of direct or indirect contact with natural 
aspects in healthcare environments becomes a promising architectural 
design strategy to mitigate stressors for older adults with dementia. 

Regarding the use of surfaces resembling natural features, the work 
conducted by Ikei et al. (2017) revealed that “[...] touching the wood 
with the palm of the hand calms the activity of the prefrontal cortex and 

Illustration 4 . South Hill Tower of Rockwood Retirement Communities nursing home, located in 
Spokane, Washington (2019)/Photo; Ben Benschneider (2019).
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induces parasympathetic nerve activity more than other materials [...]”, 
thus inducing physiological relaxation in users. This was also evidenced in 
the study by Bhatta et al. (2017) by showing that natural and smooth wood 
surfaces were perceived more positively in the emotional touch than those 
covered with materials that did not exist in the natural environment. 

Studies related to soundscape have shown that the sonority of the 
environment influences the emotional valence of elderly people with 
dementia in clinical support homes. The study conducted by Devos et 
al. (2019) showed that adequate noise monitoring and the application 
of sounds considered “soothing”, such as those of birds and those from 
nature, provide positive emotional valences, such as a sense of well-being, 
comfort, and security (Devos et al., 2019). 

Kosters et al. (2019) corroborates that by identifying the clinically relevant 
reduction in neuropsychiatric symptoms of 110 older adults with dementia 
in five support homes by mitigating urban noise and introducing natural 
sounds, as well as those pointed out by Devos et al. (2019). Another 
study, by De Pessemier et al. (2022), suggests that the incorporation of 
soundscapes recognizable as natural and appreciated by the public with 
dementia in clinical support homes contributes positively to the emotional 
valence of occupants. In the investigation, it was shown that approximately 
70% of users improved their well-being and environmental comfort (De 
Pessemier et al., 2022). 

Regarding natural fragrances, the study conducted by Silva et al. (2023) 
verified the efficacy of Lavandula angustifolia Mill. as an essential oil for 
pain relief and anxiety reduction. In this research, 83 studies from different 
countries were evaluated, involving different methods, applications, and 
effects. From the studies evaluated, 83% involved oil inhalation; 14%, 
oil application to the skin; and 3%, the ingestion of pills containing this 
substance (Silva et al., 2023). Thus, the application of this natural essence 
to architectural design presents itself as a promising sensory stimulus 
regarding the anxiolytic behavior and well-being of elderly patients with 
dementia in health care environments. 

Conclusions and recommendations

Architecture design sensitive to the elderly with dementia must carefully 
consider shapes, textures, ceiling height, access to nature, surfaces 
resembling nature, and natural scents to create environments that 
promote the well-being and quality of life of such population. These 
elements can play a significant role in improving the built environment to 
meet the specific needs of people with dementia.
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a Wayfinding: wayfinding is a critical aspect in the design of 
environments for older adults with dementia, as they often face 
spatial orientation challenges. The layout of the environment, 
including simple corridors, clear visual access, asymmetry, effective 
signage, and visual landmarks, plays a key role in improving their 
walkability.

b Natural lighting: exposure to natural lighting is essential for the 
physical and mental health of older adults, including those with 
dementia. Natural light affects circadian rhythm, improves mood, 
promotes well-being, and can help reduce sleep disturbances. 
Integrating tunable white lighting systems, which mimic the intensity 
of natural light, can be beneficial.

c Artificial lighting: carefully designed and implemented artificial 
lighting, including circadian lighting, can improve nighttime sleep, 
reduce depression and agitation in dementia patients. Lighting 
should be adapted to the needs of patients, considering the aging of 
the eyes and individual needs.

d Use of colors: choosing appropriate colors is crucial to create 
welcoming and peaceful environments for dementia patients. 
Natural colors and soft tones are associated with nature and can 
promote feelings of comfort and connection with the environment. 
Excessive use of bright and saturated colors should be avoided since 
it can cause agitation.

e Architectural shapes: avoiding sharp angles and sharp shapes, 
opting for soft curves and contours, convey feelings of security and 
comfort.

f Architectural textures: using natural materials that provide textures 
and colors resembling nature to create a sense of familiarity and 
connection with the environment.

g Ceiling height: the height of the ceiling should be established 
according to the purpose of the space. Higher ceilings can be ideal 
for creative environments, while lowered ceilings can improve 
concentration.

h Access to nature: integrating natural elements, such as green 
areas, natural light, and views of nature, reduce stress and improve 
the well-being of residents.

i Surfaces that evoke nature: using materials that resemble 
nature, such as natural wood, create welcoming and comforting 
environments.
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j Soundscape and natural fragrances: considering the soundscape, 
incorporating calming natural sounds, such as those of birds, and 
natural scents, such as Lavandula angustifolia Mill essential oil., 
create environments that promote feelings of well-being, comfort, 
and self-assurance.

To sum up, architectural design sensitive to the elderly with dementia 
must be thought of in a systemic way, taking into account not only the 
physical aspects of the environment, but also the sensory elements that 
can positively influence the emotional and cognitive state of residents. This 
approach can contribute to the creation of therapeutic environments that 
improve life quality and experience of people with dementia, promoting 
independence, well-being, and less work overload for caregivers and 
family members involved.
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Tye Farrow is a Canadian architect, graduated in 1987 from the 
University of Toronto, where he worked and later established his firm 
Farrow Partners. Since 2004, his office has been dedicated to the 
development of projects in health, education and housing, guided by 
a design sensitive to the local context and characterized by the use of 
natural materials and less environmental impact, notably exemplified by 
the undulating structures of engineered wood (mass timber) that mark 
some of his most recent projects. 

With the release of his book Constructing Health, Tye Farrow shows us 
how concepts from studies on neuroscience and salutogenesis, among 
others, can offer a way to “build health through specific and measurable 
design qualities and characteristics” and thus improve human 
performance in settings like housing, schools, healing spaces, urban and 
social spaces.

Author

Marcio N. de Oliveira

Constructing health – reflections and 
contributions to an enriched environment

Revise
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Farrow begins his book as he usually does in his famous lectures, showing 
a series of thought-provoking phrases and questions, accompanied by 
equally impactful images, which include photographs of iconic locations 
and records of projects carried out by his office. In this section, the author 
not only seeks to draw the readers’ attention, but also to invite them to 
reflect on the main themes that will be explored later. The text itself is 
structured in an unpretentious way, in the first person, emphasizing the 
experience of the architect himself, thinker of spaces, from the realization 
that the environments he designs influence in different ways the health of 
those who use them.

Based on studies conducted during a specialization in neuroarchitecture 
at the University of Venice (Italy), Farrow identifies the key elements to 
be observed to create what he calls “enriched environments.” By arguing 
that the architecture of built spaces can either “promote” or harm health”, 
especially mental health or, as he prefers it, the “mind health”, the author 
offers a brief exposition on the main concepts, theories and definitions 
related to the interaction between the built environment and health. It is 
thus identified which of these concepts are gradually being adopted by 
contemporary designers with a brief explanation of each. 

In the opening chapters, the author explores the workings of the human 
brain and mind, addressing their characteristics such as sensations, 
emotions, feelings, and perceptions. Often using the metaphor of 
food, Farrow argues that in addition to promoting health, an enriched 
architecture has the power to nourish the senses. The following are brief 
comments on the main concepts related to human health and well-being, 
highlighting their characteristics and variations in different geographical 
and cultural contexts over the last centuries. 

Farrow points out that, throughout history, the concept of health has 
acquired different meanings, as in ancient Egypt, China, and among North 
American Indigenous Peoples. The author argues that we are now entering 
a “third era” of public health, characterized by a most comprehensive and 
holistic definition of health, according to the World Health Organization 
(WHO), which defines it as a complete state of physical, mental, and social 
well-being, not just the absence of disease.

The author then goes on to comment on the most current theories 
and concepts related to the person-environment relationship, with an 
emphasis on the concepts the sociologist Aaron Antonovsky presents 
in his well-known book Health, Stress and Coping, in which he develops 
the concept of salutogenesis, which proposed a paradigm shift to our 
approach: focusing on the causes of health instead of the  disease (aka 
pathogenesis).
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By stating that “architecture is never neutral”, Farrow develops the concept 
of an “enriched environment” characterized by having neuro-therapeutic 
qualities, which, in addition to satisfying functional and comfort aspects, 
stimulate creativity, facilitate social connections, and ultimately promote 
health in its most holistic sense. Moreover, he lists the various qualities 
of enriched environments, including generosity, variety and vitality, 
authenticity, hope, nature, silence, calm, solidity, and intimacy. 

The author then lists the environmental qualities that have the effect 
of awakening the senses, such as sight, smell, sound, touch, and taste, 
relating these to the feeling of well-being in people. Farrow argues that 
we should prioritize the design of places that may enrich people’s lives 
through experiences and multiply their opportunities to stand out, 
connect, and improve their health and well-being. 

Tye Farrow ultimately proposes a saluto-systemic approach to both the 
process and the formal ideas in the architectural design process. This 
type of perspective promotes, according to the author, transformative 
narratives, leading to healthy habits and behaviors for those who may 
have to spend time in hospitals and other health spaces, whether as 
patients, employees, or visitors.

In short, Constructing Health offers a captivating and transformative 
insight into the role of architecture in promoting human health and well-
being, besides inviting us to think about the desirable variety of qualities 
so the environments we design, and build can nourish the senses, 
stimulate creativity, and strengthen social connections in a holistic view of 
health. 

With over 300 images that illustrate Tye Farrow’s unique approach, this 
is a must-read for anyone interested in the power of design to improve 
people’s lives. The book is available in print in English on the website of 
the University of Toronto Press (https://utorontopress.com/) and on major 
online bookstores.
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Marcio Oliveira Neuro-architecture is a fascinating and emerging field 
that explores the impact of the built environment on human well-being 
and cognitive function. Can you share some insights on how this field 
of study has influenced your design of healthcare settings to promote 
healing and well-being?

Tye Farrow In the early days of my career, designing hospitals, 
intuitively I began to understand how certain hospital 
environments made us feel, and how other made us feel – better 
– for both those that healed and worked there. And this began 
to influence how we could create high performance medical 
facilities, but also importantly human performance “healthy” 
environments. And health is the key word as it relates to humans, 
not “healthcare.”

Today the word “health” has become synonymous with 
“healthcare.” Debates over efficiencies, wait times, and delivery 
systems have obscured the much larger question of how to reduce 
overall usage of and dependence on medical services. 

A Google search for “cause health” yields countless variations of 
“cause health problems,” “cause health abnormalities,” “cause 
health risks,” and “cause ill health.” Any positive search results 
on how we might actually create – or cause – health is absent 
from the online torrent of healthcare deficiencies and disease 
prevention tips. It appears we are living in a culture of negative 

Interview with Tye Farrow 
october 2023

Interview

Author

Marcio Oliveira
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health. No wonder the costs associated with keeping our society 
healthy have ballooned out of control.

If we wish to transform the culture of health and reduce its costs, 
we need to re-think hospital design. For this to happen, we need a 
saluto-systemic approach to both the process of designing and the 
formal ideas in architectural design – linked to mind health, and this 
perspective is at the intersection of neuroscience and architecture. 
This kind of perspective promotes transformative narratives, leading 
to healthy habits and behaviours for those who spend time in our 
hospitals as patients, staff, and visitors.

MO Mass-timber construction has been gaining popularity in recent years 
for its sustainability and aesthetic qualities. How have you integrated 
mass-timber materials into your projects, and what benefits do they offer 
in terms of patient experience and sustainability?

TF Certainly, the use of wood in terms of sustainability is great, as we 
try to de-carbon our hospitals, which are some of the worst building 
types in that regards.

But wood is remarkable, as it relates to human performance and 
outcomes, where there has been a lot of little-known research. 
Wood in healthcare/long term care facilities has a lot of physiological 
and psychological benefits: 

-The material & immaterial benefits include significant impact on 
health outcomes.

-It is hypoallergenic, has antimicrobial properties, as well as sound 
absorption & low off-gassing.

-Collectively decrease negative physiological effects on occupants.  

-On a neurobiological level, it supports the concept of Environmental 
Enrichment through all our senses: olfactory, tactile, visual & 
auditory influence on cognitive & physical health.

- Sensory intakes of wood derived olfactory, auditory, tactile, & visual 
stimulation resulted in a host of physiological benefits (Ikei, Song 
and Miyazaki.)

- Wood olfactory stimulation reduces blood pressure & cortisol 
levels. 

- Auditory tapping of wood calms theta and beta waves in the brain. 

- Wood in neonatal units: improved sleeping habits of newborns by 
+20%.
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- Wood in long term care environments supports convalescence, 
inspire hope, measuring resident’s subjective experience (Puuinfo, 
2014).

MO Healthcare facilities often require a delicate balance between 
functionality, aesthetics, and patient comfort. Could you discuss some 
innovative design approaches or strategies you’ve employed to create 
healthcare settings that are both efficient and welcoming for patients and 
staff?

TF Three examples come to mind:

a Thunder Bay Regional Hospital Cancer Radiation Treatment Rooms 

The cancer radiation treatment rooms of Thunder Bay Regional 
Hospital were the first of their type in Canada. Typically, cancer 
radiation treatment rooms (also known, in war-like jargon, as cancer 
“bunkers”) are quite gloomy places with no natural light, but our 
treatment room design bring in direct sunlight from a carefully 
modeled skylight. While designing the rooms to control the radiation 
was technically challenging and had to meet the strict requirements 
of Atomic Energy Canada, the impact on the psychological well-being 
of patients and healthcare workers is enormous. 

Radiation dissipates its energy, and as a result its harmful 
properties, exponentially. Therefore, in cancer bunker design, we 
can limit its spread by manipulating the distance it travels and the 
shape of the route it must bounce through. Additionally, when a 
patient receives treatment, the radiation machine focuses laser 
lights on pre-painted marks on the body that allow for the required 
precision treatment of the cancer. This requires a very low light level 
to ensure the lasers are visible.

To meet these requirements, we began to study art gallery designs 
that allow the penetration of natural light, in focused ways, on 
paintings that should be viewed in natural light but are also highly 
susceptible to damage from it. The team arrived at an authentic 
solution that brings the north light straight down, in a focused way, 
along a modeled wall that grabs the light as it penetrates the room, 
to illuminate a naturally planted garden below. This way the light 
raises and lowers in intensity with changing weather and seasons, 
while keeping the daylight focused on the foot of the treatment bed, 
where patients undergoing radiation therapy can see it.

Usually, when you enter a radiation treatment room you move 
through an entry maze that dissipates the radiation. Typically, when 
you reach the end of it, you turn a corner and find yourself looking 
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directly at the seemingly over-scaled treatment machine, which 
can be a deflating experience. In the radiation treatment rooms 
at Thunder Bay, however, we flipped the machine around, so that 
when you enter you look past the machine to the sun-lit garden 
beyond, a simple but notable design breakthrough in cancer bunker 
design for the way it provides a sense of stillness, intimacy, and hope 
for patients and staff.

b High Performance COVID-19 Intensive Care Inpatient Units   

To increase the chances of a better outcome, medical staff enrich 
the oxygen levels for COVID-19 patients, which allows their lungs 
to function at a higher level than would be possible without oxygen 
enrichment. Likewise, our design strategy for rapid assembly 
COVID-19 ICU patient wards explored the ability to both “enrich” a 
typical intensive care unit to achieve better outcomes for patients, 
and to help medical staff do their best work at a time when they are 
labouring incessantly under some of the worst medical conditions 
imaginable. 

We began exploring how the physical space of a COVID-19 ICU ward 
could achieve solace for those caring or healing under very difficult 
conditions. Building on our work at the Thunder Bay Regional 
Hospital’s cancer radiation treatment rooms, where we applied 
daylight in treatment areas, we designed something similar as an 
accelerant for health and wellness outcomes. 

The COVID-19 ICU inpatient unit is a simple rectangular form with 
twelve single patient rooms on three sides of the floorplate and staff 
support areas on the fourth. The centre of rectangle contains the 
medical staff care zone. Above this central area, we raised the ceiling 
to create a four-sided clerestory window-lined lantern, allowing 
daylight to illuminate staff work areas – a rare condition in most 
intensive care units. 

For patients that need to face into the care zone for observation, 
windows at the back or side of their rooms would not provide much 
daylight and no view. However, the raised lantern provides direct 
views for ventilated patient lying in their beds – they can see out the 
windows above the care station, allowing them to feel part of the 
changing day/night cycles, seasons, and weather conditions. 

Even for patients who may be unconscious at first, this contributes 
to improved outcomes. The effects of improved health through 
participation in the regular circadian rhythms of daylight have been 
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well documented with premature babies in neonatal intensive care 
units. The salutary effects of proximity to a window and natural 
day/night light are similar for COVID-19 patients as they move from 
unconsciousness to semi-consciousness and finally consciousness 
again. Being able to sense or see the changing light conditions of a 
passing cloud, a sudden rainstorm, the warm afternoon sun, gentle 
moonlight, or dawn gives a sense of life, time, coherence, and hope.

c Embreathment, Embodiment, Environmental Enrichment, and 
Improved Oncology Outcomes in Israel’s Newest Cancer Centre 

The final example is at our recently opened Jerusalem cancer 
centre. We know today’s medical spaces need to be designed to 
surpass mere technical medical treatments, to enhance the entire 
human experience. In 2013, Shaare Zedek Medical Center (SZMC), in 
Jerusalem, began designing a new flagship Cancer Center for Israel, 
by combining several fields of knowledge in creating an “enhanced” 
or enriched healthcare environment, which leverages scientifically 
grounded, multi-sensory, neuro-wellness interventions, to increase 
the full clinical human experience. 

One’s physical environment impacts mental and physical wellbeing, 
referred to as Environmental Enrichment (EE). Diamond and 
Rosenzweig showed that immersive physical environments can 
alter the biochemical milieu and neuroanatomical structure of the 
brain (#Rosenzweig). Furthermore, “embreathment”, a relatively 
new concept in embodied cognition, is the representation of one’s 
physiological breath, in immersive experiences, used to enhance 
presence and body awareness; examples include body scan 
meditation and progressive muscle relaxation.

Embreathment can be used to reduce claustrophobia and 
associated negative cognitions including feelings of restriction and 
suffocation, by enhancing agency, sustained hopefulness, and 
interoception, where one’s ability to act is restricted. 

In cancer centres, claustrophobia in MRI suites presents a significant 
psychological challenge in delivering optimal medical treatments. 
However, using the representation of one’s breath to increase 
the sense of control has been shown to decrease one’s sense of 
claustrophobia.

A unique aspect of the recently opened SZMC cancer centre builds 
on these principles, with scientifically grounded, neuro-wellness 
interventions based on pioneering, world-leading research in 
multisensory integration carried out in Prof Amir Amedi’s Institute 
for Brain Cognition and Technology at Reichman University. Recent 
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neuroscientific breakthroughs have uncovered new insights into 
the senses and the bidirectional effect of the mind on the body 
(top-down) and vice versa (bottom-up), such as one’s perception of 
pain. Historically, pain triggered physicians to prescribe analgesics, 
yet chronic and acute pain are known to be complex phenomena, 
with a subjective veneer. Different people can experience the same 
physical nociceptive stimulus yet report differing levels of pain. 
Moreover, it is known that the senses influence our pain perception. 

Amedi’s lab has shown the overlaps between body representations, 
and areas related to high-order mental and emotional functions, 
(#Zeharia et al. 2019) whereby sensory information, such as pain, 
can be conveyed by alternative sensory modalities through sensory 
substitution, meaning that immersive experiences can reprogram 
the brain to bring about desired top-down influences.

For example, the use of external visual and auditory multisensory 
feedback immersive systems, that react to one’s breath in real 
time, through a process known as embreathment, has been shown 
to induce mind-body sensory substitution, which modifies one’s 
internal awareness. 

In the new SZMC cancer centre, the CT simulator room served to 
explore these multi-sensory neuro-wellness treatment experiences. 
The room was designed with maximal sensory programming 
capabilities, enabling multisensory integration with respect to 
concomitant presentation of auditory, visual, and tactile cues, 
including: a curved, LED display “surrounding” the CT, with ambient 
lights extending the display’s effect to the whole room; unique 
ambisonic audio system consisting of nine speakers, which allows 
for applying algorithms to localize sounds in space; and haptic 
interfaces along the beds surface. 

Finally, sensors were integrated to create interactive experiences, 
enabling a dynamic interaction to one’s own physiological signals 
through a personalized user experience. Reducing anxiety via 
localized sounds, representation of the user’s breath for enhancing 
sense of control and body awareness, which guides the user to a 
desired, calmer breathing pattern, resulting in, among other things, 
a sense of hopefulness. 

Projecting into the future, similar implementations would be 
constructed using human responsive technology, reactive lighting, 
and interactive kinetic architectural elements, in treatment rooms, 
waiting areas, and staff lounges, and eventually, applied to the 
entire range of the patient experience, beginning with the car park, 
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through the main lobby, and all circulation routes. By the time the 
patient reaches the radiation treatment room, the patient’s sense 
of agency – through an environmental enrichment journey, would 
be well underway leading to an enhancement of the whole human 
experience including hopefulness. Hopefulness is regarded as a 
scientifically-sound construct that is both cognitive and pragmatic 
(#Corn), building on Snyder’s model for hope (#Snyder) based on an 
orientation around goals that are plausible as well as meaningful, 
known as “Hope Theory”.

MO Farrow Partners has built a reputation for its work in healthcare 
architecture but has also worked with other themes. Can you share some 
examples of these projects you’ve worked on that you find particularly 
impactful or meaningful, and what challenges did you face in their design 
and implementation?

TF Internationally, indeed we are known primarily by our 
“healthcare” work, but as the book show examples of, we are very 
active in the city/urban design and knowledge/education zone. We 
have designed a few hospitals that have garnered international 
recognition for their thinking in this area. However, and while it 
may seem counter-intuitive professionally, I believe there are two 
questions we should collectively be asking. First, what would we 
need to do to “eradicate” hospitals as they are presently conceived, 
beyond the episodic events in life in which they are necessary, such 
as breaking an arm or the treatment of major illnesses? Second, 
what would we need to change in how our societies are structured 
and operate to enable this to occur? I believe we must move away 
from the idea of hospitals as “Centres of Excellence” in pathogenic 
healthcare, to that of salutogenic “Centres of Influence” that cause 
optimal health and well-being. Our health promoting Lifestyle 
Centres in South Africa are a good example of this thinking and 
resulting building typology.

In the structures of our present governments, health, what causes 
it, and the healthcare system, are siloed. We have ministries or 
departments of municipal affairs, housing, education, economic 
development, social services, and “health,” yet optimal health results 
from the combined influence of where we live, work, learn, heal, and 
play, our forms of transportation, what we eat, our social habits and 
interactions with others, and our natural and built environments. 
This siloing must change if we are to create a transformational 
revolution instead of small, incremental improvements. We must 
not just work on preventive health strategies, such as immunization, 
antibiotics, and proactive screening tactics that keep bad things from 
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occurring, but fundamentally move our gaze further upstream and 
turn our focus to what actively causes optimal health.

Our The Venice Archipelago Project in Venice, Italy is an example of 
city-making with a saluto-systemic approach to urban design and 
explores new research hypotheses in human and health-centered 
urban design strategies for complex urban systems and build strong 
person-to-place relationships by prioritizing the reverberation 
between inner space (individual) and outer space (environment) 
through the Theory of Constructed Emotion. The project is a 
previously unimagined, and practical way for Venice to address 
the “twin floods” of rising sea levels and mass tourism which have 
inundated the city with devastating effects over the last fifty years. 
How we can cause health’ through the act of city making.

Also, our “Living Bridge Project” continues our interest in multi-
use infrastructure in the Venice Archipelago master plan. In this 
instance, it explores using existing bridges to accommodate other 
uses, including reasonably priced housing in dense urban cities 
where available, affordable land is a scarce commodity; think of 
the Rialto Bridge in Venice or the Ponte Vecchio Bridge in Florence, 
which long ago combined infrastructure with human-scale, walkable, 
mixed-uses, thereby creating beloved urban environments and 
landmarks.

Vibrant cities around the world are facing urgent demand to offset 
an alarming side-effect of their success – a high quality of life 
that rapidly becomes inaccessible for people who are essential to 
nurturing healthy and resilient communities but can’t afford to live 
there anymore. This includes nurses, schoolteachers, and police, 
among others, who must face long commutes from suburbs and 
exurbs because of unaffordable living conditions in the city itself. 

Paired with this, we are seeing rising levels of mental health issues, 
specifically among those who live alone, young people, and seniors, 
due to growing levels of isolation in mind-numbing high-rise 
condominiums and apartment buildings. Many of the affordable 
projects being built also consist of only one age or socio-economic 
group, versus being multi-generational and economically and 
socially diverse, which creates more vibrant, helpful, and healthy 
communities.

The Living Bridge is a cost effective, micro-housing solution using 
modular, rapid assembly, lightweight building systems that emerged 
out of the automobile sector, which we have been involved in 
adapting to the construction sector. 
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However, the common theme in all our buildings, healthcare, and 
other “health-causing” buildings is an exploration of the following:

How do buildings make us feel?

How can they make us feel better?

Using research in the emerging intersection of neuroscience and 
architecture, we explore how our mind, and its various sensory 
systems, interacts with our built environment to enhance or harm 
health and well-being. 

Although the biological brain is physically housed in the skull, 
recent research reveals that the mind, the brain’s operating 
system, extends through and beyond the body to engage with 
our surroundings. This raises urgent questions about the role of 
architecture and placemaking in creating mind health.

We are working to bridge the gap in knowledge between the 
therapeutic medical world and the design community to reveal 
how the intentional shaping of our environment can support 
our physical and neurological health and well-being. It draws on 
research in fields of sensory integration theory, environmental 
psychology, occupational psychology, human factor psychology, 
experimental psychology, cognitive neuroscience, and attention 
restoration theory, as well as related non-clinical areas of health 
enhancement that include biophilia, neurodiversity, sensory impact, 
neuroaesthetics, neuroarts, neurophenomenology, neuro wellness, 
environmental neuroscience, and neurourbanism.

Our projects explore recent discoveries in cognitive psychology 
(the science of the mind) and neuroscience (the science of the 
brain) on how we form salutogenic, health-giving, person-to-place 
relationships that are similar to healthy and meaningful person-to-
person relationships.  

Through the study and application of environmental enrichment, 
we can discover how we can intentionally design our environments 
to make them more generous and offer affordances that help us in 
our daily life. This not only reduces environmental damage but also 
enhances physical, societal, and mind health. 

My new book Constructing Health: How the built environment 
enhances your mind’s health, attempts to offer an engaging and 
accessible way forward in how we can construct health through 
specific, measurable design qualities and characteristics which 
enhance human performance in the cities we live, the homes we 
dwell, the places we learn, and the spaces we heal.




