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Summary

In this chapter, we will discuss the challenges of integrating considerations
of building occupants and occupant behavior into the decision-making pro-
cess of building designers. We acknowledge the complexities of occupant-
centric design within newly deployed information management systems and
will propose a framework that integrates occupant considerations into these
systems so that these considerations are robustly transferred from design to
buildings in use while informing best practice.

3.1 Introduction

Building design practice is a complex scenario full of unknowns and per-
meated by liabilities. Contractual documents provide clarity on the infor-
mation required by and for various members of the design team to enable
ongoing design discussions and procurement. By framing design processes
as the timely exchange of information between team members and differ-
ent disciplines, in this chapter, we provide clarity on how occupants fit into
these processes and how their needs can potentially be accommodated.

We open the chapter with a discussion of how recent changes in design
practice that aim to facilitate performance and risk assessment in relation
to legislation, regulations, and clients’ portfolios can affect building occu-
pants. We then examine the role of information management in coordinating
these changes to propose how information and decisions about occupants
could flow throughout the design process in a coherent and coordinated
way. Next, we consider the impact of design decisions on occupants within
built spaces, and then we provide an overview of design considerations af-
fecting and affected by occupants, with a particular focus on the different
types of interactions that occupants have within and with buildings as well
as with the environment surrounding them. We close the chapter with a pro-
posal for the construction of occupant-centric design patterns (OCDPs) that
record and support information transfer regarding occupancy and occu-
pant behavior throughout the design decision-making process and that can
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fit within and support current industry tools such as building information
modeling (BIM) and building performance simulation (BPS).

3.2 Recent Changes in Design Practices

The occupants of a building will affect how the building performs; it is also
the case that the way in which a building is designed, built, and eventually
occupied will influence the behavior of its occupants. More specifically, how
a building performs when in use will depend on how the building design
responds to what the occupants need, the amount of control the building
designers have afforded occupants, and how well the design team antici-
pated how occupants will want to use the building and its systems in the
future. The way and extent to which occupants are considered throughout
the decision-making process of any building design project depends on how
design decisions are balanced to achieve overarching project targets, negoti-
ated among project team members, propagated into the information flow of
the design process, and subsequently revised as the project develops. Several
stakeholders play a role and influence each other in this process, which is
primarily shaped by the interests of the client (who may or may not be the
occupant) and the procurement process put in place to design and deliver
the project. In the following section, we examine the role of the client in
shaping information about the likely occupants and the way in which this
information propagates throughout different delivery design stages. The cli-
ent’s role is examined in the context of the most recent standards' and docu-
ments issued by professional accreditation bodies? (i.e., deployed in practice
between 2018 and 2020) that push the construction industry to implement
building information management systems as a true record of the design
process from design and construction to buildings in use.

3.2.1 Occupant Information for Clients and Design Teams

The client is the “entity, individual or organization commissioning and
funding the project, directly or indirectly” (CIOB, 2014:315) and therefore
the ultimate decision-maker in the project. Clients might occupy the build-
ing, or they might own the building and let or lease the building to occu-
pants (de Wilde, 2018). When the latter is the case, clients are very likely to
see “buildings [as] financial assets that figure in forms of market exchange,
the operation of which often revolves around shared conventions and agreed
forms of standardized description, measurement and provision” (Cass and
Shove, 2018:277). This perspective will be particularly true if building occu-
pancy is anticipated to have a large turnover.

A project’s ultimate goals always reflect the client’s objectives. If the client
is the occupant, the client’s objectives align with the occupants’ objectives;
if the client is not the occupant, however, different scenarios are possible.
It is always easier to obtain information about occupancy when the client
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is the occupant, as the client is consulted at different points throughout the
design process to ensure the design objectives are aligned with the client’s
objectives. However, when the client and occupants are distinct, consulta-
tion with occupants rarely occurs, as they are either unknown or out of the
scope of the client’s objectives for various reasons (capital costs, operational
costs, etc.).

Different types of information about occupants are used throughout the
design process. Table 3.1 illustrates the types of information, their source,
examples, their role in practice with regard to their relevance to projects,
and their respective impact in contractual arrangements and responsibili-
ties. Mandatory information about occupants (e.g., from building regula-
tions) is always required and considered an important milestone for project
approval. Projects also commonly use normative information (i.e., evalua-
tive standards) about occupants, as, for instance, energy performance and
comfort standards (e.g., ASHRAE 90.1) are generally used to set project
targets, and ergonomics information forms part of the vast majority of pro-
ject layout proposals. Parts of normative information may be overwritten by
business-oriented information (e.g., client’s operational targets) and/or les-
sons learned (e.g., metering, monitoring, post occupancy evaluation (POE))
and/or information from consultations with occupants, especially in cases
where the client is the occupant. However, overwriting based on lessons
learned and/or consultations with occupants is unlikely to happen if the
client is not the occupant, as this process requires special contractual and
project management arrangements in which risks and liabilities are shared.
Chapter 2 of this book discusses the origins of occupant data in normative
information in more detail, while Chapter 4 discusses several methods use-
ful for consulting occupants. Chapters 6 and 7 explore in depth how lessons
learned can be generalized and used in new design projects from an engi-
neering perspective through the development and applications of occupant
behavior (OB) models.

Performance-based legislation and regulations are starting to more em-
phatically promote the use of lessons learned in new projects toward de-
veloping fit-for-purpose design, as occupants play a key role in influencing
operational efficiencies. The phases from design to buildings in use are now
being seen as a continuum (BSRIA, 2018), with targets set up during the de-
sign process and verified through monitoring during the operational phase,
which places joint responsibility on the client and the design team in terms
of their needs and aspirations for the occupants.

In an attempt to ensure information transfer from design to buildings in
use, plans of work are being modified to include information management
standards related to building design and construction (EN ISO 19650-1,
2018; EN ISO 19650-2, 2018; EN ISO 12006-2, 2020) as well as asset man-
agement standards (EN ISO 55002, 2018; EN ISO 19650-3, 2020). These
changes are further supplemented by documents such as BSRIA Soft Land-
ings (BSRIA, 2018), which was written specifically to support construction
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clients to incorporate core principles in procurement. However, little is
prescribed in terms of how information should be transferred from design
to operation, and no methods are yet available to record such information
transfer. Currently, it is up to contracts and the client to set roles and re-
sponsibilities so that operational phase activities and performance targets
can be agreed upon realistically and in consonance with design objectives
and desired operational outcomes.

These changes, once fully implemented, will have a significant impact on
the construction industry. They will not necessarily ensure better buildings,
as their aim is to increase the client’s power in decision-making and affect
decisions related to project targets from inception to project delivery. Still,
these changes will demand robust coordination of information throughout
a project’s life and form an important record for project quality control for
future auditing for liability purposes, thus enabling decisions to be clearly
traced back to the project team.

3.2.2 Information Flow on Occupants throughout
Project Delivery Stages

Information verification, validation, and quality control methods should be
established within project documentation, together with risk management
(ENISO 19650-2, 2018; EN ISO 19650-3, 2020). Project information require-
ments should include demand management and customer expectation policy,
energy efficiency and environmental aspects, plus performance monitoring,
safety, health, and environmental management. Table 3.2 illustrates where
and how the different types of information identified in Table 3.1 inform the
different design stages using documents from two different countries (the
UK and USA) as examples. Only the stages related to design are shown and
since they vary country by country as a function of when planning applica-
tion and building regulation approval is needed, they are generically defined
according to (EN ISO 12006-2, 2020) as pre-design and design.

As shown in Table 3.2, plans of work are fluid with regard to the gran-
ularity of information to be provided at each design stage. This fluidity is
because information delivery is closely related to procurement routes and
contracts, which are the legal instruments used to set roles and responsibil-
ities and that specify project deliverables (milestones, strategies, data, etc.),
information approval and authorizations, and information exchange at dif-
ferent design stages. Information delivery plans contained in contracts de-
scribe the breakdown of tasks, roles, and responsibilities throughout project
teams in addition to where information about occupants should be provided
throughout the design process.

Procurement strategies affect information requirements, high-level objec-
tives for the project and future building operation, information exchange,
how the design team will be appointed, and the technical design stage and
how it overlaps with the construction stage. In this context, information



39

Occupants in the Building Design Decision-Making Process

"SJUAWNOOP 0M) 9s9Y} SUTUIqUIOD AQ PAIIdJUI AI0JAIAY] AL 7°¢ d[qeL Wol) Bje( 0} SSuo|
-0q uoneWLIOJuI SIY} 938)s uSIsop yorym jnoqe oyroads Suroq INOYIM ‘s)orIIU0D JOo SadA) JUSIQJJIP UL PIPPIQUId 9q ULD UONBWLIOJUI KJI[IqRUIBISNS MOY
03 s19J21 (00T ‘VIV) Ue[d AN[Iqeureisng Y[y pue a3e1s ugisop yoed 1oj o1errdordde uonemuis jo od£) ay) spuowrwodal (6107 ‘VIV) opmo Sdq VIV ©

pauIed|
SUOSSI[ J3[[0d pue
PaAdIyoL 2q 01
sj081.] 090 01
suerd gOd dojeaap
JJUOWUOIIAUD
oleIpowIwl 10§
S[0JIU0D PIseq
-Juednooo Furinsud
‘SuOISI0op USIsop
[euy juasardar 0}

[opow £312u9 duyYy

SMOPUIM

a[qeuado )M UOTJB[IIUSA
[eanjeu pue JysiLep o}
$S900E AINSUD {SUOIB[NIS

Sursn sysiperoads pue

SJIUB)NSUOD SUIAJOAUL
[esodouid ayj ouygau cudisop
B QUIJAI 0] UOT)BULIOJUT

pue ogpojmouyy

[Bo1uYd9) 9eIZANU

SUONE)NSUOI AJIUNWWOD
y3nouay) uonedronred
syuednooo ajowoad (Kyiqrxopy
doeds pue (spiepuels woij
UOI)BULIOJUT JATJBULIOU “O°T
‘FunpIewyoudq SuLIOPISUOD)
uonerado [eo1d£} 10J uSisop
©9rqrssod j1 Suropow y3noayy
SWAISAS 9ZA[RUR (SWIISKS
Areurwrpaid Surpnpour
“303lo1d oy jo syjuouodwod

[ejuowrepUN] YsI[qeIsq

SUOI)B)[NSUOD PUE ‘PIUIBI] SUOSSI|
‘UOTIBULIOJUT PAJUILIO-SSIUISN
Jo asn oy ajowourd 9109foxd oy
Ul POAJOAUT SIOPJOYYBIS [[B
[IIM 9JBUOSAT 0] SJUIWIILIS
UOISIA UsI[qe1sd (OgT ‘SAdd T
©3°9) UOIJRULIOJUI dAIJBULIOU
0] I9JaI {PIsn 9q 0] JIOMIWLI]
[BIUSWUOIIAUD PUR (HOI)BULIOJUT
£10)BpUBW °O°T) PIAIYOR 6107
9q 03 douerdwod opod suye dPmMH Sdd VIV

uoNEIUIWNIOP pue 0707 ueid
uodINIISu0)) judwdofaAdp udisa(q ugISap WYY ugisop Areurmipag A)jIqeure)sns vy
juowainoold 10y HOd
uoneuLIOjul doroaap pue [000301d asn sjuowdrnbar pauxed|
Surropud) aredaid Jo uerd 39s 1 01 pajeal d0d pue SUOSSI[ WOIJ
o1 9sn jo uefd uonewIojul [ereds suone[nuIs ‘s1031®) ‘JorIq uoreuLIojul
asn {fesodoid 9)BUIPIOOD (SI0IDBIIUOD 194)0 pue A319U9 UnI {paured| 01Ul JURI[D AY) jsurese
5,10J0BIIUO0D pUk pue ‘syjuednodo ‘N4 ‘wed) suossa[ uo paseq sueid (INJ) £Aq parddns PaYo9Yd 2q 0}
u3Isop pa[reldp u3ISp YIM SUON)BI[NSUOD juowageuRI A)[108] puk pauted| uorneurIojul
[o13u09 Aypenb 01 y3nouay) syuowaiinbaz u31sop 1doou0d maraal sprodax SUOSSI| pajuaLio
JUOWISSASSE YSLI 39S doururiojrad 3891, JUQWISSISSE YSLI 9JBIQUID) 9erodioouy -ssauisng
uonrugop 070T Sy10M
uSISIp [LIUYII], uoneuIpIood [enedg ugisap 3daduo) pug J139)enS 1o ueld vgIy
§a1poq
UOLDIIPILIOD
[puoissajord
us1sa(q udisap-aid Aq spuawnsoq

$93©)s USSP JuUIJJIp Inoysnoryl pakordap syurdnooo noqe uoneuwroyur Jo sadAy Judrdyyip jo sojdwexyq 7€ 2jgn[



40 Clarice Bleil de Souza et al.

management systems are defined by the market and for the market, and per-
formance targets are a function of asset management rather than a response
to environmental concerns. However, information management does bring
benefits, especially in the context of integrated design process (IDP) guide-
lines (Sustainability Solutions Group, 2010) and integrated project delivery
(IPD) roadmaps (AIA, 2007), which inform management strategies and
steps to better integrate project goals related to social, ecological, econom-
ical, and sustainability performance. IDP and IPD can be connected to
contractual documents to justify the implementation of shared risks and
liabilities which would, in theory, facilitate and promote the use of lessons
learned and consultation with occupants. There are clear opportunities to
promote better design in this new reality, but uptake in practice is still very
low (Piroozfar et al., 2019), which potentially calls for stronger governmen-
tal intervention.

Lately, practitioners are under pressure to document their decisions,
as building information management systems are increasingly framed as
reflections of a true record of the design process and gradually being im-
plemented into performance legislation and building codes. However, infor-
mation management frameworks, procurement routes, project management
approaches, and guidelines to practitioners do not provide methods to
support the transfer of information about occupants in integration with
performance management throughout building projects. Records of these
decisions are normally found within project documentation, but they could
be better linked with the tools used in design, particularly BPS and BIM. To
the best of our knowledge, there is no recognized method for documenting
information about occupants and occupant behavior that enables it to be
properly inserted into BIM models and coherently transferred to BPS mod-
els. This gap increases risks in decision-making for project teams while at
the same time hindering the implementation of integrated project delivery
toward producing better buildings.

3.3 Methodology: A Place for Occupants in Information-
Centric Frameworks

Design decisions related to occupants and occupancy must be considered
within the context of information management. Documents issued by pro-
fessional accreditation bodies have been revised (Table 3.2) and amended
to include the deployment of information management systems throughout
plans of work to bridge fundamental gaps in information exchange between
the design and construction phases of a project. These revisions and amend-
ments establish that information exchange needs to happen in a compre-
hensive digital model that, in theory, facilitates design for manufacturing
assembly and allows for constant refinement until it becomes an asset man-
agement model. This digital model, also called a federated model (BIM), is
structured to mirror the different disciplines involved in a building project.
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This structure enables information exchange and design decision-making
to be better controlled and coordinated by the design team. To this end,
an efficient way to transfer information about occupants throughout the
design team is to connect them with the objects of this federated model.
Objects can contain information that is required on almost all projects (e.g.,
construction assemblages, room usages). Tucker and Bleil de Souza (2016)
proposed that objects can also incorporate descriptions of repeatedly used
simulation methods (see Chapter § for example), occupancy profiles, design
requirements, design aims, design decisions, and so on. Often, these objects
are used repeatedly on different projects and so could be recorded and held
in a library to be retrieved (and possibly modified) by the design team when
needed. BIM uses a specific object-oriented structure (EN ISO 12006-2,
2020) consisting of the following objects, all of which can be related to occu-
pant considerations (see Section 3.5):

*  Construction entities are basic units in the built environment with
boundaries clearly defined by a characteristic form and spatial struc-
ture and hosting several functions and user activities; in other words,
they are the building being designed.

*  Built spaces are spaces clearly defined by the built environment to host
specific user activities and/or equipment and can be classified as spaces
for human activity (e.g., living, work, production), storage (e.g., materi-
als, equipment), infrastructure (e.g., routing, transportation), or techni-
cal systems (e.g., operational technique, production equipment).

*  Construction elements are the different components of a construction
entity with distinguishable function, form, or position (e.g., wall con-
struction system, furniture system, cooling supply system).

»  Construction properties are attributes of a construction element, built
space, or construction entity and can be classified according to func-
tional (e.g., thermal performance, structural performance), spatial (e.g.,
shape, size), temporal (e.g., duration), compositional (e.g., assembly, be-
havior), experiential (e.g., color, comfort), symbolic (e.g., meaning), and
administrative (e.g., price, style) properties.

Expanding on these four objects, the following two sections examine, gener-
ically and through examples, different types of design aims, requirements,
considerations, and decisions—more specifically, how occupants affect and
are affected by them when interacting within and with the construction en-
tity as well as with the environment (natural and built) of the wider site.
Two levels of information are provided: coarser information for decisions
related to construction entities and built spaces, followed by more refined
information related to construction elements with their respective con-
struction properties. Section 3.6 presents a template to produce occupant-
centric design information that captures decisions and objects in context
and in connection with BPS tools. The rationale behind the template is that
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information about occupants can be deployed into practice in connection
with building performance assessment methods using an object-oriented
structure.

3.4 The Impact of Design Decisions on Occupants
within Built Spaces

The overall impact of design decisions on the occupants of built spaces de-
pends largely on how the client and the design team translate their needs and
aspirations for the occupants throughout the design process. Mandatory,
normative, and business-oriented information about occupants, potentially
combined with lessons learned and consultations with occupants, is inter-
preted by designers and translated to built spaces, thereby constraining
and persuading occupants to use buildings or interact with them in specific
ways, but also framing affordances and opportunities for these occupants.

Designers impose constraints (either consciously or unconsciously) on
occupants. Constraints can vary from, for example, the control of environ-
mental systems to the lack of flexibility or adaptability of how occupants
can use spaces. Several restrictions in controls come from mandatory and
normative requirements together with business-oriented requirements and
make use of lessons learned to constrain occupants’ use of the building to
the way clients intended it to be used. These constraints often result in re-
moving personal control from occupants in favor of automated-only con-
trols supported by energy efficiency standards (EN 15232, 2017).

Persuasive strategies are also starting to become part of design agendas,
especially with the wider implementation of automation and smart controls
that impose conditions without allowing for occupant override. These strat-
egies, potentially heavily influenced by business-oriented information (e.g.,
client expectations for occupancy behavior) and supported by normative
energy efficient guidelines (e.g., predicted energy use), might give designers
the false impression that occupants can be persuaded or directed toward
specific behaviors. They neglect the fact that occupants’ adaptive needs
are driven by behavioral needs (mainly motivated by internal stimuli, see
Chapter 2) and change with context and time varying among different peo-
ple. An iconic example is the known rebound effect in which energy effi-
ciency measures are less effective than predicted because occupants keep
energy consumption constant by increasing temperatures and/or the num-
ber of appliances in the household (Guerra Santin, 2013).

Affordances are what the building offers its occupants, including the envi-
ronment the occupants inhabit as well as the way of life or actions possible
within this environment (Gibson, 2015). Affordances are directly perceived
by the occupants and should therefore require minimal cognitive effort and
no explicit instructions, as they are dynamic and open to multiple interpre-
tations (Kannengiesser and Gero, 2012). Affordances include the intended
effects a design has on building usage as well as the unintended effects it has
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Building affordances Adaptive opportunities

Building Envelope, Building Occupant | |Organisational,|| Social Individual

concept |/construction|| services interfaces operational || interaction
Windows/ doors, Facility manager's Follow cultural Activity level,
Blinds, Switches/ response, Complain, habits, Reduce Adjust clothing,
handles/ displays Relax dress code, interaction, Change posture,
and their Adjust work task, Relationships, Ingest food/
controllability/ Manage expec- Share space/ beverages,
operability tations, Provide privacy... Adjust
Furniture, Personal informa- tion... expectations...
comfort systems...

Form/ area/ Lighting/ heating/
height/ orientation | | ventilation

of spaces, cooling/ hot
Thermal/ water systems,
acoustic/ visual Zoning/ spatial
olfactory material conditioning,
properties, Control type...
Thermal inertia...

Building/room
layout, Building
organi- zation,
Conditioning con-
cept (free-running,
mechanical, low-/
high-tech)...

Built environment Social environment

Figure 3.1 Building affordances and adaptive opportunities in the built and social
environments.

on how occupants use the building. Sometimes the intended effects do not
cover all areas of interpretation by occupants, and sometimes they contain
misconceptions of how the occupant will interact with the building, espe-
cially when occupants are not consulted in the design process.

Therefore, designing a building that is significantly shaped by the way
people live (Alexander, 2002) can only be achieved if designers put them-
selves in the position of the occupants (Gibson, 2015) and are able to predict
expectations and adaptive needs that might occur within the spaces (e.g.,
feelings, perceived options). These adaptive needs trigger behavioral needs,
which will be shaped by what is afforded from the built and the social envi-
ronments. Consequently, when designing for the occupant, designers need
to keep adaptive opportunities in mind (Figure 3.1).

The term adaptive opportunities, first coined by Baker and Standeven
(1997), became a key concept in comprehensive thermal comfort (de Dear
and Brager, 1998; Humphreys and Nicol, 1998) and its manifestation in
practice is in line with what is defined by Alexander (1979) as the ‘quality
without a name’. The adaptive opportunities design process (Hellwig et al.,
2022) proposes to establish the occupants with their adaptive needs in the
building’s context (local climate, building type, human context, and local
constraints) so that designers can put themselves in the occupants’ position.
Lessons learned and consultations with occupants can provide valuable in-
formation to design adaptive opportunities, especially in speculative build-
ings; still, far more is needed to increase their uptake in practice, as they
require risks and liabilities to be shared in contracts.

3.5 Decisions Affecting or Affected by Occupants

Decisions affecting or affected by occupants are at the core of the design
process and mainly depend on overarching strategies set up by the client
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and design team for the construction entity (i.e., the building). These strat-
egies result in further decisions that define affordances, adaptive opportu-
nities, and constraints and persuade occupants to interact within and with
a building and its spaces. Thus, once the climate, site, building type, and
overall conditioning strategy for the building are understood and defined,
the design team must make a series of decisions related to how occupants
will interact within and with the construction entity as well as with the envi-
ronment (natural and built) of the wider site. These interactions are complex
and context-based, but design decisions about the building can be thought
of as “typical,” as the design team has a finite number of construction ele-
ments and construction properties to manipulate toward achieving the pro-
ject goals (Bleil de Souza and Tucker, 2015).

Table 3.3 presents a list of construction entities and built spaces about
which design decisions are made by design teams. Table 3.4 refers to con-
struction elements and their respective construction properties. Both tables
are generic with regard to clients’ overarching targets, constraints and re-
quirements, procurement routes, and project management approach, and
they both illustrate how design decisions related to the building, its spaces,
and its elements can affect occupants. The tables are not exhaustive and
contain design decisions expanded from Bleil de Souza and Tucker (2015)
with the support of activities listed in BIM Forum (2019), RIBA (2020), and
Yan and Hong (2018; Tables 8.2.4 and 8.5).

Some of the examples presented in Tables 3.3 and 3.4 are common across
all buildings, whereas others are clearly context-based. They presuppose that
designers have good information on how the building will be used, regard-
less of any direct involvement with its occupants, and they are non-specific
in terms of what type of construction entity, built space, or construction
element is being specified. They highlight the richness of the building de-
sign process and how design decisions are thoroughly interwoven with oc-
cupant interactions, thus showing that the integration of occupant behavior
in design decisions is a non-trivial proposition and can be heavily context-
dependent, requiring concerted decisions across different disciplines to ad-
dress intangible and unquantifiable objectives.

Table 3.4 shows that once construction elements and their respective con-
struction properties are examined in relation to the same types of inter-
actions as explored in Table 3.3, design decisions gradually become more
specific and detailed. Therefore, if consideration of occupants is to be inte-
grated into design practice, then design teams need to be prepared to record
information about occupants throughout the design process in a structured
way so this information can be easily recalled as design progresses.

For example, when designing an art gallery, a designer has passive heat-
ing and cooling as the overarching strategy set up by the client, they will
need to ensure that the appropriate internal conditions can be met as the
design progresses. This strategy needs to be recorded as part of project in-
formation in an easily retrievable format so it can be referred to by other



Occupants in the Building Design Decision-Making Process 45

Table 3.3 Examples of decisions related to construction entities and built spaces
with examples of design aims/requirements/considerations/decisions that

affect or are affected by occupants

Decisions
undertaken

in relation to
construction entities
and built spaces

Examples of design aimslrequirementsiconsiderationsldecisions

Effects on occupants Occupants’
within the interaction with
building the building

Building form and Convey a sense of  Create exhilarating

volume place; Display spaces; Ensure
the status of the a feeling of
building owner ‘coziness’;
Minimize
heating/cooling
costs of the
building
Building footprint Provide places for ~ Provide clarity of
on site and children to play access; Create
orientation in the sun; Shape useful outdoor
secluded spaces spaces integrated
for people to with the street
interact outdoors
and with each
other
Program Allow for flexibility Determine the
distribution and in separating relationship of
orientation or joining noisy/ quiet,
rooms; Consider day/night spaces
public/private (e.g., isolate the
interactions bedrooms from

the living area);
Orientate spaces
with regard to
heating and
cooling needs
Provide an efficient

Form and area of Provide office

building spaces workers and clear
appropriate circulation inside
visual/aural the building (e.g.,
contact with each functionality,
other (e.g., open escape, and
plan cellular/ evacuation

offices); Consider
a mix of functions
(e.g., bar, dance
space, seating)

routes); Ensure
that spaces
support functions

Occupants’
interaction with the
environment of the
wider site, through
the building

Help shape the street;
Configure outdoor
courtyards;
Integrate with
landscape

Minimize
environmental
impact on the
site; Protect from
solar overheating;
Lower impact on
neighbors’ right
to light and sun;
Take advantage of
cooling breezes

Provide daylight,
natural ventilation,
and view to the
outside for the
main living spaces;
Enable patients
to see the day go
by; Enable visual
contact with
nature

Provide a sense
of connection
to the outside
(e.g., shallow
office spaces);
Let sunlight into
bedrooms in the
mornings

(Continued)
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Table 3.3 Continued

Decisions
undertaken

in relation to
construction entities
and built spaces

Examples of design aimslrequirements/considerationsl/decisions

Fire and evacuation
routes

Floor to ceiling

heights

Heating and cooling
system choice

Heating and cooling
system demand

Cooking system
choice

Hot water system
choice

Provide for safe
evacuation
of building
occupants

Convey status;
Provide views
from the top
(mezzanine)

Consider running
costs for the
client; Charge
energy bills at
room level (e.g.,
care homes)

Ensure thermal
comfort for the
expected range
of occupants
(e.g., doctors
and patients in
hospital)

Provide safe routes

to the outside;

Ensure clarity on
emergency access

Improve sound
dispersion;
Manage
overheating
(stratification)

Position systems
to minimize
furniture
disruption;
Reduce
response time
on conditioning
the building;
Consider
passive heating
and cooling
strategies; Shift
peak demand in

relation to energy

tariff

Ensure that
temperatures
and humidity
are suitable
for building

contents; Provide
‘thermal delight’

Provide the required
access to external
services (e.g.,
emergency
vehicles, hydrants)

Improve daylighting
and sky views
(e.g., large
glazing); Facilitate
segregated natural
ventilation
(e.g., above the
occupant)

Minimize greenhouse
gas emissions;
Consider
low energy
technologies (e.g.,
heat pumps);
Consider heat
release and
noise affecting
pedestrians or
outdoor recreation
areas

Minimize demands
by taking
advantage of the
climate

Ensure that systems Provide appropriate Consider the

are appropriate
to occupant’s
lifestyle (e.g.,
food type)

ventilation
system and
cooking facility

Ensure that systems Ensure correct

are appropriate
to occupant’s

lifestyle (e.g., run

a bath and do

the dishes at the

same time)

system sizing

environmental
impact of fuel

Consider low energy
technologies (e.g.,
solar hot water)
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Table 3.3 Continued

Decisions Examples of design aimslrequirements/considerationsldecisions
undertaken

in relation to

construction entities

and built spaces

Ventilation system Consider Consider occupant Consider
choice and different types preferences natural/hybrid
demand of activities; (e.g., opening ventilation; Avoid
Consider the windows, outdoor noise;
number of HVAC, ceiling Filter outdoor air
occupants fans) pollutants
and type of
occupancy
Heating, cooling, = Consider provision Consider provision Provide climate
and ventilation of shared and/or of ‘intelligent’ responsive/
control type individual controls; Ensure efficient controls
control that controls are (e.g., temperature
appropriate to sensors, Daylight
occupants (e.g., responsive
elderly, children)  control)
and system

type; Ensure
that control are
customized to
activity

members of the design team when decisions about passive heating and/or
cooling are made. Since these decisions would often be made by using BPS
to test potential design options (e.g., addition of shading, ventilation, insu-
lation, thermal mass), they might be undertaken by a third party, meaning
not only results and design modifications but also changes in occupancy
assumptions need to be properly documented when information is handed
back to the designer. This documentation is especially important when de-
signing for adaptive opportunities, which are particularly useful in improv-
ing the performance of passive design.

Tables 3.3 and 3.4 show that occupancy-related information can poten-
tially be linked to objects, which themselves can carry information back
and forth to the design team. The level of detail embedded in each object
increases as the project progresses, meaning information about occupants
can be added to such objects at a number of appropriate levels and become
written or read by different team members at different times. This process
can be particularly useful when simultaneous decisions requiring differ-
ent levels of detail are needed from different design team members; for
example, when building designers are defining room internal layout and
building service engineers are calculating bulk energy consumption to size
equipment rooms. However, more research is needed to establish how these
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Table 3.4 Examples of decisions related to construction elements and their
respective construction properties with examples of design aims/
requirements/considerations/decisions that affect or are affected by
occupants

Decisions
undertaken

Examples of design aimslrequirements/
considerationsldecisions

in relation to
construction

elements and
construction

properties

Room layout/

furniture layout

Effects on

occupants within
the building

the children

Occupants’

interaction with
the building

Facilitate watching Create a ‘sitting

wall’; Increase

Occupants’

interaction with
the environment
of the wider
site, through the
building

Avoid direct

sunlight on

while having the number sensitive artefacts
coffee (café); of office bays; (e.g., artwork,
Create intimate Guarantee books)
sitting area (bar)  sufficient

privacy to

undertake an

activity

Appliance layout Provide a cooking Optimize the Ventilate to the
island for people  cooking outside
to gather around  processes

Interior finishes

Ensure that the

Increase the ease

Increase or decrease

and colors acoustics are and reduce the daylight
appropriate to the costs of reflection
function (e.g., cleaning;
concert hall, call ~ Consider the
center, office) interior sound
reverberation,
absorption and
reflection
Transparent Facilitate sitting Provide a reading  Frame an outdoor
element together in the area under a view; Increase
orientation, sun; Provide a window; Enable the solar intake;
placement/ quiet space in occupant to Consider
dimensions/ the sun; Provide sit close to a incoming light
properties an area to watch ~ window without properties

the world go feeling cold; (e.g., spectrum,
by; Display Ensure that the diffusion, direct/
merchandise type of light indirect, color);
to passers-by; does not disturb Consider the
Display the the human inside/outside
activities of the circadian relationship
building rhythm
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Table 3.4 Continued

Decisions Examples of design aimslrequirements/
undertaken considerationsldecisions
in relation to
construction
elements and
construction
properties
Transparent Enable the sitting  Consider window
element area to be part operation
operation of the street; (fixed/openable);
provide an Provide
opening window  operation
to talk to appropriate
someone in the to occupants
street (e.g., the elderly,
children)
Opaque elements Segregate Provide sufficient

circulation using
physical barriers
to ensure on-
way systems

construction and
properties
(floors, walls, roofs)

Shading device Enable sitting
type, dimensions, in shadeona
and areas sunny day

Control of shading Consider
device individual/
group/no
control;
Consider
combination
of automatic
control with
override

Enable occupants
to see each other
(e.g., children to
see the teacher
and board)

Glare protection
and control

thermal mass
in a room
for comfort;

Consider radiant

temperature
of surfaces to

improve comfort
Consider possible

interaction of
shading with
indoor climate
control (e.g.,
internal shading
devices and
operability of
window)

Ensure ease

of shading
use; Ensure
accessible
control

Protect sensitive

areas (e.g.,
computer
workspaces;
museum
displays

Consider the inside/

outside boundary
(e.g., sliding glass
wall)

Protect cavities
against pests;
Consider required
integrity of
building envelope

Avoid direct
sunlight on
sensitive artefacts
(e.g., art works,
books); Consider
obstruction of
outside views

Ensure operation
is suitable for
all sunlight
conditions

Obstruct views
prone to glare
(e.g. outdoor
pavement,
reflective
glazing/surfaces)

(Continued)
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Table 3.4 Continued

Decisions Examples of design aimslrequirements/

undertaken considerationsldecisions

in relation to

construction

elements and

construction

properties

Artificial lighting  Enhance jewelry  Spotlighta work ~ Complement
type and layout shining; Use of art; Reinforce  daylight

best daylight the circulation illuminance;
spectrum to path; Provide Replace daylight
display food task lighting; when needed;
(e.g., enhance Ensure visual Mimic daylight at
the yellow in the comfort night

cheese (pizzeria)

and the red

in the meat

(butcher))

Artificial lighting  Enable individual  Use presence Provide dimming
system control lighting control detector sensors according to

(task lighting) daylighting

Ventilation system Remove food Remove chlorine  Coordinate
equipment zoning  smells; Remove from the perimeter
and layout excessive sweat swimming ventilation

from the gym area; Remove (natural) with
VOCs; Avoid mechanical
discomfort (e.g., ventilation
in sitting areas)

Heating and Reconcile gender  Ensure thermal Consider perimeter
cooling system and cultural comfort; heating (e.g., if
equipment zoning  requirements Consider windows can
and layout (e.g., in offices); internal gains open)

Reconcile age
requirements
(e.g., in nursery,
care homes)

links can happen, especially considering BIM and BPS have different ontolo-
gies. In any case, if decisions affecting or affected by occupants are recorded
and manipulated in an object-oriented environment, information about oc-
cupants and their behavior can be documented through links between these
objects. Pathways with these links can therefore be traceable and provide
evidence-based information to clients and design teams in future projects.

3.6 Occupant-Centric Decisions in Context

This section presents a template for producing occupant-centric design in-
formation that captures decisions and objects in their design contexts. The
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purpose of the information is to demonstrate to designers how a design
problem (and its solution) can affect or be affected by occupants. This in-
formation could be attached to or associated with the relevant construction
entity or built space, but it could also be linked to relevant construction
elements and construction properties. The information is presented to the
designer in the form of a design pattern, following the initial concept devel-
oped by Alexander, Ishikawa, and Silverstein (1977) and Alexander (1979)
and further adapted by Bleil de Souza and Tucker (2016) and Tucker and
Bleil de Souza (2016). When the template is instantiated with information
relevant to a particular design problem and context, it becomes a design
pattern.

Occupant-centric design patterns (OCDPs) describe common situations
where design decisions will affect occupants and describe design solutions
that will take occupants’ needs into account. Alexander and colleagues’
original set of patterns (Alexander et al., 1977) described abstract solutions
to common abstract problems that designers encounter in the built environ-
ment. These problem-solution pairs are a powerful way to transfer and share
knowledge as well as provide quality control for design solutions. They ena-
ble expert knowledge that is normally deployed in a tacit form to be formal-
ized, stored, and accessed by novice designers or non-experts.

This way of recording information has been highly influential in com-
puter science, where proven solutions have been developed for common cod-
ing problems, and there is a need to make these solutions available to novice
programmers to reduce coding time and maintain quality. Design patterns
have also inspired developments in object-oriented programming by treat-
ing programs as a number of self-contained objects that are linked to other
objects (Gamma et al., 1994; Buschmann et al., 1996; Fowler, 2002), and they
continue to be used in computer science (e.g., Lakshmanan, 2020) to capture
best practice. We propose that design patterns are used to better integrate
consideration of occupants’ needs into design processes.

Each design pattern describes one problem-solution pair with instructions
for how to use it, examples of its use, descriptions of the contexts in which
it is used, and links to other related patterns. For any particular building
project, a number of appropriate patterns are selected. They can be adapted
into an object-oriented model, as the pair problem-solution is structured
in a consistent and reproducible way and can be linked through the BIM
system to a building model.

The structure of patterns was developed by Bleil de Souza and Tucker
(2015) to encapsulate expert knowledge for BPS. This structure is further
developed to integrate relevant occupant-related information (e.g., mod-
els to be used, analytical processes) and make them available to building
designers in a user-friendly way. There are already strong connections be-
tween simulation and occupant profiling; for instance, Hong et al. (2016)
recorded occupants’ interactions with buildings and considered the types of
action undertaken with the potential drivers behind them. They propose an
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Table 3.5 Template adapted from Tucker and Bleil de Souza (2016) for the content
specification of an OCDP

Index

OCDP name

Introduction

Problem

Context and examples

Solution

Pattern elements

Further modeling details
Interpretation and
quality assurance

Further patterns

Comments and further
development

Index or code to store the proposed pattern in a
database for retrieval into a BIM environment.

Index could refer to building type, design actions,
analytical methods, climate, type of human/building/
environment relationship, etc.

Name should clearly reflect the abstract problem-
solution pair and can refer to building typology,
specific design actions, design goals to be addressed,
analytical methods, outputs required, type of human/
building/environment relationship, etc.

Situates the pattern in its design context and describes
how it is related to occupants. The introduction is
written in non-technical language and describes how
the OCDP is intended to be used. It also describes
how it is related to other OCDP’s.

A brief outline of the problem addressed by the pattern,
including the aims of the design decision(s) to be
undertaken.

Situates the use of the pattern in relation to occupancy,
simulation, and design practice and explains the
context of the decision(s) to be undertaken by
designers and provides examples. Information (e.g.,
on theory or practice) is provided to justify the advice
given by the pattern.

A description of the occupancy models and simulation
methods that will produce the information required
by the designers with an indication of what BIM
objects can affect or be affected by it.

Describes the simulation details (e.g., aim of simulation,
model settings (simulation and occupancy), processing
and analysis methods, simulation outputs, required
user interaction with outputs).

Further notes on modeling.

Instructs the designers on how to interpret results, what
to expect from results and why, and which quality
assurance patterns to use.

Information on other patterns that may potentially be
relevant.

Further comments and observations for pattern
development.

obXML? schema connected to simulation software environments to provide
highly detailed schedules and data-based models of occupants’ interactions
with a building’s systems, including probabilistic functions—for instance,
statistical schedules for window operation in specific building types and cli-
mates to be used in thermal comfort and energy simulations (Haldi and

Robinson, 2009).
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Capturing the correct and meaningful use of successful occupant-related
analytic models together with the context in which they work enables the
construction of a library of OCDPs that better connect design decisions
with different types of performance to be simulated and assessed. Each
problem-solution pair contains on its problem side the context in which the
decision is made (e.g., the aims of the decision to be made and type of prob-
lem at hand). On the solution side, each pair contains a list of relevant and
useful information for BPS tools and occupant behavior models to be used
in a specific context. The template includes a description of model and sim-
ulation settings, types of analysis to be made, recommended output post-
processing, and quality assurance procedures. Table 3.5 shows the template
for the information contained in an OCDP (adapted from Tucker and Bleil
de Souza 2016).

OCDPs focused on performance would help to better provide comfort-
able conditions and healthy environments, test effects of uncertainty on
equipment and system sizing, and achieve economical operation of the
building and its systems (see examples in Tables 3.3 and 3.4). The example
OCDP given in Section 3.7 below concerns the use of BPS to provide per-
formance information, therefore linking occupant information to building
performance assessment.

3.7 Example of an OCDP

Table 3.6 shows an example OCDP that depicts information from the Eco-
Housing case study in Chapter 11 in which consultations with occupants
were undertaken to build occupancy schedules and test their impact on en-
ergy use. This OCDP contains a combination of technical details, notes, hy-
perlinks to other patterns, and engineering details. It focuses on the energy
performance aspects of building occupancy, as these relate clearly to the
use of simulation. That is not to say that an OCDP cannot be more broadly
related to non-simulation design aspects of occupants; Tables 3.3 and
3.4—particularly the interactions within the construction entity column—
suggest many examples that could be developed into patterns.

Further examples of how patterns can be presented to the designer and
linked to design stages are discussed in Tucker and Bleil de Souza (2015),
including hierarchies or classification of patterns (e.g., based on RIBA work
stage, climate, building type), automatic linking between patterns based on
their outputs to create a network, and the possibility of simply selecting
patterns from a list. The development of an OCDP involves a process of con-
sensus among experts and can also be done through using combinations of
different information types described in Table 3.1, which vary from record-
ing mandatory information about occupants to information coming from
consultation with occupants. The activity of generating patterns leads to
ideas for new ones, improvements to existing ones, or indeed the deletion of
those not found to be useful, so that information on how design can affect
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Table 3.6 Example OCDP for testing building energy use following consultation
with occupants to develop custom-build schedules as described in

Chapter 11
Index #
OCDP name Effect on building energy use of occupants in low energy co-housing
apartment building
Introduction Low energy co-housing can provide a sustainable solution

for affordable housing for low-income occupants. The

requirements of this building type are low running costs and

some shared rooms and facilities. A participatory design

process is used to inform details of occupancy schedules

for the project at hand as well as obtaining feedback on

the design from its future occupants. This OCDP is used

to reduce energy demand and energy costs to occupants.

It is used to test the effects on the thermal performance

of a range of building occupation schedules that can

result from the variety of employment conditions that

typical inhabitants may expect to encounter. It provides

simulation output information that should more accurately

reflect actual heating, cooling, and ancillary energy use

and therefore help address the performance gap between

simulation results and buildings in use, which in turn can

support decision-making on heating, cooling, and renewable

energy system sizing. This OCDP also affords custom inputs

to schedules based on the availability of survey data. Such

data can also be used to inform design decisions on shared

building facilities.

This OCDP is intended to be used at a detailed design stage

when the construction and form of the building are known.
Problem The problem is to provide a range of occupancy schedules that

describe the effect on thermal loads of differing occupancy

patterns, represent levels of uncertainty in the results, and to

allow data input of survey results where available.

Context and Example 1: Apartment building in Budapest, Hungary. This
examples research examined the effect of different occupancy profiles
on heating and cooling loads (details in Chapter 11).
Solution ASHRAE, UK NMC, and French Th-BCE 2012 schedules plus

co-design informed (active, passive, and weighted average)
schedules are used in the simulations to provide information
on magnitude and variance of heating, cooling, and plug
loads in each apartment or zone. Model variants are
simulated using the appropriate full hourly weather file.
Pattern elements Aims — To inform the designer of the effect on
performance metrics of uncertainty in
occupancy schedules. This information
contributes to a robust design.

— To be able to compare performance
metrics for heating and cooling energy
use for different occupancy schedules
that are automatically run and/or defined
by the designer.
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Table 3.6 Continued

Index #

Model settings — Construction entity = Whole building.

— Construction elements and Construction
properties (discrete) = combination of
designer defined and defaults for built
spaces and their respective services (e.g.,
plant ideal load in early stages with
detailed plant in later stages).

— Climate file: full year (hourly).

— Operation parameters = designer defined
+ defaults.

— Occupancy schedules: ASHRAE, UK
NMC, French Th-BCE 2012, and custom
co-design.

Processing and — Full-year simulation.
analysis — Comparative assessment of each metric
across models.

— Metric 1: heating loads (kW).

— Metric 2: cooling loads (kW).

— Metric 3: heating energy (kWh).

— Metric 4: cooling energy (kWh).

Outputs Overview:

— Time series: occupant heat loads all
profiles (W/person).

— Bar chart: annual heat energy all profiles
(kWh).

— Bar chart: annual cooling energy all
profiles (kWh).

— Time series: typical summer day
occupant heat loads (all profiles), cooling
loads (all profiles).

Interaction Interaction afforded: Zoom in location and
with model time.
and outputs  Designer can select: Individual space, occupant
profile.
Outputs afforded: As for Overview (see above).
Further — Surrounding buildings should be modeled.
modeling
details
Interpretation — Advice on heating and cooling load interpretation.
and quality — Record of operational model settings (ventilation rates,
assurance internal gains, occupancy profiles).

Further patterns Follow-up patterns include detailed design patterns for
HVAC design and/or specific obXML model of occupant
interaction with the building or its systems.

Comments An early design stage version of this pattern could use
and further a massing model and small range of default building
development constructions and parameters to give indicative figures on

heating and cooling load variance.
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building occupants can be constantly revised, updated, and integrated into
the various stages of a building project.

In sum, the proposed template and OCDPs are an attempt to develop a
way to record and trace design decisions related to occupants in a single
environment that is compatible with BIM federated models and BPS tools
so that multiple assessment points can be scheduled throughout the de-
sign process and design decision-making can be evidence-based and better
integrated with performance in use. The advantage of supporting design
decisions using an object-oriented information system is that the discus-
sion is not tied to project stages, but rather to a network of generic objects
detached from country-specific systems or contracts. Different levels of
detail can be set to a single object and recalled as design progresses, which
would make it possible to develop and record context-specific entities in
a centralized environment, which would open the door for future work
to implement this structure within common BIM tools to facilitate agil-
ity and distributivity in decision-making. In addition, this framework can
be used to record best practice and therefore clearly connect information
management with performance targets needed to design better buildings
that benefit occupants and the environment, thus filling a current gap in
practice.

3.8 Closing Remarks

In this chapter, we argued that information about occupants should be
properly documented throughout the design process such that it is linked
not only with BPS but also with BIM in order to fit within the information
exchange between team members of different disciplinary backgrounds and
thus support collaborative initiatives from a technical perspective.

The framework we proposed in Sections 3.6 and illustrated in 3.7 would
enable practitioners to record and store sequences of problem-solutions for
future retrieval and develop blueprints for how occupant information flows
through design projects. The framework would also enable practitioners to
identify how similar problems and issues concerning occupants reappear
across projects, which would promote the creation of corporate object li-
braries that link BIM, BPS, and occupant behavior modeling tools to in-
form performance assessment. In this library, decisions could be recorded in
context by the agreement of all involved stakeholders to avoid misalignment
between design goals and intentions and occupant expectations through-
out all stages of the design process. The process would be transparent and
traceable, thus making information on potential solutions and best prac-
tice easily accessible to design teams, promoting a shared understanding by
combining pattern recognition with context knowledge developed through
consensus among practitioners. The following chapters of this book discuss
different components of this framework.
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Notes

1 ENISO 12006-3 (2016), EN ISO 19650-1 (2018), EN ISO 19650-2 (2018), EN ISO
55002 (2018), EN ISO 19650-3 (2020).

2 ATA (2019, 2020), RIBA (2020).

3 obXML is an occupant behavior XML data exchange format developed by
Lawrence Berkeley National Laboratory. https:/behavior.lbl.gov/?q=obXML
download.
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