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A B S T R A C T

This study explores potential development and paradigm shifts in two main sectors of construction
and the built environment due to COVID-19. These development changes are discussed based on
evidence from previous pandemics, current and expected impacts on both industries, and how
they are likely to shape the next policy, practices, and perspectives. By assessing the primary areas
of both sectors through an expert-led analysis, this study suggests 10 potential development
changes that we could expect in the post-COVID time. These potential changes are discussed as
possible new practices, empowered regulations, or adaptive measures; and eventually towards
paradigm shifts. A total of 50 participants contributed to the selection, identification, and
assessment of these potential changes. The findings from this study feed into the assessment of
ongoing and forthcoming changes as a result of the current pandemic, specifically on two sectors
of ‘construction’ and ‘the built environment’. These will include paradigm shifts in architecture
practices, civil engineering practices, project management, and urbanism. Some of the suggestions
in this study may harness shared practices, and some may simply develop into new forms of
development practices in both sectors.
1. Introduction

As the world is facing the challenges of a major outbreak, the impacts becomemore than just the initial public health (Campion et al.,
2020; Foletti, 2020; Sharma & Bhatta, 2020) and economic factors (Bougheas, 2020; Muhammad, 2020; Rashid et al., 2020). Much of
the impacts are expected to happen in struggling economies (Mamun and Ullah, 2020; Zandifar & Badrfam, 2020) as well as the highly
infected countries. The already social and economic challenges (Kopnina & Blewitt, 2018) are those that are expected to be affected
more in the coming months and years. As part of the happenings of these recent months, a range of divergent emerging strategies is
proposed to tackle the current challenges (Puri et al., 2020). These could also be utilized for the preparation of cities and communities
for any potential waves of the outbreak (Bischof & Prewitt, 2020; Kim, 2020; Webster, 2020). The adversities as they grow will
encompass multiple sectors, making some of our systems more vulnerable than before. This is similar to the broader understanding of
the vulnerability sector proposed by Smith et al. (1996), and those that could be seen in context-specific examples (Kaushik & Guleria,
2020; Watanabe, 2020). During the COVID-19 pandemic outbreak, the deficiencies of our main systems have become more visible and
vulnerabilities are extended beyond just the economic system. The same applies to the cases of natural disasters (Guo et al., 2016). The
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many debates on current and future changes are mostly narrowed down to economic issues that are expected to last longer than expected
(Cheshmehzangi, 2020b), similar to previous pandemic cases (Maynard & Bloor, 2009).

Some sectors face new challenges and these would result in the development of new policies – even if temporary - and practices. The
paradigm shifts in practices will include – but are not limited to – architecture practices, civil engineering practices, project manage-
ment, and urbanism. As Mouard (2020, pp. 1–5) argues certain changes change us or become the new norms and altered realities of the
future. However, such factors may simply differ from context to context (Petracca et al., 2020). In general, some of the temporary
policies and practices may develop into potential paradigm shifts that would then be interesting to debate further. Thus, it is valid to
argue that we anticipate development changes in two overlapping sectors of construction and the built environment. The moving to
health (M2H) paradigm shift was suggested by Drewnowski et al. (2018), which was aimed to develop more connections between health
and the built environment. The reason to move towards a more health-oriented approach, or at least the studies of health and the built
environment, has never been as strong in the last century or so. Previously, even the impacts of climate change and pollution on human
health has never taken a strong standpoint in the built environment.

While the main international UK-based bodies of the Royal Institute of British Architects (RIBA), Royal Institution of Chartered
Surveyors (RICS), Royal Town Planning Institute (RTPI), and Chartered Institute of Building (CIOB) share the same concerns regarding
the larger impact of COVID-19 on the civil engineering, construction, and the built environment industries (RIBA website, April 16,
2020), we see signs of an ever-changing picture in these important sectors (Cheshmehzangi, 2020b; Kammerbauer, 2020). The impacts
are likely to be beyond the current debates on maintaining operations and businesses and protecting the workforces, or those that are
relevant to supply chain effects (Ivanov, 2020) and loss of businesses (Koonin, 2020). Beyond these ongoing and potentially increasing
impacts, there are possible major and minor development changes that may reshape our industries for a long time. Such development
changes may turn into new practices or empowered regulations or adaptive measures that lead to new laws and guidelines, and some
may just form into adaptive measures (Carnevale& Hatak, 2020; Cheshmehzangi, 2020a, pp. 1–10; Forsido et al., 2020; Sheridan et al.,
2020). These are similar to adaptive planning approaches (Alterman, 1988; de Roo et al., 2020, chap. 5) that are applicable for the
management of disasters and emergencies (Schmidt-Thome et al., 2015; Hudson, 2020; Stagrum et al., 2020). These are likely to form
new best practices (Allen et al., 2020; Bergman, 2020; Kissinger, 2020; Lumpkin & Lim, 2020; Sharfuddin, 2020), such as for design
guidelines, updated regulations, project management pathways, adaptive measures, rethinking paradigms, resilience ideas, enhance-
ment opportunities, etc. (Agarwala& Vaidya, 2020; Cheshmehzangi, 2020b; Djalante et al., 2020; Habli et al., 2020; James et al., 2020;
Malegaaonkar, 2020; Manurung, 2020; Mawani, 2020; Parahanj & Vaidya, 2020; Rawaf et al., 2020; Rogers et al., 2020; Toh & Webb,
2020; Valentin Ribeiro et al., 2020). For instance, as Habli et al. (2020) suggest, the scientific argument should be developed to become
scientific claims, which could then lead to policy argument and policy development. Hence, the extent to which decision-making
processes could occur depending on the multiplicity of processes. Hence, we can argue that some of these new best practices may
harness shared practices and some may simply develop into new forms of development practices in both sectors of construction and the
built environment.

To take these potential development changes into a full spectrum, this study highlights not only those expected impacts on the named
sectors but also explores foreseeing paradigm shifts. These shifts could potentially change our current building engineering and design
paradigms. The immediate response from experts highlights the main impacts, through which this study aims to fill the gap by
demonstrating some of the potential development changes. Some of these changes may stay with us for years to come and some may
simply change our current practices.

2. Methods

This study benefits from expert-led opinions from two sectors of construction and the built environment. This is conducted by the
active participation of relevant stakeholders (Sun et al., 2020), including 25 experts for each sector – i.e., a total of 50 experts for the
study. In between the two sectors, the experts are from a wide range of backgrounds, including 10 academics (AC), 5 governmental
agencies (GA), and 10 practitioners (PR) in the field (see Fig. 1). From an initial pool of 87 requests, 50 experts (i.e., n-count, as a cutoff
point for selection) agreed to participate in this expert-led assessment exercise. In this regard, a specific selection procedure is made to
ensure a balance between three key groups of stakeholders is met (i.e., 10 AC, 5 GA, and 10 PA as shown above). From the initial
feedback, we note some divergence and convergence in the opinions of different groups of experts. For instance for divergence, as
anticipated, the academic (AC) respondents mainly favored their selection on ‘perspectives’, governmental agencies on ‘policy’, and
practitioners (PR) on ‘practice’. For convergence that occurred among experts, however, there was a consensus on the selection of
primary areas (step 1 as shown in Fig. 1), and partly on the eventual sector selection. Also, another convergence occurred in terms of
selection in the built environment sector, which included more votes for ‘practices’ than ‘policies’ and ‘perspectives’. This was even
more visible across the majority of non-practitioner participants (i.e., in AC and GA groups for the built environment sector). On the
contrary, for the construction sector, there was a balance between the selections across all three groups.

The expert-led approach is used for two reasons, (1) for the selection of specific areas, through which the top six primary areas of
both sectors are picked; and (2) for the identification of top five main factors for the consideration of post-COVID development changes
that are agreed by all 50 participants in part 1, and final rating by 25 participants in each sector in part 2 (Fig. 1).

While we aimed to open for opinions across various fields and people of various experience and expertise, the qualified survey was
selected based on the participants’ experience equal to and over three years only. This is intended to maintain consistency in opinions
and suggestions gathered from the conducted survey (for details, see Supplementary Document – Appendix A). For the construction
sector, 3 participants had over 10 years of experience, 14 participants had 6–9 years of experience, and 8 participants had 3–5 years of
experience (total of 25 participants). For the built environment, 7 participants had over 10 years of experience, 12 participants had 6–9
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years of experience, and 6 participants had 3–5 years of experience (total of 25 participants) (Table 1). As indicated in the interview
protocol package (see Appendix A), the study is conducted through three main questionnaire packages, inclusive of (1) general ques-
tions, consisted of five questions, which are used for qualifying or disqualifying the responses, as well as identifying the range of
participants following the requirements of the study - i.e., based on participants’ background and experience; (2) Selection of primary
areas andmain factors, involving sector-based participants in step 1, and all participants in step 2/part 2; and (3) rating questions, which
are conducted separately for each sector. Details of the questionnaire packages are provided in Appendix A. The details of the survey
steps are explained in detail in the following, including expert participation, expert-led weighting, selection, and rating.

By conducting the expert-led approach, we provide a questionnaire for the participants to pick their top six primary areas from both
sectors. In this part, 25 participants from each field select the primary areas from the provided list of 12 areas, i.e., half of the given
range. Then, based on the accumulated weighting analysis, the top six primary areas are selected. The results are shown in Tables 2 and 3
for both construction and the built environment sectors, respectively.

The second part involves two sets of expert opinions involving all 50 participants from both sectors. This is done in this way to ensure
consistency in the results of both sectors and their respective analyses. The first set of opinions decide the top five factors that should be
taken into consideration. From the results, the top five factors are ‘resilience’, ‘health’, ‘policy’, ‘practices’, and ‘perspectives’. These are
selected from a set of 20 factors, i.e., a quarter of the given options are then weighted and finalized accordingly. The ones selected with
the top reoccurrence in the selection are finalized without any specific order. The second set of opinions decide on the weighting of each
factor against the primary area. In this part, only 25 participants specific to their sector are involved in weighting and rating the
identified factors in each of the six primary areas. The rating is done similar to a Likert rating systemwith only three rating options, 1 for
‘low’, 2 for ‘medium’, and 3 for ‘high’ importance for each factor against each primary area. In doing so, the highest rating is 75 (i.e., if
all 25 participants give a rating of 3 or ‘high’), and the lowest rating is 25 (i.e., if all 25 participants give a rating of 1 or ‘low’). The final
selection of rating is then selected based on the accumulated figures, i.e., the total of 25–41 is ranked as ‘low importance’, 42–59 is
ranked as ‘medium importance’, and 60–75 is ranked as ‘high importance’. The results are then shown in the form of a matrix in Tables 2
and 3

After the selection and identification stages are completed, 10 potential development changes and paradigm shifts are provided. This
is conducted in two steps. First, through the literature review and ongoing development changes; and second, through confirmation
from the 10 practitioner experts of each sector. In doing so, the suggestion is first made and further comments are requested by the
experts. If there were any general disagreements, the recommendation was replaced with another recommendation. Each sector is then
Fig. 1. – The methodology package for selection and identification stages in the study.
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Table 1
The summary of distribution of all 50 participants across all three expert groups, their numbers, and years of experience.

Sector Expert Groups Number Years of Experience Number

(1) Construction Academic Experts (AC) 10 � 10 years of experience 1
6–9 years of experience 5
3–5 years of experience 4

Governmental Agencies (GA) 5 � 10 years of experience 0
6–9 years of experience 3
3–5 years of experience 2

Practitioners (PR) 10 � 10 years of experience 2
6–9 years of experience 6
3–5 years of experience 2

TOTAL EXPERTS 25 � 10 years of experience 3
6–9 years of experience 14
3–5 years of experience 8

(2) The Built Environment (BE) Academic Experts (AC) 10 � 10 years of experience 3
6–9 years of experience 7
3–5 years of experience 0

Governmental Agencies (GA) 5 � 10 years of experience 2
6–9 years of experience 1
3–5 years of experience 2

Practitioners (PR) 10 � 10 years of experience 2
6–9 years of experience 4
3–5 years of experience 4

TOTAL EXPERTS 25 � 10 years of experience 7
6–9 years of experience 12
3–5 years of experience 6

A. Cheshmehzangi Journal of Urban Management 10 (2021) 166–175
finalized with five recommendations that are deemed to be either a potential development change or paradigm shift. It is important to
note that this participant engagement is conducted online and by selecting experts from different locations. The process is suggested in
this way to ensure no biased decision making in the selection and recommendation stages. Finally, after summarizing the 10 recom-
mendations, the study provides a brief discussion and concluding remark.

3. Foreseeing development changes

So far, it is evident that two mainstreams of health and resilience are likely to develop faster than before, in particular concerning
main sectors of construction and the built environment (CBE). These two ranked the highest amongst all provided factors, which were
assessed and selected by our 50 participants. Apart from these two mainstreams, the results also indicate three main factors of policy,
practices, and perspectives; the three P’s that are likely to play a major part in the CBE industries. Here, we address these in a matrix by
weighting the relevance of all five factors (namely resilience, health, policy, practices, and perspectives) against 12 primary CBE areas,
including six in the construction sector and six in the built environment sector. The selection is done based on the given explanation in
section 2 of the study, and is ranked against each sector specifically. This is conducted through step 1 of the methodology package.
3.1. Development changes in the construction sector

Here, the assessment is based on six primary areas in the construction sector, namely: (1) Construction Engineering (CE), (2)
Construction Technology (CT), (3) Structural Engineering (SE), (4) Transport Engineering (TE), (5) Infrastructure Engineering (IE), and
(6) Building/Construction Management (BCM). As described in step 2 of the methodology package, the rating is approached by the
accumulated weighting of 25 participants per sector. The results are summarised in Tables 2 and 3, indicating the importance levels (i.e.,
low, medium, and high) for primary areas and top factors that are expected to be taken into consideration in CBE sectors. For each area, a
maximum of two ratings is allowed across all five factors, to ensure consistency and level of importance are distributed evenly. This is
monitored during the rating approach by the experts in each sector.
Table 2
The matrix of 6 primary construction areas and five main factors.

CE CT SE TE IE BCM

Resilience Low Low Low High High Low
Health Low Low Medium Low Medium High
Policy Medium Medium High Medium Low High
Practices Medium High High Low Medium Medium
Perspectives High Medium Medium High High Medium
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Table 3
The matrix of 6 primary built environment areas and five main factors.

BE ARC UD UP LA ID

Resilience High Low High High High Medium
Health High High Medium Medium Low High
Policy Medium Low Low High Medium High
Practices Medium Medium High Medium Low Medium
Perspectives Low Medium Medium Low Medium Low
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3.2. Development changes in the built environment sector

Here, the assessment is based on six primary areas in the built environment sector, namely: (1) Building Engineering (BE), (2)
Architecture (ARC), (3) Urban Design (UD), (4) Urban Planning (UP), (5) Landscape Architecture (LA), and (6) Interior Design (ID). The
same methodology (as explained above) is applied to this selection and rating.

In the following section, 10 potential development changes and paradigm shifts are provided. First, the selection is based on the
literature reviewwhich is then verified by ongoing development changes or debates across the globe. The selected recommendations are
then passed to 10 practitioner experts of each sector as discussed in section 2. These are then confirmed through this process to ensure no
biased or subjective decisions are made as part of the recommendations in this study.

4. Summarizing 10 possible development changes

By reflecting on the initial assessment, as shown above, the following two sub-sections highlight 10 possible development changes
comprised of five in the construction sector and five in the built environment sector. Each of these is backed up by literature and
confirmation by the selected experts from the practice, who are not from one geographical location. This is believed to diminish any
biased or subjective selection and recommendation.
4.1. Construction development changes

4.1.1. Decline in car-based transportation infrastructure
The replacement of car-based transportation infrastructure by bicycle paths (Weast& Stamatiadis, 2020) and walking opportunities,

particularly in central urban areas, is likely to one of the development changes. The changes in car use in everyday life (Maxwell, 2020)
indicate an opportunity to alter perceptions in our transportation mode (L€attman et al., 2020). The motives and habits of our car use
(Sucha et al., 2018) are likely to change as cities are planning to invest more in non-car based infrastructures. The most remarkable case
is the City of Milan and its ambitious aim to share green recovery and to reallocate street space after the crisis. This means a gradual shift
from cars to cycling and walking, which was announced in April 2020 (The Guardian, 2020). If more cities follow the same idea, then we
may see more cities investing in the restructuring of the transportation infrastructure in urban environments. If so, cities and com-
munities may have new construction sites with some changes in the current transportation infrastructure, and an opportunity towards
more sustainable modes of transportation. This is dependent on work-from-home initiatives and based on the understanding of chal-
lenges of the virtual working (Russell, 2019), the digital transformation of the workplaces (Savi�c, 2020), and the continuation of this
current working environment arrangement (Bick et al., 2020), even if partly in the future.

4.1.2. A push for information-based construction management methods
By reflecting on methods that the construction industry could embrace data science (Callagan, 2020; Cheshmehzangi, 2020b), we

expect to see growing popularity in the use of digital techniques and technologies, especially those that lead to information-based
management (da Casa et al., 2020) and modeling (Markowsky, 2020) methods. These methods are likely to become more popular at
multiple scales of building construction (Afkhamiagha & Elwakil, 2020; Gamil et al., 2020; Yan, 2020) to larger city-level projects. The
implementation of faster construction methods has pushed for digital information-based platforms that could be encouraged more in the
construction sector (Alashmori et al., 2020). If so, the push towards information-based construction management is likely to be just at
the beginning.

4.1.3. Increase in off-site construction and engineering
As off-site construction (OSC) is already proven to be popular in recent years (Jin et al., 2019), we expect increasing OSC projects and

innovations in construction strategies that require less time on construction sites. This is based on the increasing use and availability of
data that could be systematically used in the construction sector (Mather&White, 2020) as well as the growing demand that reflects on
some of the main challenges of OSC (Hou & Yan, 2019). It is possible that with new materials and construction methods, we could
change some of the existing development patterns. For instance, rapid shelter construction (Yan and Yang, 2020) or other emergency
constructions (Yan, 2020) push for an opportunity to explore more of the OSCmethods and engineering. At least for a temporary period,
this could boost innovation that includes the exploration of new materials and methods of construction.
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4.1.4. Increase in lightweight structural systems
With the possibility for more individual internal units and the need for shorter beam spans for internal spaces, we anticipate an

increase in popularity in lightweight buildings and lightweight structural systems. This possible development change depends on the
new demand for new internal layouts of less shared spaces (such as shard offices), more individual units, and smaller communal spaces.
These are, for now, suggested as safety measures and preparation of workplaces by the governmental officials and reports (The UK
Government, 2020; US Chamber, 2020). According to extended construction guidelines provided by the Pennsylvania Government
(Department of Labor and Industry, 2020), the safety requirements are expected to be the highlight of any construction method. For
lightweight construction and structural systems, much of what has been happening in recent months are adapting to the conditions of
the pandemic, such as office space layout rearrangements (Koppikar, 2020; ZD Net, 2020) or new internal layouts that suggest less
compact working environments (Wilson, 2020) but allocated spaces for individuals. These are in line with the already increasing de-
mand for lightweight construction as Knorra (2016) highlighted a few years ago. If the current adaptive methods continue to develop as
trends of development, depending on the market demand (Marketplace, 2020) then methods of optimizing buildings and internal
layouts are very likely (Center for Active Design, 2020). If so, then the safety of users will be highlighted as a priority and hence
tailor-made spaces become high in demand.

4.1.5. Opportunities for new materials for performative insulation
The variety of lightweight constructions (Sobek, 2016) and disadvantages it may have in regards to fire safety and sound-proof

protection are those that would pick up the most in the development of new materials in construction. Furthermore, as the lock-
down measures had an impact on people’s well-being and quality of life, particularly in multi-storey buildings, it is expected one of the
development changes could relate to new material development and enhanced construction methods for better sound insulation and
much-enhanced building performance (Langdon et al., 1981; Koetz, 1988; Constable, 2002; Jeon et al., 2010). The immediate impacts
on construction materials are mainly on risk exposure and price impacts (GEP, 2020), which are then likely to shift towards as the supply
issues are eventually fulfilled. In a short-to-midterm, however, the focus is likely to be on enhancing the safety of buildings and spaces
(Gauzy, 2020), which will be centered on the safety and wellbeing of people as the users. Considerations such as new material com-
posites (Mahapatra& Patnaik, 2009), new material for airborne virus filtration (Wang, 2013), possibly from other sectors (Tiliket et al.,
2011), are likely to be on top of the list for the development and use of new materials in the construction practice. The innovations here
are expected to be associated with both construction and the built environment sectors.

4.2. Built environment development changes

4.2.1. Revisions in density and compact design
The failures of larger and more compact cities are likely to enable us to rethink the issues of density in cities and city environments. It

is already evident that high population densities could, in fact, catalyze the spread of COVID-19 (Rockl€ov & Sj€odin, 2020; Sj€odin et al.,
2020) with density-related delineations (Wu et al., 2020) and various variables (Kuchler et al., 2020) such as income, poverty rate, etc.
This is also studied from the perspective of city size (Desai, 2020; Stier et al., 2020) and well as the city’s capacity for preparedness and
responsiveness (Cheshmehzangi, 2020b). The post-COVID time will include new definitions of compact design or compactness, which
are likely to suggest changes to density considerations, urban layouts, and urban morphologies. The recent changes in high-rise
development policies in China (CNN news, 2020) indicate signals for the ‘new era for architecture’. The afterward suggestions, as
has already started, would mean reduction of density levels, new height restriction measures, and new urban layout planning and
design. These will likely form from new analytical and modelling methods that suggest evolving urban patterns and development.

4.2.2. Spatial planning considerations
It is likely to see more adaptive measures in spatial planning from placemaking strategies to public place design (Cheshmehzangi,

2020a, pp. 1–10). Previous examples of spatial data mining indicate approaches to support or enhance pandemic preparedness (Bai-
ley-Kellogg et al., 2006), suggest emergency management planning has been successful in previous pandemic events (Gould &Wallace,
1994; Avery et al., 2008). The understanding of spatial dynamics from the evaluation of the impacts from the pandemic events (Eggo
et al., 2011) would form into better spatial planning suggestions and evolutions (Mensua et al., 2009), such as hygiene development and
spatial use. In doing so, we are likely to see new urban design guidelines, new requirements for primary and secondary access points,
gathering areas, etc. The spatial planning considerations are expected to be developed at multiple levels of the built environment, some
that may potentially change the way cities are planned, at least at the fundamentals.

4.2.3. Smaller and individual internal layouts
Similar to the earlier discussion in sub-section 4.1.4, we anticipate major changes to internal layouts of public buildings, commercial

buildings, retail, and offices. The changes are positioned in the face of emerging trajectories of interior design practice that would impact
the production of “new urban interiors and interiorities” (Attiwill, 2020). As Young Cho and Suh (2020) put it well, the act of creation that
is embedded in interior design is an enabling tool to make our daily life safe and healthy amongst the many other benefits that can be
offered through quality interior spaces. Hence, as Berk (2020) suggests, individual spaces are likely to push for healthy design,
something that also emerged from the movement in the mid-to-late 19 h century for changes in bathroom design after the Cholera
outbreak in London. The impact was also seen in internal spaces of housing and where there were causes of disease spread (Tomes,
1999). In fact, as Budds (2020) suggests it is evident that throughout history, “we design and inhabit physical space [that] has been a
primary defense against epidemics”. The redesign of physical spaces is the immediate reflection of how spaces should become safer and
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healthier for users. The likelihood for the post-COVID internal layouts is to see inconsistent measures across different building typologies
and more attention to those populated or overcrowded interior spaces.

4.2.4. A push for meso scale strategies at the neighbourhood/community level
As prevention and safety procedures are proven to be more effective at the meso scale (Cheshmehzangi, 2020b), we anticipate

growing attention to this spatial level of the built environment. Existing studies related to the COVID-19 meso-scale include modelling
analysis of spatio-temporal dynamics (Kergaßner et al., 2020), which support decision-making processes and effective measures at the
community level. In doing so, the strategies are suggested at a more manageable scale (Kergaßner et al., 2020). It is also evident through
previous pandemics that communication and provision of support are more effective at smaller scales (Krill & Ayvaz, 2007). This could
also end up with better community participation (Marston et al., 2020) and mitigation methods that have historically worked well in
maintaining public health in communities (Morens et al., 2009; Sutton, 2020). The design of communities is likely to be given more
attention at the urban design level (Cheshmehzangi, 2020a, pp. 1–10). This means more consideration of green spaces, green park
design, community-level communal spaces, local amenities, etc.; as well as accessibility to them. This is likely to change our perceptions
of walkable catchments to local services and amenities and promote home-office plans, local community design, and community-level
infrastructure planning.

4.2.5. New opportunities for non-centralized building systems
From the building engineering perspective, we are likely to see more effective integrated systems and non-centralized building

systems. This comes from the understanding of air distribution patterns in the interior spaces of the buildings (Zhimei, 2020) as well as
the applicability of air purifiers and air quality monitory systems (Panicker et al., 2020) during the pandemic. As part of the extended
report by Deaves (2020), there are many health and environmental aspects that require reflective attention. As imposed by many local
governments in China that led to the prohibition of centralized building systems such as air-conditioning units (Cheshmehzangi, 2020b),
we see gradual changes to rethink large scale building systems that are integrated with several rooms. Hence, such measures are likely to
help the development of future building codes (Milberg, 2020; Rozgus, 2020), new technologies (Xiao, 2020), and enhanced methods
for the optimization of building design and spatial arrangements (Cheshmehzangi, 2020a, pp. 1–10). In doing so, there are potential
policy changes that may have a larger impact on our building system design, architectural engineering, and architectural solutions.
Many of the existing solutions in this area are suggested by the industry rather than scholarly research.

5. Discussions and conclusion

The golden age of architecture, engineering, and construction (AEC) industries are likely to continue based on emerging data-driven
and information-based techniques and digital technologies. Nevertheless, the paradigm shifts are still debatable and it would depend on
the longevity of the outbreak. As it has been indicated, the current outbreak has slowed down development progress and is likely to bring
along some tangible changes to our policy, practices, and perspectives. The focus on resilience, health, and/or safety are the ones that are
expected to develop further. For instance, the use of data science is likely to shape new approaches to information-based modeling, new
material design, spatial planning, and integrated design solutions. The COVID-19 outbreak suggests potential new paradigm shifts that
are likely to change our patterns of development, particularly from both construction and the built environment sectors. Our decision-
making for a new design is expected to depend on new parameters and innovative design and engineering considerations, if not so-
lutions. We are expected to revisit the planning strategies of our cities and their densities, question whether the compact design is
essential. And the question of whether any further urbanization is viable, especially that we see most of our daily work and operations
could be done remotely. As shown in the shreds of evidence in this paper, these changes have altered our everyday operations, and for
some, we have managed just to have the alternative mode of operations. With the rapid progress in technologies, we are likely to opt for
new methods that are likely to enhance our resilience and health in cities and communities, as well as in buildings and spaces that are
constantly used for various functionalities. Nevertheless, the scholarly work on the built environment is yet to expand further, and
lessons from the industry reports could help to achieve that at a faster pace.

Furthermore, this study only provides several – but key - examples of possible development changes in both construction and the
built environment sectors, those that are likely to have an impact from the ongoing outbreak. Based on our expert-led assessment of
primary areas, the verification of these potential changes proves to be possible from the industry perspective, but are also associated
with specific contexts, too. Due to expected economic impacts that are generally widespread and across multiple sectors and systems, we
anticipate new paradigms in both engineering and design of the built environments. Perhaps, the shift may become more digital, but in
reality, the practices would adopt new methods of design and development. Some of these paradigms will appear in the form of smart
development or resilient development, and some are likely to be in the hybrid form of smart-hybrid models. It is also important to note
that the suggested potential changes are likely to be contexts-specific and not necessarily global. While we argue the directions may be
similar to some extent, the pace of progress towards such development changes and paradigm shifts could differ depending on the
contextual conditions and level of development.

As a hypothesis, for more developed cities (regardless of their size), we anticipate a faster push towards digitization and digitali-
zation modes (Cheshmehzangi, 2020b). For instance, for the construction sector, the developed cities are likely to push towards
‘information-based methods’ (sub-section 4.1.2), ‘off-site construction strategies’ (4.1.3), and ‘the use of new materials’ (4.1.5). The other two
recommendations on ‘car-free transportation infrastructures’ (4.1.1) and ‘lightweight structural systems’ (4.1.4) are more likely to be
ubiquitous. The former is expected for smaller cities, while the latter is more suitable for high dense mid-to-large scale cities. For the
built environment sector, the recommendation on ‘density and compact design’ (sub-section 4.2.1) is likely to apply more specifically to
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larger cities in both developed and developing contexts. The two recommendations of ‘smaller and individual internal layouts’ (4.2.3) and
‘non-centralized building systems’ (4.2.5) are likely to appear in more developed and richer cities. However, the other two recommen-
dations of ‘spatial planning considerations’ (4.2.2) and ‘meso-scale strategies’ (4.2.4) are expected to be ubiquitous. The former will be more
relevant to all sizes of cities, while the latter is more relevant to mid-to-large size cities.

Through the examples of potential development changes in this study, we can argue that some changes are likely to be gradual and
some may shift in a rapid turn. Those that are expected to be gradual will form from the development of new practices and perspectives,
and those that are likely to be sudden are expected to happen through policy changes or updates that are very likely, too. Finally, the
suggestions from this study are mainly to be considered as food-for-thought for what we expect to be potential development changes in
the built environments.
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